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Abstract. The Human Dimension of the Twinning European and South Asian River Basins to Enharice Ca-
pacity and Implement Adaptive Management Approaches Project (EC-Project BRAHMATWINN) is aimed
at developing socio-economic tools and context for tffeative inclusion of the “Human Dimension” or
socio-economic vulnerability into the overall assessment of climate risk in the twinned basins of the: Upper
Brahmaputra River Basin (UBRB), and the Upper Danube River Basin (UDRB) . This work is conducted in
the light of stakehold¢actor analysis and the prevailing legal framework.

In order to dfectively achieve this end, four key research and associated activities were defined:

1. Identifying stakeholders and actors including: implement an approach to ensure a broad spread of
appropriate stakeholder input to the assessment of vulnerability undertaken in Asia and Europe within the
research activities of the project.

2. Contextualising legal framework: to provide an assessment of the governance framework relating to
socio-environmental policy development within the study site administrative areas leading to the specific
identification of related policy and legal recommendations.

3. Spatial analysis and mapping of vulnerability: providing a spatial assessment of the variation of vul-
nerability to pre-determined environmental stressors across the study areas with an additional specific
focus on gender.

4. Inclusion of findings with the broader context of the BRAHMATWINN risk of climate change study
through scenarios of hazard and vulnerability (subsequent chapters).

This study utilises stakeholder inputs tfheetively identify and map relative weightings of vulnerability do-
mains, such as health and education in the context of pre-specified hazards such as flood. The process is
underpinned by an adaptation of the IPCC (2001) which charactdRizkas having the components ldaz-

ard (physiographic component) aMiilnerability (socio-economic component).
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Figure 1. Outline location maps for key study sites within the BRAHMATWINN project.

1 Introduction
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Climate change and its resultinffects on the environment,
affects the socio-economic wellbeing of individuals, house-
holds, communities and nations. The impacts are mainly
adverse, with some being irreversible, while others may be
beneficial (O’'Neil et al., 2001). Thetects vary greatly and
are felt more among the poorest of the poor and vulnera- information
ble communities due to limited resources and infrastructure raregemen
available to these groups. The study presented in this chap-, ) )
ter covers a number of case studies in the Upper Brahmapdflgu_re 2. The NetSyMoD approach. The first 3 stages are utilsed
tra River Basin and the Upper Danube River Basin. These" this approach.

being the Assam State Brahmaputra river section (NE In-

dia), the Wang Chu River Basin in Bhutan and the Lhasa

v PROBLEM
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decisions

scenarios & models

CREATIVE SYSTEM
MODELLING

indicators & criteria
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River basin in the Autonomous Region of Tibet along with Vulnerability

the Salzach and Lech River basins of the Upper Danube in toa

Europe. These case studies are selected on the basis th specific hazard

they represent basifssib-basins under potential environmen-

tal threat due to climate change. Fumnctionyof

Vulnerability to climate change maps predominantly de-
rived from census and land cover mapping provide a con-
text for assessing vulnerability and the potential for adaptive Sensitivity Adapti_ve
capacity with regards to climate hazards in the selected twin- Capacity
ning river basins (Fig. 1). Critical to this process has been the
development of a joint (twinned) approach to the concept of
vulnerability in the framework of risk and hazard as well as ~ Susceptibility Indicator2

Susceptibility Indicator 1 Funetion of

. e . . . e . e . Social Capacity Resilience

identifying the adaptive capacity and sensitivity components  Susceptibility Indicator 3

of vulnerability based upon the framework generated by the SkillsIndicator ~ Eco. surplus/eco. alternatives
. . . . Indi

IPCC (2001) (Fig. 3). The project also includes an emphasis  susceptibiity Indicatorn Technologies Indicator IR

on gender perspective in order to developing a better under- Information Indicator _ Cultural/social/political

constraints
Governance Indicator Indicator

standing of the socio-economic impacts caused by climate
stress on individuals, their households and communities in
terms of their livelihoods, health and sanitation situations.  rjg,re 3. Conceptual model of vulnerability.

This chapter elucidates the methodological development
of a stakeholder based flood vulnerability mapping within
the study areas of the BRAHMATWINN project. As stated,
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the key aim is to provide a spatial context for the assessmerg Methodology

of socio-economic and asset based vulnerability at risk from

specific hazards associated with climate change. As such &his chapter identifies a series of quantitative and qualitativ

process of identifying local and regional stakeholders to un-methodological approaches which when combined allow fo

derpin this process is critical to the overall sustainability of the production of vulnerability maps in both the European

the project outputs as well as providing the context for theand Asian context, both of which are incorporative of stake

identification of relevant indicators and their weighting for holder opinion (to a first order) and contextualised within

the development of vulnerability mapping approaches. the legal and policy framework independently. For the saks
For this purpose, the project applies the implementation ofof clarity the below methodological approacHidientiates

a participatory planning methodology throughout thied these methodologies into two key approaches (i) stakehold

ent phases of the work. The selected participatory approachrocesses (i) mapping methods. The key conceptual frame

utilised within the process of eliciting stakeholder opinion work utilized is demonstrated in Fig. 3 which depicts the

is called Creative System Modelling (CSM) (Giupponi et components of vulnerability based upon the adapted princ

al., 2008) which helps to identify participants and organisesples of the IPCC (2001).

the structured debates in workshops, and is combined with

a partial “Delphi” ranking round which allows the gathering

of specific weightings for suggested domains of vulnerabil-

ity. The process is supported by analysis relating to assess.1.1

ments of governmentfigcacy and relevant legal structures

and frameworks which providing a government context for The project requirement was to elicit and capture the stake

understanding the potential impact of climate change and wabolder perspective in order to develop vulnerability maps

ter resource management at a number of administrative leveléat are reflective of local expertise and understanding. |
in both the Asian and EU twinning basins. order to achieve this, a process of Actors Analysis was un

Fina”y, all products Outputs and methodo|ogica| tools in- dertaken which is an iterative identification of actors (Stake
cluding data has been populated into the River Basin Infor-holders, experts etc.) to be involved in the process. In add
mation System (RBIS) which provides a common reposi-tion their reciprocal relationships within the actor networks
tory and organisation structure for the overall project outputswere assessed using Social Network Analysis (SNA) tech-
thereby enhancing the RBIS towards a Decision Informationniques. This process formed the formative elements of

Support Tool (DIST) (BRAHMATWINN Chapter 10). larger project wide process of social analysis termed NetSy
MoD. In sequence and in parallel, in depth problem anal

ysis is conducted in order to acquire the basic information
about the case, the possible options, etc. (Problem Analysig
Once the community of interested parties has been identifig
The role of “Human Dimension” (HD) within the BRAH- an_d the problem in_question analys_e_d, Creatiye System Mo
MATWINN project is focused upon stakeholder, socio- €lliN9 (CSM)techniques (e.g. cognitive mapping) are applie
economic and governance framework contribution to the ef-l0 Produce a shared model of the system underlying the prob-
fective development of Integrated Water Resources Managel€™M (Creative System Modelling). The model is a formal, al;
ment (IWRM) strategies. In principle the BRAHMATWINN beit simplified, description of the system and its causal links
project can be thought of as developRigkscenarios for the 0 Which the problem pertains and that can be commonly un-
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3.1 Stakeholder analysis methodologies

Identifying stakeholders

-

js

2 Role within the international BRAHMATWINN
project

future climate impacts in the study basins, whigkis con- 3
sidered to have the elementstéfizard which is covered in

the physiographic studies and analysis of the climate chang

models, and/ulnerability (socio-economic) which are essen-

tially the stakeholder, governance and vulnerability mapping

components. As such there is a social and a physical co

ponent and the project addresses both of these to develop i
tegrated tools to be utilised by decision makers for the pur-
poses of policy planning, development and implementation.

BRAHMATWINN Chapters 3 (physical) and 4 (social) rep-
resent this division of work which are then integrated within
the broader context of the project overall in later chapters.

www.adv-sci-res.net/7/37/2011/

m_

derstood and recognised by the actors involved. It thus brin
together simulation models, perceptions and beliefs of stak
polders and policy makers, as well as decision analysis tec
nigues and underlying models. This process was utilised
the research activities expressed in this chapter as well
forming the foundation for further more detailed analysis of
ocial network conducted and reported in Chapters 6 and
respectively.

3.1.2 Government and legal framework

The methodological approach adopted relies heavily on ex
isting projects designed to measure governance in gener
such as UNDP, World Bank, Access Initiative, and Trans;
parency International. A review of these projects has lea
to an understanding of the need to separate governance in
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Figure 4. Workflow developed to model spatial vulnerability units

in the Salzach River catchment (Kienberger et al., 2009). 5 _
omains

Figure 5. Domain weighting with hazard.
guestions related to commitments and processes. Commit-
ments referring to what states have adopted on paper, and
processes relating to the mechanisms that are in place to e13-2 Vulnerability mapping method

sure that the commitments are implemented within the na- o
tional, regional and local context. The study has also il- Within @ twinning framework of the BRAHMATWINN

lustrates that the best approach to gathering indicator basgef®J€ct @n approach has been developedtecévely model
information is to develop a set of questions designed and®"d map vulnerability to floods in the UBRB (India, Bhutan

structured in a way that provides key information concerning®nd Tibet) and the UDRB (Salzach and Lech catchments).
The full statistical method is outlined in Sharma et al. (2010).

the four elements of governance, i.e, accountability, trans- - : )
parency, predictability and participation The mtgntlon of the re_search was _to_ assess th_g socio-
economic component of risk through a joint vulnerability ap-
proach. The approach reflects the wider objective and con-
ceptualizations of the International Panel for Climate Change
3.1.3 Ranking of domains — the Delphi technique (IPCC) framework (2001). Within this framework vulner-
ability is defined as a function of adaptive capacity and
At the stakeholder workshops, a Delphi technique was usegensitivity. As sensitivity and adaptive capacity are multi-
to investigate the relative importance of each domain identi-dimensional constructs a wide range of possible input pa-
fied. A domain represents a key area potentially impacting rameters or domains are potentially of relevance and there is
vulnerability such as health or education orffdrent types a need to be pragmatic about the datasets available and the
of assets.Each participant was asked to score the domainssubsequent selection of indicators. To enhance the range for
to sum up to a total score of 40, with the most important parameter selection, the research methodology utilises cen-
domain receiving the highest score and the least importansus and household survey as well as landlasd cover data
receiving the lowest score. In Assam, the exercise was unto derive and assess vulnerability. For both test site areas, ap-
dertaken separately for each type of hazard (flood, droughpropriate indicators have been chosen from these sources and
and bank erosion) and for climate change and climate disasrepresented in sub-domains and domains based upon litera-
ters for Bhutan. In the European case studies the hazard floodire and in-field interviews and substantial workshops with
has been investigated solely. The sensitivity and adaptive cdocal experts.
pacity domains were ranked together to reveal their relative
importance_. _ The scores were 'Fhen averaged over the NUMs 5 1 Eyropean case study methodology: Upper Danube
ber qf participants an_d ranked in oro!er qf importance. The River Basin (UDRB) — Salzach catchment and
rankings of the domains are shown in Fig. 5. The exercise
provided a preliminary classification of thdi@irent domains
of sensitivity and adaptive capacity and their relative impor-In the Salzach and Lech catchment it was aimed to model
tance with regards to theftierent types of climate hazards. homogenous regions which share a a common property of
Figure 5 shows that in Assam, general access to clean warulnerability. The methodology developed and the results
ter and sanitation facilities, disruption to livelihood sources, for the Salzach catchment are documented in Kienberger et
lack of access to health care and the lack of economic alal. (2009). The derivation of homogenous spatial units links
ternatives were ranked to contribute highly to vulnerability to concept of Geons (Lang et al., 2008) which are defined
to climate hazards. Gender, immigration, human capital andas generic spatial objects that are homogenous in terms of a
social networks were ranked low in the final outcomes. varying spatial phenomena under the influence of, and partly

Lech catchment
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controlled by, policy actions. The Geon concept acts as dres. The road density and agricultural land use data wele
framework for the regionalization of continuous spatial in- extracted using a three kilometre fter around each vil-
formation according to defined parameters of homogeneity laggtown point. Agricultural land use is expressed as thd
Data applied, to populate the specific indicators and do-proportion of land use on the basis of commercial and non
mains, originates from publicly available GIS data sourcescommercial agricultural land. The distance measures (dig
and census data. The data is not only provided on the basis dance to main settlements and health facilities) are Euclided
different administration units, but additionally on a standard-distances. The data covers 14 775 toWwitlages of the in
ised grid (in this case 1000 m). This is a unique approach andUDRB.
allows visualising data not only on the arbitrary administra- The diferent domains of sensitivity and adaptive capacity
tion units but shows the characteristics in a spatial distribu-were identified through literature review, field observations
tion. Another advantage is that in subsequent analysis stepsnd discussions with local residents, stakeholders and expefts
the Modifiable Areal Unit Problem (MAUP, Unwin, 1996) is working on both the hydrological and socio-economic as
minimized. Next to the census data, data on infrastructurepects of environmental hazards in the region. This process
the availability of early warning systems, distance to first re-was used to develop an inventory of domains and indicators
sponders and heath facilities and land/las®l cover infor-  that can be used to profile vulnerability. Indicator selection
mation defining dierent asset classes have been integrated.for vulnerability profiling has been debated extensively in the
In principle the methodology (Fig. 4) follows in a first literature (Jones and Andrey, 2007). The debate has focused
step the approach of Multi Criteria Analysis (MCA), Multi on the justification for inclusion and exclusion of indicators.
Criteria Evaluation or Analytical Hierarchy Process (AHP) Studies such as Cutter et al. (2000); Wu et al. (2002); Odeh
where a discussion on that topic and current best practice@002); Brooks et al. (2005); Chakraborty et al. (2005); Jonep
approaches is available in Carver (1991) and Malczewskiand Andrey (2007) have usedidirent indicators to quantify
(2000). This method is applied to allow the comparability vulnerability. Some studies have used Principal Component
of the diferent data layers and aggregate the data to the difAnalysis (PCA) and correlation methods to select indicatorg
ferent sub-domain levels through weighted sum algorithmsfor vulnerability profiling (Jones and Andrey, 2007; Brooks
To finally model vulnerability units the regionalisation algo- et al., 2005). The advantages and disadvantages of thesse
rithm after (Baatz and Sépe, 2000).has been applied. methods have been discussed in the literature (Jones and An-
The integration of expert knowledge was maintaineddrey, 2007). The disadvantages mentioned in the literature
through the identification of indicators and sub-domains, anchave focused on the reliability of the indicators to measure
the weighting of the dierent domains which was achieved vulnerability in a given location.
through an online Delphi exercise with stakeholders from  To avoid this potential bias, a participatory process involv
the Salzach and Lech basins This weights have then be usaflg local residents, stakeholders and experts were employed
within the weighted sum aggregation and within the region-(CSM). The criteria for selection of indicators was based of
alisation algorithm which also considers the integration of what local residents, stakeholders and experts thought appH
scoregveights. priate, relevant and robust for quantifying a specific domain{.
In a final step the data has been visualised next to paperg is worthwhile mentioning that not all indicators identified
maps, also as virtual globe environments, which allow theby local residents, stakeholders and experts were included jn
exploration and visualisation of this hierarchically structuredthe analysis due to data limitations. The indicators selected
data. for the analysis although may not be exhaustive for assesp-
ing environmental hazard induced vulnerability; they havd
3.2.2 Asian case study: Upper Brahmaputra River Basin been selected to ensure that it is comprehensive and relevgnt
(UBRB) — Assam, India (main case study), Wang for the practical assessment of vulnerability to environment
Chu River Basin, Bhutan and Tibet (ART) tal hazards in the given location. The indicators althougk

may not be replicated exactly for other regions they could b
The data for the analysis comes from the 2001 Indian Popmodified to suit.

ulation and Housing Census and 2001 LANDSAT data for

the UBRB. For Bhutan, the 2005 Population and Housing

Census and remote sensing data were used, and the analydis Results

was conducted at the Gewog administrative level. Although

the study area (the Wang Chu) covers 35 Gewogs, for th@he results of the Assam basin vulnerability mapping in the

purposes comparison the analysis was conducted for all 20Brahmaputra basin (Fig. 6) are presented as a map of com-

Gewogs of Bhutan. The Tibetan study was limited to LAND- munity points of output vulnerability classes for flood haz-

SAT data only as there was substantigfidulty accessing ard. Each point represents the centroid of a community iden

any socio-economic data of relevance. tified on the Indian census (2001) with a population repre
The LANDSAT data include road density, agricultural sented through the size of the circle. It was not possiblg

land use, distance to main settlements and health certo access the data regarding the actual spatial extent of the

>
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Figure 6. Vulnerability to flood based upon the geo-referenced In- Figure 8. Tibet case study: Climate change hazard with associ-
dian census data (2001) and a weighted indicator approach. Floo@ted impacts on agricultural calengacioeconomic development.
extent of a large recent flood is used as a proxy for hazard. Mappe&ased upon LANDSAT only.
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Figure 7. Bhutan case study: Climate change impacts on agri-
cultural calendgsocioeconomic development (shift in precipita-
tion/weather patterns) — by Gewog. g i
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oo =
communities which would have added another valuable ele- | = o0 = i
ment. Figure 5 shows that the same process was carried ou oo = T
for drought and bank erosion as well with substantial weight- ap e - N
ing variations elicited form stakeholders. For Bhutan the re- = mmoroe
sult are constructed in a comparable fashion however the uni =Z§j?‘9 = =
of analysis is the larger administrative unit out of necessity § = i

(Fig. 7). As stated earlier the output for Tibet is based only on
satellite imagery and represented onxallkm grid (Fig. 8).

In the Salzach and Lech basins (Figs. 9 and 10), due to &
the availability of grid-based census data, the method to de-
lineate and identify homogenous uriétseas of vulnerabil-
ity has been achieved independent from administrative unit§igure 10. Lech River case study. Socio-economic Vulnerability
(Kienberger et al., 2009). Similar to the approach applied inunits.

Assam, the vulnerability is measured on a relative scale. The

188000 200000
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Figure 11. Attributes of the water resources government framework for the study area authorities. Input refers to the current legal frampwork
in place and output refers to implementation.

modelling result show a high vulnerability in areas related to5 Contribution to sustainable IWRM
assets and infrastructures. Additionally, it can be observed
that domaingndicator have been highly weighted through Vulnerability and associated risk mappingfess decision
the stakeholder have a significant “imprint” on the results makers a quantitative and well framed pathway into the in
such as factors within the susceptibility domains “housing”, corporation of socio-economics to IWRM planning. To this
“infrastructure” and “assets” and the social capacity domainend the contributions of Chapter 4 are seen as inputs to two
“early warning” which received the highest ranks. key further elements of the project. The follow-up study to
Both sets of maps rely upon a common conceptual framethe work presented in Chapter 4 is presented in Chapter (8
work to develop the vulnerability maps, however there is nowhich deals with the specific development of “what if sce-
intention to absolutely standardise approaches, indeed it igarios” and Chapter 10 which identified the role of thesg
deemed of specific value to allow the selection and fulfilmentoutputs in the broad IWRM context. The main aim of this
of domains to be suited to the regional requirements. As sucfiurther work is to investigate the potential for vulnerability
the twining referred to in the BRAHMATWINN project is to increase or decrease depending on governments’ poli¢y
limited to a conceptual level. directions and social values under the four scenarios related
Figure 11 is a visualisation of the governance frameworkto the SRES outcomes. In Chapter 10 this outcome is cor-
which has precedence over the study areas. The spider digidered in the context of IWRM more specifically. To do this
grams allow a comparison of the key attributes of good gov_a” the individual variables that are highly correlated with the
ernance and provide a focus for potential enhancement opverall vulnerability score are identified and the outcome$
the current legal framework from the perspective of both thelinked to the economic and demographic development of th
development of law and its application. The ultimate aim region as forecast for all India under the SRES scenarios. |
of answering the “indicator” questions is to provide a struc- broad conclusion the impact of GDP and population growth
tured analysis of the extent to which existing governance ariS seen to be highest in areas where levels of vulnerability are
rangements within a country facilitates IWRM in the context already high.
of climate change. In separating commitments and process
guestions, the analysis can also assess the extent to whi@h Conclusions and recommendations
commitments have been realised.

=Y

A valuable outcome of the twinning approach has been the
delineation of two clear paradigms in the thinking of the
production and utilization of vulnerability maps. In the
European context of the UDRB vulnerability is strongly
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characterised through assets, whereas in the Assam regiaentatives both river basins. However a standardised sam-
of the Asian UBRB a strong focus lies on the defining char- pling based approach to flood impact would be needed for
acteristics of poverty at the community level. As such, in thefull validation. Additionally, work needs to be carried out
Asian context, it is possible that a map of asset vulnerabilityon the insertion of such approaches into the decision making
is the inverse of a vulnerability map based upon communityprocesses and as well as getting a much deeper understand-
vulnerability. Both sit within a distinct governance and le- ing of the potential to include spatial data as a proxy/and
gal context which clearly delineates the complex associationswugmentation for current commonly utilised georeferenced
between vulnerability and the strengths and weaknesses afata sets such as the census. That said, the authors conclude
policy and its implementation. that this is a practical and applicable process which provides
As indicated earlier it was not intended within the spe- a language of vulnerability that is relevant to the challenges
cific research context to allow a direct comparison of theof climate and socio-environmental change.
vulnerabilities between the Salzach River catchment and As- Additionally there is a substantive body of work to be un-
sam. Building on a joint conceptual framework, for each dertaken to ffectively include the diverse and substantial im-
case study area specific indicators have been selected. Thisct of governance on vulnerability and its spatial distribu-
depends on one hand pragmatically on the availability oftion. Currently the proxies for the mapping dfextive gov-
datasets but even more on the characteristics of vulnerabilitgrnance are highly limited and as such methodologies to ad-
in the specific areas and the input fronffdient stakeholder dress this critical area are needed.
workshops, which targeted on the identification of character-
istic vulnerability indicators. One element of that input that acknowledgements.  The Authors wish to thank the stakeholders
came under discussion was the role of the experts (projecéf the various catchments who have contributed to this work as
partners) who are not necessarily regional experts. It was felivell as the field support of the Asian and European partners
it was important to minimise input from external sources andin organising the various stakeholder events which made this
simply to facilitate opinion of stakeholders. To this end suchwork possible. In addition the authors wish to acknowledge the
domains as gender, which has a strong EU imperative weré&ontributions of FSU and ICIMOD more broadly in developing the
not given substantial weighting due to local expert opinion foundations for this work.
settling against them and despite partner expertise prioritis-
ing such a domain. As such the maps represent the percep-

The interdisciplinary BRAHMATWINN

tions of vuInerabiIi'Fy of that group of indivi_duals t_hat were EC-project carried out between 2006—2009
gathered together in the stakeholder meeting. This approac by European and Asian research teams
was a pilot and of course with more resourcing and time a in the UDRB and in the UBRB enhanced
there would need to be a far more exhaustive exploration o capacities and supported the implementation
the stakeholder opinion. An example of this was the strong brahma(\/\)inn of sustainable Integrated Land and Water

bias towards engineers in the Assam workshop as there is a Resources Management (ILWRM).
tendency for decision makers in this region to have an engi-

neering focus. The workshop was representative of decision

making in Assam but perhaps not representative of goverReferences

nance more broadly.
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