
 

PROGRAMME  
CHANGEMENTS 

ENVIRONNEMENTAUX PLANETAIRES 
 

EDITION 2009 

 
DOCUMENT DE SOUMISSION B 

  

 

  1/54 

Acronyme PAPRIKA 

Titre du projet en 
français 

Réponses de la cryosphère aux pressions anthropiques 
dans l' Hindu-Kush-Himalaya: impact sur la ressource 

en eau et l'adaptation socio-économique au Népal 

Titre du projet en 

anglais 

CryosPheric responses to Anthropogenic PRessures in 
the HIndu Kush-Himalaya regions: impacts on water 

resources and society adaptation in Nepal 

Axe(s) 

thématique(s) 
  1       2       3       4      5     6 

Type de recherche 
 Recherche Fondamentale 
 Recherche Industrielle 

Aide totale 
demandée 

664261 € Durée du projet 36 mois 

 

 

1. CONTEXTE ET POSITIONNEMENT DU PROJET/CONTEXT AND PROJECT 

POSITIONING ................................................................................. 3 
1.1. Contexte et enjeux économiques et sociétaux/Context and social stakes ......... 3 
1.2. Positionnement du projet/project positioning ............................................... 5 

2. DESCRIPTION SCIENTIFIQUE ET TECHNIQUE/SCIENTIFIC AND TECHNIC 

DESCRIPTION ................................................................................. 8 
2.1. État de l'art/state of the art ....................................................................... 8 
2.2. Objectifs et caractère ambitieux/novateur du projet / Specific Aim, 

originality and novelty of the project..........................................................10 

3. PROGRAMME SCIENTIFIQUE ET TECHNIQUE, ORGANISATION DU PROJET/ 

SCIENTIFIC AND TECHNICAL PROGRAM, ORGANISATION OF THE PROJECT .......... 12 
3.1. Programme scientifique et structuration du projet/Scientific Program and 

structure of the project ............................................................................12 
3.2. Management du projet/project management ..............................................15 
3.3. Description des travaux par tâche/ Work packages description ......................17 

3.3.1 Tâche 1/ WP1: Cryospheric resources: glacier melting and snow cover 
mapping 17 

3.3.2 Tâche 2/ WP2: Optically active aerosol in atmosphere and snow: observation 
and modelling 20 

3.3.3 Tâche 3/WP 3: Climate and monsoon variability modelling 22 
3.3.4 Tâche 4/ WP4: Modelling the interaction between snowpack, radiation, and the 

absorbing material deposited in the snow 24 
3.3.5 Tâche 5/ WP 5 – Future of the water resources: Atmosphere-Cryosphere-

Hydrophere modelling 26 
3.3.6 Tâche 6/ WP 6: Perception of changes by populations and adaptation within 

the four Nepal geographic units 28 
3.3.7 Tâche 7/WP 7: Local communities and Capacity Building and Dissemination 30 

3.4. Calendrier des tâches, livrables et jalons ....................................................32 



 

PROGRAMME  
CHANGEMENTS 

ENVIRONNEMENTAUX PLANETAIRES 
 

EDITION 2009 

 
DOCUMENT DE SOUMISSION B 

  

 

  2/54 

4. STRATEGIE DE VALORISATION DES RESULTATS ET MODE DE PROTECTION ET 

D’EXPLOITATION DES RESULTATS/ DATA MANAGEMENT, DATA SHARING, 

INTELLECTUAL PROPERTY STRATEGY ..................................................... 33 
4.1. Diffusion of Scientific Information ..............................................................33 
4.2. Diffusion of Information to Policy-makers ...................................................33 
4.3. Diffusion of Information to general public / Capacity Building / Outreach 

activities ................................................................................................34 
4.4. Socio-economic and industrial impacts .......................................................34 

5. ORGANISATION DU PARTENARIAT/CONSORTIUM ORGANISATION .................... 35 
5.1. Description, adéquation et complémentarité des partenaires/consortium 

relevance ...............................................................................................35 
5.2. Qualification du coordinateur du projet/ project coordinator qualification ........37 
5.3. Qualification, rôle et implication des participants .........................................39 

6. JUSTIFICATION SCIENTIFIQUE DES MOYENS DEMANDES/REQUESTED BUDGET : 

DETAILED FINANCIAL PLAN ............................ ERREUR ! SIGNET NON DEFINI. 
6.1. Partenaire 1: LTHE ............................................. Erreur ! Signet non défini. 
6.2. Partenaire 2: LGGE ............................................. Erreur ! Signet non défini. 
6.3. Partenaire 3: LSCE ............................................. Erreur ! Signet non défini. 
6.4. Partenaire 4: Laboratoire Hydrosciences ............... Erreur ! Signet non défini. 
6.5. Partenaire 5: Milieux Sociétés et Cultures en HimalayaErreur ! Signet non défini. 
6.6. Partenaire 6: PACTE ........................................... Erreur ! Signet non défini. 

7. ANNEXES .................................................................................... 43 
7.1. Références bibliographiques .....................................................................43 
7.2. Publications of the participants relevant for the topic (following the WP 

numbers) ...............................................................................................46 
7.3. Biographies (Alphabetic list for WPs Leadears and partipants with more 

than 25% involvement in the project) ................... Erreur ! Signet non défini. 
7.4. Implication des personnes dans d’autres contrats ... Erreur ! Signet non défini. 
7.5. Justification for acquiring a Single Particle Soot Photometer within 

PAPRIKA (ANNEXE I) .......................................... Erreur ! Signet non défini. 
7.6. Support letter from EVK2-CNR (ANNEXE II) ........... Erreur ! Signet non défini. 
7.7. Existing infrastructures and information for PAPRIKA (ANNEXE III)Erreur ! Signet non défini. 

 



 

PROGRAMME  
CHANGEMENTS 

ENVIRONNEMENTAUX PLANETAIRES 
 

EDITION 2009 

 
DOCUMENT DE SOUMISSION B 

  

 

  3/54 

 

1. CONTEXTE ET POSITIONNEMENT DU PROJET/CONTEXT AND 

PROJECT POSITIONING 

Most recent glacier inventories in the HKH regions report since the 1950s an acceleration of 
the retreating rates. Evidences for reductions in snow cover extension and significant 
shrinkage of glaciers have also been recently reported in the Hindu Kush-Himalaya (HKH) 
region, leading to very much concern about future resources and availability of water. The 
region contains the headwaters of several major river basins largely fed by glaciers and snow 
packs and any reduction in the availability of freshwater in HKH countries, where the 
problems of water stress are already prevalent, will have serious consequences on the life of 
millions of people.  
 
Glacier and snow cover changes are recognised as high-confident indicator of environmental 
changes and reactions to climatic forcing. However, the mechanisms by which the 
cryosphere system is affected by climate change are complex and not resulting solely from 
global temperature increases. Glacier dynamics is influenced both by local variables and by 
large scale features such as, in the HKH regions, the South Asian summer monsoon driving 
precipitation but also by recent changes due to increasing anthropogenic pressures. The 
recent observations of very high atmospheric concentrations of pollutants in the remote 
regions of HKH leads to new concerns about faster melting of the cryosphere and, hence, 
water dynamics (storage, availability) in the dryer regions.  
 
This project therefore focuses on current and future evolution of the cryosphere system in 
response to global and regional environmental changes and their consequences on water 
resources in four main landscape units within Nepal. It addresses the driving physical and 
chemical processes acting on the evolution of the cryosphere, their evolution in a changing 
climate and their impact on water resource dynamics at regional scale.  It also addresses 
perceptions and representations of the water resource and of changes in water availability, 
on subsequent adaptations already implemented, and on territorial and social restructurings 
taking into account people’s indigeneous knowledge on the potential changes of natural 
resources and environmental hazards. 

1.1. CONTEXTE ET ENJEUX ECONOMIQUES ET SOCIETAUX/CONTEXT AND SOCIAL 

STAKES 

With an area of 59x103 km2 covered by glaciers (out of a world total area of mountain 
glaciers of 540x103 km2 (Dyurgerov and Meier, 2005)), the HKH region is the largest 
mountain range on the Earth, and the largest ice mass outside the polar regions. They 
provide a unique situation in which vast, perennial sources of water are available at 
elevations higher than elsewhere on earth. This region contains the headwaters of several 
major worldwide river basins: Brahmaputra, Ganges, Indus, Mekong, Salween, Tarim and 
Yangtse. Those seven basins cover a 6.7 106 km² area with a population above 1.2 109 
inhabitants (Revenga et al, 2003) and are fed largely by glaciers and snow packs. This is 
potentially one of the most critical parts of the world in terms of sensitivity to near future 
climate change, considering the social and economical impacts of glacier shrinkage (Barnett 
and others, 2005), already observed and expected to intensify with further global warming. It 
is estimated that melting glaciers provide as much as 70% of the summer flow in the high 
basin of the Ganges and 50–60% of the flow in other high basins of major rivers (Barnett and 
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other, 2005 and references therein); however, the relative contribution of melt water from 
glaciers or snow cover to the flow of these rivers in plains is poorly known (Rees and Collins, 
2004).   

Any reduction in the availability of freshwater in the HKH, where the problems of water stress 
are already prevalent due to increasing demands of domestic, agricultural, and industrial 
usages pushed by the rapid demographic and economic growth and urbanization, will have 
serious consequences for the economy, the agricultural practices, the water supply for large 
cities, the environment and the daily lives of hundreds of millions of people. The problem is 
exacerbated by increasing water demand from domestic and agricultural practices, the 
industry and the environment, and is worst in the countries where the rainfall is very unevenly 
distributed and occurs with large temporal variability.  

The observed retreat of the HKH glaciers is, therefore, one of the major environmental 
problems facing the Asian region. Most recent glacier inventories, although rather 
incomplete, report significant volume and surface shrinkage since the 1950s over western 
China, Nepal and India, and an acceleration of the retreating rates. Evidence for reductions 
in snow cover extension have also been recently reported for this area, leading to very much 
concern about future resources and availability of water. Moreover, reduced storage of 
precipitation in solid form could imply greater risk of extreme flooding events during the 
Monsoon season in future climates.    

Analysis of recent climatic trends reveals a significant warming trend in recent decades 
which has been even more pronounced at higher altitudes. However, there is increasing 
scientific evidence that the response of the HKH cryosphere to global change is not solely 
due to increasing temperature. The time evolution of equilibrium-line altitudes of glaciers is, 
in fact, a complex function of the local meteorological conditions throughout the year (air 
temperature, irradiance, humidity and precipitation) and variables related to the snow pack  

 

conditions (i.e. snow albedo) 
influencing the local energy 
balance. In turn, these 
variables are influenced by 
synoptic scale meteorological 
features such as the South 
Asian summer monsoon 
driving precipitation in the 
HKH.The project, therefore, 
addresses current and future 
evolution of the cryosphere in 
response to climate change 
and to changes in the 
composition of the atmosphere 
and their consequences on 
water resources and 
availability. It addresses global 
environmental changes in 
Nepal regions (see Figure 1) 
as an indicator of the potential 
changes over the larger HKH 
area.  

Figure 1: Hydrographical basins (Source: Gyawali, 2001,. Four main 

river basins, originating from the high chain and thus being affected by 

the melting of glaciers and snow, are identified on this figure. The 

shaded area is the Koshi catchment, which is a high glaciated area with 

eight peaks over 8,000 m, 36 glaciers (Bajracharya et al 2007) where 

experimental work of PAPRIKA is concentrated 
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The project will investigate how anthropogenic emissions affect the storage of frozen water in 
glaciers and snow through direct alteration of radiative forcing (both in the atmosphere and 
on the surface of the cryosphere) and induced changes in monsoon circulation including 
rainfall variability. 

Considering the human dimension of global environmental changes in particular in relation to 
the use of water is a major challenge in these areas. The Ganges plain and Nepal are 
inhabited by millions of peoples who earn their living through agriculture-based activities and 
who are among the poorest in the world. Agriculture is either irrigated, or rainfed (80% of 
cultivated land in Nepal) with the monsoon supplying the latter with most of its water. Any 
change in the climate and in the availability of water will therefore have an important impact 
on the population. The stakes are economic (mostly changes or even losses in crop 
cultivation and vulnerability in the livelihood) and social with a problem of accessing drinking 
water, the displacement of populations, especially in case of floods (Oxfam, 2009). The 
challenges are thus of political dimension, and concern the type of policy to be implemented 
in order to mitigate the impact of Climate Change on agriculture and human activities.  

The environmental issues that motivate this proposal are therefore global concern for the 
whole HKH area under increasing anthropogenic pressures on natural resources and where 
changes in water distribution will have consequences that are not yet quantifiable.  

1.2. POSITIONNEMENT DU PROJET/PROJECT POSITIONING 

Positionnement du projet par rapport au contexte développé 
précédemment. /Context Positioning  
 

Facing the consequences of global changes will require implementing sustainable adaptation 
strategies derived from sound scientific understanding of the water dynamics and 
vulnerability in the mountain areas. There is, in fact, a general consensus that the HKH water 
towers are extremely vulnerable to global changes and that without action plans, the risk of 
deteriorating water availability, quality and efficient use is high. However, action plans for 
responding to environmental changes should account for the regional specificity, both in 
mountain regions and in the greater emission source areas, after a scientific links is properly 
quantified.  A scientifically-sound assessment of causes and consequences of changes in 
the water availability in the HKH regions is of fundamental information for orienting the 
environmental and economical developments of the nations of these regions. 
PAPRIKA will established close linkages with decision makers and designs project outputs in 
such a way that they can rapidly be used for policy making, including information about the 
risks involved and the possible options. Transmission of information and integration to 
stakeholder groups in Nepal will be facilitated by the long-term engagement of several 
partners in the HKH water management and global change issues ensuring that the key 
underpinning relevance and excellence of the project objectives are met. PAPRIKA provides 
response strategies that can be transferred to other regions. It should be considered that 
impacts of global change on mountain regions cut across the regional considerations and are 
to some extent similar in different regions of the world, though their downstream 
consequences may be different.  Adaptation strategies and policy solution developed within 
PAPRIKA may be extended to other mountain areas of the world, in particular in Europe, 
within the Alpine regions, in the Andes or in some areas of Africa.  
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Positionnement du projet par rapport aux axes thématiques de l’appel à 
projets. 

  

PAPRIKA responds to the main objectives of the CEP call as for instance: Développer les 

compétences françaises en recherche intégrée sur la thématique émergente de la Science du Système 

Terre, en renforçant notamment la pluridisciplinarité des recherches. Atmospheric scientists 

(LSCE, LGGE), hydrologists (HSM, LTHE), geographers (MCH, PACTE) and glaciologists 
(LGGE, LTHE) will share their understanding of the hydrological cycle and water 
management, thus responding to the interdisciplinary requirements for the call. It will 

contribute to : Elaborer des outils de modélisation, de méthodes d’évaluation du changement global et 

d’indicateurs à l’usage des acteurs aux échelles globale, régionale, voire locale. PAPRIKA relies on a 

model ensemble to couple glacier, hydrological and climate models that is unique in France. 
Global, Regional and Local modelling will provide inputs to a series of hydrological models. 
Going beyond PAPRIKA, this represents the engagement of a fully integrated climate-
glacier-hydrology modelling hierarchy over an entire mountain range region. Because 
PAPRIKA is part of a large international effort to study environmental changes in the HKH 
regions and a contribution to UNEP supported ABC program it clearly contributes to the 

objective of « Positionner les chercheurs français dans le contexte international de la thématique 

ESSP afin de renforcer leur participation dans les programmes européens et internationaux ». 

PAPRIKA will undergo considerable amount of work directly in relation to the study of 
adaptability of Nepalese mountain communities to changes in water ressources thus 
contributing to : ―Renforcer les compétences françaises sur l’analyse des dimensions sociales et 

économiques de la vulnérabilité et de l’adaptabilité des sociétés aux changements environnementaux 

globaux ». Finally, through our international partnership in Italy, the use of Geographic GIS by 
french researchers will be promoted thus responding to: ”Combler le retard relatif à la 

conception et la mise en oeuvre de systèmes d’informations spatialisés dédiés aux changements 

environnementaux planétaires ». 
 

This proposal addresses a number of thematic areas of the CEP call, most specifically 1, 2, 4 
and 6. 
Thematic area 1 (les vulnérabilités, dues aux changements environnementaux planétaires et aux 

évolutions sociales, économiques et politiques, ainsi que les conditions d’adaptation des sociétés à ces 

nouvelles contraintes). In Nepal, any variation in the availability of the water resource –caused 

by the regression of glaciers, of snow cover or of monsoon precipitations–, will have major 
repercussions on the economy, and the organisation of territories and society, which is still 
80% rural. By combining data to help estimate these climatic variations with the data 
concerning water use in the different Nepalese milieus, this project aims at making a fully 
determining contribution to evaluating the climatic changes to come. In addition to 
addressing societal impact of water resources, PAPRIKA will provide recommendations for 
response strategies, including adaptation actions for improved water management in the 
Himalaya region in particular for important sectors like agriculture and hydropower. By 
providing suggestions for effective adaptation measures, PAPRIKA will strongly focus on 

―adaptation des sociétés aux nouvelles contraintes ». This will be supported by retrospective 

studies on given Nepalese population, studied by a PAPRIKA partner more than 15 years 
ago. PAPRIKA finally addresses risk perception by local population and will propose 
methodologies for risk management.  
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Thematic area 2 (aménagement des territoires et occupation des sols dans le contexte des CEP) : 

PAPRIKA will provide an assessment of the impacts of the melting of the Himalayan 

glaciers under anthropogenic pressures on the present and future water resources 

availability and usage in Nepal thus responding to "l’aménagement du territoire et l’utilisation 

des sols s'articulent avec (i) la circulation générale et régionale des marchandises et en particulier des 

ressources hydriques ‘‘. Because PAPRIKA-FR involves local partnership in Nepal and direct 

work with mountain communities for risk assessment and management due to GLacial lake 
formation, it also contributes to ‘‘l’impact des risques naturels induits par les CEP”  

Thematic area 4 (Ressources naturelles et sécurité alimentaire dans le contexte des CEP): 

PAPRIKA deals with the melting of the Himalayan glaciers and the role of anthropogenic 
emission and therefore focuses on the future evolution of water availability for mountain 
communities in Nepal in the following 20-30 years. The model ensembles coupled with long-
term trends in emissions will be used under different future climate scenarios to predict the 
future evolution of the cryosphere in the Hindu-Kush Himalaya region and the consequences 
for the water resources thus responding to the specific action of the call linked to water 
ressources ‘‘Les ressources en eau et en sol sont limitées en volume et en surface. Leurs propriétés 

et/ou leur renouvellement sont-ils menacés ? (par exemple : diminution de la couverture glaciaire et 

neigeuse »,  

Thematic area 6 (outils et methods pour la science du système Terre): PAPRIKA will investigate 

the methodology implemented to downscale the climate model integration to the resolution 
necessary to drive the glacier models. To model glacier evolution and the associated 
hydrological cycle for the whole Himalaya region, a range of downscaling methods will be 
established to derive gridded data using meteorological parameters and a high resolution 
digital surface evaluation map as input. The coupled MAR/CROCUS model will then be 
linked a fully distributed physically based hydrological models as a basis to meteorological/ 
glacier/water resources hierarchical modelling system. The complete model hierarchy system 
will be tested to determine the optimum combination of regional models in terms of horizontal 
resolution and downscaling methodology.  

 

Positionnement du projet aux niveaux européen et international. 
 
PAPRIKA is based on an original idea pushed forward by researchers in France (LTHE, 
LGGE) and Italy (CNR, EVK2CNR) involved since a long time in the study of the 
environmental climate system in Nepal. The strong collaboration between France and Italy 
will be a basis for the new PAPRIKA project (see letter Annexed to the project). PAPRIKA is 
strongly supported by ongoing national and international research, in part carried out by the 
participants. We have numerous contacts with scientists doing closely related research in the 
region beyond those who are included as partners in the proposal. PAPRIKA builds upon a 
strong collaboration with the UNEP/ABC (Atmospheric Brown Clouds) project. The Paprika 
consortium will benefit of the strong collaboration with the Coordinated Energy and Water 
Cycle Observations Project (CEOP). PAPRIKA activity and results will be relevant to regional 
studies on high elevation (CEOP-HE) coordinated byCNR-EVK2. PAPRIKA will benefit of the 
advances and methodologies of FP6 WATCH Project. The results obtained by the Paprika’s 
field experiments should be used to improve the calibration of the two ―cryospheric‖ modules 
(snow-pack and glacier) entering in the regional hydrological model proposed by WATCH. 
Finally, collaborations will be developed with the newly funded EU program HighNoon and 
with the World Bank initiative led by R. Armstrong (National Snow and Ice Data Center, 
University of Colorado). Finally, LGGE has a long-standing history of collaboration with 
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Chinese scientists involved in glacier monitoring in the Tibet area. We will thus build on this 
existing collaboration to ultimately extend the scientific endeavour of PAPRIKA to the 
northern slope of the Himalayas.  

2. DESCRIPTION SCIENTIFIQUE ET TECHNIQUE/SCIENTIFIC AND 

TECHNIC DESCRIPTION 

2.1. ÉTAT DE L'ART/STATE OF THE ART 

Studying the consequences of global environmental changes on glacial water dynamics 
availability and storage has been the focus of a large number of studies in recent years. 
However, the complexity of feedback mechanisms between atmospheric/hydrological and 
cryospheric components of the Earth system still limits our ability to predict changes in 
hydrological regimes resulting from modification of the cryospheric component in the HKH 
regions. For each topic area addressed within the project, state of the art is reviewed and 
opened key questions are listed.  
 
Shrinkage of Himalayan Glaciers. Most recent glacier inventories in the HKH regions, 
although rather incomplete, report significant volume and surface shrinkage since the 1950s 
over western China, Nepal and India, and an acceleration of the retreating rates. Very few 
long-term records of glacier mass balance are available for Nepal and India - measured 
mass balance time series are shorter than 9 years in India and 4 years in Nepal  - where less 
than 10 glaciers, often of limited area, have been monitored. The longest time series (12 
years) is for the Langtang glacier (Nepal) whose mass balance is not surveyed directly in the 
field but modelled from temperatures and precipitation measured in Kathmandu, 60 km away 
(Tangborn and Rana, 2000). Furthermore, the time series are usually old (8 ended before 
1990) and no mass balance measurements have been reported since 2000 (Dyurgerov and 
Meier, 2005). PAPRIKA LTHE/LGGE team has recently concluded a 7-year monitoring of 
Chhota Shigri glacier (Himachal Pradesh, India) showing that, although retreating, this 
glacier has a different behaviour from glaciers of other parts of the world [Wagnon et al., 
2007 and 2008]. This contribution as well as some remote sensing studies (Berthier and 
others, 2007, Kulkarni and others, 2007) seem to indicate an increase in the pace of glacier 
wastage in western Himalaya probably related to global warming although this is still under 
debate (Yadav and others, 2004; Roy and Balling, 2005). In 2007, the same PAPRIKA team 
initiated the study of Mera-Naulek glacier (Hinku valley, Nepal), a Nepalese glacier directly 
influenced by the Asian monsoon influx but additional monitoring is required to confirm 
possible glacier retreat. In conclusion, long-term glacier monitoring is lacking in the HKH but 
most studies confirmed a general retreat and substantial melting of virtually all glaciers but 
also increasing evidence of a recent acceleration of the rate of melting which clearly needs to 
be further investigated.  
 
Evolution of precipitation in the HKH regions. Climate of Himalayas is essentially 
dominated by the south-west monsoon which provides most of the precipitation in the 
eastern and central regions during the summer months. In addition to evidences that water 
availability in India is reducing (Kumar et al., 2005; Trenberth et al., 2007, among others), 
recent studies (Min et al., 2006) have shown that global warming induced a summer cooling 
in central south China and warming over the South China Sea and the western North Pacific 
Ocean that may be responsible for weakening the summer monsoon. The Monsoon 
circulation is caused by surface temperature differences due to land-sea thermal contrast, 
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but the large number of feedbacks between atmosphere, ocean and land-surface included 
complicates the comprehension of the phenomenon (Webster et al., 1998). One of the key 
controls of the variability of the Asian summer monsoon is linked to the reversal of meridional 
temperature gradient in the upper troposphere over snow-covered elevated land-surface of 
the Tibetan Plateau (TP) (Yanai et al. 1992; Meehl 1994; Li and Yanai 1996). In addition, 
alteration of the monsoon circulation may be caused by the anthropogenic aerosols in 
atmospheric brown clouds that significantly alter the vertical thermal profile of the 
atmosphere as well as the meridional thermal gradient between the continent and the Indian 
Ocean (Ramanathan et al., 2007a, Seinfeld, 2008). Consequences and interactions with the 
monsoon dynamics and impact on precipitations need further investigations.  

Impact of absorbing material on snow and glacier melting.  Due to general circulation 
patterns, the Himalayan area is a strong receptor of the Indian/Pakistan source area as 
recently shown by satellite-borne lidar systems (Huang et al., 2007; Ramanathan et al., 
2007b). The issue of BC and other optically active material impact on local energy budget in 
the HKH area as been put forward by recent work of Bonasoni et al. (2008), Ramanathan et 
al., 2007, and Ming et al., (2007) showing the first direct evidence that pollution aerosol from 
India and Nepal can be transported by mountain breezes up to the 5000 m and, episodically, 
further penetrate over the Tibetan Plateau. Transport of optically active material directly 
contributes to changes in solar irradiance (Dumka et al., 2006, Dumka et al., 2008; 
Ramachandran, 2008). In addition, soot carbon deposition on snow surfaces has a strong 
effect on albedo, which is one of the most important parameter of the radiative balance 
(Flanner and Zender, 2005). Flanner et al. (2007) determined that the addition of 500 ppbw 
of black carbon to snow decreased its visible albedo from 0.98 to 0.88, and calculated that 
the instantaneous forcing over the Tibetan Plateau, due to the presence of BC in snow, 
exceeds 20 Wm-2 in some places confirming that snow darkening is an important component 
of carbon aerosol climate forcing. Preliminary calculations shows by PAPRIKA LGGE team 
shows that BC induces locally up to a 1,5°C/day increase in temperature, during high 
pollution events. This leads to new and serious concerns about increased melting rates of 
the cryosphere in the HKH regions and addresses the question of future deglaciation of the 
HKH regions as a result of increased emissions in the Pakistan/Nepal/India regions.  

Capacities of local communities in response to Environmental changes. During the 
20th century, populations in Nepal have had to undergo various changes and territorial 
restructurings, notably because of demographic growth and pressure on natural resources 
(Smadja 2009a, b; Smadja 1986, 1991, 1992, 1995). Contrary to popular opinion, these 
Himalayan populations are far from being set in their ways. Nevertheless, the impact of 
climate change and of extreme events on these populations has been the subject of only a 
few studies. "The recession of glaciers in the Himalayan range will affect the overall water 
balance in the respective basins but the exact nature of its impact needs more investigation" 
(Moench et al., 2007: 128). And as we propose to do in this research project, each 
geographical region "must be viewed differently in order to assess critical impacts" (Ibid.). 
Studies have mostly focused on the flood process in the plain (Ibid.; CSE report 2005), 
showing the complex combination of factors including meteorological and social factors 
(poverty and demography), as well as technical and political choices. For example, the Koshi 
flood in 2008 cannot be attributed to climatic causes, but to various factors, including the 
state of dam maintenance and the technical choice of embanking the river in a certain way 
(Dixit 2009), whilst over the last 220 years the river has shifted about 115 km (Ibid. referring 
to Gole and Chitale 1966). Populations have adapted to floods by diversifying their crops on 
land affected by sand deposits, but there is a lack of institutional building to mitigate the 
impact of floods.  
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It is clear that addressing these opened questions will require a pluri-disciplinary approach 
that is proposed within the PAPRIKA project.  

2.2. OBJECTIFS ET CARACTÈRE AMBITIEUX/NOVATEUR DU PROJET / SPECIFIC AIM, 
ORIGINALITY AND NOVELTY OF THE PROJECT  

 

 
The main objectives of PAPRIKA are:  
 
1. To contribute to a more accurate assessment of glacier retreat and snow cover 

changes in the HKH region and a better understanding of the surface processes 
governing glacier and snow melt  

2. To quantify the relative contribution of seasonal snow cover and glaciers to 
regional water supply in the HKH region 

3. To evaluate the distribution and variability of absorbing aerosol particles from 
anthropogenic origin transported to the high altitude regions of HKH  

4. To establish and model the current energy budget of snow surfaces, including the 
effect of absorbing aerosols deposited in snow and their impact on water melting 
rates. 

5. To provide climate trends and scenarios at the regional level based upon an 
examination of results from an ensemble of models focussing on water availability 
and variability in the HKH region.  

6. To use these projections to quantify current and future water resource in the area 
of Nepal 

7. To study adaptation options of mountain communities to changes in water 
availability. 

8. To propose plausible adaptation strategies for changing risks, including analysis of 
their economic efficiency and benefits within the social welfare context. 

 

 
PAPRIKA is innovative in a number of aspects dealing with the impact of climate change on 
water resources in Nepal and their consequences in socioeconomic sectors linked to water 
management and agriculture. The scientific understanding of processes and feedbacks as 
well as the impacts will be described and quantified within PAPRIKA beyond what has been 
done previously: 
 
New information on glacier and snow dynamics 
Both snow and glaciers account for a significant portion of fresh water availability in particular 
during the dry season, but precise quantification still is an opened question and prediction of 
their future evolution is complex. As mentioned, very few long-term records of glacier mass 
balance are available in the HKH area. Hence, by continuing Mera glacier monitoring and 
identify key variables acting on its mass balance, PAPRIKA will provide information on 
present glacier dynamics and contribute to understanding future evolution of glaciers in the 
HKH regions.  
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Advanced scientific knowledge on the impact absorbing aerosol 
Determining the atmospheric concentration of absorbing aerosol particles in the free 
troposphere over the HKH is crucial to understand the impact of anthropogenic aerosol on 
monsoon circulation (Lau et al. 2006; Ramanathan et al. 2007a), but measurements of the 
aerosol chemical composition and optical properties in this area are scarce, due to severe 
logistical and technical problems for long-term studies. This is a very innovative aspect of the 
project which will provide new field measurements of the atmospheric burden and deposition 
of anthropogenic light-absorbing aerosols in the high-altitude HKH region, including 
continuous measurements at a permanent research station located above 5000 m a.s.l.  
 
Improved modelling of the effect of optically active aerosols in the snowpack 
While several physical snowpack models exist, for example for the French and Swiss Alps 
(Bartelt and Lehning, 2002), to our knowledge such models have not been applied to the 
Himalayan mountain range. We propose to adapt the physical snowpack model CROCUS 
(Brun et al., 1989, 1992) to the conditions encountered in the HKH region. An improved 

radiation transfer scheme will be implemented into the model taking into account the  -
dependent absorption by the snow grains and by absorbing impurities (dust and BC) in the 
snow. We will investigate the effects of the impurities on energy fluxes in the snow pack, 
surface snow temperatures, and snow melting rates. We will address the direct changes in 
snow albedo due to the presence of absorbing impurities in the snow, and investigate the 
indirect effect of absorbers by accelerating snow metamorphism. Finally, such a model 
allows to separately investigate the impact of changing temperatures and of changing 
amounts of impurities on snowpack properties. 
 
A model ensemble to improve modelling of the cryospheric component of the water 
cycle 
The link between reduction of water availability in Nepal, the potential role of southern Asian 
monsoon precipitation, and the contribution of GHG and absorbing aerosols to temperature 
changes in the mountain environment need to be addressed by a model ensemble. A new 
state-of-the-art integrated tool to predict snow, glacier and water production responses to 
large-scale monsoon dynamics changes and atmospheric loadings provided within the 
consortium will be used to perform a number of future climate change scenario experiments 
(e.g. from present-day to 2050). PAPRIKA will build a fully integrated modelling system that 
couples glacier, snow, hydrological and climate models. Most previous studies have been 
concerned with single glaciers in Northern America or Europe for the reasons of data 
availability and have not included the integration of the hydrological modelling component. 
Going beyond the studies of single glaciers, PAPRIKA will represent the engagement of a 
fully integrated climate-glacier-snow-hydrology modelling hierarchy over Koshi Basin. 

 
Social impact and adaptation to future climate change (rainfall and altered stream flow 
regimes) on water resource systems, agriculture and floods 
Among the various changes in farming practices, and territorial and social restructurings that 
characterise Himalayan populations, those related to the water resource's availability and 
how these changes in it are perceived by local populations will be examined through case 
studies in the country's four main landscape units (high mountains, middle mountains, low 
mountains and hills, and the Terai plain). A second theme concerning adaptation will be 
addressed, linked to how the risk of floods is perceived (by local populations, and national 
and international agencies), the social impact of floods and the strategies developed by the 
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populations concerned. Using results from the various models (monsoon pattern, snow 
covering shrinkage and stream flow) put together by WP3 and WP5, and comparing them 
with the population's perception, the PAPRIKA project will provide new insight into the local 
population's adaptation to climate change. Moreover, the GIS tool will help to map the areas 
affected and to estimate the populations concerned by each type of change and risk.  

3. PROGRAMME SCIENTIFIQUE ET TECHNIQUE, ORGANISATION DU 

PROJET/ SCIENTIFIC AND TECHNICAL PROGRAM, ORGANISATION 

OF THE PROJECT  

3.1. PROGRAMME SCIENTIFIQUE ET STRUCTURATION DU PROJET/SCIENTIFIC 

PROGRAM AND STRUCTURE OF THE PROJECT 

PAPRIKA is divided into two main elements that contain four and three work packages, 
respectively (Figure 3). Element 1 (Water Resources Input, Climate and Anthropogenic 
Pressures on the Cryosphere, Climate, and Monsoon System) deals with a better 
understanding of physical processes driving the dynamics of the glacier/ snow / precipitation 
system in Nepal It includes the development of 
new scientific knowledge in particular linked to the 
impact of BC on snow melting and delivers 
research results through the acquisition of 
atmospheric and glaciological data as well as the 
development of a modelling tool for the snow 
pack. Element 1 develops new scientific 
knowledge and implements the modelling tools 
(global / regional / local) and the downscaling 
methods used later in the projects.  Element 2 
(Impact on the Water Resource System and 
Population) uses data and modelling outputs 
generated in Element 1 to provide a state-of-the-
art integrated tool for analysing snow, glacier and 
water production responses to large-scale 
Monsoon dynamics and atmospheric aerosol 
loadings under different climate scenarios. It 
includes adaptation studies to understand 
effective perception of change by local 
communities and adaptation strategies.  

 
Figure 3: information flows within PAPRIKA 

Element 1 is very strongly based on on-going observations (glacier, snow and atmosphere) 
detailed in Annexe 3). The existing data base is already available to the project, in particular 
for the modelling activities. This ensures very rapid and efficient use of data. Continuing and 
completing current observations effort is, however, necessary. In fact, WP1 (Cryospheric 
resources: glacier melting and snow cover mapping) has the objectives (i) to quantify the 
general trends of deglaciation and related water resources on a local (glacier scale) as well 
as regional scale, (ii) to assess the climate-glacier relation in these climatic zones, (iii) to 
evaluate the long-term surface changes of the seasonal snow cover and its variability in 
Nepal, and (iii) to quantify the contributions snow and glacier melting and of rainfall events to 
the river discharges at the KOSHI basin scale. WP1 is based on the continuous monitoring of 
the Mera glacier (Nepal, Hinku valley) using ground based and remote sensing tools. 
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Information retrieved within WP1 is directly used to validate the simulation of the cryospheric 
/ hydrologic components of the models used in WP4 and WP5. In parallel, WP2 (Optically 
active material in atmosphere and snow: observation and modelling) addresses the 
variability of aerosol atmospheric concentrations and deposition in surface snow in the 
Khumbu valley, identifying the main source regions, and providing first estimates of the direct 
aerosol forcing at various elevated locations in both atmosphere and snow. The atmospheric 
measurements at the high altitude are completed by measurements of BC in snow samples. 
Knowledge of temporal and spatial variability of absorbing aerosol in air and snow is used as 
input to WP4 and also to validate the regional model MAR for WP3. WP3 (Climate and 
monsoon variability modelling) develops a clear understanding of the destiny of the HKH 
cryospheric components accounting for monsoon dynamics and transport of optically active 
aerosols to the HKH regions. WP3 investigates the dynamics of the South Asian monsoon 
circulation focussing on transport patterns to the HKH and on precipitation over the HKH 
region, using a global coupled climate model (LMDz). The focus of the monsoon study will be 
in terms of precipitation amount at seasonal (onset, active and break phases) and 
interannual timescales. An important improvement in the analysis of the mechanism 
responsible for monsoon circulation changes is related to the role of absorbing aerosols that 
will be included in global model radiative schemes. WP3 uses modelling results obtained in 
WP2 (regional modelling) to validate BC fields at large scale and model developments. WP3 
will provide monsoon related information to WP4 and WP5. WP4 (Modelling the interaction 
between the snowpack, radiation, and the absorbing material deposited in snow) in 
turn, addresses the specific issue of enhanced snowpack melting due to the presence of 
absorbing material. It uses the information derived from WP2 to estimate the impact of 
absorbers on snow. WP1 and WP4 examines the surface mass balance of the selected 
benchmark glaciers and investigate the properties of the seasonal snow cover, respectively. 
They will generate run-off data from the snowpack melting at high spatial resolution used in 
WP5. Further sensitivity studies will be performed for both regions to analyse the snowpack 
sensitivity regarding changes in atmospheric aerosol loading and air temperatures derived 
from the simulations in WP3. 

The approach taken in Element 2 to address the quantification of hydrological changes and 
its socio-economical impacts is to focus on the well-constrained Koshi basin and identify four 
main landscape units with the water resource as one of the key criteria, since it is a major 
factor in the organisation of human activities and territories (see Figure 2).  

 

Figure 2 illustrates these four units 
and names the 3 identified basins of 
concern to the hydrological studies. 
 
 (1) The head water scale in the high 
mountains (3,000-4,500m, catchment 
area < 200 km²) with a high 
percentage of glacierized area and a 
dominance of the snow pack in the 
hydrological processes. There 
changes will affect irrigation –on 
which agriculture relies exclusively- 
and whose water supply depends 
mainly on meltwater from glaciers and 
snow. About 3% of Nepal's population 

Figure 2: Main geographical units in the Nepalese Himalayas 

used in PAPRIKA. The 3 identified basins are Imja River at 

Dingboche: 157 km² (alt. 4 165m, 86°49’04"E 27°52’50"N) 

Hinku River at Khote: 166 km² (alt. 3 421m, 86°48’41"E 
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(2) The valleys scale in the middle mountains (2500-3000 m, catchment area > 1000 km²,) 
with still a significant percentage of glacierized area, but a combination of solid and liquid 
precipitation and a quite significant use of the water resources (agriculture, water supply, 
waterpower, etc.); any variation in snow cover, in areas affected by frost, as well as rainfall 
altering the flow of sources and of torrents, will have repercussions on: the irrigation of paddy 
fields; times for using water mills and operating micro hydro-electric turbines; the drinking 
water supply; pastoral practices; rainfed agriculture that is predominant in such areas, 
sheltering 15 to 20% of Nepal's population. (3) the basin scale in the low mountains (1000-
2500 m catchment area > 20 000 km²) where the impact of the cryosphere is associated with 
a hydrological regime largely influenced by the liquid precipitations and their seasonal 
distribution and where the land use/cover is widely devoted to the human activities. In the low 
mountains, outside the monsoon period, people already have to face a shortage of water as 
they benefit neither from storm rains, nor from meltwater. Here, the population (about 25% of 
the population of Nepal) would suffer from any eventual variation in the rainfall schedule. (4) 
In addition, socio-economic and impact studies of WP6 and 7 identify a fourth region in the 
Terai plain, which is not specifically studied for hydrological changes because almost totally 
dependent on monsoon dynamics, where densely populated areas (more than 500 inh./km²), 
are extremely sensitive to any change in the flow of rivers that may have disastrous 
consequences amplified by the developments in the various infrastructures that have blocked 
the natural drainage of old river courses.  

WP5 (Integrated Atmosphere/Glacier/hydrology modelling) that is central in PAPRIKA 
uses the 3 spatial scales identified previously (1, 2, and 3) to establishes the methodology to 
best integrate global and regional climate models with glacier, snow and hydrological models 
to form a water resources modelling hierarchy. The hydrological modelling integrates 3 types 
of inputs: glacier melt, snow pack melt, and rainfalls at different time scales: daily time step is 
needed for the scale (1); a monthly time step is sufficient for the scale (3); for the scale (2), 
both time steps can be used, in accordance with the aim of the modelling approach. The 
climatic forcing data will come from WP3 while WP1 provides the volumes of the water 
delivered by the glaciers and WP4 the carboned induced snow melt on the glaciers and in 
the middle mountains. This information will be integrated by the most appropriate 
hydrological distributed or semi-distributed models developed by HSM and LTHE for 
applications in the Alps and the Andes. In addition, EDF-based model will serve estimating 
hydro-electricity potential in region (3). WP5 in turn, provides direct information to WP6 
(Perception of changes by populations and adaptation within the four Nepal 
geographic units) where the model hierarchy will be used to estimate potential changes in 
water resources. Changes in farming practices as well as social and territorial restructurings 
in the Himalayas occurred during the 20th century. However, those related to the water 
resource's availability may be quite recent and have to be specifically addressed. We will 
focus on the perception of such changes by local populations through case studies in the 
country's four main landscape units. Another consequence of climate change is the increase 
in the risk of flooding that will be studied in the Terai plain through populations' 
representation of risks and their strategic adaptations. The "risk" issue will be tackled in 
collaboration with WP7. Field research concentrates on listing the practices and the 
perception of changes related to water resources. Future scenarios of rainfall pattern as well 
as water resource availability in the streams provided by WP3 and WP5 will be compared 
with our previous results and discuss them with local populations.  Finally, WP7 (Local 

27°39’10"N) and Dudkoshi River at Phakding: 1 318 km² (alt. 

2 520 m, 86°42’41"E 27°43’19"N)   

 

lives in these valleys 
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communities Capacity building and dissemination) integrates data from WP5 and WP6 
to investigate how changes in natural resources and environmental hazards will be 
integrated to people’s traditional knowledge. It considers that people’s ability to face potential 
changes in natural resources and environmental hazards depends on the sustainability of 
their livelihoods. These activities will rely on participatory methodologies such as 
Participatory Rural Appraisal and Capacities and Vulnerabilities Analysis (Gailard and 
Maceda, 2009; Maceda et al, 2009). All activities will be conducted with two target 
communities within different regional units defined for the overall Paprika project. WP7 
contributes in defining community-based strategies and plans to enhance local capacities to 
overcome potential changes of natural resources and environmental hazards. It also 
provides national authorities with recommendations on how to consider and integrate those 
strategies into national planning and strategies. 

The use of observations to validate different models at various scales, the very complex 
uncertainties of the Monsoon/Aerosol/Cloud feedback mechanisms not developed in 
PAPRIKA- , the use of emission scenarios in areas of the world where present-day 
emissions inventories are subject to caution and the work to integrate a hierarchy of models 
will all lead to substantial uncertainties in quantifying future changes in water resources in the 
Nepal regions. We are clearly aware of these current limitations which are not going to be 
solved in the framework of PAPRIKA. However, the project will rather develop an integrated 
methodology for transferring information from different compartments of the biosphere, 
including the social dimension. Not only the PAPRIKA methodology may be used as a 
reference in future studies and applied elsewhere but any future improvements in emission 
inventories, monsoon/hydrological modelling, etc.. may be rapidly integrated into the 
methodology to derive more accurate impact assessments. 

3.2. MANAGEMENT DU PROJET/PROJECT MANAGEMENT 

WP 0: ―General coordination,‖ is responsible for the scientific and administrative 
management of the project and ensures that the project is coordinated in a coherent manner 
in particular with respect to external collaboration (i.e. CNR-EVK2) and the exchange of 
information outside of the consortium (Medias, data access). In PAPRIKA, each partner is at 
least responsible of one WP and will administer his own budget and WP research activity in 
collaboration with others involved partners (see WP description). The coordinator will make 
sure the proper resources of the project are dedicated to the coordination of PAPRIKA: 

 to conduct the daily management of  PAPRIKA; 

 to receive, compile, and distribute to the partners and other relevant recipients 
documents, reports, statements of expenditure, and other information from the 
partners. 

 to ensure an efficient liaison within the project by organizing progress meetings and 
to control that project milestones and deliverables are met on schedule, 

 to ensure dissemination of information inside the project and to users outside of the 
project  

 to manage the web site data base shared by partners in collaboration with EVK2-
CNR 

 to manage the link with Medias 
 
The WP leaders will meet regularly during the course of the three-year project period (once a 
year as a minimum). Meeting will mainly take place in France but could also take place in 
Nepal. Additional meetings may be called by the PAPRIKA Coordinator, or at the request of 
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participants, especially in the first year of the project.  In order to facilitate communication, 
most of the information will be distributed electronically: by exchange of email and by internet 
(the coordinator will establish a website with the shared data base). 

Knowledge management, including dissemination of information from the project, the 
development of a dedicated project web-site and bibliography, and the establishment of a 
project database will be undertaken in conjunction with the International PAPRIKA 
partnership through EVK2CNR committee in Italy (see letter of support annexed to the 
document). All these actions will be under the responsibility of EV-K2-CNR, at no-cost to 
PAPRIKA France and PAPRIKA coordinator will be responsible of the link with EVK2-CNR. 

The expected and requested budget for the management of PAPRIKA is the following:  

- Travel costs of the coordinator and the WP managers for kick off meeting and annual 
meetings (8 persons during 3 years) = 6000.  
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3.3. DESCRIPTION DES TRAVAUX PAR TACHE/ WORK PACKAGES DESCRIPTION 

3.3.1 TÂCHE 1/ WP1: CRYOSPHERIC RESOURCES: GLACIER MELTING AND SNOW COVER 

MAPPING 

Participants: LTHE, LGGE, HSM 
International Partner: DHM, EV-K2-CNR 

Additional Expertise: LEGOS, CNRM-GAME 

Duration: Month 1-36 
 
Objectives:  The main objective is to provide input data in order to assess the relative 
contribution of seasonal snowcover, glacier ice and rainfall to the runoff of streams draining 3 
elevated highly glacierized basins. Specific objectives are: 

1. Glacier mass balance series of two white benchmark glaciers (Mera and Pokalde) at 
glacier scale (using direct field measurements) as well as regional scale  

2. long-term mass balance series of one debris-covered glacier (to be identified), in 
order to compare with the mass balance of the white benchmark glacier cited above.  

3. Application of energy balance model to compute glacier mass balance and melt 
discharge for the 3 glaciers identified 

4. Quantification of physical processes governing glacier and snow melt using 
hydrometeorological data available in the Khumbu valley / Koshi basin.  

5. Assessment of the relative contribution of seasonal snow cover and glaciers to 
regional water supply through hydrological monitoring of glacierized basins  

6. Validation of climate and the hydrological models to  capture the variability observed, 
in particular spatio-temporal monthly variations of snow cover from 2000 and the 
snowpack characteristics at the regional and local scales  

 
Methodology: Continuation of the mass balance (winter and summer mass balances) series 
measured since 2007 on Mera (Nepal) and Pokalde glacier (Khumbu valley). Pokalde 
glacier, is located very close to atmospheric station in order to compare the mass balance of 
the glacier and the seasonal cycle of the atmospheric composition of the atmosphere. This 
glacier is rather small and then easily monitored for mass balance and spatial albedo 
distribution (using albedometer and automatic terrestrial photographs) and suitable for 
quantifying the impact of pollutant deposition on glacier melting. Glacier survey is performe 
using method of SO Glacioclim used on Alpine, Andean glaciers and more recently in 
northern India (Wagnon et al, 2007). It requires meteorological measurements, 
photogrametry to derive every year DEM hydrological measurements using limnimetric 
stations located close to the glacier and farther down, monthly snow cover variations over 
Eastern Nepal using MODIS satellite data. Similar work will be done for one debris-covered 
glacier in order to assess its annual mass balance and to compare it to white glaciers, 

The complete mass balance will then be simulated with a distributed energy balance 
model developed by Hock, 2005. The model computes snow accumulation and melt for 
every time step and each grid cell of a digital elevation model. Ice melt is derived from the 
atmospheric energy fluxes simulated over all the grids of the glacier. The model is used to 
investigate the sensitivity of the mass balance to various meteorological. It is also used to 
investigate the sensitivity to the debris cover for partly covered glaciers. A distributed energy 
balance model allows investigating the processes of glacier response to climate change and 
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is a complement of more simple approaches as degree-day models. The results will be 
compared with a second modelling approach based on the ISBA-CROCUS models and 
already applied on Alpine (Gerbaux and al., 2005) and Bolivian (Lejeune, 2009) glacierezed 
areas. The ISBA-CROCUS approach is also a distributed energy balance model, which 
additionnaly includes a physical parametrization of albedo based on grain type evolution. It 
will be able to take into account the albedo changes due to soot that will be developed in task 
1.1.4 and the balck carbon effects on energy mass balance. ISBA-CROCUS will also allow to 
simulate the morainic areas close to glacier and hence provide a global modelling of partially 
glacierezed areas. This is particularly important in order to assess impacts of a climate 
change on glacier and water resources evolution. For instance the ISBA-CROCUS will help 
to model the effects of the decrease of glacier areas and of the ratio of the glacier-origin 
water resources.    

 

The spatialisation of the mass balance to the whole region will be done by remote sensing for 
both glacier types. The first method consists in the ponderation of the benchmark glacier 
mass balance by the surface of each glacier in order to calculate their respective mass 
balance. The second method is the direct observation by comparison of topographies 
derived from satellite or topographical maps developed by Berthier et al, 2004, 2006, 2007 
.Enhanced snow cover products will be produced from daily large scale image, i.e. 500m to 
250m MODIS/TERRA database, and validated to local scale representative case using 
ASTER vs SPOT HRVIR data (respectively 15m and 10m). Specific MODIS products such 
as the surface reflectance (MOD09, Bands 1-7, 500 m), the cloud mask (MOD35), the 
geometry (MODMGGAD) will be used, jointly with the DISORT Snow Spectral Library (Bands 
1-7) and the relevant Digital Elevation Models (DEMs) of the investigated areas (Crane and 
Anderson, 1984; Hall et al, 2002; Painter et al, 2003; ). 

 

Description of work and role of participants 

 Task 1.1: glacier monitoring for mass balance, meteorology, glacier energy and mass 
balance modelling, snow properties, and hydrology on one benchmark glaciers. One 
debris-covered glacier will also be surveyed using photogrametric technique 

 Task1.2: quantification of the effect of optically active aerosols deposition on glacier 
albedo and mass balance 

 Task 1.2: extrapolation of the results obtained at the glacier scale to the whole region 
using remote sensing approach. 

 Task 1.3: assessment of the monthly variations of the snow cover over Western 
Nepal, using satellite images available since 2000 retrieved from spectral methods  

Deliverables  

D1.1 (Month 12, 24, 36): Annual reports of Mass balance series (observed and modelled) 
of a white benchmark glacier and a debris-covered glacier.  
D1.2 (Month 24,): Measurement of albedo changes as a function of seasonal deposition 
of BC on glacier mass balance for the 3 glaciers of interest 
D1.3 (Month 12, 24, 36): Annual reports of meteorological data recorded by the AWS 
located on and outside glaciers.  
D1.4 (Month 24 and 36): Hydrological balance at glacier and headwaters basins scale, 
including the partition of the discharges between snow, ice and rainfall origins for the 
Hinku River (Nepal).  
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D1.5 (Month 24 and 36): Snow cover dynamics in Himalayan basins with monthly maps 
from 2000 showing the snow cover of Nepal: Snow Cover mapping (binary), Fractional Snow 
Cover (%), Snow line altitude and orientation (DEM) 
 D1.6 (Month 24 and 36): Glacier regional mass balance from space borne data. First 
(24 months) provided for the site where field measurements are available for validation and 
then (36 months) for others ice covered study areas. 

Milestones  

M1.1 Installation of the Automatic Weather Stations (Month 6) 
M1.2 Hydrology (runoff, precipitation) (Month 6) 
M1.3 Glaciology network (and modelling) for one glacier (Month 10, 22, 34) 
M1.4 Image Data base (MODIS) (Month 12) 
M1.5 SPOT5-HRS data acquisitions (Month 12, 24) 
M1.6 Installation of automatic camera (Month 12)
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3.3.2 TÂCHE 2/ WP2: OPTICALLY ACTIVE AEROSOL IN ATMOSPHERE AND SNOW: 

OBSERVATION AND MODELLING 

 

Participants: LGGE 
International Partner: EV-K2-CNR 
Additional Expertise: none 
Duration: Month 1-30 

Objectives: WP2 deals with the role of absorbing aerosol in changing the radiative forcing in 
atmosphere and after deposition onto the snow. Presence of elevated levels of optically 
active aerosol (Dust and BC) in the high valleys of Himalaya has been documented in the 
atmosphere (Bonasoni et al., 2007) and snow (Ming et al., 2007). Preliminary estimates of 
radiative impact from the presence of adsorbing aerosol indicate that the local radiative 
budget is significantly altered. The objective of WP2 is therefore to address the variability of 
BC and dust in both atmosphere and fresh snow, to identify main source areas as a 
constraint to regional modelling, to estimate local radiative forcing for present time and to 
determine the optimal model setups in MAR for simulating BC and dust deposition in snow in 
present conditions.  

Methodology: The WP is based on data provision of black carbon (BC) and dust 
concentration in the atmosphere on one side and in fresh snow in the other side. In the 
atmosphere, we will use  at the NCO-P  station located in the Himalaya mountain range far 
from emission sources to monitor the long-range transport of aerosol from the source areas 
in India, Nepal and Pakistan. By the second year of PAPRIKA, the station will be able to 
provide a 6-year climatology for the air concentrations of BC and of other aerosol 
components which can show light-absorbing properties but originating from natural sources, 
like mineral dust. On the other side, specific field campaigns will be dedicated to collect 
surface snow in the proximity of the benchmark glaciers for determination of the content of 
aerosol-derived absorbing materials. This will be done using newly developed Single Particle 
Soot Photometer (SP2) technique that provides extremely low detection limits on one side 
(required to perform snow filtration in the field) and additional information as respect to more 
conventional methods (light attenuation and thermal). Results of the chemical analyses of 
aerosol samples will be also used for source apportionment of BC, to evaluate the 
anthropogenic activities responsible for the observed levels of absorbing aerosols in the HKH 
region. Finally, comparison of observation with regional model predictions of BC 
concentration in atmosphere and snow will be used to constrain seasonal dependent BC 
deposition to snow in MAR.  
 
Description of work and role of participants: 
Task 2.1 (month 0-24, LGGE). Origin and impact of light-absorbing components of aerosol at 
NCO-P. Developed in the framework of the project SHARE-ASIA, the NCO-P station is 
operative since March 2006. LGGE (and CNR) perform continuous measurements aerosol 
characterization with respect to concentration, size-distribution, chemical composition 
(including tracers for specific emissions), light-absorbing properties, and BC content (using 
both light attenuation technique and more specific BC instrument (SP2). Results will be used 
for a) identifying source areas (chemistry based) and b) estimating the atmospheric heating 
rate due to absorbing particles.  
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Task 2.2 (month 0-24, LGGE) Determination of aerosol-derived absorbing materials in fresh 
snow and snow deposits. The amount of BC deposited on surface snow will be measured in 
the proximity of the benchmark glaciers. Snow samples will be collected and filtered for 
subsequent analysis of BC and other absorbing materials (mineral dust). Specific 
investigation will be performed with SP2 to differentiate BC from other absorbing material as 
well as identifying the brown carbon fraction of absorbing material. Additional Counter 
Coulter measurement will be performed. Results will provide a) seasonal variations of dust 
and BC in surface snow and b) inputs to WP4 to provide heating rates in snow   
Task 2.3. (month 12-24, LGGE) Constraining simulated BC/Dust concentrations with 
observations. Simulations will be conducted for the present-day situation using MAR 
implemented with interactive aerosol module (dry/wet deposition) and constrained by LMDz 
BC concentration fields obtained in WP3. Output of simulation will be compared to 
observations in atmosphere and snow in order to determine the validity of MAR for sensitivity 
simulations of absorbing aerosols in the region. Results will provide deposition schemes in 
MAR to correctly simulate BC and Dust in snow and atmosphere usable for Element 2 WPs.   
 
Deliverables 
D2.1 (Month 24): 6-year climatology of absorbing aerosols in atmosphere in Nepal Higher 
Himalayas and identification of main emission sources of absorbing aerosol.  
D2.2 (Month 24): deposition rate of BC and in surface snow in Higher Himalayas regions (2 
seasons x 2 years)  
D2.3 (Month 30): MAR model with improved schemes for simulation of regional absorbing 
aerosol distribution, deposition and effects) 
Milestones 
M2.1 (Month 24): 6-year atmospheric observation completed 
M2.2 (Month 12): set-up methodology for BC and dust identification in snow using newly 
developed SP2 technique. Intercomparison with light attenuation and thermal techniques to 
identify the true BC fraction in snow  
M2.3 (Month 24).conclude collection of snow samples 
M2.4 (Month 30): Determination of optimal model setups for long-term coupled aerosol-
climate sensitivity simulations 
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3.3.3 TÂCHE 3/WP 3: CLIMATE AND MONSOON VARIABILITY MODELLING 

 
Participants: LSCE, LGGE 
International Partner: none 
Additional Expertise: none 
Duration: Month 1-30 
 
Objectives: This WP intends to analyze changes in the circulation and precipitation that are 
brought about by the presence of absorbing aerosols (e.g. from present-time up to 2050). Of 
particular interest to this workpackage are the changes in the vertical distribution of clouds, in 
the precipitation, in the temperature and aerosol loads resulting from the direct, semi-direct 
and indirect effects. These changes will be analyzed based on long simulations.  The 
simulation with BC loads determined from this task over the region of interest will be 
compared to the reference simulation when no aerosol is present. The main objectives of the 
work package are: 
• To establish changes brought about to the physical fields of clouds, precipitation and 
temperature by the aerosol present in the region, 
• To determine which aspects and phases of the monsoon (onset, length or intensity) are 
affected by the presence of aerosol 
• To study the impact of the changes in surface albedo (snow melt and aerosol effect on 
snow) have on the regions 
• To analyze the mechanisms that trigger changes in the circulation and the precipitation. 
 
Methodology: 
The simulation with aerosols will be built upon the inventory of Indian black carbon (BC) and 
organic carbon (OC) produced for the next IPCC exercise under present and future 
conditions. The radiative fields both at the surface and at the top of the atmosphere will be 
analyzed to relate changes in temperature and hydrological cycle to these forcings. We will 
use the zoom capability of the LMDz GCM coupled to the land surface/hydrological model 
ORCHIDEE with the resolution of 50x50km2  over the region of interest. The model allows to 
vary the position of the aerosol distribution to see how the aerosol layer height and intensity 
affect the monsoon. The changes in snow albedo that will have been studied in WP 2 will be 
included in the model. We will verify through key sensitivity studies the influence of the 
positioning and load of the aerosol prior on the circulation and precipitation over the region. 
Simulations will be run both in forced mode (fixed SST) and with the interactive oceanic 
model (ORCA) within the IPSL ESM (Earth System Model). This will allow isolating the role 
of the ocean in response to the presence of the aerosol. 
 
Description of work and role of participants: 
Task 3.1. Preparation of present aerosol emissions and projection future ones using detailed 
inventory at 50x50 km2 for Indian BC and OC (LSCE). 
Task 3.2 Global 3D forced simulations with fixed SSTs. Analysis of the changes in 
temperature and precipitation due to the aerosol radiative forcings. This simulation will be 
used to prepare the limit conditions for running the MAR model (LSCE). 
Task 3.3: Specific sensitivity simulations will be designed to test the role of the aerosol load 
and snow albedo and position in setting up monsoon changes (LSCE and LGGE). 
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Task 3.4 Long simulation (more than 50 years) with the IPSL-ESM in the presence of 
aerosol. This long simulation is necessary to evaluate the signal to noise ratio in the 
monsoon response to aerosol. This simulation allows to pinpoint the role of the ocean in the 
climatic system. A similar control simulation without aerosols will be used. 
 
Deliverables 
D3.1 (Month 14). 4D fields of temperature, precipitation and aerosol loads that will be used 
as boundary condition to the regional model MAR (Task 3) and to the CROCUS model (Task 
4) (LSCE) 
D3.2 (Month 24): Changes in monsoon characteristics due to different aerosol loads and 
snow albedo in the forced GCM (LSCE) 
D3.3 (Month 30): Analysis of the mechanism that govern changes in circulation and 
precipitation over the region (LGGE and LSCE) 
 
Milestones 
M3.1 (Month 12) Radiative forcings from BC/OC over India, Tibet and more broadly over 
Asia 
M6.2 (Month 18) Definition of different sensitivity studies to isolate monsoon response to 
aerosols 
M6.3 (Month 30) temperature, precipitation changes due to aerosol forcings and albedo 
changes and description of the mechanism setting up these changes 
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3.3.4 TÂCHE 4/ WP4: MODELLING THE INTERACTION BETWEEN SNOWPACK, RADIATION, AND 

THE ABSORBING MATERIAL DEPOSITED IN THE SNOW 

Participants: LGGE 
International Partner: none 
Additional Expertise: none 
Duration: Month 1-30 
 
Objectives: The impact of the presence of optically active aerosols in the snowpack on the 
albedo and on melting rates of the snow in the Koshi Basin will be investigated. The aerosols 
in the snow increase the absorption of radiation in the snowpack altering the albedo and the 
thermal budget of the snowpack. As a consequence, the melting rates and dates of the 
snowpack can change. Therefore, the objective of this task is to develop a snowpack model 
that is able to capture the effects of the aerosols on the radiative budget of the snowpack, to 
model the albedo and melting rates of the snow on top of the glaciers in the high mountains 
as well as of the seasonal snowpack in the middle mountains, and to estimate the sensitivity 
of the snowpack properties related to changing climatic conditions and aerosol loads. 

 

Methodology: The one-dimensional snowpack model CROCUS (Brun et al., 1989; 1992) 
will be used to analyse the impact of the presence of absorbers on surface snow properties. 
The model contains a fully coupled description of physical processes in the snow related to 
snow grain properties. It simulates the snow metamorphism to describe the change of shape 
and size of the snow grains over time. However, the model currently simulates the vertical 
radiation transfer taking into account only the absorption by the snow grains itself, while the 
absorption of radiation due to impurities in the snow is neglected. We will implement the 
effect of impurities to investigate the impact on energy fluxes in the snowpack, on surface 
snow temperatures, and on melting rates. We will use an approach proposed by Qian et al. 
(2009) relating the change of the snow albedo to the concentration of black carbon in the 
snow. The developed equation is based on previous simulations regarding the effect of 
aerosols on the albedo of snow (Jacobson, 2004; Warren and Wiscombe, 1980; Flanner et 
al., 2007). To our knowledge such a model has not been applied to the Himalayan mountain 
range. Previous studies have shown that modifications are necessary for the application of 
CROCUS to other regions than the Alps (e.g. Dang et al., 1997; Genthon et al., 2001). 
Therefore, the model will be modified and validated using the measurements performed at 
NCO-P station and along the Khumbu valley. The model will be run with and without aerosols 
to investigate the impact of the optically active impurities. Moreover, the model will be applied 
to the high and middle mountains using topographic information and after disaggregation of 
the results of the regional modelling studies in task 3. For the middle mountains, the 
simulations will focus on the melting dates because it can be expected that an earlier melting 
of the seasonal snowpack has a large overall impact on the albedo. The sensitivity of the 
snowpack regarding changes in climate and aerosol loading will be studied using the results 
of the tasks 2 and 3, which will deliver a range of temperatures and BC concentrations in the 
snow. These ranges will be further analysed regarding their impact on snow albedo and 
melting rates and dates for the high and middle mountains in the future. 
 
Risk: No universal technique for the downscaling of the output of the regional model exists 
for the Himalaya region to generate needed input data for the snowpack modelling. A 
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dynamical downscaling method is currently under development at LGGE for Antarctica, 
which may, however, not directly be applicable to conditions in the Himalaya. In that case we 
will rely on a statistical downscaling method of the meteorological data based on 
observations along the Khumbu valley. This method might introduce additional errors in the 
results of the snowpack modelling impacting also the simulated albedo and melting rates and 
the sensitivity of the snowpack. 
 
Description of work and role of participants 
Task 4.1. (LGGE) Development of an aerosol module for snowpack modelling. Such a 
module takes into account the presence of optically active aerosols in the snow to calculate 
the absorption and transfer of solar radiation in the visible range in the snowpack. It will be 
implemented to generate the CROCUSabs model. 
Task 4.2. (LGGE) Modification of CROCUSabs. The model will be calibrated and validated 
for the high and middle mountains using atmospheric and snow measurements at NCO-P 
station and along the Khumbu valley performed in WP 1.2. If necessary, the model will be 
adapted to improve the reproduction of the observations. 
Task 4.3. (LGGE, CEN, LSCE) Application of validated CROCUSabs. Model runs will be 
performed for the high and middle mountains taking into account output from the regional 
modelling in task 3 and topographic information like altitude and slope orientation. These 
model runs will be used to estimate the impact of aerosols in the snowpack on the melting 
rates and days in the high and middle mountains of the Koshi Basin and to estimate the 
contribution of the snow melting to the run-off. 
Task 4.4. (LGGE, LSCE) Sensitivity studies of future snowpack properties. Model runs will be 
performed to investigate the impact of changes in climatic conditions and aerosol loads on 
the snow albedo, melting rates, and run-off in the Koshi Basin based on the results of the 
sensitivity studies from the regional modelling performed in task 3. 
 
Deliverables 
D 4.1. (Month 14) Estimation of the present-day effect of absorbers in the snow on energy 
fluxes in the snowpack, on surface snow temperatures, and on snow melting days and rates 
for the observational sites. 
D 4.2. (Month 22) 4D fields of present-day snowpack properties for the high and middle 
mountains of the Koshi Basin regarding albedo, surface temperature, and melting rates and 
maps of the melting days for the high and middle mountains. 
D 4.3. (Month 32) Maps of the sensitivities of the snowpack properties in the Koshi Basin 
with respect to changes in climatic conditions and aerosols loadings. 
 
Milestones 
M 4.1. (Month 8): Snowpack model CROCUSabs taking into account the absorption due to 
optically active aerosols 
M 4.2. (Month 12) Validated CROCUSabs model for the high and middle mountains 
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3.3.5 TÂCHE 5/ WP 5 – FUTURE OF THE WATER RESOURCES: ATMOSPHERE-CRYOSPHERE-

HYDROPHERE MODELLING 

 
Participants 
Coordination: HSM – Pierre Chevallier 
Partners: LTHE, LSCE, LGGE 
Associated local partner: DHM, ICIMOD 
Experts: CNRM-GAME, EDF-DTG 
 
Duration: Month 1-36 
 
Objectives 

The task concerns the integration of the three components ((1) the glacier melt, (2) the 
snowpack melt, (3) the rainfalls (considered as precipitation in the liquid phase)) in a 
hydrological modelling to form a hierarchical atmosphere/cryosphere/hydrological modelling 
system, which can be used to simulate the hydrological response at both the local and 
regional scales to meteorological forcing.  

 
Methodologies 

The climatic forcing data (including precipitation and temperature) will come from the outputs 
of the LMD-MAR model (WP3) at a resolution of 12*12 km², the glacier melt model (WP1) will 
provide the volumes of the water delivered by the glaciers. Snow melt on the glaciers and in 
the middle mountains come from WP4 at a resolution of 1*1 km². 

Several hydrological distributed or semi-distributed models (production and routing) gave 
satisfactorily approaches in high mountains in accordance with the spatial scales. HSM and 
LTHE experienced some of them in the Andes and in the Alps. The WP5 will research the 
most appropriate in order to integrate the initial conditions given by the results of the WP3 
(climate, phase and volume of precipitation, temperature, radiation), WP1 (glacier melt), WP4 
(snowpack melt). 

An assessment of the uncertainties is needed at each step of the modelling processes. 

The modelling system will be: 

1. tested using the data collected in task 1 in Khumbu region and applied on Dudh Koshi 
and Hinku River basins; 

2. tested using the coupled global/regional model forcing from experiments conducted in 
WP 3 in order to determine how using the climate model impacts the modelling 
system performance; 

3. used to assess how the enhanced melting of the snow due to the presence of 
absorbing aerosols in the snowpack (WP 4) impacts the water resources at local and 
regional scales; 

4. used to simulate the future of the water resources under different scenarios (SRES 
and local options) at headwater scale (< 200 km²), with a high proportion of 
glacierized areas, as well as upper valleys scale (> 1000 km²), where the people are 
living and using the water resources for their activities. 
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Tasks: 
 
Task 1 (HSM, LTHE, LSCE, ICIMOD): choice and test of consistent scenarios for the 
environmental changes in the future, considering that the SRES scenarios could be refined, 
taking into account the specificities of the high mountains environments. This step is very 
important in order to reduce the uncertainties on the impacts assessments and improve the 
adaptation behaviours. 

Task 2 (HSM, LTHE, CNRM-GAME):. forcing of distributed hydrological models at local and 
regional spatial scales with the glacier melting model (WP 1), the regional climate model (WP 
3) and the snow pack model (WP 4) will be quantified. 

Task 3 (HSM, LTHE, DHM, EDF-DTG): Tests will be carried on using various regional model 
resolutions ranging from 50 to less than 10 km. Applications will be developed for the present 
and the future using regional hydrological modelling. The regional climate model MORDOR 
will be experimented in the Himalayan context. The application will be mainly done on the 
Dudh Koshi basin (1320 km²) and extended at the scale of the whole Koshi basin (> 
20 000 km²). 

Task 4 (HSM, LTHE, DHM):  hydrological modelling approaches will be developed at a small 
spatial scale on basins with a high rate of glacierized areas. It has been noted that models 
like CAB or ISBA has given in the past interesting results in the Andes. But distributed 
models like TOPKAPI or others will be tested (Liu and Todini, 2002; Liu et al,2005). The 
application will be mainly done on the Imja and Hinku River basins (respectively 157 and 
166 km²). 

Tasks 5 (LGGE, LTHE, HSM, CNRM-GAME): the optimal configuration of the hierarchical 
modelling system (regional model resolution and down-scaling methodology choice) will be 
determined for use in the longer term climate integrations. The final result should be an 
assessment of the regional response of hydrology to climatic forcing and of the future of the 
water resources for mountain basins, highly influenced by the cryosphere. This includes an 
assessment of changes of hydro-energy power potential in the region 

 

Deliverables 

D5.1 (Month 15): Integration of output from WP1/2 and 3 into hydrological models.  
D5.2 (Month 24): Results from test modelling at basin scale for Koshi Basin   
D5.3  (Month 30): Results of test modelling at river scale for Imja and Hinku rivers basins   
D5.4 (month 36): Assessment report of the regional response of hydrology to climatic forcing 
and of the future of the water resources for mountain basins. 
D5.5 (Month 36): Evaluation report of change in hydrological power potential under various 
climate scenarios  
 

Milestones 

M5.1 (Month 12). Most suited climate scenarios identified for high mountain environments  
M5.2 (Month 24): Hydrological models to be used in the hierarchical modeling system are 
identified and integration of WP1/2/3 inputs to hydrological models achieved 
M5.3 (Month 30) Optimal configuration of the hierarchical modeling system identified  
M5.4 (Month 30): Hierarchical modeling methodology operational for work at river and basin 
scales 
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3.3.6 TÂCHE 6/ WP 6: PERCEPTION OF CHANGES BY POPULATIONS AND ADAPTATION WITHIN 

THE FOUR NEPAL GEOGRAPHIC UNITS  

 
Participants:  UPR 299; PACTE (UMR 5194);  
Associated Partners: ICIMOD; University of Kirtipur, Nepal Water Conservation Foundation 
Duration: months 6-36  
 
Objectives: The aim of this WP is to study the consequences of climate change on 
populations, through two main themes: (i) variations in agricultural calendars and changes in 
human activities and water uses caused by variations in the availability of the resource, and 
the consequent territorial and social restructurings. This will be studied in the four main 
landscape units within the country (high mountains, middle mountains, low mountains and 
hills, and the Terai plain) for which the origin of water from three types of source is relevant: 
melting of glaciers, melting of snow, and rainfall. (ii) risks, that we will study through floods in 
the Terai plain for water courses originating from high mountains and therefore benefiting 
from a water supply from the melting of both glaciers and snow. Only four such river outlets 
exist in Nepal, but their floods may have consequences on the densely populated Ganga 
plain, as demonstrated by the breach in the Koshi dam embankment in September 2008. 
One of the objectives is also to map the areas concerned and to estimate the affected 
populations for each type of change and risk, using a GIS combining data from a hydrological 
basin with those from the population census.  
 
Methodology: 
Work we previously carried out in Nepal has led us to define four main landscape units within 
the country, for which water as a resource is one of the key criteria: it is a major factor in the 
organisation of human activities and territories. Zoning in the four geographical units is thus 
necessary in such a project insofar as the origin of the water resource differs in each unit, 
and therefore variations will have different consequences.  
 

Geographical units Origin of water 

 Melting of 
glaciers 

Melting 
of snow 

Rain 

Spring 
storms 

Monsoon 

High mountains x x (x) (x) 

Middle mountains  x xx xxx 

Low mountains or hills   (x) xxx 

Terai plain areas drained by rivers flowing 
   - from the high chain  

 
x 

 
x 

 
(x) 

 
xxx 

    - from the Mahabharat   (x) xxx 

Table: Hydrological resources in the four geographical units of Nepal  
 
A site (on a village scale) in each of the four geographical units will be selected for fieldwork 
along a north-south transect in the Sapta Koshi basin to benefit from work which is being 
carried out at the Everest Pyramid station and on the Mera glacier. They will be selected in 
collaboration with WP5. 
This part of the research focuses on perceptions and representations of the water resource, 
on perceived changes, on subsequent adaptations already implemented and on territorial 
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and social restructurings. Interviews will be carried out in Nepali within sections of the 
population. Terminology and toponymy will be among the investigating tools used to grasp 
the importance of the water resource in the construction of the territory. During the last field 
trip, we will discuss with local populations our results with those obtained by WP3 and WP5.  
Some points of comparison will be made with an ongoing study in the Western Terai, where 
hydrological conditions differ (water courses here are solely supplied by monsoon rains). 
Regarding the "risk" theme, we intend to focus exclusively on populations' perception and 
representation of risks in the Terai, with the mapping done for analysing uses being effective 
in addressing the "risk" issue, a theme which will be tackled for the most part by WP 7. 
 
Description of work and role of participants:  
For each site earmarked for fieldwork, we will list and map the following on a village scale:  

- the various water courses, sources, snow covered areas, for which we will describe 
the patterns and add climatic data: local weather stations, those from the 
Climatological Census, as well as the on-going data collected by WP3 and WP5.  

- the various water uses and the areas concerned (irrigation canals, mills, fountains, 
cattle watering, places for mountain summer pastures which depend on snow 
cover…); 

- changes which have been introduced within the past 50 years (refer to Smadja 2003 
on the redistribution of the resource through the shrinking of territory around farms). 

This work will be carried out by researchers from UPR 299 (O. Aubriot and J. Smadja), a 
PhD student in villages located in high and middle mountains, M.A. students in low 
mountains and the Terai, as wells as scholars from ICIMOD, Nepal Water Conservation 
Foundation and Tribhuvan University.    
 
Deliverables: 
D6.1- Data on main changes perceived and observed by populations in the four geographical 
units and on adaptation to these changes, if any; on the estimation of the changes in water 
resource availability (in association with other WPs) 
D6.2- List of the priorities expressed by populations regarding water (availability and use), 
compared to those of the National Planning Commission and NGOs 
D6.3- Map of the areas affected by various changes, and estimation of the populations 
concerned 
D6.4- Feedback communicated to local populations, and to local and national authorities. 
 
Milestones: 
M6.1- Selection of 4 villages along the north-south transect (Year 1) 
M6.2- PhD student and group of students to be based at their sites for fieldwork (high and 
middle mountains and low mountains to study variations in the monsoon flux) (Year 1) 
M6.3 - Partnership to be established with Nepalese scholars and members of WP 7 to 
concentrate on the Terai fieldwork discussion groups (Year 1) 
M6.4 - Terai: 3-week field trip to study flood risk management (mapping and enquiries) and 
adaptation (Year 2) 
M6.5 - Data integrated in a GIS (Year 2) 
M6.6 - Back to the areas earmarked for fieldwork to talk with populations about the 
quantitative data and climatic change projections obtained by other WPs (Year 3) 
M6.7 - Feedback to local population, and local and national authorities. (Year 3) 
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3.3.7 TÂCHE 7/WP 7: LOCAL COMMUNITIES AND CAPACITY BUILDING AND DISSEMINATION 

 
Participants: UMR 5194 PACTE - CNRS, UPR 299– CNRS, ICIMOD 
Associated Partners: ICIMOD 
 
Duration: 12-36 months 
 
Objectives 
WP7 aims at confronting and integrating data from previous WPs with people’s traditional 
knowledge, and at enhancing capacities of local communities to overcome potential changes 
in natural resources and environmental hazards. Specific objectives are: 
1/ To confront scientific (both environmental and social) and traditional knowledge on the 
potential evolution of natural resources and the ability of local communities to overcome such 
changes; 
2/ To integrate scientific data and traditional knowledge on people’s vulnerability in the face 
of natural hazards in the context of global and local environmental changes; 
3/ To define strategies and plans to enhance local capacities to overcome potential changes 
in natural resources and environmental hazards; 
4/ To provide local and national authorities with recommendations on how to consider and 
integrate people’s ability to overcome potential changes in natural resources and 
environmental hazards into national planning and strategies. 
 
Methodological framework 
WP7 considers that people’s ability to face potential changes in natural resources and 
environmental hazards depends on the sustainability of their livelihoods. The Sustainable 
Livelihoods Approach (SLA) will thus constitute the guiding framework for all activities 
conducted in this WP. These activities will rely on participatory methodologies such as 
Participatory Rural Appraisal (PRA) and Capacities and Vulnerabilities Analysis (CVA). 
Particular emphasis will be given to Participatory 3-Dimensional Mapping (P3DM). P3DM 
consists in the building of stand-alone scaled relief maps over which are overlapped thematic 
layers of geographical information. It facilitates the interpretation, assimilation and 
understanding of geo-referenced information by making them visible and tangible to 
everyone. P3DM raises local awareness of territories, provide stakeholders with powerful 
mediums for development planning and serve as effective community-organizing tools. All 
activities will be conducted with one target community within each of the regional units 
defined for the overall Paprika project or a total of four communities. 
 
Description of work and role of the participants: 
Task 7.1: Selection of target communities and rapport building through interviews with key 
informants and immersion will be conducted during Year 1 by Pacte in coordination with 
UPR- 299 and ICIMOD. 
Task 7.2: PRA will be carried out to confront and integrate scientific and people’s knowledge 
on natural resources and environmental hazards. It shall resort on Focus Group Discussions, 
calendars, profiles, problem trees, transect walk conducted Pacte in coordination with UPR- 
299 and ICIMOD between the second half of Year 2 and the first half of Year 3. 
Task 7.3: P3DM will be carried out to confront and integrate scientific and people’s 
knowledge on natural resources and environmental hazards. It shall further resort on Focus 
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Group Discussions led by Pacte in coordination with UPR- 299 and ICIMOD between the 
second half of Year 2 and the first half of Year 3. 

Task 7.4: Community-based strategic planning shall enable to define strategies and plans to 
face changes in natural resources and environmental hazards and to build and train 
community-based organizations. It shall rely on Focus Group Discussions, calendars, drills 
and community dramas conducted Pacte in coordination with UPR- 299, ICIMOD and local 
authorities during Year 3. 
Task 7.5: Implementation, monitoring and adjustment of the foregoing strategies and plans will 
be conducted during Year 3 by ICIMOD. 
Task 7.6: A general workshop intended to assess participants’ evaluation of the project and to 
share experiences with national authorities will be held with all stakeholders at the end of Year 
3. 
 
Deliverables: 
- D7.1: Profile of four target communities in the face of potential changes in natural resources 
and hazards based on both scientific and traditional knowledge 
- D7.2: Participatory 3-dimensional maps of four target communities 
- D7.3: Community-based strategies and plan to overcome potential changes in natural 
resources and hazards 
- D7.4: Policy brief on how to consider and integrate people’s ability to overcome potential 
changes in natural resources and hazards into national planning and strategies 
 
Milestones: 
- M7.1: Selection of target communities (Month 12) 
- M7.2: Community approval of strategies/plans to face changes in natural resources and 
hazards (Month 24) 
- M7.3: General workshop (Month 33) 
- M7.4: Submission of final report (Month 36) 
 
 
 
 
 

Risk for all the WP and backup plan: 
The main risk is a situation of political instability, which may determine our access to the 
field. In such an event, the project would be transferred to sites in India (Himachal Pradesh), 
downstream of the Chhota-Shigri glacier which is studied by LTHE/LGGE since 2003. The 
climate in this area is different than in Nepal. The monsoon is less pronounced and the zone 
is influenced by westerlies. 
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3.4. CALENDRIER DES TACHES, LIVRABLES ET JALONS 

 

 
 Partenaires* Chronogramme / chemin critique 

  Année 1 Année 2 Année 3 
1 2 3 4 5 6 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

Tâche 1.1                          

Tâche 1.2                         

Tâche 1.3                         

Tâche 1.4                         

Tâche 2.1                         

Tâche 2.2                         

Tâche 2.3                         

Tâche 3.1                         

Tâche 3.2                         

Tâche 3.3                         

Tâche 3.4                         

Tâche 4.1                         

Tâche 4.2                         

Tâche 4.3                         

Tâche 4.4                         

Tâche 5.1                         

Tâche 5.2                         

Tâche 5.3                         

Tâche 5.4                         

Tâche 5.5                         

Tâche 6.1                         

Tâche 6.2                         

Tâche 6.3                         

Tâche 6.4                         

Tâche 7.1                         

Tâche 7.2                         

Tâche 7.3                         

Tâche 7.4                         

Tâche 7.5                         

Tâche 7.6                         

Rapports d’avancement / 
états des dépenses 

  


  


  


  


  


  


Accord de consortium/rapport 
final 

  


  


  


  


  


  


                  

 : Rapport d’avancement semestriel 

 : Rapport d’avancement semestriel + état des dépenses 
 : Rapport de synthèse + récapitulatif des dépenses 
Rouge : coordinating partner 
Black : contributing partner 
 
The numbers of the tasks correspond to the numbers described in the detailed WP descriptions. The 
partner numbers correspond to the French partners: 1 LTHE, 2 LGGE, 3 LSCE, 4 HSM, 5 UPR 299, 6 
PACTE. 
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4. STRATEGIE DE VALORISATION DES RESULTATS ET MODE DE 

PROTECTION ET D’EXPLOITATION DES RESULTATS/ DATA 

MANAGEMENT, DATA SHARING, INTELLECTUAL PROPERTY STRATEGY 

 
PAPRIKA contributes to an international effort to investigate how anthropogenic activities 
affect glaciers shrinkage and snow cover dynamics in the HKH area and to establish the 
optimal reduction efforts for preserving the HKH cryosphere in support to local adaptation 
policies. In that sense, significant efforts in the project will be taken to collect information and 
scenario analyses developed within the WPs where an integrated assessment of Himalayas 
concerning the impact of glaciers and changing water regime on the availability of water 
resources will be undertaken and insure proper transfer of information to the scientific 
community, the general public but also to user communities, relevant national authorities and 
intergovernmental and/or non-governative organisations.  

4.1. DIFFUSION OF SCIENTIFIC INFORMATION  

The dissemination of scientific results will be performed by publishing methodologies and 
findings of the scientific work in the peer-reviewed scientific literature and giving 
presentations in international conferences. We expect that a number of journal articles will be 
produced that describe the various elements of the project and the results in a variety of 
scientific fields such as atmospheric sciences, glaciology, hydrology, and human and 
physical geography. Of particular importance is the link of the project with other initiatives in 
the area from European, Asian and US scientists and to the scientific user community in 
general. Here, we will continue the opened data policy implemented in our on-going work in 
the Himalayas and other regions by granting free and rapid access to data. All results will be 
freely available, upon acknowledgement of ANR funding, both within the consortium, the user 
community and the wider public, including education institutes, for most part during the 
course of the project. Note that NCO-P data and GLACIOCLIM data are already opened to 
the scientific community and widely used and we will use identical format and data transfer 
protocols in the context of this project. By the end of the project, we will undergo a critical 
evaluation of the different methodologies used throughout the project, leading to the 
development of a transferable toolkit of methodologies and guidelines suitable for application 
in HKH and other mountain regions in the world.  

4.2. DIFFUSION OF INFORMATION TO POLICY-MAKERS  

Of particular relevance to the potential for success in the capacity building targets is the fact 
that PAPRIKA’s partners, through their past and present involvement in the area, will rapidly  
mobilize a number of local institutions both non-profit non-governmental organizations and 
international/national authorities in the Hindu Kush-Himalayas. More specifically, links are 
already established between PAPRIKA partners and DHM (Department of Hydrology and 
Meteorology), ICIMOD (International Centre for Integrated Mountain Development) as well as 
Tribhuvan University (Kirtipur) and Nepal Water Conservation Foundation in Katmandu. 
Through our partnership and the long-term involvement in Nepal of our Italian counter-parts 
(EV-K2-CNR), PAPRIKA will directly address key stakeholder communities in the different 
mountain areas and at the national and international level., national agencies in Nepal (Nepal 
National Academy of Science), NGOs (Resources Himalaya Foundation, Kathmandu, 
http://www.resourceshimalaya.org), national parks (Sagarmatha National Park).  
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Some PAPRIKA partners, either as institutions or the PIs as individuals, hold key positions in 
the existing national and international underpinning work, and these positions will be used to 
convey the value of the project findings in the relevant policy arenas and to bring specific 
user needs to the attention of the project. The partners will use their involvement in the on-
going technical underpinning mechanisms to make sure the project research results as well 
as its methodology development will have the maximum impact on policy both during the 
project and afterwards. The associated local partners in the project (ICIMOD, DHM in 
particular) will use the project results and methodologies to strengthen the scientific basis for 
the advice to their national authorities. In this way the project will strengthen existing 
mechanisms for policy development and compliance analysis.  

4.3. DIFFUSION OF INFORMATION TO GENERAL PUBLIC / CAPACITY BUILDING / 

OUTREACH ACTIVITIES 

Knowledge management, including dissemination of information from the project, the 
development of a dedicated project web-site and bibliography, and the establishment of a 
project database will be undertaken in conjunction with the International PAPRIKA 
partnership through EVK2CNR committee in Italy (see letter of support annexed to the 
document). This will ensure a very efficient transmission of information outside the 
consortium and includes design, development and maintenance of a web-site containing 
both public and Project-specific private components with interactive links to the Project meta-
database. In particular, PAPRIKA will be supported by a multidisciplinary information system 
covering scientific and technological activities in the HKH areas, to the benefit of government 
and inter-government scientific agencies. A full array of techniques and methodologies will 
be adopted for knowledge transfer in the PAPRIKA web-sites. All these actions will be under 
the responsibility of EV-K2-CNR, at no-cost to PAPRIKA France. Of course, we will ensure 
that ANR CEP and the French contribution will be easily recognized and acknowledged. 
 
The project will engage local people through its outreach activities. In particular, CNRS 
researchers at LGGE participate to the ERCA (European Research Course on Atmospheres) 
organized by University of Grenoble. LGGE will promote the participation of participant from 
Nepal research institutions at ERCA through provision of money for 1 participant/year at 
ERCA. In addition, participation of young scientists from associate partners in the region will 
be informed about career training opportunities in Europe (i.e. WMO courses for instance)  
For example, PAPRIKA’s coordinator Y. Arnaud recently participated in the International 
Mass Balance Monitoring Training Course on Yala Glacier Langtang Valley, Central Nepal, 
organized by HKH-FRIEND Group on Snow and Ice Nepal National IHP Committee, IACS-
ICIMOD-UNESCO. 

4.4. SOCIO-ECONOMIC AND INDUSTRIAL IMPACTS 

One of the central objectives of the PAPRIKA project is to develop policy scenarios 
addressing medium term remediation strategies to deal with the implications of changing 
water supply regime due to glacial melt and summer monsoon changes. Thus, dissemination 
activities will be crucial for reaching the local policy makers, wider group of scientists so that 
results could be effectively transformed into actions with socio-economical impacts. Direct 
links with mountain communities in Nepal to anticipate global environmental changes and 
propose local adaptation methods have strong societal impacts if methodologies are 
implemented at a wider scale.  
Through the use of the EDF-based MORDOR model, alteration of streamflow regime due to 
climate change and assessment of impacts on electricity production will be conducted. This 
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is a very operational deliverable with strong socio-economical and industrial impacts 
whenever electricity companies will investigate investments in the area and management 
strategies to minimize the risk of failure in meeting the demand.  
PAPRIKA will further foster the participation and training of local community in strengthening 
their capacity to face potential changes in natural resources and environmental hazards. 
Community-based activities shall ensure long-lasting impacts beyond the end of the project 
for end-user communities. 

5. ORGANISATION DU PARTENARIAT/CONSORTIUM ORGANISATION 

5.1. DESCRIPTION, ADEQUATION ET COMPLEMENTARITE DES 

PARTENAIRES/CONSORTIUM RELEVANCE 

As a collaborative effort, a solid framework has been developed to bring together the know-
how to realize the project objectives. Special attention has been paid to form a partnership 
with long-term experience of mutual cooperation and with long-term interest in the study of 
the HKH  
 
LTHE and HSM: The Institut de Recherche pour le Développement (IRD) is a French 
scientific establishment under the joint authority of the Ministry of High Education and 
Research and of the Ministry of Foreign and European Affairs. The IRD has three main 
missions: research, consultancy and training. It conducts scientific programs contributing to 
the sustainable development of the countries of the South, with an emphasis on the 
relationship between man and the environment. The Research Unit Great Ice (18 permanent 
scientists) studied the glaciers in the Andes and in the Himalayas in order to evaluate the 
water flows coming from the cryosphere (snow and ice), to characterize the climatic 
variability during the last 500 years and to simulate its impacts in the near future. The 
research carried out since 1991 with partners of South America, Europe, and more recently 
of India, Central Asia and Nepal, made it possible to establish a databank in meteorology, 
hydrology and glaciology. Great Ice was responsible in the Andes for the observatory 
GlacioClim. It combines instrumental measurements for the recent periods influenced by the 
global change (climatic and anthropogenic) and indirect indicators (historical documents and 
environmental proxies) for the past periods. Great Ice carried out ice core drillings, glaciers 
and high altitude watersheds monitoring, and develops methods based on space imagery 
analysis, dating techniques and environmental proxies proceeding (stables isotopes, pollens, 
lichens, moraines, etc.). The results are used in modelling approaches. Since January 2009, 
the IRD Research Unit ―GREAT ICE‖ no long exist and researchers from the unit joined two 
laboratories (LTHE and HSM) where IRD is already involved. 
LTHE and HSM ((the ―Himalaya‖ team of former IRD-Great Ice) have a long experience on 
glaciers in the Andes and since 2002 in Himalaya. The experience of both LTHE and HSM in 
hydrology will reinforce the capabilities of the team. The first role in this project is his 
contribution in field work (hydrology, glaciology and meteorology) on one benchmark glaciers 
in cooperation with Nepalese (DHM) partner. The second role is in the use of remote sensing 
both for snow monitoring and glacier mass balance spatialisation. LTHE, HSM will also 
contribute to the modelling of the snow pack, glacier/snow melting modelling and for the 
study of the effect of the presence of absorbers on the physical properties of snow. 
 
LGGE is one of the leading laboratories dealing with the use of polar ice cores for 
environmental studies (past concentrations of gases and aerosols, climate records). Over the 
last decade, the LGGE was also a leading partner in European atmospheric programmes 
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dedicated to the studies of aerosol in Europe (CARBOSOL, EUSAAR, EUCAARi, 
MEGAPOLI). The main role of the LGGE in this project is the modelling of the snow pack at 
the reference stations and the effect of the presence of absorbers on the physical properties 
of the snow. LGGE will also contribute to field measurements of physical properties of the 
snow. Further, LGGE will assess the effects of rising air temperatures and the amount of 
absorbers in the snow on the snow melting rates of glaciers in the HKH region. From Sept. 
2009, LGGE will also take the lead in aerosol monitoring at the Nepal station, for data 
analysis and analysis of source regions. In particular, a collaboration with Mike Bergin at 
Georgia Tech. USA is foreseen for the identification of sources and estimation of radiative 
impacts of anthropogenic aerosols in the mountain regions. In close cooperation with CNR-
EvK2 LGGE will bring its expertise in aerosol monitoring at the Nepal-Pyramid observatory. 
In particular, LGGE will be in charge of aerosol measurements at the station and will derive 
primary information such as the levels of absorbing material in air.  
 

LSCE (Laboratoire des Sciences du Climat et de l’Environnement -Gif/Yvette) is part of IPSL, 
l’Institut Pierre Simon Laplace, a federative institute based in Paris, France. LSCE employs 
researchers in the fields of biogeochemical cycles modelling and observation, past and future 
climate studies and isotopic markers in the environment. Over the last 10 years the LSCE 
has developed an expertise on the study of biogeochemical cycles and climate studies 
through its Biogeochemical Cycles research department. This research group is active in the 
areas of atmospheric composition monitoring, development of process-based models of 
carbon cycling over terrestrial ecosystems and in the ocean, development of inverse 
methods to quantify sources and sinks from atmospheric observations, and atmospheric 
chemistry and aerosols global modelling. The Biogeochemical Cycles group is conducting 
studies on aerosol formation and transformations. The institute is also largely involved in the 
cooperative development of a joint climate model involving several laboratories in France. 
Over the last 5 years the LSCE has developed for this purpose an interactive chemistry-
aerosol-climate model LMDz-INCA coupled to the IPSL earth system model.  
 

UPR 299 or "Milieux, sociétés et cultures en Himalaya (Milieux, societies and cultures in the 
Himalayas)" is a CNRS-only (Centre National de Recherche Scientifique: National Centre for 
Scientific Research) research unit. The unit boasts a resolutely pluridisciplinary team, and 

has carried out, over the last 40 years, various pluridisciplinary projects. Most common 

projects are centred around notions of territory, environmental stakes and recent changes. 

The team has thus developed an expertise in field work in the Himalayas (Nepal, India, 
China), as well as a knowledge on societies in the Himalayan region and on their relationship 
with the natural environment. 

http://www.vjf.cnrs.fr/himalaya/eng/presentation.htm 
 

Pacte is a social sciences research unit based in Grenoble, which includes about a hundred 
researchers and 120 PhD candidates. Its latest 4-year research plan gave rise to research 
groups on Risks, Crises and Disasters, as well as Development Studies. Both groups 
combine the skills of geographers, sociologists, political scientists and urban studies experts. 
As part of the PAPRIKA project, Pacte will be in charge of WP7. It will lead community-based 
and participatory activities to 1/ foster the integration of scientific and indigenous knowledge, 
and 2/ to help local communities in enhancing their capacities to face potential changes in 
natural resources and environmental hazards. Members of Pacte involved in PAPRIKA have 
more than thirty cumulated years of professional experience in the fields of natural resources 
management and disaster risk reduction in Asia and Africa. Pacte is also a pioneer unit in 
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fostering the use of Participatory 3-Dimensional Mapping for enhancing disaster risk 
reduction at very fine scale. Furthermore, Pacte has developed particular strengths on 
mountainous environments. 
 
Complémentarité et synergie des partenaires/Added value of the consortium  
The consortium members were carefully chosen to ensure that the diverse expertise and 
skills are delivered to the project and that contribution and resources are well shared 
amongst the different WPs. PAPRIKA aims to bring together glaciologists, atmospheric 
scientists (including atmospheric chemists and climatologist), remote sensing specialists, but 
also human and physical geographers.This is needed to overcome an integrated and 
interdisciplinary approach to the assessment of the impacts of climate change on water 
resources and to consider effective adaptive management strategies. The nature of the 
research problems calls for a combined use of observational and modelling capabilities, 
which has determined the selection of a consortium. In PAPRIKA, both experimental (field 
observations, laboratory experiments, satellite retrievals) and theoretical (models from 
process level to global and policy feedback models) and participatory efforts are included. 
 

The main strength of the consortium is the availability of 
 

- Advanced observational capability in the field of atmospheric sciences, in particular 
state-of-the-art observing plate-forms in Nepal and access to long term records 
necessary to detect trends, validate modelling and identify main source areas 

- Advanced observational capability in the field of glaciology, in particular state-of-the-
art pilot glacier in Nepal and access to long term records necessary to detect trends, 
and validate modelling as well as observing capability using remote sensing 
instruments.  

- Advanced Climate modelling capability at the regional and the global spatial scales 
and in the bridging of the spatial scales in a unified approach, 

- Advanced Glaciological and snow pack modelling capability at the regional and the 
global spatial scales and in the bridging of the spatial scales in a unified approach, 

- Advanced Climate modelling with the emphasis on regional scale, high resolution 
coupled calculations of climate, hydrology, glaciology and atmospheric chemistry 
processes  

- mitigation options and the technical underpinning of policy in many contexts on a 
(semi) operational basis 

- Pacte Advanced skills in conducting participatory research and community-based 
strategic planning in the fields of natural resources management and disaster risk 
reduction 

- Pioneering skills in the use of Participatory 3-Dimensional Mapping for disaster risk 
reduction at very fine scale 

 
We also will work closely with partners in Nepal, with which PAPRIKA partners and 
collaborating institutes have had a long-term involvement. Namely  DHM, ICIMOD 

5.2. QUALIFICATION DU COORDINATEUR DU PROJET/ PROJECT COORDINATOR 

QUALIFICATION 

Immediately after his Phd, in 1992, Yves Arnaud was engaged as IRD researcher. His first 
position was at the head of the IRD/AGHRYMET Remote Sensing Unit in Niger where he 
worked during four years mainly in Hapex-Sahel and EPSAT-Niger programs. In 1997, he 
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joined the IRD unit ―Snow and Tropical Glaciers‖ as responsible of remote sensing activities 
in Bolivia and after he became steward (responsible of tropical Andes) of the international 
project GLIMS (Global Land Ice Measurement from Space). In 2002, he initiated and led a 3 
year federative project on Mountain glaciers in the frame of the French ACI ―Earth 
Observation‖ in collaboration with the 3 others French institutes working in the field of remote 
sensing and glaciers at this time (LEGOS, LGGE, Cemagref). During his career he worked in 
partnership in Niger, Bolivia, Canada, Peru, India and Nepal. Since 2006, he was co-
responsible of the LGGE team ―Climate and glaciers‖, and he is now leading the mutual team 
―Cryosphere, Climate and Mountain Hydrology‖ between LGGE and LTHE laboratories. 
Since 2007, he is involved in a Hindu/French Project (CEFIPRA) on ―Mass Energy and 
Hydrological Balance of Chhota Shigri glacier‖ and he recently joined a French-Italian group 
working in Khumbu region of Nepal in the framework of the consortium Ev-K2-CNR. Since 
2001, Yves Arnaud is co-author of 18 rang A publications in the field of snow, glacier and 
remote sensing. Since 2003 he has supervised 2 PhDs in the field of remote sensing of the 
cryosphere and he is currently supervising 2 others PHd. He has also a field experience on 
Himalayan glaciers and partnership with India and Nepal since 2004. In may 2009 he 
participated in the International Mass Balance Monitoring Training Course on Yala Glacier 
Langtang Valley, Central Nepal, organized by HKH-FRIEND Group on Snow and Ice Nepal 
National IHP Committee, IACS-ICIMOD-UNESCO. 
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5.3. QUALIFICATION, ROLE ET IMPLICATION DES PARTICIPANTS 

 

Partner 1: LTHE Nom Prénom Emploi 

actuel 

Discipline Personne.

mois 

Rôle/Responsabilité dans le projet 

4 lignes max 

Coordinateur/responsable  Arnaud Yves Researcher Remote 

sensing and 

glaciology 

27 Coordination, shared data base 

management, remote sensing 

Autres membres Wagnon Patrick Researcher glaciology 18 Energy and mass  balance on glaciers 

1 Sicart Jean-

Emmanue

l 

Researcher Glaciology/

hydrology 

10 Glacier melt modelling 

1 Dedieu Jean-

Pierre 

Researcher Remote 

Sensing 

13 Snow cover mapping 

1 Zin Isabella Assistant 

professor 

Hydrology 4 Hydro modelling 

1 XXX    10 Cryosphere-hydrosphere modelling 

1 J.E. Sicart 80% sur 3 

ans 

ANR JC TAG Turbulent 

exchanges 

in glacial 

environme

nts 

J.E. Sicart 2006-2009 

 

 

Partner 2 : 

LGGE 

Nom Prénom Emploi 

actuel 

Discipline Personne.

mois 

Rôle/Responsabilité dans le projet 

4 lignes max 

Coordinateur/responsable  JACOBI Hans-

Werner 

Chargé de 

recherche 

Chimie et 

physique 

de la neige 

9 Responsable WP4. Modélisation neige 

Autres membres VINCENT Christian Ingénieur de 

recherche 

Glaciologie 8 Bilan de masse et bilan d'énergie des 

glaciers 

 RABATEL Antoine Physicien 

adjoint 

Glaciologie 3 Bilan de masse et bilan d'énergie des 

glaciers 

 FAVIER Vincent Physicien 

adjoint 

Régionalisa

tion du 

bilan de 

masse 

6 Désagrégation de données 

météorologiques 

 LAJ Paolo Physicien Aérosols 

atmosphéri

que 

6 Responsable WP2. Mesures 

atmosphériques à la station NCO-P. 

Organisation des prélèvements et 

analyses de neige. Contribution aux 

mesures SP2. Interaction du 
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programme avec EV-K2-CNR (Italie) 

 JAFFREZ

O 

Jean-Luc Directeur de 

recherche 

Chimie 

analytique 

3 Prélèvements et analyses chimiques de 

la neige. Mise en place nouvelles 

technique de mesure SP2 et validation 

 GINOT Patrick Ingénieur de 

recherche 

Chimie de 

la neige 

3 Prélèvement neige et analyses 

chimiques 

 GALLEE Hubert Directeur de 

recherche 

Physique 

atmosphéri

que 

6 Modélisation régionale et downscaling 

 COZIC Julie Ingénieur de 

recherche 

Chimie 

d’aérosol 

3 Analyses chimiques neiges 

 VILLANI Paolo Ingénieur de 

recherche 

Instrument

ation 

scientifique 

3 Mise en place mesure SP2 et 

maintenance NCO-P 

 

 

Partner 3: LSCE Nom Prénom Emploi 

actuel 

Discipline Personne.

mois 

Rôle/Responsabilité dans le projet 

4 lignes max 

Coordinateur/responsable Balkanski Yves Directeur de 

Recherche 

Modelisatio

n 

7 Coordinator for the study of the role of 
aerosols on the climate and monsoon 
variability 

Autres membres Schulz Michael Directeur de 

Recherche 

Modelisatio

n 

2 Evaluation of the aerosol distribution 
with regards to observations 

3 Cozic Anne Ingenieur de 

recherche 

Modelisatio

n 

2 Preparation d'une version du modèle 
LMDZ avec un zoom au-desus de l'Inde 
et du TIbet. Préparation des fichiers aux 
limites qui serviront au modèle MAR 

3 XX XX POstDoctora

nt 

Modélisatio

n 

18 The role of absorbing aerosol on the 
climate and the monsoon over Asia 
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Partner 4: 

HSM 

Nom Prénom Emploi 

actuel 

Discipline Personne.

mois 

Rôle/Responsabilité dans le projet 

4 lignes max 

Coordinateur/ 

responsable  

CHEVALLIER Pierre DR1, IRD Hydrologie 9 

(25%) 

CV en 

annexe 

Responsable de la tâche 5. Hydrologie 

(tâche 1), information spatiale, 

modélisation aux échelles moyennes 

(tâche 5). 

Autres membres DELCLAUX François IR1, IRD Hydrologie 9,6 

(26,7%) 

CV en 

annexe 

Modélisation aux échelles moyennes 

(tâches 1 et 5). 

4 NEPPEL Luc MdC, Univ. 

Montpellier 2 

Hydrologie 3,6 

(10%) 

Modélisation aux échelles fines (tâches 

1 et 5). 

4 CHAZARIN Jean 

Philippe 

TCE, IRD Hydrologie 1 Installation et mise en route des 

équipements de terrain (tâche 1) 

4 X X Stagiaire M2 Hydrologie 6 Modélisation aux échelles fines et 

moyennes (tâche 5) 

[Les deux postes pourraient être 

occupés successivement par la même 

personne.] 

4 X X Vacataire, 

niv. IE2 

Hydrologie 6 

Il convient de mentionner un poste sur une bourse d’échange scientifique et technique 

(BEST) dont le financement a été sollicité auprès de l’IRD (département DSF) pour un 

ingénieur du DHM (Népal) dont l’activité, en cas de succès à l’AAP ANR et à l’AO BEST de 

l’IRD, sera entièrement consacrée au projet. 

4 POKHREL Bijay Ingénieur 

DHM 

Hydrologie 12 

 

Hydrologie, modélisation aux échelles 

fines 
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Partner 5: UPR 299 Nom Prénom Emploi 

actuel 

Discipline Personne.

mois 

Rôle/Responsabilité dans le projet 

4 lignes max 

Coordinateur/responsable AUBRIOT Olivia CR1 Agronomie, 

géographie 

18 Co-coordination avec J. Smadja des 

recherches sur les usages, perceptions, 

adaptations et recompositions 

territoriales en montagnes ; 

coordination pour les mêmes thèmes 

dans le Teraï. 

Autres membres SMADJA Joëlle DR2 Géographie 7 Directeur de l'UPR 299, géographe, 

coordination des travaux sur le versant 

de Salmé et co-coordinatrice avec O. 

Aubriot des recherches sur les 

perceptions, représentations et 

changements d'utilisation des 

ressources hydriques en montagnes. 

 xx xx Phd Agronomy 

Anthropolo

gy 

Geography  

24 Water use and perception in mountain 

 

 

 

Partner 6: PACTE Nom Prénom Emploi 

actuel 

Discipline Personne.

mois 

Rôle/Responsabilité dans le projet 

4 lignes max 

Coordinateur/responsable GAILLARD JC MCF Géographie 15 Conduite des activités de recherche 

participative et de la planification des 
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