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�is second special issue of the Progress in Disaster Science (PDS) 

journal is published jointly with the National Reconstruction Authority 

(NRA) of Nepal, an organization established by the Government of 

Nepal to lead and coordinate reconstruction following the 2015 Mw 7.8 

Gorkha, Nepal earthquake. �e special issue records the achievements 

of what has been a most complex post-earthquake recovery process. 

Of equal importance is the presentation of the many lessons derived 

from the reconstruction experience of the last six years. �e aspiration 

of both the �rst and second PDS special issues is to make rigorously-

researched analysis available to national, regional and international 

readers. It is hoped that this will assist them in their own disaster 

preparedness work, in mitigating disaster impacts and in conducting 

post-disaster reconstruction programmes that will both restore the 

hopes of a�ected populations for the future and also strengthen the 

resilience of people, communities and institutions to address and 

overcome multi-hazard disaster risks that they may face. 

�e papers published in this special issue were initially presented 

at the National Symposium on Nepal’s Reconstruction – 2020 (NSNR – 

2020). �is webinar was organized by the NRA to provide a professional 

platform to share the lessons learned from Nepal’s multi-dimensional 

reconstruction experience with a national and international audience. 

In all, 115 abstracts were received for the NSNR - 2020. �ese were 

reviewed by the editorial board instituted by the NRA. �e analysis 

and suggestions provided by the board facilitated the writing of full 

research papers, following the NSNR – 2020 guidelines. Despite the 

Covid-19 pandemic situation, 62 completed papers were submitted for 

the NSNR - 2020. �ese were assigned for a double-blind peer-review 

process. At the same time, the papers were presented thematically in 

the NSNR – 2020 webinar, during which authors received suggestions 

and feedback from audiences, panelists and facilitators. �e papers 

of those authors who addressed reviewers’ comments and seminar 

feedback satisfactorily were given two provisions for the publication of 

manuscripts: in Vikas, a journal of the National Planning Commission 

(NPC) of Nepal, and in the PDS journal.

�e papers submitted to the PDS journal were reassigned for a 

double-blind peer-review process and accepted following the protocols 

of the journal. Peer reviewers were selected from an international pool 

Editorial

that included practitioners, researchers, academicians, and disaster 

managers. Papers of su�ciently high quality and su�ciently numerous 

have been considered for publication in two special issues of Progress 

in Disaster Science. 

�e papers included in this second special issue of the PDS 

journal again cover several reconstruction themes and complement 

the collection of papers presented in the �rst special issue. Re�ecting 

the thematic centrality of housing in the recovery e�ort, issues arising 

from reconstruction of private housing are addressed in three of the 

nine papers presented, ranging from housing policy to analysis of 

construction technologies. �e remaining papers cover restoration 

of heritage, livelihoods, communication strategies and safeguarding 

landslide-prone communities. A common thread running through 

the research is the central importance of communication with a�ected 

communities and their involvement in reconstruction decisions that 

a�ect them. 

We trust that the papers will be useful to researchers, policy 

makers, students and practitioners working in the �eld of disaster 

management, but equally, to those articulating development policies 

and programmes that must, by de�nition, be disaster-risk informed. 

Last but not least, the papers will serve as a historical record and mirror 

re�ecting how Nepal completed its reconstruction a�er the 2015 Mw 

7.8 Gorkha earthquake. 

We are grateful to the NRA and to the PDS journal for entrusting 

us with the role and responsibilities of the guest editorial board. We 

are also thankful to our distinguished reviewers for their insightful 

analysis, comprehensive comments and timely responses. 

Guest Editorial Board

Rajib Shaw (Journal Editor-in-Chief)

Tara Nidhi Bhattarai (Volume Editor-in-Chief)

Jitendra Bothara (Editor)
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The Nepal's National Reconstruction Authority (NRA), which was established for reconstruction and recovery of dam-

aged infrastructure by 2015 Gorkha Earthquake, achieved only 43% progress in the Kathmandu Valley in comparison

to 75% in the Rural Municipalities by April 2020. The broader objective of this study is to unravel reconstruction con-

straints in urban housing. In addition to collecting information from the secondary sources, this study conducted pri-

mary surveys and focused interviews. This study found that the problem of land and access toûnance are the structural

problems. Hence, the Government of Nepal (GoN) will need to integrate reconstruction activities with a long-term

urban renewal strategy. Other non-structural issues can be addressed by NRA itself.

Keywords:
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1. Introduction

Lying in a high seismic zone, Nepal has experienced highly damaging

earthquakes throughout its history [14]. The Gorkha earthquake of

25 April [18] measuring 7.8 Magnitude and the massive aftershocks that

followed a month later on 12 May [18] measuring 7.3 magnitude, brought

a heavy loss to life, property and the country's physical infrastructure [18].

The Gorkha Earthquake damaged 288,856 urban houses out of total

604,930 houses [23]. The Government of Nepal (GoN) established the

National Reconstruction Authority (NRA) in 2015 to assess damage, to

support the reconstruction of the private houses, to reconstruct and con-

serve infrastructure and heritage sites and to ensure recovery of affected

people [10].

Nepal's urban reconstruction has moved at a slower pace. As of April

2020, the NRA achieved only 43% progress in the Kathmandu Valley in

comparison to 75% reconstruction in outside of the Kathmandu Valley

[32]. In broader classiûcation, the Kathmandu Valley has metropolitan

characteristics and rest of the districts have rural features. Land is one of

the most complex urban recovery issues, which includes various factors,

such as lack of clarity in ownership, multiple-ownership and the land par-

cels below the Municipality's minimum threshold size. The speed of recov-

ery has been additionally slower in heritage sites, wherein the major issues

are the high cost of traditional construction, unavailability of material and

labor, and need for adhering to strict heritage rules which normally contra-

dict with the family's requirements. There has been a huge overarching

issue of access to ûnance in the overall urban recovery process, with high

costs of construction and little or no access to low-interest housing recovery

loans [13]. The Asia Foundation's Independent Impacts and Recovery

Monitoring (IRM) study, carried out from 2015 to 2019, found that only

30% of earthquake damaged houses in urban areas were demolished com-

pared to 57% in rural areas, andmany continue to live in partially damaged

houses risking their lives. While the pace of retroûtting has been extremely

slow, the study indicates that the interest for retroûtting is much higher in

urban areas compared to rural areas [39]. One of the primary barriers to

urban housing recovery has also been the lack of a comprehensive policy

tackling urban recovery in particular. This has impacted the engagement

of international NGOs and the clarity on the roles of local governance [7].

Globally, it has been recognized that urban crises are more complex than

rural and require ûexible and integrated approaches. In developing coun-

tries, the response is more challenging in case of weak infrastructure, squat-

ter settlements and housing that does not meet safety standards [37].

In light of the relatively slow-pace of urban reconstruction due to vari-

ous cross-cutting issues on a technical, socio-economic and political front,

the broader objective of this study is to unravel the constraints in the recon-

struction of urban housing sector. The speciûc objectives are to assess mag-

nitude and dimension of each constraint, examine issue-based approaches

in the past and to articulate potential mitigating measures.

2. Literature review

There are a number of literatures on the urban housing reconstruction

issues. Among them Daly et al. [7] tried to unpack constraints in urban

housing reconstruction. They suggested to allow external funding above

NRA's limit of US $ 3000. NRA imposed egalitarian grant approach irre-

spective of Earthquake Victim's geographic location, ethnicity and eco-

nomic status. NRA permitted donor's grant on par with the government's
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provision. In spite of overarching positive implications of such policy, a

“one size ûts all” policy had some limitations. Daly et al. further blamed

for the lack of access to low interestûnancing for low turnout of the housing

reconstruction.

Oliver Smith [35] mentioned that social factors are of paramount im-

portance in the urban housing reconstruction. Pamidimukkala et al. [36]

analyzed challenges in post-disaster housing reconstruction in urban and

rural communities after analyzing 177 articles. They found that communi-

cating with and coordinating the activities of people in a rural area is easier

than it is with people in an urban area which is in contrast to the general

belief that urban denizens are well informed through exposure to media

and proximity to the source of information. Rural people are more active

in the reconstruction process. Areûan [1] found that urban housing recon-

struction to be more challenging then the rural housing reconstruction. He

even argued that there is a gap in theory or best practice for organizing

urban reconstruction at global level.

Trohanis and Read [40] mentioned that both India and Pakistan

followedûxed government grantswhich is considered to be a successful ap-

proach. They also emphasized capacity development programs to de-

signers, builders and social artisans. Based on the Turkish example, they

postulated that the public sector risk has to be transferred to the private sec-

tor through insurance ûnanced reconstruction. In addition, pre-existing so-

cial networks and livelihood opportunities have to be considered duly for

planning during the post disaster period.

Kawase [16] mentioned that Japan linked reconstruction with their

long term planning. The reconstruction is ûnanced through the sale of addi-

tional space beyond replacing what was there before. Under the land read-

justment, each land owner loses some land area but the new infrastructure

and improved accessibility add value to each parcel. Byahut [3] mentioned

that the residents of Indian city of Bhuj strongly opposed to abandoning

their 500-year-old city and relocating to a safer, less-congested area. The

plan was prepared with active public participation and included elements

ranging from land use, road network, and infrastructure planning, as well

as adoption of seismic safety codes. Rather than acquiring land through em-

inent domain, the plan called for the use of land readjustment (also known

as land pooling) in the form of eight town planning schemes (TP schemes)

in the old city. The process worked by proportionately deducting some land

from each original landholding in the old city to create wider public roads

and increase access. This approach helped rebuilding a devastated part of

its historic core. Byahut, however, cautions that despite Bhuj's success,

such reconstruction tools depend greatly on the existing legal and political

systems. There is a spectacular difference between the Japanese model and

Indian model. In the Japanese model, additional space is created for ûoat-

ing to the market whereas in the Indian model, only land is readjusted.

The literature review revealed that urban housing reconstruction is

highly complex in comparison to rural housing reconstruction. There

seem to be three different varieties of policy instruments: government

grants, shifting public sector risk to private sector risk through insurance,

linking urban housing reconstruction with the city planning. There is

another model which is implemented by the Government as manifested

during the post-earthquake Wenchuan reconstruction [20]. In this contin-

uum, Nepal adopted strategy of housing reconstruction grant which has

to graduate towards insurance regime and to link urban housing recon-

struction with city planning. The Chinese model seems extremely challeng-

ing due to totally different socio-economic context between Nepal and

China particularly on the issue of land ownership.

3. Research methodology

This study collected information from both secondary and primary

sources. The secondary research included policy level literature, NRA doc-

uments, documents from the line agencies, Housing Recovery and Recon-

struction Platform - Nepal (HRRP), bi-lateral & multilateral organizations

and Non-Governmental Organizations (NGOs). A substantial body of

international knowledge and informationwas drawn from the international

literature as well.

The primary data was collected using Focus Group Discussion (FGD)

and Key Informants Interview (KII). The Urban Technical Working Group

(UR-TWG), consisting of partner organizations engaged in urban recovery,

facilitated by HRRP and supported by NRA, developed the questionnaire

and conducted the survey. The questionnaire was prepared collectively by

the UR-TWG based on the identiûed urban issues from partner's experi-

ences, secondary research and UR-TWG meetings. The districts were se-

lected such that they represented the identiûed urban issues in diverse

kinds of urban areas such as heritage, peri-urban, and core urban areas,

RCC structure & retroûtting prevalent areas, and Guthi (Trust) lands.

Fig. 1 shows the study area. However, this paper mainly focuses to the

urban core areas.

The FGDs were carried out in December 2019 and January 2020 in

Lalitpur, Bhaktapur, Ramechhap, Dhading, Dolakha, Kavrepalanchowk

and Gorkha districts. The UR-TWG carried out 14 FGDs with beneûciaries

who have not been able to complete reconstruction and retroûtting: 5

with males, 4 with females and 5 with mixed groups of both males and

females. The Group also carried out 8 KII with ward ofûcials and 1

with a mason, along with neighborhood visits. Three interviews were

taken with the NRA ofûcials and Central Level Project Implementation

Units (Building and Grant Management and Local Infrastructure). The

questionnaire for the FGD and KII intended to acquire information on:

1) Identify and prioritize barriers in urban recovery; 2) Identify the solu-

tions to barriers in urban recovery; 3) Identify gender and vulnerability

issues in urban recovery; 4) Information access and ward's capacity and

engagement in recovery.

4. Findings

This section presents the outcomes of the primary survey and the sec-

ondary sources of information. First the urban issues were identiûed and

clustered from the perspective of affected households according to their

own priority order. In this priority order, different variables of one thematic

area are included in various issues. For example, there are a number

of variables under the issue of “Finance” such as affordability, access to

ûnance, NRA's grant disbursal practice and debt before earthquake. It is

easier to develop strategy according to the issue which necessitated to clus-

ter variables around themes. Issue based analysis is undertaken in a

comprehensive way.

4.1. Identiûcation and clustering of urban issues

This section presents the outcomes of the primary survey. More than

50 issues emerged through the study that can be categorized into 10 clusters:

issues related to ûnance, heritage, land, masons, NRA process/policy,

reconstruction technology, retroûtting, communication, vulnerable

beneûciaries and women in reconstruction which are demonstrated in Fig. 2.

Land is one of the most complex urban recovery issues, which includes

various factors, such as lack of clarity in ownership, multiple-ownership

and the land parcels below the minimum threshold size set by the prece-

dents of the supreme court.

Further, the individual issues were coded using a scoring method,

where each identiûed urban recovery issue from the FGDs and KIIs was

codedwith the number “1” and the most critical urban recovery issue iden-

tiûed per FGD/KII was coded “99”. After coding 56 urban recovery issues

collectively arising for each FGD and individually for each KII, a score

was calculated, by assigning a value of 1 to each issue coded “1” and a

score of 1.5 was assigned to each issue coded as “99” i.e., the most critical

urban issue in that community. Through this scoring process all the 56 iden-

tiûed issues have been prioritized. In order to analyze a wide sample of the

issues within the feasibility of this study, the top 7 issues with the highest

scores have been categorized in Table 1.

C.B. Shrestha et al. Progress in Disaster Science 6 (2021) 100178
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4.2. Dimensions of the priority issues

The seven constraints that are hindering towards making progress in

urban areas are analyzed in this section.

4.2.1. Financial constraint

The ûnancial constraint includes affordability, poor access to ûnance

and slow tranche disbursal. The survey respondents pointed out that they

have only been able to access loans from local merchants at very high inter-

est rates. Pre-earthquake debt existed in many cases, and the interest rates

varied, ranging from 10 to 14% from the Commercial Banks and up to 21%

from cooperatives whereas the merchant interest rate exceeded 24%. Ac-

cess to soft loans has been recognized as one of the most urgent needs to

reconstruct.

As such poor families are under perennial debt burden, they do not have

access to credit from the formal sector and the informal sector charges an

exorbitantly high interest rate. TheNepal Rastra Bank's “Bank and Financial

Institutions Regulation Department (BFIRD)”, issued directives to the Com-

mercial Banks immediately after the Gorkha earthquake that the

Kathmandu Valley based households were entitled to receive US $ 25,000

and non-Kathmandu based households US $ 15,000 as soft loan [2]. Such

loan was for a period of 5–10 years with 2% interest rate when market

rate of loanwas above 10%. No additional charges were allowed. However,

all other banking regulations would prevail which means the bankable

property supported by income from the formal source. The urban poor

with income in the informal sector could not take advantage of this facility.

In the same directive, there was a provision of community loan which can

be released from Category D ûnancial institutions for their own members

with zero rate of interest. However, other assessment criteria were similar

to the normal loan. The deprived communities could not use this provision

as well. On the other hand, the ûnancial institutions were not interested in

lending money under this provision because of their psychological risk on

investment.

TheMinistry of Finance [19] introduced “Uniûed Procedure for Interest

Subsidy on Concessional Loan-2075”. Under this provision, the earthquake

affected people who could not initiate house construction until 2018 were

entitled to receive this loan under community collateral. The loan duration

was for ûve years and the rate of interest would be determined based on

adding 2% on the bank's base rate which is normally 5%. It means the

loanee would need to pay approximately a 7% rate of interest which is sub-

ject to ûuctuate. For the Kathmandu valley, this loan package was too small

as minimum reconstruction amount may exceed NPR 2 million. Only 200

households received soft loan under this scheme [22].

The slow tranche disbursementmay have happened due to some ad-

ministrative problems of disbursement but such problems are short lived

not more than 2 months or so. Had there been such problems, it should

have impacted both urban and rural districts. The progress in rural districts

except the Kathmandu Valley is more than 75% whereas the Kathmandu

Valley progress until 02 May 2020 remained 43% given the exactly similar

administrative and disbursement set up [32]. The statistics reveal that the

disbursement which respondents mentioned in their response is not the

fundamental reason for delaying the progress.

4.2.2. Constraint related to land

Under land issue, there are a number of sub-issues which are: land size,

land ownership, land dispute, compliance with heritage regulations, and

Right of Ways (RoWs). In all FGDs and KIIs, land emerged as the prominent

hindering factor in the reconstruction.

The minimum ofûcial threshold of land size to construct a house is 860

sq. ft. The municipality does not give approval to build the building below

this threshold. Many of the damaged houses in the urban city core have

land below the threshold which is causing delay in reconstruction. Wily

[42] mentioned that land statistics in Nepal are out-of-date, contradictory

by source, and incomplete. There are also many changes at the moment, in-

cluding movement to urban areas, which makes facts unreliable. Despite

the number of attempts of land reform, the land information has remained

extremely weak. The dwelling size in urban area decreased from 584 sq. ft.

to 571 sq. ft. since 2003/04 to 2011 when census was conducted. In the

case of the Kathmandu Valley it has decreased from 589 to 555 sq. ft.

CBS [5] shows that there are 5 rooms in average and 571 sq. ft. of dwelling

size with 1472 sq. ft. of housing plot. In the Kathmandu Valley, the average

Fig. 1. Survey districts: Gorkha, Dhading, Bhaktapur, Lalitpur, Kavrepalanchowk, Dolakha and Ramechhap.

C.B. Shrestha et al. Progress in Disaster Science 6 (2021) 100178
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number of rooms was found as 4.8, with dwelling size of 555 sq. ft. and

housing plot of 1224 sq. ft. The average housing plot size means that

there are about half the houses below 1224 sq. ft. and minimum threshold

area of land is 860 sq. ft. The municipality does not interfere if the given

dwelling unit existed there before enforcement of this provision. In addi-

tion, if the dwelling is within the ofûcially declared heritage site, this pro-

vision is exempted. Based on the anecdotal evidence, there should be

around 15% housing stock which have land area below the ofûcial thresh-

old size who could not secure approval from the municipality.

There were a number of different land ownership status such as Guthi

land where the land ownership belongs to a certain shrine and the tiller is

considered as a tenant. Similarly, another type of land ownership was

Birta (traditionally state given land to government ofûcers in lieu of their

services to the state). The other category was Swobasi and Benissa where

people use the public land for generations without land ownership certiû-

cates [12]. The land ownership was prerequisite at the initial stage of

NRA which was relaxed later on. The NRA promulgated regulation to pro-

vide land ownership for homestead based on the geographic region. In

the Kathmandu Valley, the limit was 1368 sq. ft. It was 2052 sq. ft. for all

district headquarters except the Kathmandu Valley and for all the rest loca-

tions the limit was 3421 sq. ft. In such a way, the NRA resolved land own-

ership issues. However, the procedure was promulgated on [14] May 30

Fig. 2. Dendrogram representing the issues identiûed through the qualitative.

Table 1

Cluster based priority issues.

Category Priority issues

Financial constraints Affordability

Access to ûnance

Slow tranche disbursal

Constraints related to land Plot size

Land ownership

Land dispute

Right of Way (RoW)

NRA processes NRA's handling of grievance

Ineffective policies Engagement of the local governments

Tranche deadline/ time pressure

Reconstruction Guidelines for single roomed

Retroûtting Technology, funding and communication

Heritage Compliance with heritage provisions

C.B. Shrestha et al. Progress in Disaster Science 6 (2021) 100178
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after about one and half years of NRA's establishment. It was revised and ac-

commodated all land concerns on 2019 February 11 [24] which shows

NRA resolved these issues but it delayed the reconstruction.

Land dispute due to un-delineated land boundary is another factor in

the urban areas particularly in the city core of the Kathmandu valley

which is delaying the reconstruction process. The Kathmandu city was

built over the period of thousands of years and there are houses which

are much older than one century. Most of the current inhabitants in the

core city are not aware about their land boundaries andmanually drawn ca-

dastral maps do not show the exact extent of land. Under these circum-

stances, about 10% of land owners who have not constructed their houses

belong to this group.

There are four main government entities who set Right of Way (RoW)

standards and there are 10 RoW standards as presented in Table 2. As

shown in Table 2, the Department of Roads (DoR) standards are not appli-

cable to the urban roads because DoR administers only Highways and

Feeder Roads. The other standards promulgated byMoUD, Kathmandu Val-

ley Development Authority (KVDA) and MOFAGA are not compatible with

each other. As per KVDA's standards minimum RoW of Urban Roads is de-

termined as 11m.whereasMoFAGA andMoUD standards suggest that low-

est standard RoW is 6 m and in exceptional cases it can be lowered down to

4 mwith setback width of 1.5 m. There is another standard for the heritage

settlements which follows existing footprints.

Under the above circumstance, the urban except heritage settlements

are affected with these provisions. Moreover, the KVDA has identiûed

streets which need to follow particular RoW standards. Such areas cannot

follow the previous housing foot-print for reconstruction. It means the

building may have been constructed leaving 6′6″ from the central line but

according to the KVDA standard, they may need to leave 18′ which

means additional 11′6″. For a small parcel of land of 861 sq. ft., if the build-

ing line is deûned as 11′6″, there is not much land left for the house con-

struction. A number of households are affected with this provision. In

heritage sites set back distance is deûned as 3′4″ which also creates prob-

lems for them. In such a way the RoW standards conûict with each other

and these provisions leads the land size below theminimum ofûcial thresh-

old area eventually making municipal approval process difûcult.

4.2.3. Ineffective handling of grievances

The “Grievance Management related to Reconstruction and Rehabilita-

tion Guidelines, 2017” [29] sets procedure for handling all grievances with

regards to the private housing grants. The grievances were handled in four

stages. In the ûrst stage, grievances were collected from 14 severely im-

pacted districts with submission deadline until 16 July 2017. Until then

216,285 grievances were registered. Out of which 25% were declared as

beneûciaries and rest of the households were declared as non-

beneûciaries [32]. However, the NRA's Ninth Steering Committee meeting

decided to resurvey those households which were declared as non-

beneûciaries by the Executive Committee [27] which was the reason for

conducting the second survey. Consequently, more than 65% of total griev-

ant were declared as beneûciaries in the second survey. However, as polit-

ical environment started to become more stable, the beneûciary to

registered grievances decreased to 1:0.09 in the third stage and 1:0.13 in

the fourth stage. Ultimately the grievance resurvey procedure concluded

by June 2020 [34].

4.2.4. Ineffective local government policy and tranche deadlines

The FGDs and KIIs pointed out that NRA did not delegate authority to

the local governments sufûciently. The local governments also subscribed

this idea. On the other hand, by setting deadlines, the beneûciaries were

pressurized to reconstruct their houses sometime in the adverse condition.

NRA initiated its activities in Dec. 2015 in the absence of local govern-

ments. The local government's elections were held on 14 May, 28 June and

18 Sep. 2017 which means NRA had to operate about one and half years

without them.However, the agreementswhich the GoN concludedwith do-

nors assumed the existence of the local governments. It was the responsibil-

ity of the local governments to conclude partnership agreements with the

beneûciaries. There was only one village secretary and they used to operate

from the district headquarters during and even after the Maoist war which

concluded in 2006. NRA relied on bilateral, multilateral donors and NGOs

for required human resources in each Village Development Committee, a

lowest level of local government which existed until 2015‘s promulgation

of a new constitution [11]. After the election, NRA initiated MoU with

the newly formed Municipalities and Rural Municipalities from 2018 No-

vember with the objective of delegating some of the NRA's powers and

to kick off collaborationwith them. TheMoU delegated authority of admin-

istering Engineers and other technicians to the local level. However, the

local governments were willing to handle the housing grant which was

not possible due to the Federal ûnancial rules of the Ofûce of Comptroller

General.

For the NRA, an institution formed under the sunset law, it was inevita-

ble to set deadlines for disbursing tranches. NRA imposed deadline on 12

July 2016 [25] primarily to accelerate the progress in housing sector.

Until 10 July 2016, partnership agreement was concluded with 226,149

households and only 26,726 households received ûrst tranche [26]. With

such a dismal progress, it was essential for NRA to pressurize beneûciaries

to make faster progress which worked to some extent. However, NRA kept

on extending the deadline for allowing all affected households to recon-

struct their houses. At present, the deadline extended to Jan 2021.

4.2.5. Guidelines for single-roomed building

TheNRA's general assumptionwas that the people construct their house

according to their need which was the reason for NRA not ûxing minimum

threshold size. The Department of Urban Development and Building Con-

struction [9] promulgated design catalogues, the smallest building size

was 171 sq. ft. However, some of the households constructed single roomed

houses with lesser than DUDBC's smallest building size. The FGDs and KII

revealed that there were three categories of households who constructed

the single roomed houses: absentee houseowners, households requiring

large space with low level of affordability and single membered house-

holds. The absentee house owners reconstructed one-roomed houses for

their occasional visit to their ancestral village. The households with large

family size with low level of affordability also constructed single roomed

houses for satisfying NRA criteria while staying in the old vulnerable

house which had to be demolished. The single or double occupants' house-

holds also constructed one roomed house which was sufûcient for them.

Against this background, NRA announced a new requirement of 120 sq.

ft. asminimum threshold area. However, the household would need to con-

struct a kitchen and toilet separately. Hence the respondents point that

NRA's delayed announcement was correct but it had logic behind doing so.

Table 2

Right of Ways (RoW) determined by various governmental agencies.

Agency Highway (m) Feeder (m) District (m) Arterial/Trunk (m) Sub-arterial (m) Collector (m) Local (m) Ring Road (m) Local Min (m) Feeder (Urban)

KVDA2064 50 22 14 62 11

DoR 2070 50 30 20

MoFAGA2072 6 4

MoUD2076 50 30 20 10

Source: [8] [17], [21].
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4.2.6. Retroûtting

During the FGDs and KIIs, the issue of retroûtting was raised promi-

nently. As a signiûcant percentage of retroût beneûciaries are located in

urban areas and retroût is progressing very slowly, it has eventually im-

pacted the overall reconstruction of the urban areas. The respondents of

Panauti and Gorkha questioned technical feasibility of retroûtting and

raised the issue of insufûcient technical guidance. The FGD respondents

from Gorkha and Panauti state that there was not clear information regard-

ing retroûtting. One of the respondents stated that the ûrst tranche, US

$ 500 was spent just to retroût stairs. It will cost US $ 6000 to retroût the

4-story house. In Majhi Tole of the Ramechhap district, the Ward ofûcial

stated that retroûtting is new for them, is not appropriate and incurs a

very high cost. Other raised issues were high cost of hiring of a structural

engineer, high cost of retroût in heritage area in order to maintain the ver-

nacular architecture.

The respondents have certain logic behind the issue of retroûtting. First

of all, NRA issued a technicalmanual in June 2017 [28]whereas the house-

holds were declared as retroûtting beneûciaries from the early 2016. As it

was issued in 2017 June there was no possibility of kicking of retroûtting

during the rainy season. Engineers could not become self-conûdent even

after receiving the training. The retroûtting is technically demanding inter-

vention and NRA's distribution of engineers could not match with that re-

quirement. The engineers would require technical backing which was

lagging. The retroûtting cost is another stumbling blockwhich costs around

US $ 6000 whereas the grant among is only US $ 1000 which is not attrac-

tive enough for the beneûciaries. All these facts and ûgures reveal that

NRA's policies and implementation practices required further improve-

ment. Consequently, there was a huge request for changing retroûtting cat-

egory to full beneûciary. Responding that demand, NRA conceded to

change status so long as the beneûciaries demolish the old house and con-

struct new adhering all NRA guidelines [33].

4.2.7. Compliance with heritage provisions

There are Seven Cultural World Heritage Sites [41]: Hanumandhoka,

Patan and Bhaktapur Durbar Squares, Bouddha, Changunarayan,

Swyombhu and Pashupati Nath where heritage provisions are effective.

In addition, NRA has declared other six locations as heritage settlements:

Bungmati, Khokana, Sankhu, Nuwakot, Gorkha and Dolakha [30]. NRA

has allocated an additional grant of US $ 500 for those buildings which

complywith the provisions asmandated byWorking Procedure onHeritage

Settlements [31]. The provisions include 80%ground coverage by building,

maximum building height of 35′ and maximum four ûoors, setback of 1 m

on the front side, façade complying with Nepali traditional architecture,

traditional tiled and sloped roof including others. The households ûnd

these provisions difûcult to observe. House owners intend to construct

buildings taller than 35′ to match with their space requirement. The most

crucial issue is the sloped roof whereas the households prefer ûat roofs

for enjoying sunshine during the winter season, for drying agricultural out-

puts and clothes. The non-compliance of building code means no progress

in housing reconstruction.

5. Discussions

Altogether 7 issues were discussed in the Section 4. Out of them ûnan-

cial and land related constraints are structural and the rest are the proce-

dural issues. The procedural issues can be resolved with improved

strategy within the given legal environment. However, the structural issues

require matching socio-economic efforts.

It was revealed that urban recovery and reconstruction issues are very

complex and often interlinked. There are more than 50 issues in urban re-

construction and each issue is further associated with many sub-issues

which again have many reasons. Moreover, cross-cutting issues such as

communication, database, gender persists across all issues. Finance, land,

retroût, heritage and government's policies and procedures are the most

prominent issues in urban reconstruction as gleaned from the qualitative

survey and literature review which have slowed the urban reconstruction

pace.

The ûndings sector shed light that the present legal and institutional

frameworks do not allow resolving fundamental urban housing problems.

It requires paradigm shift. For this Nepal can draw lessons from interna-

tional best practices. Among them the reconstruction of 2010 Canterbury

and 2011 Christchurch Earthquakes [6] and 1995 Great Hanshin Awaji

and 2011 Tohoku Earthquakes [38] and 2001 Bhuj Earthquake [4] have

some lessons that can be drawn for resolving Nepal's problems.

The second New Zealand model [6] of relying on insurance could be

possible way out for the future. For this government needs to introduce

compulsory housing insurance policy. Unlike China and New Zealand,

Japan linked reconstruction with their long-term planning system which

made this operation most sustainable. The Japanese Government operates

with two major planning tools—redevelopment and land readjustment.

The reconstruction isûnanced through the sale of additionalûoor space be-

yond replacing what was there before [38]. Land readjustment, which sub-

divides existing parcels, is a complex process involving modiûcation of

property boundaries to widen roads and to provide new open spaces and

other public facilities. Under land readjustment, each landowner loses

some land area, but the new infrastructure and improved accessibility

add value to each parcel. These programmes use reconstruction as an op-

portunity for transforming settlement structure and infrastructure. It pro-

motes high density redevelopment which results in raising additional

land. Secondly the intervention takes place with joint ventures between

the central and local governments [15]. Tentatively similar approach was

adopted in the post-earthquake reconstruction in Bhuj India ([3]. However,

it limits itself to the land readjustment and constructing house was the

owner's responsibility which is sensible from planning perspective but did

not address the issue of poor access to ûnance.

New Zealand and Japanese models address land and access to ûnance

issues intrinsically. However, both regimes require a long-term commit-

ment and orderly execution of a series of activitieswhich includes introduc-

tion of new legislation for redevelopment and land readjustment. In

addition, GoNwill also need to devise a clear strategy for maximizing hous-

ing insurance. Resolving land dispute will require enhanced efûciency of

the judiciary.

GoN also needs to build capacity on vernacular architecture by

imparting traditional craftmanship. The engineering work force also

needs to be conversant on structural and architectural acumen. The indige-

nous entrepreneurship has to be nurtured.

Retroûtting of urban housing could be cost effective and will contribute

to conserve the traditional architecture. However, it will require amend-

ment in the building code which needs to be followed by development of

retroûtting guidelines which has to be communicated to the local people

as much as possible. The consultants involved in housing design need to

be conversant on retroûtting which demands widening up of the capacity

development by also covering the private sector in addition to the public

sector.

A number of procedural reforms are required to accelerate efûciency in

the urban housing sector. How to create efûcient, economic and user-

friendly building permit system is seriously challenging and concerning

agenda. The system must be objective and easily understandable. More-

over, the reconstruction authority like NRA has to recognize fundamental

difference in characteristics of urban and rural housing. More dangerously,

the notion that urban housing reconstruction would be easier than rural

housing has to be altered. The urban housing reconstruction deserves tai-

lored policies with appreciation of its complexity.

Grievance handling is the issue which has some structural element but

largely containsmanagerial characteristics. Nepal went through a turbulent

political transition during the ûrst three years after the 2015 Earthquake.

All political parties wanted to use reconstruction from their political inter-

est. The NRA's Ninth Steering Committee's decision for resurveying house-

holds which were already categorized as non-beneûciaries indicates that

the decisionwas not purely technical. However, with some level of political

will power such problems can be resolved. The limited involvement of local
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government was also due to their absence at the initial stage of NRA.When

they were elected, the reconstruction activity was already in the full swing.

However, in the future they will undoubtedly play a catalytic role in the

event of such a natural disaster. The guidelines for the single roomed build-

ing were not issued because of the assumption that the households would

construct houses according to their requirements which did not turn out

to be true.

6. Conclusion

This study revealed that urban issues are extremely complex and often

intertwined. This study revealed that there are some structural issues

which are beyond the NRA's scope and capacity to resolve. The issues of

land and access to capital are in the root of the urban housing problem. It

is sensible to adopt redevelopment and land readjustment approach for

core urban areas particularly due to GoN's limited ûscal space for funding.

The municipalities should implement the urban renewal drive through

well-considered master plans. The Federal Government should subsidize

the regeneration cost of heritage settlements. In addition, the multitudes

of urban standards have to be streamlined and synchronized. This proposal

resolves the problems related to land and ûnance. The procedural issues are

linked with good governance. NRA's rather lackluster position in grievance

handling was created by socio-political environment which was minimized

andmanaged throughNRA's pragmatic approach. The limitedmobilization

of local government was a result of political transition and they will be mo-

bilized in the future. Avoiding single roomed house construction entails an

effective beneûciary identiûcation system and need to devise need-based

solutions. It is revealed that NRA was not adequately prepared for the

retroûtting which should be planned effectively and taken forward as an

earthquake preparedness activity particularly in peri-urban areas. The her-

itage covenants need to be informed with beneûciary's legitimate aspira-

tions and heritage conventions.
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Shital Niwas, presently serving as the “Ofûce of the President ofNepal”, is a 96-year-old palace located atMaharajgunj,

Kathmandu. It is a Rana-era buildingmixingMalla architecturewith European Palladian (also called neoclassical) style

building with a central courtyard system. It suffered damage during 2015 Gorkha earthquake. The block surrounding

the northern courtyardwas severely damaged, so after the earthquake it was demolished. Signiûcant part of the build-

ing that stands is still operational and accommodates critical functions, thus its seismic safety is important. Initially,

damage assessment was conducted and damage grade was assigned as per EMS-98 classiûcation. Low strength of

mud mortar masonry, heavy weight of the walls and ûoors, presence of long unsupported walls under ûexible dia-

phragms, high ratio of openings, and absence of earthquake-resistant features are some of the seismic deûciencies of

present building. To reduce seismic risk, existingmaterialswere characterized, the present performance of the building

was evaluated and deûciencies were identiûed. Based on the deûciencies, different intervention options were investi-

gated, and ûnally retroûtting with steel plates and carbon ûber reinforced polymer (CFRP) bands were selected after

detailed analysis and design.
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1. Introduction

Shital Niwas Palace [1] is located at Maharajgunj in Kathmandu. It was

commissioned to be built by the then Prime Minister Chandra Shumsher

Rana in 1924 CE. The building has served various purposes in its occupancy

history – as a private residence, a state guest-house, the Ministry of Foreign

Affairs, and currently the ofûce of the President of Nepal. The building is

three-storied and square-shaped in plan with a central courtyard for reli-

gious and ceremonial purposes (Fig. 2). It combines Malla architecture

with European Palladian (neoclassical) style. The walls in the load-

bearing masonry structure are 20 in. to 30 in. thick and made of brick

with mud and lime-surkhi mortar (a slurry made of lime and crushed

burnt bricks).

The building survived the 1934 CE Nepal-Bihar earthquake [2], even

with severe damage to the eastern and southern blocks, and the 2015

Gorkha earthquake of Nepal [3] with some localized damages only on the

western side. Photographs taken in the aftermath of the great 1934 earth-

quake by Brahma Shumsher [2], retrieved from the National Archive of

Nepal, suggest that the damage promptedmajor rehabilitation of the Shital

Niwas. Subsequent occupants made signiûcant structural as well as archi-

tectural changes to the building, as is evident from the eastside facade

(see Figs. 1 & 3).

Furthermore, the damage caused to the western part of the building in

the 2015 Gorkha Earthquake, led to the demolishing of a two-storey

block (Ranigunj) located on the north-west side of the present palace. All

these changes have resulted in the present structural plan of Shital Niwas

shown in Fig. 2.

2. Objectives

The main aim of this work is to characterize Shital Niwas in its present

form (in pre-earthquake condition), and assess the seismic vulnerability of

the building. Tomitigate any future seismic risk, carry-out a detailed design

of suitable intervention options. The major challenge herein is the

archeological constraint in use of construction materials utilized previ-

ously. Another challenge is that the building's seismic performance should

be upgraded such that it would be capable to serve as the ofûce of the

head of the state.

3. Characterization of the building and structural condition

Shital Niwas is a three-storeied masonry structure having archeo-

logical importance. It is located in plain terrain (slope < 3°) with ground

coverage of 4507 square meters. It is approximately square-shaped in
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Fig. 1. East elevation.

Fig. 2. Ground Floor Plan.
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plan (74 m× 77m) with an open central courtyard (43 m× 43m), and is

almost regular along the height. It has thick brickmasonry walls which add

large inertial mass to the building structure. However, thewall thickness re-

duces gradually at ûoor girders (timber and steel I-sections) resting levels.

After the 1934 earthquake, the damaged eastern and southern wings

were renovated using lime-surkhi mortar, whereas north and west wings

remained in original mud-mortar. Outside plaster is in lime-surkhi mortar,

while, inside plaster is in the mud mixed with rice husk. Thus, a major por-

tion of the building was constructed with traditional locally available mate-

rials with the use of some imported rolled steel sections. In recent times,

some rooms are internally divided using timber and aluminum partitions,

a RCC staircase and lifts have been added. These construction activities

have added to the original mass of Shital Niwas. These observations pro-

vided the insight into the probable seismic performance of the building

and helped to identify structural deûciencies.

3.1. Structural details

In Shital Niwas, load-bearing masonry walls transfer the gravity and

seismic load occurring in the structural system. Timber/steel I-beam girders

transfer loads from the ûoor to the walls. As shown in Figs. 6 and 7 below,

the ûoors act as ûexible diaphragm, while the reinforced concrete (RC)

slab, supported over steel beams at some locations, act as rigid diaphragm.

3.1.1. Masonry units/masonry joint/mortar types/masonry wall

Bricks used in the building are characterized by the visual observations

and images are presented in Fig. 4a & b. These bricks are laid out properly

to form English bond - with alternating header and stretcher courses

(Fig. 4c). The thickness of wall reduced gradually in storeys above. The

ground storeywalls, on which girders rest, are 750mm thick. The thickness

of walls having a solid core reduces gradually in the successive storeys

above. Wall thickness reduces to 640 mm in the ûrst storey, 530 mm in

the second storey and 500 mm in the third storey. The mortar joints of

the north and west wings are made with 10 mm thick mud mortar, while

those of east and southwings and all arches aremadewith lime-surkhimor-

tar. Similarly, the 20–25 mm thick outside plaster for the walls uses lime-

surkhi (Bajra) mortar, while the inside plaster uses mud mixed rice husk.

3.1.2. Floor details

Three types of ûooring systems are found in Shital Niwas: a) Timber

joists supported by steel I-beam girders resting directly on the walls. The

gap between timber joists is bridged by burnt clay bricks. (b) Masonry

jack arches supported on steel I-beams resting directly on the walls. This

system is used mostly in balconies, corridors, entrance porch, and in few

rooms of the west block (Figs. 5–7). (c) RCC slab supported on steel I-

beams on the ûrst ûoor of the south and east block halls (Figs. 6 & 7).

Most of the pinewood girders and joists are in a rotten state, mostly due

to moisture penetration via seepage at the support area. Most of the rolled

steel sections, however, are in good condition.

The existing ûooring is relatively heavy as compared to modern ûoor-

ing. Mud ûlling above ûat bricks, bridging the timber joists, is up to

150 mm thick (Figs. 5 & 6) while the mud ûlling above jack arches varied

between 150 mm and 300 mm. Floor covering is either normal bricks/telia

tiles or stone blocks/slates (mostly in corridors).

3.1.3. Rooûng system

Pinewood rafters/joists and battens, with corrugated galvanized iron

(CGI) cover at a slope of about ûve degree and RCC slabs over penthouses,

Fig. 3. East elevation of Shital Niwas before 1934 CE Earthquake (Source: Nepal Archives, DOA).

Fig. 4. a) & b) Brick samples extracted from load bearing walls c) Brick laying pattern in load bearing walls using English bond.
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Fig. 5. a) Timber ûoor above steel I-section girder b) Jack-arch ûoor supported in steel I-section beams above corridor c) Brick and mud layer in the ûoor above joists.

Fig. 6. Floor details in the building.

Fig. 7. Different ûoor systems in the building, both ûexible and rigid type.
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are used (Fig. 8). The rooûng systemwas assessed to evaluate the damaged

rafters and CGI sheet for replacement.

3.1.4. Decorative ceiling and its condition

Two major halls of the building were decorated using artistic carvings

and ceilings. These are well maintained and found in good condition

(Fig. 9: a & b). Sal wood (Shorea robusta) is used for doors and window

frames, while shutters are made of sal-or pine-wood. The Eastern wing con-

sists of decorative cornices/columns/windows and other portraits, which

needs to be preserved to save the cultural and heritage value of Shital

Niwas.

3.1.5. Foundation in the building

Foundation inspection was carried out by excavating pits. It was found

that the depth and dimensions of the continuous spread wall footing foun-

dation was sufûcient (2.45 m below ground and 1.85 m width), it was in-

tact, and in a good condition (Fig. 10). The adequacy of the foundation is

checked against the safe bearing capacity of the founding soil. As per the

geotechnical investigation report, the safe bearing capacity for the level

and width of the existing foundation is about 230 kPa. And from analysis,

the maximum bearing stress under foundation, including seismic load com-

bination, is found to be 201 kPa. To prevent the capillary rise of ground

water, the ground ûoor is suspended over arches forming air tunnels

(hawas) up to 1 m high. These air tunnels run along the middle of corridors

and rooms. They are interconnected at junctions. Floor load on the arch top,

via compressive action, is being transferred to the tunnel sidewalls from

where it is directly transmitted to the tunnel foundation and the soil

beneath.

3.1.6. Load path

It is established that the building with a regular load path performswell

during earthquakes [4,5]. So the load path of the Shital Niwas was assessed

carefully. Results indicate a regular load ûow path exists inmost portions of

the building. It is disturbed, however, at the east facade's decorative col-

umns, where the load from theûoor and themasonrywall of the second sto-

rey are transferred via beams to the columns (Fig. 11). The load from the

column is transferred to the wall beneath and on to the spread wall footing.

Also, there are a few places where cross walls are erected on the ûrst ûoor

or only on second ûoor. Such load path discontinuity can cause damage

concentration in second and third storeys above these columns and walls

(Fig. 13).

4. Structural condition assessment

4.1. Overview of damage assessment

Local causes of damage are due tomaterial degradationwith time, inad-

equate regular maintenance of the palace which aggravated local damages

during the 2015 Gorkha earthquake. These damages are classiûed based on

causes of damage as masonry shear (M-S), bed joint in-plane−/out-of-

plane sliding (M-B), crack in arches (M-A), corner separation (M-C),

crushing of units (M-U), shear cracks in ûoor (FS) and ceiling damage and

each one is subdivided based on crack width, i.e., less than 0.5 mm (1),

0.5 mm to 5 mm (2) and larger than 5 mm (3). For example, M1-S refers

to masonry shear crack up to 0.5 mm, M3-A refers to masonry arch crack

greater than 5 mm and so on. This helps to decide whether cosmetic repair

or restoration via grouting or local demolition and reconstruction is

needed. After the Gorkha earthquake, shear cracks were observed exten-

sively in the cross-walls of north block. The reasons are due to the large

openings in ground ûoor cross-walls and very little−/no openings in ûrst

and second ûoors cross-walls and low shear strength of mud mortar joints

in the walls. The south block of the building has the least damage followed

by the west and east blocks. The main reason for less damage in south and

east blocks is the use of strong lime-surkhi mortar to join masonry units.

One reason for less damage in the west block is higher redundancy due to

four lines ofmasonrywalls as compared to the north block, where threema-

sonry grids exist. Additionally, cross walls on the second ûoor of the west

block were found to be laid in lime-surkhi mortar while those in the

north block are in mud mortar. Fig. 12a is the plan of the north block,

where ûoor separation from the north face is indicated (Fig. 12b). The

north face outer wall is supported only at the ends making it vulnerable

to out-of-plane bending.

Fig. 12c shows the diagonal crack propagation from the cross-wall cor-

ner whereas Fig. 12d shows the north side shifting of roof wall plate under

Fig. 8. Rooûng Details: a) Purlins and rafters b) False ceiling, battens and CGI sheet from bottom c) CGI sheet from top.

Fig. 9. a) Decorated hall at the ûrst ûoor of east wing. b) Decorated ceiling.
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rafters at central portion of the north block. Fig. 12e indicates the corner

separation of cross-wall along mud mortar joint.

Thus, most of the damage is concentrated in the north/west wings and

the second storey of the east wing, where load path discontinuity is

observed.

Although, all arches were constructed using lime-surkhi mortar, during

the 2015 Gorkha earthquake, most of the arches were damaged, some

arches in the north corridor of the third ûoor were severely damaged and

collapsed (see Fig. 15). In masonry arches, support movement during an

earthquake is the major reason for damage. Outward support movement

tends to ûatten the arch causing tension in the bottom face, which leads

to the formation of crack. Similarly, the RC ûoor, over steel I-beams, exists

in two halls on the ûrst ûoor, restrooms and a small roof of penthouses. The

RC ûoor holding the steel girder maintains in-plane stiffness that results in

proper distribution of lateral forces on the supporting walls. In ûexible tim-

ber ûoors, in-plane stiffness is not sufûcient to distribute forces on

supporting walls in proportion to their stiffness (which correlates to

strength), causing more damage in some walls.

4.2. Qualitative assessment

It was conducted based on Tier-1 of FEMA-310 [6] and the Department

of Urban Development and Building Construction's guideline (DUDBC) [7].

Plain terrain,ûrmground, lowgroundwater table help tomaintain stability

during earthquake shaking. So, most of the geological parameters comply.

However, Maharajgung falls under a moderate liquefaction potential zone

as per the study carried by Japan International Cooperation Agency

(JICA) [8]. The building is almost square in geometry. Still, projections at

the corners of north-south directions and east-west facades made it vulner-

able at those places (see Fig. 14). The building has long unsupported walls

at outer facade, corridors and halls. It has 3.8 m storey heights except for

east side main halls in the ground and ûrst storeys, where ûoor is raised

1.4 m above of normal ûoor level. Long walls are assessed for slenderness

ratios (wall length, ‘ to thickness, t). The slenderness ratio of unsupported

walls is found within acceptable limits (‘/t < 12), except east hall [12].

Vertical steel posts shall be added as buttress inside the hall situated in

the east block tomaintained the slenderness ratio limits of the unsupported

Fig. 10. a) Foundation excavation for inspection b) Typical cross-section of wall spread footing foundation.

Fig. 11. a) Load path disturbance above decorative columns of east facade. b) Arrows show the load ûow path from wall to columns and to wall spread foundation.
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wall. Masonry columns at the east facade are slender since they span over

the double storey and transfer load from the ûoor (Fig. 12). Palace is lo-

cated on the ûrm ground since the safe bearing capacity assessed at the

level of the present foundation is found to be 230 kPa through geotechnical

investigation around the site. A low ground water table (>18 m) also helps

to maintain stability during earthquake shaking. Most of the geological pa-

rameters comply.Wall core, thickness, height, the position of openings, ver-

tical discontinuities, masonry units' quality, and unit layup comply.

However, earthquake load resisting features such as unsupported wall

length, size of openings in the wall, provision of vertical−/horizontal-

Fig. 12. a) Local damage locations at ûrst storey of North Block in plan. Red arrows show the view of damage b) Floor separation c) Shear cracks at wall d) Corner separation

at junction of cross-wall. (For interpretation of the references to colour in this ûgure legend, the reader is referred to the web version of this article.)

Fig. 13. a) Plan Location of Local Damage at Second Storey (East Block). Red Arrows show the Views of Damage b) Floor separation at second storey c) Diagonal shear cracks

at outer wall of east facade d, e) Diagonal shear cracks at the corner of second storey cross and outer walls. (For interpretation of the references to colour in this ûgure legend,

the reader is referred to the web version of this article.)
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bands, vertical reinforcements at corners, T-junctions, corner stitches, diag-

onal bracings atûoors do not comply. It has aûexibleûoor system using dif-

ferent materials without any bracings. These irregularities led to the major

structural and non-structural damages in the building during the 2015

Gorkha earthquake.

The building was surveyed and each of the compliant and non-

compliant aspects were noted carefully. Summary of qualitative assessment

are listed in Table 1.

4.2.1. Damage grading of the building

It is difûcult to assign a single damage grade to the building due to

the difference in construction materials, style, and damage patterns. The

north block has signiûcantly higher damage compared to other blocks.

As per the European Macro-Seismic Scale (EMS)-98 the following dam-

ages were observed. i) Structural Damage: In the north block, one arch

had collapsed and several arch openings had cracks greater than 5 mm.

Few walls had cracks larger than 5 mm and several had cracks in the

range of 0.5 mm to 5 mm. North façade corridor walls were out of

plumb in out-of-plane direction by up to 0.8%. Corner separation was ob-

served at few junctions. Hence, the damage in the north block is judged

as “Grade 3, Substantial” on the EMS scale. ii) Non-Structural Damage:

In the north block, plaster has spalled off at several places in the ground

storey, ûoor mud plaster cracked at several places. Plaster at the ceiling

cracked and fell down at some places on the second ûoor. Thus, damage

of non-structural components is also judge as “Grade 2, Moderate”. Over-

all, the damage is categorized as “Grade 3, i.e., Substantial Damage” for

the north block and second storey of the east block, whereas “Grade 2,

i.e., Moderate Damage” for the remaining parts of the building. These

judgements made based on ûeld observations also match with the dam-

age grade assigned in the Seismic Vulnerability Evaluation Guideline for

Private and Public Buildings [7]. During the 2015 Gorkha Earthquake,

the peak ground acceleration (PGA) in Kathmandu was recorded between

0.16 g and 0.22 g [9]. The expected damage grade for the general Brick in

Mud typology building with the average condition is damage grade-3

(DG3) as seen in the north block. The expected damage grade for the

same typology with the good condition is damage grade-2 (DG2) as

seen in other blocks of the building [7].

Fig. 14. a) Diagonal shear cracks at ûrst storey central long wall and b) at cross wall of north block.

Fig. 15. a) Damaged arch at north side- b) Collapsed arch at north side- c) Damaged arch at north side of third ûoor d) Cracks at arch support at north side of second ûoor of

the Shital Niwas during the 2015 Gorkha earthquake.

Table 1

Summary of Vulnerability Checklist (DUDBC) [7] for Shital Niwas.

S.N. Compliant (C) Not compliant (NC) Not applicable (NA)

1 Foundation Shape Through stones

2 Sloping ground Proportion in plan Torsion

3 Wall core Storey height

4 Wall thickness Number of storeys

5 Height of walls Plumb-line

6 Position of openings Unsupported wall length

7 Load path Openings in wall

8 Vertical discontinuities Wall cracks

9 Mass Vertical reinforcement

10 Masonry units Horizontal bands

11 Masonry layup Corner stitch

12 Redundancy Gable band

13 Area history Diagonal bracings

14 Slope failure Lateral restrainers

15 Liquefaction
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Since the building was constructed before the inception of national

building codes and building by-laws, no seismic consideration was made

in its design and construction, as per codal provisions, the building is vul-

nerable to moderate to strong earthquakes. Hence, restoration of the dam-

aged components, combinedwith structural intervention works to enhance

the seismic performance, will help in preserving historicalmonuments from

future strong earthquakes.

4.3. Quantitative assessment

Asmentioned in sections 4.1 and 4.2 above, the building has several de-

ûciencies at present (Table 2) and is unsafe for the seismic hazard level of

the site. The major non-compliance issues (like absence of seismic force

resisting elements, absence of bracings in the ûexible diaphragm, long un-

supported walls along corridors, and large openings) should be addressed

in the retroût design. Hence, a detailed assessment was carried out to

judge the best possible intervention option and its intensity to overcome

the identiûed seismic vulnerabilities in the building.

4.3.1. Mechanical properties of materials

To evaluate the capacity of structural elements, material strength is very

important. For this, the material strength of brick and mud mortar was de-

termined via lab tests and non-destructive tests as push-shear, double ûat-

jack and timber resistograph tests were conducted as per standard proce-

dure mentioned on ASCE 41–13 [10], FEMA-274 [11], FEMA-310 [6] fol-

lowing the ASTM guidelines. Sixteen brick samples from different

locations were extracted from the exterior wyth of walls and carried to a

lab. Frogs were ûlled with 1:3 cement-sand mortar to provide smooth sur-

face for load application as mentioned in the standards. Bricks were taken

from outer wyths of the wall, which are exposed to outer environmental ef-

fects, in the interior parts bricks may be in good condition. Brick samples

were cured and tested. The compressive strength of units ranges

5.83 MPa to 9.45 MPa yielding an average value of 7.67 MPa. The values

obtained are not relatively good as per the codal requirements. Jointmortar

from existingwalls is collected from locations close to shear test locations at

four places. Mud mortar indexing test showed that it composed of 5%

gravel, 46% sand, 43% silt and 6% clay with 42.5%, 19.39%& 23.11%, re-

spectively, liquid limit, plastic limit& plasticity index. An in-situ shove test

was conducted at 16 locations covering all blocks and storeys (Fig. 16a).

The average and design shear strengths of masonry in mud and lime-

surkhi mortar are reported in Table 2. Vulnerability analysis was conducted

based on the average shear strength of masonry, whereas retroût design

was carried out based on design shear strength values.

Sophisticated, in-situ, ûat jack test was conducted at six locations

(Figs. 16: b & c) each in mud and lime-surkhi mortar covering all blocks

and storeys. The average ultimate compressive strengths and modulus of

elasticity of masonry evaluated in mud and lime-surkhi mortars are given

in Table 3. As expected, ultimate compressive strength andmodulus of elas-

ticity of masonry inmudmortar are signiûcantly lower than in lime-surkhi-

mortar (Fig. 17: a& b). Flat jack test results are plotted in Fig. 17: a& b, re-

spectively, for mud- and lime-surkhi mortars. Different colors in these ûg-

ures indicate the tests results at different locations of the building.

Compressive strength results are in agreement with values obtained

from empirical relations provided by masonry design codes of India [12]

and Eurocode [13]. Empirical relations are based on the compressive

strength of bricks and joint mortar, which was obtained from a lab test of

brick samples and in-situ penetrometer test of joint mortar, respectively.

The values of Table 3 are in close agreement with the results of similar

tests conducted by Soveja, Olteanu [14] and Boschi, Galeno [15].

The internal condition of timber beams, joists, roof rafters, door/

window frames was assessed using resistograph tests at 24 locations.

Timber decay test was conducted using a sounding hammer at more than

1000members. Floor girders, joists, balcony posts, stairs and door/window

frames were tested using resistograph coupled with a sounding test with a

wooden mallet. Resistograph test helped to differentiate between good

and deteriorated timber components in the building [16] and accordingly

replacement decisionwasmade.Measurement ofmoisture content is an im-

portant step to ensure the durability of timber structures since the presence

of excessmoisture accelerates the timber decay rate. However, such test has

not been carried out in this structure yet, due to logistic difûculties. Modu-

lus of elasticity and density of timber were referred from “Design of Struc-

tural Timber for Building” [17], which provides a “design value” based on

the species classiûcation of wood.

4.3.2. FEM modeling

A three-dimensional model of Shital Niwas was prepared using ETABS

2016 software v16.2, as shown in Fig. 18, assuming homogenized wall ma-

terial. Structural masonry walls were modeled using thick shell elements

(isoparametric 4 noded and 3-noded area elements) hinged at the plinth

level. Two noded frame elements were used to model ûoor girders, joists

and bottom chords of the roof truss. Floors and roofs are modeled as girders

or rafters onwhich a one-way-load-distributingmembrane elements for the

ûoor is overlaid.

Masonry is a non-linear material. To evaluate its real behavior, non-

linear dynamic analysis could be performed, which demands high-

capacity computing facilities. Nevertheless, increasing number of commer-

cial packages based on macro-element approaches have been used recently

to carry out pushover analysis of large masonry buildings with relative ease

Table 2

Permissible Shear Strength in walls with Different Mortar Types.

S.N. Type of Mortar Shear Strength (MPa) Remarks

Average (vme) Design (Va)

1 Mud 0.206 (CoV = 30%) 0.138 From in-situ shove test

2 Lime-surkhi 0.390 (CoV = 38%) 0.261 From in-situ shove test

Fig. 16. a) Shove Test of Brick Masonry b, c) Double Flat Jack Test to Evaluate Masonry Strength.
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[14]. Also, international codes such as NZSEE (New Zealasnd) and

NPR9998 (The Nederlands) suggest a simpliûed version of the pushover

(Simpliûed Lateral Mechanism Analysis - SLaMA) that can be performed

via simple spreadsheets. This work however, uses simpliûed macro-

modeling technique for masonry wall modeling. Mechanical properties of

materials based on tests as discussed above and listed in Tables 2–4 were

used for the modeling.

Materials and masonry strength used are found comparable with

the previous studies carried on such palaces. Most of the deûciencies

from vulnerability analysis in the structural elements found similar

as mentioned in [18].

The analysis was conducted based on the requirements of the Nepal Na-

tional Building Code (NBC) [19]. Dead Loads were calculated based on ge-

ometries and unit weights of materials provided in IS [20]. Dead loads of

load-bearing masonry walls were calculated directly within the FEM

model, while a dead load of rooûng and ûooring were averaged uniformly

over an area, calculated from details as 4.35 kN/m2 for ûoor with timber

girder/joists, 6 kN/m2 for jack arch ûoor and 0.97 kN/m2 for CGI sheet

rooûng over timber battens/rafter. Live loads on rooms, halls and corridors,

roof considered are 3 kN/m2, 4 kN/m2 and 1.5 kN/m2, respectively, as per

IS [20], and were assigned as area loads on the membrane element of the

FEM model.

The design acceleration response spectra along with other consider-

ations for building site and structural characteristics were used to derive

the base shear coefûcient (Cd) as prescribed in NBC [19]; it was calculated

as 0.48. Soil boreholes logs test results at different locations of the site

yielded the average SPT value of 15. The foundation soil is classiûed as

type II [19] and for a low period of the building (T=0.14 s), the basic seis-

mic coefûcient, C(Ti) = 0.08. Here, the seismic zone factor (Z) =1 for

Kathmandu, importance factor (I) = 1.5 for important building as it is

the ofûce of the Head of State and structural performance factor (K) = 4

for unreinforcedmasonry are used. Earthquake loads were distributed line-

arly over the height as prescribed in NBC [19]. For lateral load analysis,

masses are not lumped at ûoor levels but distributed along with the nodes

Table 3

Ultimate Masonry Strength with different mortar types using Double Flat Jack Test.

Type of Mortar Modulus of Elasticity Em (MPa) Ultimate Compressive Strength of Masonry fm (MPa) Remarks

Mud 542 0.96 (CoV = 22%) From In-situ Double Flat Jack Test

Lime-surkhi 1358 2.65 (CoV = 15%) From In-situ Double Flat Jack Test

Fig. 17. a) Stress vs strain curve in mud mortar. b) Stress vs strain curve in lime-srukhi mortar.
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of wall shell elements, considering the heavy mass of walls as compared to

ûoors. Linear dynamic analysis using response spectrum was carried out as

per NBC [19] in ETABS. Mass participation of more than 90% was ensured

by considering an appropriate number of modes.

Compressive stress in masonry was veriûed via simple stress calcula-

tions. Average compressive stress capacities evaluated in mud and lime-

surkhi mortars were found to be higher than the average compressive stress

demand,whereas in-plane shear capacity inmudmasonry (evaluated as per

ASCE 41–13 [10], FEMA-274 [11]) found insufûcient to meet the demand.

However, in-plane shear capacity in lime-surkhi masonry is sufûcient to

cope the demand [19]. The chance of global rocking is negligible due to

the large plan area; however, the rocking of individual wall induced tension

and compression in those piers are checked in detail analysis.

Structural plan density of the building (ratio of the area of vertical struc-

tural components to the whole plan area of the building structure) is equal

to 20% as compared to modern buildings with only 2 to 5% even in high

seismic zones. Thus, one may think that a building with such thick walls

as Shital Niwas would be safe under earthquake, but it is not the case

with walls in mud mortar due to: a) thick walls resulting in heavy weight

that attract higher seismic forces, b) very low shear resistance of mud mor-

tarmasonry and, c) low ductility of the structure resulting higher base shear

coefûcient (0.48). Hence, simpliûed checks indicate that the detail check

on shear strengthening should be carried out globally and component-

wise. In addition, detailed tension-compression checks need to carry out

component-wise. Stresses in individual wall piers were investigated via

FEM modeling. Performance of individual masonry pier checked for most

critical load combination as per the NBC 105: 1994 [19].

4.3.3. Model validation

The evaluation of the real performance of mud-mortar masonry build-

ings is a challenging task. Hence, validation of the linear elastic FEM

model is necessary, before detailed analysis. Validation of the prepared

FEM model was carried out using linear time history analysis of the build-

ingmodel under the 2015Gorkha earthquake acceleration-time history (re-

corded at Department of Geology, TU). The internal stresses induced inwall

piers were checked against their respective capacities (Tables 2 & 3) and

real condition at the building's site. Despite the limitations of linear analy-

sis, a strong correlation exists among the piers overstress percentage with

the crack pattern as well as relative widths (Figs. 19 & 20). Likewise,

piers, which were found to be safe in analysis, show little damage in the ac-

tual building as well.

It was noticed that the overstressed areas of the building in the FEM

model analysis agreed with the observed damage patterns in the corre-

sponding location of real building. The deformed shape of second ûoor di-

aphragm under earthquake loading in x-direction (Fig. 21a) shows that the

eastern part of the building has relatively high in-plane deformation. That

part has large halls in all three storeys with less cross walls, providing less

resistance to deformation. Hence, large deformations occurred at that part.

The deformation pattern under earthquake loading in the y-direction

(Fig. 21b) shows that the second storey north-west projection has relatively

Fig. 18. Three Dimensional (3-D) Finite Element Model of Shital Niwas in ETABS 2016.

Table 4

Material Parameters used in Modeling.

S.N. Material Density (kN/m3) Modulus of Elasticity (MPa) Poisson's ratio

1 Masonry in Mud Mortar 19.6 (as per IS 875–1: 1987) 542 0.25

2 Masonry in Lime-Surkhi Mortar 19.6 1358 0.25

3 Timber (Pinewood/Deodar) 5.57 (Table 1, IS 883: 1994) 9480 (Table 1, IS 883: 1994) 0.3

4 Reinforced Concrete M15 25 19,365 (5000*√fck, IS 456: 2000) 0.2

5 Floor 18 (compacted mud) 30 0.3
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higher deformation. Site observation showed ûoor separation at ûrst and

second storeys, shear cracks observed across walls and north facade walls

tilted outward from plumb line.

4.3.4. Drift limitation

The inter-storey drift of 0.4% of storey height [21] is considered as limit

for the stability of masonry walls. The model analysis showed that in the

east-west direction (along the x-axis), inter-storey drift in the ûrst storey

and in the north-south direction (along the y-axis), inter-storey drift in

the second storey exceeded 0.4% of the storey height limit. The raised sto-

rey height and less number of cross walls in the halls of the east block are

the main responsible factors to yield higher drift. Similarly, the second sto-

rey of the north block was found to be theweakest in the building as per the

damage pattern of the Gorkha earthquake. This is due to the long walls and

ûexible roof diaphragms.

4.3.5. Component level stress check

Vulnerabilities of structural wall piers were investigated via their stress

computations using the results of 3-Dmodel analysis obtainedwith the load

combinations and recommendations of NBC 105 [19]. The demand stresses

(axial, shear, and bi-axial bending) under each load combinations were

evaluated for all piers. These demand stresses were compared against

their capacities determined based on as-built building models, codes and

test values (Fig. 22).

The demand-capacity compliance check showed in overall 81% piers

were overstressed either in tension, compression, or shear. Overstressed

piers in tension, compression and shear are respectively, 71%, 1% and

40%. Inmudmasonry, 69%wall piers are deûcient in tension, 3% in are de-

ûcient compression and 63% are deûcient in shear. In lime-surkhi mortar,

72% wall piers deûcient in tension, 0% in compression and 20% deûcient

in shear. Results show that most of the piers are capable to overcome com-

pression, however, they are signiûcantlyweaker in tension and shear. Lime-

surkhi mortar showed relatively better performance compared tomudmor-

tar. It is evident from the fact that few lime-surkhi based piers were dam-

aged during the 2015 Gorkha earthquake.

It is important to note that, if one masonry pier is deûcient, forces

get redistributed on adjacent piers so that, immediate collapse is

prevented. Some tension is acceptable in masonry. When subjected

to lateral loads, masonry cracks on the tension side. Thus, the stresses

are redistributed in the pier resulting in increased compression. How-

ever, some piers are found to be critical in compression even before

redistribution. Any tensile force should be eliminated in such piers.

Hence, overall evaluation should be based on a judgment of this

behavior.

The ûoor steel beams are found safe to withstand gravity loads. How-

ever, the ûexibility of the ûoor diaphragm in many parts of the building

may lead to undesirable earthquake behavior. It is found that the major-

ity of the wall piers are structurally deûcient (either in tension or shear)

←

Fig. 19. Validation of FEM model stress with cracks observed at site. Higher Value Stress Contours and Corresponding Shear Cracks in East Facade at Third Storey.

G.B. Motra et al. Progress in Disaster Science 10 (2021) 100174



20

under design earthquake as per NBC 105 [19]. These deûciencies de-

mand ductility enhancement of masonry walls, which are addressed via

retroûtting measures using vertical and horizontal reinforcing elements,

to take care of tension and shear deûciencies, compatible to the heritage

conservation.

5. Structural restoration and seismic retroût design

Restoration of pre-earthquake structural strength shall be achieved

through grouting of medium cracks using lime-surkhi slurry, reconstructing

damaged masonry walls by lime-surkhi masonry, replacement of damaged

timber/steel girders, joists, planks, frames, rafters, purlins, and damaged

CGI sheets in the roof before actual structural strengthening.

The selection of a strengthening option is the critical part for the inter-

vention of heritage structures and it requires knowledge of traditional ma-

terials and constructions. Based on building typology and performance

requirements after design earthquake, archeological constraints on the

use of materials and aesthetics requirement for artifacts/carvings, safety

and serviceability conditions of the structure, were considered during com-

parison and selection of the best-suited option. Different possible options of

masonry strengthening as RC jacketing, splints and bandages, timber's

splints and bands [22–26], traditional materials combined with steel plates

[27],ûber-reinforced polymer (FRP), andmass reductionwere analyzed. In

the east and west facades, decorative columns and other existing artifacts

need to be preserved. To preserve these artifacts/carvings, the least inter-

vention is possible by the use of Carbon Fiber Reinforced Polymer (CFRP)

strips in strengthening work. Hence, outer wall surfaces of east and south

facades were decided to strengthen using CFRP strips, whereas inside sur-

faces of east-south facades and all remaining walls were decided to retroût

using traditional construction materials and steel plates. Bricks, lime,

surkhi, timber, steel are the local traditionalmaterials used in previous con-

struction and CFRP is the new material introduced as it was used in the

strengthening of heritage structures in other countries. FRP as retroûtting

material has been used in many countries to enhance shear, tension and

ûexure capacities of historical masonry buildings with very weak mortar.

Rao et al. [28] used FRP and shear wall system to retroût Town Hall

URM building of Kolkata. Piers' demand in gravity and seismic actions

were fulûlled via FRP bands. Ujjayanta Palace (Assembly House of Tripura,

India, 110 years old) was severely damaged during Mw 6.4, Dec. 2011

Earthquake. Vertical and horizontal glass ûber-reinforced polymer

(GFRP) bands were glued in brick piers using epoxy resin at both side of

walls and plastered over the bands [29]. Similarly, Cosenza and Iervolino

[30] successfully implemented FRP in retroûtting of very weak historical

masonry buildings. Steel plates/CFRP were selected because they can be

easily installed and hide inside the walls with plaster causing the least

archeological/architectural interventions and can be removed easily if

required.

5.1. Design of vertical and horizontal bands

Traditionally used materials as bricks, lime-surkhi, timber, and steel

plates/sections were selected for the strengthening works at most of the

Fig. 19 (continued).
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locations. Vertical and horizontal steel plate bands are intended to transfer

the in-plane/out-of-plane shear and bending thereby mitigating the in-

plane and out-of-plane failure of the masonry walls. In addition, the dam-

aged steel plates and sections can be replaced easily when required.

During large earthquake shaking, it is expected that majority of the

shear and tension forces will be transferred to vertical steel bands.

Hence, vertical bands are the main retroûtting elements used to over-

come the identiûed shear and tension deûciencies in wall piers. The

Fig. 20. Validation of FEM model stress with cracks observed at site. High Value Stress Contours and Corresponding Diagonal Shear Cracks in North Block's Cross Wall.

Fig. 21. Deformed Shape of Second ûoor diaphragm under earthquake loading in a) x- and b) y-directions (mm).
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force demand under the design earthquake loading in each wall piers was

calculated considering weight of retroûtting elements (about 2% of wall

weights). Deûciencies of each pier in tension, compression, shear, and

bending were calculated based on demands under earthquake loading

and existing pier section capacities. Pier capacities were determined

from test results performed in the ûeld from shove tests and double ûat-

jack tests. Deûcient piers were strengthened considering combined stress

(direct stress and bending stress due to moment and shear). From com-

bined stress and given length of pier, the total tension force acting on a

pier was evaluated. The required section sizes of vertical bands of given

grade of steel in each pier was selected to resist total tension force

which also satisûes the tension, compression and shear stress. Vertical

bands with steel-plates 8 mm thick of varying widths, 100 mm to 200

mm, are provided to meet the identiûed deûciencies. These bands are

provided near edges and corners of walls and at intermediate locations

where necessary as shown in Fig. 23. Further, the vertical bands are pro-

vided minimum 300 mm away from the edge of the openings to skip the

edge bricks. This reduces the chances that the through bolts will break

and dislodge the edge brick when mobilized under earthquake load. All

plates need to be anchored to wall and at ûoor/roof levels with horizontal

angle-section that stiffens the ûoor system (Fig. 24) and enhances resis-

tance to out-of-plane bending. Similarly, to improve the rocking/bending

response of the masonry piers, vertical steel bands are properly anchored

to the foundation RC beam using a plate, bolts/nuts connection system.

Fig. 22. Pier Identiûcation to Evaluate Individual Forces.

Fig. 23. Retroûtting measures adopted for different Piers of the building.
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In case of thick walls, out of plane bending is less vulnerable. However,

during the Gorkha earthquake, out-of-plane bending damages were ob-

served in some north and east facewall piers. To enhance “box action”, hor-

izontal bands are provided at lintel and sill-levels on either side of each wall

with through connection (Fig. 24). Here, “sill level” denotes halfway be-

tween lintel and ûoor levels, since almost all the window openings extend

down to the ûoor level. Continuous horizontal band with steel plate

(200 mm × 8 mm) at lintel level satisfy out-of-plane bending demand of

walls. Here, “sill bands” are discontinuous due to door/window openings

(Fig. 24). Sill bands conûne the masonry piers in between openings. More-

over, horizontal bands on exterior faces are provided at ûoor levels to sup-

port the action of Indian Standard Angle used as ûoor stiffeners at all ûoor

levels along the interior face of walls in all rooms and corridors (Fig. 25).

Horizontal bands are welded to vertical bands with single bevel butt-

welding via gusset plates (Fig. 24a). Horizontal bands on both faces of

walls are connected through bolts and additional 10 mm diameter partial

anchors provided in a staggered fashion (Fig. 24) to minimize local plate

buckling effects.

About 3% of mud masonry piers were found deûcient in compression,

so steel bands on these piers were designed to resist tension, shear, com-

pression and bending effects. To prevent the local buckling of slender plates

held in compression between the through-bolts, the additional anchorage

was provided using 10 mm diameter anchor bars at 300 mm c/c spacing

(Fig. 24b) as per IS 800: 1984 [31]. Some steel plates should be welded at

the site. Though onsite welding is challenging, that cannot be avoided in

retroûtting existing construction interventions. Here, the quality of the

welding bar and skill of the welder are very important, that must be con-

trolled via lab tests of welded samples.

Herein, most parts of the structure were strengthened using steel plates

and some part by CFRP strips both suitably anchored to walls, ûoors and

roofs (Fig. 23). Steel plates/rolled steel sections and parts should be

double-coated with high-quality anticorrosive epoxy paints as a measure

of corrosion prevention. For through anchorage of steel plates, wall dril-

lings should be carried out at design spacing of 800 mm center to center

vertically and connecting bolts should be ûxed using epoxy/lime-surkhi

grouting.

Fig. 24. Vertical and horizontal steel bands with a) lintel and sill bands for the Pier G-J-8. b) through and partial bolt connections.
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5.2. Design of carbon ûber reinforced polymer (CFRP) bands

Fiber Reinforced Polymer (FRP) has been successfully used for repair,

rehabilitation and retroûtting of not only RC structures but also of masonry

structures [28,29]. These are lightweight and have high tensile strength

compared to steel, ûexible, easy to install and non-corrosive. The CFRP

bands increase the displacement, load carrying capacity (at which the

ûrst major crack develops) and shear strength. The walls with horizontal

CFRP bands foundmore ductile compared to diagonal bands, since the fail-

ure patterns with horizontal bands showed several cracks of small thick-

ness, while the masonry walls with diagonal bands had a brittle failure

with sudden loss of strength [32]. They can be wrapped to conûrm the

Fig. 25. CFRP bands at outer face and vertical steel bands at inner face with CFRP partial anchor and partial high strength steel bolts of grade 8.8.

50mmx8mm thk.
diagonal bracing Steel Plate

Existing I beam Floor Girders

Added
ISA 200X150X15mm
Angle Section

750mm thick wall

Surkhi Filling

8mm thk.
Vertical Steel Plate

8mm thk.
Horizontal Steel Plate

8mm thk.
Vertical Steel Plate

 ISA 200x150x15

1

6

 ISMB350

a)

b) 

Fig. 26. a) Floor diagonal bracing details b) Connection of outer horizontal and inner angle section at the bottom of joist.
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geometry of the structure. Hence, in the east and south facades CFRP bands

are designed to preserve different decorative carvings and projections in

brick columns and walls. CFRP bands improve the integrity and seismic

‘box action’ of the masonry building. These bands are glued externally to

the existing masonry walls using adhesives.

For the design of CFRP bands, at ûrst the tension−/shear deûcien-

cies in the piers were evaluated from analysis, then the nominal force

in the CFRP band was evaluated considering environment reduction

factors depending on exposure condition, afterwards width of band,

the number of layers and spacing were determined so that capacity

exceeded the demand. Finally, the selected band was checked for

force limit based on the effective strain evaluated considering the

bond reduction factor [33].

CFRP is gaining popularity because of less disruption during strengthen-

ing (less installation and curing time), the marginal increase in the size of a

retroûttedmember (very thin sheets), high strength-to-weight ratio and su-

perior creep properties, high resistance against electro-chemical corrosion

(material is chemically inert) and good fatigue strength (suitable for ûuctu-

ating loads). As per CPWD (India) Handbook on Seismic Retroût [22], ver-

tical CFRP bands signiûcantly increase the shear capacity of members.

8mm thk. Vertical
Steel Plate

75x5mm steel flat plate

PLAN OF ARCH

ISA 65x65x5 ISA 65x65x5

ISA 65x65x5
ISA 65x65x5

ISMC 250 VerticalISMC 250 Vertical

75x5mm steel flat plate
Welding Welding

75x5mm steel flat plate 75x5mm steel flat plate

Welding

PLATE DETAIL ON ARCH

ISA 65x65x5
150mmx8mm thk.
Vertical Steel Plate

8mm thk.
Horizontal Steel Plate
at lintel level

75x5mm steel flat plate
@1000mm c/c

ISA 65x65x5

Welding

Welding

a) 

b) 

Fig. 27. a) Arch-bottom view with added elements. b) Arch-side view with retroûtting elements.
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However, the cost of CFRP material and site preparation for application is

more expensive compared to steel plates/sections. Detailed analysis and de-

sign report showed that vertical CFRP strips of 1 mm thick ûber and width

varying from200mm to 1000mm in 1 to 3 layers in a spacing of 1m center

to center satisfy the deûciencies incurred in the piers. Similarly, most of the

horizontal 1 mm thick strips are of width varying 300 mm to 400 mm in 2

to 3 layers at a spacing of 1 m center to center. Required anchorage lengths

for CFRP bolts and spacingwere also evaluated (Fig. 25). Secure connection

and ductility of exterior architectural columns and porch are necessary for

life safety. For this, columns are jacketed with vertical CFRP laminates and

CFRP ties at regular spacing along with the height and they should be cov-

ered by lime-surkhi plaster.

Small steel ûat strips can be used to retroût decorative artifacts, but

grooves should be cut in original carvingswhichmay becomedifûcult to re-

store in original condition, i.e., retain external features and architectural

shape. CFRP bands can be easily wrapped on decorative brick projections

and other artifacts that improves the in-plane and out-of-plane capacity of

the masonry wall. It can easily fulûl the requirements of tension deûcient

piers, spandrels and conûnes themasonry that improvesductility. However,

high compressive stresswill develop debondingof CFRP strips [33], also the

presenceofdampness andhigh temperaturemay lead todebondingofCFRP.

5.3. Retroûtting of ûoors

In-plane stiffness of ûoor diaphragm is vital in transferring seismic

forces to vertical structural walls; hence, diagonal bracings are provided

at ûoors to increase ûoor stiffness (Fig. 26). In-plane stiffness of I-beam

girders with timber joists-, timber girders with timber joists-, and jack

arch-ûoors enhanced by adding ISA 200x150x15 ring beam along the

wall below the ûoor level. In inner walls, the ISA-band on either side of

walls is interconnected by bolts and steel beams in order to achieve an effec-

tive section whose depth is equal to the wall thickness, such that the ISA

band on either side act as tension-compression ûanges. The ûoor dia-

phragm is ûexible in its present state and the same was considered in the

analysis. The diagonal bracing steel members connected to the ûange of

ûoor girders and ring beam-ISA shall add further stiffness and ensure the

stability of the layered and simply supported ûooring system. Furthermore,

wooden joists are connected to supporting walls by steel strips welded to

horizontal band on the exterior side of the wall. Similar diagonal braces

provided between rafters and rafters are connected to the roof band using

steel strips. For retroûtted state analysis, vertical/horizontal steel plates, di-

agonal steel bracings, attached on the ûoor girders and angle sections at the

periphery walls, were modeled to determine the in-plane ûoor stiffness en-

hancement. Results conûrmed that the load distribution among piers was

improved (i.e. piers share the lateral load based on relative size) and lateral

deûection of the building was reduced. However, the ratio of in-plane dis-

placements of the ûoor diaphragm at mid-span and support still does not

satisfy the criteria laid out for rigid diaphragm in IS 1893: 2016 [21].

5.4. Protection of openings

It is well noticed that the tensile/compressive stresses found concen-

trated around openings and at the wall pier edges due to in-plane action

of the earthquake load. Vertical bands provided around all openings and

horizontal lintel bands above openings help to transfer these stresses con-

centrated around openings. Archeswere found to be themost vulnerable el-

ements during earthquake shaking, hence, additional force transferring

elements are provided for arches via steel strips around arches to hold

them to the nearby vertical bands and lintel band above (Fig. 27). The

sizing of these elements was evaluated based on the stress capacity of the

existing masonry piers.

The major intervention system consists of vertical and horizontal steel

members/CFRP ûbers, which conûnes the masonry system creating box-

action. From the heritage point of view, all strengthening elements should

be embeddedwithin the plaster and the same is done to preserve aesthetics

using traditional materials.

Finally, building's performance was evaluated with adopted interven-

tions. For this, a separate model of a wing of the building was prepared

with the intervention options and its capacity was evaluated. The building's

strength in shear enhanced by 10% and storey drift reduced by 60% after

the adoption of proposed interventions. Thus, the ûexible diaphragm's in-

plane rigidity found enhanced to semi-rigid [21] using steel bracing and

angle plates which will improve the building's performance during future

earthquake.

6. Conclusion

Shital Niwas building, neoclassical architecture of 19th century in Nepal,

is a load bearing system with ûexible ûooring and light slope-roof structure.

The building is nearly square in plan with an open central courtyard with

thick (750 mm) brick masonry walls in mud mortar. After the 2015 Gorkha

earthquake, preservation of heritage structures with their historical and cul-

tural value became an important issue. With this objective structural condi-

tion assessment, analyses and design of retroûtting options were carried

out. Considering archeological value and structural safety during an earth-

quake, appropriate strengthening solutions were suggested. Post-earthquake

assessment of the building revealed different vulnerable features in the struc-

tural system. In the ûrst phase, structural systems were closely observed, ar-

chitectural/structural details noted, as-built drawings prepared, damages

investigated, recorded, and mapped, deûciencies identiûed and damages

were categorized based on national and international standards and guide-

lines. Based on the damage evaluation, the north block and second ûoor of

the east block fall under grade-3 (DG-3), and the remaining part is catego-

rized under grade-2 (DG-2) as per EMS-98 classiûcation. Meanwhile, the

building appears vulnerable due to the heavy mass of the structure, poor

earthquake resistant properties/features of the structural system (URM),

ageing-related deterioration of the structural systems,multiple changes in oc-

cupancy, and lack of periodic maintenance.

In the second phase, the present performance of the building was eval-

uated using existing material properties in the as-built model with loads.

For this, material properties were evaluated from different in-situ and lab

tests. Based on the evaluated demands as per the National Building Code

of Nepal [19], elementwise deûciencies were identiûed. Qualitative and

quantitative vulnerability evaluation conducted showed that the building

is structurally deûcient in shear, tension and bending. Hence, different in-

tervention options were investigated with their implications on functional-

ity, aesthetics and archeological/cultural aspects. Finally, the best-suited

option of intervention using steel plates and CFRP bands at different loca-

tions was chosen and a detailed design is carried out for the same.The

building's performance after the intervention was evaluated through a sep-

arate model of a wing. The building's strength in shear increased slightly,

however storey drift reduced signiûcantly after the adoption of the pro-

posed interventions. The ûexible diaphragm's in-plane rigidity was en-

hanced to semi-rigid [21] through steel bracings supported on the angle

sections. Thus, the present work explains ûeld investigation, numerical

analysis, and retroût design procedure, which would be important to pre-

serve such historical monuments in Nepal.
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Four masonry classroom buildings of Pulchowk Campus constructed in 1970s were severely damaged during 2015

Gorkha Nepal earthquake and remained out of service. To replace these facilities with modern ones, Campus needed

more than eight hundredmillionNepali Rupees, whichwas notmanageable at that time. Hence, strengthening of dam-

aged classroom buildings via efûcient, low cost and less time-consuming technique was developed and implemented.

In these buildings, 7.45 m long prefabricated RC beams rest directly on one and half brick thick piers spaced at 3.7 m,

over which prefabricated slab panels rest and on its top 5 cm thick RC overlay to provide monolithic action. During

2015 Gorkha Earthquake, bricks under these beam-piers crushed severely posing serious problem to retroût. To arrive

at the best technique, four possible options of strengthening were identiûed, simulated and obtained results were an-

alyzed. RC jacketing was found the most effectivemethod of retroût for masonry structures; however, facade's appear-

ance cannot be preserved. RC columns combined with brick piers via shear-keys, is the new option developed in this

study, performed satisfactorily. This option, only at ground storey, improves performance slightly, however, it can be

implemented incrementally phasewise when resources permit. Static pushover analyses were performed to evaluate

capacities of the restored and four adopted options of retroûtting. The increase in the performance of masonry after

application of different retroûtting options were evaluated. After a comprehensive analysis of the obtained results,

keeping resource constraint in mind, retroûtting by using RC columns combined with brick piers at ground storey

only was selected for ûnal execution.

Keywords:

Strengthening

Incremental retroûtting

Shear-keys

Prefabricated RC beams

1. Introduction

Four classroom buildings (B, C, D and E blocks) of Pulchowk Campus,

constructedduring 1971–1975CE (2028–2032 BS),were severely damaged

andwere evacuated after 2015Mw7.8Gorkha earthquake.Different alterna-

tive arrangements weremade andmeasures were taken to run the classes in

post-earthquake situation. In these buildings, major problemwas developed

due to the large concentrated loads from pre-fabricated ûoor beams being

transferred to relatively narrow brick piers (350mmx700mm). Post-

earthquake structural assessment showed the risk posed due to the vulnera-

ble unreinforced masonry (URM) buildings during Gorkha earthquake's af-

tershocks shaking. These URM buildings were vulnerable mainly due to

insufûcient capacity of brick piers to cope the effect of heavy vertical and

horizontal loadings, lack of integrity between connecting elements (beams

and piers), lack of horizontal and vertical bands affecting the in-plane and

out-of-plane behavior of walls (lacked box action), and low ductility of ma-

sonry piers. During 2015 Gorkha earthquake, bricks under some piers at

ground storey crushed severely (Figs. 3, 4) making building vulnerable

with increasing risk to carryout teaching/learning activities. Vulnerability

posed by these building structures were needed to be addressed quickly in

a rational way and risk posed by them were needed to be lowered to an ac-

ceptable level so that daily teaching/learning activities could be resumed in

these buildings. At that time, therewas a strong sentiment to demolish these

buildings and construct modern multistoried buildings in place of them.

However, to demolish and reconstruct these facilities with the same space,

Campus needed more than eight hundred million rupees. Moreover, Cam-

pus was not able to manage such huge economic resources. Hence, low

cost restoration/strengthening techniques of damaged buildings remained

as the best alternative.

2. Research objectives

The main objective of this study is to select the efûcient and cost effec-

tive method of strengthening for masonry structures. The speciûc objec-

tives of this study are to: i) assess the seismic performance of

unreinforced brick masonry building via capacity evaluation using non-

linear static analysis, ii) determine the seismic performance of viable

retroûtting options and determine technically efûcient and cost effective
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retroûttingmeasure. Themajor challenge herewas the safe transfer of large

point loads, coming directly on the brick piers from beams, to the founda-

tion. To fulûl the set objectives, structural condition assessment was per-

formed with identiûcation of major deûciencies in the existing building.

Finally, the selection of the strengthening option was assessed based on

the nonlinear seismic analysis of the studied options.

3. Building description

Three classroom buildings (Blocks B, C & D) are of identical construc-

tion (three storied, rectangular in plan and regular vertical load path).

Herein, the three-storied D-block of Pulchowk Campus is selected for

modeling and detail evaluation (Figs. 1, 2). The D-block is elongated in

plan (Fig. 2) having classroom's width of 7.45 m and storey height 3.60

m. The building consists of 350 mm thick wall piers under the beams

throughout the building height as shown in Figs. 1, 2. Cement sand mortar

less than 1 cm was adopted and is relatively uniform throughout the build-

ing. The prefabricated RC main beams (200 mm× 560 mm), 7.90 m long,

rest directly over 350mmx700mmbrickmasonry piers at regular spacing of

3.70 m center to center. Over these beams, prefabricated RC slab panels

rests. Secondary beams, inbuilt at the edges of prefabricated slab, are

125 mm × 150 mm and slab is 130 mm thick. Over secondary beams

and slab panels 50 mm thick RC was overlaid to provide monolithic action

between secondary beams and slabs. However, simple connection existed

between RC beams and masonry piers. The building is long and separated

by construction joints, so, it is modeled up to the separation joint only

fromwest (Figs. 2, 5). Outside passage (1.5mwidth), having brickmasonry

piers (350mmx700mm) at a spacing of 3.70 m, is covered using lintel

beams and prefabricated RC slabs (Fig. 1a). Building's total height is

11.80 m from plinth, storey height is 3.63 m and brick parapet is 0.91 m

high (Fig. 1b).

4. Damage overview

As per seismic vulnerability evaluation guideline (published by the De-

partment of Urban Development and Building Construction (DUDBC), Gov-

ernment of Nepal (GoN)) [1], the expected damage is grade-4 (DG-4) in

case of IX – intensity earthquake. This indicates appropriate intervention

is necessary to prevent casualties during large earthquake. Though 2015

Gorkha earthquakewas not so large that expected in the region, the damage

caused by it in the investigated structure was important to reach to the ap-

propriate strengthening solution. The major deûciencies observed, that

made the building vulnerable, were large point loads coming on brick

piers through RC beams (Fig. 1), lack of vertical reinforcement at corners

and wall junctions, lack of bands, corner stitches, unreinforced brick col-

umns at corridors and long unsupported walls (length > 11 m).

During 2015 Gorkha Earthquake, bricks under these beams crushed se-

verely, some piers bulged requiring urgent actions, which posed serious

problems in selecting retroûtting options (Figs. 2, 3&4). Thickness ofmortar

joint plays important role in themasonry's strength.Here, the thickness of ce-

ment sand mortar is less than 1 cm and is relatively uniform throughout the

building. In addition, building damage pattern shows the crushing of bricks

in majority of the locations, indicating that the mortar strength is satisfac-

tory. Fig. 3a shows the crushing of bricks in piers due to insufûcient pier ca-

pacity in direct compression. Figs. 3b& 3c indicate the shear failure of brick

piers in diagonal tension. In both cases brick crushing took place indicating

insufûcient brick strength to cope the loads coming on the piers. Similarly,

diagonal shear failure is clearly visible in Figs. 4a & 4b too, through brick

crushing. This clearly indicates the risk posed by the building to run normal

activities. However, 50 cm thick random rubble stone piers at the ends and

middle of south face were not damaged during 2015 Gorkha earthquake.

These pre-code buildings were designed for vertical loads considering

masonry's compressive strength, and perform satisfactorily as long as the

loads were vertical. Since, they were not designed for lateral inertial

Fig. 1. a) North face image of D-block b) West elevation of D-block.

Fig. 2. D block- south elevation of the Department of Mechanical Engineering.
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loads, walls developed compressive, shear and ûexural cracks during earth-

quake shaking. The strength of masonry under these conditions often de-

pends on the bond between brick-mortar and connection of in-plane and

out-of-plane walls at corners/junctions and the connection of beams with

the piers, which was found very poor in the considered building. Six brick

piers out of thirty-two at the ground storey of the building were severely

damaged as shown in Figs. 3& 4. Based on EMS-98 scale of damage grading

[2], the overall damage was categorized as grade-2 (DG-2, moderate). Ap-

propriate intervention is required to upgrade the seismic performance of

the building. Before, structural intervention, restoration works need to be

carried out to bring the structure's strength to its pre-earthquake condition.

5. Structural condition assessment

Structural condition assessment was performed via building's FEM

modeling. Existing material properties were assessed from the available lit-

eratures during the period of study, suitable for the studied building located

at Pulchowk Campus. Brick material properties, used in this work, were

taken from the experimental test conducted at the Central Material Testing

Laboratory of Pulchowk Campus [3]. Various local and machine made

bricks of Kathmandu Valley were tested and comparisons were made

using empirical relationships. In addition, uniaxial monotonic compressive

tests, on the unreinforced brick masonry prisms in cement sand mortar,

Fig. 3. a) Brick crushing in piers under the beam- outside view b & c) Shear cracking of bricks in diagonal tension- inside view.

Fig. 4. a) Brick cracking in compression and shear in the pier b) View of precast beams which are directly resting over brick piers and precast slab panels resting on beams.
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were performed and the results are presented in Table 1. It was observed

that the compressive strength of the masonry depends on the compressive

strength of masonry unit, mortar and slenderness ratio.

Properties of stone masonry were taken from Magenes et al. [4], who

performed cyclic tests on stone masonry prisms in cement sand mortar

and provided average values of basic mechanical parameters required for

the modeling structural elements (Table 1).

Kaushik et al. [5] provided analytical model in terms of stress-strain be-

havior of masonry to depict the material nonlinearity which can also be

modeled in numerical tool using nonlinear link element via user-deûned

force-deformation relationships, where longitudinal direction of the link

deûned the axial behavior, while the in-plane transverse direction deûned

the shear behavior. They idealized the stress-strain curve of masonry using

six experimentally observed control points representing respective com-

pressive stresses and strains in the masonry. Based on the experimental re-

sults they proposed idealized stress-strain relationship for brick masonry.

After a comprehensive study of 84 masonry prisms test results, they have

proposed analytical expressions to estimate modulus of elasticity of ma-

sonry and an analytical model to plot stress-strain curve for masonry,

which is used here for nonlinear static analysis.

5.1. Building modeling

Masonry is a nonlinear material with very complex non-homogeneous

anisotropic properties and is good in compression transmission whereas

poor in tension, so it's mathematical model is complex and presence of pre-

cast beams and slabmade itmore complex. Abrams [6]mentioned the need

of material properties, constitutive relationships of masonry and its constit-

uents (bricks and mortar) for mathematical modeling of masonry walls,

however, these are not easily available because of scarcity of controlled ex-

perimental tests and wide variation in the material properties geographi-

cally. Micro-modeling of masonry structure is used to study local

behavior, whereas macro-modeling is useful to model long masonry solid

walls where stress along the macro-length is uniform [7,8]. Doudoumis

et al. [9], Lourenco [10] studied the behavior of inûll panels in multi-

storey frames under seismic action. They tested the identical structures

with micro- and macro-modeling and found only 2% difference in the re-

sponse. Magenes and Calvi [11] suggested the methods of evaluation of

strength, deformability, and energy dissipation capacity of unreinforced

brick masonry walls. They described the rocking, ûexure, shear failure

mechanisms, also quantiûed the energy dissipated via hysteresis behavior.

Based on the compressive strength of unit, aspect ratio, and vertical axial

stress, Yi et al. [12] analyzed a two storied masonry building and identiûed

the failure mechanisms of masonry wall, as rocking failure, sliding shear

failure, toe crushing failure, and diagonal tension failure Sharma and

Khare [13] performed nonlinear static analysis on unreinforced masonry

walls using layered shell element in SAP-2000. The results presented in

terms of capacity curve conûrmed in the masonry wall's ductility enhance-

ment with intermediate mortar's strength compared to stronger mortar.

Moreover, a study of the modeling strategy in SAP-2000 via pushover anal-

ysis ofmasonry structureswas performed byKorini and Bilgin [14]. Nonlin-

earity of the material was considered by providing stress-strain curve from

Kaushik et al. [6]. Seismic capacity of a 2-storey unreinforced masonry res-

idential building was assessed using nonlinear-layered shell elements and

possible rehabilitation options were suggested.

The current study evaluates seismic capacity of unreinforced masonry

building structure using non-linear shell element in SAP-2000 [15]. Based

on the deûciency observed, several strengthening measures were modeled

and compared to select the best one in order to implement in real construc-

tion. Herein, considering the long brick masonry walls, macro-model was

carried out in SAP 2000 [15], using area element-shell, and the structure

is ûxed at the plinth level (Fig. 5b). Uniform mesh depicting the size of

brick element was used for modeling the shell element. For selection of

mesh size, theoretical displacement of a 3mx3m freestanding wall was cal-

culated. Thewall was thenmodeled in the numerical tool for differentmesh

size and the obtained lateral displacementswere comparedwith theoretical

displacement. The lateral displacements of theoretical and numerical

models were obtained to be similar while adopting the size of brick ele-

ment, which was adopted for all numerical models. Beams were modeled

as frame elements representing by lines along the longitudinal axes of the

beams, whichmeetwith the adjacent shell element. Strengthening element,

RC-jacket was modeled using layered links. In the model, RC columns were

added as retroûtting shear-key link elements using RC-hooks inserted in

brick piers, which were modeled via independent hook (“tension-only”) el-

ements available in SAP 2000 [15]. The independent hook property can be

deûned for every deformation degree of freedom as tension only property

with certain stiffness. The detailed approach for calculation of the advanced

property of hook element can be obtained in the research performed by

Lepage and Sanchez [16] and manual of SAP 2000 [15].

A simpliûed non-linear layermodelwas developed to represent the non-

linear behavior of masonry wall. Nonlinear properties of masonrywere rep-

resented by different layers in different directions and separate properties

in each direction. The inherent feature of themodeling tool to depict the be-

havior of the composite section was adopted for modeling the RC jacketed

masonry section. In themodeling, the nonlinear link element used to deûne

material nonlinearity via user-deûned force-deformation relationships,

where longitudinal direction of the link deûnes the axial behavior while

the in-plane transverse direction deûnes the shear behavior. The force vs

deformation data depend on the tributary area of wall represented by

each of the nonlinear links, where the axial response characteristics of the

nonlinear links directly control the ûexural behavior of the wall. The non-

linearity of the numerical model was ensured by providing nonlinear mate-

rial property in the formof stress-strain curve to depict anisotropic nature of

masonry, layered nonlinear shell element as available in numerical tool and

by loading the structure beyond elastic regime. Axial stiffness was calcu-

lated from the property of the reinforcement used to connect the RC column

and masonry and was provided as input in the numerical model as hook el-

ement (tension only element). The detailed modeling approach can be ob-

tained in the research performed by Lepage and Sanchez [16], Korini and

Bilgin [17].

6. Selection of retroût options and modeling

Different retroûtting options from the literatures and practiced in the

real ûeld were studied and best ones, based on the speciûc nature of the

building, were selected. However, the building typology used in this

study is unique, the problem to solve is also unique, and the retroût op-

tion used is not found in the literatures, and thus the proposed

retroûtting method is also unique. Thus, considering its speciûc nature,

Table 1

Masonry Properties.

Properties Brick Masonry

(Shrestha [4])

Stone Masonry (Magenes et al. [5])

Compressive strength of masonry prism ( f́ m), MPa 2.597 3.28

Modulus of Elasticity of Masonry (Em), MPa 831.18 2550

Poisson's Ratio (υ) 0.27 0.19

Modulus of Rigidity (G), MPa 327.23 840

Weight per Unit Volume (γ), kN/m3 19.05 23

G.B. Motra, S. Paudel Progress in Disaster Science 10 (2021) 100173



32

one option is developed. All these retroûtting options were modeled as

discussed below:

1. Option 1: Modeling of restored (in its as built condition) URM building

2. Option 2: Modeling with both-side 50 mm thick RC-jacketing of the

whole building as suggested by Tomaževic [18], Churilov [19].

3. Option 3: The combined action of 350mmx700mm brick piers and

400mmx400mm RC columns connected via 200mmx200mm RC

shear-keys from brick piers in the whole three storeys (See Fig. 15).

RC columns constructed inside the brick piers to transfer gravity as

well as horizontal earthquake loads. To achieve combined action be-

tween the old brick piers and new RC columns, shear-keys inserted be-

tween these two heterogeneous components and their performance

should be evaluated.

4. Option 4: Same as option 2, but RC-jacketing in the ground storey only.

5. Option 5: Same as option 3, but RC columns extend only up to the ûrst

storey slab.

The three dimensional (3-D) linear model of as-built URM building was

prepared in FEM based SAP 2000 software and elementwise demands were

evaluated based on NBC 105: 1994 [20] and IS 1893: 2002 [21].

Elementwise capacities in compression, tension and shear, for URM build-

ing, were evaluated using existing material properties and masonry's

strength. The deûciencies were identiûed separately for all four retroûtting

options. Elementwise deûciencies were addressed considering available

materials, manpower and equipment. First retroût option was designed as

both-side 50 mm thick RC jacketing of the whole building using 12 mm

dia. Rebar at 150 mm c/c vertically as well as horizontally as per IS

15988: 2013 [22]. In real execution, the outer and inner rebar meshes

need to connect to have combined action. Based on the speciûc construction

procedure adopted in these buildings during their construction, the second

retroûtting option developed is the combined action of existing brick piers

(350mmx700mm) and proposed new RC columns (400mmx400mm)

which are connected via RC shear-keys (200mmx200mm) from brick

piers in the whole three storeys (Fig. 15). The designed longitudinal rein-

forcement in the columns is 8 bars (4nos 20 mm dia. + 4nos 16 mm dia.)

with 10 mm dia. Stirrups at 100 mm spacing. In shear-keys, 4 nos 12 mm

dia. re-bars were used. The failure of the masonry structure was observed

due to excessive stress on brick pier. Hence, RC columns were adopted as

a jacket for brick piers to resist the imposed stresses on the brick masonry

piers. It is expected that during earthquake shaking, some portion of the

horizontal earthquake force from the rigid diaphragm will be transferred

to RC columns via ûoor beams, so as to release the stresses on the brick

piers. The third retroûtting option is same as ûrst option, but RC jacketing

was done inûrst storey only. The fourth strengthening option is same as sec-

ond option, but RC columns extended only in the ûrst storey. The third and

fourth retroût options were selected to see whether they could address

major deûciency in the structural system and to see the possibility of incre-

mental retroûtting so that the immediate cost can be curtailed.

Herein, the building's performance was evaluated using “Static Nonlin-

ear/Pushover Analysis” following the procedure of FEMA-356 [23] and Ap-

plied Technology Council (ATC-40) [24]. These standards provide the

nonlinear static (pushover) analyses procedure for force- or displacement

controlled methods. In displacement controlled method, the target dis-

placement is used to verify the pre-established performance levels and dis-

placement limits against the given demand. Then, the deformation

capacities of the primary and secondary elements are linkedwith the failure

modes (bed-joint sliding, rocking) of the structure, which ultimately deter-

mines the performance level of the structure.

In this study, the global capacity of URM building and retroûtted struc-

tures was assessed using non-linear static, i.e., pushover analysis. In this

procedure, structural system is subjected to a pattern of monotonically in-

creasing lateral forces/displacements on a nonlinear building model

Fig. 5. a) Ground ûoor plan, b) 3-D view of ground ûoor with added columns via links in piers.
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subjected to gravity loads. The lateral monotonic load increases iteratively

causing elastic/inelastic deformations in the building until an ultimate con-

dition (attainment of a pre-deûned limit state/global collapse/loss of stabil-

ity) is reached. This produces nonlinear force-deformation (base shear vs

roof displacement at target node) relation, which is called pushover

curve. Demand was evaluated using response spectrum from IS 1893:

2002 [21] considering seismic parameters at site. Then, the capacity

curve combined with the demand curve gives the performance point.

Based on the performance point, different performance levels deûned in

FEMA-356 [23] can be used to evaluate the performance level of the con-

cerned building.

More commonly used methods of pushover analysis are “displacement

coefûcient method” and “capacity spectrummethod”. In current study, dis-

placement coefûcient method was adopted based on rmethodology of

FEMA-356 [23]. Displacement evaluated based on elastic analysis at the

control node (location of center of mass at the roof level) was compared

with the target displacement [25]. In most of the FEM software, base

shear versus displacement plot uses a value of 0.4% (inter-storey drift set

by IS 1893: 2002 [21]) of total building height as default maximum dis-

placement value, which is elastic displacement. In current study, the target

displacement was calculated based on provision of FEMA-356 [23]. The

structure is then laterally pushed up to collapse in a way to estimate its evo-

lutionary seismic response. FEMA-356 provides procedures for the determi-

nation of stiffness, strength, and deformation of masonry walls, which shall

be applied to building systems comprising any combination of existing ma-

sonry walls, masonry walls enhanced for seismic rehabilitation, and new

walls added to an existing building for seismic rehabilitation.

7. Results and discussions

In the considered building, there was an urgent need to safely transfer

beams' load to the foundation soil, since wall piers under beams were

severely damaged (Figs. 3 & 4). Restored URM building model analysis

showed that the compressive and shear stresses developed along

brick piers' bed joint exceeded the permissible values (fc= 0.294 MPa

(294 kN/m2) and τc= 0.149 MPa (149 kN/m2)) evaluated using IS 1905:

1998 [26]. Brick piers' strength, evaluated using URM model and veriûed

via manual calculations, found to be insufûcient; hence, to meet demand,

four retroûtting options (section 5) were modeled. RC-jacketing as well as

RC columns, combined with brick piers via links, modeled to transfer the

gravity as well as horizontal earthquake loads safely to the foundation.

Brick piers and RC columns are heterogeneous materials, so to achieve

combined action between old brick piers and new RC columns, shear-

keys designed between these two heterogeneous components and their per-

formance was evaluated.

Periods of vibration for the building evaluated as 0.36 s and 0.39 s along

longer and shorter directions, respectively based onNBC105: 1994/IS 1893:

2002 [20,21]. Model evaluated periods are 0.374 s, 0.284 s, 0.275 s, 0.253 s

and 0.264 s, respectively for URM (option-1), both-side full jacketing

(option-2), both-side jacketing in ground storey only (option-4) and RC col-

umns combinedwith piers in thewhole building (option-3), and as option-3,

but in the ground storey only (option-5). Results show the signiûcant reduc-

tion in periods of vibration,mainly due to the increase in the rigidity viawall

thickness enhancement. However, as expected, increase in the ductility due

to the RC wall jacketing is not well captured by the model.

Fig. 6. Normal stress distribution (in kN/m2) in wall for option-1, URM.

Fig. 7. Shear stress distribution (in kN/m2) in wall for option-1, URM.
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Fig. 8. Normal stress distribution (in kN/m2) in wall for option-2, RC-jacketing in whole building.

Fig. 9. Normal stress distribution (in N/mm2) in wall for option-4, RC-jacketing only at ground storey.

Fig. 10. Normal Stress Distribution (in N/mm2) in wall for option-3, RC columns combined with wall piers in three storeys.
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Analysis of stress contour from linear static analysis in URMwalls show

that compressive stresses developed crossed the limit of permissible stress

(0.294MPa/294kN/m2) as shown in Fig. 6. Increasing the load, it observed

that the stress propagated in diagonal direction towards the top and bottom

corner of wall from both sides. At ûrst step, shear stress developed on the

walls found to be equal to 0.0246 MPa, which is less than the permissible

shear stress of 0.149 MPa (Fig. 7). On further loading, stress was found to

be increased more rapidly at the ground storey walls' bottom ends com-

pared to other portion of the wall. Shear stress increased more rapidly at

bottom ends and around wall openings, especially at the sill level. In

URM (option-1), tensile stresses developed in the walls under horizontal

loads. Both sides RC-jacketing (option-2) reduces the stress level, signiû-

cantly, since stresses are very less than permissible (Fig. 8). In the brick

piers under beams, stresses found well below the permissible ranges.

To evaluate the effect of RC-jacketing only at the ground storey, the

same was modeled by anchoring the steel reinforcements at ûrst storey

slab (Fig. 9). Stress contour in Fig. 9 show that normal stresses in themiddle

piers and spandrels crossed the permissible limit. It also indicates the stress

concentration immediately above the termination point of RC-jacketing. It

is due to the sharp change in the stiffness above the RC-jacketing level. As

Fig. 11. Normal stress distribution (kN/m2) in wall for option-5, RC columns combined with wall piers only at ground storey.

Fig. 12. Normal stress distribution (kN/m2) in wall for option-5, RC columns combined with wall piers only at ground storey.
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Fig. 13. Capacity curves for different strengthening options.
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whole RC-jacketing (option-2), RC columns combined with brick piers via

shear-links (option-3) also curtails the stresses well below the permissible

values (Fig. 10), however, options-2 & 3 require more investment. RC col-

umns combined with brick piers using links (option-5) in ground storey

only show the stress concentration at upper storey piers and at roof level

too (Fig. 11). In those zones, compressive stress values crossed the permis-

sible limit of 294 kN/m2. In some pier-spandrel junctions, stresses devel-

oped crossed the permissible values (Fig. 12). The only point to consider

is that these jackets should run from the foundation level up to the designed

ûoor level having proper connection of reinforcements with beam or slab.

When applying strengthening techniques, it is important that the walls

should be uniformly distributed in both orthogonal directions of the build-

ing with sufûcient strength required to resist seismic forces. Moreover, the

walls should be tied and connected properly togetherwith the ûoors, which

should possess high rigidity in their plane.

Further, the pushover analysis, “Coefûcient Method”, based on FEMA-

356 [24], ATC-40 [25] and FEMA-440 [27] used to evaluate the capacities

of URMbuilding along with four cases of strengthening options. The results

obtained show that there is slight to signiûcant increase in load carrying ca-

pacity of masonry walls with different strengthening options. There is 80%

increase in lateral load carrying capacity and 48% decrease in the roof dis-

placement of the building when RC- jacketing is used in the whole building

(option-2) compared toURMbuilding (option-1) as shown in Figs. 13& 14.

Application of RC-jacketing in ground storey walls only (option-4) in-

creases the load carrying capacity by 11% and decreases displacement by

16% when compared to URM building (option-1). RC columns combined

withwall piers in the whole building (option-3) increases the base shear ca-

pacity by 57% and decreases the roof displacement by 26% compared to

option-1, whereas option-5 increases the base shear capacity by 14% and

decreases the roof displacement by 21% compared to option-1.

Fig. 14 depicts the maximum roof displacement from nonlinear static

analysis of the studied building. From Fig. 14, it is clear that RC-jacketing

has signiûcantly decreased the maximum roof displacement, whereas

brick piers combined with RC columns via shear keys (option-3) provides

a moderate reduction in roof displacement as compared to URM building.

Options-4 & 5 provide slight decrease in roof displacement compared to

option-1.

8. Implementation of seismic retroût solution

Results show that RC-jacketing is the most efûcient method of strength-

ening for masonry buildings; however, it completely changes the brick fa-

cades' appearance, which along with cost are the major constraints in

using this method. Retroûtting via RC columns combined with brick piers

using shear-keys in the whole building seems to be an alternative of RC-

jacketing in preserving the brick facade's appearance, since it moderately

enhances the capacity of the building. Though, strengthening using.

RC columns combinedwith brick piers via shear-keys only at the ground

storey (option-5) enhances building's capacity slightly, it can be upgraded

incrementally in future to option-3, when resources permit. Finally, consid-

ering owner's resource constraints, the option-5was selected for implemen-

tation (see Fig. 15). However, special care should be taken while

retroûtting ground storey only, since the stress concentration was observed

in the walls of the ûrst storey (immediately above the added columns) and

Fig. 14. Roof displacements for different strengthening options.

Fig. 15. a) Shear-keys from the Brick Pier to combine RC Column b) Reinforcement in RC Column covering Shear Keys c) Concrete casting in Columns.
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at roof level (Figs. 11& 12). Fig. 16 shows the lab view at the ground storey

of D-block after implementation of the option-5.

Seismic retroûtting is a complex process aiming in strengthening indi-

vidual structural elements and it should enhance the performance of the

complete structural system. Hence, after strengthening the lateral resis-

tance, ductility and energy dissipation capacity of a building should be

validated.

9. Conclusions, selection of the feasible retroûtting option

The main aim of this study is to select the efûcient and cost effective

method of strengthening for masonry structures. Four viable options of

retroûtting were selected for analysis. Therefore, restored URM building

simulated along with four selected options of strengthening and obtained

results were analyzed. Both side RC-jacketing signiûcantly reduced the

stress level in masonry piers, whereas moderate reduction achieved using

RC columns combined with brick piers via shear keys. Options-4 and 5

slightly reduce the stress levels, however stress concentration observed at

the termination junction. Finally, static pushover analyses performed to

evaluate capacities of the four adopted options of retroûtting along with

as-built URM building. The increase in the performance of masonry wall

after application of different retroût options were evaluated. There is mod-

erate decrease in the fundamental period of vibration with strengthening

options (24 to 29% compared to URM) indicating the inûuence on the

structural performance via stiffness enhancement. RC-jacketing found to

be most efûcient option (80% increase in capacity, 48% decrease in roof

displacement) of retroûtting for masonry structures; however, facade's ap-

pearance cannot be preserved. RC columns combined with brick piers

using shear-keys performed satisfactorily, since it moderately increased

the capacity (57%) and reduced roof displacement by (26%) compared to

URM building. It is the new option developed in this study, and not found

in the literatures, is the main contribution of this work. Strengthening via

RC columns combined with brick piers only at ground storey indroduces

stress concentration in the immediate upper storey piers, so proper connec-

tion should be provided to maintain integrity and to reduce stress concen-

trations. It can be implemented in phases via incremental retroûtting

when resources permit. After comprehensive analyses of the obtained re-

sults and keeping resource constraint in mind, retroût by using RCC col-

umns combined with brick piers at ground storey only was selected for

ûnal execution since it involved minimum cost. This option can be

upgraded to option-3, incrementally when resources permit. This was the

only way ahead with the Campus and it was immediately implemented

(see Figs. 15 & 16).

10. Lessons learned/recommendations

Before the selection of an appropriate retroûtting option, compatible

with the type of existing structure, detailed structural condition assessment

should be performed to assess the local as well as global behavior and

performance of the structure. It is understood that the masonry wall resto-

ration is not complex; however, it should be accompanied with the creation

of box-action among the adjoining walls/elements so that structure's global

capacity is enhanced. Heavy point load on themasonry piers are vulnerable

and should be avoided. Incremental retroûtting is possible and should be

practiced; however, appropriate policy should be in place. Although RC-

jacketing is the most efûcient method of strengthening for masonry build-

ings past post-earthquake observations showed that RC-jacketing might de-

laminate due to corrosion issues with cracking and detachment of concrete

cover as mentioned in Meda et al. [28], Binda et al. [29]. Meda et al. [28]

adopted high performance ûber RC jacketing to ensure adequate durability

to the structure. During introducing the strengthening method of RC

jacketing combined with masonry pier, sufûcient concrete cover was pro-

vided to avoid corrosion. However, a detailed study is recommended to

be performed to avoid the corrosion and issues related to delamination

resulting from cracking and detachment of concrete cover.
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Weassess tangible and intangible disaster recovery dynamics following the 2015Nepal earthquakes and aftershocks in

order to understand household adaptive capacity and transformation. We randomly selected 400 households in four

communities across two highly impacted districts for surveys and interviews at 9 months and 1.5 years afterwards

and returned at 2.5 years to share and discuss results. We found that household recoveries were heterogenous, context

speciûc, and changing. Tangible hazard exposure, livelihood disruption, and displacement and intangible place attach-

ment and mental well-being inûuenced recoveries. We also illustrate challenges related to government programs,

housing designs and codes, and outside aid.
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1. Introduction

The April/May 2015 Nepal earthquakes and aftershocks caused cata-

strophic damage to life and property, killing nearly 9000 people, injuring

more than 22,300, and damaging or destroying more than 750,000 private

houses and government buildings and approximately 30,000 class-

rooms [54]. Within nine months of the earthquakes, Nepal experienced

more than 400 additional earthquakes and aftershocks with a magnitude

of 4 or greater, and within one year, more than 4000 landslides triggered

by the initial events [75]. In 2015 and 2016, the earthquakes pushed an es-

timated 2.5 to 3.5% of the population into poverty and caused approxi-

mately NPR 706 billion (US$ 7 billion)1 in damages [54]. Recovery from

these events is complex and multidimensional, unfolding over the short

and long-term [60]. Tangible and intangible dynamics help to illustrate a

household's ability and intention to adapt to these circumstances, what

this adaptation looks like, and the time it takes. Disaster eventsmay also in-

ûuence transformations in everyday ways of life [80–82]. Better under-

standing of these multi-faceted short-term recovery dynamics can help to

inform policy and future interventions.

To address this need, we conducted research on recovery dynamics dur-

ing the ûrst two and a half years following the 2015 earthquakes. Our

project's main objective is to understand tangible and intangible short-

term household recovery dynamics. Speciûcally, our analysis addresses

the following two research questions: 1) what factors contribute to house-

hold natural hazard adaptive capacity? and 2) at what point do households

transform after disasters? Examples of tangible impacts include exposure to

natural hazards, place-based livelihood disruption, and displacement. Place

attachment to ancestral settlements and mental well-being are examples of

intangible impacts. To illustrate short-term disaster recovery dynamics, we

combined a complex, integrated social and environmental systems ap-

proach with mixed quantitative and qualitative ethnographic methods

and community outreach over two short-term time intervals. Addressing di-

saster recovery as a multidimensional phenomenon that unfolds over time

compels researchers to consider many different factors and their interac-

tions. Borrowing from the resilience literature [87], we selected ûve do-

mains of adaptive capacity composed of many variables using the rule of

hand, which advises choosing three to ûve key domains to best understand

integrated social and environmental system function and change. Including
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too many domains can make the dataset too fuzzy. We selected our critical

recovery indicators, demographics, and domains based on a pilot study, in-

sights from the anthropological and social science literature on disaster

[19,20], aswell as our team's long-term ethnographic research and commu-

nity collaborations in Nepal [80–82].

We use Oliver-Smith and Hoffman's deûnition [60] of a disaster as a

“process/event combining a potentially destructive agenda/force from the

natural, modiûed, or built environment and a population in a socially and

economically produced condition of vulnerability, resulting in a perceived

disruption of the customary relative satisfactions of individual and social

needs for physical survival, social order, and meaning.” Thus, hazards,

such as earthquakes or landslides, act on existing vulnerabilities to create

disasters. Vulnerabilities can be bio/geophysical (e.g., constant landslide

threat), social (e.g., economic inequalities), structural (e.g., architecture),

and procedural vulnerabilities (e.g., state capacity). After a hazard turns

into a disaster, it is best to focus on process and not necessarily outcome

[42,61]. Returning to a pre-disaster state may not be desirable for a certain

population, perpetuating root causes that helped to make the hazard a di-

saster in the ûrst place [9].

The Nepal Government's Post-Disaster Recovery Framework illustrates

the vision and strategic objectives that guided government recovery inter-

ventions. It was prepared under the leadership of the National Reconstruc-

tion Authority (NRA), in consultation with key stakeholders, to provide a

systematic, structured, and prioritized framework for implementing the re-

covery. The framework aims for a sustainable, resilient, and planned recov-

ery by supporting the country's development agenda [58]. The framework

had stakeholder input and instructed the government to conduct a “social

impact and vulnerability analysis” to inform their Disaster Risk Reduction

strategies; however, vulnerability was by and large related to natural haz-

ards, such as dangers from earthquake activated landslides. The policy

seemingly did not account for the situated cultural and spatial heterogene-

ity in the everyday lives of Indigenous and rural populations in highly im-

pacted areas, evidenced by the development of generic household designs

that fail to account for limited livelihood strategies or local knowledge.

The framework also had few indicators of vulnerability like geographic

marginality, illustrated by the NRA providing the same rebuilding funds

to households without road access and with high hazard exposure, where

inûation is high from transport costs compared to those in less geographi-

cally vulnerable locations. Indeed, the total amount budgeted for the social

impact and vulnerability analysis in the 2016–2020 priority recovery plan

was 0.00083% of the total budget (NPR 180.6 billion or US$ 1.8 billion)

or NPR 1.5 million equivalent to US $15,000 [58].

We deûne recovery as a process extending from the immediate relief and

restoration of basic services directly following a disaster to the longer-term

reconstruction of living conditions and livelihoods (and potential improve-

ment, where appropriate), which can overlap and takemany years depend-

ing on context [26,35,44]. These phases are ûuid. We recognize that

externally imposed conceptions of recovery phases may differ from those

experienced by survivors [9]. We consider recovery from the earthquakes

as dynamic processes with no distinct end point, accepting the constant

force of change prior to and after the disaster [49]. It is also important

not to accept a certain recovery state as a given, since this may obscure

the role of inequality and other power dynamics in creating the disaster

in the ûrst place [9]. We recognize variation within and across settlements

eachwith different states prior to the earthquakes, therefore trying to incor-

porate insider and outsider conceptions of recovery in our approach.We in-

cluded insider and outsider perspectives in the development of the study,

especially in domain and variable selection, through a pilot study at the

onset of the project, previous research by the authors (e.g., [76–79]), and

published studies. Insider perspectives include those from earthquake sur-

vivors; whereas, outsider perspectives encompass those of the researchers

and outside actors, such as the government or aid community.

In order to understand tangible and intangible recovery dynamics, we

focus on the role of adaptive capacity, which signiûes the ability and inten-

tion of a household to adapt to natural hazards and their cascading effects

[40,59,67]. Adaptive capacity can also be multifaceted; for example, a

community may be more resilient immediately following the disaster,

though lacking adaptive capacity in the long-term [86]. A longitudinal ap-

proach also recognizes that a population may experience additional natural

hazards that cascade from the original disturbance (e.g., landslides) or new

hazards altogether (e.g., severe weather). We also consider long-term re-

covery in our analysis since short-term recovery cannot be viewed in isola-

tion [21]. Future research by the authors will add to this discussion.

Each domain of adaptive capacity was comprised of multiple variables

identiûed by researchers and community members as important elements

of adaptive capacity. These include: (1) hazard exposure, (2) institutional

participation, (3) livelihood diversity, (4) connectivity, and (5) social memory.

Hazard exposure incorporates biophysical vulnerability such as proximity

to landslides and threats, and encumbered access to farms, pastures, forests,

and ûrewood collection areas. Institutional participation focuses on the im-

pact of participation in the governance system and other formal and infor-

mal institutions. Livelihood diversity focuses on the roles of income

heterogeneity and varied patterns of resource use. Connectivity includes

connections between households and external actors and agencies in

obtaining recovery assistance and the ûows of outside ideas. Socialmemory

encompasses knowledge based on experiences with previous natural haz-

ards and the functions of Indigenous and local knowledge and practice in

the recovery. The recovery indicators include ability to return to home

from temporary shelter, issues rebuilding home, access to basic services

that existed in each location prior to the earthquakes (electricity, cell

phone, and Internet) and impacts on herding, farming, forest product col-

lection, andmarket participation (e.g., wage labor and tourism). Fig. 1 illus-

trates the conceptual relationship between the ûve domains and recovery

indicators. Note that hazard exposure acts on the other four mitigating in-

terrelated domains, which in turn affect the recovery indicators (see [82]

for a full list of variables in each domain).

Our research explored demographics, the ûve selected domains, and

critical recovery indicators on the household and settlement levels using

information-sharing meetings, surveys, in-depth interviews, and focus

groups over two ten-week research phases at about 9 months (phase 1) and

1.5 years (phase 2) after the earthquakes. We also returned at 2.5 years to

discuss preliminary results and interpretations. The term “phase” refers to

the research-time interval in which we conducted the survey, consistent

with other publications developed from this project. The term is not

intended to signify the phases of the disaster risk management (DRM)

cycle (preparedness, relief, recovery, and mitigation) [85]. This paper fo-

cuses speciûcally on short-term dynamics of the recovery phase in the

DRM cycle. The NRA was ofûcially established in December 2015. Prior

to this, the Nepal Government used the National Disaster Response Frame-

work to guide their response during the relief phase (Government of Nepal

2013).Wewaited ninemonths to start information collection until the NRA

was established and the national reconstruction program started. This is the

time that the government shifted their operations from relief activities to

the short- and long-term recovery phase. This phase primally centered on

the rebuilding of housing and critical infrastructure. We therefore consider

the start of the NRA program at nine months to be the transition between

relief and recovery phases, which parallels Nepal government operations.

At 2.5 years, nearly all households had received one tranche (incremen-

tal payment) of the total NPR 300,000 (US $3000) promised to each house-

hold to build an earthquake-safe home according to the newly developed

building codes. The ûrst tranche included eligibility, veriûcation, and en-

rollment with a payment of NPR 50,000 (US $500). These payments

began in July 2016, between phases 1 and 2 of our research. Two additional

tranches were paid out for completion of the house foundation to the plinth

level at NPR 150,000 (US $1500). The plinth level is a reinforced cement

concrete, timber, bamboo, or other approved construction material band.

It was evaluated after the completion of the foundation and covers the en-

tire wall [58].The third tranche was paid for upon completion of construc-

tion up to the roof-band level at NPR 100,000 (US $1000). The roof-band

level is an upper level of reinforced cement concrete, timber, bamboo, or

other approved construction material. Evaluation occurred before the

placement of the roof beams [58]. Payments were made to households
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only after inspection by the NRA. These funds were typically transferred di-

rectly into the beneûciary's bank account [56,84]. Access to bank accounts

for our household sample differed depending on the location of the bank or

associated automated banking machines, which could be a one- to three-

day walk from a household's settlement. Most households had received

the second tranche by our research return workshops at 2.5 years. The

study therefore focuses only on short-term recovery dynamics (0–2.5

years) and does not provide information on the payouts of all three tranches

and the completion of the newly constructed homes. Future research by the

authors will focus on long-term recovery in years 5–10 after the

earthquakes.

We used non-metric multidimensional scaling (NMDS) ordination to

analyze quantitative data [50] and inductive content analysis to analyze

the qualitative data [11]. NMDS is a statistical method widely used in

ecology to analyze complex datasets comprising many variables and to

identify underlying patterns of variation. Here, we use NMDS to identify

households that exhibit similar patterns of recovery, and explore how spe-

ciûc recovery indicators contribute to those patterns. Inductive content

analysis searches for the frequency and salience of emergent themes in in-

terview and focus-group transcripts (see [80–82] for further discussion on

these methods).

At phases 1 and 2, we found that households in each of the four loca-

tions had different starting places in the recovery and moved in both posi-

tive and negative directions between the two research intervals. Recovery

indicators with the strongest associations with patterns of recovery sug-

gested that exposure to natural hazards, livelihood, and displacement inûu-

enced recovery success [80]. We explored these associations systematically

usingNMDS to help “map” the relationships among the recovery indicators,

demographics, and domains of adaptive capacity [82]. The inductive con-

tent analysis triangulated and enhanced the trends identiûed in the

NMDS, illustrating how inequality shapes tangible and intangible recovery

dynamics. Assembled together, the data from the NMDS and content anal-

ysis provide a holistic picture of short-term recovery patterns and variations

in this context across multiple sites [81].

In this paper, we summarize the key ûndings from Spoon et al.

[80–82] that are relevant to policymakers and practitioners. We also pro-

vide new quantitative and qualitative evidence from the NMDS, descrip-

tive statistics, and content analysis of surveys, interviews, focus groups,

and research return workshops. The new results include household per-

ceptions of government relief, the national reconstruction program, and

outside aid. We also add local conceptions of the government-approved

earthquake-safe housing designs, building codes, and disaster prepared-

ness. We conclude with guiding principles and recommendations for ap-

plied research and interventions in disaster contexts. We then share

Nepal-speciûc recommendations developed using the guiding principles

and recommendations.

2. Methodology

2.1. Site selection

We use a systems perspective to address interdependencies between

human populations and the environment with dual feedbacks [87]. A sys-

tems view characterizes humans and the environment in constant ûux,

where humans act on the environment and it in turn acts on humans. In

rural and Indigenous contexts, systems approaches help to illustrate critical

interrelated social and environmental factors, including hazard exposure

and place-based livelihoods with strong place attachment, common to

many of the world's Indigenous peoples [13,35,48].

The household is our primary unit of analysis. Many of our impact mea-

sures are at the household level, a common focus of monitoring and evalu-

ation where aid and government relief are coordinated. Nepali households

are traditionally multigenerational with the eldest member of the family

serving as the head of household. Recently, however, nuclear families are

becoming more common [88]. In needs assessment reports and in the

post disaster recovery framework for the distribution of relief and recovery

materials and funds, the Nepal Government used the household unit. How-

ever, the Post Disaster Needs Assessment ([54]: 4) did not offer a clear def-

inition for household, stating that in reconstruction “the total number of

houses to be reconstructed has been calculated on the basis of number of

householdsmade homeless.” Shneiderman et al. [73] argue that the Central

Bureau of Statistics adopted the deûnition of household based on United

Nations guidelines, deûning a household as: “arrangements made by per-

sons, individually or in groups, for providing themselves with food or

other essentials for living.” Thus, a household may consist of one or more

persons who may be related or unrelated, andmay have a common budget.

Two factors must be present in this household deûnition: 1) dwelling under

one roof, and 2) eating together. This deûnition allowed some households

to claim their separate kitchen as a different household unit in practice,

obtaining additional beneûts. Further, NRA's Private Housing Reconstruc-

tion Grant Distribution Procedure, 2072 [58] stipulated that households

needed to have legal certiûcates of land ownership predating the earth-

quakes to be eligible for the housing reconstruction grant. In some settle-

ments, monasteries own the land that people live on, in an arrangement

called the Guthi system [69], leading to some individuals not having legal

certiûcates for land ownership (see [52] for a discussion of land tenure

problems after the earthquakes). We therefore deûne a household as a

physical residence under one roof where household members typically, al-

though not exclusively, share economic resources and have kinship rela-

tionships. We deûned households similarly to the Central Bureau of

Statistics in order to identify households to include in our study; however,

we diverged from this deûnition by also including households without

legal certiûcates for land ownership, where the household had maintained

Fig. 1. Conceptual model of ûve domains of adaptive capacity and recovery indicators. Hazard exposure acts on four mitigating interrelated household characteristics that

inûuence recovery indicators.
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residence in their home for multiple generations. Thus, we treat the settle-

ment and clusters of settlements as secondary foci.

To account for variation in the key parts of our conceptual approach, as

well as links to the broader context, we selected two districts, Gorkha and

Rasuwa, as study sites (Fig. 2). Both had severe earthquake impacts: Gorkha

was the epicenter of the April 2015 earthquake with 412 killed, 1034 in-

jured, and 55% of buildings destroyed [62], and Rasuwa was decimated

by earthquake triggered landslides, with 430 deaths (the highest number

of deaths in relation to the entire population), 753 injured, and 95% of

buildings destroyed [63]. We selected two administrative areas of that

time, called Village Development Committees (VDCs), to contrast in each

district. In each district we selected an accessible VDC near the road with

more international and national non-governmental organizations (NGOs)

and market-based livelihoods and one far from the road with less NGOs

and more reliance on agropastoralism. In Gorkha, we selected as represen-

tative case studies the more-accessible Aaru Chanaute and less-accessible

Fig. 2. Map of study area with shake intensity from the April 2015 earthquake with selected Village Development Committees and Internally Displaced Persons Camps

(see upper right). Proximity of settlements to landslides also illustrated [38]. Map by Alicia Milligan. Adapted from Spoon et al. [80].
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Kashigaun. Aaru Chanaute has the most heterogenous ethnic, linguistic,

and religious population in our sample, with primarily Newar, Brahmin,

and Chhetri ethnic groups that live with multiple generations in the same

home using the same kitchen. Households all have road access and practice

mostly khet (irrigated) agriculture, limited pastoralism and forest product

collection, and have various small-scale businesses. Part of Aaru Chanaute

is in the inundation zone of the planned Budi Gandaki dam. Kashigaun is

primarily the Buddhist Gurung ethnic group with some Dalit households.

Households are multigenerational, with some generations and/or nuclear

families living in the same houses but using different kitchens. They prac-

tice bari (non-irrigated) agriculture, pastoralism, and forest product collec-

tion. Conversion to Christianity is increasing in Kashigaun, especially after

the earthquakes (see Section 3.2). In Rasuwa, our sites included the more-

accessible Gatlang and less-accessible Haku. Gatlang is mostly comprised

of Tamang households all accessible by road that practice bari agriculture,

pastoralism, forest product collection, and some emerging tourism enter-

prises. Gatlang residents practice more herding than farming. Haku is also

primarily Tamang households with largely agropastoral livelihoods on

the biophysical margins. Haku had catastrophic landslides that forced

three entire settlements into displacement camps for 1.5–2.5 years or

more. Haku also experienced an increase in conversion to Christianity

after the earthquakes (see Section 3.2). Both Gatlang and Haku residents

live primarily in multigenerational homes; however, similar to Kashigaun,

there is typically a separate kitchen for different generations and/or nuclear

families. Though Aaru Chanaute, Kashigaun, Gatlang, and Haku are cur-

rently part of rural municipalities under new administrative divisions, the

administrative unit, VDC, is used for convenience. In the new rural munic-

ipalities, each VDC selected for this study is now one or twowards. The new

municipalities are: Aarughat Rural Municipality (Gorkha District; includes

Aaru Chanaute VDC as two wards), Dharche Rural Municipality (Gorkha

District; includes Kashigaun VDC as oneward), AamachodingmoRural Mu-

nicipality (Rasuwa District; includes Gatlang VDC as two wards and part of

Haku VDC as two wards), and Uttar Gaya Rural Municipality (Rasuwa Dis-

trict; includes part of Haku VDC as one ward).

Once sites satisûed our criteria, we selected locations that appeared

more “typical” of earthquake impacted VDCs and not as outlierswith excep-

tionally devastating experiences not comparable to others. Outliers in-

cluded sites where all households were relocated to internal displacement

camps because of catastrophic earthquake and landslide-related impacts.

For example, one VDC inGorkha had the top of amountain fall and subduct

multiple settlements, completely destroying the built environment.We also

omitted VDCs that did not have all of the houses and critical infrastructure

damaged or destroyed, which we considered typical. Lastly, we omitted

VDCswhere an external aid institution offered unique, often charismatic in-

terventions, such as rebuilding an entire village before the national recon-

struction program began. To select the random sample households, we

utilized local censuses collected by VDC staff after the earthquakes and pro-

vided to project staff during the pilot study; we then selected households

using a random number generator. We utilized an inductive content analy-

sis in Atlas.ti software to assess the pilot study data in order to guide the de-

sign and analysis of our quantitative survey.

2.2. Data collection

Our ûeld team consisted of the Principal Investigator (Spoon), two Pro-

ject Coordinators (Rai and Basnet), ûve local and Kathmandu-based Re-

search Assistants, and four Translators. Our Project Coordinators already

had some rapport in these communities through previous conservation

and livelihood-related NGO projects. We met in Fall/Winter 2015 with

local leaders and government representatives to help select study sites

and obtain the census for drawing the random sample. We also carried

out exploratory interviews and focus groups to select recovery indicators,

demographics, and domains of adaptive capacity. The role of the informa-

tion sharing meetings was to introduce the project to each site and share

preliminary results. They were also opportunities to differentiate our re-

search from government and aid-community projects. The ûrst series of

information sharing meetings described the research phase in Nepali and

the local languages of Gurung or Tamang. Each participant received a one-

page project explanation in Nepali and team follow-up contact information.

The second series of meetings was held after the ûrst data collection phase.

We presented results from the prior research phase and solicited feedback to

inform our interpretation. We generally had great interest from those in at-

tendance at the meetings to learn about the project and its preliminary re-

sults. Importantly, we attempted to ensure even gender representation and

that multiple generations from as many interested families as possible

attended regardless of whether they were included in the random sample.

For all surveys, interviews and focus groups, we received prior and in-

formed consent from each participant [11]. The research team gave partic-

ipants a handout in Nepali explaining the study and its potential risks and

intended beneûts, with contact information for the research team through-

out the study period (see Table 1 for methods summary). The household

survey tracked recovery indicators, demographics, and ûve domains of

adaptive capacity. At phase 1, we enrolled 400 randomly selected house-

holds from the four communities using the local census provided by the

VDC. We selected 100 households from each VDC. At phase 2, we were

able to re- contact 397 of the original 400 households. We strove to locate

Table 1

Data collection methods, data types, research periods, sample sizes, data analysis methods, and topics (variables). From Spoon et al. [80].

Data collection

method

Data type Research period(s) Sample

size

Data analysis method Topics (Variables)

Household survey Quantitative and

qualitative

January–March 2016;

October–December 2016

n = 400;

n = 397

Descriptive statistics; NMDS;

Inductive content analysis

Recovery indicators (34 total)

Demographics (35 total)

Hazard exposure (12 total)

Institutional participation (12 total)

Livelihood diversity (73 total)

Connectivity (16 total)

Social Memory (27 total)

Qualitative follow-up questions based on quantitative

survey responses

In-depth interviews

and focus groups

Qualitative January–March 2016;

October–December 2016

n = 40;

n = 8

Inductive content analysis Earthquake impacts

Worries, hopes, challenges, and threats

Perception of hazard risk

Role of institutions in recovery

Role of local perspectives in recovery

Livelihood impacts and transitions

Perception of government and outside aid

Role of local knowledge in recovery

Emergence of new opportunities

Research return

workshops

Qualitative October–December 2017 n = 8 Inductive content analysis Triangulation of prior results with participant and key

consultants' perspectives and experiences

Interpretation of key ûndings and updates
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the speciûc respondent who participated in theûrst phase, but designed the

survey to be taken by any household member over the age of 18. The sam-

ple sizes for each VDC from each phase were as follows: Aaru Chanaute

(phase 1, n = 100; phase 2, n = 98), Kashigaun (phase 1, n = 100;

phase 2, n = 100), Gatlang (phase 1, n = 100; phase 2, n = 99), and

Haku (phase 1, n=100; phase 2, n=100). The survey included 34 recov-

ery indicators and 175 variables divided across demographics and the ûve

domains of adaptive capacity. Each domain contained variables identiûed

by researchers and community members as important elements of adaptive

capacity. By utilizing a fairly large random sample, our results should rep-

resent much of the variation within and support inferences about the

broader population in each VDC (see [80,82] for further discussion on the

quantitative methods).

In total, we conducted 797 surveys between phase 1 and phase 2, 40 in-

depth interviews at phase 1, eight focus groups at phase 2, and eight re-

search return workshops at 2.5 years. In-depth interviews and focus groups

used semi-structured interviews to explore the tangible and intangible dy-

namics of the recovery at greater depth. We enrolled key consultants from

the household sample for in depth-interviews from each VDC (10 per

VDC) through quota sampling of age and gender. The focus groups used

reputational sampling, including key consultants from the household sam-

ple as well as representatives from government, local institutions, and aid

agencies. We did not mix household members with non-household actors

in the focus groups so that we could compare responses from different per-

spectives without them inûuencing one another. We carried out interviews

in Nepali, Gurung, and Tamang. They were recorded, translated, and fully

transcribed for analysis. Qualitative interviews helped to triangulate quan-

titative results as well as add new insights only observable through qualita-

tive methods (see [81] for further discussion on linked quantitative and

qualitative methods).

The eight research return workshops on the local and national scales

helped with the interpretation of results and provided updates at 2.5

years after the earthquakes. We invited all of the newly elected government

ofûcials from the four VDCs to attend the local workshops. These work-

shops thus served as a conduit for us to share information with the local

government. On the national and international scales, the workshops

brought into dialogue local government ofûcials, aid representatives, aca-

demics, and the media to discuss project results and next steps.

2.3. Data analysis

Our team examined the quantitative household survey data in the soft-

ware program PC-ORD, which provides extensive tools for non-metric

multi-dimensional scaling ordination [51]. NMDS is an exploratory tech-

nique allowing us to identify households that exhibit similar patterns of re-

covery and to link these patterns to speciûc hazard exposures and forms of

adaptive capacity. Unlike other statistical analyses, NMDS requiresminimal

assumptions about the relationships among variables (linear or non-linear)

and can be used with multiple variable types (numeric, dichotomous, ordi-

nal) [50]. By incorporating information from multiple variables, NMDS is

useful in analyzing different aspects of complex, multidimensional phe-

nomenon like disaster recovery. NMDS provides measures for the direction

and strength of associations among the recovery indicators, demographics,

and ûve domains of adaptive capacity (see [80,82] for further discussion on

the NMDS analysis). Speciûcally, we use the coefûcient of determination

(R2), whichmeasures the amount of variance in overall patterns in recovery

associated with a single recovery indicator, to identify which indicators

drive patterns of recovery. We use R2
> 0.050 as an indicator of a substan-

tial association and discuss less substantial associations with an R2<0.050

where appropriate.

We used Atlas.ti for our content analysis to organize into groups and

codes qualitative responses from 797 surveys and transcripts from 60 h of

in-depth interviews, 12 h of focus groups, and 10 h of research returnwork-

shops. To analyze the qualitative data, we employed grounded theory.

Grounded theory is an inductive content analysis technique, viewing the

world as complex with each situation affected by multiple factors

[11,18]. To identify emergent themes, we began with open coding

[16,22], then used the themes to designate code groups, eachwithmultiple

sub-codes. We then identiûed speciûc nuances and subcategories using the

code groups and sub-codes [91]. The analytic team maintained consistent

communication to discuss any issues and maintain transparency through-

out the process. Examples of our larger code groups include: social and spa-

tial inequality, hazard exposure, place-based livelihood disruption,

displacement, mutual aid, government rebuilding program, outside aid,

housing reconstruction, place attachment, uncertainty towards the future,

and mental well-being (see [81] for further discussion on inductive content

analysis as well as code groups and their deûnitions).

3. Results and discussion

We now discuss our general quantitative and qualitative results across

nine cross-cutting topics useful to policymakers and practitioners, illustrat-

ing aspects of adaptive capacity. We discuss the results from topics 1–5 and

parts of 8–9 in other publications [80–82], summarizing them here. We in-

troduce new information in Tables 2 and 3, topics 6–7, as well as parts of

2–3 and 8–9. Most of our discussion treats the recovery as a whole, al-

though we do share some results speciûc to each VDC. We provide select

linear associations among recovery indicators, demographic variables,

and domains of adaptive capacity in Table 2 and key descriptive statistics

from the household survey that help to contextualize the sample in

Table 3. We describe the full quantitative and qualitative results in SM 1.

3.1. Recovery indicators

We consider recovery as having multiple dimensions, consistent with

results of similar studies on short-term household recovery from the

Nepal earthquakes [5]. Fig. 3 is a scatterplot that shows patterns among

households in relation to two dimensions of recovery, identiûed using

NMDS with 34 indicators of recovery. Each household's location on the

x-y plane is determined by the similarity of their responses to the 34 indica-

tors. By comparing one household's location with another, we can compare

patterns of recovery across households. By examining which recovery indi-

cators had the strongest associations and where they exist in the x-y plane

(represented by these lines on Fig. 3), we can see what each axis represents.

In this case, the x-axis illustrated positive or negative recovery indicators,

such as presence or absence and severity of agropastoral impacts. The

y-axis showed the degree of displacement from primary house and place-

based livelihoods as well as to displacement camps (see [80,82]). In

Fig. 4, each household has two points representing their responses at each

phase. By comparing a household's location on the ûgure at each phase,

we can see changes in recovery across time. To highlight patterns in recov-

ery across VDCs, we added centroids in Figs. 3 and 4 that represent the av-

erage position of households in each VDC.

The results show that each VDC had its own starting place in the recov-

ery and was either static or travelling in a positive or negative direction

between the two phases (Fig. 4). Households from Aaru Chanaute

(VDC 1) had the best starting point in the recovery of all locations (see

Section 3.2); however, they did not change much between the phases.

This was largely due to the planned Budi Gandaki dam (see Sections 3.4.

and 3.5). Although starting in a compromised position, Kashigaun

(VDC 2) was heading in a positive direction in phase 2. We attribute this in

part to their operationalizing of Indigenous knowledge through work ex-

change (see Section 3.8). Gatlang (VDC 3) was heading in a negative direc-

tion and Haku (VDC 4) remained relatively stagnant, with a large

proportion in displacement camps (see Section 3.5). Gatlang's challenges

may be due to dependence on outside aid and the road (see Section 3.6).

All settlements took steps to return to their place-based agropastoral liveli-

hoods inphase2. The34 recovery indicators thus serve as thebaseordination

to view associations with demographics and the ûve domains of adaptive ca-

pacity that follow [80,82]. These results are comparable to two nearby dis-

trictswhere early social, economic, andpsychological recoverywere rare [5].
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3.2. Demographics and accessibility

The NMDS analysis found that the strongest associations with negative

recovery outcomes were for those in Haku and internal displacement

camps, as well as Buddhists and Tamang households (Table 2). These ûnd-

ings illustrate how the earthquakes and cascading events ampliûed existing

power dynamics where social inequality and spatial dynamics interrelate–a

process common in disaster contexts [24,31]. Many of Nepal's Indigenous

and rural populations were characterized by the state institutionalized

Hindu hierarchy using the Muluki Ain, which categorizes several non-

Hindu Indigenous and rural groups as alcohol drinkers, enslavable, and un-

touchable [29,92]. In the 19th and 20th centuries, the feudal-like Nepal

state excluded these groups from regional and national domains of inûu-

ence and exploited their land and labor [28,36,83]. Indeed, the root causes

of vulnerability prior to the earthquakes were caste, ethnic group, and gen-

der [37]. This social inequality resulted in spatial dynamics, where these

populations settled and adapted to extremely challenging biophysical con-

ditions on steep Himalayan slopes. Connections between social inequality

and spatial dynamics (e.g., [25, 70]) and their ampliûcation during disas-

ters have been documented in Nepal (e.g., [32]) and elsewhere

(e.g., [1,7,31]). These geographies thus create high hazard vulnerability

to earthquakes and landslides, which the 2015 earthquake and aftershocks

brought to the surface.

The strongest associations with more positive recovery outcomes, indi-

cating some adaptive capacity, included households from Aaru Chanaute,

Hindus, Newar, Brahmin, and Chettri ethnic groups, and households that

took microcredit loans (Table 2). These loans were accessible primarily to

households in Aaru Chanaute because of their proximity to banking

Table 2

Select linear associations by demographic or domain of adaptive capacity between NMDS dimensions of recovery (Axis 1, Axis 2) and each variable. Linear associations are

represented by a correlation coefûcient (r) and R square (R2) for each axis, with bold indicating R2
> 0.050. Full linear and non-linear results for all 209 variables in the study

available in Spoon et al. [82].

Select variables by demographic or domain of adaptive capacity

Questions are Yes/No unless otherwise noted

Axis 1 Axis 2

r R2 r R2

Demographics

Aaru Chanaute (VDC 1) 0.400 0.160 0.037 0.001

Kashigaun (VDC 2) −0.120 0.014 0.228 0.052

Gatlang (VDC 3) −0.009 0.000 0.087 0.008

Haku (VDC 4) −0.267 0.071 −0.351 0.123

Internal displaced persons camp (phase 1) −0.242 0.059 −0.418 0.174

Internal displaced persons camp (phase 2) −0.245 0.060 −0.413 0.171

Accessibility 0.096 0.009 0.193 0.037

Buddhist −0.279 0.078 −0.098 0.010

Hindu 0.296 0.088 0.072 0.005

Tamang −0.229 0.052 −0.211 0.044

Newar 0.234 0.055 0.009 0.000

Brahmin/Chhetri 0.190 0.036 0.108 0.012

Gurung −0.094 0.009 0.120 0.014

Ghale −0.021 0.000 0.114 0.013

Home owners (phase 1) 0.029 0.001 0.042 0.002

Home owners (phase 2) 0.171 0.029 0.421 0.177

Microcredit loans 0.163 0.027 0.084 0.007

Literate 0.144 0.021 0.065 0.004

Household size-log (larger) −0.072 0.005 0.137 0.019

Hazard exposure

Household has signiûcant impacted access to grazing areas (phase 1) −0.497 0.247 −0.015 0.000

Household has signiûcant impacted access to grazing areas (phase 2) −0.328 0.108 0.145 0.021

Household has signiûcant impacted access to ûrewood collection (phase 2) −0.289 0.084 0.072 0.005

Household has signiûcant impacted access to forest product harvest (phase 1) −0.249 0.062 −0.089 0.008

Household has signiûcant impacted access to forest product harvest (phase 2) −0.150 0.023 0.134 0.018

Household has signiûcant impacted access to agricultural ûelds (phase 1) −0.220 0.048 −0.207 0.043

Household has signiûcant impacted access to agricultural ûelds (phase 2) −0.197 0.039 0.019 0.000

Household has threats from landslides (phase 1) −0.186 0.035 0.036 0.001

Household has threats from landslides (phase 2) −0.211 0.044 −0.053 0.003

Livelihood diversity

Household total bovine (yak, cow, yak/cow hybrids)-log (phase 1) −0.469 0.220 0.039 0.001

Household total bovines (yak, cow, yak/cow hybrids)-log (phase 2) −0.238 0.056 0.267 0.071

Household total sheep, goats, and pigs-log (phase 1) −0.458 0.210 −0.074 0.005

Household total sheep, goats, and pigs-log (phase 2) −0.214 0.046 0.184 0.034

Household total chickens-log (phase 1) −0.289 0.084 −0.219 0.048

Household total chickens-log (phase 2) 0.037 0.001 0.189 0.036

Household has bari (non-irrigated) ûelds (phase 1) −0.353 0.125 0.037 0.001

Household has bari (non-irrigated) ûelds (phase 2) −0.206 0.042 0.080 0.006

Household has khet (irrigated) ûelds (phase 1) 0.094 0.009 −0.008 0.000

Households has khet (irrigated) ûelds (phase 2) 0.211 0.044 0.059 0.003

Household practices work exchange in agriculture (phase 1) −0.254 0.065 −0.039 0.002

Household practices work exchange in agriculture (phase 2) −0.074 0.005 0.229 0.053

Household primary livelihood is a business (phase 1) 0.197 0.039 −0.013 0.000

Household primary livelihood is a business (phase 2) 0.149 0.022 −0.055 0.003

Household does not practice herding (phase 1) 0.394 0.155 −0.076 0.006

Household does not practice herding (phase 2) 0.130 0.017 −0.326 0.106

Social memory

Household used traditional architectural knowledge in recovery (phase 1) 0.097 0.009 0.187 0.035

Household used traditional architectural knowledge in recovery (phase 2) −0.100 0.010 0.139 0.019
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institutions in the market area of Arughat at the road head (Fig. 2). Indebt-

edness through loans after the earthquake was common in highly impacted

areas [47]. Households with higher literacy also weakly correlated with

positive recovery outcomes (Table 2). Factors leading to negative impacts

included severity of landslides and livestock survival, health, behavior,

and productivity. Households that practiced work exchange to rebuild

their homes and work in agricultural ûelds (e.g., Gurung ethnic group),

home owners, and larger households, were able to return to their homes

and adapt their agropastoral practices most rapidly in phase 2, illustrating

adaptive capacity that helped them restart livelihood activities (Table 2).

We also observed increased conversions to Christianity, especially for youn-

ger generations of Tamang peoples inHaku. For example, at phase 2, 17.0%

of Haku residents were Christian for a mean of 1.3 years with an even

shorter duration in the camps at 9.1 months. The content analysis found

that households perceived problems of accountability and transparency in

government and NGO aid distribution. Local governments felt that they

had a lack of understanding of national government reconstruction policies

and processes. Tamang, Dalit, and other traditionally lower income ethnic

groups shared that they lacked a voice in government actions due to per-

ceived knowledge gaps [80–82].

Regarding accessibility, in our sample 46% of households were consid-

ered more accessible near roads, trails, and helipads (54% less accessible).

In the NMDS analysis, accessible households were strongly associated with

less displacement, indicating they had an easier time adapting and

restarting their agropastoral practices (Table 2). Households in inaccessible

settlements mostly took reconstruction loans from family and friends with

low interest (i.e., 73% of total loans from family and friends); households

in accessible settlements mostly took bank and microcredit loans; some

felt that these loans should be forgiven by the government. As discussed

previously, microcredit and other bank loans were largely unavailable for

inaccessible settlements, thus motivating loans from family and friends.

Tamang, Gurung, and Dalit peoples were located primarily on the

biophysicalmargins and lacking access to credit, illustrating how certain In-

digenous and low caste populations do not have the same economic oppor-

tunities as more accessible and privileged groups, such as Newar and

Brahmin/Chhteri ethnic groups. Those with access to bank andmicrocredit

loans had better recovery outcomes, which signals some adaptive capacity.

The content analysis illustrated that inaccessible households and settle-

ments lacked access to relief and recovery materials and programs. Road

conditions affected access to relief and recovery materials and programs,

while distance from the road head inûuenced reconstruction expenses, es-

pecially for sand, cement, and iron rods.

3.3. Hazard exposure

Households with the most hazard exposure were also from the poorest

and most marginal ethnic groups and religions (Tamang, Gurung, Dalit,

and Buddhists) (see Section 3.2). The marginalization of these populations

to the geographical margins has historically impacted their opportunities to

participate in local, regional, and national economies beyond subsistence

agropastoralism in perilous locations, such as those with landslide vulnera-

bility [29]. Households with impeded access to grazing areas, ûrewood col-

lection, forest product harvest, bari ûelds, and threats from landslides had

the strongest associations with negative recovery outcomes across both

phases in the NMDS analysis (Table 2). Research near the earthquake epi-

center in proximity to two of our study sites with similar geographies

found a comparable result with the earthquakes and cascading effects cata-

strophically impacting impoverished communities with high geologic haz-

ard vulnerability risk prior to the events [32]. The content analysis added

that households perceived danger in returning to pastures, ûelds, and for-

ests due to extreme earthquake impacts, such as inundation by landslides.

Further, households that remained in temporary shelters and camps were

being exposed to new hazards, such as severe windstorms, while in their

vulnerable states [80–82].

Table 3

Select responses for the entire sample and selected Village Development Committees from household surveys at phase 1 (n = 400) and phase 2 (n = 397).a, b

Variables Total

sample

phase 1

Total

sample

phase 2

Aaru

Chanaute

phase 1

Aaru

Chanaute

phase 2

Kashigaun

phase 1

Kashigaun

phase 2

Gatlang

phase 1

Gatlang

phase 2

Haku

phase 1

Haku

phase 2

Household had a damaged or destroyed primary house 99% – 99% – 100% – 100% – 98% –

Household able to return to primary home from temporary shelter 1% 44% 4% 48% 0% 92% 0% 8% 0% 27%

Settlement had damaged or destroyed infrastructure

(micro-hydropower plants, schools, hospitals, health posts,

monasteries, temples, and communal buildings)

100% 38% 100% 42% 100% 63% 100% 38% 100% 25%

Households relocated to internal displacement camps (64/400 total

households)

16% 16% 0% 0% 0% 0% 0% 0% 64% 63%

Household is having issues trying to rebuild house 55% 92% 52% 81% 82% 94% 51% 99% 37% 96%

Household used personal funds to rebuild house 55% 42% 78% 41% 73% 74% 43% 7% 44% 18%

Household took a loan to rebuild house – 16% – 12% – 17% – 15% – 18%

Household received aid from the government during the recoverya 95% 19% 92% 3% 91% 68% 100% 0% 99% 6%

Household received aid from non-governmental organizations during

recoveryb
89% 4% 89% 0% 86% 8% 89% 2% 91% 5%

Settlement had landslide threats caused by earthquakes 55% 88% 38% 64% 79% 100% 44% 90% 59% 97%

Household herding ability impacted by earthquakes 56% 67% 61% 39% 68% 74% 66% 82% 60% 72%

Household farming ability impacted by earthquakes – 75% – 48% – 78% – 79% – 93%

Household bari (non-irrigated ûeld) impacted by earthquakes 53% 71% 27% 32% 64% 82% 43% 76% 78% 94%

Household members participate in credit and savings groups 9% 35% 25% 63% 0% 6% 7% 40% 6% 30%

Household was pessimistic about the recovery 79% 73% 68% 80% 90% 65% 81% 62% 77% 87%

Household sought information about disaster preparedness 3% 18% 10% 8% 1% 24% 1% 27% 0% 13%

Household received information about disaster preparedness 1% 23% 4% 22% 0% 41% 1% 22% 0% 7%

Community opinion is perceived to be taken into account in recovery 40% 66% 53% 45% 67% 82% 20% 40% 21% 58%

Community using new ideas from government in recovery 1% 12% 4% 11% 1% 29% 0% 8% 0% 1%

Community using new ideas from INGOs/NGOs in recovery 1% 17% 4% 19% 0% 30% 0% 16% 0% 3%

a Aid received up to phase 1 from the government included two types of cash grants to earthquake-affected households: (1) emergency grants for funeral costs (NPR 30,000

orUS $300) and the construction of temporary shelters (NPR15,000 or $150); and (2)winter cash grants (NPR 10,000 orUSD $100) to help peoplemake adjustments to their

temporary shelters and buy clothes and blankets. Aid received from the government in phase 2 included the ûrst tranche payment in July 2016 as part of a government re-

construction grant. Priority was given to “red-card” holders with “fully damaged” houses. Later, an NRA-led Central Bureau of Statistics survey reassessed damaged houses to

identify beneûciaries for private housing reconstruction grants of NPR. 300,000 (USD $3000) and retroûtting grants of NPR 100,000 (USD $1000) [73].
b Aid received in phase 1 from outside aid organizations (international and national non-governmental organizations or NGOs) and international agencies included quick

reliefmaterials, temporary sheltersmaterials, maintenance and reconstruction of drinkingwater, temporary toilets, etc. Aid received in phase 2 included the reconstruction of

public infrastructure, health posts, school buildings, drinking water taps, and community buildings as well as trail maintenance.
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3.4. Livelihood

Research on short-term livelihood recovery within the ûrst two years of

the earthquakes illustrates the interrelation of the household with liveli-

hood. Household assets (e.g., cultural, social, economic, physical, human,

and natural) and capital generating strategies played a critical role in recov-

ery [17]. The NMDS analysis indicated that households whose livelihoods

focus on livestock (bovines, sheep, goats, pigs, and chickens) and bari agri-

culture had the strongest associations with negative recovery outcomes

(Table 2). Households with khet agriculture, households that did not prac-

tice agropastoralism, and households that participated instead in various

businesses and tourism ventures had strong associations withmore positive

recovery outcomes, suggesting a degree of adaptive capacity (Table 2). The

content analysis added that impacts to ûelds, farms, and forests included

cracks, ûssures, and landslide cover, and that livestock also had health

and productivity issues. Households lost or changed their livelihood be-

cause of the expense in restarting after mitigating earthquake impacts.

Households with a single livelihood strategy with catastrophic impacts,

such as herding in Gatlang, struggled compared to households with more

diverse livelihood options containing more adaptive capacity (Table 2

and Fig. 4). Households generally lacked access to capital to start or con-

tinue businesses and felt that the earthquakes reversed development prog-

ress and created a lot of debt, consistent with other studies [47]. Herders

were keeping their livestock in hot, corrugated and galvanized iron sheds,

causing them to lose weight. They were also purchasing more low-cost

chickens at phase 1 to replace the cows, goats, and sheep that they lost. In

Aaru Chanaute, households that relied on breaking stones and gravel min-

ing in the Budi Gandaki dam inundation zone were concerned about losing

their livelihoods after relocating from the area.

3.5. Displacement

Displacement from Indigenous homelands can have profound impacts

on recovery, as Nepali identity is intimately connected to place [74] and af-

fects the poor the most [2]. After the earthquakes, some households with

catastrophic impacts sought refuge in nearby public and private open

areas. As time progressed, households that could not go back to their settle-

ments because of earthquake impacts generally paid rent to private land-

owners and waited for the government resettlement program to begin. In

the camps, the Nepal government and different international and national

NGOs provided basic relief materials, including food and drinking water,

as well as temporary shelters and schools. These entities did not govern

the camp; instead, residents nominated or elected their own leaders. The

VDC and district government then provided assistance for any issues not re-

solvable by the camp leadership. Displacement from homes, settlements,

and agropastoral ways of life correlated highly with negative recovery out-

comes (Table 2) and the speed of recovery (see Section 3.1) in the NMDS

analysis. There was also a lack of ûow of new ideas into the camps across

both phases (Table 3). Displacement to camps after disasters often impedes

recovery and compounds impacts [71]. Research on displacement also

Fig. 3.NMDS scatterplot of recovery indicators for entire sample (n=397 households) across both time periodswith centroid (average positions) of households in eachVDC.

Lines represent indicators that are most strongly associated with the two dimensions of recovery. Notes added to each quadrant highlight variables that characterize these

parts of the recovery space (VDC 1 = Aaru Chanaute; VDC 2 = Kashigaun; VDC 3 = Gatlang; VDC 4 = Haku). From Spoon et al. [80].
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illustrates that it impacts livelihoods in general outside of disaster contexts

[68]. The content analysis indicated that households displaced to camps felt

they were living as outsiders in “other's places” and were often forced to

pay rent. Households living in camps were having trouble adjusting to

agropastoralism at lower altitudes and some decided to use pesticides to

protect their plants against insect threats they were not accustomed to at

higher elevations, where they practice organic farming. Households unable

to farm on their own lands because they were inaccessible, damaged, or

destroyed were engaged in poorly compensated wage labor outside the

area. Issues encountered in the camps included difûculties in properly rais-

ing children and procuring healthy foods. There was also a lack of privacy.

Aaru Chanaute households being resettled from the camps and the future

Budi Gandaki dam inundation zonewanted to be relocated together, to con-

tinue collectively practicing their culture. They also desired close proximity

to former settlements to continue practicing their place-based ancestral tra-

ditions [80–82].

3.6. Government relief/reconstruction, outside aid, and institutional

participation

The NMDS analysis (Table 2, Gatlang; Fig. 4) and descriptive statistics

(Table 3) illustrated that settlements with high representation of outside

aid prior to and during recovery did not necessarily have associations

with the best outcomes over the short-term. We argue this may result

from dependency on outside aid and resources transported by the road.

It may also be inûuenced by the pace of initiating a national rebuilding

program, which can be slow [46]. Expectations of resources from the gov-

ernment and outside aid agencies in tandemwith road access may have in-

ûuenced recovery outcomes, as observed at a nearby site [33]. In the case

of Gatlang, only 8% of households had returned to their primary house

from temporary shelters by 1.5 years. Instead of rebuilding on their own,

these households appeared to wait for expensive resources from the

road, such as concrete, sand, and iron rods, as well as outside aid, which

was proliûc in the area immediately after the earthquakes and then with-

drew. Conversely, in Kashigaun, 92% of households had returned to

their homes by 1.5 years; however, few, if any, rebuilt to code (Table 3).

Waiting for help as victims instead of rebuilding as survivors may, thus,

trap populations in a vulnerable state. In Gatlang, this vulnerability be-

came evident during an erratic windstorm that severely impacted tempo-

rary shelters while households waited to rebuild [80,82]. Some

populations may use their visibility for their own advantages [65]. Com-

munities waiting for aid rather than helping themselves has been docu-

mented elsewhere [55].

Outside aid interventions can prevent communities from developing re-

lationships and cohesiveness [66], disrupt social networks [15], create or

amplify social inequalities [4], and impede achievingmore general sustain-

able livelihood goals [14]. Some see the combination of natural hazards

and development as lessening social capital and eroding social networks

[90]. According to Kotani et al. [46], returning from temporary shelters

to primary homes did not necessarily create a robust recovery, as living con-

ditions improved minimally after the household return. This reinforces the

need for government and/or outside aid interventions. However, these in-

terventions need to be informed about local culture, power dynamics, his-

tory, place, livelihood, and institutions.

The origin of household assistance in the recovery did not correlatewith

recovery outcomes in the NMDS analysis (phases 1 & 2 combined: R2 =

0.001–0.016). Households remaining in their villages received more help

from family and friends across both phases; whereas, households in

camps received help from the aid community in phase 1 and lacked any sig-

niûcant assistance in phase 2. Most households received the initial relief

Fig. 4.NMDS scatterplot of recovery indicators for entire sample (n=397 households) at phase 1 and phase 2 with centroid (average positions) of households in each VDC

across both time periods (VDC 1 = Aaru Chanaute; VDC 2 = Kashigaun; VDC 3 = Gatlang; VDC 4 = Haku). From Spoon et al. [81].
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funds from the government in phase 1 (95%). Households that remained in

their settlements used new ideas from the government and aid community

in the recovery; however, the camps lacked a ûow of new ideas. Overall,

outside aid decreased signiûcantly from phase 1 to phase 2. Assistance

from the government decreased from 95% to 19% between phases 1 and

2; NGO aid lessened from 89% to 4% (Table 3). Outside aid from interna-

tional and national NGOs and international agencies included small cash

grants, food, basic relief items (e.g., blankets and tarps), and buildingmate-

rials. Roughly half of the households felt that their opinion was being con-

sidered in the recovery across both phases, with 40% feeling this way in

phase 1 and 66% in phase 2 (Table 3).

The content analysis added that households had strong hopes for the

success of the government reconstruction program. Households consid-

ered the program confusing, with funds difûcult to access and biased to-

wards more accessible settlements with market connections. Fear arose

that households misused the ûrst payment and needed to repay it. Indeed,

Kotani et al. [46] observed in one location that the slow pace of receiving

rebuilding funds caused certain households to remain stagnant in their

unrepaired homes without improvement, reinforcing the importance of

early ûnancial aid to more effectively navigate the crisis. Some house-

holds needed to spend the ûrst tranche on the demolition of their old

house and were worried that the next tranche would not be enough, es-

pecially in inaccessible settlements. They also feared that using the

funds for purposes other than home construction would disqualify them

from the program. Households suggested that rebuilding funds expand

to include landslide mitigation, trail reconstruction, and the transport of

building materials. They also stated that if the government cannot cover

these expenses, outside aid organizations should. Government-contracted

engineers conducted insufûcient assessments of earthquake damages.

The long delay in starting government rebuilding programs caused hard-

ships, forcing some households to rebuild their homes on their own

with loans in order to restart their lives more quickly. Households also

felt that government instability caused the reconstruction program to be

unstable.

Research illustrates that the governments and the aid industry can over-

look local institutions in disaster recovery contexts using a “one sizeûts all”

approach [9,66]. In our study, households considered most outside aid as

temporary and unsustainable, viewing some relief items as irrelevant. Ac-

cording to a participant from Aaru Chanaute, the NGOs “provide a hungry

person a comb of banana instead of one mana (half kg) of the roasted soy-

bean and corn that the person actually needs.”Moneywas consideredmore

useful than relief materials, such as blankets and clothes, which can be co-

opted by “clever people with the right connections” leaving others without

any. They also felt some outside aid programs engage communities with

preplanned programs developed without local input, thus duplicating one

another. After these initiatives, the programs did scant follow-up and track-

ing. The perceived lack of transparency and accountability was especially

pertinent with NGOs that arrived in Nepal after the earthquakes. Projects

funded by outside aid appeared more interested in accessible areas and

community buildings rather than individual homes, especially in Gatlang

and Aaru Chanaute. All external aid projects need to coordinate with the

government; however, external assistance is not evenly distributed across

Nepal's earthquake-impacted populations, with accessible areas receiving

more assistance. This may be a result of accessible areas getting more

media attention, having more efûcient transportation, and being less ex-

pensive. These preferences may thus illustrate the interests of the donors

and foreignNGOactorsmore than on-the-ground needs of the affected pop-

ulations—this being common in disaster recovery contexts [41,93]. Impor-

tantly, households preferred skills-based training related to improving

livelihoods, such as earthquake-safe carpentry andmasonry, rather than re-

ceipt of relief materials. For instance, in Gatlang houses rebuilt to code after

the earthquakes needed to be constructed by skilled carpenters andmasons,

which were outsourced due to a lack of local skilled labor. Lastly, represen-

tatives from the aid community suggested that local governments coordi-

nate at the District level to address problems faced by inaccessible

households.

3.7. Housing designs, building codes, and disaster preparedness

TheNMDS analysis (Table 2) and descriptive statistics (Table 3) showed

that households utilized some Indigenous and local knowledge of tradi-

tional architecture to return to their primary houses faster in both phases;

however, these repaired and rebuilt homes did not meet the new building

codes. Households had issues rebuilding their homes, which increased

from 55% in phase 1 to 92% in phase 2 (Table 3). The content analysis

found that households considered rebuilding funds insufûcient to meet

building codes, causing them to construct extremely small houses that

meet the new codes. The NPR 300,000 (US $3000) allotted to each house-

hold in a series of payments was not considered adequate to fund house re-

building, especially at higher-elevation less-accessible settlements where

inûation is signiûcant due to transport charges. Confusion abounded

about how to integrate local innovations into the new building codes,

such as decreasing the height of the house for safety in future earthquakes.

Some households felt that constructing homes that satisfy the new building

codes was more problematic than the earthquake itself because of the cost

of building materials in inaccessible locations and the difûculty in blending

traditional architecture and local knowledge with new housing designs to

meet building codes. Culture and architecture are intimately connected in

settlements at biophysical extremes, especially for Indigenous and rural

populations in our study area (e.g., [30,37]). The traditional built environ-

ment has structures suitable to climate, local economy and livelihood, and

communal activities. The spiritual world of the population is also situated

in this physical space. The new housing designs were created external to

the speciûc settlements and imported through the rebuilding program.

The rebuilding program generally focused ûrst on housing, which in turn

did not account for other cultural factors, such as livelihood or place attach-

ment, which are critical to Indigenous and rural everyday life.

Participants shared that cheaper traditional architecture made from

local materials, such as wood and rocks, was not considered earthquake

safe compared to structures built with iron rods, sand, and cement. They

added that housing designs did not reûect their traditional architectural

style and ways of life and that they appeared to lack local input, such as

where to keep livestock. The relationship between culture and architecture

was considered vital, expressing the identity of each settlement. Generic

housing designs appeared to obscure these relationships. Furthermore,

some local residents considered new housing designs unsuitable for the cli-

mate at higher elevations. There was interest in learning how to build

houses in traditional styles that are earthquake safe. Yet some living in set-

tlements with steep slopes, an abundance of earthquake-triggered land-

slides, and debris from damaged and destroyed houses, were having

difûculty identifying rebuilding locations. Certain households made signif-

icant ûnancial investment into their temporary shelters, which affected

how much they could invest in new permanent houses. Many households

were in debt from rebuilding expenses. The majority of the people desired

earthquake-resistant homes but lacked disaster preparedness training and

awareness. There was an increase in household information sharing about

disaster preparedness, from 1% in phase 1 to 23% in phase 2 (Table 3).

There was also a perception that rebuilt homes should be one story, to

lessen any damage in the next earthquake.

In Gatlang, social class and housing designs appeared to interrelate.

Those with higher socio-economic status rebuilt with concrete and those

with lower status rebuilt with wood. This difference changed the aesthetic

of the homogenous “black village” that existed prior to the earthquakes

where each house had similar construction. Gatlang is a key destination

on a cultural heritage themed trekking route. The change may in turn im-

pact tourist desires to see the homogenous “traditional” looking village.

Participants in the local research return workshop explained that Gatlang's

culture should be protected by letting residents build traditional houses

using traditional skills rather than following the newbuilding codes that de-

viate from the local designs, inhibiting their ability to build their traditional

houses. The new designs are indeed causing the aesthetic of the village to

change, which may have ûnancial implications on the local tourism

industry.
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3.8. Cooperation, work exchange, and mental well-being

Certain households in Kashigaun expedited their return to their primary

homes through the use of parma or work exchange by co-rebuilding

(Table 2), evident in the NMDS analysis (see Section 3.5). Some Gurung

and Tamang households also utilized parma in agriculture to return to

their agropastoral practice faster in phase 2, illustrating strong associations

with less displacement (Table 2). Many households in Gatlang used this

strategy for agropastoralism but not for rebuilding their homes. Indeed, var-

ious studies demonstrate social capital and social networks are important

components of disaster recovery [3,27,86], including studies in Nepal fol-

lowing both the 1934 [12] and 2015 Nepal earthquakes [23,34,64]. The

content analysis also illustrated the adaptive capacity of the Gurung, and

to a lesser extent, Newar ethnic groups of varying socio-economic statuses

using cooperation and work exchange as unskilled laborers to rebuild

homes, pool funds for communal betterment, and to “live more in har-

mony” in the short-term during the recovery. According to one Kashigaun

participant “now holding hands on hands and shoulders on shoulders, we

should help each other by practicing parma.” Households also cooperated

to help the most marginal, such as the elderly and children. In Kashigaun

work exchange was utilized as a safety net in a time of need, especially

for the poorest and most vulnerable.

Disasters can substantially affect mental well-being in negative ways,

particularly when households are in temporary shelters or camps [57,89].

In this study, the majority of the households were pessimistic about the re-

covery in both phases, i.e., 79% in phase 1 and 73% in phase 2 (Table 3).

The content analysis showed key intangible recovery dynamics not visible

in the other techniques, especially for the most marginal. Households had

strong symbolic place attachment to their physical homes and ancestral set-

tlements, common inmany Indigenous and rural contexts [35]. Destruction

of the physical home and settlements in turn inûuenced negative mental

well-being through daily re-traumatization. Households perceived the fu-

ture as highly uncertain in all settlements and camps, and the planned

dam inundation zone, negatively inûuencingmental well-being. New social

constructions of dukkha (trouble/tension) and pagal (a mad person)

emerged during the recovery. Dukkha in this sense is mental trouble or ten-

sion manifested through the emotions of fear, anger, sadness, and anguish.

To some, this is understood as taking one's soul or inner spirit away, causing

them to not act like themselves. Pagal is associated with having suffering or

worries and acting “mad” or “crazy.” Both dukkha and pagalwere manifes-

tations of negative mental well-being, especially for rural and Indigenous

peoples with strong place attachment and high levels of uncertainty to-

wards the future. Further, active landslides caused by the earthquakes,

cracks, and ûssures, as well as damaged and destroyed homes and infra-

structure, can create re-traumatization for place-based peoples as reminders

of the initial trauma and its cascading effects, which threaten these commu-

nities years after the ûrst event, evident elsewhere [10]. Indeed, after the

Nepal earthquakes post- traumatic stress disorder (PTSD) was documented

in rural and Indigenous communities [39,53], which can last years [6].

3.9. Transformations in everyday life

Transformation in disaster contexts may be both deliberate and/or

adaptive and can include a fundamental restructuring of individuals, insti-

tutions, and regimes [49]. Transformation often relates to root causes of

vulnerability, which disasters bring to the surface and amplify [67].

Coupled together, the NMDS and content analysis illustrate that hazard ex-

posure, especially landslides and highly-impacted ûelds and pastures,

place-based livelihood disruption, and displacement may drive transforma-

tive change. The static nature of displacement campsmay continue the pro-

cess of transformation started by the earthquakes when resettlement

occurs. New skills, such as carpentry andmasonry for earthquake-safe hous-

ing and sewing/tailoring, learned after the earthquakes may bring opportu-

nities for building adaptive capacity and improving standards of living.

Emergent household and settlement disaster preparedness trainings may

also assist with future hazard planning and response. Certain households

identiûed that the catastrophe inspired the building of new earthquake-

safe structures, trails, and infrastructure, such as schools and health

posts/hospitals. Collectively, these changes may also inûuence transforma-

tions in everyday life over the long-term.

Focusing on each VDC (Fig. 4), Aaru Chanaute, which had the best

starting point in the recovery across the sample, appeared to change little

across the two phases due to a planned dam which will cause many house-

holds to relocate and start new lives. Kashigaun households had the best re-

covery outcomes between the phases and incorporated outside ideas,

whichmay inûuence newhybrid knowledge and practices. The settlement's

less accessible location further from the roadmay stimulate the use of social

capital through work exchange and openness to new ideas. Gatlang house-

holds had theworst recovery outcomes across the phases, taking the longest

to return from their temporary shelters to their primary houses, causing

them additional hazard exposure. Change or stasis may be inûuenced by

their reliance on herding and dependency on the road and outside aid.

Lastly, Haku households–especially those in displacement camps–were

stagnant and appeared to lack opportunities to return to their settlements,

ûelds, pastures, and forests. One settlement (Sano Haku) is being relocated

because of geological vulnerability. Transformative change triggered by the

catastrophic earthquakes may thus occur after resettlement [49].

4. Conclusion and recommendations

Recovery from the catastrophic 2015 Nepal earthquakes and their cas-

cading effects spans years and potentially decades. Conditions were im-

proving for some, while remaining static or getting worse for others. To

better understand tangible and intangible recovery dynamics and adaptive

capacity in the short-term, we employed a quantitative NMDS analysis and

qualitative content analysis. The NMDS analysis found that each household

and settlement had a different starting point in the recovery and was either

stagnant or moving in positive or negative directions [80]. Socioeconomic

status, hazard exposure, place-based livelihood disruption, and displace-

ment inûuenced recovery outcomes the most. Herders, bari farmers, and

forest product harvesters had the strongest associations with negative re-

covery outcomes; khet farmers and households that had businesses had

the strongest associations with positive outcomes, appearing to have

more adaptive capacity [82]. Previous content analysis on the surveys, in-

terviews, focus groups, and research return workshops illustrated

inequality-shaping tangible and intangible recovery dynamics. Stagnation

and rapid change in the short-term may lead to transformation in the

long-term [81]. Here, we add new quantitative and qualitative information

from the NMDS, descriptive statistics, and content analysis. The new results

include household challenges in accessing government relief and the na-

tional reconstruction program as well as perceptions of outside aid as un-

sustainable. We also add local challenges and opportunities related to the

government-approved housing designs, building codes, and disaster

preparedness.

Understanding short-term household recoveries in Nepal and rural and

Indigenous disaster recovery contexts in general can contribute to crisis-

and transformative-learning [43,72], encourage multi- and poly-vocality

[9], engender local-global linkages and communication among households,

settlements, government institutions, and outside entities [45], and provide

development opportunities [8]. These ûndings and their interpretations

can help to change “one size ûts all” relief and recovery policies and inter-

ventions that do not account for cultural and biological diversity, history,

livelihood, place, or inequalities.

Based on these assembled results, we provide the following guiding

principles as well as general and speciûc recommendations to inform

short and long-term disaster recovery generally, and recovery in Nepal spe-

ciûcally, and help build household adaptive capacity to future hazards. The

guiding principles and general recommendations could be useful to

policymakers and practitioners when conducting research or learning

about ongoing contextual factors in places where they work. These sugges-

tions could help to shape needs assessments and diverse types of interven-

tions by governments, international agencies, and NGOs.
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4.1. Guiding principles

1. Consider how power and history shape current realities to produce di-

sasters by identifying root causes.

2. Consider recovery as a non-linear process that occurs over the short and

long-term, with no speciûc end point.

3. Consider recovery as tangible (e.g., livelihood) and intangible

(e.g., place attachment and mental well-being).

4. Consider both where a household starts in the recovery and where they

are headed.

5. Consider culture, livelihood, and place as integral to recovery.

6. Consider using an integrated social and environmental systems perspec-

tive to understand rural and Indigenous everyday life, and life in disaster

recovery.

7. Recognize that recovery includes a combination of planning and swift

decision-making.

4.2. General recommendations

4.2.1. Outreach

1. Conduct outreach, information sharing, and rapport building prior to

and throughout any research process.

2. Conduct pilot studies or exploratory consultations to ensure site and var-

iable selection as well as analytic techniques are appropriate.

3. Integrate research return as primary method before interpretation of

ûnal results.

4. Make results accessible to multiple audiences in diverse forums.

5. Foster relationships with participants and stakeholders after study com-

pletion to assist with future collaboration and understanding the dynam-

ics of change.

4.2.2. Methodology

1. Do not take the easyway out to deûne recovery indicators and drivers of

change. Utilize multiple inputs to select domains and variables

(e.g., previous experience, pilot studies, literature). Recognize that disas-

ter recovery is multidimensional and changing over time with no spe-

ciûc end-point.

2. Utilize the rule of hand to identify three to ûve key domains of system

function [87].

3. Employ mixed methods to ensure an appropriate research universe

(e.g., tangible and intangible dynamics) and opportunities for informa-

tion triangulation.

4. Select data-analysis techniques appropriate for each context.

4.2.3. Pre-disaster research on vulnerabilities

1. Identify sensitive and vulnerable points (e.g., social inequality, poor

state capacity, weak infrastructure, extreme exposure to natural haz-

ards) in integrated social and environmental systems using the best eth-

ical practices.

2. Recognize trend of ampliûcation of preexisting power dynamics when

disasters occur.

3. Recognize the relationship between social inequality and spatial dynam-

ics.

4. Utilize research as an opportunity for awareness raising and partnership

building.

4.3. Nepal-speciûc recommendations

We developed the following Nepal-speciûc recommendations using the

guiding principles and general recommendations shared above.

1. Consider integrating into the national reconstruction program land-

slide mitigation, trail repair and construction, and transport expenses

for building materials, which affect the size and design of rural

earthquake-safe houses. Outside aid organizations could cover or

share these costs if the National Reconstruction Authority cannot.

2. Ensure that assessment of earthquake damages include inaccessible

settlements and not solely accessible settlements near or on the road.

3. Ensure that traditionally lower-caste ethnic groups and religions with

low literacy receive representation and have a voice in community re-

construction planning. Recognize that these populations of lower

socio-economic status are living in inaccessible and vulnerable geogra-

phies. They had the most catastrophic earthquake-related impacts and

rely on these unstable extremes for their livelihoods.

4. Build capacity of local government representatives to understand the na-

tional reconstruction program. Consider enacting co-learning opportuni-

ties between local government ofûcials from different municipalities.

5. Ensure that resettled households and settlements stay together in the

new locations and in proximity to old settlements, if possible, so that

they can practice their place-based culture and traditions.

6. Create opportunities in inaccessible settlements to co-design earthquake-

safe low-cost housing thatmeets the building codes and reûects local tra-

ditional building approaches and uses local materials.

7. Build capacity of marginal households with single agropastoral liveli-

hoods to create diversity in livelihood opportunities that will bemore re-

silient to future hazards. Households with market connections also need

low interest loans to start or continue businesses.

8. Consider local institutions and their related practices, such as parma, cul-

tural traditions that include social capital, such as communal fundraising

and sharing on Nepali festivals and holidays, as well as Indigenous and

local knowledge of architecture, farming, pasture, and forest manage-

ment in future relief interventions and recovery programs, especially

with inaccessible populations.

9. Require outside aid organizations to provide skill-building alongwith re-

lief materials and to not duplicate projects. They should also get local

input when reconstructing infrastructure instead of using generalized de-

signs. Outside aid also needs to be better tracked so that it is equitably

distributed.

10. Focus disaster preparedness onmultiple hazards beyond earthquakes, es-

pecially landslides.
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In Nepal, where extreme seismic and severe weather events are frequent, understanding the consequences of different

types of hazards (geological, meteorological and human-made) and their impact on people's vulnerability in the after-

math of the 2015Mw7.8 Gorkha, Nepal earthquake, is crucial for enhanced formulation of policies and reconstruction

practices. This paper aims to comprehend localized multi-hazard risks, the interaction between hazards and seasonal-

ity which may occur simultaneously, cascadingly and cumulatively, and local peoples' knowledge, experiences and

perceptions to explore the effectiveness of resettlement and other reconstruction efforts. To fulûll this objective, a

study was conducted in 2018 in Rasuwa, Nuwakot and Kathmandu district comprising 60 semi-structured interviews,

three focus group discussions, and two photo-elicitation workshops. Participants included scientists, government ofû-

cials, humanitarians, and displaced individuals at their original locations or in displacement camps. Findings show that

interactions between hazards are not well recognized at policy level, as the geo-hazard assessment highlighted loop-

holes in its methodology as well as a lack of precision. Hence, interactions between hazards have not been sufûciently

considered in the post-earthquake reconstruction process and need to be addressed by theNational Reconstruction Au-

thority. Analysis demonstrates that no clear relocation plan for displaced people exists, and that livelihood opportuni-

ties in new re-settlement areas receive no attention. Giving communities the opportunity to discuss localized multi-

hazard risks with experts, so vulnerabilities, resilience capacity and risk tolerance of individuals and society can be

heard and understood, is felt necessary. Moreover, people with limited resources will be more vulnerable, as they

are not able tomake informed decisions about suitable places for reconstruction, or to evaluate land use options or sea-

sonal living arrangements. Two policy recommendations are proposed: 1) disaster risk-informed development plan-

ning in Nepal should include multi-hazard risk assessments as part of disaster risk management policies, and

2) resettlement policies require reform.

Keywords:

Multi-hazards

Displacement
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Reconstruction practices
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1. Introduction

Nepal is the twentieth most disaster-prone nation globally [1], as it is

situated in ‘one of the most active seismic regions of the world’ ([2], p. 1),

with a lengthy history of devastating earthquakes since the 13th century

(Geotechnical Extreme Events [3]). On the 25th April, the 2015 Mw7.8

Gorkha, Nepal earthquake and its severe aftershock in May, impacted al-

most eight million people, one third of Nepal's total population [4]. Conse-

quently, 2.6 million people were newly displaced [5]. A country of steep

slopes, rough topography, extreme, varying climate and severe monsoons

is a complex, fragile and disaster-prone setting [6]. Over 80% of Nepal's cit-

izens are exposed to risk of ûoods (including glacier lake outburst ûoods),

landslides, droughts, and extreme temperatures [7]. Between 1971 and

2015, 22,372 disaster events were recorded [1]. These were due to

numerous natural and human-made hazards with differing scales of impact

[2,8]. Roughly 23 million people were displaced between 2005 and 2015

as a consequence [9].

Hazard exposure in Nepal is manifold and far-reaching. A vast number

of people are affected by landslides during monsoon [10], nearly 80% of

which happen during rainy season [11]. Moreover, Nepal gets roughly

80% of its annual precipitation during monsoon [12]. The hill districts of

the Middle Himalayan terrain make up 68% of the total area of Nepal

[13], with peaks of up to 5000 m and valleys less than 500 m including

Kathmandu Valley, occupied by 44.2% of the national population [14].

This area is extremely landslide-prone including to earthquake-induced

landslides [11,12,15,16]. In such a setting, as development continues,

non-engineered infrastructural developments like ‘informal’ road construc-

tion are likely to rise and generate new landslide exposure, soil erosion and
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slope instability [2,17]. This is expected, ‘especially as China's Belt and Road

Initiative seeks to construct three major trunk roads through the Nepali Himalaya

that adjacent communities will seek to tie in to with poorly constructed roads’

([17], p.1). As Wijkman and Timberlake [18] and Lavell and Maskrey

[19] claim, disasters must be studied as unresolved development rather

than (as is governmentally convenient), being portrayed as uncontrollable,

sudden and unpredictable catastrophes, triggered by natural forces [20].

Another risk is Nepal's expansion of large-scale hydropower plants,

some in extremely unstable regions [6,21]. Roughly 90% of Nepal's elec-

tricity is generated from hydropower [22] and 223 new dam projects are

supported across the country [23]. In the study districts of Nuwakot and

Rasuwa (Fig. 1), a hazard-exposed, mixed hill and mountain district of

theMiddle/Upper Himalaya, 18 dam projects were listed in different rivers

in the Asian Development Bank (ADB) study [23]. Yet, Murton et al. [46],

recorded 23 hydropower projects in the study district of Rasuwa alone,

most of them located alongside the Kyirong-Rasuwa Highway, with ‘216

MW Upper Trishuli’ and ‘Trishuli A’ particularly close to the Nuwakot dis-

trict border [25].

As a contribution to these debates, this paper aims to understand

the impact of geological, meteorological and human-made hazards

(i.e., landslides, monsoon rain, hazard assessments, infrastructure projects)

on people's vulnerability during and after the 2015 Mw7.8 Gorkha, Nepal

earthquake. It identiûes new and ampliûed chain reactions between differ-

ent hazards and localized hazard risks in Nuwakot/Rasuwa district, such as

those from road/tunnel hydropower plant construction, local ‘informal’

road construction, and the 2015 Mw7.8 Gorkha, Nepal earthquake and an-

nualmonsoon rain experienced by local people. Impacts described by inter-

viewees include perceptions that the land/soil in their living environment

becamemore fragile due to these newor ampliûed chain reactions between

hazards, which increased the localized risk of landslides during the mon-

soon season, made people more vulnerable and at risk of resettlement.

The study examines how risks from natural and human-made hazards and

reoccurring seasons were assessed in post-earthquake Nepal, to understand

what methodologies were used in designing post-disaster reconstruction

efforts.

After a natural disaster, resettlement is common in post-disaster recon-

struction as frequently, populations cannot return to their original living en-

vironmentdue to risk exposure that cannot bemanagedbyothermeans [26].

Ferris [27,28] illustrates forms and causes of displacement and resettlement

in relation to disasters and planned relocations, and distinguishes between

climate change-induced, natural disaster-induced and development-forced

displacement and resettlement. In Ethiopia, after a major famine in the

mid-1980s, the resettlement undertaken by the government was unsuccess-

ful as, being ‘politicallymotivated’, it didnot respond to the long-termneeds

of the affected population [28]. Vithanagama et al. [29] emphasized that

rather, it is the way in which relocation is implemented that creates discon-

tentment among the resettled population, as relocation itself does not seem

to be the problem if there is a ‘pressing need’ for such a move. Unlike the

case in Ethiopia, in Mozambique after the major ûoods in 2007, the key as-

pect that hampered the sustainability of the resettlement was livelihood op-

portunities. Due to difûculties in restoring livelihood opportunities after the

ûoods, particularly growing crops in resettlement areas, peoplemoved back

(some seasonally, others permanently) to their fertile but ûood-prone river

areas [28].

The World Bank's Handbook of Reconstruction after Natural Disasters

[30] further examined some of the reasons why relocation is often unsuc-

cessful, and noted factors such as the inadequacy of new sites and socially

inappropriate settlement layouts. In addition, emphasis was placed on

other factors like distances between livelihood opportunities and social net-

works, lack of community participation and under-budgeting of relocation

costs ([30], p.79–80). In the aftermath of the tropical storm Washi in the

Philippines in 2011, resettlement was mostly a top-down approach,

which did not provide opportunities for affected people to take part in the

decision-making process or foster ‘appropriate’ local solutions with regard

to the design and structure of permanent housing [1]. Another stumbling

block in Cagayan de Oro during planned relocation was not only the inap-

propriateness and safety concerns of the sites, but that they were unfavor-

able, being too far away from city facilities and main commercial centers,

with no priority given to creating new livelihood opportunities for people

affected by resettlement [1]. This forced resettled communities to abandon

newly built housing units in these hazard-prone areas, while other newly

constructed housing units in the area remained unoccupied due to lack of

safety and livelihood opportunities [1]. The historical examples shown of

communities in Ethiopia (mid-1980s), Mozambique (2007), and the

Philippines illustrate a variety of severe challenges and issues connected

to resettlement, which mean that people are often willing, once resettled,

to move back into risky environments even though they are unsafe.

This paper is based on the author's PhD research. It highlights displaced

people's experiences, the uncertainty, ûnancial and emotional stresses and

challenges they faced during reconstruction and resettlement. It aims to

Fig. 1.Map of study area in Nepal [24].
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understand people's existing risk environments, the variables involved in

natural and human-made hazards, and people's exposure to future risks.

The study assesses and illustrates the importance of collaboratingwith com-

munities throughout the recovery, reconstruction and relocation process, to

understand the risks involved in people's living environments, as well as

their risk tolerance, and housing/livelihood needs. The research seeks to

show the importance of collaboration between multi-stakeholders, engi-

neers and people affected by hazard risks themselves.

Creating a space for discussion and sharing technical knowledge, it is

fundamental to understand local people's experiences and knowledge

gained over generations by living in the same area, to enable them to

make informed decisions for relocation or seasonal living arrangements.

Similarly, the protection of people's safety and livelihoods, and the articula-

tion of policies which support their recovery are essential. With these

themes in mind, the following two research questions guide the study:

a) what was the nature of people's exposure and experience of multi-

hazards during and after the 2015 Nepali earthquake? and b) howwere re-

construction policies experienced by displaced people, and in what ways

did they react?

2. Methodology

The PhD research applied a solely qualitative mixed method approach

as it primarily intended to explore the causes of a phenomenon and to an-

swer how and why things are happening [31]. It was important that the

methodology enabled exploration and understanding of a range of local

and national actors' perceptions, observations, experiences, thoughts, feel-

ings, opinions and impressions. The study was inductive, as the author

aimed to understand the social and power aspects in a post-earthquake en-

vironment by discovering, in the ûeld, what people were able to relate

about the concepts of multi-hazards, reconstruction and vulnerability.

The author attempted to make sense of what was happening in the ûeld

and to reûect on these concepts and the interconnection of human relations,

power relations and nature.

The author triangulated data, as discussed by Paul [32] and Flick [33],

to ensure the validity of the results, by leveraging the strengths of several

methods, including semi-structured interviews, focus group discussions,

photo-elicitation workshops and exhibitions, and to mitigate the weakness

of using a single method. The ûexible nature of semi-structured interviews

has beenwidely recognized [34,35], as they allow the collection of people's

detailed views, practices and interests [36], offer reliable qualitative data

and provide a way for interviewees to express opinions in their own

words and discuss sensitive topics [37]. Focus groups were conducted, as

they provide insight into how people think and feel, their knowledge, abil-

ities, experiences, aspirations and reactions, enabling different points of

view to be captured [38]. They allow ûexibility in questioning and encour-

age the exchange of ideas and open dialogue [39]. This study additionally

used photo-elicitation as a visual method, as it offers participants the oppor-

tunity to photograph their own environment, take pictures that represent

their own view and to choose objects that are most important to them,

rather than to the researcher [40–43]. This range of vocal and visual

methods enabled the author to present a collection of local people's percep-

tions and experiences onmulti-hazards, and their views on the implications

of policies and reconstructionmeasures on people's vulnerability. The extra

visual component complements the narrative yielded by the semi-

structured interviews as a means to answer the above research questions.

The study area (Fig. 1) is located in the hilly district of Nuwakot and the

mountainous district of Rasuwa in Province No. 3, north-west of Nepal's

capital Kathmandu. It comprised 13 research sites – 12 in Rasuwa district

in the Rural Municipality of Uttargaya, and one in Nuwakot district in

Bidur Municipality.

The research sites were identiûed purposively and comprised six origi-

nal villages, four temporary settlements and three relocation sites (Fig. 2).

GPS data collected during the ûeld study helped to identify the sites includ-

ing rivers and district border. The study area comprised three communities

(Tiru, Gogane and Karumaryang), situated spatially close together in hilly

terrain, that had left their original villages one week after the 2015

Mw7.8 Gorkha, Nepal earthquake. These were compared to three commu-

nities (Pairebesi, Kuwapani and Thapatol), geographically close, that

stayed in their original villages initially (although some households from

Pairebesi decided after the geo-hazard assessment in late 2017 to acquire

new land and relocate to nearby Naubise, where households were just in

the process of building). The temporary settlements of Khalte, Bogatitar

and Satbise are spatially close and inhabited by households from Tiru,

Gogane or Karumaryang, while the temporary settlement of Inarpati is lo-

cated further down and outside Bidur in Nuwakot district inhabited by

households from Tiru and Gogane. Some households in the temporary set-

tlement of Bogatitar were allocated relocation sites in Bogatitar near their

temporary settlement, but no reconstruction had started at the time, and

other households came together for an integrated settlement in Kholabesi

where reconstructionwas ongoing. The relocation sites for households orig-

inally from Tiru and Gogane residing in the temporary settlements of

Khalte, Satbise and Inarpati were under discussion, some people intending

to relocate or to go back to their original place to Tiru, while the relocation

sites for others were still undecided.

Table 1 illustrates the original villages of settlers, their temporary settle-

ments, how landwas acquired for temporary settlements, the destination of

settlers (such as relocation site or return to their original village) and set-

tlers' main source of income.

Sixty semi-structured interviews allowed participants to express their

opinions in their ownwords, and created possibilities of learning for the au-

thor – see Cohen and Crabtree [37]; 41 interviewswere held with displaced

local people after the 2015 Mw7.8 Gorkha, Nepal earthquake, 19 residing

in temporary settlements, 22 in their original villages (Table 2). Seven in-

terviews were conducted with local/central government ofûcials, seven in-

terviews with national/international humanitarians, both in Nuwakot/

Rasuwa district and Kathmandu, and ûve interviews with scientists in

Kathmandu (Table 2).

The research was conducted June—October 2018 duringmonsoon sea-

son when roughly 80% of the total annual precipitation takes place [12].

This was an active decision by the author as the monsoon rain is an impor-

tant and signiûcant criterion for multi-hazards in Nepal and it affects a

major part of people's daily life. In Kathmandu, semi-structured interviews

were in English and in Rasuwa/Nuwakot, in Nepali or Tamang, with the as-

sistance of a local translator. The researcher and translator visited the com-

munity leaders from each village before the research started to obtain

permission and explain the study. A selection principle for local people to

participate in semi-structured interviews, focus group discussions or

photo-elicitation workshops was their displacement after the 2015 Mw7.8

Gorkha, Nepal earthquake, plus one of the following additional criteria:

a) people were residing in their original village; b) people were living in

temporary settlements after leaving their original village post-earthquake;

or c) people had stayed in their original village, and were in the process

of buying land and constructing houses for a seasonal living arrangement

during monsoon.

Following the ethics guidelines of the University of Manchester, no per-

sonal data such as names and ages of speciûc participants are revealed in

this paper and pseudonyms are used.

The semi-structured interview consisted of open-ended questions, tai-

lored to each interviewee depending on their living situation/environment,

area of expertise, or their job role. Datawere recordedwith an iPhone and a

digital stereo voice recorder. Each interviewee received a participant infor-

mation sheet and gave written consent, as either a signature or thumbprint.

Interviewees' ages ranged from 16 to 95 years. Additionally, three focus

groups were convened, two in the temporary settlement in Inarpati and

one in the village of Pairebesi. Focus groups comprised different activities

such as group discussions, drawing and visualization exercises, and severe

weather ranking exercises.

The sensitivity of conducting research with earthquake survivors re-

quired thinking ‘outside the box’, and using alternative research methods

and tools. The participatory photo-elicitation allowed discovery of informa-

tion through the eyes of participants as suggested by Lombard [42], an
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approach which helped to gain a more complete picture of their situation.

The purpose of this activity was to learn more about the impacts of hazards

and climate on people's daily lives in their communities after the 2015

Mw7.8 Gorkha, Nepal earthquake. Two photo-elicitation activities were

held with four to ûve participants each, of mixed gender, and aged 20–56

years. Participation sheets and consent forms were signed for ethical re-

quirements. The photography activity began with handing out to partici-

pants a variety of laminated pictures with images of different hazards to

prompt discussion. A photo workshop guideline created by the researcher

in English was translated into Nepali and used throughout the activity

(Figs. 3, 4).

Digital cameras were handed out, and names of participants were noted

for each allocated camera.

So that participants could become accustomed to using the cameras,

time was allowed to practice taking pictures (Fig. 5).

Between the initial meeting and main workshop, participants had

four days to take up to 20 photographs in their own time ‘of things/

places which were meaningful to them, which they valued, and what

things have threatened/impacted these places in the past, now or in

the future.’ Cameras were collected, pictures downloaded, numbered

and printed in color for the main workshop. Workshop participants

shared the meanings of their photographs with each other, selected

their top ûve photographs and hung them on a tarpaulin visible to all

participants. A discussion was initiated about any overarching topics,

and participants grouped their photographs in addition to the themes

identiûed, gave a title to each photograph and a short narrative,

explaining the signiûcance of what they illustrated. A photo exhibition

was organized by the researcher in the local government ofûce so that

people's difûculties and struggles could be displayed, followed by a dis-

cussion with photo workshop participants and local political leaders of

the municipality facilitated by the author, to raise participants' concerns

about pressing issues in their communities.

Qualitative data was transcribed and the analysis included categorizing

and identifying similarities and differences across participants, villages and

temporary settlements to note and understand patterns. Results were or-

dered and analyzed systematically in Microsoft Excel based on the content.

Fig. 2. Location of study area [44].
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3. Results

3.1. Natural and human-made hazards before the 2015 Mw7.8 Gorkha, Nepal

earthquake

Study participants mentioned a wide range of existing natural hazards in

Nepal. The Director of the Department of Hydrology and Meteorology de-

scribed wind and hailstorms damaging people's harvests, lightning killing,

‘more than 200 people per year in Nepal’, and drought leading to crop failure.

The chief of the National Emergency Operating Center mentioned 487 after-

shocks which Nepal had experienced since the 2015 Mw7.8 Gorkha, Nepal

earthquake. Several local people spoke about multi-hazards in relation to

previous earthquakes (1934, 1961), which triggered landslides, killed live-

stock and destroyed their ancestors' houses. Some villages on steep terrain

were affectedby landslidesduringmonsoons.Hazards consistently identiûed

across participants and places were seasonal and climate related such as

wind, storms, hail, lightning, rainfall. Pre-monsoon andmonsoon seasons af-

fected them most. This led to a clustering of the natural hazards mentioned

by interviewees into geophysical, hydrological, climatological, meteorologi-

cal and biological events as suggested by IFRC [45], and to color-coding the

different events as a means of identiûcation (Table 3). The analysis indicates

that individual government ofûcials and humanitarians did not have a clear

picture of the wide range of Nepal's natural hazard exposure, and/or could

not see the connections between different hazards. Nepali and international

scientists comprising geologists, seismologists and a geo-technical engineer

had only mentioned geophysical, meteorological and hydrological events.

However, this might be due to their speciûc research interests or job roles

in the area of geophysical studies.

While scientists and government ofûcials talked about Nepal's geology

and steep topography as major causes of multi-hazards, they identiûed

these also as underlying causes of multi-hazards for road construction.

The Director General of the Department of Hydrology & Meteorology

shared that, ‘people don't care about Nepal's geology, how much the slope is,

how much the grade is, what soil it is, because they have to construct the road

anyway’. Humanitarians, scientists and government ofûcers raised ques-

tions about non-consideration of technical quality standards, sound road

designs, compliance with road construction regulations, annual rainfall,

tight monitoring and evaluation processes permitting bias/corruption,

Nepal's geology and environment, and skilled and technically knowledge-

able personnel while building roads. Ganendra, a regional DFID Social In-

clusion Ofûcer described, that as proper implementation guidelines were

not followed by local governments, engineers at local level are forced to

prepare fake bills for road constructions. Another example was biased

auditing, with lax monitoring at national or district level by the Govern-

ment of Nepal, and no collaboration between them. Banju, a humanitarian

in Rasuwa district, conûrmed the alleged corruption among political

leaders, engineers and community people throughout the road construction

process with reference to their acceptance of bribes. These claims of gov-

ernment corruption and mismanagement raise questions about the system

as a whole. It seemed to be a calculated course of action that contracts

were being issued for roads which were not being properly built, and that

political leaders could take advantage without being challenged.

Table 1

Temporary settlements and relocation sites.

Original village of

settlers

Temporary

settlements

How land was

acquired for

temporary settlements

Destination of settlers Settlers' main source of income

Tiru Inarpati Bought Tiru (original village) Reconstruction work (houses and roads)

Khalte Government land not decided Reconstruction work (houses, cutting wood), cultivating other people's ûelds

Satbise Rental lump sum

payment

not decided Reconstruction work (houses)

Gogane Inarpati Bought possibly Tiru (original

village)

Reconstruction work (houses and roads)

Khalte Government land not decided Reonstruction work (houses, cutting wood), cultivating other people's ûelds

Bogatitar Rented Khalte (temporarily) Reonstruction work (houses, cutting wood), cultivating other people's ûelds

Karumaryang Bogatitar Rented Bogatitar (relocation site) Reconstruction work (clearing rubble, carrying sand, breaking stones), cultivating

other people's ûelds

Bogatitar Rented Kholabesi (relocation site) Reconstruction work (clearing rubble, carrying sand, breaking stones), cultivating

other people's ûelds

Pairebesi Pairebesi their own land or rented Naubise (seasonal

relocation site)

Farming, selling livestock and rice

Pairebesi their own land or rented not decided Farming, selling livestock and rice

Table 2

Methods of data collection.

Community/Actors Methods of data collection

Semi-structured interviews Focus group activities Participatory photo-elicitation workshops

Local people in temporary settlements 19 2 –

(4–7 participants each)

Local people in original villages 22 1 2

(5 participants) (4–5 participants each)

TOTAL 41 3 2

Government ofûcials 7 – –

Humanitarians (INGOs/NGOs) 7 – –

Scientists 5 – –

Total 19 0 0

Overall total 60 3 2
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Halfway through this research, participants in four villages in Rasuwa

District highlighted that various hydropower projects nearby were started

around 2010/2011 with road construction and tunnel blasting. Villagers

felt these activities had weakened the topography, the soil of their land

and the entire hill/mountain range. Sameet, originally from Gogane, resid-

ing in Khalte camp explained, ‘that 216 (Korean Hydropower Company) cut

the roots and took it. We told them to bring the road/tunnel through the villages.

But no, they brought it alongside the river and cut the roots of the hills’. Thirteen

Rasuwa district speciûc hydropower projects were similarly mentioned by

local humanitarians and government staff as causes for multi-hazards.

Ganendra stressed that, ‘the hydropower companies are not serious about envi-

ronmental impacts and these kinds of hazard creations, because one day they saw

their beneûts.’ Themap (Fig. 6) fromMurton et al. [46], illustrates 23 hydro-

power projects in Rasuwa district as of 2015.

3.2. Leaving their place of origin

After the 2015 Mw7.8 Gorkha, Nepal earthquake struck [4], all houses

in the study area had collapsed, and a huge number of people were buried

under their houses and in massive landslides. The villages of Gogane and

Karumaryang experienced a life-threatening amount of rock falls and land-

slides on the day of the earthquake. People fromGogane, Karumaryang and

Tiru decided to leave their original villages less than seven days after the

2015 Mw7.8 Gorkha, Nepal earthquake due to ongoing aftershocks, rock

falls, landslides and blocked rivers. The following quotations illustrate

their experiences: Chinshu, a woman from Gogane explained that, ‘in

Gogane the river was blocked, and the landslide was coming down. So, we

thought, that this village might kill us, so we shouldn't stay here’. Maya from

Karumaryang shared, that many people in her village had died, and they

were worried about ongoing aftershocks. Pote, an elderly man from the

same community, recalled, ‘my village was scattered, the land cracked and

we were in the middle of two landslides’. Dinesh from Tiru recalled that,

‘there were frequent aftershocks that occurred in Tiru, even dry landslides oc-

curred frequently. We felt insecure there, and we decided to leave’.

After people from the three villages (Gogane, Karumaryang, Tiru), had

left their place of origin, they stayed in various private ûelds in the valley

close to the Nuwakot/Rasuwa border. However, they had to move several

times in the ûrst three months following the earthquake as land owners

needed their ûelds when planting season started. Furthermore, Chief

Fig. 3. Photo Workshop guideline in Nepali. Fig. 4. Photo Workshop guideline in English.

Fig. 5. Photo Workshop Introductory Meeting in Thapatol, Rasuwa district 2018.
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Table 3

Natural hazards in Nepal.

Natural hazards in Nepal Mentioned by

Scientists GoN Humanitarian community Local people/communities

Natural hazards geophysical earthquakes 7 7 7 7

landslides 7 7 7 7

aftershocks 7 7 7

meteorological rainfall 7 7 7 7

windstorm 7 7 7

hailstorm 7 7

lightning 7 7

hydrological ûoods 7 7 7 7

avalanches 7 7

glacier lake outbursts 7

shifting water tables 7 7 7

climatological ûres 7 7 7

drought 7

heat waves 7 7

cold waves 7 7

biological epidemics 7 7

Fig. 6. Hydropower Infrastructure in Rasuwa District, Nepal ([46], p. 6).

K. Rieger Progress in Disaster Science 11 (2021) 100187



6161

District Ofûcers in Nuwakot and Rasuwa demanded that displaced people

from Rasuwa move to Rasuwa district to ûnd their own place to stay,

even if their temporary shelter in Nuwakot was only a 3 km distance from

the Rasuwa border. Chinshu, a displaced person from Gogane explained,

‘we searched for land, and a plot was for rent in Bogatitar, so we made camps

and stayed.’ However, paying rent added another ûnancial difûculty to

the challenges displaced people faced, as they already struggled with a

lost livelihood. Previously, INGOs had paid rent for the land in Bogatitar,

yet two years after the 2015 Mw7.8 Gorkha, Nepal earthquake they

ended their relief support in Nepal, and stopped payments. Meanwhile,

the NRA had expressed that the 2015Mw7.8 Gorkha, Nepal earthquake of-

fered an opportunity to create long-proposed integrated settlements, partic-

ularly in Nepal's mountainous regions [47]. A policy was approved in April

2017 by the NRA, supporting and encouraging earthquake survivors to

build community-based integrated settlements, where the NRA would sup-

port them to construct basic infrastructure [47]. So, displaced people in

Bogatitar, who struggled with rental payments, sought, in collaboration

with local NGOs, government land nearby, to create an integrated settle-

ment. A three-hectare government site was found in Khalte, and displaced

people and a local NGO proposed an integrated settlement to the CEO of

the NRA, who gave his support. As the land in Khalte had to be cleared of

rocks/stones, Samaritan's Purse provided funding of approximately 52

lakhs to clear the land.

Peculiarly, only after people from Gogane and Tiru had settled in tem-

porary shelters in Khalte, the NRA sent a technical team in early 2018 to

carry out a geo-hazard assessment. The purpose of the assessment, initiated

by theMinistry of HomeAffairs after the 2015Mw7.8 Gorkha, Nepal earth-

quake and mandated by the NRA, was to determine whether settlements

were safe from geo-risk and suitable for the reconstruction of a permanent

settlement or not. The geo-hazard assessment of Khalte showed that the

area was at risk, and therefore could not be recommended for the develop-

ment of a new integrated settlement. Numerous humanitarians and local

people doubted the accuracy of the geo-hazard assessment. One of Khalte's

camp leaders stressed, ‘there is a political agenda behind it. There are many

things to be understood.’ Fig. 7 illustrates the temporary settlement of Khalte

with 269 households on the right bank of Trishuli river, with existing land-

slides on the left bank.

In the case of Nepal, the NRA (in co-operation with other

organizations) assessed around 1100 settlements for geo-risk. Of these, ap-

proximately 500 were classiûed as CAT I,1 300 as CAT II,2 and 300 as CAT

III,3 and only a small amount (less than 2%)was reassessed. This resulted in

3168 CAT III households (ûeld notes diary, June 2018), which needed relo-

cation after the 2015 Mw7.8 Gorkha, Nepal earthquake. For the

earthquake-induced landslide assessments, the NRA appointed UNOPS as

an implementation partner, and about 14 technical teams were formed.

In the majority of cases, each team had a geologist, a civil or geotechnical

engineer, and a forester or environmentalist. Although in the case of Khalte,

one geologist and two geological engineers formed the team, and in case of

Gogane, a geologist, a soil and watershed expert and a water-induced disas-

ter management expert carried out the assessment. The teams received ap-

proximately ûve days' training (including 2 days of ûeldwork), and most of

their members did not have any prior experience of landslide assessment.

The assessments were based on visual inspections, without any detailed

monitoring of landslides. A landslide assessment guideline was provided

to the teams with tables, maps, block diagrams, and charts. According to

the training they received, the teams had to assess each landslide and sur-

rounding settlement rapidly without carrying out any subsurface investiga-

tion or slope stability analysis based on soil and rock properties.

After Khalte was declared unsuitable for an integrated settlement, new

plans and arrangements by the government, NRA and local political leaders

were made to establish an integrated settlement in Tiru instead. This inte-

grated settlement was planned for households originally from Tiru and

Gogane, residing in the temporary settlements in Khalte, Inarpati and

some back in Gogane. Chinshu, Khalte's community leader, expressed his

concern that, ‘there is not enough space for everybody, as Tiru can only hold

100–150 additional households’, and Banyu (residing in Gogane) explained,

that Tiru had no land left which could be bought for farming. Prashad

stressed, ‘we need farmland in Tiru, having a house is not enough’. This was

an important aspect for people from Gogane, as they would be left without

any farmland in Tiru, which is absolutely essential for their traditional

livelihoods.

The ongoing discussions around the controversial integrated settlement

in Tiru encouraged some displaced families originally from Gogane (CAT

III), to cultivate their farmland again in Gogane. These included Prashad's

family, and others like Banyu's family who moved back to Gogane, their

original village, to farm so, ‘they don't have to starve’. Prashad expressed

his frustration that, ‘the government has not looked after anything’ as for

him, ‘not the entire community in Khalte has to come together’ to live in the

same place. ‘Those, who have come and want to live in Gogane, have to arrange

little pakka's (a dwelling that is solid and permanent)’. People's frustrations and

stress accelerated as they sensed that the planned integrated settlement in

Tiru was the result of motivation, power, inûuence and action of a commu-

nity leader, spokesperson and political ward president from Inarpati's tem-

porary settlement, who had a personal interest in this integrated settlement.

This seemed to affect the entire community in Khalte. Thus, it materialized,

that particular community leaders' voices did not represent people's needs,

but instead prioritized their own needs to their advantage, and imposed so-

lutions on people which they did not want. This was clearly reûected in the

outcome of a survey in Khalte's temporary settlement, which was initiated

by the NRA in September 2018 after the community in Khalte had spoken

out against the planned integrated settlement in Tiru, to understand ‘who

wants to go to Tiru (integrated settlement), who wants to stay in Khalte, and

who wants to take the 2-lakh land support grant’. The survey showed that

the majority of households (82.4%) residing in Khalte chose to stay there,

others (13.5%) preferred to take the 2-lakh land support grant, and only 8

of 193 households (4.2%) preferred to live in an integrated settlement in

Tiru. It was puzzling that there was no option to arrange, for example, sea-

sonal living arrangements (during monsoon) for displaced people who

wanted to stay in Gogane as the area was most risk-prone during this time.

Moreover, the ongoing discussions about the integrated settlement in

Tiru seemed to delay the government housing grant for households in

Tiru that had not left, or that had returned since the 2015 Mw7.8 Gorkha,

Fig. 7. Khalte's temporary settlement, Rasuwa district, July 2018.

1 CAT I = Households whose livelihoods and/or shelters are at a safe location to begin re-

construction (Presentation, 13th June by INGO People in Need).
2 CAT II = Households whose livelihoods and/or shelters are unsafe due to the existing

state of geo-hazards, but the safety risk of these geo-hazards can be effectively mitigated (Pre-

sentation, 13th June by INGO People in Need).

3 CAT III = Households whose livelihoods and/or shelters are unsafe due to the existing

state of geo-hazards, and the safety risk of these geo-hazards cannot be sufûciently mitigated

for technical or ûnancial reasons (Presentation, 13th June by INGO People in Need).
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Nepal earthquake. People raised the issue of the safety of their rebuilt

houses. Kashmitha, a local resident in Tiru, explained, that, ‘this house will

collapse if another earthquake comes, because it doesn't have rods, and is just

made with mud and stone’. However, households in Tiru were not only wor-

ried about safety. They also stressed, that none of the households had re-

ceived any government housing support grant yet, three years after the

2015 Mw7.8 Gorkha, Nepal earthquake, and Tshering from Tiru wondered

if it was due to the lack of uniûed voices in the temporary settlements in

Khalte and Inarpati.

Other people residing in Khalte struggled to acquire new land, and to re-

build a home. Ditya, a 65-year-oldwidow,who had lost her husband during

the 2015Mw7.8Gorkha, Nepal earthquake, and become disabledwhenher

house collapsed above her, shared, ‘they don't give a small plot of land, and if

we have to buy, we have to buy by combining money. I can't print money, and

who will make the house for me?’. Sumeet, a 75-year-old man explained,

that the 2-lakh government grant was not enough for purchasing land,

and that it was the duty of the Nepali government to give a small safe

place to him to live.

Numerous elderly people seemed to experience emotional and psycho-

logical stress while living in temporary settlements. Maya in Bogatitar ex-

plained, ‘there is no land where I can plant anything, it is others'. There is

nothing I can do here. My daughter helps me to eat and to stay here’. Before

the 2015 Mw7.8 Gorkha, Nepal earthquake, elderly people had their ûelds

which they cultivated and their livestock. Several elderly peoplementioned

that they should have died during the 2015 Mw7.8 Gorkha, Nepal earth-

quake, and they felt like crying. It seemed that especially widowers and

widows were conûned to temporary settlements due to their age and/or û-

nancial dependencies on sons/daughters.

3.3. Staying in their original villages with ampliûed risks and new challenges

People from Pairebesi, Kuwapani and Thapatol, who stayed in their vil-

lages after the 2015 Mw7.8 Gorkha, Nepal earthquake, witnessed numer-

ous chain reactions and impacts, which followed closely afterwards. They

described rock falls, dust, destroyed houses, loss of livestock, buried

roads, blocked rivers, and continuous aftershocks lasting up to four

weeks. In Kuwapani, people described increased landslide risks; Dipankara

shared, ‘the earthquake has cracked the land, so when there is heavy rainfall, we

have fear that landslide comes’. Other villagers stressed the long-term impacts

on their farmland, being forced to leave it barren due to cracks or land-

slides, which made the land uncultivatable. Gautam and Anandar from

Pairebesi similarly observed numerous cracks in the land around their vil-

lage, and illustrated the hidden danger and threats in the photo workshop

(Figs. 8, 9). Anandar explained, ‘because of cracked land it becomes dangerous

during monsoon season’.

People hadmanaged to build foundations of newhouses, but on 6th Au-

gust 2017 during monsoon, Pairebesi, Kuwapani and Thapatol were devas-

tated by a massive landslide, killing a family of four and destroying

numerous houses and foundations. Charini, a Pairebesi inhabitant, took

particular photographs (Figs. 10, 11) for the photo workshop illustrating

the landslides and rock falls in Pairebesi and explained, ‘my house was buried

under this landslide (Fig. 10) and this rock destroyed our house and blocked the

drainage of our village (Fig. 11)’.

People from the three villages described combined damage to their in-

frastructure, environment and daily livelihoods due to the 2015 Mw7.8

Gorkha, Nepal earthquake, the 2017 landslides, and the annual monsoon

rains. Gautam from Pairebesi shared, ‘the roads and the drinking water lines

were also damaged by the landslides [in 2017]. The irrigation channel was af-

fected by the 2015 earthquake and ûood, and then the landslide has damaged

it in places and was completely buried. The irrigation pipe on the bridge at

Kavre Khola (river next to Pairebesi) was swept away entirely by monsoon

rain.’ Fig. 12 shows the bridge, where the irrigation pipe was previously

laid, and Anandar's photo caption read: ‘with the help of this bridge, people

take water for irrigation by laying a pipeline in dry season.’

In Thapatol, due to road construction after the 2015 Mw7.8

Gorkha, Nepal earthquake, ‘the water ûow was changed’, causing ûooding.

Furthermore, the 2017 landslide blocked the drainage channel despite pre-

ventive measures like gabion walls, and during heavy rainfall the channel

became blocked. After the 2017 landslides, many house foundations were

destroyed in the three villages. Prabin, a farmer from Pairebesi, lost his

Fig. 8. Cracked land in Thapatol, Rasuwa 2018.

Fig. 9. Cracked land in Pairebesi, Rasuwa 2018.

Fig. 10. – Destructive landslide, Pairebesi, Rasuwa 2018.
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house in the 2015 Mw7.8 Gorkha, Nepal earthquake, his reconstructed

house in the 2017 landslide, and ‘even now (September 2018)me andmy fam-

ily are living in a rented room in someone else's house across the hanging bridge’.

The geo-hazard assessment by the NRA in February 2017 classiûed his land

in Pairebesi as CAT II (Table 4). However, a second assessment after the

2017 landslides declared the entire village of Pairebesi, some households

of Kuwapani and additional households in Thapatol as CAT III (Table 4).

Prabin was supposed to resettle, but struggled to ûnd affordable land

nearby as land prices sharply increased. However, Prabin's was not the

only household in Pairebesi unable to ûnd affordable land for reconstruc-

tion. Chimini, a 66-year-old childless widow, had managed to rebuild her

house after the 2015 Mw7.8 Gorkha, Nepal earthquake before the 2017

landslide struck. Nevertheless, her land was assessed as CAT III, and her re-

built house was not approved for a housing grant. Chimini said, ‘I don't have

the ability to go anywhere else andmake house. It's ok, if I get little money and get

land nearby, then I can make a small one-room house, but we can't get land any-

where near. The land owners are increasing the prices of cheaper land after hear-

ing that it is relief money.’Ranjit explained, ‘after makingmy new house, I could

not even stay there for six months, again the landslide started creating difûculty

for me, as the land got declared as unsafe.’ Prabin, Chimini and Ranjit's

were three of many households that experienced similar problems with

ûnding an affordable safe place to live after the 2015 Mw7.8 Gorkha,

Nepal earthquake. The geo-hazard assessment outcome brought another

emphasis to the challenges people faced with resettlement.

People in Kuwapani as in Khalte doubted the accuracy of the geo-hazard

assessment. Binsa explained, ‘at ûrst, our village was under red signal (CAT

III), but the local school was under reconstruction, and the headmaster thought,

that the school reconstruction budget might not come through, if the land falls

under displaced category (CAT III). Due to that reason, they [the geo-hazard as-

sessment] did not put us, these 6-7 houses, in the displaced list (CAT III)’.

However, sixteen CAT III households from Pairebesi managed to ac-

quire land nearby to live on, as Bibek explained it as ‘uniûed community’

and ‘the houses that we are building in Naubise are to stay for three months in

a year during heavy monsoon. The other nine months we will stay in Pairebesi,

because we have our ûelds here.’ Yet, households had to borrow money

from friends, neighbors or banks with high interest rates as the land and re-

construction grant from the Nepali government was not enough. In

Naubise, one plot of land providing just enough space to ût a small house

cost approximately 6 lakhs, without building materials or labor work.

This had caused psychological stress as local people were worried how to

pay back the loan and to feed their families.

4. Discussion

This section discusses three main themes: ûrst, different multi-hazard

risk assessment approaches as disaster prevention or after a particular disas-

ter; second, the stumbling blocks people experienced during the resettle-

ment process of the 2015 Mw7.8 Gorkha, Nepal earthquake; and lastly,

policy gaps in the way formal land markets operate in the context of

reconstruction.

4.1. Multi-hazard risk assessment approaches

Scholars around the world are not only demanding multi-hazard ap-

proaches after a particular disaster like the 2015 Nepali earthquake [48],

but also for disaster risk reduction, and the management of interacting nat-

ural hazards [49]. The importance of multi-hazard approaches is also

stressed within two international frameworks – the Hyogo Framework for

Action ([50], p.4), and the Sendai Framework for Disaster Risk Reduction

([51], p.10). However, neither framework states what a multi-hazard ap-

proach comprises [52].

Two approaches for multi-hazard risk assessment methods seem to

stand out in the literature ([53], p.88): a) assessing individual hazards in

a particular geographic location independently [54–57]; and

b) evaluating possible interactions and/or cascade effects among the differ-

ent possible hazardous events [58–60]. The ûrst approach is often

highlighted by studies of single natural hazard risk, such as earthquakes

[61,62], ûoods [63,64], landslides [65,66], tropical cyclones [67], sea

level rises [68], drought [69], or wildûres [70]. However, this study argues

that the second approach seems more applicable as many countries are not

only prone to single hazard risk, but prone to hazardous events which may

occur simultaneously, cascadingly or cumulatively over time ([71], p.53). This

multi-hazard approach can be applied in various ways. The twomost prom-

inent ways are disaster prevention to mitigate the risks of future disasters,

or multi-hazard risk assessment, done after a disaster hits a particular

Fig. 11. Rock in Pairebesi, Rasuwa 2018.

Fig. 12. Temporary irrigation in Pairebesi, Rasuwa 2018.

Table 4

Geo-hazard assessment categorization.

Geo-Hazard Assessment Categorization (as of September 2018)

Village
Altitude in

meters

Category (CAT)

1st assessment

02.02.2017

Re-assessment after

06.08.2017

Pairebesi 556 CAT II1 CAT III2

Kuwapani 956 CAT II1 CAT II1 + CAT III2

Thapatol 1080 CAT II1 + CAT III2 CAT II1 + CAT III2

1 CAT II = Households, whose livelihoods and/or shelters are unsafe due to the

existing state of geo-hazards, but the safety risk of these geo-hazards can be effec-

tively mitigated (Presentation, 13th June by INGO People in Need).
2 CAT III = Households whose livelihoods and/or shelters are unsafe due to the

existing state of geo-hazards, and the safety risk of these geo-hazards cannot be suf-

ûciently mitigated for technical or ûnancial reasons (Presentation, 13th June by

INGO People in Need).
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area of a country to assess the risk in that area and for possible designated

resettlement areas. While the literature on multi-hazards seems to mainly

concentrate on examining natural hazard risks, less attention is given to

other types of risks faced by communities living in risk-prone areas, for ex-

ample those arising from infrastructure projects, and more importantly,

what risk tolerance and risk perceptions people have in relation to the dif-

ferent hazard risks they face.

Case studies from China [72], Cairns/Australia [73], Costa Rica [74]

and in the French Alps [75] have examined multi-hazard risk using a vari-

ety of risk assessment approaches as preventive measures for mitigation of

risks for future disasters. The purpose of these assessments was not only to

enhance understanding of what can be done in terms of risk mitigation/re-

duction, but also to inform policy-makers and make recommendations for

prevention, preparedness and response. Liu et al. [72] explained the pur-

pose of a multi-hazard risk assessment as about having ‘a holistic view of

the total effects of impacts by assessing and mapping expected loss, due

to the occurrence of various natural hazards, in the social, environmental

and economic assets of a given area’. Their study of China's Yangtze River

Delta focused on the possible interactions among different hazards, and of-

fered information and insights to policy- and decision-makers as well as

public planners, on how natural hazard risks need to be managed, so that

more targeted and appropriate mitigation measures can be taken to avoid

disasters ([72], p.633). In Cairns, a multi-hazard risk assessment was con-

ducted which considered the mitigation of risks to Australian urban com-

munities caused by earthquakes, landslides, ûoods and cyclones ‘taking

into account the vulnerability of the whole community’ ([73], p.30).

Another multi-hazard risk assessment carried out in Costa Rica, in the

city of Turrialba, an area regularly affected by earthquakes, landslides

and ûooding, made recommendations for prevention, preparedness and re-

sponse, aswell as the reduction of vulnerabilities in urban areas [74]. In the

French Alps a multi-hazard risk assessment was conducted for snow ava-

lanches, landslides, ûoods, rock falls and debris ûows for the Barcelonnette

Basin [75]. This study not only took ‘triggering factors’ such as an earth-

quake and meteorological extremes into consideration, but likewise the

‘contributing factors either related to the environmental setting such as to-

pography, soil, geology, geomorphology or anthropogenic activities like de-

forestation, tourism (skiing areas), road construction and agricultural

practices’ ([75], p.202).

The assessments in China, Australia, Costa Rica, and the French Alps

[72–76], show that various methodologies were used to examine multi-

hazard risk. Some studies [72,76] seem to have taken only natural hazards

into consideration, while others [75] looked also at additional contributing

factors (e.g., geology, typography, road construction, deforestation), while

others considered the vulnerability of communities [73,74]. However, the

above-mentioned case studies [49,75,77–79] which explicitly considered

the interactions among hazards and cascading effects, are rare and limited.

Such studies required a signiûcant amount of data for modelling, and the

complexity of hazard ‘chains’ often discourages analysts from considering

these comprehensive multi-hazard analyses [58,75,78,80].

Another obstacle in many hazard-prone low-income countries is, that

complex data of the quality and quantity required for modelling multi-

hazard assessments, are commonly not available [53]. Besides, when

major earthquakes, typhoons or ûooding occur in these countries, national

and local governments are immediately put under immense pressure to

start rapid reconstruction processes. How can countries undertake such

multi-hazard assessments, which are not only time-consuming, but require

assessment of various natural hazards as well as the additional contributing

factors arising from various distinct risk environments, infrastructure pro-

jects, and which also consider the risk perceptions and tolerances of local

communities? Examples of multi-hazard assessments initiated after earth-

quakes in Pakistan (2005), Haiti (2010), and after a tropical storm in the

Philippines (2011) partially shed light on these challenges.

Historical examples of multi-hazard risk assessments after earthquakes

in Haiti [81] and Pakistan [82], and the tropical storm Washi in Cagayan

de Oro [83], reveal differences. For instance, the Post-disaster Damage

and Needs Assessment [81], attempted to analyse Haiti's multiple natural

hazards by paying attention to the possibility of another enormous earth-

quakewith secondary effects, hydrometeorological hazards with secondary

effects, and the identiûcation of their intensities [84]. However, this ap-

proach was challenged by a lack of relevant data, when Haiti entered into

the reconstruction phase [84]. In contrast, after the 2005 Kashmir earth-

quake, a local environmental and seismic risk assessment was conducted

in a Chakhama valley, instigated by the Pakistan government, to evaluate

the natural risks people encountered [82]. It comprised community-based

discussions and localized risk mapping. This seems to have supported peo-

ple to think about alternative places to reconstruct their houses and enabled

informed decision-making about suitable places for reconstruction [82].

People considered alternative land or found temporary solutions for harsh

monsoon and winter seasons. However, questions still remained as to

whether people who relocated were providedwith other livelihood options

and how they managed. Moreover, it left questions unanswered such as

what methodology and criteria were used, or what the multi-hazard ap-

proach contained. In the aftermath of storm Washi in Cagayan de Oro,

the suitability of land for resettlement was determined by a geo-hazard as-

sessment. However, this process had beenmostly regarded as a compliance

step and not as a critical factor in ensuring the safety of land and

minimalizing exposure to hazards [83].

History seems to repeat itself in the aftermath of the 2015 Mw7.8

Gorkha, Nepal earthquake, as the combination of interacting physical pro-

cesses across multiple geographical areas during time periods was not sufû-

ciently acknowledged and considered by national and international

agencies, and the National Reconstruction Authority (NRA). The geo-

hazard assessments initiated 21 months after the 2015 Mw7.8 Gorkha,

Nepal earthquake by the Ministry of Home Affairs and mandated by the

NRA, were an important part of the reconstruction process. The purpose

of these assessments was to determine whether settlements were safe

from geo-risk and suitable for reconstruction of a permanent settlement.

However, while an assessment of hazards was critical, the geo-hazard as-

sessment undoubtedly lacked precision and missed the in-depth focus that

was required in some places to identify other interrelated hazard exposures

as well as additional contributing factors arising from various distinct risk

environments and economic/infrastructure projects. This could have been

avoided if local people's knowledge of localized hazards and risk percep-

tions had been considered. For example, local people in Rasuwa district

identiûed increased risk due to damage from the earthquake to their

water and irrigation channels, but also to the lack of soundly engineered

roads in their living environment, causing diverted water ûows, seasonal

ûooding and increased landslide risk. This study conûrmed that what peo-

ple saw or perceived as hazards, their exposure to risk, and how they were

impacted, depended on where they lived, their environment, housing and

their exposure to different climates. Equally ûndings conûrm, as Wisner

et al. [85] pointed out, people's level of hazard protection, but also the qual-

ity and effectiveness of, for instance, protection against landslides mea-

sures, inûuenced their exposure to risk. People in this study described

how a combination of hazards and accumulated hazards caused by the

2015 Mw7.8 Gorkha, Nepal earthquake, i.e., steep terrain, topography

and monsoon rain, had increased the risk of landslides and ûooding similar

to the insights ofWisner et al. [85]. Furthermore, explicit multi-hazard risks

caused by road/tunnel constructions for hydropower projects were

highlighted by local people as combining with the impacts of the 2015

Mw7.8 Gorkha, Nepal earthquake, intensifying the risk of landslides during

monsoons and amplifying people's vulnerability.

National/local road construction was also identiûed by humanitarians,

government employees and scientists as a major hazard, describing it as

root cause for further hazards in Nepal. Not enough monitoring and rigor-

ous/unbiased auditing during the road construction implementation pro-

cess to minimize the ampliûcation of hazard risks was identiûed. Further

evidence showed, that there were attempts from government ofûcials, pri-

vate companies or others who stood to beneût ûnancially or through other

incentives, by applying illegal or corrupt practices throughout the road con-

struction process, including road construction for the purpose of hydro-

power projects. As various scholars [86–89] have highlighted, the
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modiûcation of landscapes by humans through road construction is one of

the prevailing triggering factors initiating further hazards, predominantly

landslides, in tectonically active regions.

Thus, a keyûnding is thatwhile it may be intuitive to build roads, build-

ing roads might actually make people's living environment riskier, and is

not always advisable in all circumstances. Clearly, people want to build

roads for access and to gain commercial advantages. However, road con-

struction in a tectonically active region like Nepal needs careful consider-

ation, not only in terms of what kinds of roads can be built and where,

but also in terms of how the road construction process can be conducted

with strict monitoring, auditing and risk-averse practices. However, this is

not only signiûcant for Nepal. It is also critical for any mountainous coun-

tries located within tectonically active regions exposed to earthquake risks.

The evidence provided in the previous section shows, that there was in-

adequate consideration by theNepali government and the NRA of excessive

risks when the geo-hazard assessment was carried out, neglecting risks

caused through road/tunnel construction for infrastructure projects (espe-

cially hydropower) by modifying landscapes in a tectonically active region

like Nepal, and thereby damaging people's living environment and liveli-

hood options. Furthermore, doubts were raised by engineers and scientists

that the geo-hazard assessment lost signiûcance as it did not clearly outline

at which time of year (month or season) the place/area was hazardous and

prone to geo-hazards. This could have been avoided if local people's knowl-

edge and risk perceptions had been carefully considered, as they certainly

paid attention to seasonality and identiûed especially the pre-monsoon

and monsoon seasons as hazardous. They highlighted the impact of storms

during pre-monsoon on their agricultural land and harvest, and the mon-

soon season was distinctly identiûed as an ampliûer of landslide risk.

Further questions were raised by engineers and scientists about the sig-

niûcance of the methodology used for the geo-hazard assessment, which

did not capture new or changing risk, as the assessment was made on one

particular day. Neither did it capture other exposure to risk and potential

hazards in people's environment. The study found that the geo-hazard as-

sessments caused controversies, biases and disbelief among local people,

scientists and humanitarians alike. For instance, communities fragmented,

as some households were categorized as CAT II, others as CAT III and it

was felt that the categorization (CAT) of land into I, II or III was not feasible.

Controversies emerged around these categorizations, as they seemed

aligned primarily to political/infrastructure interests, with local people

and humanitarians alike demanding transparency and openly accessible

geo-hazard reports. Technical outcomes were not openly discussed with af-

fected communities and landwas categorizedwithout engaging in dialogue

with affected communities to consider their valuable knowledge, which

they had gained by living for generations in these areas. Furthermore, if

the identiûed hazardous seasons had been reûected in the geo-hazard cate-

gorization, and people's individual risk tolerances had been considered,

then open-minded and diverse solutions could have been found, such as

seasonal living arrangements to protect and support citizens, instead of

harsh CAT III classiûcations and controversial integrated settlement solu-

tions, which did not reûect people's needs and left the time of the year

(month/season) the place/area was hazardous and prone to geo-hazards

unconsidered.

In addition, the geo-hazard assessment omitted to assess additional

hazard-prone places which were not included in the 1100 settlements

assessed for geo-risk, but which were exposed to landslide risk or other

types of hazard risks after the 2015 Mw7.8 Gorkha, Nepal earthquake.

Hence, the conclusion section contains two recommendations: disaster

risk-informed development planning in Nepal containing multi-hazard

risk assessments as part of disaster risk management policies, and reform

of resettlement policies.

4.2. Resettlement

The outcome of the geo-hazard assessment brought further signiûcance

to the challenges for people whose land was categorized as CAT III: the

threat of resettlement. One major concern was the lack of involvement of

local communities in decision-making processes, to not only protect peo-

ple's safety but also their livelihoods. What was missing was a space for dis-

cussion, to share technical knowledge, to consider the valuable experiences

and knowledge the communities gained over generations in relation to

their living environment, to understand people's varied risk perceptions

and tolerances and to enable them to make informed decisions for reloca-

tion or seasonal living arrangements. If a multi-hazard assessment is done

only in terms of what technicians identify as risk, clearly, the wealth of

knowledge that local people can contribute to these assessments is

neglected and resettlement can end in havoc.

This study has shown that displaced people had different preferences for

resettlement and varied risk tolerances which seem not to have been con-

sidered by the government in its resettlement practices. For instance,

some displaced people in Khalte originally from Gogane, advocated that

not all people in Khalte's displacement camp had to come together to live

in the same place. Some families' risk tolerances allowed them to move

back to Gogane (CAT III), to rebuild their collapsed houses with the oldma-

terials, and to look after their farmland. This could have been supported by

government grants and seasonal living arrangements during monsoon to

protect these families from landslide risk during themost risk-prone season.

Others, who had returned to Gogane seemed to have beenmotivated to cul-

tivate their farmland in Gogane again by discussions around the controver-

sial integrated settlement in Tiru as they had to ûnd a way to feed their

families. The integrated settlement in Tiru was not a suitable option for re-

settlement for the majority of people in Khalte as they would be left only

with a house but no farmland, and farmland is fundamental for displaced

people's traditional agricultural livelihoods. It was bafûing that no alterna-

tive livelihood options were offered to people without farmland in Tiru as it

would have been advantageous for them to consider relocating to this inte-

grated settlement.

More than three years after the 2015Mw7.8 Gorkha, Nepal earthquake,

people in displacement camps still lived with uncertainty, frustration and

challenging emotions, as they did not know where they could resettle.

The policy of resettlement within integrated settlements seems to have

caused difûculties in itself, but in addition the very implementation of

this policy caused chaos and made displaced people more vulnerable. Peo-

ple's much-needed participation in planning and implementation of inte-

grated settlements, access to agricultural land, or to other alternative

livelihood programs was neglected. Likewise, planned integrated settle-

ments seemed to block the distribution of money for the reconstruction of

individual houses, and caused frustration among people residing in their

temporary reconstructed houses, which they described as not earthquake

resilient. It is important to recognize that housing ismore than just ‘shelter’,

and resettlement approaches need to consider more elements than just haz-

ard exposure. UN Habitat [90] has pointed out the key aspects of the right

to adequate housing which contains freedoms and includes ‘the right to

choose one's residence, to determine where to live and to freedom of movement’.

This key aspect of freedomwas clearly illustrated in this study by the need/

desire of local displaced people residing in Khalte, to be able to choose

where to resettle.

This study illustrated that the relocation of households is a highly sensi-

tive matter. It suggests that a major factor inwhy resettlements become dis-

ordered and increase people's vulnerabilities is the lack of governmental

collaboration with affected communities. This was similarly conûrmed by

Oliver Smith [91]: ‘The whole process of resettlement is much more complex

than is seen in the approach employed by many reconstruction authorities after

disasters’. The argument of various scholars [92,93], that most of the fail-

ures in resettlement are connected to policies which are hardly based on

people's culturally and socially derived values and needs seem to also be ap-

plicable to Nepal. This study suggests that before any policies are imple-

mented which prohibit or do not support reconstruction in assessed

‘unsafe areas’, and decisions taken on behalf of people, risks need to be un-

derstood on all levels - community, policy, practitioner, and academic.

Policy-makers, humanitarians and geo-hazard experts need to engage

with affected communities to discuss land safety assessments and to under-

stand affected people's perceived localized hazard risks in different settings.
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Equally important is to understand affected people's individual fears, risk

tolerances, livelihood requirements, needs and resilience capacity to delib-

erate on various possibilities, such as alternative land or seasonal living ar-

rangements and to foster informed decision-making for affected people

such as in the aftermath of the Pakistan earthquake in 2005 [82]. The his-

torical approach illustrates a possible way to work with affected communi-

ties to understand their localized hazard risk, and to work out suitable,

feasible and different settlement options with them. This study revealed

that not all affected CAT II/III households in Rasuwa district have the

same needs and not all households from the same village perceived the

risk of hazards in the sameway. Some villagers wanted to stay in their orig-

inal place due to their livelihoods and cultural adequacy, even if it was

hazard-prone, while others felt more comfortable relocating to a safer envi-

ronment. Various policies and collaborative policy implementation are

needed to assist people to rebuild their lives in a safer environment, and

with workarounds, so they are able to return to stable lives within their

original environment if they wish and to consider seasonal living arrange-

ments during monsoons.

4.3. Policy gaps: land for temporary settlements & changing land markets

This study showed, that displaced people who had ûed their place of or-

igin due to increased landslide risk and fear of further hazards, were further

faced with rental payments when they were already struggling with access

to adequate housing and subsistence. The nonexistence of a clear policy to

provide safe and rent-free plots of land to displaced people, sparked further

vulnerabilities. Equally, the failure of central/local government ofûcials

with the help of local/international humanitarian agencies to consider the

hazard-proneness of land before displaced people were resettled in Khalte

caused mayhem.

People in Rasuwa district struggled to acquire safe affordable land

nearby their original villages or other land further away for a reasonable

price. People emphasized that the housing and land government grant

was not enough for reconstruction and resettlement. However, the right

to adequate housing includes ‘security of tenure; housing, land and property

restitution; equal and non-discriminatory access to adequate housing; and partic-

ipation in housing-related decision-making at the national and community levels’

([90], p.3–4). Other criteria for housing to be adequate are: ‘Availability to

services, materials, facilities and infrastructure; affordability, habitability, acces-

sibility, cultural adequacy and location (i.e., employment opportunities, health-

care services, schools, social facilities)’ ([90], p.3–4). Yet, only when affected

people described their experiences in Rasuwa district did it became clear

that land prices had been soaring as the demand for new land acquisitions

rose due to resettlement decisions made by the NRA through the geo-

hazard assessment, such as the relocation of 836 CAT III households to

Rasuwa district. While many landowners beneûtted from sharply increas-

ing land prices, only limited affordable land was available, putting people

with less ûnancial and economic resources in a rather vulnerable position

as they were not able to make informed decisions about suitable places

for reconstruction, to evaluate different options of alternative land or sea-

sonal living arrangements. Even people who managed to buy land nearby

their original villages to build seasonal homes for monsoons were left

with substantial loans, worries and emotional/psychological stress in rela-

tion to their ûnancial burden and how they would be able to pay back

their loans. The most affected by these policies and changing land markets

seemed to be especially vulnerable people such as elderly widows, disabled

people but also households with lack of ûnancial resources. One lesson

learnt is, that a clear strategy and policy on how formal landmarkets should

operate in the context of reconstruction, to ensure that households exposed

to severe hazard risks, who wish to relocate, are provided with affordable,

suitable and safe land for permanent resettlement is needed.

5. Conclusion and recommendations

This paper illustrates the importance of understanding people's complex

risk environments, local people's risk perceptions and knowledge gained by

living for generations in risk-prone areas. In the context of Nepal, where ex-

treme seismic and severeweather events are frequent, different and alterna-

tive assessment methods that go beyond recognition of earthquake as the

main driver of risk are required. The multi-dimensional nature of disaster

risks was poorly understood by those who designed policies in the after-

math of the 2015 Mw7.8 Gorkha, Nepal earthquake. Policy-makers ap-

peared to have failed to consider multi-hazard risks during reconstruction

and resettlement. From the ûndings of this study, two recommendations

for policy reforms emerge.

Firstly, all development planning in Nepal needs to be disaster risk-

informed and multi-hazard risk assessments need to be a part of disaster

risk management policies. In a highly disaster-prone country like Nepal,

multi-hazard risk assessments, within a wider disaster risk reduction and

management framework, have to become an integral part of disaster risk-

informed development planning; without this, planning for sustainable de-

velopment and strengthening of local/national resilience in such context

will fall short. In the aftermath of the 2015 Mw7.8 Gorkha, Nepal earth-

quake,multi-hazard risks caused havoc not only to affected people, but like-

wise to government ofûcials and humanitarians. This requires policy

reform that allows planning, managing and minimizing multi-hazard and

ampliûed hazard risks. The suggested policy reform has four main

components:

a) Legal aspects which require the integration of multi-hazard risk assess-

ments into relevant national and local government policies, guidelines

and legal frameworks as part of disaster risk management policies and

disaster risk-informed development planning. It is not only fundamental

that a multi-hazard risk assessment methodology captures compound

local and regional changing hazards risks caused by earthquakes, land-

slides, ûooding, management of rainwater ûow/drainage systems, in-

frastructure projects (i.e., road construction, hydropower projects) and

other hazard exposures, but that locally affected communities are in-

volved in assessments and play an active role in agreeing whether and

which hazard risk categorizations are suitable to capture differences

in the intensity of risk. Creating a space for knowledge sharing, techni-

cal and community-gained knowledge about localized complex risk en-

vironments, to understand local people's valuable experiences of

speciûc times of the year when various hazards are occurring (seasonal-

ity), to engage affected local people in the decision-making process to

acknowledge, respect and support their varied risk perceptions and tol-

erances, and to enable them tomake informeddecisions for suitable sea-

sonal living arrangements or relocation is critical.

b) Institutional aspects including that the main responsibility for imple-

mentation of multi-hazard risk assessments as an integral part of disas-

ter risk-informed development planning should stay with central/

provincial/local governments. Yet, it is vital as outlined above, to en-

gage local communities faced with multi-hazard risks into the process

as well as several partners like numerous national/international scien-

tists from multiple disciplines, and various national/international hu-

manitarian agencies.

c) Tasks/projects that the policy should contain:

First, to set up an advisory committee for hazard exposures and risks in

Nepal at different levels of administration. The members should com-

prise local/national/international experts such as government ofûcials

from different ministries/departments, humanitarians, scientists and

local people residing in complex risk environments. The committee

must establish an alternative methodology to assess risks from natural

hazard and human activities (i.e., infrastructure projects) in Nepal.

This would allow a more accurate understanding of hazard interactions

in Nepal, and facilitate disaster responses. This permanent advisory

committee can bring knowledge and experience across disciplines (nat-

ural science, social science and knowledge of local communities) to-

gether, and enhance collaboration between practitioners, government

ofûcials, scientists, and local people. This permanent advisory commit-

tee could increase preparedness for multiple future hazards with
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workable practical approaches to tackle the exposure to risks with feasi-

ble and desirable mitigation and risk reduction measures.

Second, all so-called ‘development’ projects in Nepal which are mainly

focused on infrastructure expansion (road construction) and economic

growth (energy developments/dam constructions) and frequently

driven by political power relations, need to be disaster risk-informed

to consider excessive multi-hazard risks by modifying landscapes in a

tectonically active region and to make multi-hazard risk assessments

an integral part of disaster risk- informed development planning.

These ‘development’ projects must not only be evaluated by the threats

they impose on the natural environment, people's living environments

and livelihoods and any possibly newly created or intensiûed multi-

hazard risks, but also by the threat of illegal or corrupt practices

where government ofûcials, private companies or other community

leader might attempt to beneût ûnancially.

Recommendations are:

i. To revise and amend contracts for development projects until these

projects are disaster risk-informed.

ii. To amend existing road construction policies at national and local

level and to consider the option not to build roads/tunnels unless it

is safe to do so.

iii. To prohibit and penalize illegal or corrupt behaviors with disciplin-

ary measures by tight monitoring and rigorous unbiased auditing

throughout any road construction process or any other developmen-

tal project activity.

d) Financing the policy reforms suggested above that allow managing and

minimizing multi-hazard and ampliûed hazard risks: Funding could be

allocated by the GoN and sought from international agencies (UNDP,

World Bank or similar sponsors) to ensure that enough resources and

competent man-power is made available to build capacity on local/na-

tional level among government representatives in numerous minis-

tries/departments involved in Disaster Response, Disaster Risk

Reduction, and any development projects by emphasizing the risks

and hazardousness imposed by natural and human-made hazards on

people's complex risk environments.

Secondly, the reform of resettlement policies. In the aftermath of the

2015Mw7.8 Gorkha, Nepal earthquake, it emerged that the lack of a policy

related to land acquisitions caused chaos for affected people, government

ofûcials and humanitarians as well as for the implementation of the

newly established policy for integrated settlements. Policy reform is needed

with the following components:

a) Institutional aspects that need to be considered: Resettlement plans

should be needs-based, and reûect a balance between community-led

designs with the support of technical engineers, international/na-

tional/local government experts, humanitarians and scientists special-

ized in resettlement and livelihood strategies. However, the main

responsibility for implementation should lie with national/local gov-

ernment in agreement with affected communities, to assist especially

vulnerable people, and also to support affected communities with expe-

rienced implementation partners comprising international/national hu-

manitarian agencies specialized in community-led design and

resettlement and with experience in livelihood strategies;

b) Legal aspects that need to be reformed:

i. Regulations and legal safety nets for citizens need to be put in place to

control land markets during the reconstruction process in all relevant

national/local government policies, guidelines and legal frameworks.

ii. The policy supporting integrated settlements needs to be revised, to

explicitly outline and ensure that affected people's voices and needs

are represented during the entire planning and implementation pro-

cess of integrated settlements.

c) Provisions that the policy should contain:

i. To support people who face ampliûed hazard risks in their place of or-

igin with safe, rent-free land for temporary settlements.

ii. To assist displaced people whose original land is exposed to ampliûed

hazard risks in case of resettlement with adequate land allocation or

alternative affordable safe land, comprising a house with space for

an entire family including kitchen, toilet and cultural activities, and

to provide them with extra agricultural land or alternative liveli-

hoods.

iii. To assist displaced people whowant to stay on their original land and

whose original land is exposed to seasonal ampliûed hazard risks

(i.e., during monsoon), to ûnd safe, affordable land nearby, where

seasonal living arrangements, possibly in form of integrated settle-

ments, can be constructed, comprising a house with space for an en-

tire family including kitchen, toilet and cultural activities.

iv. To assist people to create integrated settlements which suit their

needs, and to provide support with administrative processes for

basic infrastructure.

v. To put regulations in place to control land markets in affected areas

after a disaster to ensure that land prices are stable during the recon-

struction period.

vi. To ensure that those who are resettled are not left with greater risks

and uncertainties than before.

vii. To support affected people with accessible low interest or subsidized

loans.

d) Financing the policy reform: The reconstruction fund established after

the 2015 Mw7.8 Gorkha, Nepal earthquake with funds from the

Nepali government, donations from domestic and foreign institutions

or any other sources should be used to support the policy reform. If

funding is not sufûcient, extra support could be sought from the

UNDP, World Bank or similar sponsors.
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The 2015Mw 7.8 Gorkha, Nepal Earthquake triggered in excess of 20,000 landslides across 14 districts of Central and

Western Nepal. Whilst the instantaneous impact of these landslides was signiûcant, the ongoing effect of the earth-

quake on changing the potential for rainfall-triggered landsliding in the months and years that followed has remained

poorly understood and challenging to predict. To provide insight into how landsliding has evolved since the earth-

quake, and how it has impacted those living in the affected area, a detailed time-series landslide mapping campaign

was undertaken to monitor the evolution of coseismic landslides and the initiation of new post-seismic landslides.

This was supplemented by numerical modelling to simulate the future potential reactivation and runout of landslides

as debris ûows undermonsoon rainfall, identifying locations potentially at risk. This analysis shows that landslide haz-

ard was higher in November 2019 as compared to immediately after the 2015 earthquake, with a considerable portion

of the landscape being impacted by landsliding. We show that, while pre-existing landslides continued to pose thema-

jority of hazard in the aftermath of the earthquake, a signiûcant number of landslides also occurred in new locations.

We discuss the value of this type of analysis in informing the reconstruction and management of settlements at risk by

summarizing how this work was integrated into the project Durable Solutions II, that supported communities at risk

from landslides. Finally, we consider how such data could be used in future to inform risk sensitive land-use planning

and disaster recovery, and to mitigate the impacts of future landsliding in Nepal and beyond.
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1. Introduction

As of September, the rate and severity of monsoon-triggered landsliding

in 2020 in the earthquake-affected districts of Central and Western Nepal

has exceeded that witnessed in each year since 2015. Whilst the underlying

causes for this extremely severe landslide season are complex, this in part is

suggested to reûect the high monsoon strength [37], the negative conse-

quences of extensive poorly planned rural infrastructure development on

landsliding [29], and the legacy impacts of ground damage generated by

the 2015 earthquake [19]. To the end of September, the 2020 monsoon re-

sulted in 83 fatal landslides resulting in the loss of more than 240 lives,

according toGovernment of Nepal data collated via the bipad disaster infor-

mation management system.2 These ûgures suggest both a greater number

of fatal landslides than average, and also a greater average impact per land-

slide during this season, as compared to both the 2015–2019 period and the

longer-term historical data for Nepal [14,37].

Several tragic examples from the summer of 2020 exemplify the high

level of hazards and risks posed by landsliding in the area affected by the

2015 earthquakes, even ûve years later. On 9 July 2020, two debris ûows

occurred in the Almo Thado and Kabre Kholas (khola: river) just north of

Barhabise, Sindhupalchok, destroying the settlement of Jambu (Barhabise

Municipality-5) and resulting in 23 fatalities.3 The settlement had grown

rapidly in recent years parallel to the Arniko Highway, associated primarily

with the nearby power-house of the Middle Bhote Koshi Hydropower
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Project, withmany houses on land directly adjacent to the khola. The event

occurred as a result of a cloud-burst that triggered extensive but shallow

landsliding on the hillside above the settlement that transitioned to debris

ûows that ran out down the channel network (Fig. 1). The landsliding

may have been exacerbated by recent road construction that intersected

the channel network on the hillside above the settlement.

A second signiûcant event occurred in the village of Lidhi (Jugal Munic-

ipality) on 14 August 2020, resulting in the loss of 37 lives and destroying

around 37 houses2. Here again, a shallow rainfall-triggered landslide failed

above the village in an area that had exhibited cracking since the 2015

earthquakes. The landslide entrained soil from the terraces in its path,

destroying the ûank of the settlement (Fig. 1). Local concerns had been re-

ported about the potential for landsliding in Lidhi before the event,with the

community relocating overnight to reduce the risks. The settlement was

also identiûed in the National Reconstruction Authority (NRA) Geohazard

Assessment as potentially at risk from landslides, but mitigation rather

than relocation was considered the most suitable risk reduction measure

at the time of the assessment.

This level of landslide activity raises a series of critical observations that

are fundamental to consider if the loss of life due to rainfall triggered

Fig. 1. (a) Sentinel-2 satellite image dated 15/10/19, displayed in false colour (bands 8–4-3) for Lidhi (Jugal, Ward 2, Sindhupalchok) (Copernicus Sentinel data [2020].

Retrieved from: [7 September 2020], processed by ESA). White dots show house locations from OpenStreetMap and Central Bureau of Statistics data. (b) Sentinel-2

satellite image for the same area dated 23/8/20, after the landslide on 14/8/20, showing the landslide that impacted the village, but also several other new landslides in

the area. (c) Sentinel-2 satellite image for the area around Jambu (Barhabise Municipality-5) 15/10/19, and, (d) Sentinel-2 satellite image for the same area dated 20/8/

20, showing extensive landslide impacts of a cloud burst on 9/7/20.
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landsliding in Nepal is to be reduced. Whilst the impacts were devastating

and resulted in an exceptionally signiûcant and tragic loss of life, the land-

slides which led to these eventswere by nomeans exceptional both in terms

of size and style: both disasters were driven by shallow, rapid, rainfall-

triggered landslides that have been demonstrated to drive the majority of

the annual losses associated with landsliding in Nepal [14]. Although not

large in a geological sense, these landslides are however of a scale where

physical mitigation through engineering would be highly challenging in

any country, and especially so in a developing country context with limited

resource and technical capacity; stopping such a landslide is therefore likely

an unrealistic goal.

The timing of the highest landslide risk conditions annually is rela-

tively well-understood [37] and each of these landslides occurred early

in the monsoon, when the peak of landslide fatalities has been recorded

every year [37]. Despite this, targeted early warnings for such events re-

main immensely challenging: regional-scale (‘territorial’) landslide early

warning systems [21] lack the local speciûcity to predict exactly which

slope will fail, and in Nepal are limited by the lack of hydrometeorologi-

cal infrastructure to underpin such warnings. There is also a lack of reli-

able and affordable approaches to slope-speciûc landslide early warning

systems [42], with arguably no examples of lives actually being saved

by a landslide early warning in Nepal. Given this uncertainty, a more pre-

cautionary approach of identifying and then supporting at-risk settle-

ments to relocate to safer places is a more reliable risk reduction

measure. This requires good geospatial knowledge of landslide risk and

a willingness to move. In a context where limited and constrained choices

of resettlement options interleave with competing demands on liveli-

hoods and land-ownership, simply relocating to apparently lower-risk

areas is immensely complicated [33].

Finally, the events of the 2020 monsoon demonstrate the dynamic na-

ture of landslide risk in the aftermath of a large earthquake. Whilst land-

slide hazard assessment is difûcult in steep topography with a monsoonal

climate, it is made even more challenging given limited scientiûc and prac-

titioner experience of how earthquake damage affects future landslide haz-

ard and risk [13,35]. In this paper we provide a summary of research that

has been conducted across the 14 districts identiûed by the Government

of Nepal as those most severely impacted by the 2015 earthquakes. We

focus on the district of Sindhupalchok, to consider how landslide hazard

and risk have evolved since 2015, and how this risk can or could be re-

duced. We begin by providing a short review of current scientiûc under-

standing of the nature of coseismic (earthquake-triggered) landsliding

and how this evolves through the years that follow the initial earthquake

shaking. We then describe a program of research that has used satellite im-

agery to map the evolution of landsliding up until post-monsoon 2019. We

summarise the ûndings of this work to show how landsliding has evolved,

and the consequences for this on the risks that people face. We describe

how the ûndings were integrated within the Durable Solutions II project

that supported communities at risk from geohazards after the 2015 earth-

quakes. We distil a series of observations on the nature of post-

earthquake landslide hazard and risk and demonstrate where and when

landslide risks can be reduced through improved land-use planning, and

where and when this becomes more problematic.

Fig. 2. Schematic block diagram illustrating typical characteristics of coseismic and post-seismic landslides (not to scale).
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1.1. The nature of coseismic landsliding

Coseismic landslides are the most signiûcant secondary hazard associ-

ated with high-magnitude continental earthquakes [13]. Widespread

landsliding has been documented after numerous large earthquakes, and

such landslide-triggering events are known to result in substantially higher

death tolls than earthquakes without landslides [6]. The consequences of

coseismic landsliding includes wider disruption to infrastructure [3,5],

and the transport of large volumes of sediment into the ûuvial network

[47]. Much research has focused on the characterization of coseismic land-

slides, which has led to an improved understanding of their spatial distribu-

tion, impact, and style. This insight has been gained from the development

of mapped coseismic landslide inventories that describe landslide location

and extent [45].

Despite a growing number of studies that have documented coseismic

landsliding, far less is known about how landsliding evolves post-

earthquake. Examples from recent signiûcant earthquakes, notably the

1999 Mw 7.6 Chi-Chi earthquake in Taiwan and the 2008 Mw 7.9

Wenchuan earthquake in China, reveal a persistence of enhanced landslide

rates, and long-term impacts of coseismic hillslope damage, in the years to

decades after the shaking (e.g., [9,16,25,35]). This work has started to

document two key landslide processes (Fig. 2). The ûrst is the continued in-

stability, activity and eventual stabilization or exhaustion of landslides that

were triggered by the earthquake. The second is the occurrence of new

landslides in the months or years after the earthquake, often in response

to intense rainfall, but importantly also as a direct result of coseismic dam-

age to the ground. The timescale over which such new landsliding occurs,

and remains over and above ‘normal’ conditions, is poorly constrained,

mainly because there are only a small number of well-documented exam-

ples from a limited range of tectonic and physiographic settings. For exam-

ple, analysis of suspended sediments in the ûuvial network and time series

landslide mapping following Chi-Chi suggested a post-seismic reduction in

sediment ûux [16], with the rate of new landsliding [25] returning back to

pre-event levels within approximately six years after the earthquake. Con-

versely, research on vegetation recovery following landsliding during the

2008Wenchuan earthquake suggests a more extended and complicated re-

sponse over periods of decades rather than years (e.g., [52]).

This concept of a landslide ‘recovery time’ is a critical factor in post-

seismic landslide hazard assessment as it determines the likely time period

over which enhanced landsliding should be expected. However, the inter-

play and dominance of each of these two forms of landsliding remain poorly

documented, and consequently how post-seismic landslides evolve, and the

Fig. 3. Conceptual diagram of the evolution of post-seismic landslide hazard, based on understanding gained before the Gorkha earthquake. (a) shows years since the

earthquake (orange line), and the change in regional landslide hazard through time. Plot shows typical peak in landslide hazard (black line) early in each monsoon

season (shown by the blue bars), and how this is anticipated to change as a result of the Gorkha earthquake. (b) shows how individual landslide footprints may change

through time, from small landslides before the 2015 earthquake, to larger landslides after, and in particular an elongation as landslide debris is remobilised into debris

ûows in subsequent monsoons. The period over which the return of landsliding to pre-earthquake levels remains poorly understood and is shown only schematically

here. (For interpretation of the references to colour in this ûgure legend, the reader is referred to the web version of this article.)
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hazard that they pose, is poorly understood (e.g., [41,49]). Nevertheless,

previous research has provided several key insights into the nature of

coseismic landsliding that are pertinent to understanding the post-seismic

landslide hazard and risk, described below.

1.2. The hazards posed by coseismic landslides in the aftermath of an earthquake

The nature of landslides triggered by earthquakes is known to markedly

differ from landslides typically triggered by rainfall [13]. This difference is

key in identifying the likely location, nature and timing of landslides in the

period following an earthquake, and hence the hazard that they pose, as

shown in Fig. 2. The main characteristics of relevance include:

(1) Coseismic landsliding is not uniformly distributed and is typically char-

acterized by the preferential failure of speciûc parts of the landscape

[31]. For example, an asymmetry in the density of landslides on slopes

directed towards the seismic source versus those facing in the opposite

direction has been previously demonstrated [41]. It follows that future

landsliding may follow a similar spatial pattern. Similarly, ridgelines

and convexities generate localized ampliûcation of seismic waves

[12], triggering many landslides high on valley sides (e.g. [39]). As a

result, and particularly in earthquakes which occur during dry soil

moisture conditions, much landslide debris released during earth-

quakes can remain perched high in the landscape, posing a signiûcant

potential future hazard.

(2) Landslides triggered by earthquakes can be very different in mecha-

nism compared to those triggered by rainfall. As a result, these land-

slides may behave very differently during later rainfall. This was

typiûed in the Gorkha earthquake, where many deep-seated rainfall-

triggered landslides that pose perennial disruption in the Middle Hills

showed almost no sign of acceleratedmovement during the earthquake

itself (e.g., [4]). Conversely, coseismic landslides typically include shal-

low failures in regolith or weathered bedrock, rockfall, deeper-seated

failures triggered by liquefaction, and spreading due to intense local-

ized shaking ([28]). Critically, coseismic landslides and the debris

that they release are very sensitive to rainfall, reducing the post-

earthquake intensity-duration threshold for debris-ûow triggering

[67]. In this context, the degree to which (local) knowledge and lived

experience of pre-earthquake landslide hazards remains germane in a

post-earthquake setting is poorly understood [1,33].

(3) It is widely acknowledged that earthquake shaking can generate exten-

sive damage to the ground through cracking (commonly termed ground

cracking (e.g. [17]), ûssuring (e.g. [34]) or lateral spreading (e.g. [8])),

resulting in a net reduction in material strength even in areas that

show little or no obvious surface evidence of landsliding. In the after-

math of the Gorkha earthquake, many slopes were observed to have

surûcial cracks, suggesting a potential incipient landslide. To date,

there is very limited research on the degree to which such surface dis-

ruption can be taken as an indicator of future risk [28,36], and how

such damage inûuences slope stability and future landslide hazard.

The consequences of these factors for post-seismic landslide hazard are

twofold. Firstly, andmost importantly, the hazard posed by the reactivation

of coseismic landslides can be assessed with some degree of conûdence;

where coseismic landslides aremapped, the future risks posed by their reac-

tivation and runout can be modelled using established ûow-routing algo-

rithms. It is therefore critical to identify, repeatedly map and assess the

potential for runout at these locations. At present, however, it is not

known if this type of landsliding poses a signiûcant component of the over-

all hazard faced in the aftermath of an earthquake. If it does, then this type

of assessment could be used to signiûcantly reduce net landslide risk in the

years that follow. Secondly, and more challenging, is the assessment of

likely locations of new landslides in previously (apparently) stable loca-

tions. Key to this is understanding the overlay of earthquake damage and

existing landslide susceptibility, to identify how post-seismic landsliding

is distributed across the landscape, and, critically, how this evolves through

time.

This complexity is simpliûed in a conceptual model (Fig. 3). The annual

concentration of rainfall-triggered landsliding around the start of the mon-

soon, followed by an asymptotic decay back to background levels as the

monsoon recedes, is well-understood. The manner in which this pattern –

either regionally across the area impacted the earthquake (Fig. 3a), or lo-

cally for an individual hillslope or landslide (Fig. 3b) - responds after the

earthquake is largely unknown. Based on previous research, it was antici-

pated that the reactivation of landslides triggered by the earthquake and

new landslides as a result of the damage to the wider landscape would re-

sult in exacerbated landsliding in the 2015monsoon. It was also anticipated

that the remobilization of coseismic landslide debris in themonsoon would

lead to increased numbers of debris ûows [10]. Critically, the period over

which these processes are anticipated to persist above ‘average’ (months,

years or decades), and the changes in the year-on-year intensity of landslid-

ing, remain unknown. Encompassing this is also a wider social and political

context and the consequent human-environment links that aggravate

landsliding [37,43]. For example, the post-earthquake period saw massive

investment in reconstruction, but also the proliferation of rural road con-

struction that was at least anecdotally associated with the ûrst local elec-

tions in 2017 [50]. The key unknown here is, given this wider ongoing

change, whether the pre-earthquake landslide conditions might ever be

regained.

1.3. Coseismic landsliding associated with the Gorkha earthquake

TheGorkha earthquake initiated~80 kmnorthwest of Kathmandu,with

the rupture propagating east ~140 km along the Main Himalayan Thrust

(MHT) [2]. A series of aftershocks followed, including a Mw 7.3 event on

12 May ~75 km east-northeast of Kathmandu close to the border between

Sindhupalchok and Dolakha districts. The intense shaking generated by

the earthquake triggered extensive landsliding across the full east-west ex-

tent of the fault rupture. The density of landslides (the number or area of

landslides per unit area) generally increased towards the eastern margin of

the rupture [19,27].Multiple coseismic landslide inventorieshave beengen-

erated since the earthquake (e.g. [18,27,51,46,40,49,30,19], resulting in a

range of estimates of coseismic landslide numbers ranging from<5000 to

~25,000. The number varies based upon themapping techniques, the satel-

lite imagery, and the choices made in the generation of the inventories (see:

[19]). The most spatially detailed assessment using high resolution optical

satellite imagery, and therefore probably the most complete inventory to

date,was generated byRoback et al. [40], whomapped~25,000 landslides,

covering around~90 km2 and distributed across 28,300 km2 of Central and

Western Nepal.

1.4. National reconstruction authority, the geohazards assessment and durable

solutions II

Following the earthquakes in 2015, and after the recognition of the se-

verity of the landslide impact triggered by the event, the Government of

Nepal began an assessment of the landslide hazard and associated risk to

feed into the response and reconstructions efforts, termed the Geohazards

Assessment. This involved an initial series of ûeld assessments led by the

←Fig. 4. (a) Study area extent in central andwesternNepal (purple boundary), covering the area impacted by coseismic landslides associatedwith theGorkha earthquake. Stars

show the epicentres of the Gorkha earthquake sequence: 25 April Mw 7.8 and 12 May Mw 7.2. Shaded relief elevationmap derived from a 30-m ALOS DEM of the study area

(Credit: AW3D30 – JAXA). (b) Mapped coseismic landslide inventory, with landslides shown as black polygons. The locations of the Lidhi and Jambu case studies in

Sindhupalchok (Fig. 1) are labelled. Modiûed from Kincey et al. [19]. (For interpretation of the references to colour in this ûgure legend, the reader is referred to the web

version of this article.)
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Department of Mines and Geology, reaching around 130 settlements. The

identiûcation of these settlements for the assessment was based on requests

made by local government ofûcers, where a potential risk had been recog-

nized. A further round of assessments followed, reaching a further 455 loca-

tions across 15 districts, as part of the National Reconstruction Authority

(NRA), with support from the UN Ofûce for Project Services (UNOPS) in

Kathmandu, which involved around 40 geologists and engineers undertak-

ing detailed site visits. These assessments resulted in a three-tier categoriza-

tion: Category 1, ‘Safer communities / villages where reconstruction can be

started any time’; Category 2, ‘Communities / villages under the risk of

manageable geohazards where reconstruction could be started only after

applying suitable countermeasures’; and Category 3, ‘Unsafe communi-

ties/villages due to the existing state of geohazardswhich are extremely dif-

ûcult to control technically as well as ûnancially where reconstruction is

not recommended.’ The assessment documented the number of households

requiring relocation where deemed necessary to reduce the risk to an ac-

ceptable level, as well as outlining recommendations for remedial mitiga-

tion, and identifying the responsible government agency to take this

forward in Category 2 locations. The geohazards assessment was extended

in the Durable Solutions program,4 led by People In Need, acting as a bridge

between government and communities affected by landslides to support

fair and voluntary relocation.

Since this initial effort, a larger number of additional sites have been

evaluated, and some reassessed, notably where concerns were raised

about recent deterioration in a landslides condition. As of July 2020, a

total of 1053 sites had been assessed. Of these sites, 40% (419 sites) were

Category 1, 30% (320 sites) Category 2, and 30% (314 sites) Category 3,

with more than 4000 households recommended for relocation.

While this rapid appraisal was an essential component of the assessment

of geohazard risk, it was inevitably a single snapshot in time that did not

capture the dynamic changes in landslide hazard. This effort also depended

on local recognition and then reporting of sites at risk. This wasmade all the

more challenging by the remote rural expanse of the affected districts, and

the competing demands of the post-disaster context. Given the lack of

precedent for assessing the future threat posed by landslide hazards, plus

the uncertainties around how ground damage accrued in the earthquake

might develop into landsliding, it was challenging for local government,

householders, and technical specialists to assess the likely future risks.

2. Mapping the evolution of coseismic landsliding after the Gorkha

earthquake

In order to complement the Geohazards Assessments, and to provide a

spatially continuous and updating assessment of landsliding after the

Gorkha earthquake, systematic mapping using freely available satellite im-

agery was developed. The intention was to develop a sustainable and con-

sistent method to generate reliable and repeatable landslide information,

with the speciûc intention of assessing change through time at a scale rele-

vant to individual households. Whilst some mapping efforts (e.g., [40])

have exploited very high-resolution optical imagery allowing very small

features (< 5m) to be identiûed, the low orbit height of these satellites re-

sults in considerable topographic image distortion (up to>100 s of m), par-

ticularly in high-relief topography. This makes change detection difûcult,

because the errors in image rectiûcation far exceed the changes on the

ground [48]. We therefore used medium resolution (ca. 10–30 m) optical

imagery with minimal distortion to provide a more reliable means of mon-

itoring landslide change.

We manually mapped landslides from freely-available optical satellite

imagery (Landsat and Sentinel-2) between 2014 and 2019, with two

image periods before and after the monsoon each year and one immedi-

ately post-earthquake, yielding 13 mapping epochs. We focused on the 14

districts most affected by the earthquake, which includes around 90% of

the landslide-affected area initially mapped by Roback et al. [40] (Fig. 4).

Landsat 8 imagery (30 m spatial resolution, pan-sharpened to 15 m) was

used for epochs 1–5 (2014–2015), and Sentinel-2 imagery (10m spatial res-

olution) from epoch 6 onwards (2016–2018). Landslides were mapped on

true colour (R-G-B) and false colour (NIR-R-G) composites using bands

2–3–4-5 for Landsat 8 and 2–3–4-8 for Sentinel-2.

Unlike previous multi-temporal inventories (e.g., Fan et al., 2018;

[22,23,26]), we independently mapped the full extent of all landslides vis-

ible on imagery from each epoch, reducing any reliance on assumed

Fig. 5. Changes in mapped landslide numbers and total landslide area between 2014, the Gorkha earthquake in 2015, and post-monsoon 2019. Vertical blue bars show the

timing of the monsoon; solid black line is landslide number; dashed black line is landslide area; and, the time of the earthquake (orange line) and the ûrst local elections are

indicated by orange and green lines respectively. Modiûed fromKincey et al. [19]. (For interpretation of the references to colour in this ûgure legend, the reader is referred to

the web version of this article.)

4 www.durablesolutions.org (accessed: 1.10.20)
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similarity or difference with the previous epochs. A common issue with

large-scale multi-temporal landslide inventory analysis over mountain to-

pography is the presence of intermittent cloud, shadow, and snow, which

typically limits the area that can be assessed. Automated masking of clouds

was undertaken using Fmask (Function of mask, v4.0) [38], which was

manually checked for accuracy. Areas of persistent cloud or snow totalled

5% of the study area concentrated in the High Himalaya, coincident with

areas of minimal population. For ease of comparison, landslides were sum-

marized to areal densities (landslide area per km2) on a 1 km2 grid. The full

methodology is provided in detail in [19].

3. Results

3.1. Summary of the landslide inventories

The landslide inventory we consider here includes 200,866 mapped

landslides across all 13 epochs. Landslide numbers average ~ 6400 for all

3 pre-earthquake epochs, although the location of individual landslides

change, butwith little notable systematic variability between the character-

istics of pre- and post-monsoon inventories (Fig. 5). TheGorkha earthquake

(epoch 4) and the monsoon that followed (epoch 5) led to very signiûcant

increases in the number of mapped landslides, peaking at 18,978 in pre-

monsoon 2016 (epoch 6), declining through post-monsoon 2017 (epoch

9), and increasing in both pre- and post-monsoon 2018 and 2019 (epochs

10–13). Critically, by the end of the study period, there were over 7000

more visible landslides compared to immediately post-earthquake (ca.

13,700), and over 14,000 more than the pre-earthquake inventories

(Fig. 5). In this sense, landslide hazard remains signiûcantly higher today

than on the day of the earthquake, and so may reûect only the beginnings

of a longer-term response to the earthquake [13,19].

Considering the areal density of landsliding, for the majority of epochs,

the proportion of grid cells newly affected by landslides relative to the pre-

ceding epochwas low (1–2%), with the exception of the earthquake (10%),

the 2015 monsoon (5.5%) and pre-monsoon 2018 (3%). The critical con-

clusion from this is that, at least at this scale of assessment (1 km2 grid),

by far the majority of changes to landsliding in the aftermath of the earth-

quake are concentrated near coseismic landslides, rather than in areas

that did not experience landslides during the earthquake (Fig. 6a). It fol-

lows that knowledge of coseismic landslides, and if and how they evolve,

is critical for understanding the majority of landslide risk in the aftermath

of the Gorkha earthquake.

Superimposed on top of this preferential concentration of activity near

coseismic landslides, about 11% of grid cells in the post-monsoon 2018

epochwere newly affected by landslides since the earthquake (epoch 4), in-

dicating that the spatial pattern of landsliding had altered steadily but pro-

gressively since the earthquake. It is therefore important to recognize that

the potential for additional new landsliding in previously apparently stable

areas is persistent for years after the earthquake, and so better understand-

ing of post-earthquake landslide susceptibility and how cracked and dam-

aged ground develops into landsliding is essential.

3.2. Assessment of landslide risk to households

The sequential mapping of landslides over the period since the Gorkha

earthquake shows that a considerable proportion of the overall landslide

hazard can be attributed to the reactivation and remobilization of coseismic

landslides. Reactivation mostly occurs during intense prolonged rainfall in

the monsoon, notably as debris ûows [13]. Identifying the likely pathways

alongwhich (re)mobilised sediment could travel as debrisûows is therefore

a crucial aspect of a timely assessment of post-seismic landslide hazard.

Given the large number of landslides in the 14 earthquake-affected districts,

an approach was needed that combined a synoptic regional assessment but

also locally relevant detail to those potentially at risk.

The typical approach to assess regional-scale debris ûow hazard is to

model runout pathways based on a landslide source dataset. An assump-

tion can be that each landslide scar has the potential to remobilize as a de-

bris ûow, and so can be considered a source. To undertake this, we

compared the coseismic landslide inventory, with that mapped in Novem-

ber 2019 [19], to analyse the evolution of post-earthquake landslides over

this 4.5-year period. We considered a ‘plausible but worst case’ scenario, in

which intense localized rainfall triggers highly mobile debris ûows, akin to

the type of events that resulted in the landslides at Jambu in 2020. To do

this, we used Flow-R, a distributed empirical model for regional suscepti-

bility to debris ûows [15], to assess the spatial distribution of runout prob-

abilities across the area impacted by the earthquake. As the path of debris

ûow runout is highly sensitive to topography, we used a high-resolution

digital elevation model (5 m AW3D), down-sampled to 10 m, as the opti-

mum balance of resolution and noise [15]. This DEM provides improved

delineation of the ephemeral hillside channel network, and local topogra-

phy that may direct or divert ûows to or from settlements. The parameter-

ization of Flow-R is described in full in Kincey et al. [20], and was tuned to

enhance runout to be extensive but plausible, providing a conservative

modelling strategy.

The output of the modelling was a spatially continuous 10 m raster of

relative debrisûowprobability ranging from0 to 1 (Fig. 7). This probability

surface was then overlain with household locations, collated from the Cen-

tral Bureau of Statistics and revised with post-earthquake (re)locations

mapped in OpenStreetMap. This intersection attributed a risk score to

every household and was used to identify hotspots of at-risk buildings and

locations where (1) there was a risk not described in the Geohazards Assess-

ment, (2) where the level of relative risk diverged from the Geohazards As-

sessment, and (3) where risk was increasing through time (Fig. 7). This

approach has been validated by cross-checking the locations of those build-

ings that were affected by landslide runout in subsequent epochs with the

modelled relative risk score, as reported in Kincey et al. [20].

In Sindhupalchok, we mapped 2898 landslides that were triggered by

the Gorkha earthquake, representing 21% of the entire inventory. The

post-monsoon 2019 inventory contained 4026 landslides, an increase of

39% relative to 2015. Although the area covered by landsliding in

Sindhupalchok decreased from 36 km2 in 2015 to 30 km2 in 2019, this

still represented 1.2% of the district. The increase in landslide number be-

tween 2015 and 2019 resulted in an increased impact of landsliding over

this period. Of all buildings in Sindhupalchok (n=100,908), 299 were di-

rectly hit by landslides in the earthquake. By post-monsoon 2019, 538 had

been impacted, of which 108 were impacted in both the earthquake and

during post-monsoon 2019. In contrast, the modelled landslide runout

risk to buildings decreased between 2015 and 2019, with a total of 3128

buildings potentially at risk following the earthquake, but only 2917 by

post-monsoon 2019. Immediately following the earthquake, 84% of

these at-risk buildings were in the relatively low risk category (with prob-

ability of debris-ûow impact, p(I), between 0 and 0.1), with 15% at mod-

erate risk (p(I) of 0.1–0.5) and 1% at high risk (p(I) > 0.5). The absolute

numbers of buildings at risk decreased in all categories by 2019, but

with a slightly higher proportion at relatively low risk (87%) compared

with moderate risk (13%) and high risk (<1%) categories. A critical ob-

servation is that over this period we observe a signiûcant interchange in

individual buildings at risk in 2015 as compared to 2019; around 50%

of those at risk after the earthquake were no longer at risk by 2019, but

importantly as the landsliding has developed, around 50% of buildings

at risk by 2019 were safe in 2015. The total number of buildings that

have experienced landslide risk since the earthquake (5355) therefore con-

tinues to increase.

←Fig. 6. (a) Map of change in landslide area density at 1 km2 resolution between the time of the Gorkha earthquake and post-monsoon 2018, with hot colors indicating an

increase in landsliding and cold colors a decrease. Box shows area near Jambu and Barhabise in panel (b). (b) Mapped landslides colored by date for each epoch between

2014 and post-monsoon 2019, for the area around Jambu and Barhabise, Sindhpalchok (see Fig. 4b for wider context). Shaded relief elevation map derived from a 5-m

ALOS DEM of the study area (Credit: © NTT DATA, RESTEC/©JAXA).
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4. Discussion

Wehave presented a summary of the evolution of post-earthquake land-

slides in the aftermath of the Gorkha earthquakes. This research has shown

that the landscape has not recovered as rapidly as implied by studies that

focus only on the occurrence of new (additional) landslides in the earth-

quake aftermath (e.g., [26]), identifying a signiûcant prevalence of hazard

and risk from the reactivation of coseismic landslides. Our analysis illus-

trates that the nature of landslide hazard, and therefore the risk, has signif-

icantly changed since 2015. The sequential mapping demonstrates that the

location of landslide activity has shifted systematically through time since

the earthquake (see also [19]). The implication is that whilst the need to re-

build and reconstruct is pressing, doing so too quickly and in the absence of

good data on evolving geohazards can have long-term and potentially dev-

astating impacts on the population, property and livelihoods [33].

In detail, our results show a series of key characteristics vital in any ap-

praisal of landslide hazard in the aftermath of a mountain region earth-

quake. Coseismic landslide occurrence is a reasonable ûrst-order indicator

of where future recurrent post-seismic landsliding will occur. It is critical

to recognize that a substantial proportion of overall landslide threat arises

from existing landslides in the landscape, and so knowing where these are

and how they evolve is vital: it is not appropriate to dismiss existing land-

slides as ‘ûnished’ and of negligible risk. Prior to the earthquake, around

15% of the mapped 1 km2 grid cells experienced landsliding, but this num-

ber increased to 24% following the earthquake, and then increased again to

29% following the 2015monsoon [19]. In all years since, this proportion of

cells has remained high (28–30%), so the proportion of the landscape at

some degree of risk remains high.

Beyond the reactivation of coseismic landslides, nearly 10% of the land-

scape that did not experience landsliding on the day of the earthquake did

so in the period that followed, and this as a proportion of the total increases

through time. This demonstrates that the coseismic landsliding pattern

should not simply be projected forward to anticipate the evolution of the

hazard. It is therefore essential that indicators of future instability and

changes to the landscape are monitored. Whilst the ultimate trigger of

landsliding in the years that followed the earthquake was most commonly

rainfall, our data strongly suggest that the pattern is linked to earthquake

damage, such that these events would not have occurred if the earthquake

had not happened. This attribution of fundamental cause is critical where

access to compensation is reliant on precise deûnitions that relate speciû-

cally to the earthquake itself.

The dominance of debris ûows reactivating existent landslides has a sig-

niûcant inûuence on the nature of hazard, and how this can be managed.

For example, debris ûows preferentially channelize, most commonly

ûowing from open slopes into pre-existing concavities and channel net-

works. Once conûnedwithin a channel, the most likely ûow path is deûned

by pre-existing topography. Pre-existing channels therefore represent per-

haps the highest risk locations in the post-earthquake landscape. This obser-

vation also reûects previously-proposed landslide hazard zonation

methods, distilled into ‘simple rules’ from empirical analysis of the spatial

characteristics of landsliding after several large earthquakes (e.g. [32]).

Avoiding development in these channels is a key risk reduction measure.

Related to this, risk from post-earthquake landsliding can reduce from

high to negligible over very small distances (< 10 m), so precise building

location matters. Similarly, it has been apparent in forensic investigations

of landslide impacts after the Gorkha earthquake that new, often

earthquake-resistant houses were commonly poorly located only by a mat-

ter of meters, placing them at high landslide risk. The precise positioning of

a house within a plot can therefore hold a considerable inûuence on expo-

sure to landslide hazards.

Landslide activity has shown little indication of a return to pre-

earthquake levels, even after 4.5 years. It is clear that the legacy of the

earthquake shaking holds continued inûuence over enhanced landslide sus-

ceptibility. Our data suggest however that a return to pre-earthquake aver-

age landslide conditions may not be simple. During this period, and

particularly since 2017, we have documented an uptick in landsliding

across the area, which visually from satellite imagery and anecdotally

from observations on the ground appears associated with the proliferation

of rural road construction around the time of the ûrst local elections

(Fig. 5).Whilst the direct impacts of rural road construction remain difûcult

to isolate, extrapolatingwhat appeared to be the beginnings of a recovery in

landsliding up until post-monsoon 2017 would imply that the number of

landslides in the landscape should be now less than on the day of the earth-

quake (Fig. 5). However, in themost recent mappingwe recorded c. 21,000

landslides, nearly double the coseismic number, implying that the changes

to the landscape since the earthquake have had a landslide impact compa-

rable to that of the earthquake itself. This impact is no doubt exaggeratedby

coseismic damage, whereby standard alignment choices and construction

techniques may now be unworkable and unsustainable.

Based upon this effort, we identify several ways in which our assess-

ment could be used in the management of future landsliding. The ûrst is

in providing regional-scale but high-resolution data on the evolution of

landslides, which is essential for informing ongoing recovery and recon-

struction. Further analysis could utilize physically-based modelling of the

release, entrainment and transport of landslide debris through the ûuvial

network (e.g. [7]), feeding into consideration of the full earthquake-

triggered hazard chain (e.g., [13]). Second, our landslide mapping can be

used to reûne regional-scale post-earthquake landslide susceptibility

models that consider thewhole impact footprint of the event with the detail

of individual landslides, in order to improve their ability to anticipate the

occurrence of new landslides over and above the capabilities of static

models that do not account for seismicity. This type of susceptibility analy-

sis is essential in contexts that lack systematically collated landslide inven-

tories, for prioritizing areas that may face higher potential future risk. The

research described here in part demonstrates the value of systematic inven-

tories, and provides a sustainable workûow to underpin this in future.

Third, our data provide an assessment of the trajectory of landslide risk

for individual landslides which adds considerably to one-off site

assessments.

Finally, returning to the tragic events in Jambu and Lidhi in

Sindhupalchok during the 2020 monsoon season, we consider the degree

to which either of these events might have been avoided or mitigated

from the type of mapping and modelling outlined above. The settlement

of Jambu was identiûed as an at-risk location in our modelling of landslide

runout (Fig. 7). Landslides had beenmapped in the headwaters of the Almo

Thado and Kabre Kholas, and the modelling suggested that if these land-

slides remobilized, then the kholas would likely route the debris ûows

across the Arniko Highway, as happened in early July. This situation was

exacerbated by a series of rural roads traversing the slope above, crossing

the kholas, and apparently destablilising the surrounding hillside since

the earthquake. Even without this analysis, the location of Jambu on a de-

brisûow fan at the base of pre-existing channels shows its long-term suscep-

tibility to debris ûows. Therefore, risk sensitive land-use planning using

geospatial information on hazards could be used to identify areas of poten-

tial new future landslides and where they may runout. In Jambu, for exam-

ple, such approaches would identify construction on debris ûow fans at the

←Fig. 7. (a) Footprints of mapped landslides in post-monsoon 2019, for the same area as shown in Fig. 6b. White circles show the location of buildings. (b)Modelled landslide

runout, showing the predicted debris ûow propagation under extreme rainfall, using the 2019 mapped landslides as source areas. The colour scale indicates the relative

probability of any location being hit by a debris ûow (white – negligible risk; blue – low risk, red – high risk). (c) Individual building relative risk scores extracted from

the runout model, with stars indicating a direct impact. Note that the model is able to discriminate between individual houses within a single settlement. Shaded relief

elevation map derived from a 5-m ALOS DEM of the study area (Credit: © NTT DATA, RESTEC/©JAXA). (For interpretation of the references to colour in this ûgure

legend, the reader is referred to the web version of this article.)
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mouth of steep channels as unacceptable, and therefore have the potential

to help reduce exposure to such hazards in this location. Problematically,

however, Jambu was one of around 10 comparable at-risk locations along

just the adjacent 2 km of the Arniko Highway.Where locations for develop-

ment are limited, the almost inevitable consequence is building on high risk

land.

In the case of Lidhi, whilst the settlement had been identiûed as a Cate-

gory 2 location in the NRAGeohazards Assessmentwithmitigation deemed

sufûcient to reduce the risk to an acceptable level at the time of the survey,

this location was not identiûed in our mapping analysis. No landslide was

visible above the settlement in the satellite imagery, either immediately

after the earthquake or in any of the epochs mapped since. This demon-

strates ûrstly the scientiûc challenge of identifying those areas damaged

and at elevated levels of landslide risk across such an extensive area, partic-

ularly when the surface expression of such damage (e.g. cracks) is so lim-

ited. Secondly, this example highlights the signiûcant value of local

knowledge and observations in assessing the potential for landslide risk; ob-

servations of cracking are reported to have raised sufûcient concerns for the

community to relocate each night to reduce their exposure to a potential

landslide if it were to occur. Attempts to relocate residents away from Cat-

egory 3 communities after the Gorkha earthquake (e.g. www.

durablesolutions.org) have shown the strength of attachment to place in

making such decisions is immensely challenging for communities with

long-term ties to land, places of cultural, livelihood and religious signiû-

cance [33]. It would therefore appear that where a community has a ûrm

conviction to relocate due to a perceived risk, that a technical assessment

to afûrm their perception or to reassure them of a lower level of risk should

be undertaken.

5. Conclusions

Through sequential mapping of the landslides in the area impacted by

the Gorkha earthquake, we have described patterns that characterize the

spatial and temporal evolution of landslide hazard and risk in the period

since the shaking stopped. From this we have distilled a series of observa-

tions, and here have considered these in the context of risk faced during

the period of the reconstruction. Our key observations are:

- Systematic mapping of landslides in the area impacted by the Gorkha

earthquake has demonstrated the value of detailed inventory data to

feed into a dynamic assessment of landslide risk. This illustrates the crit-

ical value of investing in baseline data on environmental hazards, to un-

derstand pre-disaster conditions, but also to provide insight into the

likely future trajectory of hazard and risk.

- Our mapping shows that the landslide hazard in the 14 worst-affected

districts remains signiûcantly higher than on the day of the earthquake

in 2015. Whilst some areas have experienced a degree of stabilization,

new areas have experienced landsliding and some continue to develop.

Mapping and monitoring these areas is critical for informing risk sensi-

tive land-use planning in coming years. Critically, based upon our data,

it should be expected that the levels of landslide risk in these areas will

remain elevated for at least several more years.

- The modelling of landslide risk due to debris ûows indicates that the

household-level landslide risk evolves considerably after the earth-

quake, with a increasing number of houses having been exposed to

landslide hazard at some point since the earthquake. We identify that

the most characteristic form of landsliding is a transition to debris

ûows, which deliver highly mobile material through hillside channels

to the ûuvial network. These channels represent one of the highest

risk areas in the landscape. Locating houses close to these areas is there-

fore extremely risky, but their identiûcation can be made from either

landslide hazard and risk maps as described here, or through adopting

basic principles for risk sensitive land-use planning. Critically, these

risks are therefore largely avoidable.

- Two landslide disasters from Sindhupalchok in the summer of 2020

show the value of multiple approaches to assessing landslide risk in a

dynamic and largely unprecedented context. What we present here is

a large-scale assessment of changing risk that is intended to capture in-

dividual household conditions, by adopting a high-resolution mapping

and modelling approach, but also to provide a synoptic precis of the

evolving risk landscape at federal level. This however must be under-

taken in tandem with on the ground, detailed geotechnical site investi-

gations at locations of particular apparent and emerging concern. It is

also essential to provide space to feed in and build upon local observa-

tions and understandings of landslide hazard and risk across the area

impacted by the earthquake.
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The effect of “April 2015 Gorkha Earthquake”was devastating in terms of loss of life, heritage, buildings and emotions.

A residence located at Purano Naikap-13, Kathmandu, built in 2006 was also severely damaged amongst many build-

ings. The building was a three and half story non-engineered reinforced concrete (RC) building. The main objective of

this paper is to show the step-by-step process of retroûtting adopted in this building. After the initial survey and struc-

tural analysis in ETABS software, a suitable repairing and restoring of the stability of the structurewas done whichwas

followed by an appropriate retroûtting techniques. Concrete jacketing and steel jacketing with epoxy chemical grouts

in columns were the two main interventions implemented. Pushover analysis was done to assess performance of the

retroûtted building. The building was deemed acceptable; the Life Safety level was not exceeded under design basis

earthquakes.
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1. Introduction

Nepal lies in an active fault/thrust zone due to the collision of Indian

plate with Eurasian tectonic plate which results in frequent occurrences of

earthquake. Seismologists suggest that amajor earthquake of momentmag-

nitude (Mw) greater than 8 is likely to occur every 50 to 70 years in Nepal

[1]. The April 2015 Nepal Earthquake (also known as the Gorkha earth-

quake) [2] killed 8979 people and injured nearly 22,000 [3]. It occurred

at 11:56 Nepal Standard Time (NPT) on 25 April 2015, with a magnitude

of 7.8 Mw and a maximum Mercalli Intensity of VIII (Severe) [4]. A major

aftershock occurred on 12 May 2015 at 12:50 NST with a magnitude of

7.3Mw [5].More than 750,000 structures either damaged or destroyed [6].

Kathmandu is prone to earthquake as it lies in active seismic zone V [7].

The soil type of Kathmandu valley is lacustrine thus having low bearing ca-

pacity [8]. Kathmandu valley is assigned to Type E soft soil as per the Nepal

National Building Code NBC105: 2020 [9]. TheMw7.8 2015Gorkha Earth-

quake caused signiûcant structural and nonstructural damages to the resi-

dence building under study. Structural damages included shear hinge

formation at the beam-column joint in two of the columns and hairline

cracks in beams at ûrst ûoor. Nonstructural damages included diagonal

cracks in internal as well as external walls and falling of parapet walls.

The walls at staircase was heavily damaged. Figs. 1 and 2 shows the plan

and elevation of the building.

The main purpose of this study was to provide best retroûtting, re-

pair and restoration technique applicable to the building and to im-

prove performance of the building. Retroûtting technique to be

adopted should also be economic, time-effective and feasible in

terms of materials and manpower. After preliminary damage survey,

it seemed necessary to provide immediate supporting and restoring

techniques as well as implement proper retroûtting scheme to the

structure. The restoring and retroûtting were done in three phases.

First phase incorporated temporary supports, repairing and restoring

of the damaged components of the structure. Second phase included

analysis in ETABS software and selection of proper retroûtting tech-

niques and the third phase included all the construction process such

as detail retroûtting of columns, strengthening of beams and repairing

of masonry walls.

General description of the building:

Type: Reinforced Cement Concrete Frame Structure

Building Height: 12 m

Number of stories: 3 and a half

Column Size: 230 mm × 300 mm (All Columns)

Beam Size: 230 mm × 350 mm (All Beams)

Slab Thickness: 115 mm

Type of Foundation: Isolated Footing
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2. Methodology

The main earthquake was followed by hundreds of aftershocks which

made the building more vulnerable to damage. The retroûtting process

was done in three phases which can be seen in the ûowchart (Fig. 3). In

the ûrst stage, metal prop supports were provided to secure stability and

help to retain the structure from collapse. This process of immediate sup-

port assisted in resisting many aftershocks of the earthquake, one being

the major aftershock in 12 May 2015.

In the second stage, analytical assessment of the buildingwas donewith

the help of ETABS software. The required sections and materials for

retroûtting were deduced from analysis. After the increment of column

size through concrete jacketing and increased area of steel through steel

jacketing, pushover analysis was done to obtain the seismic performance

level of the building.

3. Damage survey

After the detail survey of the damage extent of the building, it was ob-

served that the column 2A (Fig. 1) failed at the beam column joint of the

ûrst-ûoor level. The dislocation of column from the beam-column joint

could be seen on Fig. 4 with spalling of concrete. Due to lack of proper

support at column 2A, vibration could be felt at ûrst ûoor. Few hairline

cracks were visible in column 2B (Fig. 1) and beams of ûrst ûoor (Fig. 9).

Diagonal cracks were also observed in the partition walls (Fig. 5) as well

as peripheral wall. Figs. 6 and 7 show the picture of extent of damages to

the internal and external walls respectively. Immediate support for stability

were required to avoid any further major structural damage.

4. Retroûtting of the structure

Retroûtting is undertaken to enhance the original strength to the cur-

rent requirement so that the desired protection of lives can be guaranteed

as per the existing codes of practice. Retroûtting of a building will involve

either component strength enhancement or structural system modiûcation

or both. It is expected to improve the overall strength of the building after

the retroûtting process is completed. There are many retroûtting and

strengthening techniques available for reinforced concrete building such

as reinforced concrete jacketing, steel jacketing, addition of concrete

shear walls, addition of steel bracing, base isolation, use of Fiber Reinforced

Polymer (FRP), use of dampers, etc. which is also provided in the guideline

“Seismic Vulnerability for Private and Public Building” published by the

Department of Urban Development and Building Construction (DUDBC),

Nepal in 2011 [10]. Injection of grouts can be done to ûll cracks in struc-

tural members which requires special equipment and specially trained per-

sonnel which aids in strengthening of existing structure. Retroûtting should

be done very carefully without causing negative impact on existing strength

of the building. The selected technique must also be economical and the re-

sources should be easily available.

After the detail survey of the building, it was found that the retroûtting

was the only way to make the building habitable. The most familiar mate-

rials for retroûtting in Nepal are concrete and steel. High technology inter-

vention methods such as FRP wraps, use of dampers etc. are not feasible in

residential building due to high material, maintenance and labor cost.

Therefore, in this building, retroûtting technique adopted was concrete

and steel jacketing of the columns based on demands. Cost estimation of

retroûtting and repair from preliminary investigations was found to be

NRs.30 lakhswhereas the cost of demolition and construction of new build-

ing was estimated to be NRs.90 lakhs. The estimationwas done on the basis

of the then current market rate of Kathmandu (May 2015) of materials, la-

bors and contractors. The approximate time calculated for retroûttingwas 2

Fig. 1. Plan of the building.

Fig. 2. Elevation of the building.
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months whereas for demolition and new construction the projected time

was 8 months. Based on the parameters of time and cost, it was concluded

that retroûtting, repair and strengthening of the building was the best

choice for the building.

The intervention of the building under study was done in three stages

namely,

• Immediate Preventive and Supportive Stage,

• Analytical Stage and

• Construction Stage.

5. Immediate preventive and supportive stage

The earthquake load is mainly dependent on the weight of the building

and the earthquake force. Therefore, ûrst step taken during this stage was

the reduction of seismic weight of the building which included removal

of live loads in upper ûoors. Rooms were marked with levels of risk and

evacuation route was assigned. In order to prevent potential damage from

the aftershocks, the structure was shored with metallic props (Fig. 10)

under the beams and slab of ûrst ûoor immediately after the ûrst earth-

quake on 25 April 2015 (Fig. 8). The disintegrated concrete was removed

and the area was cleaned at column 2A (Fig. 4). Fresh micro concrete

with non-shrinking epoxy resin was injected to ûll voids in cracks and

Fig. 3. Flowchart showing retroûtting process of the building.

Fig. 4. Shear failure of column. Fig. 5. Diagonal crack in staircase wall.
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strengthen the weakened columns as seen in Fig. 8. Due to unavailability of

construction workers and materials in that situation of frequent after-

shocks, these steps were found to be effective to support the structure

from further damages during the major aftershock of 12 May 2015 as well.

230 mm thick brick masonry walls with concrete bands were con-

structed at the exterior as well as interior partition under the beams

(Fig. 11) to provide permanent support against dead load of the structure

maneuvering the loads from damaged columns. Masonry walls were con-

structed below the beams leaving space for retroûtting of columns

(Fig. 8). Severely damaged walls were removed and reconstructed using

rebar and seismic bands at two levels at ground ûoor while partition

walls were restored by reconstructing the partition wall as prior at upper

ûoors.Walls withminimal hairline cracks were groutedwithmix of cement

and superplasticizers followed by wire mesh plaster using micro silica. The

cracks in beam at ûrst ûoor (Fig. 9) were injected with epoxy chemical

under pressure until no excess chemical could be induced thereby

conforming the complete ûlling of cracks.

6. Analytical stage

6.1. Numerical modelling and analysis

The analysis and design were carried out using ûnite element software

ETABS 2015 to create, modify, analyze, design, and optimize the structural

Fig. 6. Cracks in wall column interface.

Fig. 7. Crushing of bricks of external wall.

Fig. 8. Epoxy grouting and support at column 2A.

Fig. 9. Nozzles for epoxy grouting at beam.
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elements in a building model (Fig. 12). The structure design was intended

to be based primarily on the National Building Code of practice of India

[11,12].

Table 1 shows the seismic parameters adopted for the analysis. Indian

Standard code IS1893:2002 [14] was referred for seismic loading. Seismic

zone factor was taken as 0.36 for zone V. Importance factor for residential

building was considered as 1. The building follows the ductile detailing in

accordance with IS 13920:1993, hence response reduction factor was

taken as 5. Fig. 13 shows the column layout plan after jacketing.

After the analysis of the building, it was found that column 2A and 2B in

Fig. 13were inadequate in size. Therefore, concrete jacketing was opted for

these two columns whereas rest of the columns were deûcit in area of steel

and were jacketed with steel angles and plates. Table 2 shows the before

and after size of the column with jacketing schemes. The required area of

concrete and the area of steel for retroûtting purpose were increased by

1.5 times and 1.33 times as per IITK GSDMA guidelines [13,19]. Details

of reinforced concrete jacketing and steel jacketing are discussed in

Sections 8.2 and 8.3 respectively. Similarly, Table 3 gives the detail of

retroûtted columns.

6.2. Pushover analysis

The pushover analysis was done to evaluate the seismic capacity of the

structure. It is a static non-linear analysis under permanent vertical loads

and gradually increasing lateral loads. The equivalent static lateral loads

approximately represent earthquake induced forces. A plot of the total

base shear versus top displacement in a structure is obtained by this analy-

sis that would indicate any premature failure or weakness. The analysis is

carried out up to failure, thus it enables determination of collapse load

and ductility capacity. [15].

The purpose of pushover analysis is to evaluate the expected perfor-

mance of structural systems during earthquake. The performance of a struc-

tural system is estimated by its strength and deformation demands, and

these demands are compared to available capacities at the performance

levels of interest. Fig. 14 shows the plot of performance level of the

structure.

Fig. 15 shows the pushover analysis result presenting the sequence of

plastic hinge formation and the state of hinge at various levels of the build-

ing. The Acceptance Criteria IO (Immediate Occupancy), LS (Life Safety)

and CP (Collapse Prevention) is indicated by different colors to indicate

the state of the hinge at various stages. Numerical software ETABS

Fig. 10. Metallic props under the ûrst-ûoor slab.

Fig. 11. Brick wall under the beams.

Fig. 12. 3D model in ETABS 2015.
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calculates the performance point based on the procedure A given in ATC40

[17]. Procedure A is one of the three procedures A, B, C given in ATC 40.

7. Result

The retroûtting of the building was based on the result of drift, deûec-

tion and push over analysis which are brieûy described below.

7.1. Inter story drift

The maximum inelastic drift in the building was 0.056 before

retroûtting which reduced to 0.022 after retroûtting at level 3 in x-

direction. Similarly, in y-direction the inelastic drift changed from 0.036

to 0.016 after retroûtting. The drift reduced by 61% and 53% after

retroûtting the columns in x and y direction respectively. Tables 4 and 5

shows the drift at each story in which stiffness of brick inûlls are ignored.

The graph presented in Fig. 16 compares the before and after retroûtting

drift in each level.

7.2. Roof deûection

Roof deûection of the building was reduced from 116 to 43.8 mm and

71.2 to 34.1 mm in x & y-direction respectively after providing retroûtting

scheme to the structure. The deûection reduced by 62% and 52% after

retroûtting the columns in x and y direction respectively. Tables 6 and 7

shows the deûection at each story in which stiffness of brick inûlls are

ignored. The graph presented in Fig. 17 compares the before and after

retroûtting deûection in each level. Allowable roof deûection of the build-

ing was 48 mm as per IS1893:2002 code [14].

7.3. Performance level of the building

Pushover analysis was done to check the performance level of the build-

ing before and after the retroûtting analysis. Fig. 18 shows the change in ca-

pacity of the building after retroûtting option. The base shear, spectral

acceleration and displacement at performance point of the building was

1824.03kN, 0.33 g and 239 mm respectively. If the top story deûection

was limited to 240 mm the capacity of the building improved from 720 to

1340 kN after retroûtting which was an increment of 86%.

Table 8 shows that the performance level of the building after

retroûtting lies between step 4 and 5. If the displacement of the building

at performance level was considered as 239 mm, the total drift of building

would be 2%. According to ATC-40 [17], the building lies in the perfor-

mance level of Life Safety. Fig. 18 shows the comparison of the capacity

of the building before and after retroûtting.

8. Construction stage

8.1. Epoxy grouting in beams and columns

The strength of all beams and columns (Fig. 19) was enhanced by pres-

sure grouting with epoxy resin. Epoxy resin were injected through nozzles

placed in beams and columns in pressure. The process was controlled and

monitored under strict guidelines as per supplying company. Themain pur-

pose of the epoxy grouting was to ûll all the voids and cracks in the struc-

ture. It also establishes a strong bond within the void surface. Due to its

non-shrinking properties, it is used for strengthening of structures than

the conventional grout of cement, sand and water.

8.2. Reinforced concrete jacketing

Reinforced concrete jacketing for the columns 2A and 2B started from

their respective isolated footings. The excavation of soil was done from

ground ûoor to the base of foundation. The tie beams and footings in con-

tact with soil was cleaned and the surface was roughened. The area of col-

umn was increased from 230 mm× 230 mm to 430 mm× 500 mm. Four

numbers of TMT 16 mm diameter and eight numbers of TMT 12 mm diam-

eter was added to the existing structure (Fig. 20).

Fig. 14. Typical Flexural Hinge Property, showing IO (Immediate Occupancy), LS

(Life Safety), and CP (Collapse Prevention; [16]).

Fig. 13. Plan of the building after retroûtting.
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To establish a sound bond between the existing and new concrete, the

concrete cover of the original member was scrapedwith chisel and bonding

chemical was coated. For the anchorage of added rebar and the existing

structure, holes were drilled to depth of 100 mm in the existing columns,

epoxy resin was induced through the holes and 10 mm diameter rebar

was inserted at 200 c/c to hook the new reinforcement with the existing

reinforcement (Fig. 21) and the photographs taken at site of same is

shown in Fig. 22(a).

To increase the moment capacity of beam column joint, haunch was

provided at the joints (Fig. 22b). This technique stiffens beam-column

joint and avoid joint shear hinging of RC frame structures, subjected to

earthquake imposed lateral loads[18]. RC haunches are more reliable

Fig. 15. Hinge states in the structure model at (a) step 4, (b) step 6, (c) step 8 and (d) step 10 during the pushover analysis, with color codes of hinge states.
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Fig. 16. Inter-story drift before and after retroût in x-direction (a) and y-direction (b).

Fig. 17. Story-deûection graph before and after retroûtting in x-direction (a) and y-direction (b).
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Fig. 18. Base Shear Vs Displacement of the building before and after retroûtting analysis.

Fig. 19. Injecting Epoxy grout in beams (a), (b) and columns (c), (d)
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Fig. 20. Installation of base for column jacketing.

Fig. 21. Retroûtting detail of column (a-typical plan, b-typical section).

Fig. 22. Rebar installation on the existing column.
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than steel haunch as the connection of steel haunch in RC frame is sub-

jected to pullout due to anchorage slippage and pullout due to concrete

pry-out failure [20]. The haunches provided at top and bottom of the

columns in a column beam joint performs better than provided only at

the top end connection [21]. In this building, haunches were provided

only at the top ends of the column to ensure least disturbance in mobil-

ity. The vertical rebar of the haunch was drilled through the ûoor slab to

connect and form a ring at upper ûoor (Fig. 23b). The concreting of col-

umn was done in installments to avoid segregation of concrete. The

height of casting ranged from 1 to 1.2 m at a time (Fig. 22a). Proper com-

paction was done using the needle vibrator. Fig. 22c shows the ûnal

product of concrete jacketing in column.

8.3. Steel jacketing of columns

The columns, except 2A and 2B, were steel jacketed using angles

and plates. The required area of steel was determined from ETABS

analysis. For example, the required area of steel in column C1 was

4078 mm2 and actual area provided was 1206.84 mm2. The deûcit

steel area (Dst) of steel was 2871.6 mm2. This Dst was multiplied by

1.33 to get the ûnal design area of steel which was 1.33*2871.6 (=

3819.22 mm2). The Indian Standard Angle (ISA) 75 mm × 75 mm

× 8 mm (=4560 mm2) was provided in four corners of the column

and Mild Steel (MS) ûats 100 mm × 5 mm was welded transverse to

the ISA at 300 mm center to center spacing. For proper bonding with

the existing concrete surface and the steel, the surface of concrete

was chipped and roughened and bonding chemical (Epoxy) was ap-

plied prior to the welding of the steel sections. Fig. 24a is the pictorial

representation of application of ISA and MS with existing column.

Fig. 24b represents connection of ISA and MS through Hilti bolts Sim-

ilarly, at beam column interface, 8 mm thick plates were extended on

beams up to 150 mm in each direction to connect it with upper ûoors

base plates. The two plates were connected by 16 mm dia “Hilti” bolts.

Fig. 24a and b represents the general plan and elevation of placement

of ISA and MS ûat plate respectively. Fig. 24c and d represents the plan

and elevation of detailing of ISA and MS connection through Hilti

bolts in beams and slabs. Fig. 25a and b shows the steel jacket applied

to the columns at site.

9. Conclusions and recommendation

The study showed that the damaged building can be restored and

strengthened with proper retroûtting design and techniques. There

are many inventions regarding the retroûtting techniques in which

cost and time of the opted techniques plays a crucial role. In this

case, concrete jacketing and steel jacketing with epoxy grout

Fig. 23. (a) Haunch rebar connected through ûoor, (b) Haunch rebar shown in half way done concreting, (c) Concreting of the column).
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Fig. 24. (a) Detail of steel jacketing plan. (b) Elevation of steel jacketing. (c) Detail of steel jacketing plan. (d) Elevation of steel jacketing.
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injection was considered due to easier material and manpower avail-

ability. Structural analysis performed in ETABS 2015 software

displayed signiûcant improvement in inter story drift and deûection

of the building after columns were retroûtted as discussed in above

sections.

Inter story drift was reduced by 61% and 53% in X-direction and Y-

direction respectively. Top story deûection was reduced by 62% in X-

direction and 52% in Y-direction respectively.

Static nonlinear push over analysis was used for assessment of ca-

pacity of the building which showed signiûcant improvement after

retroûtting option was implied. The capacity of the building was in-

creased by 86% from the state of building before retroûtting. The build-

ing falls in Life Safety performance level on the basis of ûnal drift after

retroûtting.

Retroûtting of the structure improved the overall performance of

building. It also minimized the total cost by 66.67% and time of con-

struction by 25% than the demolishing and construction of new

building.

Ground ûoor was formerly used as parking area with light weight

partition in peripheral of the building area. The story was open in na-

ture without internal partitions whereas upper ûoors were used as resi-

dential ûoors with 230 mm brick wall partition and similar partitions in

upper ûoors. The difference in stiffness provided by brick walls in

ground ûoor and upper ûoors could be the main reason for the damage

of the building during earthquake.

The building was analyzed considering one code only i.e. IS1893:2002

[14]. It is suggested to analyze the structure using the Nepal National code

NBC105:2020 [9] to evaluate the difference in various aspects in terms of

seismic response and performance level. Retroûtting options can also be

played with in future studies while comparing the time and cost. The stiff-

ness of brick wall has been ignored in the study but can be taken into con-

sideration in future study.

Fig. 25. (a) ISA at four corners of a column. (b) MS placed at interval welded

with ISA.

Table 1

Seismic parameter for analysis.

Input parameters

Seismic zone factor (Z) 0.36

Importance factor (I) 1.0

Soil Type III

Time Period (x/y) 0.483 s

Response Reduction Factor (R) 5

Design Seismic Horizontal Coefûcient 0.09

Base shear 269.96kN

Table 2

Column size and retroûtting scheme.

Column Before size (mm × mm) After size (mm × mm) Retroûtting scheme

C1 230 × 300 230 × 300 Steel Jacketing

C2 230 × 300 430 × 500 Concrete Jacketing

Table 3

Column size and retroûtting scheme.

Concrete Jacketing

Details

4 numbers of TMT 16 mm diameter + 8 numbers of TMT 12 mm

diameter

Steel Jacketing

Details

Indian Standard Angle (ISA) 75 mm × 75 mm × 8 mm at four

corners and Mild Steel ûat 100 mm × 5 mm at 300 mm center

to center distance

Table 4

Inter-story drift before retroûtting.

Story Eqx Eqy

4 0.023 0.018

3 0.022 0.016

2 0.016 0.016

1 0.012 0.008

Table 5

Inter-story drift after retroûtting.

Story Eqx Eqy

4 0.031 0.025

3 0.056 0.036

2 0.059 0.037

1 0.047 0.026

Table 6

Deûection before Retroûtting.

Story Eqx Eqy

4 116.0 71.2

3 97.4 58.3

2 63.6 38.3

1 28.4 16.0

0 0 0

Table 7

Deûection after Retroûtting.

Story Eqx Eqy

4 43.8 34.1

3 34.1 25.0

2 20.5 14.5

1 7.3 4.8

0 0 0
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Table 8

Base shear versus monitored displacement.

Step Monitored displacement, mm Base force, kN A-B B-C C-D D-E >E A-IO IO-LS LS-CP >CP Total

0 0.0 0.0 363 0 0 0 0 363 0 0 0 363

1 38.7 251.8 361 2 0 0 0 363 0 0 0 363

2 93.8 574.3 333 30 0 0 0 363 0 0 0 363

3 145.4 858.7 313 50 0 0 0 363 0 0 0 363

4 200.8 1144.7 283 80 0 0 0 361 2 0 0 363

5 252.2 1397.4 272 91 0 0 0 353 8 0 2 363

6 303.4 1630.6 249 114 0 0 0 347 14 0 2 363

7 332.0 1744.5 237 126 0 0 0 339 20 0 4 363

8 383.6 1841.7 229 134 0 0 0 319 34 4 6 363

9 387.7 1849.2 229 132 2 0 0 319 34 4 6 363

10 299.4 1264.6 227 134 2 0 0 319 34 4 6 363
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Kathmandu Valley comprises numerous tiered temples ranging from single to multi-tiered. A 7.6 magnitude earth-

quake struck Nepal on 25th April 2015, with the epicenter in the Gorkha district at 80 km northwest of Kathmandu

and south of the China border. The 2015 Gorkha earthquake and the following aftershocks caused damages to

many temples; the damages ranging fromminor to few fully collapsed state. This paper focuses on Nepal's tallest tem-

ple the Nyatapola, square-shaped in the plan, and the Bhairavnath temple, rectangular-shape in the plan-representing

the tiered temples with more than three tiers of the Kathmandu Valley. The paper investigates the employed indige-

nous construction technology, the condition/ level of damage suffered by case studies during the 2015 earthquake;

presents the ongoing rehabilitation/strengthening works introduced following the recommendations of structural, ar-

chitectural, and conservation experts. Themain objectives are to explore indigenous construction technology, evaluate

damage scenarios in case studies, and plan rehabilitation approaches aftermath 2015 earthquake. Methodology in the

research includes the literature reviews on the construction technology ofmulti-tiered temples, case studies on presen-

tative cases and the rehabilitation process adopted, key ûndings for damages, conclude, and provide recommenda-

tions. The rehabilitation process consisted of workshops and meetings with related authorities and the formation of

a technical committee as per the recommendations of the experts. The team prepares a condition assessment report

based upon visual inspections, documentations through on-site measurements, photographs, records of changes, and

alterations. Based on condition assessment, the reasons for the damages are analyzed and appropriate rehabilita-

tion/strengtheningmethods are recommended. The key ûndings consist of common construction technology of locally

availablematerials like timber,mud, bricks, and stonewith reducingwall thickness, and roof towards the top. The geo-

metrical conûguration, the inconsistent relative motion of the wall and roof during the earthquake; insufûcient joint

keys, and lack of regular monitoring maintenance are responsible for the level of damages in the temples.

Keywords:

Multi-tiered

Earthquake

construction technology

Rehabilitation

1. Introduction

The geology of Nepal varies from plain terai lands, hilly areas, and high-

altitude mountains. The formation of such geology is the result of the colli-

sion of the Indian plate and Eurasian plate towards each other, which is be-

lieved to begin about 55 million years ago and form the Himalayas. The

collision is still active and this dynamic process gives rise to diverse geolog-

ical conditions. Nepal also lies on the Himalayan range and boundary be-

tween the Indian Plate and the Eurasian Plate. These tectonic plates move

beneath the Himalayas along the fault line [18]. Nepal was struck by a

7.6 magnitude earthquake on 25th April 2015, with the epicenter in the

Gorkha district at 80 km northwest of Kathmandu and south of the China

border, with a focal depth of 15 km. The 2015 Gorkha earthquake was

said to be the result of converging tectonic plates; the Indian plate and

the overriding Eurasian plate to the north as studied by the different

researches on earthquake.57 districts were majorly affected with 14 dis-

tricts severely affected in the Gorkha earthquake as declared by Ministry

of Home Affairs/MOHA of Nepal. As listed by the Department of Architec-

ture of Nepal, a total of 743 historical structures were affected by this earth-

quake among which 133 were totally collapsed, 95 partially collapsed and

515 were partially damaged in Nepal.

The historical andmonumental structures of the Kathmandu Valley also

encountered substantial damages during this earthquake. Many temples

and monuments are partially damaged and a few are completely collapsed.

These monuments are in the stage of reconstruction and renovation. Docu-

mentation and assessment of these structures from an architectural, struc-

tural, and seismic point of view have become an important part to

safeguard these structures of heritage value from possible earthquakes in

the future. The documentation and conservation of these structures are im-

portant to conserve our cultural heritage and keep our identity alive and

Progress in Disaster Science 10 (2021) 100177

n Corresponding author.

E-mail address: rabina066@gmail.com (R. Shilpakar).

http://dx.doi.org/10.1016/j.pdisas.2021.100177

2590-0617/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Contents lists available at ScienceDirect

Progress in Disaster Science

j ourna l homepage: www.e lsev ie r .com/ locate /pd isas



98

express it to the future generation. This paper focuses on the construction

technology of the multi-tiered temples, damages, and rehabilitation of

Bhairavanath temple and Nyatapola temple as case studies representing

the multi-tiered temples of the Kathmandu Valley, after the damages by

the 2015 Gorkha Earthquake.

2. Construction technology of the multi-tiered temples

Nepal is a culturally diversiûed and rich country in art and architecture.

The Kathmandu Valley, in particular, has numerous temples of different

styles/types - shikhara, dome, and tiered temples. The tiered temples also

vary from single-tiered toûve-tiered temples with their distinctive features.

All the temples of the KathmanduValley constructed in themedieval period

are based on the structural system of unreinforced brick masonry in mud

mortar and wood. The tiered temples consist of various parts and elements

performing structural and decorative functions, and these elements are

located at various strategic levels and places. These main components in-

clude the masonry walls as the principal structural system, and the wooden

posts, wooden beams, joists at ûoor and roof levels, and cornices connected

with different types of joints. These structures are constructed with the

indigenous construction technology, materials, and ideas, best available

during the time of the construction with the locally available materials

and skills.

2.1. Masonry walls

The tiered temples of the Kathmandu Valley are single to multi-tiered.

The structural system is based on unreinforced brick masonry and wooden

members. Different types of wall systems are shown in Fig. 1. Most of the

temples stand on multiple receding plinths which raises the temple above

the street level to prevent it from the splash of rainwater, and dampness. Be-

sides, the foundation of the tiered temple is either mat or of sufûciently

large width capable of undertaking vertical as well as horizontal loads

due to earthquake action [12]. The plinths act as a stiff base resisting strong

ground shakings and reduce the displacement amplitude at the plinth sur-

face [9] to the multi-tiered temples. Heavy plinths reduce the shear forces

at the foundation level. The wall thickness of the multi-tiered temples is

thicker in the lower levels with gradual reduction along with the upper

levels. The masonry wall is a sandwiched masonry, with an outer wall

made from ûred clay bricks, inner walls from stronger rectangular sundried

bricks (ma apa), and the inner portion ûlled with rubble stone, mud, and

brickbats. The plaster is done only towards the inner face either by mud

mortar or yellow clay mortar which gives strength to these units as a

whole. The walls are not plastered from outside which makes a weak con-

nection between the walls (See Fig. 2.)

Most of the temples dedicated to Bhimsen and Bhairav are raised in a

rectangular base. The Bhimsen temples of Kathmandu, Patan, and

Bhaktapur, Bagh Bhairav of Kirtipur is some of the examples of rectangular

base temples. Bhairavnath temple is a rectangular-shaped temple (the plan

is shown in Fig. 3) dedicated to the god Bhairav, located at Taumadhi

Square in Bhaktapur. It has thicker walls in the ûrst three ûoors up to the

ûrst roof and diminishing wall thickness in the upper ûoors extending to

the following roofs with the temple standing on a low plinth only towards

the east. A central wall runs from the ground ûoor to the ûfth ûoor as

shown in Fig. 4. The wooden joists and the ûoor run horizontally resting

on the wall plates on the walls on every ûoor.

The geometrical conûguration of the Bhairavath temple is a rectangular

base where walls constitute the major part of the structure. The area of

walls with respect to each ûoor plan is shown in Table 1 below;

Bhairavnath temple is a three-tiered temple but with sixûoors including

the mezzanine ûoor in between two roofs. As shown in Fig. 4 and Table 1,

more percentage of walls can be seen 52.33%, 33.17%, and 28.94% respec-

tively in the ûrst three ûoors; and reduced ûoor area resting on the deep

wooden beams on the lower ûoors in the third and fourth ûoor with

50.23% and 21.21% wall coverage and last two ûoors -ûfth and sixth

ûoor covering 67.12% and 15.49% wall. The percentage of the wall is

more in the mezzanine ûoors where it consists of small latticed windows

adjoined to the exterior part only.

Apart from the rectangular-based tiered temples, square-based temples

are also prevalent in the Kathmandu Valley. The Maju Dega of Kathmandu,

Char Narayan temple, and Kumbheshwor temples of Patan, Nyatapola of

Bhaktapur are few prominent examples of square-based temples. Nyatapola

temple is dedicated to the tantric goddess Siddhilaxmi, standing on ûve

high plinths that support the overall weight of the superstructure of the

temple. It is a temple with a square room that is encircled by a colonnade.

The wall thickness varies from 2.67 m on the ground ûoor to 0.55 mm at

the topmost level. From the observations of other such temples and as de-

scribed in the general concept of such a category temple by [17], the temple

contains a core that extends to two ûoors enclosing cella and the empty

compartment above. Around the core, there may or may not be a closed

circumambulatory path (pradakshinapatha) depending upon the position

of the deity in the cella, so that the wall of the core forms the inner wall

of the pradakshinapatha and in the upper storey forms the outer wall of

the temple as shown in Fig. 6. A similar case is in the Nyatapola temple,

where the deity of Siddhilaxmi is placed on the northern side with an

inner wall of the ground ûoor- thus forming an outer wall in the upper sto-

rey and exterior wall with the colonnade of 270 × 270 mm wooden posts

Fig. 1.Wall system of multi-tiered temples of Nepal.

Source: [10].
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(see Fig. 7). The ûrst ûoor formed by the connection of either side of inner

walls by joist can be accessed through the ground ûoor. There does not exist

any ûooring in the upper levels which form a void from the ûrst ûoor to the

pinnacle as shown in Fig. 5.

Source: [17]

In the case of the Nyatapola temple also, masonry walls are an integral

part of the structure. Table 2 and Fig. 7 elaborate on the system of the ma-

sonry structure of the Nyatapola temple with the percentage covered by the

wall. The structure of the temple covers 28.56%, 70.99%, 56.03%, 62.77%,

52.62%, and 55.79% respectively in the ground, ûrst, second, third, fourth,

and ûfth ûoor respectively while the remaining percentage is covered by

the windows attached only to the exterior face of the wall and void in the

center. The central space is a hollow void enclosed by thick walls with re-

duced thickness in the upper ûoors.

2.2. Size and proportion

According to different research done by researchers, there are certain

design rules and concepts for the construction of the temple. [10] stud-

ies the shape, size, and location of the cella generally determine the

Fig. 2.Wall section showing different types of bricks used.

Fig. 3. Ground ûoor plan of Bhairavnath temple.

Source: (Bhaktapur Reconstruction [5])

Fig. 4. East- West section of Bhairavnath temple.

Source: (Bhaktapur Reconstruction [5])

R. Shilpakar et al. Progress in Disaster Science 10 (2021) 100177



100

design of the superstructure. In this section, the size, shape, and propor-

tion of the temples will be discussed. Generally, the square-shaped tem-

ple has a single pinnacle whereas the rectangular-shaped temple has

more than one pinnacle in an odd number to maintain visual balance

and symmetry.

Table 1

Masonry wall in Bhairavnath temple.

Floors Total ûoor area (sq m) Total area of wall (sq m) Wall in % LxBxH (mXmXm)

Ground ûoor 96.92 50.72 52.33 12.62× 7.68 × 2.44

First ûoor 96.23 31.92 33.17 12.73 × 7.56 × 3.12

Second ûoor 96.23 27.85 28.94 12.73 × 7.56 × 2.59

Third ûoor 49.74 24.98 50.23 10.11 × 4.92 × 2.78

Fourth ûoor 49.74 10.55 21.21 10.11 × 4.92 × 2.44

Fifth ûoor 16.88 11.33 67.12 7.50 × 2.25 × 2.74

Sixth ûoor 23.95 3.71 15.49 8.16 × 2.94 × 2.31

Fig. 5. Open ûoor system in Nyatapola temple.

Fig. 6. Schematic section of a three storied temple.

Fig. 7. North- South section of Nyatapola temple.

(Source: Technical committee, Khwopa Engineering College)

Fig. 8. Ground ûoor plan of Nyatapola Temple.

(Source: Technical committee, Khwopa Engineering College)
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The square-shaped plan temple is based on the Vastupurush mandala.1

The large square of the Vastupurush mandala is divided into 81 smaller

squares [16]. Each small square becomes one module for the construction

of square-shaped temples. The size of the large square Vastupurush man-

dala is equal to thewidth of the colonnaded in the case of a square plan tem-

ple. The designmodule forMaju Degawith the three-storied temple, square

in the plan is 9 followed by the width of 6 modules in the ûrst storey and 3

modules in the top storey. In this type of temple, the reduction in the size of

the successive width of each storey is determined by reducing the width by

threemodules. The height of the temple should be twice or thrice the width

of the temple [6]. The ratio of the width of the temple and the height of the

temple from the topmost plinth level to the pinnacle is 1:2 in the case of

Maju Dega. Similarly, the design module for the ûve-storied temple is 15

marked at the base of the temple which is equal to the width of the temple.

The reduction in successive wall width of each storey from bottom to top is

reduced by 3 modules in a 5:4:3:2:1 ratio.

As mentioned above, the height of the temple should be twice or thrice

thewidth of the temple i.e. 26.9mwhich is thrice thewidth of the temple in

the case of Nyatapola. From the measurement, the existing height of the

temple is 25.41 m which is nearly equal to the calculated value. The slight

error might be errors in past renovations. The width of the colonnade of

Nyatapola temple is 8.93 m and the height from the topmost plinth to the

pinnacle is 25.41 m which is in the ratio of 1:3. Besides, the width of the

bottom plinth is 22.46 m and its ratio with the width of the colonnade is

5:2. The ratio of the bottom roof to the width of the colonnade is 5:3

where the bottom roof sizes 15.60 m [16]. This proportion becomes accu-

rate in other cases of multi-tiered temples likeMaju Dega and other temples

in Kathmandu valley. Thus, we can see that there is an application of design

concepts in the construction of the plinth, the length of the wall, the length

of the roof, the height of the temple illustrated in Table 3 and Fig. 7.

[15] studies on Baghbhairav temple of Kirtipur (a three-tiered temple

with a rectangular-shaped plan) and identiûed that the three roof sizes

(top, middle, and bottom) are proportional to 4:5:6; three core walls (top,

middle, and collonade) exhibit 3:4:5 proportionately. Similarly, in the

case of the Bhairavnath temple of Bhaktapur,which is geometrically similar

to the Baghbhairav temple, the proportion in elevation in the width of the

temple can be seen from the measurement. The three roof sizes (top, mid-

dle, bottom) are in the proportion of 4:5:6 and three core walls (top, mid-

dle, bottom) are in the proportion of 3:4:5 as illustrated in Table 4 and

shown in Fig. 17.

2.3. Joinery system

Another peculiar feature of the tiered temple is the use of timber as the

constructionmaterial. Timbers are used for the structural elements like post

(tham), beams (nina), cornices, joists, rafters, and others with proper joints

designated for different purposes like connections of different elements

(See Figs. 8 and 9). The different components are assembled using special

joints for each element which avoids the ûxing devices made from mate-

rials other than wood [4]. The wooden joinery is supposed to prevent

from seismic loads due to the ûexibility of the structure. Different varieties

of wood like Chilaune (Schima Wallichi), Salla (Pinus Roxburghi), Utis

(Alnus nepalensis), Sal (Shorea Robustus), etc. are used in the construction

works. However, hardwood species like Sal and Chilaune which are good

in strength, termite resistance are suitable for the construction of load-

bearing structural elements like beams, columns, bands, and framing of

openings. They do not require any particular treatment for protection

from termites as well as weathering.

The use of different kinds of joinery systems can be seen in Bhairavnath

and Nyatapola temple which are shown in Figs. 10–12. The joinery system

Fig. 9.West elevation of Bhairavnath temple.

Source: (Bhaktapur Reconstruction [5])

Fig. 10. Beam, post connection.

Source: [4]

1 Vastupurush mandala is one of such mandalas which forms an integral part of Vaastu

shastra- the ancient Hindu canons of architecture and town planning
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is different for corners, posts, and elongation of eaves board, cornices, and

other members. The common joints that are being used in the Newar Con-

struction technology are double notched joint; dovetail joint (dhukur

puchhre san) used to tie up to inner and outer wall plate; tabling/scrift

joint (chaku san) used for the ridge, purlin (challu), joists, beam joints;

dog matching joint (khicha gachhi san) for beam joints, tenon and mortise

Fig. 11. Wall section details of Nyatapola temple.

Source: ([7] AD)

Fig. 12. Different types of joints used in Bhairavnath and Nyatapola temple.

Fig. 13. Roof construction system in Nepal.

Source: [4]
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joints for door and window frames, column base joint for posts, etc. The ex-

tensive use of wooden pegs (chukuls) can be seen in the Newar construction

technology.

2.4. Roof system

The rooûng system in the temple gives the tiered temples a

distinguishing architectural characteristic with a steep roof pitch and

large overhanging eaves supported by rafters. The number of tiers in the

temple may vary from a single tomany tiers. This paper focuses on the tem-

ples of more than two tiers. The role of the rooûng system is to protect the

temple from rain and extreme exposure to the sun, which may damage the

walls, wooden elements with decay and deterioration. The roof consists of

25 mm thick planking, a thick layer of mud, followed by roof tiles/ jhingati

on the top over the rafter (see Figs. 13–16). The sloped roofs are supported

by fan rafters (as shown in Fig. 13) that start from the corners in a radial

arrangement. A dead load of overhanging roofs is supported by the rafters

and transferred to wall plates and purlins. Also, inclined struts hold the

roof by transferring loads from purlin to the walls but there is no rigid con-

nection between the strut with purlin and the main masonry wall of the

temple [13].

Fig. 14. Roof section of Bhairavnath temple.

Source: (Bhaktapur Reconstruction [5]).

Fig. 15. Laying out jhingati in the roof of Bhairavnath temple.

Fig. 16. Roof section details.

Source: (Bhaktapur Reconstruction [5])

Fig. 17. Tilting of posts.

Fig. 18. Dislocation of posts.

R. Shilpakar et al. Progress in Disaster Science 10 (2021) 100177



104

The Bhairavnath temple consists of three-tiers among which the

lower two-tiers are laid by jhingati and the topmost roof is mounted

by gilded brass sheets in the northern, eastern, and southern side

while the western roof is gilded by gold plated sheets as shown in

Fig. 14. The top roof system consists of wooden purlins in two layers,

on top of the upper layer, the brass and gold-plated sheets are over-

lapped and ûxed on the battens. The overlapping of two sheets pre-

vents the rainwater from penetrating inside the roof and does not let

the decay of the wooden members below.

Similarly, the Nyatapola temple is a ûve-tiered temple with all ûve roofs

laid by jhingati tiles. The word Nyatapola consists of two words - ‘Nyata’

meaning ûve and ‘Pola’means roof inNewar language which means a mon-

ument with ûve roofs. It is the only temple named after the structure of the

temple rather than the deity residing inside [14]. The roof construction in

all the temples is done in the same way.

2.5. Structural considerations in the multi-tiered temples

At the time of the period where the concept of construction of multi-

tiered temples ûourished, there was a lack of formal codes of practices,

Fig. 19. Cracks in ûrst ûoor.

Fig. 20. Cracks in second ûoor.

Fig. 21. Decayed posts of ground ûoor.

Fig. 22. Decayed posts of ground ûoor.
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sophisticated construction materials, and engineers. The materials of con-

struction available at that time were limited to the burnt clay bricks,

earth, stone, timber, and some metals. The artisans and craftsmen were

the only men power for design and construction to materialize the concept

developed based on royal/religious planning. The artisans and craftsmen

were trained for traditions from generation to generation and the beginning

of the training was learning by mistake. The principal construction

Fig. 23. Drainage hole penetrating to ground ûoor from ûrst ûoor sanctum room.

Fig. 24. Torsional drift of the roofs of Nyatapola temple.

(Source: (Wood, et al.))

Fig. 25. Cracks in internal walls of ground ûoor.

Fig. 26. Cracks in the external wall of ground ûoor.

(Source: (Wood, et al.))

Fig. 27. Surface cracks in second ûoor.

Fig. 28. Damage in the top ûoor.
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materials were limited to bricks in mud mortar and timber. The unrein-

forced brick masonry is very weak in tension and hence has limited resis-

tance to earthquakes [8]. The mud mortar used to be the only material

for binding the bricks in the masonry. However, the best type of mud mor-

tar used to be produced from the earth from the best location and depth

with the raw material. The earth for the mud mortar shall consist of clay

content not more than 20% for correct strength and least shrinkage, this

part might not be known but they knew that the right kind of earth for

the purpose used to be identiûed from the location from where the earth

used to be obtained.

The tiered temples, aswell as the prominent types of historical andmon-

umental structures, have the height and span characteristics limited to

lower values. For such values, the unreinforced brick masonry in mudmor-

tarwas adequate towithstand even the earthquake forces (provided seismic

detailing is adopted like seismic bands at strategic locations). The seismic

ties in the form of timber ring bands at the ûoor level, lintel levels are exam-

ples of that. The seismic reinforcement in the form of vertical and horizon-

tal ties in the temples and palaces are efûcient detailing for earthquake

resistant. The ûoors and roofs are efûciently connected through the joints

with the masonry walls with adequate capacity to transfer the earthquake

induced lateral loads. The timber joints in the form of wedges (shear

locks) are the endogenous form of connection which facilitate the box

form of actions of the masonry walls with ûoors and roofs.

The gradual reduction of sizes of the structure along the vertical direc-

tion of the multi-tiered temples conûrms the adoption of the pyramidal the-

ory for the load path of the gravity load. Height and maximum base

dimension are the main inûuencing parameter for time period of the struc-

ture. [8] expresses an empirical formula to estimate the natural period of vi-

bration of Nepalese temples in seconds; expressed as T ¼ 0:0488
H

√d
where

H is the height of the temple, d is the maximum base dimension of the tem-

ple inmeters and T is the time period. Also, these structures have practically

no live load on the top ûoors. Hence these temples are very rigid with fun-

damental time period of less than 0.25 s and due to less time period and in-

creasing height of the temple, earthquake impact is very high. Also, lack of

vertical structural connections is observed because the upper ûoors are

Fig. 29. Reconstruction of top ûoor.

Fig. 30. Replacement of missing parts of windows.

Fig. 31. Replacing the decayed wood by new ones.

Fig. 32. Strengthening of structure in ground ûoor.
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resting on timber ûoors rather than be rested directly on the wall. Depend-

ing upon the calculations from the above empirical formula, the provision

of high plinths in the tiered temples like in the Nyatapola temple has

saved the temple from seismic forces reducing the ampliûcation of the

local soil during earthquakes. This is the reason for the limited damage in

the ûfth tier of the temple during the Bihar Nepal earthquake of 1934

whereas the Bhairavnath temple with a small plinth height located in the

same Taumadhi square temple was collapsed to the ground.

Also, the structural system of the multi-tiered temples can be seen in

Section 2 of this paper. The relative motion of the movement of walls and

roofs may be inconsistent during the earthquake causing cracks and dam-

ages to the walls. Insufûcient wall plates, wooden pegs make the structure

less stiff making it vulnerable to damages in structure. Apart from seismic

ties in the form of ring beams at strategic locations, the smaller sizes of

the openings in the brick masonry walls are for reducing the action of the

seismic forces. The adoption of the double frames for the door and window

openings in the walls is to provide the in-plane shear strength against the

seismic forces during the earthquake.

Besides, the damages following the earthquake of 2015 are observed

due to the aging of materials, deterioration of the materials of construction,

and the lack of proper regular maintenance of the structures apart from the

structural and seismic zonings. Due to these reasons, the earthquake-

resistant of the structure gets substantially diminished, and hence the dam-

ages even leading to the collapse. The brick masonry in mud mortar and

timber, subjected to the adverse effect of the environment like dry rot and

wet rot, which if not taken care of in time leads to serious damage. This sit-

uation can be clariûed by the situation of structures like Kasthamandap

which was least affected by the Nepal Bihar Earthquake of 1934, a much

larger earthquake than the one in 2015, and made the pavilion of

Kasthamandap collapsed. In contradiction, the 55 Windowed Palace of

Bhaktapur Durbar Square and the Degu Taleju Palace of Patan Durbar

Square both were found to be the least damaged in the earthquake of

2015 as these structures were recently renovated. This shows the impor-

tance of regular monitoring and maintenance to increase the life span of

the building.

3. Damages and the rehabilitation after the earthquake

The earthquake has caused extensive damages to houses, temples, pal-

aces, and other monuments. Many temples and monuments including

Vatshala temple, Nyatapola temple, Kedarnath temple, Siddhi Laxmi Tem-

ple, Tri Bikram Narayan temple, Fasi Dega, Bhairavnath temple along with

other temples in the Kathmandu valley have been partially or totally af-

fected. Bhairavnath and Nyatapola temple of Taumadhi Square of

Fig. 33. Strengthening of walls in ûrst ûoor.

Fig. 34. Dismantling of top ûoor.

Fig. 35. Reconstruction of top ûoor.

Fig. 36. Placing pinnacles on top roof.
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Bhaktapur (case studies of this study) are among the main temples of

Bhaktapur, which are partially affected in 2015 Gorkha earthquake.

Bhairavnath temple was totally collapsed in the 1934 earthquake and dam-

age to the roof was seen in the earthquake 2015while theNyatapola temple

was partially destroyed with the collapse of the only top roof in the 1934

earthquake and torsional drift of the top roof in the recent earthquake but

still standing strong against many earthquakes in last 319 years. This sce-

nario of damages of both temples in the earthquakes of 1934 and 2015 is

important to study the reasons for damages and failures and compare it in

two different structural conûgurations (square and rectangular plan base).

3.1. Damages in Bhairavnath Temple and their causes

The 1934 earthquake caused the total collapse of Bhairavnath temple

while the Nyatapola in its close vicinity was only partially damaged with

the collapse of the top ûoor. The 2015 Gorkha earthquake also caused par-

tial damage in the Bhairavnath temple. The latest renovation of

Bhairavnath temple was carried out in 1995 by Bhaktapur Municipality

where the top ûoor was renovated and the jhingati roofs of north, east,

south was replaced by metal sheets. The damaged and decayed wooden

members were replaced by the new ones [2,3]. The Gorkha earthquake

has caused damages in the top storey with the falling of masonry walls, in-

clinedwindows; displacement of joints, and tilting of posts in the top storey.

The upright posts were displaced from their original position and were also

in tilted condition.

Apart from the damage on the top ûoor, different kinds of damages like

vertical cracks, diagonal cracks, wall and timber frame separations,

disrupted wall plates were seen in the Bhairavnath temple on other ûoors

due to the 2015 Gorkha earthquake. Vertical cracks were caused due to

short lintel bands, out-of-plane cracks, lack of thorough bands and horizon-

tal bands; separation of the wall, and timber frames due to local wall settle-

ment [5]. The cracks and damages in the temple are shown in Figs. 17–20.

The ground ûoor of Bhairavnath temple is more viable to dampness due

to fewer openings and lack of air circulation on the ûoor. Openings are only

in the form of small holes locally known as nasa pwa (small triangular holes

for air circulation). So, the wooden members of the ûoor are likely to be

damaged by dampness causing rotting and decay of timber posts and joists

(see Fig. 21-23). Besides, the drainage pipe is lacking due to which the holy

water offered in the sanctum on theûrstûoor goes directly through an open

hole to the ground ûoor (see Fig. 23).

Thus, the causes of damages in Bhairavnath temple were observed to be

dampness, short lintel band, lack of conûnement, and local wall

settlements.

3.2. Damages in Nyatapola Temple and their causes

Nyatapola temple was one of the partially damaged temples of

Bhaktapur in the Gorkha earthquake. The earthquake and aftershocks

have causedmuchmore damage to the top part. The previous record of ren-

ovation works was during 1998 by Bhaktapur Municipality where the top

roof was renovated and damaged parts of struts, tympanum/struts, door

brackets were renewed [7]. That might be one of the reasons the temple

has the least damage in the recent Gorkha earthquake. A clockwise tor-

sional drift to a maximum value of 3.25° in the top roof and 0.85° in the sec-

ond roof from the top, 0.29°, and 0.15° in the third and fourth roof relative

to base level as shown in Fig. 24 were observed after the earthquake [20].

With the torsional drift observed on this ûoor, the masonry wall has been

shattered out. The top roof has a very heavy load of mud and tiles. When

the intermediate structure is a bit lighter, the top roof is heavier and

tends to rotate more.

Based on the visual observations and measurements, mostly diagonal

cracks and corner cracks could be seen on the surface of the internal

walls on the ground and ûrst ûoors. External walls of the ground ûoor

have diagonal surface cracks due to stress concentration at openings

due to shearing and the northern wall moreover seems the most severely

affected one. Minor cracks were observed in the structural walls from the

ûrst ûoor onwards. Simultaneously, subsequent cracks could be seen on

the facades of the second and third ûoors which are mostly due to the

resulting action of the out-of-plane bending and compression of the

dead load above it. The stress concentration at the openings resulted in

the diagonal cracks from the corners of such openings. The use of cement

mortar can also be seen in the interior walls of the ground ûoor which

may be another reasons for the cracks observed on the ground ûoor as

the use of cement on the masonry structure increases load. A similar

case is on the second ûoor, the third ûoor. Signiûcant visible damage in

the eastern plinth can also be seen with diagonal cracks greater than

3 cm in width due to ground shaking. Damages in the temple are

shown in Figs. 25–28.

Nyatapola temple though being the tallest temple, it has lesser dam-

age in the earthquakes of the previous and the recent one. One of the pos-

sible reasons for such damages might be the high plinth on which is

standing. It has been built over ûve plinths in the south and four plinths

in the remaining three sides. The temples including Nyatapola temple

(with a 9 m high plinth) are supported on massive high solid plinths

faired comparatively well during the previous earthquakes and the

earthquake of 2015. These plinths resisted strong ground shakings [9]

and the damping ratio for the plinth with the greatest height was com-

paratively lower than those with a lower height. The obtained frequency

Table 2

Masonry walls in Nyatapola temple.

Floors Total ûoor area (sq m) Total area of wall (sq m) Wall in % LxBxH (mXmXm)

Ground ûoor 79.46 22.71 28.56 6.65 × 6.66 × 3.103

First ûoor 74.52 52.90 70.99 9.16 × 9.16 × 3.903

Second ûoor 52.47 29.40 56.03 6.80 × 6.79 × 4.015

Third ûoor 24.9 15.63 62.77 4.85 × 4.83 × 4.11

Fourth ûoor 18.13 9.54 52.62 3.39 × 3.39 × 3.11

Fifth ûoor 5.18 2.89 55.79 1.87 × 1.83 × 3.26

Table 3

Proportion of Nyatapola temple.

Base Existing

Length

(m)

Module

design

Actual measurement as

per

module(m)

Error

(m)

B1 8.93 15 – –

B2 6.80 12 7.14 −0.34

B3 4.85 9 5.36 −0.51

B4 3.37 6 3.57 −0.20

B5 1.87 3 1.78 0.09

Table 4

Proportion of Bhairavnath temple.

Length of roofs (m) Proportion Length of three core

walls(m)

Proportion

Top 12.38 4 Top 7.50 3

Middle 15.62 5 Middle 10.09 4

Bottom 18.42 6 Bottom 12.61 5
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of the Nyatapola temple from the HVSR method obtained by [9] shows

the plinth is highly stiff a which helped to reduce the displacement am-

plitude at the plinth surface.

4. Rehabilitation procedure in Bhairavnath and Nyatapola Temple

The rehabilitation procedure in both of the case studies follows the

same process. Following the damages in the 2015 Gorkha earthquake, dif-

ferent studies were carried out by different institutions. The major stake-

holders for the rehabilitation of temples and monuments of Bhaktapur are

Bhaktapur Municipality and the Department of Archaeology. The rehabili-

tation procedure is followed by a series of discussions and workshops by

Bhaktapur Municipality on the renovation/reconstruction of the temples

among the experts of archaeology, history, architects, structural engineers,

administration, security ofûcers, and other experts related to the conserva-

tion ûeld. After the discussions in the forum, a technical committee was

formed in both cases to study and assess the damages caused by the 2015

Gorkha earthquake. This committee is responsible for preparing a condition

assessment report based on visual inspection, on-site measurements, photo-

graphs, videos, and also studies the previous changes and alterations in the

past. The report is submitted to the concerned authorities who are respon-

sible for the rehabilitation works of the temple. The rehabilitation has been

carried out through the users' committee with the participation of locals. As

heritages are attached to the sentiments of the locals, their direct or indirect

participation was observed through donations of money, materials, and

labor. Local craftsmen were involved in woodworks and brickworks in

both cases except for the metalworks which were done by the craftsmen

from Panauti.

4.1. Rehabilitation in Bhairavnath Temple

The rehabilitation approaches started on 18th September 2018. It in-

cludes the reconstruction of the top ûoor and the renovation of the dam-

aged parts of the temple. Since the top ûoor and roof were severely

damaged by the earthquake, the dismantling of the top part was ûrst initi-

ated. With the dismantling of the top roof and ûoor, walls were rebuilt in

the mud mortar with the addition of wooden bracing in the vertical timber

posts embedded in the walls as shown in Fig. 29 under the experts' advice.

Based on some history-related papers, it is mentioned that the carpenters

during those times understood the vulnerability of the multi-tiered struc-

tures due to earthquake and hence they developed the construction tech-

nology through hit and trial methods and provided additional bracings to

vertical and horizontal structural members. The carpenters involved in

the last rehabilitationwere also incorporated to involve during this rehabil-

itation to use their expertise and further strengthen the temple. This prac-

tice was effective in earthquakes and it prevented ûoors from sliding

during the lateral forces. Moreover, the wooden pegs/chukuls, which were

insufûcient in the existing state of the temple, were also added in the recon-

struction. The damaged and fallen parts of the inclined windows on the top

ûoor and decayed wooden parts of the pinnacle were replaced by the new

ones as shown in Figs. 30 and 31.

In the lower ûoors where the reconstruction/renovation is not possible,

strengthening measures were applied. Strengthening was done in such

places by providing timber frames as shown in Figs. 32 and 33. It was

done on the ground ûoor where the decayed portions of the timber posts

and in openings of the sacred cella room on the ûrst ûoor. The cracks of

the ground ûoor, ûrst ûoor, second ûoor, third ûoor, and ûfth ûoor were

grouted. A drainage pipe was added from the sanctum to the ground ûoor

to reduce the dampness effect due to the lack of a drainage system. The

woodwork, brickwork carvings were done by the local craftsmen of

Bhaktapur and metalwork by the craftsmen of Panauti. Also, as the temple

is attached to the sentiments of the locals, the missing parts of the pinnacle

of the ûrst roof and a gold plated dhwaja (descending metal banners) from

the base of the pinnacle from the top roof donated fromdonors are placed in

the temple.

4.2. Rehabilitation in Nyatapola Temple

Since the temple was only partially damaged by the earthquake

with major damage in the top roof, the rehabilitation started from dis-

mantling and reconstruction of the top roof and ûoor (suggested by

structural and architectural experts as per condition assessment done

by the Technical committee of Khwopa Engineering College/ Khwopa

College of Engineering). It is still an ongoing project under Bhaktapur

Municipality. Dismantling of the top roof showed the decay of the

wooden posts inserted in the top ûoor. They were replaced with the

new ones in the ongoing reconstruction of the top ûoor. Damaged

struts and other wooden members were replaced with new ones. Yel-

low clay with lustrous properties is being used in the masonry walls

as the mortar. The cracks in different parts of the temple were grouted.

The woodworks, brickworks were done by the local craftsmen of

Bhaktapur. The different phases of dismantling, reconstruction is

shown in Figs. 34-36 below;

5. Conclusion and Recommendations

The tiered temples in Nepal have their indigenous construction tech-

nology built with the locally available materials of that time with reduc-

ing roof size and wall thickness on the upper ûoor. Different elements of

the tiered temples have their role to serve for the structural stability as

well as the beautiûcation of the temple. Plinths, thick walls, gradual re-

duction of the size of the structure in the upper structure, joinery system

are the major factors that play an important role in the stability and re-

duce the damages during the seismic activities. In both cases, the top

ûoor has been affected more by the earthquake. The structural reasons

like increasing height, the base of the temple (plinths)on which it stands,

insufûcient wooden pegs, lack of conûnement are also responsible for the

level of damage during earthquakes in the multi-tiered temples. Besides,

the aging of the temple, lack of proper regular maintenance, and deterio-

ration of construction materials are key factors for the damage of the

structure. Therefore, it needs regular monitoring and maintenance

works for better seismic performance and increasing the lifespan of the

structure. Also, the documentation of the existing conditions and study

of the possible causes of damages as carried out in the case studies

would be useful for records of damage and changes in the temple. The

case studies have documented the existing condition of the temples, the

damages caused by the earthquake as well as the changes made in previ-

ous times, and the present rehabilitation efforts, which is a good effort for

the records for future reference. It is recommended to make it a part of

every rehabilitation project to document through photographs, videos,

sketches, and drawings, and reports. Moreover, the monuments with reg-

ular maintenance and monitoring have shown lesser damage to the struc-

ture. It is highly recommended to repair and maintain the superstructure

as well as the plinth (which is lacking in most cases) periodically as the

load of the superstructure is supported by the plinths. The repair of tem-

ples is delicate work. Use of skilled and experienced labor should be

employed in the rehabilitation works with proper supervision of engi-

neers, architects, and structural experts. Appropriate tests should be con-

ducted to understand the mechanical properties of the timber, mud, mud

masonry as well as geological tests to understand the effects of the loca-

tion and geology of the site on the monument. Detailed seismic perfor-

mance analysis of the temple should be carried out not only after the

disaster but before the disaster so that the level of damage can be

predicted.
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verely affected districts in Nepal following the 2015 Gorkha earthquake. Results showed that regular listeners of the
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listeners reported that they now know about speciûc government suggested techniques for earthquake resistant foun-
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tion remained a key issue.
Keywords:

Disaster risk reduction

Gorkha earthquake

Reconstruction

Disaster risk communication

Radio

Livelihoods

Earthquake-resistant housing

1. Introduction

Nepal is prone to disasters, including earthquakes. The earthquake of

1934 A. D. is the most devastating earthquake (in recorded history) that oc-

curred in the territory of Nepal with casualties of more than 160,00 people

including from Nepal and India put together. Other major earthquakes in

the region that affected Nepal included the Assam earthquake of 1897,

the Kangra earthquake of 1905, and the Assam earthquake of 1950. The

7.6 magnitude Gorkha earthquake that struck Nepal on 25 April 2015

was the most powerful quake to hit the country in over 80 years. The

quake was followed by more than 300 aftershocks in the following days.

The Post Disaster Needs Assessment estimated the quakes killed nearly

9000 people and injured at least 22,000 [1]. The assessment estimated

that eight million people, almost one-third of the population of Nepal,

were affected by the earthquake and aftershocks, which destroyed more

than 600,000 homes and damaged more than 288,000 in 14 severely af-

fected districts [Fig. 1]. The strongest impact was in remote rural areas

and in Himalayan villages destroyed by avalanches and landslides, making

the response extremely challenging.

People are still recovering from the impact on their families, homes,

livelihoods, and communities. The National Reconstruction Authority

(NRA) founded in 2015 surveyed 1,037,291 houses in the post-disaster

phase and recommended 834,911 eligible for private housing reconstruc-

tion and retroûtting grants. Only 61% of those (507,623) had been recon-

structed as of October 2020 [2]. Information Needs Assessments (INA)1

identiûed that barriers to complete reconstruction and retroûtting include

cost, a complex grant system,2 and lack of familiarity with earthquake-

resistant rebuilding practices.

Media and communication can play a key role in this reconstruction pro-

cess – and in disaster risk reduction strategies in general – by increasing

Progress in Disaster Science 10 (2021) 100161

Abbreviations: ACORAB, Association of Community Radio Broadcasters; BAN, Broadcasting

Association of Nepal; BBC, Media Action; NGOs/INGOs, Non-governmental organization/

International non-governmental organization; NRA, National Reconstruction Authority, Nepal.
n Corresponding author.

E-mail addresses: sanjib.saha03@bbc.co.uk (S. Saha),

shobhana.pradhan@np.bbcmediaaction.org (S.G. Pradhan),

astha.siwakoti@np.bbcmediaaction.org (A. Siwakoti).

1 BBCMedia Actionworkedwith 11 partner radio stations across the 14 earthquake affected

districts. The partner radio stations conducted community discussions that included Informa-

tion Needs Assessment (INA) with affected communities. BBC Media Action research team

trained and mentored radio stations' staffs in conducting and analysing INA data and dissemi-

nating themacross all partner stations. See Fig. 8 for an example. A total of 154 community dis-

cussions and INAs were conducted between June 2016 and December 2018. Each community

discussion was edited into a 15-min radio programme and broadcast on their channel.
2 People who were affected by the earthquake were entitled to receive a government grant

to help rebuild their homes. This was provided in three tranches and released to people once

NRA engineers had completed a six-point check to ensure the correct construction materials,

frames and foundations had been used.

http://dx.doi.org/10.1016/j.pdisas.2021.100161

2590-0617/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Contents lists available at ScienceDirect

Progress in Disaster Science

j ourna l homepage: www.e lsev ie r .com/ locate /pd isas



112

people's understanding of risk, strengthening disaster risk governance, and

enhancing disaster preparedness (in this case supporting reconstruction)

[10], all of which are priority areas for action under the Sendai Framework.3

Through the exchange of information, advice and opinions between experts

and affected populations, people at all levels can make informed decisions

and take actions to reduce risk andprotect lives and livelihoods. Communicat-

ing disaster risk to prompt action can be complex. It requires a sound under-

standing of people's perceptions [11], concerns and beliefs, their knowledge

and practices and the environments in which they live and work. Despite

this recognition, there remains a lack of evidence around what works [10].

Media and communication can also play a key role in disaster response

by informing and connecting people, prompting discussion and providing

psychosocial support [3]. The BBC World Service has a history of using

radio to support people directly affected by crises. In 1994 language ser-

vices ran dedicated programmes for people affected by conûict in the

Great Lakes Region and in Afghanistan [3]. Since then, BBC World Service

and (since its was established in 1999) BBC Media Action have used radio

to respond to disaster and conûict with humanitarian aims [3]. Over the

past 10–15 years the humanitarian community has increasingly recognized

the importance and need for information to and from people affected [3].

However, these communication initiatives have not been adequately evalu-

ated (or at all in most cases), and there is therefore a lack of systematic

learning of what works and what does not [3,10,4].

In light of the lack of impact evaluation of communication to reduce di-

saster risk and to address humanitarian needs, this evaluative research

sought to measure the impact of the two complimentary radio programmes

Milijuli Nepali and KathaMaala on people severely affected by the 2015

Gorkha earthquake in Nepal.

1.1. How BBC Media Action responded in Nepal

Immediately after the earthquake, BBC Media Action launched a

Lifeline4 radio programme [5], providing humanitarian support on radio

through the BBC Nepali Service and the Association of Community Radio

Broadcasters (ACORAB) and the Broadcasting Association of Nepal

(BAN), reaching acrossNepal including those districts affected by the earth-

quake. This included information on where to ûnd food, shelter, and water

and howpeople could protect themselves and their loved ones in the imme-

diate aftermath of the disaster [3].

A week later, this Lifeline programme transitioned into a radio

magazine5 show called Milijuli Nepali (Together Nepal), with 15-min epi-

sodes broadcast twice a day, six days a week across the entire country as

a result of partnerships between the BBC Nepali Service, British Forces

Broadcasting Services and 400 other radio stations. This programme

reached 12% of Nepalis nationally, reaching a slightly higher population

in the earthquake affected districts (14%) [12].6 Alongside this factual pro-

gramme, BBCMedia Action also ran a radio drama series titled KathaMaala

(Garland of Stories). The story followed a milkmaid that went from shelter

to shelter sharing information. She retrained as a mason and rebuilds

houses in other areas. This drama complimented the factual show by

attracting female radio listeners and encouraged female participation in re-

construction process.

From June 2016, the radio programmes began to focus on reconstruc-

tion, continued to broadcast nationally on the BBC Nepali Service and

Radio Nepal. The programmes also broadcast on 11 local FM radio stations,

to provide optimum coverage in in the 14 severely affected districts

[Fig. 1].

The programmes aimed to support communities in the earthquake-

affected areas of Nepal to live in safer housing and therefore at lower risk

of being affected by future earthquakes. To achieve this aim, BBCMedia Ac-

tion set out a theory of Change (ToC) and a clear communication objectives

[13] that would increase knowledge on building safer earthquake-resistant

houses and motivate affected people and communities to:

Fig. 1. Fourteen severely affected district of 2015 Gorkha earthquake.

3 The Sendai Framework is a 15-year, voluntary, non-binding agreement which recognizes

that the State has the primary role to reduce disaster risk but that responsibility should be

shared with other stakeholders including local government.
4 Lifeline programming is special media programming for communities affected by human-

itarian crises. It aims to provide people with timely, relevant and practical information to alle-

viate their suffering and assist with their recovery. Lifeline programming also aims to give

affected people the opportunity to voice their concerns, express their needs, share their stories

and hold humanitarian aid providers to account.

5 A magazine programme presents a variety of topics in a format that often includes inter-

views and commentary.
6 In December 2015, BBCMedia Action conducted a nationally represented survey in 25dis-

tricts among 4000 people of Nepal. The main objective of the research was to measure the

reach, impact and outcome of BBC Media Action's media programmes in Nepal, focusing

mainly on governance and Nepal lifeline earthquake response i.e MiliJuli Nepali. Five districts

out of those 25 sampled districts were severely affected by the earthquake: Kathmandu,

Lalitpur, Sindupalchowk, Dolakha and Makwanpur. Respondents from affected districts were

asked additional questions on MiliJuli Nepali as well as questions on inûuence of programme

on them. See reference vii for detail methodology of this survey.
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• Engage with experts and decision-makers

• Try new building techniques

• Access the government's housing grant schemes

• Take steps to improve their livelihoods and invest in safer rebuilding

The programmes used real-life stories, drama, and advice from experts

to provide people with information, role model best practice and highlight

the challenges around reconstructing safer homes. The two programmes

also aimed to inform and provide examples of alternative livelihoods that

people could take up to increase their income to invest in reconstruction

and encouraged women to participate more in the livelihood activities

and reconstruction processes (such as undertaking mason training).

This research paper shows how BBCMedia Action's radio programming

supported affected communities and encouraged people to build homes

that were more resistant to earthquakes.

2. Methodology

2.1. Research objectives

The main purpose of the study was to assess the impact of the two

programmes – Milijuli Nepali and KathaMaala – on the affected communi-

ties. The main objectives of the research were to:

• Measure listenership of and engagement with the two BBC Media Action

reconstruction radio programmes: Milijuli Nepali and KathaMaala in the

project target districts

• Understand inûuence of the programmes on affected people's knowledge

around reconstruction issues

• Identify if affected people in the project target districts had taken any ac-

tion based on the information, they received from the programmes

2.2. Sampling

The research took a quantitative approachwith a face-to-face household

survey conducted in the 14 severely affected districts in August 2018. The

sample size of the survey was 2636. The sample was calculated using the

following statistical formula:

n ¼
z2 ÿ p 100−pð Þ

m2
ÿ deff ÿ nr

Where:

n = required sample size.

z = conûdence level at 95% (standard value of 1.96).

p= percent of population who listens to BBCMedia Action programme

=12%.

m = margin of error at 15% of p = 1.8.

deff = design effect7 = 2.

nr = non response = 5%.

This sample was representative of the population of the 14 districts. A

Probability Proportionate to Size (PPS) two stage stratiûed cluster sampling

approach was taken: in the ûrst stage, for each district, urban and rural

wardswithin thedistrictwere listed.Municipalwards as per thenational cen-

sus 2011were used as PSUs (primary sampling units) in both urban and rural

areas in all the districts. In the second stage, to maintain the proportionality

of households in each district, a PPS sampling method was used to select

PSUs from all selected districts. Fifteen households were randomly selected

in each PSU; hence 175 PSUs were selected accounting to the sample size

of 2636. One eligible respondent was selected from each household using a

Kish Grid. Demographic information on all respondents is shown in Fig. 2.

In addition to this random sample, 400 booster interviews were con-

ducted with purposively selected Milijuli Nepali and KathaMaala listeners

to provide a robust enough sample size to understand the outcomes of the

programmes. This took the total sample to 3036 respondents. The booster

sample of 400 peoplewere selected from the same PSUs as the random sam-

ple but from different households, and only selected if they had listened to

either or both the programmes. The samplewas only used in analysis which

aimed to examine the impact of programmes on key outcomes such as

knowledge, attitudes and practices around reconstruction. Data collection

was commissioned to a third-party research agency based in Kathmandu.

2.3. Weighting and analysis

WeusedSPSS20fordataanalysis.Data (collected throughrandomlysam-

pled 2636 interviews) was weighted against the 2011 Nepal census propor-

tions to ensure accurate representation of gender, location, and age. Analysis

was done in two stages:ûrst, descriptive analysis was undertaken in order to

understand the status of people's reconstruction efforts in the 14 districts,

people's media consumption, listenership to the programmes and the socio-

demographic proûle of those listeners e.g. age, gender, education, location

etc. Randomly sampled weighted data was used for this ûrst phase analysis

to ensure that resultswere representative of the actual population. Secondly,

analysis looked further at the type of engagement audiences hadwith these

twoprogrammes and their inûuence onkeyoutcomes the project seeks to ad-

dress such as knowledge and decisionmaking around reconstruction. It used

the dataset of 3036 (that included the 400 non-randombooster interviews).

To further understand the impact of the programmes on the key out-

comes, a range of quantitative analysismethodswere undertaken. Inferential

analysis and regressionmodelling were conducted to compare key outcomes

i.e. people's knowledge related to reconstruction issues and actions they have

taken during reconstructing their houses between those who regularly listen

to the programmes and those who did not listen to any of them. Chi-square

test was performed along with every cross-tabulation to identify the differ-

ence between groups were statistically signiûcant. Only those with signiû-

cant differences i.e. p < 0.05 were reported in this paper. The logistic

regression tested the impact of the programmes on audiences while control-

ling for potential confounding socio-demographic factors in the survey i.e.

age, sex, location, region, education, caste and ethnicity, household income,

and status with the government private housing grant scheme [6].

3. Results

3.1. Concerns hindering reconstruction

This research sought to understand people's concerns around the recon-

struction efforts and the reasons behind them.Respondents reported several

issues or concerns affecting or slowing down their effort to reconstruct

homes from the beginning of the process. Nearly three quarters (71%) of re-

spondents who were in the process of reconstructing their house or had

completed it, mentioned that some of the concerns they had at the begin-

ning of the reconstruction process remained.

One of the main reasons for this slow progress in reconstruction was the

lack of ûnancial resources. Of the survey respondents who reported

reconstructing their house or having completed it, 89% of them said the

main issue affecting progress was the ûnancial obstacle. 85% of them said

this concern remained. During the time of the survey, the NRA had been

able to complete agreements with 90% of beneûciaries and had disbursed

full grants to 41% [6]. However, the total amount given for reconstruction

(300,000 Nepali rupees per households) was insufûcient to enable comple-

tion of reconstruction. Getting a loan from other ûnancial institutions such

as banks has always been difûcult for affected people and it remained as a

concern for some within the survey.

On the other hand, concerns around accessing construction materials

and skilled resources such as trained masons or engineers had reduced sig-

niûcantly compared to earlier stages.8 For example, one of the major con-

cerns at the early stage of reconstruction was lack of reconstruction

7 A design effect (DEFF) is an adjustment made to ûnd a survey sample size, due to a sam-

pling method (e.g. cluster sampling, respondent driven sampling, or stratiûed sampling)

resulting in larger sample sizes (or wider conûdence intervals) than you would expect with

simple random sampling(SRS). The DEFF tells you the magnitude of these increases. More in-

formation on how to calculate design effect can be found here: https://www.statisticshowto.

com/design-effect/

8 The survey asked questions about people's concerns around reconstructions at the early

stage reconstruction and their remaining concerns.
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materials (60%) which only 28% of respondents mentioned as a remaining

concern. (Fig. 3).

3.2. Information sources on reconstruction

People's remaining concernsmay have been affected by the information

gap they reported around reconstruction. More than half of the respondents

(57%) said that the information they received on reconstruction was not

enoughtomeettheirneeds.Peopleintheirlocalitywerementionedasasource

of informationon the reconstructionby themajorityof people affected (56%)

butonly44%ofthemsaidtheytrustthissourcealot.Ontheotherhand,people

trustedengineersmost (83%)butonly55%mentionedusing themasasource

of information. Surprisingly, very few respondentsmentioned using the two

most important stakeholders in the reconstruction process as their sources of

information:thegovernmentandtheNGOs/INGOs,despitethemajorityofre-

spondents trusting those sources a lot. (Fig. 4).

3.3. Communication through radio

Historically radio has been the dominant media platform in mountain-

ous Nepal. As the topography makes it hard for national frequencies to

reach certain parts of the country, particularly Himalayan districts, hun-

dreds of local FM radio stations proliferate. There were an estimated 450

functioning local community and commercial FM radio stations in the

country in 2016, covering most of the districts. In the aftermath of the

2015 Gorkha earthquake, when most people in the affected communities

lost access to electricity, radio was the only way to communicate lifesaving

information to them. It remains an effective way of reaching people with

important information. However, access to mobile phone and TV has in-

creased over the past decade [6] and TV has become dominant media plat-

form in many parts of Nepal (Fig. 5).

3.4. Audiences

Milijuli Nepali and KathaMaala are two of the most popular radio

programmes among those that address reconstruction issues (Table 1).

The survey found that 21% of people in the 14 severely affected districts,

an estimated 747,257 people listened to either or both Milijuli Nepali

and/or KathaMaala in the previous 12 months from the survey. The over-

whelming majority of listeners (70%) listened to at least one of these

programmes regularly i.e. at least twice a month.

These two programmes attracted a signiûcant proportion of women and

lower caste people in these districts. 46% of the listeners were female, and

50% were from Janajati and Adibasi caste groups. As expected, given the

Fig. 2. Demographic Proûle of the survey respondents (Base = 2636).

Fig. 3. Main concerns during reconstruction*. Base: All those reported

reconstructing houses or had completed (n = 2049), and those reported having

remaining concerns (n = 1444).

*Multiple response questions - percentages for both scenarios sum to more than 100 as

respondents could identify more than one concern.

Fig. 4. Sources of information on reconstruction and trust on the sources (Base=

2636)*.

Base: 2636*Multiple response questions - percentages for both scenarios sum tomore than

100.

*Multiple response questions - percentages sum tomore than 100.
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target audience, the majority of the listeners were from rural areas (59%)

and more than three-quarters (78%) were from the districts outside of the

Kathmandu Valley. (Fig. 6).

The access to radio varied between different demographic groups. This

varied access is one of the inûuencing factors of varying reach among differ-

ent groups. Men and people living in rural areas listen to radio more than

women and urban dwellers (Fig. 7). The same pattern is reûected in the

Milijuli Nepali and KathaMaala audience proûle. Similarly, Hill upper cast

and Dalits reported listening to radio more than Janjati and Adivasi

(Fig. 7). This is reûected in the audience proûle too: 41% hill upper caste

respondents reported listening to the programmes as opposed to 35% in

the sample, and 9% Dalits listened to the programme as opposed to 7% in

the sample.

TV is the most widely accessed form of media in Kathmandu Valley with

98% participants reported having access to TV compared to only 61% of

those fromoutside the valley. Similarly, internet ismore accessible in the val-

ley too with 73% compared to 39% from those outside of the valley . There-

fore, people living in the Kathmandu valley clearly have other means to

access information than radio. Similar patterns have also been observed

among audience of similar radio programmes toMilijuli Neplai. For example,

listenership of Surakchit Gharbaswas 47% women and and 7% Dalit.

3.5. Radio programmes' inûuence on knowledge

Nearly all (99%) of respondents recognized the importance of having a

safe house, and almost all of them felt it was important in order to save lives

in case of a disaster (97%). There were long-term motivations too, such as

avoiding ûnancial losses in future andmaking sure that the housewas resis-

tant to future earthquakes. Regular listeners9 of Milijuli Nepali and

KathaMaala mentioned these long-term beneûts more than those who did

not listen to the programmes. 61% of regular listeners mentioned building

safe housing is important to ensure the house is earthquake resistant (com-

pared to 49% non-listeners) and 53% said they wanted to avoid ûnancial

losses in future (compared to 44% non-listeners). This indicates the

programmes perhaps inûuenced their knowledge around long-term bene-

ûts. Results from logistic regression also suggested that the regular listeners

of the programmes were 1.6 times (and 1.3 times) more likely to mention

both of these long-term motivational factors compared to those who did

not listen to any of the programmes (See Regression 1 & 2 in annex 2).

However, people who already believed building safe houses was important

and wanted to do so might more likely to listen to a programming about

building safe houses.

Affected people in the 14 districts were also aware about different

sources of help for reconstruction. More than half of the respondents men-

tioned engineers (62%) and local authorities (59%), and nearly a half

(48%) mentioned masons as people to help with reconstruction work. Reg-

ular listeners were more aware of contacting local government and skilled

resources (i.e. masons and engineers) for relevant information and advice

for their reconstruction work than those did not listen to the programmes

(Table 2).

A much smaller proportion of people, both listeners and non-listeners,

mentioned I/NGOs as sources of support for reconstruction (Table 2). Peo-

ple generally had very low trust of INGOs following the earthquake and

most of the reconstruction activities were managed by local government

bodies [7]. Banks were an important part of the grants process but only

10% mentioned them as a place to go for support in reconstruction.

3.5.1. Radio programmes' inûuences on reconstruction awareness

The survey also measured people's knowledge of the actions they could

take to reconstruct their homes. Themajority of the respondents (59%) said

they were aware of using earthquake resistant techniques endorsed by

skilled resources i.e. masons and engineers and using quality construction

materials thatwere available locally (53%).Nearly half (48%)of the respon-

dents said they were aware of the speciûc techniques to make their houses

strong and durable such as using vertical, horizontal, and bracing frames,

through stones (locally known as Kaichi Dunga) etc. (Table 3). Many of

these techniques were included in the NRA-approved earthquake resistant

building code and were followed by the trained masons and engineers.

Peoplewho had been listening toMilijuli Nepali orKathaMaala, reported

knowing about more actions people should take during reconstruction of

their houses compared to those who did not listen to either of the two

programmes. For example, 62% of regular listeners reported knowing

about speciûc techniques like vertical, horizontal, and bracing frames, and

Khaichi Dunga compared to43%non-listeners of the programmes. (Table 3).

It should be noted, however, that affected people in the study areas have

strong ûnancial motivation to learn about and use these techniques in their

reconstructionwork. Tomake progress on rebuilding andto receive the sec-

ond and third tranches of the government's private housing grant,

homeowners are required to ensure they follow earthquake resistant build-

ing codes. NRA engineers scrutinize six key items while inspecting every

stage of the grant process and those include construction materials,

frame, foundation etc. Thus, 57% of those who are the beneûciary of the

government's grants scheme reported knowing about speciûc techniques

like vertical, horizontal and bracing frames and Kaichi Dunga compared to

just 33% of those who were not a beneûciary. Nonetheless, results from lo-

gistic regression show that whether they were beneûciaries or not, regular

listeners ofMilijuli Nepali orKathaMaalawere 1.3 timesmore likely to know

Fig. 5.Media access among earthquake-affected communities (Base = 2636).

Table 1

Media programmes in Nepal that addressed reconstruction issues after 2015 earth-

quake (Base = 2636).

Programmes address reconstruction

issues

Broadcast media

platform

Listened in the past

12 months

Baliyo Ghar (Strong House) TV and radio 29%

Milijuli Nepali & KathaMaala Radio only 21%

Surakchit Gharbas (Safe Housing) TV and radio 20%

Mannabta Ko Lagi Hatelmalo (Joining

hands for humanity)

Radio only 11%

Bipat Sarokar (Disaster affairs) Radio only 9%

9 Those who listened to Milijuli Nepali and/or KathaMaala at least twice a month.

S. Saha et al. Progress in Disaster Science 10 (2021) 100161
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Fig. 6. Demographic proûle of BBC Media Action's reconstruction radio programmes' audiences.

Base: Those who listen to Milijuli Nepali or KathaMaala in the 12 months from survey (n = 560).

Fig. 7. Demographic proûle of radio listeners in affected communities. Base: Those have access to radio (n = 2044).
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about four or more actions that people could take during reconstruction of

their houses than non-listeners (see Regression 3 in Annex 2).

Awareness of bothmale and female masons and using female masons in

reconstruction activities was also higher among regular listeners of the

programmes. 22% of regular listeners mentioned accessing and using

women masons compared to 19% of those who did not listen to these

programmes. Logistic regression also showed regular listeners of Milijuli

Nepali or KathaMaala programmes are 1.6 times more likely to know

about using women masons compared to those who did not listen to the

programmes. (See Regression 4 in Annex 2).

3.6. Radio programmes' inûuence on action

Milijuli Nepali and KaathaMaala inûuenced people's decisions around

technical aspects of reconstruction. Among listeners, nearly two thirds of

listeners (65%) reported that their decisions around reconstructionwere in-

ûuenced by the programmes. Regular listeners of Milijuli Nepali and

KathaMaala reported taking actions more than non-listeners. For example,

38% reported using construction techniques endorsed by engineers, and

34% used vertical, horizontal, and bracing frames. Other actions they re-

ported taking during their reconstruction work include using skilled re-

sources like masons, and using earthquake resilient techniques advised by

them, and taking mason training to change their livelihoods. However,

Milijuli Nepali and KathaMaala regular listeners were more likely to report

taking these actions than those who did not listen to the programmes. For

example, 45% of the regular listeners of Milijuli Nepali or KathaMaala re-

ported following speciûc techniques like using vertical, horizontal and

bracing frames, maintain a safe level (as advised by engineers) of windows

and doors and Kaichi Dunga in their house reconstruction compared to 28%

of non-listeners. (Table 4).

These topics (using locally available materials, trained masons, tak-

ing up mason training and following speciûc earthquake proof tech-

niques like foundations, fortifying the house with lintels and bends,

keeping roofs lighter, having the same level of windows and doors

etc.) were key issues covered in Milijuli Nepali and KathaMaala. Since

using these earthquake-resistant techniques and advised materials are

pre-conditions to progress through the NRA grant process beneûciaries

reported taking these actions more than those who were not receiving

grants from the government. For example, 45% of those receiving grants

reported using vertical, horizontal, and bracing frame, safe level of win-

dows and Kaichi Dunga compared to only 9% of those not receiving

grants. However, logistic regression found that regular listeners were

1.4 times more likely to report taking six or more speciûc actions related

to reconstruction of their house compared to non-listeners irrespective

of whether they were a grant beneûciary or not (See Regression 5 in

annex 2).

Almost half of the listeners (49%) reported taking an action or doing

things differently after listening to the programmes. This includes using

trained masons or female masons along with technical actions. Initially,

when BBC Media Action had conducted Information Needs Assessments

(INA) together with local partner stations, people raised their concerns

that they lacked trust in newly trained masons. Thus, both Milijuli Nepali

and KathaMaala programmes tried to build trust in the masons in various

ways, such as by providing information on how trained masons could

help, how to identify a trained mason, sharing real life stories of house

owners using masons and beneûting from it etc. 14% of listeners reported

using a trained mason or a trained female mason after listening to the

programmes (Table 5). Regression results also found that regular listeners

were 1.3 times more likely to access and use trained masons (including

women masons), use semi-skilled masons under direct supervision of

trained masons, use techniques and raw materials suggested by masons,

Table 2

Sources of help and support on reconstruction (Base = 3036)a.

Q: Where do you think people

can go to get help for rebuilding

their houses?

All

(%)

Regularly listened to

Milijuli Nepali or

KathaMaala

(%)

Did not listen to

Milijuli Nepali and

KathaMaala

(%)

Engineers 62 69 59

Local authority 59 71 53

Masons 48 55 44

I/NGOs 12 16 10

a Base included 400booster sample;Multiple response question – percentage sum

to more than 100.

Table 3

Knowledge of actions people can take on reconstruction (Base = 3036)a.

Q: What can, or should people do while reconstructing their houses? All

(%)

Regularly listened to Milijuli

Nepali or KathaMaala(%)

Did not listen to Milijuli

Nepali and KathaMaala(%)

Used techniques endorsed by engineers 59 64 58

Using or reusing local materials 53 62 50

Following speciûc techniques such as vertical, horizontal,

and bracing frames (Nas), safe level of windows and doors, and Kaichi Dunga etc.

48 62 43

Take mason training 33 36 32

Rotate trained mason (alopalo) for building house 22 25 21

Approached local government for information 20 24 19

Accessed or used trained women masons 20 22 19

Frequently visited or contacted with local authorities 14 17 13

a Base included 400 booster sample; Multiple response question – percentage sum to more than 100.

Table 4

Actions taken while reconstructing houses (Base = 3036)a.

Q: Which actions did you take while reconstructing your houses? All

(%)

Regularly listened to Milijuli

Nepali or KathaMaala(%)

Did not listen to Milijuli

Nepali and KathaMaala(%)

Used techniques endorsed by engineers 38 45 34

Bought construction materials from the neighbouring/ local areas 36 39 34

Used or reused local materials 34 44 29

Following speciûc techniques such as vertical, horizontal, and bracing frames

(Nas), safe level of windows and doors, and Kaichi Dunga etc

34 45 28

Took up mason training 11 13 10

a Base included 400 booster sample; Multiple response question – percentage sum to more than 100.
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and take mason training compared to non-listeners (See Regression 6 in

Annex 2).

3.7. Programmes' inûuence on self-efûcacy

Listeners reported higher self-efûcacy than non-listeners in managing

the reconstruction process. People in the 14 districts were generally conû-

dent in dealing with issues around reconstruction. Most of the respondents

agreed that they knew and felt conûdent about receiving grants, accessing

information and local resources, contributing to a discussion regarding re-

construction and providing technical suggestions. This self-reported conû-

dence was reported more by the regular listeners of Milijuli Nepali or

KathaMaala compared to those who did not listen to the programmes.

94% of regular listeners of the programmes reported feeling conûdent to

go into the process to receive private housing reconstruction grants com-

pared to 80% non-listeners. Similarly, 77% said they could make sugges-

tions to community people on the technical areas of house construction

compared to 62% of non-listeners. (Table 6).

3.8. Programmes' inûuence on changing or adopting livelihood

Neither Milijuli Nepali nor KathaMaala focused heavily on diversiûca-

tion of livelihoods although there was some focus on encouraging peo-

ple (especially women) to undertake mason training. For example, in

Milijuli Nepali, the programme followed stories of a group of masons

who travelled across communities and supported people in rebuilding,

and who had trained speciûcally in this role since the earthquake.

The programme also showcased stories of women diversifying their in-

come through selling vegetables or taking a lead role in reconstruction

in the absence of male members in the household. In the drama series

KathaMaala, the central character Maala changed her profession after

the earthquake. Maala, who was a milk maid, trained herself as mason

and started helping people in rebuilding their houses. Whereas

the programmes have had a greater impact on motivating people to

take action around speciûc techniques related to reconstructing their

home, they were less successful at motivating people to take up or diver-

sify their livelihood, arguably a more difûcult action to take. Nearly one

third (32%) of the respondents reported having made a change to their

livelihood due to reconstruction. These changes included taking mason

training, applying new techniques in agriculture or increasing the num-

ber of livestock. Regular listeners of Milijuli Nepali or KathaMaala

reported changing or adopting their livelihood signiûcantly more than

those who did not listen to either of these programmes. For example,

14% of regular listeners reported taking up mason training compared

to only 7% of non-listeners (Table 7). Thus, the programmes partially

met their expectations in encouraging women to take up these

livelihood options and many female respondents reported doing so

alongside men.

4. Discussion: factors that helped in achieving these results

4.1. Developing and adapting the communication strategy to changing audience

needs

Communicating risk is complex. Designing and executing media

programmes that prompt people to understand risk and to take decisions

and actions accordingly requires a carefully considered communication

strategy that reûects a clear understanding of the complexity of people's

lives –what spurs them to change theway they do things andwhatmay pre-

vent them from doing so. If communication activities are to prompt people

to act, they must be engaging, trustworthy and appeal to the changing

needs and speciûc preferences of the audience. To get these things right,

it is important to conduct regular research, collaborate with a wide range

of partners, and if producing through local media providers, strengthen

Table 5

Listeners took action after listening toMilijuli Nepali orKathaMaala. Base: Those who

listen to Milijuli Nepali or KathaMaala in the 12 months from survey (n = 1060)a.

Q: What actions have you or your family taken after

listening to Milijuli Nepali or KathaMaala?

Milijuli Nepali or

KathMaala

listeners (%)

Used techniques endorsed by engineers 35

Using or reusing local materials 29

Helped each other 27

Used trained masons or women masons 14

Approached for government's ûnancial support i.e.

grants

13

a Base included 400 booster sample.

Table 6

Conûdence in dealing with issues around reconstruction (Base = 3036)a

Q: How much do you agree or disagree with the following statements? Agreed

(%)

Regularly listened to Milijuli

Nepali or Kathamaala(%)

Did not listen to Milijuli

Nepali and Kathamaala(%)

I know all the steps to follow to receive the grants 85 94 81

I feel conûdent to go into the process to receive the grants 84 94 80

I can access local resources required for safe construction 93 95 92

I can access all the information I require for safe construction 90 95 87

I feel I can contribute in the discussion regarding reconstruction in my community 79 89 73

I can make suggestions on some of the technical areas of house construction to others 67 77 62

a Base included 400 buster sample; Multiple response question – percentage sum to more than 100.

Table 7

Changes made to livelihoods due to reconstruction (Base = 2660)a

Q: What changes have you or your family members made

to your/their livelihood due to reconstruction?

All

(%)

Regularly listened to Milijuli

Nepali or Kathamaala(%)

Did not listen to Milijuli

Nepali and Kathamaala(%)

Base: 2660 Base: 2442

Increased the number of livestock/cattle 9 11 8

Adopted new techniques of agriculture 6 11 4

Started a new business 7 8 6

Changed their job 8 10 6

Took a mason training 9 14 7

Took training to generate more income 5 8 3

a Base includes those responded to this questions only.
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their capacities. Although the programmes launched in an emergency con-

text, BBCMedia Action spent considerable time understanding what would

help audiences make decisions and act on them. Continuous Information

Needs Assessments with the affected communities provided useful insights

regarding their changing needs, and the programmes were tailored accord-

ingly. [13].

One year after the earthquakes, as people's needs moved from recovery

to reconstruction, so did the focus of the radio programmes. Milijuli Nepali

began sharing information on how to construct earthquake-resistant hous-

ing. As outlined in Fig. 8, affected people had speciûc barriers to access in-

formation on grants and technical issues of rebuilding houses. Access to

skilled resources like trained masons and engineers were barriers too. The

programme featured experts (i.e. engineers and trainedmasons) discussing

and offering solutions to issues raised by affected people from different

communities. It re-visited communities to monitor their progress (Fig. 8).

KathaMaala presented its central characterMaala in a new occupation, hav-

ing trained as a mason. This change not only encouraged people to use

trained masons in their house reconstruction but also inspired other

women to take up masonry as a profession.

4.2. Delivering creative and entertaining content to hold audiences' attention

BothMilijuli Nepali and KathaMaala kept audiences at the centre of pro-

gramming and featured characters and individuals that audiences could

identify with.

The magazine show Milijuli Nepali travelled to affected areas and

brought the voices of local people and communities into the show, along-

side experts, to discuss and advise on solutions, issues and concerns raised.

The show followed up with communities to ascertain their progress. It in-

cluded entertaining content such as music and poetry from affected people

Fig. 8. A graphical presentation of ûndings from community needs assessments in Dhading districts.
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or listeners. These efforts kept the audience engaged over more than four

years– the Milijuli Nepali audience increased from 15% in 2016 to 20% in

2019 in the severely affected districts [12].

The programmes also attracted listeners from diverse backgrounds:

nearly half (46%) of the listeners were women, nearly eight in 10 listeners

(78%) were from 11 districts outside of the Kathmandu valley, and nearly

six in 10 (59%) were from rural areas and from the caste and ethnic groups

not labelled as higher hill castes.

It should be noted that the programme content was informed by forma-

tive research partnerships and discussions with civil society, experts, and

the Nepali government who were consulted widely when making all

programmes.

4.3. Storytelling and role modelling to give people conûdence to take action

At the beginning of the reconstruction phase, many people raised con-

cerns in audience needs assessments that they lacked trust in newly trained

masons. To address this issue, the drama series KathaMaala introduced a

mason through its central female character Maala, who trained as a

mason and encouraged listeners to follow her example to train as well as

to seek support from trained masons. Milijuli Nepali also discussed the im-

portance of seeking advice and support from skilled masons and engineers

when reconstructing houses. The presenter used metaphors to make these

technical aspects simple and comprehensible for listeners and helped lis-

teners visualise these techniques. The programme brought stories of people

‘like them’ taking action and trying things that might otherwise seem awk-

ward or difûcult. This research found that the programmes helped to build

people's trust in masons. Other research has shown that well-known and

trusted ûgures increased acceptance of information provided on the radio

during responses to the Ebola epidemic in West Africa between 2014 and

2016 [8].

The results showed that listeners were more likely to feel conûdent

about applying for government grants compared to non-listeners (94% vs.

80%), and felt they could contribute in discussions regarding safe recon-

struction in their communities (89% vs. 73%). Listening to community

leaders and experts on the radio, people gained trust in authorities and re-

sponse teams, and gained conûdence in their own individual ability to cope

and recover from the crisis [9].

4.4. Using simple and clear language to facilitate understanding of building

techniques

Both programmes used language that was easy for the audience to

understand, particularly regarding explanations of technical NRA-

mandated techniques and other earthquake-resistant techniques

(Fig. 9). Some episodes of Milijuli Nepali focused on different technical

aspects of construction, such as how to create strong foundations, how

to strengthen houses with lintels and the importance of keeping roofs

lighter. The presenter used metaphors to ensure these technical aspects

were easy to understand and helped listeners visualise them. The pro-

gramme also featured experts and engineers to explain these techniques

in precise, yet clear, terms.

Listeners were especially engaged with parts of the programmes that

provided technical information on rebuilding their homes. People who

were affected by the earthquake were entitled to receive a government

grant to help rebuild their homes. This was provided in three tranches

and released to people once NRA engineers had completed a six-point

check to ensure the correct construction materials, frames and founda-

tions had been used. As discussed above, analysis found that listeners

were more likely to than non-listeners to know about actions and to

take more actions around rebuilding correctly, even when controlling

for other factors.

Fig. 9. Transcript of a Milijuli Nepali episode explaining earthquake-resistant foundation technique locally known as Kaichi Dunga or Paitalish.
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5. Conclusion

This research provides evidence that people in the 14 severely affected

districts have beneûted from the trusted and relevant information provided

in Milijuli Nepali and KathaMaala. It provides evidence that these two

programmes have affected the way people understand earthquake risk in

relation to housing and what they do about it.

The programmes have made earthquake affected people aware of

where and how to access information and ûnancial support for recon-

struction, and informed them about earthquake-resistant building

techniques, locally available materials, and skilled service providers,

such as masons and engineers. In addition, the programmes have

been successful at motivating people to make important decisions re-

lated to their reconstruction work and at prompting them to take con-

crete action that will contribute to risk reduction and building safer

housing.

Role modelling good practices through a diverse range of real-

life stories and drama and allowing ordinary people to tell their

own stories in an engaging way were effective at building knowl-

edge and self-efûcacy. Audiences recognized themselves in these

stories and identiûed with the situations. The success of these

programmes was also contingent on adapting programming accord-

ing to people's changing needs at different stages of the reconstruc-

tion process.

This paper has brought to light that lack of evaluative data and evidence

of impact from similar disaster risk reduction and recovery programmes on

the radio has effectively reduced the scope to compare results of this study

with others.

However, evidence gathered through a comprehensive review of

research papers covering the use or impact of humanitarian radio in

several large-scale emergencies has demonstrated that radio

programmes were effective at inûuencing positive behaviours for

coping in emergencies. The authors of that review predicted ‘no rea-

son to doubt’ that radio programmes in emergencies would not create

the same positive effect [4]. However, drawing such conclusion

based on the robust evaluative results or empirical data may not be

possible in the future as Hannides [3] rightly mentioned “evaluations

that are considered ‘robust’” face multiple practical challenges in a

crisis.

6. Implications for future media and communication interventions

Develop disaster risk communication

strategies based on research and

evidence

Conduct early and regular research, work

with partners, and adapt programming

accordingly. Future programming should

continue to not only provide people with

trustworthy and relevant information, but

encouragement and support through

effective role modelling and storytelling –

especially reinforcing women's roles in the

overall recovery process.

Support to develop livelihoods and to

access ûnancial services

DRR programmes for low-income audiences

could support people more effectively by

including discussion of how to increase their

incomes, develop their livelihoods, access

ûnancial services, and manage money wisely

in order to invest in reconstruction and

retroûtting.
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Annex 1: Questions asked in the survey

• Do you (or your family) consider yourself affected by the 2015 (2072) earthquake?

• After the earthquake and till now, in what ways did the earthquake affect you?

• How did the government classify your house during the damage assessment?

• What is the status of your house now?

• Are/ were you a beneûciary for the government grant? How many tranches of government grant you have received so far for building your house?

• What were your main concerns at the beginning stages of the reconstruction? Do you still have any of these concerns?

• What are remaining concerns you have related to reconstruction of your home?

• What has been the impact of having to reconstruct or renovate your home?

• What changes have you or your family members made to your livelihoods due to reconstruction?

• Besides the changes mentioned above, are any changes you or your family members made to your livelihoods due to reconstruction?

• What can/ should people do while reconstructing / renovating their house?

• Are there any other ways that people should dowhile reconstructing their house in terms of using buildingmaterials, using different techniques of building

house, mason, government information? (What actions can be taken?) Out of these, which action you have done?

• Where do you think people can go to get help for rebuilding their houses?

• How important do you think building safe house is? Why building safe house is important?

• Over the last 1 year, do you think your knowledge on the following have increased, remained same, or decreased?

• What are your main sources of information for reconstruction? How much trust do you have on these sources of information on reconstruction?

• Do you feel you have the information you need to access reconstruction support?

• To what extent does information in the media has inûuenced your ability to make decision on rebuilding your house?

• Are you aware of any programme on radio and TV about reconstruction?

• Which of these programmes did you listen in the past 12 months? When did you last listened to Milijuli Nepali and Kathamala?

• How often do you listen to Milijuli Nepali,Kathamala and Local discussion programme?

• Has Milijuli Nepali or Kathamaala inûuenced any decisions you have taken around reconstruction? If Yes, which decisions were inûuenced?
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• Have you or your family taken any action/done things differently after listening to Milijuli Nepali or Kathamala, to deal with issues on reconstruction? If

Yes, what actions/changes have you/your family made/done?

Annex 2: Tables of logistic regression

Regression modelling was conducted to compare key outcomes i.e. people's knowledge related to reconstruction issues and actions they have taken during

reconstructing their houses between those regularly listening to the programmes and those did not listen any of them. The logistic regression tested the im-

pact of the programmes on audiences while controlling for potential confounding socio-demographic factors i.e. age, sex, location, region, education, caste

and ethnicity, and household income as well as their beneûciary status with the government private housing grant scheme.

Regression 1: Knowledge of beneût of reconstruction (To avoid ûnancial loses and dmage) by regular listeners of Milijuli Nepali and/or KathaMaala.

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Regular audience 0.243 0.088 7.586 1 0.006 1.275 1.072 1.515

AGE 3.491 5 0.625

15–24 0.179 0.180 0.996 1 0.318 1.197 0.841 1.702

25–34 0.150 0.159 0.895 1 0.344 1.162 0.851 1.586

35–44 0.258 0.151 2.919 1 0.088 1.294 0.963 1.740

45–54 0.090 0.148 0.366 1 0.545 1.094 0.818 1.462

55–64 0.150 0.153 0.968 1 0.325 1.162 0.861 1.569

RURAL 0.394 0.172 5.219 1 0.022 1.482 1.058 2.077

SEX Male 0.034 0.081 0.179 1 0.672 1.035 0.883 1.213

REGION Kathmandu 0.369 0.190 3.774 1 0.052 1.447 0.997 2.100

EDUCATION 13.042 3 0.005

No schooling −0.591 0.169 12.213 1 0.000 0.554 0.397 0.771

Primary-5 years edu −0.468 0.143 10.631 1 0.001 0.626 0.473 0.830

Secondary-10 years edu −0.372 0.140 7.093 1 0.008 0.690 0.525 0.907

CASTE 6.134 2 0.047

Hill upper castes −0.158 0.159 0.980 1 0.322 0.854 0.625 1.167

Hill Adibasi/Janajati groups −0.307 0.151 4.158 1 0.041 0.735 0.547 0.988

HOUSEHOLD INCOME 0.415 3 0.937

Poorest >10,000 0.057 0.180 0.102 1 0.749 1.059 0.745 1.506

Lower-MiddleIncome group 10,000 to 20,000 0.092 0.163 0.319 1 0.572 1.096 0.797 1.509

MiddleIncome group <20,000 to 40,000 0.057 0.172 0.110 1 0.740 1.059 0.756 1.482

Constant −0.163 0.321 0.259 1 0.611 0.849

The reference categories for thismodel are Not reached byMilijuli Nepalis and KathaMaala, Age 65+, urban, female, other regions, College&Uni education,

Hill Dalits, Modeshi & others, and High income group. The model had an Cox & Snell R Square value of 0.019.

Regression 2: Knowledge of beneût of reconstruction (To build durable, strong earthquake resilient house) by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Regular audience 0.469 0.089 27.520 1 0.000 1.599 1.342 1.905

AGE 4.695 5 0.454

15–24 −0.345 0.181 3.642 1 0.056 0.708 0.497 1.009

25–34 −0.147 0.159 0.855 1 0.355 0.863 0.632 1.179

35–44 −0.209 0.152 1.899 1 0.168 0.811 0.603 1.092

45–54 −0.235 0.148 2.519 1 0.112 0.790 0.591 1.057

55–64 −0.152 0.153 0.979 1 0.322 0.859 0.636 1.160

RURAL 0.004 0.170 0.001 1 0.982 1.004 0.720 1.400

SEX Male 0.079 0.081 0.946 1 0.331 1.082 0.923 1.270

REGION Kathmandu 0.502 0.190 6.981 1 0.008 1.651 1.138 2.396

EDUCATION 18.384 3 0.000

No schooling −0.444 0.170 6.813 1 0.009 0.642 0.460 0.895

Primary-5 years edu −0.040 0.144 0.079 1 0.779 0.960 0.724 1.274

Secondary-10 years edu 0.105 0.141 0.557 1 0.456 1.111 0.843 1.465

CASTE 1.054 2 0.590

Hill upper castes 0.156 0.161 0.943 1 0.331 1.169 0.853 1.603

Hill Adibasi/Janajati groups 0.099 0.152 0.423 1 0.516 1.104 0.819 1.488

HOUSEHOLD INCOME 3.282 3 0.350
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(continued)

Regression 2: Knowledge of beneût of reconstruction (To build durable, strong earthquake resilient house) by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Poorest >10,000 −0.330 0.183 3.241 1 0.072 0.719 0.502 1.030

Lower-MiddleIncome group 10,000 to 20,000 −0.268 0.167 2.568 1 0.109 0.765 0.552 1.062

MiddleIncome group <20,000 to 40,000 −0.258 0.176 2.144 1 0.143 0.773 0.547 1.091

Constant 0.287 0.323 0.793 1 0.373 1.333

The reference categories for thismodel are Not reached byMilijuli Nepalis and KathaMaala, Age 65+, urban, female, other regions, College&Uni education,

Hill Dalits, Modeshi & others, and High income group. The model had an Cox & Snell R Square value of 0.034.

Regression 3: Knowledge of actions by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Regular audience of MiliJuli Nepali and/or KathaMaala 0.294 0.090 10.767 1 0.001 1.342 1.126 1.600

AGE 12.985 5 0.024

15–24 −0.352 0.185 3.637 1 0.057 0.703 0.490 1.010

25–34 −0.368 0.164 5.053 1 0.025 0.692 0.502 0.954

35–44 −0.046 0.154 0.089 1 0.766 0.955 0.706 1.292

45–54 0.032 0.150 0.044 1 0.834 1.032 0.768 1.386

55–64 −0.110 0.157 0.489 1 0.484 0.896 0.659 1.219

RURAL −0.403 0.170 5.615 1 0.018 0.668 0.479 0.933

SEX Male 0.080 0.083 0.924 1 0.336 1.083 0.920 1.275

REGION Kathmandu −0.038 0.189 0.041 1 0.839 0.962 0.664 1.394

EDUCATION 17.417 3 0.001

No schooling −0.630 0.173 13.196 1 0.000 0.533 0.379 0.748

Primary-5 years edu −0.293 0.145 4.050 1 0.044 0.746 0.561 0.992

Secondary-10 years edu −0.084 0.141 0.357 1 0.550 0.919 0.698 1.211

CASTE 11.657 2 0.003

Hill upper castes −0.530 0.161 10.828 1 0.001 0.588 0.429 0.807

Hill Adibasi/Janajati groups −0.496 0.152 10.664 1 0.001 0.609 0.452 0.820

HOUSEHOLD INCOME 5.526 3 0.137

Poorest >10,000 0.289 0.186 2.427 1 0.119 1.336 0.928 1.922

Lower-MiddleIncome group 10,000 to 20,000 0.334 0.168 3.932 1 0.047 1.396 1.004 1.942

MiddleIncome group <20,000 to 40,000 0.159 0.177 0.801 1 0.371 1.172 0.828 1.659

Constant 0.395 0.325 1.477 1 0.224 1.485

The reference categories for thismodel are Not reached byMilijuli Nepalis and KathaMaala, Age 65+, urban, female, other regions, College&Uni education,

Hill Dalits, Modeshi & others, and High income group. The model had an Cox & Snell R Square value of 0.025.

Regrssion 4: Knowledge of accessing and using skilled and trained masons by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Regular audience of MiliJuli Nepali and/or KathaMaala 0.465 0.138 11.345 1 0.001 1.591 1.214 2.086

AGE 6.095 5 0.297

15–24 −0.508 0.313 2.635 1 0.105 0.602 0.326 1.111

25–34 −0.173 0.266 0.422 1 0.516 0.841 0.499 1.417

(continued on next page)
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(continued)

Regrssion 4: Knowledge of accessing and using skilled and trained masons by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

35–44 0.038 0.248 0.024 1 0.877 1.039 0.640 1.688

45–54 0.049 0.242 0.041 1 0.839 1.050 0.653 1.689

55–64 0.080 0.251 0.101 1 0.750 1.083 0.663 1.771

RURAL −0.309 0.259 1.417 1 0.234 0.735 0.442 1.221

SEX Male 0.005 0.133 0.001 1 0.971 1.005 0.774 1.305

REGION Kathmandu 0.039 0.288 0.018 1 0.892 1.040 0.592 1.827

EDUCATION 0.895 3 0.827

No schooling −0.078 0.273 0.082 1 0.775 0.925 0.541 1.579

Primary-5 years edu −0.069 0.229 0.092 1 0.762 0.933 0.595 1.462

Secondary-10 years edu 0.090 0.221 0.165 1 0.685 1.094 0.710 1.685

CASTE 11.174 2 0.004

Hill upper castes −0.691 0.225 9.409 1 0.002 0.501 0.322 0.779

Hill Adibasi/Janajati groups −0.680 0.210 10.487 1 0.001 0.507 0.336 0.765

HOUSEHOLD INCOME 5.770 3 0.123

Poorest >10,000 −0.623 0.272 5.240 1 0.022 0.537 0.315 0.914

Lower-MiddleIncome group 10,000 to 20,000 −0.394 0.233 2.875 1 0.090 0.674 0.427 1.063

MiddleIncome group <20,000 to 40,000 −0.261 0.245 1.139 1 0.286 0.770 0.477 1.244

Constant −0.976 0.481 4.108 1 0.043 0.377

The reference categories for this model are Not reached byMilijuli Nepali and KathaMaala, Age 65+, urban, female, other regions, College&Uni education,

Hill Dalits, Modeshi & others, and High income group. The model had an Cox & Snell R Square value of 0.014.

Regression 5: Action taken to reconstruct house by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2789

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Regular audience of MiliJuli Nepali and/or KathaMaala 0.332 0.106 9.788 1 0.002 1.393 1.132 1.715

AGE 12.602 5 0.027

15–24 0.040 0.230 0.030 1 0.863 1.041 0.662 1.635

25–34 −0.070 0.208 0.113 1 0.736 0.932 0.620 1.402

35–44 0.032 0.198 0.026 1 0.872 1.033 0.701 1.522

45–54 0.403 0.189 4.546 1 0.033 1.496 1.033 2.166

55–64 0.289 0.198 2.132 1 0.144 1.335 0.906 1.969

RURAL 0.098 0.228 0.183 1 0.668 1.103 0.705 1.724

SEX Male 0.047 0.103 0.207 1 0.649 1.048 0.857 1.282

REGION Kathmandu −2.682 0.459 34.168 1 0.000 0.068 0.028 0.168

EDUCATION 2.775 3 0.428

No schooling −0.347 0.219 2.512 1 0.113 0.707 0.460 1.086

Primary-5 years edu −0.174 0.185 0.884 1 0.347 0.841 0.585 1.207

Secondary-10 years edu −0.163 0.181 0.810 1 0.368 0.850 0.596 1.212

CASTE 7.270 2 0.026

Hill upper castes −0.330 0.184 3.226 1 0.072 0.719 0.502 1.031

Hill Adibasi/Janajati groups −0.454 0.173 6.909 1 0.009 0.635 0.453 0.891

HOUSEHOLD INCOME 1.131 3 0.770

Poorest >10,000 0.181 0.243 0.554 1 0.457 1.198 0.745 1.927

Lower-MiddleIncome group 10,000 to 20,000 0.230 0.224 1.059 1 0.303 1.259 0.812 1.952

MiddleIncome group <20,000 to 40,000 0.208 0.237 0.767 1 0.381 1.231 0.773 1.960

Constant −1.234 0.417 8.737 1 0.003 0.291

The reference categories for this model are Not reached byMilijuli Nepali and KathaMaala, Age 65+, urban, female, other regions, College&Uni education,

Hill Dalits, Modeshi & others, and High income group. The model had an Cox & Snell R Square value of 0.054.

Regression 6: Using masons by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

Regularly reached 0.273 0.101 7.283 1 0.007 1.314 1.078 1.602

AGE 8.534 5 0.129

15–24 −0.118 0.201 0.346 1 0.556 0.889 0.600 1.317

25–34 −0.358 0.174 4.249 1 0.039 0.699 0.497 0.983
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(continued)

Regression 6: Using masons by regular listeners of Milijuli Nepali and/or KathaMaala

N = 2791

Variables Unstandardized

Coefûcients

Wald df Sig. Exp(B) 95% C.I.for EXP(B)

B S.E. Lower Upper

35–44 −0.057 0.167 0.114 1 0.735 0.945 0.681 1.312

45–54 −0.054 0.163 0.108 1 0.742 0.948 0.688 1.305

55–64 0.022 0.169 0.017 1 0.898 1.022 0.733 1.424

RURAL 0.381 0.175 4.742 1 0.029 1.464 1.039 2.063

SEX Male 0.010 0.090 0.012 1 0.913 1.010 0.847 1.204

REGION Kathmandu −1.123 0.193 33.914 1 0.000 0.325 0.223 0.475

EDUCATION 8.596 3 0.035

No schooling −0.444 0.186 5.695 1 0.017 0.642 0.446 0.924

Primary-5 years edu −0.129 0.159 0.657 1 0.418 0.879 0.643 1.201

Secondary-10 years edu −0.116 0.155 0.562 1 0.453 0.890 0.657 1.207

CASTE 0.919 2 0.632

Hill upper castes −0.043 0.181 0.055 1 0.814 0.958 0.672 1.366

Hill Adibasi/Janajati groups −0.117 0.171 0.467 1 0.494 0.890 0.637 1.244

HOUSEHOLD INCOME 4.294 3 0.231

Poorest >10,000 0.258 0.198 1.702 1 0.192 1.294 0.879 1.907

Lower-MiddleIncome group 10,000 to 20,000 0.041 0.177 0.054 1 0.816 1.042 0.736 1.476

MiddleIncome group <20,000 to 40,000 0.159 0.188 0.713 1 0.398 1.172 0.811 1.693

Constant 0.838 0.348 5.804 1 0.016 2.312

The reference categories for this model are Not reached byMilijuli Nepali and KathaMaala, Age 65+, urban, female, other regions, College&Uni education,

Hill Dalits, Modeshi & others, and High income group. The model had an Cox & Snell R Square value of 0.064.
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An attempt has been made to evaluate seismic hazard in the Kathmandu Valley and its adjoining region. A segment of

the Main Himalayan Thrust, which produced the 2015 Gorkha Earthquake is used as an earthquake source. Two rup-

ture models of the source are utilized assigning unequal weight to estimate seismic hazard. The ûrst model considers

entire north-south rupture of the source that is similar to the rupture of the 1934 Bihar-Nepal Earthquake (Mw 8.2).

The secondmodel considers the northern-half rupture of the source, which is similar to that of the 2015 Gorkha Earth-

quake (Mw 7.8) and possibly the 1833 Nepal Earthquake (Mw 7.6).

Seismic hazard maps are prepared for 500 and 200 year return periods at engineering rock site condition. A compar-

ison is made between the peak ground acceleration (PGA) of Kathmandu and Nijgadh estimated for 200 year return

period with the recorded PGA of the 2015 Gorkha Earthquake in Kathmandu (Kirtipur: a rock site) and empirically es-

timated PGA of that earthquake in Nijgadh respectively. Kathmandu and Nijgadh are selected for the comparison be-

cause Kathmandu falls within the rupture area of the 2015Gorkha Earthquake andNijgadh is in the Indogangetic Plain

and away from the rupture area of that earthquake. The result shows that the PGA (0.23 g) estimated for Kathmandu

for 200 year return period closely agrees with the instrumentally recorded PGA of the 2015 Gorkha Earthquake in

Kathmandu (0.25 g). Instrumentally recorded PGA is not available in Nijgadh, which is at about 55 km in the south

from Kathmandu. A seismic intensity survey was carried out in Nijgadh and its adjoining region to estimate the inten-

sity of the 2015 Gorkha Earthquake in Nijgadh. The probabilistically estimated PGA (0.1 g) for Nijgadh for 200 year

return period is in reasonable agreement with that of the 2015 Gorkha Earthquake (0.07 g) estimated from the seismic

intensity (VI on MMI).

Keywords:
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Seismic hazard

Probabilistic seismic hazard analysis

Main Himalayan Thrust
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1. Introduction

Nepal is situated in the central part of the Himalaya, which is one of the

seismically most active zones in the world. Earthquakes in the Himalaya re-

sult from the cyclic release of elastic stress accumulating continuously at a

rate of about 2 cm a year (e. g. [3,6,25]).

The Main Himalayan Thrust (MHT) is the major source of seismic haz-

ard in Nepal (e. g. [36]). During interseismic period, stress energy accumu-

lates along the Himalaya in the form of straining of the upper part of the

crust. This energy is released when the accumulated stress exceeds the

rock strength. There are two schools of thought regarding the size of earth-

quake sources in the Himalaya. One school considers very large earth-

quakes may occur (e. g. [3,8,27,44,45]) similar to the 2004 Indonesia

Earthquake (Mw 9.0). The other school disagrees with the possibility of

such large earthquakes and advocates the possibility of earthquakes smaller

than Mw 9.0 adopting the major source of seismic hazard (MHT) is seg-

mented into several segments (e. g. [51]; Gahalaut and Arora [21],

[11,17,20,24,30,42]). This work is undertaken assuming very large

earthquakes may not occur in the Himalaya because seismicity pattern as

well as geomorphic features along and across the Himalaya exhibit lateral

variation, which possibly are boundaries of potential earthquake sources.

Nepal haswitnessed several mega-quakes, withmagnitude above 8, and

thousands of smaller earthquakes. The Kathmandu Valley has been report-

edly destroyed several times by destructive earthquakes (Table 1) in the

past [15]. The 2015Mw 7.8 Gorkha Earthquake is the most recent destruc-

tive event in Nepal, which killed about 8979 (www.drrportal.gov.np) peo-

ple and injured hundreds of thousands. Small earthquakes (Mw <4.0)

occur every day but they are not strong enough to cause loss of lives and

property. Great (Mw≥ 8.0) as well as major (8.0 >Mw> 7.0) earthquakes

occur infrequently but can have a tragic impact on people and society as a

whole. Earthquakes cannot be predicted reliably; therefore proper assess-

ment of seismic hazard is important. Such assessment provides information,

which is required in construction practices, national level planning, na-

tional level policy making, and insurance policies and so on.

Seismic hazard of Nepal has been investigated by several researchers

and institutions. The ûrst one of such study was carried out for the Nepal
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National Building Code [33]. Similarly, Global Seismic Hazard Assessment

Program [22], Department of Mines and Geology and other researchers

([35,46,49] have studied seismic hazard in Nepal. The peak ground accel-

erations (PGAs) from these studies do not agree among themselves, which

range between 0.3 g and 0.55 g in the Kathmandu Valley and between

0.1 and 0.4 in Nijgadh (Table 2).

The differences in the results possibly resulted from different maximum

potentialmagnitude of earthquake sources, recurrence parameters and a lit-

tle from subsurface geometry of the sources.

The above mentioned works have considered the complete rupture of

the earthquake sources from theMHT.We have a recent evidence of partial

rupture of earthquake source (MHT) as demonstrated by the 2015 Gorkha

Earthquake [4] and possibly the 1833 North-Kathmandu Earthquake [7].

This study has been undertaken to incorporate earthquakes produced by

the partial rupture of MHT in addition to large earthquakes caused by its

complete rupture so that the result would be more representative to the

real situations.

A comparison is made between probabilistically estimated PGA (corre-

sponding to 200 year return period) at engineering rock site condition, in

Kathmandu (85.27° E, 27.68° N) and in Nijgadh (85.15° E, 27.18° N),

which are separated by a distance of about 55 km. Kathmandu falls within

the rupture area of the 2015 Gorkha Earthquake, whereas Nijgadh is away

from it. It should be noted that the 1833 Nepal Earthquake and 2015

Gorkha Earthquake are interpreted to have ruptured approximately the

same area [4,30], which are separated by 182 years in time.

Geologically, the Kathmandu valley is located in the Midland Zone of

the Lesser Himalaya [56], and is bounded by the Mahabharat Lekh in the

south and the Shivapuri Lekh in the north. The basement of the

Kathmandu basin is interpreted to be a huge nappe (Kathmandu Nappe)

formed by thrusting along Mahabharat Thrust (MT), probably the south-

ward extension of the Main Central Thrust (MCT) [47]. It is made up of

the Precambrian Bhimphedi Group and Paleozoic Phulchoki Group [47].

The Kathmandu valley is ûlled in with young ûuvio-lacustrine sediments

of Pliocene to Quaternary age [54]. The maximum depth to bedrock is

more than 500 m at the middle of the basin. Nijgadh is in the northern

part of the Indogangetic Plain.

Table 1

Historical earthquakes, which reportedly destroyed the Kathmandu Valley and

adjoining region [15].

Date Latitude (N) Longitude (E) Magnitude Intensity (MMI) in Kathmandu

1255 – – – X

1408 – – – X

1681 – – – IX

1810 – – – IX

1833 28° 85° 7 X

1833 27° 85° 7 IX

1833 27° 84° 7 VIII

1866 27.7° 85.3° 7 X

1934 26.5° 86.5° 8.3 IX-X

Table 2

Ground motion parameters (PGA) estimated in previous studies. The PGA values

correspond to 500 year return period at engineering rock site condition.

Author PGA (g)

Kathmandu Nijgadh

NBC-1905 (2020 revision) 0.38 0.4

GSHAP [22] 0.4 0.3

Pandey et al. [35] 0.3 0.1

Thapa and Wang [49] 0.5 0.3

Stevens et al. [46] 0.55 0.4

Fig. 1. Epicentral distribution of the earthquake catalogue (Modiûed from [37]).

Fig. 2. Attenuation curves of the attenuation relations used in this study. The

attenuation curves belong to Mw 8 earthquake at a hypocentral distance of 20 km.
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2. Required data and methodology

A magnitude-homogenized earthquake catalogue is required in seismic

hazard assessment to identify potential earthquake sources and to derive

earthquake recurrence parameters. In this study, we have used the earth-

quake catalogue prepared by Rajaure& Paudel [37] (Fig. 1). The catalogue

contains information of earthquakes (Origin date, origin time, latitude, lon-

gitude, depth andmagnitude)withmagnitudes betweenMw4 andMw8.5,

since the last 900 years (since 1100 AD).

A locally established attenuation relation, also called ground motion

prediction equation (GMPE), is preferred in any seismic hazard assessment,

but such a relation is not available to the date for Nepal. There are several

attenuation relations established in different types of tectonic regions; how-

ever which model ûts best the local attenuation conditions is unknown.

Therefore, two attenuation relations Zhao et al. 2006 [55] and [57] (here-

after called BcHydro) [5] from subduction zone and two (Abrahamson et al.

[1]) and Chiou and Youngs [14]) from active shallow crustal (reverse)

earthquake region (Fig. 2, Table 3) are selected in the present study.

This study utilizes probabilistic technique to evaluate seismic hazard.

The technique is based largely on the work by Cornell [16], which esti-

mates the rate of exceedance of some ground motion levels, generally

expressed in terms of peak ground acceleration or peak spectral accelera-

tion [29]. It provides a framework in which the uncertainties can be identi-

ûed, quantiûed and incorporated to provide a better image of the seismic

hazard. The R-CRISIS software developed by [34] was used to estimate

PGA at 20 km spacing in the region.

The Main Himalayan Thrust is the major source of seismic hazard in

Nepal (e. g. [36,46]), which separates the overriding Eurasian Plate from

Table 3

Characteristics of the attenuation relations utilized in this study. The unit ‘g’ is acceleration due to gravity (9.8 m/s2).

Attenuation relation Tectonic region Magnitude range (Mw) Spectral range (s) Distance range (Km) Type of distance metric Unit

Abrahamson et al. [1] Active-shallow crustal 3–8.5 0–10 0–300 Rrup g

Chiou and Youngs [14] 3.5–8 0–10 0–300 Rrup g

Zhao et al. [55] Subduction 5–8.3 0–5 0–300 Rrup Cm/s2

BcHydro [5] 6–8.4 0–10 10–300 Rrup g

Fig. 3. Schematic cross section across the Himalaya at the longitude of Kathmandu (Redrawn from [19]). The broken blue line represents the sectional view of the simpliûed

geometry of the MHT. (For interpretation of the references to colour in this ûgure legend, the reader is referred to the web version of this article.)

Fig. 4. Surface projection of the earthquake source (broken blue rectangle), the partial rupture of which produced the 2015 Gorkha Earthquake. The red broken line is the

southern boundary of the 2015 Gorkha Earthquake rupture. The seismicity depicted is modiûed from [39]. The MCT, MBT and MFT stand for Main Central Thrust, Main

Boundary Thrust and Main Frontal Thrust respectively. The two red stars in the NW and NE corner of the source stand for the location of Mw 7.8 and Mw 7.3

earthquakes which occurred in 2015. (For interpretation of the references to colour in this ûgure legend, the reader is referred to the web version of this article.)
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the underthrusting Indian Plate [31,32]. A segment of the Main Himalayan

Thrust (MHT) (Fig. 3), which comprises the source area of the 2015 Gorkha

Earthquake (Fig. 4) has been adopted as a source. The source encompasses

a region between the epicentral area of the 2015 Gorkha Earthquake (Mw

7.8) and the 2015 Dolakha Earthquake (Mw 7.3) in the west and east re-

spectively and extends up to the Main Frontal Thrust (MFT) in the south.

The source is treated as a three dimensional plane, which emerges to the

surface along the MFT, in the south, and dips towards north reaching a

depth of about 20 km in the north, beyond which the MHT creeps

aseismically (e. g. [10,35,41]).

Two rupture models (Fig. 3) of the adopted earthquake source (Fig. 4)

have been envisaged to represent the entire north-south rupture (hereafter

called Model 1) similar to that of the 1934 Bihar-Nepal earthquake [40]

and that of the 2015 Gorkha Earthquake [4] (hereafter called Model 2).

Sapkota et al. [40] claim that they found the rupture of the Bihar-Nepal

Earthquake in paleoseismic trenching at Sir Khola in Mahottari District,

however Wesnousky et al. [53] do not agree to this claim.

Earthquake recurrence parameters (‘a’ and ‘b’ values in Eq. (1)) and the

maximum potential magnitude of the source are required in seismic hazard

assessment. The ‘a’ and ‘b’ values are constants in the Eq. (1),which is called

Gutenberg-Richter relation [23].

Log NMð Þ ¼ a–b ÿM ð1Þ

where NM is the annual rate of earthquakes having magnitude equal to or

larger than magnitude (M). ‘a’ and ‘b’ are constants called ‘a value’ and ‘b

value’ respectively. The factor ‘b’ describes the relative number of large

and small earthquakes. It is important because it is used to quantify seismic

activity and seismic hazard. For active tectonic region the ‘a’ value is about

1 and for volcanic region it is 2.5 (e. g. [28]) or higher. The ‘a’ value repre-

sents the total activity of earthquakes in the region considered.

In this study, we adopted the ‘b’ value (0.95) estimated by Rajaure and

Paudel [37] for Himalayan region. Using this ‘b’ value, the ‘a’ value of the

source is calculated from the earthquake catalogue using Eq. (2).

This equation can be rearranged as:

a ¼ log NMð Þ þ b ÿM ð2Þ

Earthquakes smaller thanMw 5.0 do not cause signiûcant damage [26];

therefore it is adopted as a threshold earthquake (Mmin). The annual recur-

rence rate (λ) of Mmin of the source is calculated rearranging Eq. (1) and ap-

plying the ‘a’ and ‘b’ values to Eq. (3).

λ ¼ 10 a−bÿMminð Þ ð3Þ

The maximum potential magnitudes of the two rupture models were es-

timated empirically from the area of the rupturemodels in Eq. (4) [52]. The

area of the large rupture (Model 1) is about 16,000 km2 and that of the

Model 2 is about 8000 km2. The maximum potential magnitude of the

Model 1 is about Mw 8.1 and that of Model 2 is about Mw 7.8.

Mu ¼ 4:33þ 0:95 ÿ log Að Þ σMu ¼ 0:25ð Þ ð4Þ

where ‘Mu’ is maximumpotential magnitude, ‘A’ is the area of the source in

square kilometers and σMu is the standard deviation.

The accelerometers operating in the Kathmandu Valley recorded the

ground acceleration of the Gorkha Earthquake (e. g. [38,48]). One of the

Fig. 5. Seismic hazard in Kathmandu and the adjoining region for 500 year return period. The hazard is estimated for engineering rock site conditions using four different

attenuation relations and the large rupture model (Model 1) similar to that of the 1934 Bihar-Nepal earthquake.

Table 4

Peak ground acceleration estimated for 500 year and 200 year return period in

Kathmandu and Nijgadh using entire north-south rupture (Model 1) of the source.

Attenuation relation PGA (g)

Kathmandu Nijgadh

500 year 200 year 500 year 200 year

Abrahamson et al. [1] 0.45 0.27 0.46 0.21

Chiou & Youngs [14] 0.37 0.22 0.38 0.2

Zhao et al. [55] 0.33 0.2 0.45 0.23

BcHydro [5] 0.26 0.13 0.3 0.15
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accelerometers, operating at a rock site in Kirtipur, recorded PGA about

0.25 g [38]. Instrumentally recorded PGA of the Gorkha Earthquake is

not available in Nijgadh, therefore, the observed seismic intensity was con-

verted into PGA using Eq. (5) [50].

Log Ahð Þ ¼ 0:014þ 0:3 ÿ IMM IV < IMM < Xð Þ ð5Þ

where Ah is horizontal PGA in cm/s2 and IMM is the seismic intensity on

Modiûed Mercalli Intensity (MMI) scale.

3. Result

Seismic hazard assessment has been carried out using two rupture

models of the adopted earthquake source (Fig. 4) and four attenuation rela-

tions (Fig. 2). When the large rupture (Model 1) was used, the PGA differed

negligibly (Fig. 5, Table 4) between Kathmandu and Nijgadh for

Abrahamson et al. [1] and Chiou& Youngs [14] relations, whereas the dif-

ference is notable (Table 4, Fig. 5) for BcHydro [5] and Zhao et al. [55] re-

lations. The BcHydro [5] and Zhao et al. [55] relations produce large PGA

in the southern part, particularly for 500 year return period.

When the small rupture (Model 2) was used, the PGA dropped signiû-

cantly towards southern part of Nepal (Fig. 6) on account of the termination

of rupture halfway. Table 5 shows the variation of PGA in Kathmandu and

Nijgadh for different attenuation relations. The BcHydro [5] estimates the

smallest PGA both in Kathmandu and Nijgadh, whereas the Abrahamson

et al. [1] produces the largest.

When the large rupture (Model 1) is used, the result for 200 year return

period may be overestimated, especially in the southern part of Nepal

(Table 4). There are reports of frequent strong (Mw 7 toMw8) earthquakes

felt in the Kathmandu Valley in its written history [10,12,15]. Assuming

majority of the destructive earthquakes is similar to the 2015Gorkha Earth-

quake (Mw 7.8) and the 1833 Nepal Earthquake (Mw 7.6), in terms of the

rupture size (Model 2) and return period, the two rupture models (Model 1

andModel 2) are treated unequally. The small rupture (Model 2) is assigned

a weight of 0.65 and the large rupture (Model 1) is assigned 0.35. The sec-

ond model (Model 2) is assigned a large weight based on the report of

frequent strong earthquakes in the northern part of Nepal (e. g.

[10,12,15]), which are not found to be associated with surface ruptures.

The result from the combination of unequally weighted two rupturemodels

and equally weighted four different attenuation relations is shown in Fig. 7

and the corresponding PGA for Kathmandu and Nijgadh are presented in

Table 6.

The above results (Table 4, Table 5 and Table 6) show that the PGAs

from different attenuation relations do not agree among themselves. Simi-

larly all destructive earthquakes are not associated with complete rupture

of the MHT. Therefore, a logic tree (Fig. 8) was applied to incorporate the

uncertainties in attenuation models and rupture models to prepare ûnal

seismic hazard maps. To accomplish this, the four attenuation relations

were equally weighted and the two rupturemodels were treated unequally.

The results are presented in Fig. 9(a) and Fig. 9(b) for 500 year and 200

years return periods respectively. The corresponding PGA in Kathmandu

and Nijgadh are presented in Table 7 for a comparison. The result shows

that the PGA (0.23 g) estimated for Kathmandu, for 200 year return period,

closely agrees with the instrumentally recorded PGA (0.25 g) during the

2015 Gorkha Earthquake. Similarly, the PGA (0.1 g) estimated for Nijgadh,

for 200 year return period, approximately agrees with the PGA (0.07

g) converted from seismic intensity (VI MMI) of the 2015 Gorkha

Earthquake.

Fig. 6. Seismic hazard in Kathmandu and the adjoining region for 500 year return period. The hazard is estimated for engineering rock site conditions using four different

attenuation relations and the small rupture model (Model 2) similar to that of the 2015 Gorkha earthquake.

Table 5

Peak ground acceleration corresponding to 500 year and 200 year return periods in

Kathmandu and Nijgadh. The PGA values are calculated using the second rupture

model (Model 2).

Attenuation relation PGA (g)

Kathmandu Nijgadh

500 year 200 year 500 year 200 year

Abrahamson et al. [1] 0.51 0.31 0.17 0.1

Chiou & Youngs [14] 0.43 0.26 0.13 0.08

Zhao et al. [55] 0.35 0.21 0.13 0.08

BcHydro [5] 0.27 0.14 0.1 0.06
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4. Discussion

Most of the previous studies have used area sources (e. g. GSHAP

([22,35], Thapa and Wang [49]), which have not considered the geometry

of the MHT. In area sources, all the vertices of the source have same depth.

Stevens et al. [46] used the geometry of the MHT and used a very large size

earthquake (Mw 9.2) source. However, these works have not considered

rupture models of the sources as demonstrated by the 2015 Gorkha Earth-

quake and the 1934 Bihar-Nepal Earthquake. The present study assumes

the MHT is segmented into several pieces so that very large earthquakes

(Mw9.2)may not occur. It has utilized that segment of theMHTas a source,

the partial rupture of which produced the 2015 Gorkha Earthquake.

Fig. 7. Seismic hazard in Kathmandu valley and the adjoining region for 500 year return period. The hazard is estimated for engineering rock site conditions using four dif-

ferent attenuation relations and the unequally treated two rupture models.

Table 6

Peak ground acceleration corresponding to 500 year and 200 year return period in

Kathmandu and Nijgadh using the combination of unequally treated rupture

models.

Attenuation relation PGA (g)

Kathmandu Nijgadh

500 year 200 year 500 year 200 year

Abrahamson et al. [1] 0.5 0.31 0.24 0.13

Chiou & Youngs [14] 0.41 0.24 0.2 0.11

Zhao et al. [55] 0.34 0.21 0.23 0.11

BcHydro [5] 0.27 0.14 0.18 0.08

Fig. 8. Logic tree applied in this study. The attenuation relations have equal weight and in contrast the rupture models have unequal.
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When the large rupture of the source is applied to the attenuation rela-

tions from subduction zone, large PGA appear in the southernmargin of the

source and comparatively smaller in the northern part, which possibly re-

sulted from the shallow depth of the MHT in the south, whereas the other

two relations from active-shallow crustal region do not show signiûcant dif-

ference. On the other hand, when the smaller model of rupture is consid-

ered, the PGA drops signiûcantly in the south away from the source. The

so-far carried out studies have used the full rupture of MHT sources,

which properly may not reûect the hazard, when the frequent earthquakes

similar to or smaller than the 2015 Gorkha Earthquake (Model 2) occur.

Earthquake recurrence parameters (‘a’ and ‘b’ values) are derived from

earthquake catalogue which contains two types of data. The ûrst one con-

tains earthquakeswhich occurred before (1900) the existence of the record-

ing instruments, while the second one is instrumentally recorded (after

1900). The instrumentally recorded data is complemented by pre-

instrumental earthquakes from historical documentation and paleoseismic

investigation. In comparison to the recurrence period of destructive earth-

quakes, the record of reliable, instrumentally recorded data is very short.

In this study, the earthquake recurrence parameters estimated from the cat-

alogue available for the short term are assumed not to vary signiûcantly in

the long term.

5. Conclusions

The frequent major earthquakes (e. g. 2015 Gorkha and 1833 Nepal

earthquakes) are associated with partial rupture of the MHT (Model

2) and occur in the northern part of Nepal. Seismic hazard assessments

based only on the large rupture (Model 1) of the MHT may overestimate

the hazard, especially, in the southern part of Nepal for smaller return pe-

riods (e. g. 200 year). Therefore, the frequent major earthquakes, which

are associated with partial rupture (Model 2) of the MHT also, should be

considered.

Present result shows that the PGA (0.23 g) for 200 year return period ap-

proximately agrees with the instrumentally recorded PGA (0.25 g) in the

Kathmandu Valley [38]. The PGA estimated for Nijgadh, for 200 year re-

turn period, is about 0.1 g, which is very close to the empirically estimated

PGA (0.07 g). The probabilistically estimated PGA is for engineering rock

site condition, whereas that estimated from seismic intensity is on surface.

Nijgadh falls in the northern part of Terai, which is underlain bymore than

30m thick alluvium (gravel), therefore, the probabilistically estimated PGA

on the surface is believed not to vary signiûcantly. This conclusion is based

on the result of ground response analysis of a thick sequence of alluvial de-

posit in Kaligandaki Kobang Hydropower Project (Unpublished report,

2011) and similar subsurface geology in Nijgadh.

The result depicted in the maps is solely from the source considered in

this study and does not represent the contribution from other adjoining

sources. The present result is valid only for the places within the source re-

gion considered and does not represent total hazard from all potential

sources.

Fig. 9. Seismic hazard maps (a) for 500 year return period and (b) for 200 year return period for engineering rock site conditions.

Table 7

Peak ground acceleration corresponding to 500 year and 200 year return period for

Kathmandu Valley and Nijgadh. A logic tree of equally weighted four attenuation

relations and differently weighted two rupture models of source was applied.

Attenuation relation PGA (g)

Kathmandu Nijgadh

500 year 200 year 500 year 200 year

Abrahamson et al. [1] +

Chiou & Youngs [14] +

Zhao et al. [55] +

BcHydro [5]

0.4 0.23 0.23 0.1
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Further study is required to understand the earthquakes associated with

partial rupture of the MHT as evidences of partial rupture are not known

from other parts of Nepal. The attenuation relations do not agree among

themselves and therefore large variations are observed in the calculated

PGA,when the relations are applied independently. A locally derived atten-

uation model is a must so that the uncertainties associated with the attenu-

ation models could be minimized.
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The poor and vulnerable people are the most affected in any disaster and ûnd recovery extremely challenging. After

the 2015 Nepal earthquake, the need for inclusive and targeted policy provisions and socio-technical facilitation

waswell identiûed. Nepal's post-earthquake housing reconstruction isworld's largest owner driven reconstruction pro-

gram under which nearly 700,000 houses are being constructed. This paper examines policies, and implementation

mechanisms for ensuring social inclusion in this post-earthquake housing reconstruction process in Nepal, speciûcally

examining provisions and deliverymechanisms for ûnance, land, design and technology for addressing recovery needs

of the most vulnerable houseowners in terms of achievements, effectiveness, and challenges of implementation. The

paper uses mixedmethodology and is informed by the primary survey data of 26,912 houseowners in eight municipal-

ities of the Gorkha district and overall reconstruction data from National Reconstruction Authority and other relevant

sources of the Government of Nepal. Data is analysed and interpreted to gain insights on the speciûc issues of the poor

and vulnerable. Top-up grant assistance and subsidized loan scheme have not yet beneûted the vulnerable households

despite the policy provisions. At the same time, housing reconstruction process in Nepal has helped a signiûcant num-

ber of landless households get ownership of homestead land, which is a remarkable achievement. Shift in building ty-

pologies needs to be deliberated in context of affordability, sustainability and disaster risk reduction in the future.

While policy provisions are the ûrst step for the inclusion of the vulnerable, the desired outcome is difûcult and chal-

lenging to achieve without enabling environment for their own agency and targeted socio-technical facilitation. Expe-

rience of post disaster housing reconstruction in Nepal strengthens our understanding of ‘owner driven reconstruction’

to make it more inclusive.
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Owner driven
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1. Introduction

Vulnerability may be understood as lack of resilience. Sendai Frame-

work for Disaster Risk Reduction deûnes resilience as ability to resist, ab-

sorb or recover from the effects of hazards [47]. In other words,

vulnerability can be deûned as sensitivity to stress and shocks due to disas-

ters and lack of abilities to mitigate, respond, cope or recover. Vulnerable

people are not just more impacted but are also likely to havemore difûculty

in recovering to resume pre-disaster functionality as compared to other

community members [14]. Vulnerability in disasters is essentially a con-

struct of interactions between socio-economic attributes and geo-physical

environment [6,30]. People's ability to cope or recover after a disaster is de-

pendent on a complex set of factors such as physical capacities, caste, class,

gender, social network, income, land and other assets, information, legal

entitlements, government policies and mechanisms, amongst others.

Unequal physical and ûnancial capacities and access to resources can

make certain groups of people more vulnerable than others and can in-

crease social divide and conûict [6,15,26]. Impact on women during a di-

saster is disproportionately high [13]. Disasters can further worsen the

capacities and conditions necessary for coping and recovery and hence re-

sult in increasing vulnerabilities [4,22,41].

Inclusion of the poor and vulnerable in post-disaster reconstruction pro-

cesses has been a challenging issue even in the past, and has seldom been

addressed effectively or comprehensively. The 2001 Gujarat earthquake re-

construction policy framework included joint ownership of women in the

reconstructed houses. But at the same time, there were no provisions for

the land tenure security of the landless [39]. After the South Asian tsunami,

the exclusion of dalits and irula tribals from the rehabilitation in Tamil

Nadu, India indicated inadequacy of the policy framework [23]. Policies

after the 2005 Kashmir earthquake in Pakistan included the land assistance

only for households who were living on hazardous locations and required

relocation [46]. The policy did not include other landless poor existing
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due to the socio-economic inequities. After the hurricane Katrina in 2005,

policy framework ignored the poor renters dependent on public housing

[19]. Review of many such past experiences shows that the reconstruction

policies were either uninformed and oblivious of the socio-economic ineq-

uities, or inadequate to address such structural issues for ensuring inclusive

and equitable reconstruction and recovery.

Nepal is highly prone to multiple natural hazards and falls under high

risk seismic zone of Himalayas. The 2015Nepal Earthquake affected 31 dis-

tricts of which 14 were severely affected. While 8790 persons died and

22,300 were injured, over 500,000 houses collapsed or were severely dam-

aged [32]. Post Disaster Need Assessment (PDNA) by Government of Nepal

highlighted the signiûcant impact of earthquake on the poor and vulnera-

ble accentuated by pre-existing inequities due to geography, income, and

gender. Nearly 700,000 persons were estimated to have been pushed

below poverty line. The loss of housing could further amplify the shock

pushing people below poverty line for extended periods [32]. Taking cogni-

zance of the critical needs of the earthquake-affected people, Government

of Nepal (GoN) created a new entity in the form of National Reconstruction

Authority (NRA) through a Statutory Act of the Parliament. Subsequently,

the government brought out policies for providing ûnancial assistance, ma-

terials, skills, technology, and land. It established regulatory and implemen-

tation mechanisms for inclusive and resilient reconstruction and recovery.

Reconstruction of more than 700,000 houses after the 2015 Nepal

earthquake is the largest owner driven housing reconstruction program

globally. In the Gujarat earthquake (2001), the South Asian tsunami

(2004), the Kashmir earthquake (2005) or any other disaster, owner driven

reconstruction had not been undertaken at this scale [3,29,31]. Confronted

by extremely difûcult mountainous terrain with very limited access to road

networks to reach to the houseowners and lack of institutional andûnancial

capacities, Nepal faced unprecedented challenges in implementation of

such a large recovery programme. Concurrently, Nepal adopted the new

Constitution and made a complex political transition towards new federal

system of governance. Facing the formidable task of strengthening the na-

scent administrative layers at sub-national and local levels, Nepal under-

took substantive devolution of power to municipalities with the mandate

of playing a direct role in disaster recovery.

With this backdrop, this paper delves into the key research question of

effectiveness of the reconstruction policies, implementation modalities

and challenges pertinent to the poor and vulnerable particularly in terms

of access to ûnancial support, homestead land and guidance on safer tech-

nology for housing reconstruction.

2. Data and methodology

This paper is based on mixed method approach. It draws upon informa-

tion and data collected from primary and various secondary sources during

the course of socio-technical facilitation of housing reconstruction by

UNDP. As the paper is focussed on issues speciûc to the poor and vulnerable

in context of effectiveness of reconstruction policies, it analyses data and in-

formation available at national level for all the affected districts while div-

ing deeper into speciûc data of the Gorkha district where primary surveys

were undertaken.

Primary data sources include i) houseowner surveys undertaken during

last three years in six rural municipalities and two urban municipalities of

the Gorkha district - the epicentre of the 2015 earthquake, ii) community

meetings, and iii) case studies. The municipalities of the Gorkha district in-

cluded in this study are Arughat, Ajirkot, Dharche, Gandaki, Gorkha,

Palungtar, Shahidlakhan and Siranchowk. The surveys covered each of

26,912 houseowners being supported by UNDPwith funding from Govern-

ment of India through the census process. The houseowner surveys were

conducted using a mobile application linked to Reconstruction Information

Management System (RIMS) developed by UNDP for the purpose of socio-

technical facilitation and monitoring progress of housing reconstruction.

This primary data survey is a large dataset covering demographic and

socio-economic details of the household, administrative and technical

aspects of damage assessment, participation agreement, tranche

disbursement, construction progress, certiûcation and completion. Depend-

ing on the stage of construction, each individual houseownerswas surveyed

between 1 and 6 times in past three years as the construction progressed.

This database from the census surveys has been regularly checked for dis-

crepancies and validated. The data interpretations have been conûrmed

through meetings with the community, ward members and municipalities,

that were conducted during the same period for discussions on issues, chal-

lenges and progress of reconstruction work.

In addition to the above-mentioned survey data, reports and publica-

tions from NRA and National Planning Commission (NPC) have also been

used to understand formulation of various policies and analyse the progress

in reconstruction. Central Bureau of Statistics (CBS) survey reports, design

and technology catalogues by Department of Urban Development and

Building Construction (DUDBC) and information from Nepal Rastra Bank

(NRB) were also referred.

Literature reviewwas also conducted to understand the socio-economic

conditions and issues, land and housing rights and the vulnerability, specif-

ically on Nepal so as to situate the discussion in relevant, but broader, con-

text of vulnerability reduction and disaster resilience.

Data analysis undertaken is essentially on interpretation of data related

to disbursement of housing grant assistance, reconstruction progress, cost

of construction, and other aspects related to land, technology and adminis-

trative facilitation, to derive insights particularly focussed on the poor and

vulnerable. The information from the primary ûeld surveys is used in con-

junction with the secondary source information to highlight the speciûc is-

sues. Wherever possible data was segregated for the vulnerable and other

households. The progress and outcomes of housing reconstruction were ex-

amined from the perspective of policy provisions and their intent. The in-

sights gleaned were veriûed through discussions and ûeld meetings with

the community and other local stakeholders.

3. Results and discussions

3.1. Vulnerable households: A brief proûle

While occurrence of hazards is a natural phenomenon, the coping ca-

pacities depend, to a great extent, on the socio-economic conditions and en-

vironment variables within a community [7]. It, therefore, is important to

understand the key socio-economic attributes that identify the vulnerable

in Nepal. Besides being a low-income country, Nepal also ranks low (147)

in the Human Development Index [45].

Poverty levels are high in Nepal with 25.2% of population below pov-

erty line [12]. While the districtwide data shows that approximately

20.4% population is below poverty line in the Gorkha district, in some mu-

nicipalities such as Dharche in the Gorkha district, it is as high as 72%. Such

high poverty levels have also resulted in a high rate of outmigration. CBS

estimates grossmigration rate to be about 11.3% - primarily for seeking em-

ployment [9]. However, the proportion of the out-migration ismuch higher

inGorkha as indicated by about 32%absentee houseowners there [10]. The

2016 National Demographic and Health Survey [50] showed that nearly

47% of households had at least one person out-migrated in the past

10 years.

25.7% of the total households in Nepal are women headed [8]. How-

ever, gender inequality remains high with Nepal ranking a low 102 in Gen-

der Development Index [48]. At least, 2.2% of the total population in Nepal

has some type of disability with a higher concentration in the mountains

and rural areas and amongst people with lower literacy [9].

With more than 120 ethnic groups, the vulnerability of households also

increases due to social exclusion and caste and gender discrimination [2].

The dalits (a term used to identify the communities discriminated or ex-

cluded in traditional system of the caste hierarchy) and janjatis (tribal/ in-

digenous communities) are 13.6% and 36% of the total population

respectively [9].

Exclusion from land ownership is another key indicator of vulnerability

[6]. About 25% of Nepal's population is landless or near landless [49].

Landlessness amongst the dalits and janjatis is much higher as compared
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to the other castes of social hierarchy. Nearly 50% of the dalits in Nepal do

not have land ownership certiûcates [5].

The proûle of 26,902 households surveyed who reconstructed their

houses is important to understand their vulnerabilities and socio-

economic status. Themarginal occupational conditions of the poor and vul-

nerable are indicated in Table 1. As compared to others, vulnerable house-

holds were nearly 50% less involved in occupations like shops and

businesses, government or private jobs. Unemployment in vulnerable

households is more than double as compared to other households.

The social asymmetries and discrimination are well identiûed causes of

the vulnerability [22,24,25]. Dalits, janjatis and female-headed households

are comparatively poor having low literacy, marginal social status, negligi-

ble political participation, unfavourable work conditions, and high debt

burden [21,38]. These conditions hamper mobilization of active local col-

laborations essential for recovery and thus cause exclusion of the dalits,

and janjatis [27]. The vulnerable households are not a uniform but intri-

cately and unevenly layered group particularly when two or three different

vulnerabilities exist together.

3.2. Policy framework for housing reconstruction

Nepal adopted 8owner driven reconstruction9 framework for the housing

reconstruction. Owner driven reconstruction in the context of developing

countries has been proved to be the most effective in terms of its achieve-

ments of satisfaction and disaster risk reduction [18]. Nepal's policy frame-

work is quite fascinating and progressive inmany ways. Noting concerns of

the vulnerable identiûed in PDNA, strategic objectives of PDRF included

speciûc points to guide policy formulation.

TheGoN policy frameworkwas based on a uniform approach to support

and implement with universal coverage irrespective of funding sources

[33]. Initially GoN committed to provide assistance of NRs 200,000

(≈$2000) in three tranches which was later increased to NRs 300,000

(≈$3000) to each houseowner whose house had fully collapsed or was

damaged beyond repair. These tranches were provided at the stages of

i) participation agreement with NRA (≈$500), ii) completion of plinth

level construction (≈$1500), and iii) roof level (≈$1000) through bank

transfer. Certiûcation by NRA engineers indicating compliance with techni-

cal norms and building codes was made mandatory at the time of the re-

lease of second and third tranches and ûnally after completion (to issue

completion certiûcate). NRA prepared a two-volume catalogue of sample

designs to communicate the approved standards and technologies

[16,17]. The design and technologies included in the catalogue were vetted

by a technical committee of experts constituted by the DUDBC, NRA also

formulated a scheme to provide loan up to NRs 200,000 (≈$2000) at 2%

annual interest rate through the commercial banks.

Post disaster recovery is seldom equal and depends largely on extent of

access to resources allowing ûnancially able citizens to recover faster [37].

To address the needs of the vulnerable households such as single women,

people with disabilities, children at risk and senior citizens, an additional

grant assistance of NRs 50,000 (≈$500) was designed as top-up on NRs

300,000 (≈$3000) grant assistance. This was included in the ûnancial

assistance package for the most vulnerable at a later stage of implementa-

tion. PDRF also identiûed adoption and expansion of social protection par-

ticularly cash transfer or cash-for-work schemes as a means to support the

poor and vulnerable groups [33]. However, no such policy provisions

were instituted or implemented.

Ownership of homestead land was a prerequisite for receiving housing

reconstruction assistance from the NRA. Though landlessness was not in-

cluded criteria of vulnerability, separate policy provisions for providing

land entitlement to landless were made. These include three options -

i) land regularisation at the same location where houseowner was residing,

ii) provision of land at alternative location (minimum 6 anna i.e. 2052 sq.ft.

or iii) additional grant assistance of NRs 200,000 (≈$2000) to purchase a

new plot of land.

Similarly, a policy was also adopted to provide ûnancial assistance of

NRs 100,000 (≈$1000) towards retroûtting of the partially damaged but

repairable houses. PDRF also articulated intention of meaningful participa-

tion of women, vulnerable and marginalised groups through community-

based organisations. However, no speciûc guidelines or operating proce-

dures were developed and implemented.

3.3. Identifying the earthquake affected vulnerable households

The 2015 Nepal earthquake damaged 1,053,033 houses in 31 districts.

The extent of damage is indicated in the following Table 2.

Based on the detailed damage assessment of more than 1.0 million

houses, 782,695 households were supported for house reconstruction,

which turned out to be 28% higher than the number estimated in PDNA.

PDNA also identiûed the need for a special assistance package for the

vulnerable households to ensure theywere not left behind [32]. The vulner-

able households were identiûed through analysis of data from the socio-

economic survey conducted concurrently with the damage assessment

undertaken by the CBS. NRA considered gender, age, and disability for

identiûcation of the vulnerable. Similarly, orphan children needed protec-

tion andwere also included in the list of the vulnerable. Landless were iden-

tiûed through a separate process and a separate policy provision to support

their access to land was formulated. It is a limitation of the policy perspec-

tive that the deûning criteria for the vulnerable households does not

consider explicitly the structural inequities and deep-rooted social discrim-

ination due to class and caste hierarchies. Similarly, the awareness of

gender issues is very little amongst the community [43]. Therefore, it be-

comes further challenging to identify the vulnerable as they have weak

agency to articulate and inûuence. While the criteria to identify the vulner-

able adopted by NRA may not be comprehensive, these were speciûc

enough to identify signiûcant number of vulnerable households. With de-

tailed operational guidelines for identifying the eligible vulnerable out of

782,695 houseowners for the top-up housing assistance, only a small num-

ber of 18,505 households (2.4%) were ûnally designated as vulnerable

(Table 3).

A review of social demographic indicators based on census 2011 [9],

there seems to be likelihood that many vulnerable may have been left

Table 1

Occupational proûle of houseowners surveyed in eight municipalities of Gorkha

district.

Primary Occupation Vulnerable HHs Other HHs

Number % Number %

Agriculture 6280 78.1 14,256 75.6

Artisans 323 4 442 2.3

Shops and small business 236 2.9 1065 5.6

Govt. Job 258 3.2 1448 7.7

Private job 78 1 415 2.2

Other 211 2.6 491 2.5

Unemployed 653 8.1 756 4

Total 8039 100 18,873 100

Source: Primary data collected by UNDP, Nepal.

Table 2

Extent of damage to the houses.

Damage Graden % of damaged

houses

G1: Negligible to slight damage (No structural damage, slight

non-structural damage)

9.7

G2: Moderate damage (Slight structural damage, moderate

non-structural damage)

13.5

G3: Substantial damage to heavy damage (moderate structural

damage, heavy non-structural damage)

19.4

G4: Very heavy damage (heavy structural damage, very heavy

non-structural damage)

24

G5: Destruction (very heavy structural damage) 33.4

Source: Household registration for housing reconstruction survey, 2016317, CBS.

n refer [20].
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out. In six rural municipalities and two urban municipalities of the Gorkha

district, where UNDP is providing socio-technical support to 26,912

houseowners for housing reconstruction, NRA identiûed and approved

695 houseowners as vulnerable. However, the municipalities identiûed

1115 houseowners as vulnerable using the same criteria that was used by

NRA. However, only 100 households were found to be common between

the NRA and the municipality lists. At the same time, using broader criteria

to include left out vulnerable groups such as dalits, landless and chronically

ill patients also, UNDP identiûed 8062 houseowners as vulnerable for its

socio-technical facilitation support. The lists of vulnerable by the various

agencies identiûed different houseowners albeit using the same criteria.

Despite having clear and speciûc criteria for identiûcation of the vulnerable

households, these disparities in terms of coverage and inclusion are indica-

tive of the implementation challenges due to lack of voice and inûuence of

the vulnerable.

3.4. Status of housing reconstruction by the vulnerable

According to NRA, by the end of May 2020, reconstruction of 64% of

total houses in 14 most affected district had been completed and another

23% were under construction. By this period, more than 74% of

houseowners had received the third tranche [35].

Timeline study (Fig. 1) in the Gorkha district shows that the vulnerable

households were slower in reconstruction of their houses as compared to

the others. With targeted socio-technical support, the gap between comple-

tion rate by the vulnerable and non-vulnerable households has narrowed.

Generally, the vulnerable houseowners took much longer to complete

the construction. A reconstruction timeline based on an interview with a

vulnerable household from the Gorkha municipality was drawn up. It

spanned 5-year long period, for completing the house construction (Fig. 2).

Once construction stage was completed, it took 2–4 months for the

tranches to be received by the houseowners. Such delays for the poor and

vulnerable were difûcult as they had little capacity to pursue with the gov-

ernment and the banks or continue with their own resources. This resulted

in repeated halts in construction. Due to the halts, even the continuation of

same team of artisans and timely restart was difûcult. Progressing from one

construction stage to another, required the vulnerable houseowners to cross

many barriers related to the availability of the ûnancial resources, land, de-

sign and technology. These aspects of house construction have been

discussed below.

3.5. Access of the vulnerable to ûnancial assistance

The most common obstacle for the reconstruction was the gap in funds

required for house construction. Nearly 30% of damaged houses continued

to be used after the earthquake with or without repairs as of April 2017

[11]. Only 8.4%of the houseowners in 8municipalities of theGorkha district

where survey was undertaken were able to construct within the ûnancial

assistance provided by NRA (Table 4).

NRA grant assistance was received as per the progress of the construc-

tion. 80% of the vulnerable households identiûed by NRA have received

NRs 300,000 (≈$3000) in three tranches completing the house

construction.

Table 5 shows more vulnerable houseowners are still in intermediate

stages of ûrst and second tranches as compared to the other houseowners

as of 30 June 2020. Proportion of vulnerable houseowners (11%) still at

ûrst tranche stage (i.e. yet to begin the construction) was almost double

as compared with the other non-vulnerable houseowners (6%). And more

of non-vulnerable houseowners (88%) have received all the three tranches

as compared to the vulnerable houseowners (80%). This data shows clearly

that vulnerable houseowners lag behind and are slower to start and com-

plete the construction. Most interestingly, the above data shows that the

vulnerable have not yet received top-up grant assistance of additional

NRs 50,000 (≈$500). Though the identiûcation of vulnerable

houseowners is debatable on aspects of inadequacy of criteria, coverage

and accuracy, none of the 18,505 vulnerable houseowners identiûed by

NRAwere able to receive top-up grant assistance of $500 so far. This policy

provision for the vulnerable to provide additional grant of $500 on top of

the housing assistance grant of $3000 has clearly not been effectively

implemented.

Market survey conducted over the last 5 years indicated signiûcant in-

crease in construction cost. Daily wages of unskilled labour had increased

by two thirds i.e. from$6 per day in 2015 to $10 per day in 2019. Similarly,

the costs of building material such as bricks, cement, steel, had gone up by

20% to 30% in the last ûve years. The inûation inmaterial and labour costs

led to requirement of more funds to complete the construction of the

houses. The situation was further exacerbated by the exclusion of the vul-

nerable from the traditional communal labour exchange system [27]. All

these factors resulted in making house reconstruction costs unaffordable

for the poor and vulnerable.

NRA had also drawn up a policy of subsidized credit through commer-

cial banks to the affected houseowners to support reconstruction of their

house. There were two schemes: i) an interest-subsidized loan up to NRs

1,500,000 (≈$15,000) in other than Kathmandu valley and NRs

2,500,000 (≈$25,000) in the Kathmandu valley at an interest rate of 2%

per annum was to be made available, and ii) an interest-free loan up to

NRs300,000 (≈$3000) could be availed on the basis of collective collateral

[34]. However, these schemes failed to take off due to lack of willingness

from the banks andwere withdrawn in August 2018 [34,44]. NRA replaced

the earlier schemes with a new scheme of loan up to NRs300,000

(≈$3000) with repayment period of 5 years on the condition of property

collateral. The new schememade loans availablewith 5% subsidy on the in-

terest. Implemented since 2018, only 200 houseowners had been able to re-

ceive this loan totalling about NRs. 58,630,000 (≈$586,300). The various

schemes for loans altogether beneûted only 1592 houseowners by April

2020 [36].

In the Gorkha district, households borrowing from informal sources tri-

pled to 52% within the ûrst two years after the earthquake, with higher

debt levels in remote locations [42]. In the Gorkha district, a staggering

68.8% of the surveyed houseowners had borrowed money from the local

Table 3

Vulnerable houseowners identiûed by NRA.

Vulnerability Type No. of houseowners

Orphan children (below 16 yr) 91

Single women 9024

Old aged (above 70) 9147

Persons with disability 243

Total 18,505

Source: Household registration for housing reconstruction survey, 2016–17,

CBS.

Fig. 1. Timeline of housing reconstruction in Gorkha district (June 2018–June

2020). Source: Primary data collected by UNDP, Nepal
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moneylenders at 24 to 36% annually compounding rate of interest [40]. In-

crease in such forms of borrowing during the post-earthquake reconstruc-

tion is also resulting in mortgage and sale of assets [28].

Due to unaffordable costs of house construction, a large number of

houseowners have been forced to build much smaller houses inadequate

for their real needs. Table 6 shows the size of houses constructed by the

houseowners.

To enable the vulnerable houseowners with required ûnance, some in-

novative approaches were adopted by a few municipalities in the Gorkha

district. Arughat, Sahidlakhan and Gandaki municipalities set up ghoomti

kosh (revolving fund). Through this fund, the municipalities provided

interest-free loan of $500 – $1000 to the vulnerable houseowners on the

condition of repayment when the next tranche was released. Fifty-nine

households had been supported so far through this revolving fundmodality

in these three rural municipalities with total assistance of NRs 450,000

(≈$45,000). A similar concept was also adopted by some municipalities

in other districts, for example Chautara Sangachowkgadhi in

Sindhupalchowk. In Palungtar, the municipality assisted with the supply

of essential buildingmaterials for the vulnerable families whose housing re-

construction was stuck due to ûnancial constraints. Though this approach

has been implemented by municipalities at a limited scale, it provides a vi-

able and evidence-based policy input for enabling vulnerable houseowners

to reconstruct their house.

3.6. Access of the vulnerable to homestead land

Withmore than 25% of the population being landless, unequal distribu-

tion of land has been one of the key political issue inNepal for decades [49].

One of the most signiûcant aspects of Nepal's housing reconstruction and

recovery has been the acknowledgement of vulnerability of landless and

formulation of policies to address the same. Bymaking the ûrst amendment

to working procedures of housing grant distribution, provisions were made

to include the option of either regularisation of existing land, or provision of

alternative land or additional grant for the purchase of land. The policy for

land assistance has beneûted 11,551 landless owners in all earthquake af-

fected districts of Nepal so far as shown below in Table 7. However, as

the awareness of gender inequality is generally low amongst the people,

this aspect of ownership of houses does not ûnd much articulation by the

affected households including women or in the policy framework.

Multiple steps through which landless had to navigate for this entitle-

ment involved initial application along with citizenship documents and

proofs of residence, afûdavits by the neighbours (muchulka), veriûcation

of landlessness and recommendation by the ward committee, further veriû-

cation byGrantManagement and Local Infrastructure (GMALI), recommen-

dation by Central Level Project Implementation Unit (CLPIU) at NRA and

ûnally, decision by the NRA Executive Committee. To ensure that the

grant assistance for land was not used for any other purpose, this amount

was released directly to the seller by GMALI based on the agreement be-

tween the landless houseowner and the seller. Land registration fees were

also waived on the recommendation of GMALI. However, collecting all

the documents at each step of veriûcation, approval, land measurement,

Fig. 2. Timeline of house construction for a vulnerable household in the Gorkha district.

Table 4

House Reconstruction Costs in 8 municipalities of the Gorkha district.

Reconstruction costs of the house % of houses

Less than $3000 8.4

Between $3000 to $6000 50.7

Between $6000 to $9000 21.4

More than $9000 19.5

Source: Primary data collected by UNDP, Nepal.

Table 5

Status of housing grant assistance to vulnerable houseowners in 8 municipalities of

Gorkha district.

Housing Grant Assistance

Received

% of households

Other than vulnerable

houseowners in

Gorkha district

Vulnerable houseowners in

Gorkha district covered by

UNDP facilitation

Only 1st tranche ($500) 6 11

Both 1st and 2nd tranches

(total $500 + $1500)

6 9

All three tranche (total $500

+ $1500 + $1000)

88 80

Top-up tranche (additional

$500)

0 0

Source: compiled from the data shared by GMALI, GoN and primary data by UNDP

Nepal as on 30 June 2020.

Table 6

Size of the houses reconstructed in 8 municipalities of Gorkha district.

Size of the houses reconstructed % of houses

One-room house 28.6

Two rooms house 47.9

House with 3–4 rooms 19.1

Houses with more than 4 rooms 4.4

Source: Primary data collected by UNDP, Nepal.

Table 7

Status of approval of land assistance for the landless.

Approval of land assistance Houseowners (no.)

In-situ land regularisation 10,287

Additional grant assistance for land purchase 535

Allocation of alternative public land 105

Land procured by the owners on their own 236

Approved but land yet to be facilitated 367

Built on public land without awaiting approval 21

Total 11,551

Source: Update Report of Durable Solutions as of 30 June 2020.
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and registration was a long and complex process making it extremely difû-

cult for the vulnerable households with little resources they had. Looking at

geographic constraints of households, each visit to district headquarters

where GMALI, land registration ofûce, District Coordination Committee

are located involved signiûcant time, effort and cost. Despite such difûcul-

ties, signiûcant number of landless households (11,551) have received land

ownership, which indicates need, priority and effectiveness of the policy

framework. Setting up of Land Rights and Recommendations Committee

at the district level to decide upon land registration was an empowering

provision for the municipalities and effective for addressing this issue.

3.7. Access of the vulnerable to design and technology

For the communities in Nepal, the house is not merely an engineering

product, but it is a result of the socio-cultural and economic processes in in-

teraction with local climate and environmental resources. While discussing

the access of the poor and vulnerable households to design and technology,

there is need to examine both dimensions – the engineering as well as the

socio-economic. An approach towards design and technology in Nepal is

an example of implementing stricter building norms with the changed per-

ception of seismic risks by the engineers. Prima facia observations show

that the engineers' preference is biased towards ‘modern’ industrial mate-

rials such as cement, steel, etc. Traditional materials such as stone and

mud, and construction systems had limited adoption primarily due to engi-

neers' limited knowledge and a lack of conûdence in these materials and

systems besides a lack of established engineering methods to design of

houses using these materials.

Design and technology have been of signiûcant focus for the post-

earthquake reconstruction in Nepal and were seen as a panacea for disaster

risk reduction. PDNA identiûed maximum damage in low-strength ma-

sonry houses [32]. DUDBC prepared two volumes of the building design

catalogues that became the basis for house reconstruction in all the earth-

quake affected areas [16,17]. Compliance with these designs and technolo-

gies was mandatory for receiving the instalments of ûnancial assistance

offered to the houseowners. Unlike other South Asian experiences,

Nepal's approach included both traditional andmodern materials and tech-

nologies. Though conceptually, the need to include traditional building ty-

pologies was understood, insistence was made to use only what could be

vetted through the engineering models to meet safety standards of Nepal

Building Codes (NBC).While the basis of stipulated norms remains amatter

of debate, the design catalogues offered little ûexibility for customising the

designs as per the needs of the household, climate, site, functions or owner's

affordability. When using reinforced cement concrete (RCC) and cement-

based construction system, technical guidelines were made available to

allow modiûcations in designs to suit people's own preference and needs.

However, traditional technologies were limited to be used only with pre-

approved plans in volume 2 of the design catalogue. For any modiûcations

in design when constructing with traditional technologies, structural anal-

ysis was made mandatory [17]. In practice, any modiûcation to the designs

in the catalogues was considered non-compliance if not supported by struc-

tural analysis. For many of the alternative designs prescribed in the cata-

logues, inspection norms were never developed and therefore, severely

limited their use for reconstruction. This approach resulted in a shift in

the building typologies for construction of houses. Table 8 based on the

data collected from eight municipalities provides an understanding on

this shift and Table 9 explains the typologies adopted by the vulnerable.

As evident from the data, the reconstruction programme led to a signif-

icant change in housing typologies in the earthquake affected areas - from

stone and mud-based construction to cement and steel-based construction

(Tables 8 and 9). Proportion of low strength masonry houses reduced dras-

tically. From 76% in pre earthquake situation to only 11% in post-

earthquake reconstruction in urban areas. Similarly, in rural areas the pro-

portion of low strength masonry went down from 95% to 41%. Cement

based building typologies saw very signiûcant rise. In urban areas, these ty-

pologies increased from 15% to 72% and in rural areas the increase was

from 4% to 48%. Discussion with the houseowners and community repre-

sentatives revealed two factors that inûuenced this process - i) orientation

of engineers who guided and certiûed for grant assistance, and ii) lack of

clarity in compliance norms for traditional or alternative construction sys-

tems. The other factors such as limited number of approved designs using

traditional materials, perceived safety of modern buildings and notion of

progress in the communities. This shift in typologies has completely

changed the architectural milieu in earthquake affected areas leaving

them bereft of the rich cultural heritage that the traditional construction

technologies resulted in. This raises issues about how desirable the change

is in terms of hazard resistance, socio-cultural aspects and environmental

sustainability. An increasing proportion of cement-based load bearing and

RCC frame houses could be an indication of improved hazard resistance

of new houses. But this is a particularly complex issue. On one hand one

would tend to assume the improved performance of houses during hazards

with compliance to the building norms, on the other, there is a likelihood of

greater risk if the quality compromises were made due to cost constraints,

lack of timely technical guidance and unfamiliarity with technologies.

However, more detailed studies may be required to know the extent of haz-

ard resistance achieved in the newly constructed houses. Sustainability of

the shift in the building typologies, particularly in the context of the poor

and vulnerable and likelihood of negative socio-cultural and environmental

impacts. Further to this, issues of extensions, modiûcations and mainte-

nance might ultimately lead to mixed and hybrid structures compromising

hazard resistance in absence of appropriate technical advice and

affordability.

3.8. Access of the vulnerable to administrative and facilitative mechanisms

Housing is not merely a product but also a process involving access and

delivery of ûnance, materials, land, design, technology, information, and

skills. Such a process needs navigation through each stage of damage as-

sessment, participation agreement, banking, land procurement, approval

for building design, building permit, compliance to construction norms, in-

spection and certiûcation, completion report, and grievance redressal.

These processes were complex and exhausting for the earthquake affected

vulnerable houseowners.

The process of damage assessment, the ûrst and foundational step for

housing reconstruction, was too complex and earthquake affected commu-

nities remained uninformed about the classiûcation and basis for eligibility

for housing grant assistance. There were repeated appeals for grievance

redressal by the people, and multiple rounds of veriûcation and resurvey

process were undertaken.

Municipalities have lacked capacities to ensure compliance to the build-

ing codes through the permit process and that had resulted in poor quality

housing stock in past [1,25]. The building permit process at the municipal-

ity level would have ensured compliance with the building bye laws in

Table 8

Changes in housing typologies in eight municipalities of Gorkha district.

Building Typologies Prevalence % (urban) Prevalence % (rural)

Pre-earthquake Post Reconstruction Pre-earthquake Post Reconstruction

Low strength masonry 76 11 95 41

Cement based load bearing 15 72 4 48

RCC frame structure 9 17 1 11

Source: Primary data collected by UNDP, Nepal.
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accordance with the development plans. Post-earthquake, many urban mu-

nicipalities made it mandatory for the houseowners to get approval of the

building plans. However, the limited availability of engineering services

there resulted in either unauthorised construction or a signiûcant expense

of hiring private consultants. This was particularly challenging for the

poor and vulnerable. Field studies in Gorkha municipality indicated that

the costs for engineering services to obtain building permit from themunic-

ipality were between NRs5,000 (≈$50) for a load bearing house to

NRs25,000 (≈$250) for RCC frame house. A quick estimate shows that ser-

vices offered by Gorkha and Palungtar municipality with assistance from

UNDP helped nearly 2600 houseowners (Table 10) so far with saving of ap-

proximately $270,000 to the houseowners while ensuring authorised con-

struction as per the municipal bye laws. Nearly 25% of total households

assisted through these services were the vulnerable. A few building permits

were rejected due to issues of lack of right of way, inadequate documents or

unclear land titles. Many houseowners who had constructed the house

without building permit also needed to be facilitated for rectiûcation and

approval. These needed to be resolved on case to case basis. However,

such services have been limited and a large number of vulnerable families

in other urban municipalities have to make signiûcant expense to obtain

building approval.

One of the most challenging aspect of the administrative processes for

the vulnerable has been technical guidance during construction and subse-

quent certiûcation of stage completion. Lack of information and advice at

the time of construction resulted in rejection unless rectiûed as per the feed-

back of the engineer. The modality of feedback after the construction was a

problem for the vulnerable houseowners who had to spend signiûcant costs

on rectiûcation [42]. Two separate mechanisms were needed for providing

on-site technical advice and certiûcation after each construction stage to

avoid conûict of interest and improve effectiveness of the process. How-

ever, the NRA continued to rely only on one engineer deputed at the

ward level to fulûl both the tasks. At the same time, houseowners depended

on the petty contractors or the head masons to follow the technical norms

whowere not so aware. Largely, the owners remained responsible to ensure

compliance of technical norms in their houses without adequate informa-

tion and technical inputs from the government. This gap was fulûlled by

other supporting agencies to some extent in the limited geographic area

of their presence. This could be one of the major cause of observed poor

construction quality compromising hazard resistance of the newly con-

structed houses to any hazard in the future.

4. Conclusions

Nepal's post-earthquake housing reconstruction offers many lessons rel-

evant not only to Nepal but globally, particularly on the inclusion of the

poor and vulnerable. Recognising the complex interaction of context,

needs, capacities, and challenges during the process of reconstruction im-

proves our understanding of owner-driven reconstruction.

Nepal's reconstruction and recovery policies and implementationmech-

anisms evolved slowly and were reûned and expanded as housing recon-

struction progressed and the needs and challenges became more evident.

Speciûc provisions for additional ûnancial assistance to the vulnerable

and securing land ownership for the landless along with the use of instru-

ments vested with municipal governments were the hallmark of the

‘owner driven reconstruction framework’ in Nepal. However, the policy for-

mulation, though essential, is only a ûrst step for enabling recovery process

of the poor and vulnerable. It has to be followed with instituting of mecha-

nisms and modalities that are people-friendly and convivial so that the vul-

nerable households can access their entitlements in timely manner without

barriers. Certain implementation mechanisms particularly for damage

categorisation, identiûcation of vulnerable families, disbursement of top-

up grant assistance and subsidized loans could not be as effective as envis-

aged and hence, inclusion of the vulnerable though well-intended in the

policy framework remained limited.

Identiûcation of the poor and vulnerable was not easy and simplistic

criteria were inadequate given the multi-dimensional complexities of

socio-economic factors. The weak agency of the poor and vulnerable

makes them silent and therefore, invisible. The policy formulation needs

to be reûned through more in-depth understanding of the myriad forms

of the socio-economic vulnerability allowing the invisible to become

visible.

Access to the housing ûnance remained another difûcult issue in the re-

construction process. Due to partial ûnancial assistance from the NRA and

failure of the subsidized bank loan schemes, many poor households not

only constructed much smaller houses than they had before, but also had

to borrow money from informal sources at highly exploitative interest

rates. There is a risk that the increased debt burden on the poor and vulner-

able households can perpetuate deeply entrenched power dynamics of so-

cial hierarchies further diminishing their agency.

The security of tenure for the landless through ownership of the home-

stead land was an unprecedented and remarkable inclusion in the policy

framework and its implementation. Though fulûlling land entitlement is a

complex process, strengthening of local governments through the devolu-

tion of powermade this process feasible and effective. However, this policy

intervention has also been a missed opportunity to further the cause of so-

cial justice in terms of ensuring an equal land entitlement to be held jointly

by the women.

It is also amply evident that there has been a major shift in housing ty-

pologies in earthquake-affected districts from stone and mud-based ma-

sonry to cement based construction. Though more evidence is still

required, it is likely that potential hazard performance of new houses may

have improved. However, the control of the design processwhich tradition-

ally had been rooted within the communities through artisanal practices

has been shifted to the domain of engineering experts. This has made the

communities, artisans in particular, passive recipient of information on haz-

ard resistant design and technology. This also poses a challenge to the sus-

tainability of disaster risk reduction efforts, if the communities lose control

over their own construction processes in name of social welfare and safety.

Socio-technical facilitation of the vulnerable houseowners, wherever avail-

able, helped the poor and vulnerable inmandatory administrative and tech-

nical compliances. But it is important to recognise that the design and

Table 9

Adoption of different typologies by the vulnerable in eight municipalities of Gorkha district.

Building Typologies Prevalence % (urban) Prevalence % (rural)

Vulnerable households Other affected households Vulnerable households Other affected households

Low strength masonry 13 9 44 34

Cement based load bearing 73 72 45 55

RCC frame structure 14 19 11 11

Source: Primary data collected by UNDP, Nepal.

Table 10

Building permission for house reconstruction in Gorkha and Palungtar upto July 6,

2020.

Building Permission Process Gorkha Palungtar

Total applicant houseowners 1173 1493

Applicant for new construction 427 763

Applicants for as built approval 720 717

Building approvals obtained 804 705

Building approvals rejected or cancelled 26 13

Source: Primary data collected by UNDP, Nepal.
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technologies have to be perceivedwithin the framework of community em-

powerment and not merely seen through the engineering perspective.

Without an empowerment perspective, the process would violate the

basic tenets of ‘owner driven reconstruction’.

For effective and inclusive post-disaster reconstruction, mere identiûca-

tion of themechanics and procedures of implementation is not enough. Pol-

icies and implementation mechanisms need to be formulated with the

understanding of pre-existing forms of socio-economic marginalization in

order to address those barriers. The poor and vulnerable are better enabled

to access their entitlements when the governance shifts from upper eche-

lons of the government to the local governments. The key to their more eq-

uitable and effective inclusion is likely to be the transformation of

development planning and governance processes enabling the praxis of

the communities to inûuence and lead their own recovery process.
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