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President's message President's Message 
 

First and foremost, I appreciate it very much that the Publication Committee has come up with this first issue 

of NEA-JC Newsletter since we took up the office this year May. Many promised jobs are yet to be done, but 

I hope this Newsletter has covered major achievements we have made in the last five months. 

So far, we have only been able to accomplish what we have already identified as regular activities in  

NEA-JC, but our efforts to bring in a few new programs and plans are still underway and we are sure by the 

time we approach the end of our tenure, we will be able to add a few more programs in the activity list for the 

benefit of Nepalese engineers community in Japan as well as home and abroad. From this year’s NEA Day 

Celebration Program in Japan, which happens to be in the middle of July every year, we have begun to  

felicitate/honor our senior NEA-JC members, who have not only contributed to the development of NEA-JC 

as an independent organization but have also made significant achievements in their professional career, for 

the sake of setting a trend to recognize the contributions made in this organization as well as to establish a 

culture of continued relationship between the seniors and new members. Although we still need to prepare 

some terms of reference (TOR) for this purpose and float them for all members’ reference, through a brief 

executive official meeting, we have prepared a few guidelines, which led us to award this year’s honor to  

Dr. Surya Raj Acharya, a Senior Research Fellow at the Institute for Transport Policy Studies, who as the 

senior most NEA-JC member at present has had a founding contribution in this organization and has a great 

list of professional achievements during the past several years of his involvement with the Japanese  

organizations. We believe this new step in NEA-JC programs will bring our senior members even closer to 

regular NEA-JC activities. 

At present, through our Event Management Committee, we are preparing to hold an annual scientific event of 

NEA-JC, which in previous years used to have a name of NEA-JC Workshop, in the name of 6th NEA-JC 

Symposium. This year, we are putting a little more efforts to make it slightly bigger with a few more attrac-

tions such as invited lectures and best paper/presentation awards. We should be expecting our Event Manage-

ment Committee to come out with symposium plan details somewhere soon. 

Being professional may be defined in many different ways, but one of the concerns we have always had  

towards our parent organization, Nepal Engineers Association (NEA), is that it has never ever acted as a  

professional engineering organization, mainly in terms of making engineering a professional occupation. We 

have probably seen more politics, be it in a form of party-based politics or attitude-based politics, than  

development of profession in NEA, but for a greater part of NEA community, it is what helps us develop our 

professional career, particularly in our nation. One of our senior colleagues during the Tokyo meeting of 

NEA Day Celebration Program in July this year raised this issue that the requests we receive from the head 

office election contesters are in the form of political panels, which may clearly indicate that we practice too 

much party-based politics in all our activities inside NEA. At the same time, it was proposed that from the 

next time onward NEA-JC will not participate in the poll if the candidates still prefer to contest the election 

through their politically-affiliated panels or groups. It is still debatable even within NEA-JC, but one of the 

ways to bring it into notice of our head office handlers that NEA-JC at least does not favor the party-affiliated 

politics would be officially staying away from the polls from next time. I personally also favor this idea that 

the politically-panelized election campaigning should be immediately stopped in NEA. However, I expect it 

to be one of the important agendas to be discussed in the general assembly prior to holding the next election 

for a new executive committee in NEA-JC. 

Towards the end, just at the doorstep of the Nepalese great festivals, Dashain and Tihar, I and my team in the 

7th executive committee would like to extend our heartiest greetings to all our engineer colleagues in Japan as 

well as Nepal and abroad. May this festive season bring all glorious moments in all your days ahead! 

Thank you. 

 

Netra Prakash Bhandary 

President 

7
th

 Executive Committee 

Japan Center of Nepal Engineers Association 
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In this auspicious occasion of Nepalese greatest festival Dashain, the publication team is ec-

static to present you with the first issue of NEA-JC newsletter for this current tenure. In this 

issue we have basically tried to give continuity to our previous regular sections of the newslet-

ter; detailed activities report, senior’s insight and research papers from various fields of engi-

neering are some of the highlights of this issue. In senior’s insight section, we are extremely 

pleased to feature the first president of NEA-JC, Dr. Shobhakar Dhakal. We hope that his vi-

sion, insightful thoughts and experiences collected during his more than a decade long stay in 

Japan would be beneficial and valuable to our readers.  

NEA-JC newsletter has also been serving as a great platform to share our research findings in 

our Nepalese engineers’ community. Therefore, we have included four research papers from 

different aspects of engineering.  

Finally, the publication committee would like to thank all of those who have contributed in 

their own ways to make this issue possible.  

 

We hope that you will enjoy reading this issue. 

 

With best regards, 

Justin Shrestha 

Dhruba Panthi 

Naba Raj Shrestha 

Editorial 

On the auspicious occasion of Dashain and Tihar,  
the NEA-JC family would like to extend its warmest 
wishes to everyone. May these great festivals bring  
happiness, good health and prosperity in your life.  

 
Happy festivities!!! 

 
 
 
 

Nepal Engineers' Association—Japan Center  (NEA-JC) 
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To commemorate 50 years of establishment 

of Nepal Engineers Association (NEA), the 

Japan Center of Nepal Engineers’ Associa-

tion (NEA-JC) celebrated Golden Jubilee of 

NEA by holding a one-day symposium on 

“Engineers for Entrepreneurship and Devel-

opment in Nepalese Context” in Tokyo and 

Kyoto on July 21, 2012 (Saturday).  

 

The University of Tokyo  

Komaba Research Campus, Tokyo 

The program at Tokyo witnessed an enthu-

siastic participation of about three dozens 

of Nepalese academics, researchers, experts 

and students from engineering, natural sci-

ence and social science disciplines.  

The program was divided into four ses-

sions: opening plenary, keynote, general 

presentations and panel discussion. The 

opening plenary was started by welcome 

speech and brief introduction to NEA and 

NEA-JC by Er. Dr. Netra Prakash 

Bhandary, President of NEA-JC and Assis-

tant Professor at Ehime University. Inaugu-

ral address was delivered by chief guest 

H.E. Dr. Madan Kumar Bhattarai, Ambas-

sador of Nepal to Japan in which he focused 

on the roles of engineers for the develop-

ment of the country. Short remarks were 

given by representatives of different organi-

zations (Dr. Rajendra Prasad Parajuli from 

NRNA, Er. Rajan Bhattarai from NESAJ 

and Dr. Prakash Shakya from TUNeF). Af-

ter all the remarks, on behalf of NEA-JC, 

chief guest H.E. Dr. Bhattarai awarded a 

Letter of Appreciation to Er. Dr. Surya Raj 

Acharya, Senior Research Fellow at Insti-

tute for Transport Policy Studies (ITPS), 

marking his significant contributions to 

NEA-JC. The session was ended by an in-

vited special talk by the awardee Er. Dr. 

Acharya on “State Restructuring: Asking a 

right question”. 

Nepal Engineers’ Day 2012: Golden Jubilee Celebration 

One-day Symposium on Engineers for Entrepreneurship and  

Development in Nepalese Context 

21 July 2012 (Saturday) 

NEA-JC President Er.Dr. Bhandary delivering the opening address 
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The keynote session included two lectures: 

“Internet and Mobile Communication – His-

tory, Current Status and Future Direction” 

by Er. Dr. Ved Prasad Kafle, Senior Re-

searcher at National Institute of Information 

and Communications Technology (NICT), 

and “Preliminary Understanding of the 

1255 Seti River Debris-Flood in Pokhara, 

Nepal” by Er. Dr. Netra Prakash Bhandary. 

The session was chaired by Er. Dr. Surya 

Raj Acharya.  

 

The third session of general presentations 

included total of 4 presentations. The first 

speaker of the session Er. Ramesh Guragain, 

Deputy Executive Director, NSET,  dis-

cussed “Development of Fragility Function 

for Low Strength Masonry Buildings in Ne-

pal”, whereas the second speaker Mr. Bud-

dha Ratna Shrestha from Tokyo Institute of 

Technology, presented on “Polymer electro-

lyte fuel cell and platinum dissolution”. The 

other two presentations in the session were 

made by Er. Prem Prakash Khatri and Er. 

Ramesh Pokharel, both from The University 

of Tokyo, on“Gravity Anomaly Data from 

the Noisy Data obtained by Ship-

borneGravimeter to Achieve the Mobility of 

Gravity Method” and “Evaluation of road 

network from reliability perspective: An ac-

cessibility importance and network closure 

vulnerability approach”, respectively. The 

session was chaired by Er. Dr. Jhabindra 

Ghimire. 

In the final session, a panel discussion was 

conducted  on “50 Years of Nepal Engi-

neers’ Association and Engineering Profes-

sion in Nepal” with panelists Er. Dr. Surya 

Raj Acharya, Er. Dr. Ved Prasad Kafle and 

Er. Ramesh Guragain. The discussion was 

moderated by Er. Dr. Netra Prakash 

Bhandary.  

Finally, the program was concluded with 

concluding remarks and vote of thanks by 

Er. Dhruba Panthi, Secretary and Coordina-

tor, Organizing Committee and Event Man-

agement Committee, NEA-JC. 

 

The program was evaluated to be one of the 

liveliest in the history of NEA-JC by the 

senior members. An appreciable participa-

tion from non-engineering community in the 

program and their enthusiastic involvement 

in the discussion were also especially noted. 

 

Participants in Tokyo program 

Enthusiastic participants attending 
the program 
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Kyoto University 

Yoshida Campus, Kyoto 

The program in Kyoto was organized at Yo-

shida Campus of Kyoto University. The pro-

gram started with a welcome/opening ad-

dress from Er. Rishi Ram Parajuli (Member 

of Event management Committee). Er. Pa-

rajuli expressed sincere vote of thanks to all 

the participants and guests on behalf of the 

organizing committee. Core part of the pro-

gram was divided into two technical ses-

sions. Two papers were presented in each of 

the sessions. 

In the first session, Er. Dr. Madhu Sudan 

Kayastha from Chubu University and Dr. 

Kshitij Charan Shrestha from Kyoto Univer-

sity presented on “Possibility of high- purity 

GaAs for high efficient spatial light modula-

tor” and “Potentials of superelastic alloy 

bars in structural engineering”, respective-

ly. The session was chaired by Er. Dr. Hari 

Ram Parajuli. 

 

During the second session, Er. Dr. Rojee 

Pradhananga and Er. Bhogendra Mishra 

from Kyoto University presented their pa-

pers “Risk based routing and scheduling of 

hazardous material in urban areas” and Po-

tential Analysis of climatic variability and 

snow cover in the Kaligandaki river ba-

sin, Himalaya, Nepal”, respectively. The 

session was chaired by Er. Dr. Surendra 

Tamrakar.  

 

After each presentation, discussions were 

made with the experts from the audience 

moderated by respective chairpersons. 

The discussions were very much interac-

tive, lively and impressive. Both chair-

persons expressed their views regarding 

NEA day as well as some fruitful sugges-

tions to all the participants. Finally, the 

seminar was formally closed with con-

cluding remarks from Er. Dr. Kshitij 

Charan Shrestha. The program was at-

tended by 11 participants from four uni-

versities. 

Participants in Kyoto program 

NEA-JC raised a fund to support the  

medical treatment of Er. Roma Gurung who 

has been diagnosed with acute  

lymphoblastic leukemia and is undergoing 

treatment in India. Although it was an  

Support for the Treatment of Er. Roma Gurung 

unofficial initiative by the NEA-JC execu-

tive committee, a total sum of 165,800 JPY 

(equivalent to 181,974 NPR) was collected 

within a short period of time. There were 25 

individual contributors in addition to 13 

contributors on behalf of Saidai family, a 

group of Nepalese associated directly or 

indirectly with Saitama University. The 

fund-raising and bank transfer procedures 

were coordinated by Er. Ram Prasad  

Dhungana, the Treasurer of NEA-JC. 

 

The NEA-JC family wishes Roma a speedy 

recovery and good health. 
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Japan Society of Civil Engineers (JSCE) 

annual meeting focuses on current issues 

and challenges facing the civil engineering 

profession. The meeting is held to share ide-

as and opinions with engineering profession-

als from around the world. This year JSCE 

annual convention was held in conjunction 

with the 14th International Summer Sympo-

sium at Nagoya on 5-7 September but the 

international roundtable meeting was sched-

uled for 5-6 September only. There were 

altogether 11 JSCE international partners 

including NEA in the roundtable meeting, 

and the topic this year was ‘Multilateral Co-

operation/Collaboration in Developing Dis-

aster-Resilient Infrastructures.’  Dr. Netra 

Prakash Bhandary, current NEA-JC Presi-

dent, participated in the program represent-

ing NEA and presented a comprehensive 

paper on natural disasters in Nepal entitled 

‘Natural Disasters in Nepal: An Introduc-

tion to Mitigation Efforts through Academic 

and Research Activities.’  During the meet-

ing representatives from different countries 

presented their natural disaster related prob-

lems and its mitigation measures. From the 

meeting it was observed that the level of dis-

aster prevention system in all other nations, 

such as Indonesia, Korea, Vietnam, Thai-

land, Philippines, Bangladesh, Turkey, Hong 

Kong, Taiwan, and Japan is very high com-

pared to efforts carried out in Nepal.   

Participation in JSCE Annual Meeting  – 2012 

Nagoya University, Higashiyama Campus, Nagoya, Japan 

5-6 September 

Dr. Bhandary with other international delegates in the banquet 

Dr. Bhandary during the meeting 
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Namaskar!  

Welcome to NEA-JC Newsletter. 

Thank you, my pleasure to talk to you.  

 

How long did you stay in Japan? Were 

you with your family here? Why did you 

choose Japan? 

I went to Japan in October 1997. I was with 

my family during entire time in Japan. I got 

married in December 1998 and my both 

kids were born in Japan. I lived in Japan for 

about 14 years. My awareness on academic 

activities in Japan was created through 

JICA seconded Japanese faculty member at 

AIT where I was doing my Master’s de-

gree. During my masters theses I was in 

touch with few professors from the Univer-

sity of Tokyo, through which I got my in-

terest in pursuing Ph.D. degree in Japan.   

 

Did you have work experience in Nepal 

before coming to Japan? 

My work history before going to Japan is 

very brief. Right after my undergraduate 

studies, I worked about 5 months each at 

Nepal Telecom and National Productivity 

and Economic Development Center.  

 

Would you please tell us about your affili-

ation with Japanese academic and re-

search institutions? Are you still associat-

ed with some of them? 

After leaving Japan in July 2012, I have 

developed close affiliations with Japanese 

research communities and academic institu-

tions. I serve as visiting researcher at Na-

tional Institute for Environmental Studies 

and also as a visiting Associate Professor at 

Graduate School of Environmental Studies 

of Nagoya University. In addition, I work 

closely and interact intensively with col-

leagues at Hiroshima University, The Uni-

versity of Tokyo and Institute for Global 

Environmental Strategies.       

 

Senior’s Insight  

Dr. Shobhakar Dhakal 

Born in 1970 in Kathmandu, Dr. Dhakal holds a Ph.D. in Urban 
Engineering from the University of Tokyo (2000) and a Master's de-
gree in Energy Economics and Planning from the Asian Institute of 
Technology (AIT) (1997). He is now an Associate Professor at AIT in 
the Energy field of study. Before moving to Thailand, Dr. Dhakal 
was Executive Director of the Global Carbon Project, an internation-
al scientific program hosted by the National Institute for Environ-
mental Studies (NIES) in Japan (2006-2012) and a Senior Policy Re-
searcher and the Project Manager of Urban Project of the Institute 
for Global Environmental Strategies (IGES) Japan (2001-2006). He 
has authored over fifty scholarly publications including journal arti-

cles, books, and book chapters. He is a senior editor of Carbon Management Journal, member of 
the editorial board of Urban Climate Journal, member of the board of editorial advisors of Interna-
tional Energy Journal, and he has been a guest editor of four special issues of the journals.     

In this issue, we are featuring Dr. Shobhakar Dhakal, a senior past member of NEA-JC 
who had also served as its first President. 
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Would you please share with us about your 

overall experience while studying and 

working in Japan? 

My experience in Japan was very positive 

and I built my career from Japan. I was 

blessed to have opportunity to work with 

Prof. Keisuke Hanaki as my Ph.D.  

supervisor at Department of Urban  

Engineering in The University of Tokyo. 

The atmosphere in my school was very  

international. My 12 years of work  

experience in Japan was fantastic; I had the 

freedom to pursue my research interests and 

always worked in an international  

atmosphere- first as Project Manager and 

Senior Policy Researcher at Institute for 

Global Environmental Strategies and then, 

as a Director of Global Carbon Project at 

National Institute for Environmental  

Studies. Japan provided me with  

opportunities to pursue my interests in  

research, publications and the international 

research networking in an international  

setting; I cannot ask for more than this. 

However, I must say that, socially I  

expected more from Japan. Every society 

has its own ways but I think, socially, Japan 

is challenging place to live-I must also  

recognize the fact that social matter depends 

on an individual too.         

 

Now you have moved to Thailand for a new 

job. How is the nature of your current job 

and how do you compare it with your previ-

ous one? 

The nature of my work itself here is not too 

different from Japan. As before, I am  

attached to many international research 

communities, networks and institutions.  

Only addition is, teaching and academic  

environment. Interactions with the young 

people and transferring knowledge and 

working with them is a great pleasure and 

self-fulfilling. Now I will focus in Asia and 

hope to develop my institute as a center of 

excellence in my own research areas here. 

Our Energy Field of Study at AIT is already 

a well-recognized and well-established  

internationally in energy and climate change 

related research area.     

 

Would you tell us something more about 

the importance/scope of your research ac-

tivity? Is it applicable in context of Nepal? 

My key research interests are on three 

fronts. The first is on energy and emissions 

modeling and policy analyses, the second is 

on urbanization and city specific issues in 

relation to energy, pollutants and climate 

change mitigation, and the third is on  

improving energy access in developing 

countries. All three are very important issues 

for Nepal and my wish is to actively engage 

myself in research related to Nepal as well 

as to contribute in the research-capacity-

building in Nepal and amongst Nepalese in 

these areas.     

 

How do you compare the education system, 

work culture and working environment  

between Japan, Thailand and Nepal? 

My impressions are: the higher education (at 

master and Ph.D. levels) and research is  

relatively poor in Nepal; the academic  

environment, professionalism, support and 

reward system, and the funding base for  

research are generally poor. It is also a duty 

of all of us who live in overseas to put our 

best efforts to help as much as we could  

individually or in an organized way for  

Nepal. My Institute, AIT, is not a Thai  

Institution and comparing Japan with  

Thailand is not possible for me. How AIT is 

different from Japan is, AIT adopts very 

much American style of education; it’s very 

interactive, course-work is rigorous,  

research quality is good compared to  

available resources, student and faculty 

member are quite productive, environment 

is very multi-cultural, students learn many 

things to build their overall personality, and 

system is more open. Something that I am 

getting used to in Thailand is people do not 

keep time as sharp as we used to do in  

Japan. I am learning to take it easy and be 

relaxed!! 
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Do you have memorable moments in your 

professional career, which you would like 

to share with us? 

Nothing too particular, but I feel very much 

honored to be a part of many international 

assessments and collaborative work with 

our international colleagues. Some of them 

are with Global Carbon Project,  

Inter-Governmental Panel on Climate 

Change (IPCC), Global Energy  

Assessment, International Energy Agency, 

China Council, the Urban Climate Change  

Research Network, and International  

Geosphere-Biosphere Program. One  

memorable moment was my plenary talk to 

over 3,000 participants at Planet Under 

Pressure Conference in London in March 

2012.  
 

Now let’s change the context a little bit. 

You were the President of the first  

executive committee of NEA-JC. How 

were those early days of NEA-JC and how 

was your experience as its first President? 

How do you find the current activities of 

NEA-JC? 

In early days we were intensively focused 

on what we should do to build NEA  

community in Japan. Our concerns were 

also more on institutionalizing it and setting 

up the processes and rules and basic  

work-order for this institution to function 

for a long time. We were aiming at a  

broad-base support, embracing all  

engineers, raising memberships, more  

involvement of colleagues, and developing 

relations with related institutions and  

societies in Japan. One of my major  

concerns was also to keep this institution 

away from politicizing. We encouraged  

colleague to share and discuss issues related 

to political ideology, religion, ethnicity etc. 

to other relevant forums and focus only on 

professional matters in NEA-JC. I am  

happy to see that NEA-JC has evolved,  

sustained in very professional way, now 

engaging and networking engineers more 

strongly, organizing series of events,  

research communication etc. The credit 

goes to all members and especially to the 

Executive Committees since then.  
 

How do you see the role of engineers in 

Nepal’s development? 

Needless to say, role of engineers is a key 

to the nation where we have to find our own 

ways of doing things. Infrastructure  

development is very fundamental to us.  

Engineers have to learn techniques  

developed in the past and in overseas and 

adapt them to Nepalese context to carry out 

in a way more suitable to our country. The 

capacity building within the country to do 

things is essential.   
  

What message do you want to convey to 

aspiring young engineers entering Japan 

for higher studies or for research career? 

Work hard and enjoy life too. Japan is 

blessed with lots of expertise and resources 

(funding, human etc.). Make use of them 

efficiently to learn and to build yourselves. 

Connect yourselves to other Nepalese 

friends working in the similar areas and 

learn from them and ask for support. The 

Japanese education system may not always 

help you to build your ‘overall personality’ 

and impart ‘broad knowledge’ in the related 

areas; please open up yourselves and go an 

extra mile to make efforts to open your-

selves and involve yourselves in learning 

thing not too narrowly. The ‘focus’ is must 

but that does not mean you fail to get 

broader perspectives.   
    

Final words:  

It is always nice to get involved with  

NEA-JC and friends there. My best wishes 

to NEA-JC. Finally, I would also like to 

encourage for the cooperation and coordi-

nation across NEA Centers (such as be-

tween Japan and Thailand). There could be 

rooms to carry out bigger activities collec-

tively.   Thank you very much. 
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CAUSES OF GLACIAL LAKE OUTBURST IN THE HIMALAYA 
 

 

Badri Bhakta Shrestha  

International Centre for Water Hazard and Risk Management (ICHARM),  

Public Works Research Institute (PWRI) 

  

 

Abstract: Due to temperature rise, the glaciers are rapidly melting in the Himalaya of South Asia.  The rapid 

melting of glaciers contributes to rapid expansion of glacial lake and eventually the lake may outburst. In recent 

years the glacial lake outburst floods are frequently occurred in the Himalaya due to temperature rise in the area. 

The glacial lake outburst typically occurs due to moraine dam failure. The moraine dam can breach due to 

displacement wave from an ice or rock avalanche, or landslide, or melting of disintegrating ice core within the 

dam, or seepage/piping in the dam, or water level rising, or earthquake. The outburst floods from glacial lake can 

cause catastrophic flooding and damages in the downstream river valley. In this paper, the impact of climate 

change on glacial lake and the causes of glacial lake outburst have been discussed. Based on measured discharge, 

the empirical relation to predict GLOF discharge has been also presented. 

 

Keywords: Glacial lake, glacier retreat, causes of outburst, climate change, the Himalaya, moraine dam failure. 

 

 

INTRODUCTION 

 

A study of the International Centre for Integrated 

Mountain Development identified about 15,000 

glaciers and 9,000 glacial lakes in Nepal, Bhutan, 

India, Pakistan and China, out of which 200 glacial 

lakes are identified as potentially dangerous in the 

Himalaya [1]. Climate change and retreating glaciers 

constitute a major hazard in the Himalayas, and in 

similarly glacier region of the world. The Himalayan 

glaciers are rapidly melting due to climate change. 

Melting glaciers contribute to the development of 

glacial lakes, which may eventually glacier outburst 

flood for a variety of reasons, thereby causing 

enormous damage to surrounding communities [2]. 

Recently, floods and debris flows are frequently 

occurred in the Himalaya of South Asia due to 

Glacial Lake Outburst Flood (GLOF). The outburst 

floods from glacial lake can cause catastrophic 

flooding and damages in the downstream river valley. 

GLOFs typically occur by lake water overflowing 

and eroding the moraine dam. A trigger mechanism 

such as displacement wave from an ice or rock 

avalanche, or landslide, or disintegrating ice core 

within the dam, or seepage/piping in the dam, or 

water level rising, or earthquake is normally required 

for the breaching of glacial lake [3].  

In this paper, impact of climate change on glacial 

lake and the causes of glacial lake outburst have been 

discussed. The empirical relation to predict GLOF 

discharge has been also presented. 

 

IMPACT OF CLIMATE CHANGE ON 

GLACIAL LAKE 

 

Glacial lakes form due to glacial melt or retreat 

caused by global climate change. Global warming 

has accelerated glacial retreat, which results the 

formation or expansion of glacial lakes and 

constitutes a major hazards in the Himalaya. The 

warming in the Himalayas in last three decades has 

been between 0.15˚C-0.6˚C per decade. Figure 1 

shows the average retreat rate of glaciers in the 

Himalaya of Nepal. The average retreat rate of the 

glaciers is about 10 – 60 m per year. However, the 

two glaciers Lumding and Imja are retreating at high 

rate 74 m per year. Figure 2 shows some major 

impacts of glacier retreats in the Himalaya. 
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Figure 1 Average retreat rate of glaciers in the Himalaya of Nepal (Data Source: Bajracharya and Mool [4]) 

 

 

 
Figure 2 Impact of glacier retreat in the Himalaya 

 

The GLOF events, runoff increasing and sea level 

rising may occur during the glacier retreating and 

these are the present impact of glaciers melting. 

However after the shrinkage of glaciers, there will be 

problem in reduction of river runoff and it will be 

future impact of glacier melting. In this paper, the 

impact of climate change on glacial lake and glacial 

lake outburst floods will be discussed. Figure 3 

shows the growth of Dig Tsho and Imja Lakes in the 

Himalaya of Nepal, in which Dig Tsho Lake was 

outburst in 1985 when it attained the area of about 

0.6 km
2
. After the outburst, the lake size of Dig Tsho 

is almost same as 0.36 km
2
. The Imja Lake had an 

area about 0.03 km
2
 in 1962 and 0.77 km

2
 in 2000. 

Imja Lake is growing at a rate of 74m/year in length 

[1]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Growth of Dig Tsho and Imja Glacial Lakes, 

Nepal (Modified from Bajracharya et al. [5]) 
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Figure 4 Growth of Tsho Rolpa Glacial Lake in the 

Rolwaling valley, Nepal (Modified from Horstmann 

[6]) 

 

 
Figure 5 Trend of lake area expansion of some 

glacial lakes of Nepal 

 

 
Figure 6 Trend of lake area expansion of some 

glacial lakes of Bhutan 

 

Figure 4 shows the rapid growing of Tsho Rolpa 

Glacial Lake in the Rolwaling Valley of Nepal.  

Figure 5 shows the trend of expansion of lake area of 

Tsho Rolpa, Imja and Dig Tsho (outburst in 1985) 

lakes of Nepal and rapid expansion of lake area may 

cause the outburst of lake. Similar trends of rapid 

expansion of lake area of some glacial lakes of 

Bhutan are also shown in Figure 6. The figures show 

that the glacial lakes are rapidly expanding. The 

GLOF events may pose the catastrophic flooding or 

disasters in downstream areas. Thus, the prediction 

and countermeasures of flood and sediment disasters 

caused by GLOF events are very urgent. 

 

MECHANISM OF GLACIAL LAKE 

OUTBURST 

 

Glacial Lake Outburst Floods (GLOFs) typically 

occur by lake water overflowing and eroding the 

moraine dam. A trigger mechanism such as 

displacement wave from an ice or rock avalanche, or 

landslide, or disintegrating ice-core within the dam, 

or seepage/piping in the dam, or water level rising, or 

earthquake is normally required. There were several 

GLOF events occurred and most of them were 

unnoticed because of remoteness of the area. 

However some GLOF events are well documented by 

some researchers. Table 1 shows the information of 

well recorded 24 GLOF events. Figure 7 shows the 

causes of recorded GLOFs based on 24 well recorded 

GLOF events in the Himalaya. The figure shows that 

about 29% GLOF events occurred caused by ice 

avalanche. About 29% GLOF events occurred also 

due to ice-cored moraine collapse. About 13%, 8% 

and 17% GLOF events occurred respectively caused 

by glacier surge, moraine collapse due to seepage and 

glacial advance. The causes of 17% GLOF events 

were unknown. For examples, the Dig Tsho Glacial 

Lake burst in 1985 caused by an ice avalanche from 

the Langmoche glacier. The moraine dam of the 

Chubung Glacial Lake collapsed in 1991 due to 

falling of ice avalanche into the lake caused by 

temperature rise in the area. The outburst of Tam 

Pokhari Glacial Lake in 1998 was caused by ice 

avalanche due to earthquake. Figure 8 shows the 

occurred GLOF events based on the months. The 

figure shows that GLOF events typically occurred 

during the summer season from June to October and 

most of the GLOF events occurred in July and 

August when the temperature is higher. 

GLOFs pose threats of debris flow and flash floods in 

downstream areas (for examples, outburst flood of 

Ayaco glacial lake, Tibet in 1970; Zhangzangbo 

glacial lake, Tibet in 1981; Dig Tsho lake, Nepal in 

1985; Chubung lake, Nepal in 1991; Tampokhari 

glacial lake, Nepal in 1998; Kabache lake, Nepal in 

2003). 
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Table 1 List of well recorded 24 GLOF events in the Himalaya 

 
(Data source: Yamada [7], Bajracharya et al. [8]) 

 

 
Figure 7 Causes of 24 recorded GLOF events 

 

They constituted a severe hazard to people, 

infrastructure and property. The studies on glacial 

lake outburst floods and their flood or sediment 

disasters in downstream areas are very limited. 

 
Figure 8 Occurred GLOF events based on the months 

 

Therefore, there is pressing need mechanism 

approaches to compute the phenomenon of glacier 

outburst floods, downstream flooding and their 

preventive measures.  

 

 

 
S.N. Glacial Lake 

Date of 

Outburst 
River Basin Source Country Effected Cause of GLOF 

1 Machhapuchhare 450 yrs ago Seti Khola Nepal Nepal Moraine collapse 

2 Tara-Cho Aug-35 Boqu / Sun Koshi  Tibet (China) China and Nepal Dam Piping 

3 Gelhaipco 21-Sep-64 PumQu / Arun  Tibet (China) China and Nepal Glacier surge 

4 Zhangzangbo 1964 Boqu / Sun Koshi  Tibet (China) China and Nepal Piping 

5 Longda 25-Aug-64 Gyrong / Trisuli  Tibet (China) China and Nepal Not known 

6 Ayaco 1968 PumQu / Arun  Tibet (China) China and Nepal Not known 

7 Ayaco 1969 PumQu / Arun  Tibet (China) China and Nepal Not known 

8 Ayaco 18-Aug-70 PumQu / Arun  Tibet (China) China and Nepal Not known 

9 Nare 3-Sep-77 Dudh Koshi Nepal Nepal Moraine collapse 

10 Nagma Pokhari 23-Jun-80 Tamor Nepal Nepal Moraine collapse 

11 Zhangzangbo 11-Jul-81 Boqu / Sun Koshi  Tibet (China) China and Nepal Glacier surge 

12 Jinco 27-Aug-82 PumQu / Arun  Tibet (China) China and Nepal Glacier surge 

13 Dig Tsho 4-Aug-85 Dudh Koshi Nepal Nepal Ice avalanche 

14 Chubung 12-Jul-91 Tama Koshi Nepal Nepal Moraine collapse 

15 TamPokhari 3-Sep-98 Dudh Koshi Nepal Nepal Ice avalanche 

16 Qunbixiama-Cho 10-Jul-40 Kangboqu-Ahmchu Tibet (China) China Ice avalanche 

17 Sangwang-Cho 10-Jul-54 Nianchu Tibet (China) China Glacier advance 

18 Damenlahe-Cho 26-Sep-64 Nyang Tibet (China) China Ice avalanche 

19 Poge-Cho 23-Jul-72 Xibaxiaqu Tibet (China) China Ice avalanche 

20 Zari-Cho 24-Jun-81 Yarlung Zangbo Tibet (China) China Ice avalanche 

21 Mitui-Cho 14-Jul-88 Palong Zangbo Tibet (China) China Ice avalanche 

22 Lugge-Tsho 7-Oct-94 Pho Chu Bhutan Bhutan Moraine collapse 

23 Kabache Lake 15-Aug-03 Madi River Nepal Nepal Moraine collapse 

24 Kabache Lake 8-Aug-04 Madi River Nepal Nepal Moraine collapse 
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Table 2 Measured GLOFs discharge  

 
(Data Source: Dwivedi [9]) 

 

Figure 9 Measured and calculated GLOF discharge 

of some glacial lakes of Nepal 

 

EMPIRICAL RELATIONSHIP OF GLOF 

DISCHARGE 

 

Several GLOF events have occurred in the Himalaya 

region in the past and many of the GLOF remain 

unnoticed due to remoteness of its location [9], [10], 

[11]. Table 2 shows the measured discharge of some 

recorded GLOF events in the Himalaya of Nepal.  

From the regression analysis of measured discharge 

data of Table 2, we can get following relationship.  

 
deVQ *001822.0**000850.0                       (1) 

 

where Q  is the GLOF discharge in m
3
/sec at d   

distance downstream from lake, V is the volume of 

lake water release in m
3
 and d  is the distance from 

lake in km. Figure 9 shows the comparison between 

the  

calculated discharge using Eq. (1) and measured 

GLOF discharge. Due to limited number of measured 

discharge and other various factors, there are some 

variations in the results. The maximum GLOF 

discharge depends on various factors such as dam 

characteristics, failure mechanisms, river 

morphology and others. So the empirical relation of 

maximum GLOF discharge (Eq. (1)) can be used 

only for rough calculation for planning 

infrastructures in the river. 

 

CONCLUSIONS 

 

The warming in the Himalayas in last three decades 

has been between 0.15˚C-0.6˚C per decade. The area 

of glacial lakes in the Himalaya is rapidly increasing 

in trend due to impact of global climate change, 

which may cause outburst of glacial lake. 

Hazards/disasters due to GLOF are likely to increase 

in intensity with the impacts of climate change. The 

analysis of GLOF problem in the mountainous 

regions of the world due to global climate change is 

very urgent.  

GLOF events occur due to moraine dam failure and 

the moraine dam can breach due to displacement 

wave from an ice, or rock avalanche, or landslide, or 

melting of disintegrating ice core within the dam, or 

seepage/piping in the dam, or water level rising, or 

earthquake. Based on the recorded GLOF events, 

most of the GLOF events occurred due to ice 

avalanche (29%) and ice-cored moraine collapse 

(29%). Based on the measured GLOFs discharge, the 

empirical relation to predict GLOF discharge is also 

presented. However, this relation can be used only 

for rough calculation for planning infrastructures. 
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POLYMER ELECTROLYTE FUEL CELL AND PLATINUM 

DISSOLUTION 
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Abstract: Carbon dioxide, a major contributor of the green house gases, has become a great problem to humans 

due to which today’s world is compelled to find newer devices capable of energy conversion with zero carbon 

dioxide emissions. Polymer electrolyte fuel cell is one of them. In PEFC, hydrogen is oxidized at anode and 

oxygen is reduced at cathode during which potential of 1.23V is produced thermodynamically. Since the product 

is water, PEFC is considered as an alternative and clean form of energy. It attracted the world’s attention in 

around the millennium. It was targeted that the hydrogen powered fuel cells would be commercialized from 2010 

and the date is been shifted to 2015. The main challenges for the commercialization of PEFC are the high cost 

and performance loss with the time of usage. My work focuses on the performance loss. Platinum 

atom/nanoparticles dissolution during fuel cell operation is found to be one of the major causes of performance 

loss by some ex-situ methods. We, however, lack the instantaneous dissolution behavior and dissolution 

mechanism of platinum atom/nanoparticles. Thus, study on dissolution behavior of platinum was conducted and 

dissolution mechanism was clarified.  

 

Keywords: Clean Energy, PEFC, Platinum dissolution, Potential cycling. 

 

 

BACKGROUND 

Life, a miracle on earth appeared around 4 billion 

years ago, humans only 200,000 years ago and fossil 

fuel just around 3 centuries before. The use of fossil 

fuel began to rise in around 18
th

 century. When 

human harnessed the revolutionary power of fossil 

fuel, it freed human from the toil on earth. In fields, 

machines replaced man. Agriculture became oil 

powered. Distances are no longer counted on miles 

but in minutes. Man made every impossible possible 

with the power of fossil fuel. 

In last 50 years, earth’s population has almost tripled. 

Billions of people have moved to the cities. 

Deforestation is soaring continuously. Fishing 

villages are being converted into a jungle of 

skyscrapers. Thousands of skyscrapers are under 

construction. The number of cars is exceeding the 

family members. As the world develops, greater 

becomes its thrust for energy. Weariless machines 

dig continuously for fuel. It’s predicted that, before 

the end of this century, the entire planet’s reserve 

will have almost exhausted due to excessive mining.  

Since 1850, eleven of the last twelve years (1995-

2006) rank among the twelve warmest years in the 

instrumental record of global surface temperature. 

The 100-year linear trend (1906 - 2005) of 0.74 

[0.56°C to 0.92°C] is larger than the corresponding 

trend of 0.6 [0.4 to 0.8]°C (1901-2000) [1]. The 

linear warming trend over the 50 years from 1956 to 

2005 (0.13 [0.10 to 0.16]°C per decade) is nearly 

twice that for the 100 years from 1906 to 2005. 

Carbon dioxide (CO2) is the most important green 

house gas (GHG) [1]. Its annual emissions have 

grown by about 80% between 1970 and 2004, from 

21 to 38 gigatonnes (Gt), and represented 77% of 

total anthropogenic GHG emissions in 2004. The rate 

of growth of CO2-eq emissions was much higher 

during the recent 10 year period of 1995-2004 (0.92 

GtCO2-eq per year) than during the previous period 

of 1970-1994 (0.43 GtCO2-eq per year). The largest 

growth in GHG emissions between 1970 and 2004 

has come from energy supply, transport and industry, 
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while residential and commercial buildings, forestry 

(including deforestation) and agriculture sectors have 

been growing at a lower rate [1]. The effect of global 

warming is visible at the poles. The arctic icecap is 

melting. Its surface area shrinks every year. Some 

scientists predict, it could disappear by 2030. The 

icecaps which previously reflected the light rays from 

the sun now penetrate the dark water and heat it up. 

Lakes are appearing on the north icecaps. As the 

icecap melts, sea levels rise and the low lands around 

globe are threatened. The 20 centuries alone caused 

20 cm rise in the water level. It is a point to be 

considered that 70 % of the world’s population lives 

in coastal planes.  

So, definitely exploiting fossil fuels humans, in a 

short time, made every impossible possible and 

acquired unprecedented comfort which human could 

only dream of but, it also has brought a possible 

threat of apocalypse to humans in the name of global 

warming. Thus, in order to solve these problems of 

energy and global warming, the leading countries of 

the world are focusing on renewable and clean 

energy. Among them, fuel cells have become one of 

the attractive ones. 

INTRODUCTION TO FUEL CELL 

An electrochemical device that directly converts the 

chemical energy, supplied in the form of fuel, to 

electrical energy is called fuel cell. Fuel cells are 

normally classified according to the electrolyte used. 

The different types of fuel cells are polymer 

electrolyte fuel cells (PEFCs), solid oxide fuel cells 

(SOFCs), phosphoric acid fuel cells (PAFCs), 

alkaline fuel cells (AFCs), and molten carbonate fuel 

cells (MCFCs). However, PEFC, due to its high 

current density, low operating temperature (under 

90
◦
C) and high portability, is gaining more and more 

popularity than the other types of fuel cells. 

COMPONENTS AND MECHANISM OF 

POLYMER ELECTROLYTE FUEL CELL 

Figure 1 shows the schematics of a typical single 

PEFC. It mainly consists of a membrane electrode 

assembly (MEA) and two bipolar plates. In practice, 

definite numbers of single PEFC are connected in 

series with others to form a stack capable of 

producing certain power density. It is composed of 

polymer electrolyte attached with anode and cathode 

catalysts layers which in turn are attached with gas 

diffusion layer (GDL) on either side. Pt/Ru 

nanoparticles and Pt nanoparticles dispersed in 

carbon black are used as anode and cathode catalyst 

respectively. GDL is made up of carbon paper or 

cloth. The bipolar plates are either made up of metals 

or carbon.  

Figure 1: Schematic of polymer electrolyte fuel cell 

In PEFC, humidified pure hydrogen is fed at anode. 

Hydrogen undergoes oxidation reaction as shown in 

reaction (1). Polymer electrolyte allows protons to 

pass through it but it impedes the electrons. Electrons, 

thus, are forced to travel along the external circuit 

producing electricity. While at cathode, humidified 

natural air is taken in. Proton, electron along with the 

oxygen present in air undergoes reduction reaction as 

shown in reaction (2). The overall reaction, as shown 

in reaction (3), produces water as the only reaction 

by-product. 

At anode: H2      2H
+
 + 2e

—  
(1) 

At cathode: 4H
+
 + O2 + 4e

—                 
2H2O (2) 

Overall: 2H2 + O2 
                

2H2O  (3) 

Thermodynamically, the reaction (3) produces 1.23 

V and the process has the efficiency of 83 % as no 

heat is lost due to combustion.  

PROBLEM FOR THE 

COMMERCIALIZATION OF PEFC VEHICLES 

PEFC vehicles were expected to be commercialized 

by 2010 but that dream has not come to reality, 

though we already are near 2013, due to the two 

major barriers of cost and durability. The challenges 

for the commercialization are the durability [2] and 

cost, as platinum has to be used to catalyze the 

sluggish oxygen reduction reaction. Even on the use 

of such a noble element as catalyst, the performance 

loss with time during fuel cell operation is a major 

Fig. 1: Schematic of polymer electrolyte fuel cell
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problem for its application [2 - 4]. Tentatively, 

300,000 load cycles and 30,000 ON-OFF cycles have 

been estimated to occur at PEFC during the life of 

the fuel cell vehicle [5]. During such load cycles and 

ON-OFF cycles, the potential at the catalyst can 

become higher than 1.5 V [6] causing the dissolution 

of the catalyst. But, yet we do not have the clear 

picture of the instantaneous dissolution behavior and 

the dissolution mechanism during such operations i.e. 

potential cycling. So, in order to resolve this mystery 

the experiment was performed and the mystery was 

solved. A part of the work has already been 

published [7] and some parts are yet to be. Hence, for 

furthers details, it is advised to go through the paper. 

CONCLUSION 

PEFC definitely is an alternative and clean source of 

energy but the dissolution of the electrocatalyst, 

platinum is a mammoth problem for 

commercialization. So, further research is necessary 

so that breakthrough in material research occurs and 

cheap and durable catalyst that can be used in 

vehicles can be developed. 
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Abstract: Road sections are closed due to extreme disaster or bad weather which makes city, town or village loss the 

accessibility. This paper proposes a prioritization methodology for the road network link for upgrading by considering 

the connectivity at first and increasing network performance at second. A Network Performance Index (NPI) is derived 

to compare the closed road network link based on accessibility of an origin node with respect to service center. A 

method of sensitivity analysis is employed to identify the critical population and critical distance.  Redundancy 

evaluation of the alternative link is included whether detour route is in acceptable range or not.  Finally paper presets 

application results of the proposed methodology in (i) Tohoku regional road network, where numerous links were 

closed after great east Japan earthquake and (ii) Nepal’s rural road network where various section are closed  in rainy 

season.  

 

Keywords: Road network, Reliability, Vulnerability, Accessibility, Redundancy, Network evaluation 

methodology. 

 

 

INTRODUCTION 

 

Natural disaster, extreme weather events and manmade 

incidents are the causes of the unreliability of road 

network which significantly reduce the performance of 

the road network and road network becomes unreliable.  

Disconnection is the most severe problem after natural 

disaster and road closure due to bad weather. Due to 

failure on connection; many villages, cities or towns 

become isolated; difficulties in rescue and evacuation, 

problem on post disaster support; raises the 

transportation cost and loss on economy. The severity 

and weakness in the network differs from location to 

location. Identification of weakest location and critical 

links in a network and prioritizing them for the 

improvement projects is the aim of the evaluation 

methodology. Despite the growing body of literature 

on the reliability of road network, existing studies have 

provided little evidence on practical application.  

As an attempt to evaluate the road network links, this 

paper proposes a methodology which considers the loss 

on accessibility for the population during emergency 

situation, evaluation of vulnerability by redundancy 

concept and introduction of critical  population and 

distance  for the less populated and nearest area. After 

that methodology evaluates the links importance in two 

stage first stage identifies and prioritizes the links for 

network connection and second stage identifies and 

prioritizes the links to increase the network 

performance. Section 2 presents the literature review. 

Detailed formulation of proposed evaluation 

methodology is presented on section 3. Application of 

the methodology in Tohoku regional road network, 

where numerous sections of road networks were closed 

immediately after Great East Japan Earthquake, and in 

dry weather road network in Nepal is presented in 

section 4. Finally section 5 concludes the paper.  

LITERATURE REVIEW  

 

Several  evaluation methodologies have been proposed 

for the identification of critical link in the network[1] 

suggest the condition of node vulnerability and link 

criticality by calculating the accessibility index of the 
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link at the emergency situation. The accessibility index 

gives a socioeconomic impact of network disruption 

and finds out the link which has highest change in the 

accessibility index after disaster compared to normal 

condition. [2] also suggests accessibility index in a 

flood plain, the considered link is taken only from 

the 100 year floodplain. [3] suggest link importance 

and municipality exposure, each and every link is 

evaluated through the change in generalized travel 

cost. [4] suggest a network robustness index (NRI) 

of a link. The NRI calculates the change in total 

travel cost in a network due to failure of particular 

link. [5] evaluates the degree of weakness of the 

specific link in a network which lies under 

vulnerable scenario and calculates the ratio of total 

travel time in a network before and after disaster. [6] 

analyzes the degree of isolation by calculating the 

detour ratio and disaster tolerance function.  Existing 

evaluation methodologies consider various 

dimensions such as socioeconomic impact of 

network disruption, connectivity, consist of simple 

data and computation process, important theoretical 

and practical concepts. However, the main 

weaknesses of existing evaluation methodologies are 

1) lack of consideration of multiple link failure 

condition. 2) Lack of criteria for the selection of 

links to be evaluated 3) lack of consideration of 

redundancy 4) lack of certain parameter (considered 

parameter like travel time and traffic flow are 

uncertain at the emergency situation). 

 

THE PROPOSED EVALUATION 

METHODOLOGY 

During emergency situation, or when extreme 

disaster happens three types of problems are 

observed. The first one is connectivity failure 

between two locations; there is no other 

option/route/link to connect between the two 

locations, hence, some areas become isolated. 

Second, travel time is increased due to detour route. 

Third, traffic flow increases in the other survived 

route immediately after disaster and causes the 

problem of capacity/congestion. A severe impact on 

the community can arise such as problem on rescue 

and evacuation, problem on post disaster logistic 

supply and negative impact on economy. 

 

THE MODEL  

 

Accessibility index of an area 

Hansen accessibility index [7] gives a model for the 

accessibility index of an area with respect to the 

service centre. And [1] used this index to evaluate 

the road network links. 

1

/               (1)j iji

j

A P L


  

Where, 

Ai= Accessibility index of an origin node 

Pj= is the attraction of the service center, used as 

population  

Lij is the shortest path between origin node i to 

service centre j. The shortest path is computed by 

using Dijkstra algorithm.  

 

Accessibility index of an area with population  

Though [7] accessibility index gives the index of an 

area it does not consider how many people are living 

in a particular area. Therefore, we simply improved 

the Hansen accessibility index here by considering 

the population of the origin node. The final model 

will be:  
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Normalized model of accessibility index of the 

population: 
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Where, P is the total population in the analysis area. 

 

                  (4)i jP P P    

 

Detour ratio 

We have used the detour ratio for redundancy 

evaluation of available alternative shortest path 

when closure of one or more links in the shortest 

path. We took this very simple and  practical 

measure for the redundancy evaluation  from 

recently published manual of  Ministry of Land, 

Infrastructure, Transport and Tourism  Japan  [6]. 

                (5)
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Where   

Lij= shortest path between i and j  

Lija = alternative shortest path when one or more 

links fail in the shortest path  

In every step shortest path is computed by Dijkstra's 

algorithm. 

  

Introduction of critical population and distance  

In our proposed model (equation 3) the main 

variables are population of origin and distance 

between the origin node and service center. If this 

model is used the less populated areas can be 

neglected and the areas which are very near from the 

service center will be overvalued.   

 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0CEwQFjAA&url=http%3A%2F%2Fwww.mlit.go.jp%2Findex_e.html&ei=nLcDUOqrKanZmAWTqfDqCQ&usg=AFQjCNFvDSzdRryxVeDRtWZlEzchj06u5Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0CEwQFjAA&url=http%3A%2F%2Fwww.mlit.go.jp%2Findex_e.html&ei=nLcDUOqrKanZmAWTqfDqCQ&usg=AFQjCNFvDSzdRryxVeDRtWZlEzchj06u5Q
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0CGYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDijkstra's_algorithm&ei=Vg0TUNL9BM-gmQXX_4CwDg&usg=AFQjCNG3dSCxmAZHNdW-rg4q9r0lG_HtMA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0CGYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDijkstra's_algorithm&ei=Vg0TUNL9BM-gmQXX_4CwDg&usg=AFQjCNG3dSCxmAZHNdW-rg4q9r0lG_HtMA
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A method of sensitivity analysis is proposed to 

identify the critical population and distance.  

Critical population is a bench mark population 

which treated all origin nodes equally if the 

population is less than critical population. 

Similarly, within some mobility range distance 

from service center to all origin nodes are treated 

equally if the distance is lower than the critical 

distance.  

 

The solution algorithm for the prioritization of 

road network links   

Accessibility index of an origin node is calculated 

at the normal and worst condition. Nodes which 

have zero accessibility indexes at worst condition 

are called as isolated node. Network performance 

index at normal and worst condition is calculated 

by adding the accessibility of all nodes at normal 

and worst condition separately. Identification of 

links which are important for the network 

connection is obtained by following the calculation 

process as shown in Figure 1. 

 

Figure 1: Flow chart for network connection 

After achievement of network connection, a 

priority list is prepared to increase the network 

performance by following the calculation process 

as shown in Figure 2.  

 

Figure 2: Flow chart for the Netowork performance 

APPLICATION OF PROPOSED 

EVALUATION METHODOLOGY:  

 

Road Network closure in Great East Japan 

Earthquake: Tohoku case study  

In the 11th March, 2011 ‘The Great East Japan 

Earthquake’ of magnitude 9 on the Japan 

Meteorological Association scale caused the severe 

impact in the life of Tohoku region. Road network 

failure affects the wide area. 15 expressway routes 

and 69 sections on the national highway and 

expressway were closed after disaster, numerous 

section of prefectural and municipal roads were 

closed too[8]. This section presents the 

prioritization of road network links for the efficient 

allocation of resources.  

Identification of critical distance and critical 

population 

A tendency curve has been plotted for different 

value of critical distance and population separately. 

The point where the curve changes dramatically 

selected as a critical value.   

We have decided to take the critical distance as 15 

km and critical population as 40,000 where the 

tendency of curve has changed dramatically. 
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Identification of Isolated node and important links for connection 

 

Figure 3: Links with priority number, Tohoku region, Japan  

 

From the derived model (equation 3), we 

calculated the accessibility index of an origin node 

at worse condition (i.e. all links closed) with the 

detour ratio as 1.5, the city, town or village has 

accessibility zero called as isolated node.  

In Tohoku region Miyako, Hanamaki, Tagajo, and 

Minamisoma were isolated from the national 

highway and expressway network. The Network 

Performance Index (NPI) has been calculated for 

each link recovery condition (Figure 3) and links 

which connect to isolated city Tagajo to 

Sendai ,Minamisoma to Soma, Miyako to Morioka, 

and Kamaishi to Hanamaki have been selected in 

first, second, third, and fourth priority (Figure 3) 

respectively. The obtained result matches well with 

the Japanese government decision. Japanese 

government made decision for  reconstruction 

support expressway from Miyako to Morioka and 

Kamaishi to Hanamaki [9]. 

After achieving the network connection, out of 48 

closed links; 44 links still remain in closed 

condition. As we proposed the methodology and 

calculation steps in Figure 2, network performance 

indexes are calculated for each link by assuming 

each link recovered one at a time. The link which 

has higher percentage improvement in the network 

performance is selected at top priority. The 

calculation process will repeat until all remaining 

links are recovered. Figure 3 shows the final 

priority number for each closed links.  
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Figure 4: Links with priority number, rural road network, Syangja Nepal 

Road network closed in rainy season, Nepal  

More than 60 % of road sections are closed in 

rainy season; there is necessity of prioritization 

methodology for the efficient allocation of 

resources to upgrade the road network from dry 

weathered to all weathered road. We have used the 

proposed methodology with detour ratio 2 for the 

comparison and prioritization of the dry weathered 

road network section. Figure 4 shows the links 

with priority list for network connection and 

performance. For example, if government has 

budget only for 20km road construction in 

particular year then upgrading project consists the 

section which cover the length from priority no 1. 

Remaining links can be upgraded next year.  

 

CONCLUSION AND DISCUSSION  

 

This paper proposed a road network evaluation 

methodology to prioritize road network links for 

the improvement against network closure condition.  

A Network Performance Index (NPI) was derived 

in order to quantify the potential impact of the 

network closure. Index obtained after assuming the 

improvement of closed links based on accessibility 

and network closure vulnerability approach. 

Cumulative effects of link improvement were 

observed for comparison among the links. 

Proposed methodology prioritized the possible 

closed road network links in two stages. First stage 

prioritized links for the network connection. 

Second stage ranked links to increase the network 

performance.   The method of sensitivity analysis 

was also employed to identify the critical 

population and critical distance. Critical population 

and critical distance were taken as a threshold 

value which treated the less populated area and 

area within the some mobility range equally.  

Redundancy evaluation of the alternative link was 

employed whether detour route was in acceptable 

range or not.  

The application result interestingly matched with 

the Japanese government decision for 

reconstruction support expressway from Miyako to 

Morioka and Kamaishi to Hanamaki.  This 

evaluation methodology would be beneficial for 

the future disaster prone region where several links 

of road network can be closed and numerous city, 

village and town can be isolated.  

We applied same proposed methodology for the 

prioritization of dry weathered road for the 

upgrading project in rural road network of Nepal.  

Proposed network evaluation methodology can be 

applied in different scale of network (i.e. 

prefectural level or city level). By considering the 

probability of damage, degree of weakness against 

disaster from geotechnical viewpoints, strength of 

structure, construction technique used; this 

research can be extended in the future. 
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Abstract: Pokhara Valley witnessed a devastating debris-flood disaster on 5 May 2012, which was neither 

initiated by a rainfall event nor an earthquake. Initially speculated locally as a glacial lake outburst flood, it 

finally turned out to be a debris-cum-flood disaster initiated by a giant rockmass failure at an altitude of about 

7,000 m on the southwestern flank of Annapurna IV. A team comprised of the authors of this paper visited the 

disaster-hit area as well as the source area of the debris and snow avalanche on 18-19 May 2012 so as to 

understand the disaster mechanism. In this paper, we have tried to put the details of our understanding from the 

field visit and have also discussed the speculations made by various quarters towards understanding the 

mechanism of initiation of the debris-flood disaster. A substantial part of the issues discussed in this paper is 

based on various expert opinions. Finally, this is an already published material, and the original text can be found 

at the Bulletin (Vol.6, Issue 4, August 2012) of International Society for Soil Mechanics and Geotechnical 

Engineering (ISSMGE) (URL: http://www.issmge.org/attachments/article/525/ISSMGE_Bulletin_August_2012 

%20Vol%206%20-Issue%204.pdf). 

 

Keywords: Seti River disaster, rockmass failure, debris flow, flood, avalanche. 

 

 

BACKGROUND 

 

On 5 May 2012 (referred to 1255 here in this report), 

one of the most popular tourist destinations of Nepal, 

the city of Pokhara, witnessed a devastating debris 

flow in the upstream and a heavy debris-mixed flood 

in the downstream of Seti River (Figure 1), also 

known locally as Seti Khola, which literally means a 

white river owing to the fact that the river water is 

usually grayish white. According to the Home 

Ministry of Nepal, which also looks after 

disaster-related issues in the nation, 71 people are 

believed to have been killed in the disaster, but the 

confirmed death toll has only remained somewhere at 

31 while the rest are still in missing status [1]. Except 

for three Ukrainian tourists, this number mainly 

includes local people, some of whom were 

picnicking at one of the popular picnic spots in the 

river upstream (i.e., Kharpani area, Figure 1), some 

20 km north of central Pokhara. This area was also 

popular for a hot spring, which on the day of the 

disaster is believed to have attracted more than 30 

locals. Various media reported that the international 

tourists from Ukraine were also on a trekking tour to 

the hot spring area, which is locally known as 

Tatopani. 

 

On the 5
th

 May morning, around 8:55AM, a Russian 

pilot (Capt. Alexander Maximov) of an ultra light 

aircraft owned and operated by Avia Club Nepal in 

Pokhara for the purpose of pleasure flights over the 

Pokhara Valley and Annapurna range of mountains, 

while flying close to the Mt. Macchapucchre area, 

witnessed a cloud of dust over the Annapurna Greater 

Depression [2] (Figure 1), also known in scientific 

community as Sabche Cirque [3]. He seems to have 

immediately suspected of a massive snow avalanche 

in the area and to have also decided to inform of the 

possible danger to the Pokhara Airport control tower. 

According to a brief interview taken by the authors, 

Capt Maximov seems to have first landed at Pokhara 

airport and then to have flown again to the same area 

with another passenger, but to witness that the Seti 

River was full of massive debris flow and flood in 

the upstream. This led him to communicate with the 

control tower immediately and inform of a possible 

disaster in the Pokhara city, which fortunately helped 

many people escape the disaster in the downstream. 

The information provided and its immediate 

dissemination to public through FM radios and cell 

phone messages largely helped many people stay 

alert as well as capture live scenes of the debris flow 

and flood in their still and video cameras including 

cell phones, which were and are still available in the 

internet (i.e., through YouTube, Facebook, and 

various websites). 
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Figure 1: A bird’s eye view of Seti River, Pokhara, and Annapurna Range (Google earth, Imagery: 2012.1.29) 

 

Initially believed and largely reported to have been a 

glacier lake outburst flood (abbreviated and 

commonly known as GLOF), it was again falsely 

reported to have been a landslide dam outburst flood 

(abbreviated as LDOF) [4, 5, 6] based on 

speculations and visual confirmation of 

comparatively fresh landslide failure near the right 

bank slope of the river at a location close to the river 

source. The speculations of GLOF were rumored by 

the public and non-scientific community mainly 

because the risk of GLOF in recent years, owing 

particularly to climate change and global warming 

has significantly increased with the swelling of 

glacier lakes in the Nepal Himalaya. Later, ICIMOD 

(International Center for Integrated Mountain 

Development) experts clarified that the possibilities 

of GLOF in this particular region, where there are 

very few glaciers and most of them do not form 

glacier lakes, were little [7], which probably led them 

to speculate the mechanism of landslide dam outburst 

flood (LDOF) for the debris and flood event 

witnessed in a completely dry time. Although it is not 

unusual to see a flood or debris flow in Nepal even in 

summer and dry periods, according to various reports, 

Pokhara area has witnessed this kind of debris and 

flash flood disaster in the Seti River in about 60 

years. 

 

As one of the interesting but less understood disaster 

phenomenon, this flash flood event in Seti River of 

Pokhara Valley and devastating debris flow in the 

river upstream has attracted many national and 

international researchers. Immediately after the 

disaster, many different speculations were made to 

understand the real cause. Difficult accessibility and 

less understood fragility of the mountains in the 

source area were probably the main reasons behind 

unconfirmed and only speculated interpretations of 

the disaster mechanism. So, in order to understand a 

little more about the damage process and finding out 

the exact cause of debris flow and flash flood, the 

authors’ team headed for a field survey after two 

weeks from the disaster day. Efforts are made in this 

report to present a post-disaster scenario of the major 

disaster-hit areas and the general findings out of an 

inspectional field investigation program. 

 

DISASTER AREA OUTLINE 

 

Human Settlement 

 

Pokhara Valley is situated at the foot of the 

Annapurna Range of the High Himalayan Mountains 

(as shown in Figure 1). The city of Pokhara currently 

accommodates about 250,000 registered inhabitants 

[8] (as of 2009) and the valley accommodates nearly 

half a million people (estimated figure), who have 

primarily settled over terraced deposits of the Seti 

River transported in the long geological past by 

glaciers and glacial debris (referred in [3]). The Seti 

River flows through almost the middle of the city, 

and in the heart of the city it narrows down to a few 

meters of width and several tens of meters of depth in 

the form of a gorge. If dammed up somewhere in the 

downstream, the risk of inundation at several 

locations of the Pokhara City are very high. A 3D 

view and elevation information of the Pokhara Valley 

and Seti River watershed are presented in Fig 2. 
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Historical Evidences of Glacial/Debris Material 

Deposit 

 

Pokhara Valley sits over the gigantic debris fan of a 

cataclysmic flashflood which geologists say was 

caused by the Seti River bursting through a 

landslide or avalanche dam in its headwaters below 

Annapurna IV about 800 years ago. They have found 

a soft conglomerate layer on top of granite 

bedrock behind Machhapuchhre (Figure 1), which 

they say is where the rockfall, probably caused by an 

earthquake, occurred in the 15th century. 

As also mentioned above, the geology of the disaster 

area is characterized basically of terraced glacial 

debris deposits, which are adequately cemented due 

to presence of calcium carbonate produced out of 

calcareous rock mass in the Annapurna mountain 

range. Because of this cementation, at many locations 

through the course of the Seti River, especially in the 

upstream, the river banks measure more than a 

hundred meters and are terraced in 3 to 4 layers 

(Figure 3). 

 

 

Figure 2: A 3D view of the Pokhara Valley and Seti River watershed.  

 

 

 
Figure 3: Terraced debris deposits of Seti River in Pokhara Valley. These terraced deposits can be distinctly seen 

in the upstream but in fact, the present city of Pokhara also sits over such deposits (The location of this figure is 

indicated in Figure 4). 
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Main Disaster-hit Areas 

 

According to media reports and the authors’ brief 

communication with the heads of the rescue and 

rehabilitation teams composed of Nepalese Army and 

Armed Police Force of Nepal, the main disaster-hit 

area, in terms of fatal loss as well as infrastructure 

and property damage, is Kharpani (Tatopani area). 

 

DISASTER OUTLINE 

 

Nepal usually suffers from water-induced disasters in 

monsoon period, which begins in June through 

September every year. Occasionally, however, these 

natural phenomena take place in peak summer as 

well, mainly because of the accelerated melting of 

the snow cap over the high Himalayan Mountains. 

This disaster probably has very little relation with the 

melting of snow and swollen river water. According 

to Petley and Stark [9], the sole cause of the 

debris-flood is more or less confirmed to be rock 

slope failure (rather rock wedge fall) from an altitude 

of about 6,700 m on the southwest flank of the 

Annapurna IV (later discussed in detail in Section 5), 

which turned into a rock avalanche, probably mixed 

with the snow, and abruptly surged the Seti River 

water leading to powerful debris flow in the upstream 

and flash flood in the downstream. 

 

As also stated in the beginning, the extent of disaster 

was heavily reduced by the voluntary efforts of Capt. 

Maximov. Yet, the fatal loss of more than 70, 

infrastructure and property loss of hundreds of 

millions of Nepalese rupees (Note: 87 rupees is 

equivalent to 1 US dollar), and higher possibilities of 

inundation at certain locations in Pokhara City 

significantly drew the concern of public, government, 

and national and international experts. Besides the 71 

reported human deaths (including 40 unconfirmed 

deaths), the debris-flood swept away or destroyed 4 

houses, 2 local temples, 16 temporarily erected sheds. 

2 suspended trail bridges, 7 tractors, 3 mini trucks, 

and 1 van. Livestock loss including 52 goats and 17 

cow and buffaloes was also reported (the data is 

based on the information provided by the rescue 

team). As people in the downstream were well 

informed of possible disaster, there was no fatal loss 

near the densely populated city area, but on the 

downstream of Kharpani, the flood swept several 

temporary sheds. In most occasions, the local people 

spend much of their time in the river for various 

purposes, e.g., collecting stones and sand, washing 

activities, dead body cremation, etc. Had there been 

no pre-information of the flash flood in the 

downstream area, the loss could have been 

unimaginably high. By the time the debris and flood 

water passed over the Set Dam (Figure 1), what was 

flowing in the river visibly was muddy water with 

tree logs and smaller stone boulders. Most of the 

bigger rock and stone boulders that hit the Kharpani 

area were probably crushed into smaller pieces or 

might have stopped rolling in the midway, which led 

to reduced strength of the debris flood in the 

downstream. Except for a few people who were 

reported to have been swept away by the muddy 

flood water during their efforts to pull the tree logs 

out for the purpose of firewood or even handmade 

furniture near the Seti Dam, most people are believed 

to have been killed at Kharpani area itself. As such, 

there was very little damage in the downstream area, 

close to the Pokhara City. 

 

FIELD VISIT PROGRAM 

 

We headed to the disaster area on 18 May 2012 for 

the purpose of preliminary visual inspection of the 

debris source and disaster-hit areas of Kharpani and 

downstream locations (as indicated in Figure 4). On 

the first day, we went up to Kharpani area, some 20 

km upstream from central Pokhara and about 20 km 

downstream from the Annapurna Greater Depression 

(or Sabche Cirque), where most human casualties of 

this disaster are believed to have occurred in the 

debris mass of depth as high as 30 meters and width 

about 60 meters that travelled at an estimated speed 

of about 40 km/h through the section of Kharpani 

suspended trail bridge (Figure 5). Also inspected on 

the same day were three other sections on the 

downstream: 1) about 1 km downstream from 

Kharpani, 2) about 8 km downstream from Kharpani, 

and 3) Seti dam (barrage) site, as indicated in Figure 

6. 

 

On the second day (i.e., 19 May 2012), we conducted 

a one-hour aerial survey over the Seti River channel 

and the debris source area in the western slope of the 

Annapurna IV using a two-seater ultra light aircraft, 

which could fly at an altitude of 4,500 m. The flight 

course is shown in Figure 7. Circling over the 

southern part of the Annapurna Greater Depression 

for about 10 times allowed us to capture some 

amazing scenes of the Annapurna IV southwest 

slopes, flow path of the debris-ice avalanche, and 

unbelievably beautiful sharp-edged ice-capped 

mountain ranges and pointed peaks of grayish white 

glacial flour (Figure 8; the term ‘glacial flour’ has 

been adopted from Dahal et al. [2]). 

 

During the aerial survey, we could see no traces of 

landslide damming (as initially speculated by 

ICIMOD [4], [5], [6]) in the upstream, but the gorge 

near the source (close to the point of confluence, 

Figure 8) is so deep that no water could be seen from 

the sky. It might be possible however that the initial 

mass of avalanche debris suddenly filled the gorge 

and surged the water, which was powerful enough to 

cause the massive debris flow. The time difference 

between the first scene of the dust clouds over the 

Annapurna IV southwest slopes and the arrival of the 

debris flood in Kharpani area is more than evident 
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that no landslide damming and its bursting could be 

so destructive in merely 40 minutes. According to 

Capt. Maximov, he first saw the dust clouds around 

9:00AM (5 May 2012), and a photo taken by one of 

the picnicking college boys (Shiva Acharya, as 

reported by a vernacular national daily of Nepal, the 

Nagarik Daily [10]) at Tatopani area (Kharpani Area) 

just a few seconds before the debris flood hit the 

suspended trail bridge indicates that it was taken at 

9:38AM. A simple calculation out of this reveals that 

the debris flood travelled about 20km (elevation 

difference: about 1,800m) in about 35 minutes, which 

is a very justifiable speed of a debris flow (mean 

gradient: 5 degrees, average speed: 10 m/s). 

 

 

 
Figure 4: Field survey (2012.5.19) route and survey points (Google earth, Imagery date: 2012.1.29) 

 

 
Figure 5: Damaged suspended trail bridge in Kharpani (Tatopani) area and the devastated Kharpani area (see 

Figure 4 for the location). 
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Figure 6: Seti Dam area, about 4 km upstream from Pokhara city center (most live videos and photos of the flood 

freely available in the net were taken at this point). The dam structure has sustained the damage, mainly because 

at this point the debris was composed of less destructive material such as tree logs and finer particles 

 

 
Figure 7: Aerial survey route (2012.5.19) over the Seti River, up to the source area of Annapurna Greater 

Depression (Google earth, Imagery date: 2012.1.29) 

 

SCIENTIFIC ASPECT 

 

Speculations made by various quarters led probably 

to wrong understanding of the mechanism involved 

in inducing the debris-flood in preliminary stage, but 

by tracing back the origin of seismic signals recorded 

in the global seismic network, Dr. Colin Stark of 

Columbia University (USA), who was closely 

working with Dr. David Petley of Durham University 

(UK) concluded that the seismic signals were 

generated by a massive landslide near the Annapurna 

IV [11]. Then, with the help of pre- and post-disaster 

satellite images Petley and Stark [9] confirmed that 

the trigger of the debris-flood was rock slope failure 

of an estimated volume of 22 million cubic meters in 

the southwest flank of the Annapurna IV (also 

available in [12], [13], [14]). The Petley and Stark [9] 

interpretation that the rock slope failure triggered the 

debris-flood in Seti River has also been confirmed by 

us through the comparison of a few pre- and 

post-disaster photographs taken by ourselves and 

provided by Avia Club Nepal (Figure 9). Based on 

this interpretation, we have illustrated the process 

from rock slope failure to flow of disintegrated debris 

mass, probably mixed with ice and snow, into the 

Seti gorge at the point of confluence in Figure 10. 

 

Thus, based on the above interpretation, the scientific 

aspects of the 1255 Seti River disasters can be 

discussed in three stages: 1) rock slope failure at an 

altitude of about 6,700 m and its fall off a height of 

about 1,500 m (Figure 10), 2) breakage of the failed 

rock mass into pieces and debris (probably mixed 

with the snow and ice mass) travel through the 

Annapurna IV southwest slopes up to the river 

confluence (see Figure 8 and Figure 10), and 3) 

generation of debris slurry at the confluence point 

and its flow downstream. In the first process, many 
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different factors may be involved in preparing and 

inducing the failure, such as contraction and 

expansion of rock mass due to climate change effects, 

annual temperature variations, stress release due to 

reduction in snow/ice cover, tectonic activities and 

resulted upliftment of the rock mass, expansion of ice 

mass in the rock mass joints, external forces of 

frequent imperceptible earthquakes and amplitude 

excitation at higher altitudes, etc. The second process 

can also be explained from impact energy principle. 

The extensive potential energy of the failed rock 

mass over a height of about 1,500 meters could have 

been unimaginably high to break the failed rock 

wedge, which might have been partly disintegrated 

due to the factors listed in the first process, into 

pieces or even to pulverize it. As the southwest 

slopes of the Annapurna IV (see Figure 10), where 

the failed rock mass is supposed to have disintegrated 

into pieces producing a large amount of dust clouds, 

have an average gradient of about 18 degrees, the 

debris mass with boulders as big as several meters of 

effective diameter might have slid or rolled over 

thick ice mass or even over the glaciers at a very high 

speed. Chances are also high that the ice/snow cover 

on the slope also failed in the form of a debris-ice 

avalanche, and due to great frictional heat produced 

because of the debris movement, the ice or snow 

mass might have melted in a very short time leading 

to even accelerated movement of the debris towards 

the point of confluence (Figure 8 and Figure 10). A 

few things in the second process remain unconfirmed, 

but more or less through the image analysis, the 

failed rock mass has been confirmed to have traveled 

from the point of impact to the point of confluence 

by ordinary mechanism of material movement over a 

mountain slope although the mechanism of abrupt 

disintegration or pulverization of the failed rock mass 

needs to be addressed more scientifically. 

 

 
Figure 8: Sharp-ridged ice-capped glacial flour mountains in the Annapurna Greater Depression and the flow 

path of the debris-ice avalanche. The big dotted circle shows wet gullies (rather valleys), which evidence that the 

ice caps (i.e., the whiter mass on the top) over the mountains are melting while the small circle indicates a 

portion of the frozen debris mass (whiter than the surrounding), which may help speculate that it was not only 

debris avalanche but also ice/snow mixed avalanche of debris. 

 

The third process however still remains unclear, 

mainly because the amount of water that flowed in 

Seti on the day of disaster was so high that the 

ordinary flow, which was roughly estimated by the 

authors to be around 10 m
3
/s on 18 May 2012 at 

Kharpani area and it could have been even less in the 

upstream on 5 May 2012, cannot be expected to turn 

into a flood unless and until the flow is dammed up 

for several days or weeks. The time difference of 

only about 38 minutes from the first witness of the 

dust clouds over Annapurna IV southwest slopes and 

arrival of the debris-flood at Kharpani (a distance of 

about 25 km), as already mentioned, confirms that 

the river water was probably never dammed up. The 

only speculations that could be made for this 

particular process may be: 1) the debris avalanche 

turned into a debris-ice avalanche and in the process 

of flow, the whole ice/snow mass over the Annapurna 

IV southwest slopes melted due to frictional heat by 

the time the avalanche arrived the point of 

confluence or after falling into the gorge bottom at 

this point (authors’ speculation), or 2) near the point 
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of confluence, there are hidden huge pockets of water, 

which might have been broken by the debris mass 

(speculated by Shrestha et al. [15, 16]), or 3) there 

was a large hidden lake beneath the point of 

confluence or a little below this point, which was 

suddenly filled out by the debris leading to surged 

water (somewhat similar to Shrestha et al. [15], but 

speculated by the authors), or 4) a mixed process of 

the above three speculations. We hope our future 

investigation programs will reveal further the 

mechanism behind the above three processes of the 

Seti River debris-flood disasters. 

 

 
Figure 9: Comparison of pre- and post-failure states of Annapurna IV southwest flank captured on 4

th
 May, 7

th
 

May, and 19
th

 May images. The tip of the ridge seen on 4
th

 May image (circled) is missing on 7
th

 and 19
th

 May 

images, which was first confirmed by Petley et al. (2012) through satellite images and later confirmed with the 

help of the Avia Club-provided photo of 7
th

 May. 

 

CONCLUDING REMARKS 

 

Based on the visual survey we conducted and on 

available pre- and post-disaster images and reports, 

we have also confirmed that the debris-flood in Seti 

River was triggered by the high-altitude massive rock 

slope failure. However, we still largely speculate that 

it was debris-ice avalanche generated out of the 

failed rock mass at the southwest flank of the 

Annapurna IV, which caused the debris-flood in Seti 

River. The mechanisms involved in this type of 

debris flow and flash flood have certainly drawn a 

great interest of scientific community, not only for 

the purpose of understanding the disaster mechanism 

and mitigating future losses in similar hazardous 

zones in Nepal and the Himalaya, but also as a 

science involved in one of the amazing natural 

processes in the High Himalayas. 

 

Global warming and climate change have also been 

time and again talked of to have extended significant 

impact on the melting rate of snow cover and glaciers 

on the Himalayan Mountains leading to largely 

swollen volumes of glacier lakes. Although the cause 
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of this particular disaster event may not be directly 

attributed to climate change effects, the process of 

rock slope failure, probable melting of the snow/ice 

on the slope or its immediate transformation into 

snow/ice avalanche triggered by the rock mass failure, 

or accelerated melting of the debris-ice mix may be 

somehow related to the gradual effect of climate 

change on the Himalaya. 

 

Moreover, the effects of climate change on the 

Himalaya in the last 10-15 years have been only 

talked of in terms of the risk of glacier lake outburst 

floods (GLOF). This particular disaster however has 

alarmed us of many similar disasters in future. It may 

not only happen in Pokhara, but many other areas in 

Nepal Himalaya may also be prone to witnessing a 

similar disaster in future. This largely necessitates 

some urgent plan to assess similar hazards in Nepal 

as well as the Himalaya. Furthermore, to mitigate 

potential disaster risk in Pokhara as well as other 

identified places, some early warning mechanism 

must be established. Particularly in Pokhara which 

feeds Nepal through its significant contribution in 

tourism sector a debris-flood disaster early warning 

system is of immediate need. 

 

 

 
Figure 10: Illustrated rock slope failure in the southwest flank of Annapurna IV including approximate fall 

height and distances traveled until the failed and disintegrated or probably pulverized rock mass entered the Seti 

gorge at the point of confluence. (Google earth, Imagery date: 2011.12.30) 
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On behalf of NEA-JC, we would like to congratulate all 
the graduates on the accomplishment of their PhD de-

gree in September 2012.  

We wish them all the best for their future endeavors. 
 

 

Er. Priza Kayestha 

Tokyo Institute of Technology  

 

Er. Saphal Subedi  

Saitama University 

 

Er. Shanker Dhakal  

Ehime University 

 

Er. Youb Raj Paudyal  

Ehime University 

 



NEA-JC Newsletter Volume 6, Issue 1 

 

40  

On behalf of NEA-JC, we would like to congratulate all 
the graduates on the accomplishment of their Master's 

degree in September 2012.  

We wish them all the best for their future endeavors. 
 

Er. Justin Shrestha  

Hokkaido University 

 

Er. Keshab Sharma  

The University of Tokyo 

 

Er. Monika Maharjan 

Tokyo Institute of Technology  

 

Er. Prem Prakash Khatri 

The University of Tokyo 

 

Er. Raju Paudel 

The University of Tokyo 

 

Er. Ramesh Pokarel 

The University of Tokyo 
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Contact information: 
 
 

For any comments and suggestions  
please contact any of the  

following publication committee members. 
 

Justin Shrestha (justin_shrestha@hotmail.com) 
Dhruba Panthi (dhrubapanthi@yahoo.com) 

Naba Raj Shrestha (naba077@gmail.com) 


