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Abstract 
This work illustrates the preliminary findings of a participatory research process aimed at identifying 

responses for sustainable water management in a climate change perspective, in two river basins in Europe 

and Asia. The deliverable describes the methodology implemented through local workshops, aimed at 

eliciting and evaluating possible responses to flood risk. Participatory workshops allowed for the 

identification of four categories of possible responses and a set of nine evaluation criteria, three for each of 

the three pillars of sustainable development. The main outcome of such activities consists in the weighting 

of criteria instrumental to the objective of the Brahmatwinn research project, i.e. the identification of 

Integrated Water Resource Management Strategies (IWRMS) based upon the issues and preferences 

elicited from local experts. The mDSS tool was used to facilitate transparent and robust management of the 

information collected and communication of the outputs. 

 

Key words: participatory process; climate change; flood risk; decision support system; eliciting responses; 

evaluating criteria; integrated water resources management; IWRM; Mulino decision support system, 

mDSS. 
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1. Introduction 
According to the last assessment report released by IPCC in 2007, climate has been changing and will 
continue to change even if greenhouse gas (GHGs) emissions are reduced to meet the targets of the Kyoto 

protocol (IPCC, 2007; Mace, 2005).  There is a call for policy measures both for emission abatement, i.e. 

mitigation, and for impact reduction, i.e. adaptation. Indeed, even if effective emission reduction policies 

were implemented, we would still need to adapt: as a consequence of lags in the response of the climate 

system to GHGs already emitted in the atmosphere, we will nonetheless experience an increase in 

temperature with respect to previously observed values (IPCC 2007). Poor and developing countries in 

particular, which are only marginally responsible for anthropogenic climate change, will be most affected 

by the expected impacts (Heltberg et al., 2009). Climate change is therefore also an equity issue and 

adaptation policies should continue to have a role in international negotiations (Mace, 2005). 

Not giving the right importance to adaptation would imply burdening those sectors that will bear the 

biggest impacts of climate change, such as water provisioning in river basins fed by glacier melt (Mace, 

2005). Places already facing unstable water regimes and resource availability are most likely to suffer from 

water shortages, but also flood risks may be exacerbated in different seasons (e.g. the post-monsoon 

season in the Himalayas) and therefore improving water management now would also mean investigating 

adaptation to future scenarios (EC, 2009). Management choices are becoming more and more urgent. 

Adaptation has been on the agenda since the Earth Summit in Rio (1992) and reference to adaptation can 

also be found in the United Nations Framework Convention on Climate Change (UNFCCC, 1992) and the 

Kyoto Protocol (1997).  According to the UNFCCC Annex II, countries that ratified the convention made a 

legally binding commitment to fund adaptation in developing countries (www.unfccc.int; Mace, 2005).  

However, it is not until the Marrakech Accords (2001) that adaptation policies and projects have gained 

importance (Schipper, 2006) and in the Fourth Assessment Report of the IPCC (2007), we find reference to 

a demand for research on adaptation, mitigation and development. 

Projected climate changes for the 21st century in the mountains of the world is two to three times greater 

than the change observed in the 20th century (Nogues-Bravo et al., 2007).  All mountains are expected to 

warm, but warming will vary with location. Depending on which IPCC-SRES scenario is considered, in 2055 

mid-latitude mountains of Asia have a projected temperature increase between 2.7 and 3.8°C, while mid-

latitude mountains of Europe have a projected temperature increase between 2.3 and 3.3 °C (Nogues-

Bravo et al., 2007).  However, assessing impacts of this temperature change is not so straightforward 

because of non-linear feedbacks between impacts and because of uncertainty in the downscaling of Global 

Circulation Models (Nogues-Bravo et al., 2007). 

Glaciers have been retreating and decreasing in volume since the end of the 1980s, similarly mountain 

snowpack has been significantly decreasing. Thus their role as water reservoirs has been negatively 

affected, and this has in turn affected the hydrologic regimes (Nogues-Bravo et al., 2007) and in particular 

the water storage capacity of mountains (Stewart, 2009).  Catchments that rely on either glacier or 

snowpack melt, or both, as a source of water will be significantly affected by climate change (Viviroli and 

Weingartner, 2004; Stewart, 2009).  For example, earlier snowmelt might result in winter and spring floods, 

thus in longer summer droughts (Stewart, 2009). Climate change will also decrease water availability in 

lowlands that are influenced by discharge from contiguous mountain ranges (Messerli et al., 2004). 

Relatively high mountain run-off can be found in semi-arid and arid regions, such as the Himalayas, but also 
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in some humid regions, such as the European Alps (Viviroli et al., 2007). Hence we can say that mountains 

are important for the hydrology of the lowlands, especially when lowlands are arid, as is the case of the 

Himalayas (Viviroli and Weingartner, 2004; Messerli et al., 2004). Though far from each other from a 

physical and social point of view, the populations of different parts of the world will be facing similar 

problems. 

Moreover, large catchments are often trans-boundary. Hence research needs to span over borders 

encompassing the whole catchment and cooperation projects should be set up to enhance expertise and 

mutual learning (Renn, 2006). The latter can be very beneficial and needs to be horizontal, involving people 

who share background and knowledge on the same issue in different places.  However, mutual learning 

should also be vertical, integrating knowledge coming from different sciences, including knowledge from 

stakeholders.  Participatory processes can be of many kinds and defining what is the goal of the 

participatory process is necessary before identifying the most suitable approach for the given case (Irvin 

and Stansbury, 2004).   

Stakeholders’ involvement is at the basis of any participatory process of policy/decision making, such as the 

development of Integrated Water Resource Management (IWRM) plans and projects. Stakeholders hold 

necessary information that should be used in social and eco-system management, thus facilitating the 

exploitation of scientific knowledge with social relevance (De La Vega-Leinert et al., 2008).  In the context of 

research projects, the participation of stakeholders can contribute significantly to the achievement of 

project outcomes that are better suited to fulfil society’s needs (de La Vega-Leinert et al., 2008), thus 

increasing the impacts of research efforts.  During participatory processes mutual learning occurs between 

scientists and stakeholders, new opinions can be expressed, problems can be addressed, technical 

expertise combined, agreements reached, and compromise solutions found if all vested interests are voiced 

(Renn, 2006).  

In parallel to the increasing emphasis on public participation in IWRM, there is also an increasing attention 

to the need for efficient tools to support the management of those processes and to the role that could be 

played by information and communication technologies (ICT), mathematical simulation models and 

Decision Support System (DSS) tools, in particular. In the context of climate change research the first 

category of tools may provide scientifically-based scenarios and projections – prerequisites for any planning 

activity - while DSS tools may provide the ground for bridging the scientific contributions (i.e. by further 

elaborating model outcomes) and decision/policy making processes, including the management of the 

participation of different actors (e.g. policy makers, local experts, dwellers, etc.). Despite the theoretical 

potential, traditional modelling techniques have shown limited impacts on policy making, especially with 

respect to complex systems such as those involved in natural resource management, and one of the 

problems most often mentioned is the limited involvement of stakeholders and potential users (Geurts and 

Joldersma, 2001). Hence, the need emerges to develop new tools which combine the potentials of 

advanced ICT tools and robust participatory approaches (Mysiak et al., 2005). Such instruments could be 

identified as DSS methods and tools providing participatory modelling functionality, in which the 

formulation of a conceptual model and its formalisation is carried out by disciplinary experts with the direct 

involvement of stakeholders in a way that is coherent with the so-called “hard science” modelling 

approaches to be adopted (Sgobbi and Giupponi, 2007).  
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Having recognised the relevance of the issues briefly discussed above, the Brahmatwinn research project1 

has planned a participatory process to integrate scientific and stakeholders’ knowledge to deal with water 

management, climate change and Alpine regions in Europe and Asia.  For this purpose, a programme of 

local workshops in two twinned river basins, the Upper Brahmaputra and the Upper Danube (UBRB and 

UDRB, respectively), has been defined in parallel to the more common research activities in the various 

disciplinary fields (dynamic climatology, hydrology, sociology, economics, etc.) relevant for the integrated 

assessment of climate change impacts and the development of adaptation strategies. The integration of the 

two research streams allowed the project to facilitate the dissemination of results of scientific, data-driven 

analyses regarding the drivers of change on the river socio-ecosystems and related impacts on the one 

hand and, on the other, to orient and consolidate those investigations according to the feedback collected 

through the involvement of local actors (LAs)2

2. Methods 

. 

In this deliverable we present a methodological and operational proposal for the management of decision 

processes in a participatory context for the development of an IWRM plan, considering the climate change 

perspectives and adaptation needs too. In particular some of the methods and findings of the Brahmatwinn 

Project are illustrated, by referring to the participatory process carried out in the two river basins in Europe 

and Asia: UDRB and UBRB. In Section 2, the methodological framework adopted for the case studies, the 

information base and the DSS design is introduced. In Section 3 the results of the application of the 

proposed approach to the Brahmatwinn project are presented, and in Section 4 the outcomes obtained are 

discussed and some conclusive remarks are drawn. 

2.1 The methodological framework 
The approach adopted for the analysis of alternative adaptation responses is based on the NetSyMoD 

methodological framework (Giupponi et al., 2008) for the management of participatory modelling and 

decision processes (Figure 1). 

The framework is organised in six main phases. The first three (Actors’ Analysis, Problem Analysis, Creative 

System Modelling) provided the Brahmatwinn Project with (1) an in depth analysis of general problems 

related to water resources management in the two upper river basins, with the participation of the 

communities of interested parties in the case study areas, and (2) mental model representations of the 

problems, i.e. qualitative descriptions of the causal links between the various components of the local 

socio-ecosystems by means of cognitive maps clustered in order to be consistent with the DPSIR framework 

(Driving forces, Pressures, State, Impacts, and Responses; EEA, 1999), used as an upper – aggregated – level 

communication interface. The subsequent phases, DSS Design and Analysis of Options, were the object of 

the activities carried out at the two workshops discussed in this deliverable, and contributed to the design 

and evaluation of a set of alternative responses obtained with group elicitation techniques and with the 

                                                           

1 Project title: Twinning European and South Asian River Basins to enhance capacity and implement adaptive 
management approaches. (BRAHMATWINN). Project no: GOCE -036952. Research funded by the European 
Community, SUSTDEV-2005-3.II.3.6: Twinning European/third countries river basins. 
2 We have preferred to use the term local actor (LA), to identify all the people involved in the case study activities instead 
of the more commonly used term stakeholder, to emphasise the fact that they were people who did not belong to the 
project consortium (typically local experts or policy makers), involved in project activities by partners responsible for the 
management of case studies to provide advice and steer project activities, without the ambition to assess their 
representativeness with robust procedures, such as Social Network Analysis. 
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application of the DSS tool. The last phase, Actions and Monitoring, is beyond the scope of the research 

project. 

The DSS Design phase consists of system specification and development of software tools capable of 

managing the data required for informed and robust decisions. The Analysis of Options is performed with 

the mDSS software (Mulino DSS) through Multi Criteria Decision Analysis (MCDA), which provides a 

framework for decision analysis, and with a set of techniques aiming at the elicitation and aggregation of 

decision preferences (Figueira et al., 2005). In this case, MCDA demonstrates how to assist a decision 

maker, or a group of decision makers, in identifying the best alternative from a range of alternatives in an 

environment of conflicting and competing criteria and interests (Belton and Stewart, 2002). 

 

 

Figure 1: The NetSyMoD approach for participatory modelling and decision making  
(source: Giupponi et al., 2008). 

 

2.2 The background information 
The participation of local actors in the two case studies was achieved through a series of workshops (WSs), 

organised with the collaboration of local partners (IIT-R, UniBu, Z_Gis, LMU, ICIMOD, ITP, CARR) in which 

brainstorming techniques were initially used to elicit the most relevant local issues and the most promising 

responses - potential or in place - to cope with flood risk in a climate change perspective. In parallel, 

disciplinary experts of the project consortium explored the problems, identified data sources and 

developed a system of representative indicators. 
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Figure 2: The conceptualisation of the information base stored in the IIT within the DPSIR framework 

(screenshot of the mDSS software). 

 

In order to combine and compare the information from both the researchers and the local actors belonging 

to the two case study sites (UDRB, UBRB) an extensive Integrated Indicator Table (IIT) was developed in 

WP_6 with the collaboration of the Brahmatwinn Consortium Partners, which represented the knowledge 

base for the activities described herein. On the left side of the table a hierarchical classification of the 

information relevant to the whole research project is reported, starting with the level of greatest 

aggregation, i.e. the four “Themes” (Environmental, Economic, Social and Governance). The “Themes” are 

sub-divided into “Domains”, which are further segmented into “Sub-domains”. Such a categorisation of 

relevant information for the project was developed with a Delphi technique in a series of steps, in which all 

the project partners were involved. At the highest level of detail, “Indicators” were identified by partners 

(one or more per Sub-domain) as the means of providing quantitative assessment of the various typologies 

of information dealt with by the project. The left hand side of the IIT thus represents a comprehensive 

catalogue of the information provided in the project. On the right hand side of the IIT, the issues identified 

by local actors during the workshops dedicated to the NetSyMoD phases of Problem Analysis and Creative 

System Modelling were then assigned to ”Sub-domains”, thus providing an interface between the potential 

supply of information from project activities, and the demand for information from potential beneficiaries. 

Sub-domains were also assigned to the five nodes of the DPSIR framework, in view of the utilisation of the 
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DSS adopted by the project, i.e. mDSS (Giupponi, 2007; www.netsymod.eu/mdss), which uses this 

framework for the analysis of the causal interactions between human activities and the environment (see 

Figure 2).  

All the items relevant to the identification of possible IWRM strategies to cope with climate change 

adaptation needs in the two areas were categorised as Responses (according to the DPSIR definition) and 

classified in four broad typologies:  

1. ENG-LAND: Engineering Solutions and Land Management (e.g. dam construction, river network 

maintenance, soil conservation practices, etc.); 

2. GOV-INST: Investments in Governance and Institutional Strength (e.g. accountability and transparency in 

government actions, enforcement of existing regulations, flood insurance, etc.); 

3. KNOW-CAP: Knowledge Improvement and Capacity Building (e.g. awareness raising activities, 

dissemination of scientific knowledge, training of public employees, etc.); 

4. PLANNING: Solution based on planning instruments (e.g. design and implementation of relief and 

rehabilitation plans, hazard zoning, etc.). 

A sixth category, Exogenous Drivers (ED), was introduced to classify indicators describing climate change 

projections.  

2.3 The DSS Design and implementation 
Building upon the information acquired in the participatory activities carried out in the first two years of 

the project and referred to in the first three NetSyMoD phases, two new workshops were organised, one in 

Salzburg, Austria (UDRB) hosted by Z_Gis, and one in Kathmandu, Nepal (UBRB) hosted by ICIMOD, with the 

aim of testing the proposed methodology and providing the project consortium with a preliminary 

assessment of the expected effectiveness of the four response categories to cope with flood risks under the 

pressure of climate change in the two river basins. In order to guarantee the comparability of the results of 

the two river basins, both workshops were structured using the same methodology and procedure, 

designed with the purpose of building a common language, knowledge and understanding of the problems 

within the groups of local actors, and between them and the research consortium. 

Following the techniques developed in a series of previous applications of the NetSyMoD approach, the 

workshops started with the presentation of the goals and of the preliminary results of the downscaling of 

climate change (CC) scenarios, by means of storylines developed by the project climatologists (Institute for 

Atmospheric and Environmental Sciences of Johann-Wolfgang Goethe University, JWG), focusing on the 

possible effects of CC on local water resources over the coming 40 years3

Having consolidated the identification of responses, the participants were asked to move to the selection 

of the criteria for the evaluation of responses, from the Sub-domains listed in the IIT. Every participant was 

asked to rank them in terms of relevance for evaluating the responses, by identifying the first, second and 

.  

Having introduced the problem and the scenarios, a brainstorming session was conducted to elicit and 

consolidate the sets of possible responses within the four main categories that had been defined during the 

previous project meetings. This section is described in Dl_8.3. 

                                                           

3 Climate Change scenarios provided climate simulations using three IPCC-SRES scenarios (A1B, A2 and B1) and the COMMIT 
scenario (i.e. the consequence of committing world economies to limit GHG concentrations at 2000 levels), five data sets (GPCC, 
UDEL, CRU, EAD, F&S) and four models (ERA40, CLM-ERA40, ECHAM5, ECHAM5-Γ). 
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third most important criterion (i.e. Sub-domain) within the three lists pertaining to the Economic, Social 

and Environmental Domains. The selection was carried out by every LA through a voting exercise, then the 

votes were summed up and the criteria with the highest scores selected. In the case of equal performance, 

the criterion voted by the highest number of LAs was chosen.  

After having identified the evaluation criteria, participants were involved in the exercise of attributing 

criteria weights. Criteria weights provide information about the relative relevance to be given to the 

criteria, within the set of nine selected (three per sustainability Theme), in order to identify the most 

promising responses to cope with the issue of flooding under the pressure of CC. The criteria weighting 

procedure was based on a method proposed by Simos (1990) and revised by Figueira and Roy (2002). 

Following the method, two sets of cards are provided to each participant. In the coloured set, each card 

identifies one of the objects to be weighted (in this case the criterion) and the weighting is expressed by 

placing the cards according to their ranking. The set of white (blank) cards allows participants to emphasise 

differences between ranks by interposing one or more white cards between two successive coloured cards. 

The participants are also asked to express a measure of the overall multiplicative distance between the first 

and the last object4

3. Results 

. Using the ranking and the overall difference, criteria weights are subsequently 

calculated, by means of a simple algorithm, which converts ranks into real numbers that sum up to 1, i.e. 

the vector of weights to be applied to the evaluation criteria in the subsequent MCDA. Experience shows 

that this method is very appropriate for these workshops, because it provides a simple and effective 

approach for weighting, without the need of a computer lab. 

Criteria and responses were used to define the entries of the Analysis Matrix (AM) (9 rows and 4 columns 

for criteria and response categories respectively) and, together with the weight vectors, they were utilised 

for the subsequent evaluation exercise, by means of the MCDA methods provided by the mDSS software. 

Participants were asked to proceed to fill in the matrix to evaluate the effectiveness of each category of 

responses and to analyse the degree of confidence and uncertainty related to local actors’ opinion. This 

phase is described in Dl_8.3. 

All the results of the data processing were reported in a plenary session to the participants in the final part 

of the NetSyMoD workshop. 

According to the preliminary results of the downscaled CC scenarios, in both study areas, intensified 

weather events are expected to cause an increase in rainfall in the wet season and of droughts during the 

dry periods. Climate change could thus exacerbate the uncertainty related to water availability and its 

quality and the occurrence of extreme events, as Brahmatwinn climatologists have suggested. The 

procedure described above had as output the selection of the criteria from the Integrated Indicators Table 

(IIT). LAs in the two river basins converged on the same five criteria, out of nine, choosing from a set of 40 

criteria listed in the IIT (15 social criteria, 17 environmental criteria, and 8 economic criteria). Such a 

relatively large number of common selected criteria reveals that the two river basins, even though 

characterised by different geographical locations, ecological, social and economic dimensions, present 

similar problems and issues, at least in the perception of LAs participating in the project meetings. This 
                                                           

4 For practical reasons, the card sets were substituted by form sheets with graphical representations of the cards, to be compiled by 
colouring or coding blank cards, thus facilitating the recording and collection of data. 
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finding is very useful in addressing further research efforts more effectively, focusing not only on the 

analysis of the comparable relevant issues, but on specific indicators pertinent at the local level. These 

results have been circulated among the research consortium to direct the attention of modellers in the next 

phase of the project, where quantitative indicators will be produced in both case studies.  

Besides the emergence of the above-listed important similarities in the opinions of LAs in the two river 

basins, further outcomes of the vote distribution analysis in each river basin are worth mentioning. As far 

as social criteria are concerned, the distribution of votes shows that, in both areas, the criteria relevant only 

in one or the other river basin were also the most voted. This demonstrates that even if we can pinpoint 

similarities in the two areas from a social point of view, strong attention has to be put on the peculiarities 

of each geographical area, trying to avoid a trite generalisation of problems.  In the Upper Brahmaputra 

River Basin, to which mainly low income countries belong, “Poverty” is picked as the most relevant criterion 

by a broad majority of local actors, highlighting how the poverty level and low life styles strongly affect the 

significance of flooding damages. Indeed, any response to deal with poverty problems would not reduce 

flooding occurrence, but would lower flood risk vulnerability and increase the adaptive capacity of the 

socio-ecosystem. In the UDRB, instead, LAs concentrated their votes on “Housing settlements” and 

“Population Dynamics”, showing the different perspective in the European area when considering flood 

risk. According to LAs, the flood risk in the UDRB seems to be affected mostly by housing concentration, 

high population density and the concentration of residential constructions in areas exposed to flood risk. 

The preferences expressed on environmental criteria do not reveal a strong convergence of opinion to any 

specific criteria. In both river basins, a variety of different environmental indicators were considered as 

relevant. This is particularly marked in the UDRB, whereas in the UBRB, with the exception of 

“Precipitation”, we can recognise a clear agreement on the importance of the three criteria “Vulnerability”, 

“Basin morphology” and “Forest management”5

Having identified the set of nine evaluation criteria, workshop participants defined their relative 

importance by attributing criteria weights. On average, in both river basins, the highest weight was given 

to the “Vulnerability” criterion, implying that it was considered the most important element for the ranking 

of flood responses (see Figure 3). In the UDRB, “Ecosystem function” obtained almost the same weight as 

“Vulnerability”, revealing the European LAs’ high regard for ecosystem health and the related services 

provided to human beings, closely followed by “Housing Settlements”. In the Upper Brahmaputra river 

. It is also interesting to notice that on average “Forest 

management” was considered relevant only in the UBRB. Forest management is, indeed, a historically 

important issue in this area, and probably as a result of this, LAs considered this criterion one of the most 

relevant also for evaluating the effectiveness of flood risk reduction policies. 

With respect to the economic criteria, “Agriculture production” was considered as one of the most relevant 

in both river basins, but more so in the Upper Brahmaputra. This confirms that, according to the LAs’ 

opinion, agricultural systems, irrigation infrastructures and land use in general are crucial and can 

contribute to either aggravate or reduce the risk of flooding. Among the criteria relevant only in one or the 

other specific area, in the UDRB LAs focused on the “Construction sector” and “Energy consumption”, while 

in the UBRB “Energy production” and “Employment” appeared to be more significant. 

                                                           

5 The “Precipitation” sub-domain was not included in the analysis matrix because it was not eligible as a 
decision criterion for the selection of adaptation strategies, while it would represent the object of mitigation 
measures. 
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basin, the second most important criteria was “Population dynamics” and “Poverty” was the third, as 

reported in Figure 3.  

 

 Criteria selected at the 
UDRB WS 

Weight Criteria selected at the 
UBRB WS 

Weight 

SOC.1 Housing settlements 0.138 Poverty 0.125 
SOC.2 Population dynamics 0.097 Population dynamics 0.132 
SOC.3 Infrastructure pressures 0.133 Infrastructure pressures 0.100 
ENV.1 Vulnerability 0.144 Vulnerability 0.145 
ENV.2 Basin morphology 0.091 Basin morphology 0.125 
ENV.3 Ecosystem functions 0.143 Forest management 0.113 
ECO.1 Agricultural production  0.111 Agricultural production 0.103 
ECO.2 Construction sector 0.099 Energy production 0.101 
ECO.3 Energy consumption 0.043 Employment 0.056 

Figure 3: Criteria selected by LAs from the Integrated Indicators Table 

 

Besides the difference in the relative importance of each criterion, it is interesting to observe that in both 

river basins LAs tend to hold environmental and social criteria in greater regard than economic ones. We 

can easily see this by summing up criteria weights for each dimension: the environmental dimension was 

considered the most important, accounting for 38% of the total weights, followed by the social (36-37%) 

and lastly by the economic one (25-26%).  

The calculation of weights by means of average aggregation, however, can homogenise and flatten the 

values. Aggregate values can therefore hide important information, such as divergence and convergence of 

participants’ opinions. For this reason, we also analysed the distribution and the spread of individual 

preferences for each criteria weight using Box and Whisker plots (Figure 4) and the Variability Coefficient. 

In this way we were able to verify that in general, among the Salzburg participants, there was a fair 

concordance in weight attribution. The only exception was for “Basin Morphology”, for which 50% of the 

LAs’ opinions spread around a large range of weight values. On the contrary, in the Kathmandu workshop 

we observed quite a high discordance in weight evaluations around the average. Only the “Employment” 

criterion showed a good concordance in the weight distribution. 

The discordance in the weight evaluations clearly reflects the different perceptions and objectives of LAs, 

and reveals the presence of possible conflicting interests among them. The elicitation of weights is 

therefore a very crucial phase, because weights can strongly influence the results. In fact, in theory, an 

equal representation and integration of all the issues at stake should be guaranteed in participative 

exercises. 

Using all the information collected from the exercise of fill in the matrix and aggregating the individual LAs’ 

evaluations, AMs were compiled (see Dl_8.3).  

4. Discussion and conclusions 
The methodological framework applied in the Brahmatwinn project and reported above facilitated 

exchanges of experiences between the twinned river basins and between scientists of different disciplines 

and local actors (in particular local experts and representatives of local institutions). The two parallel 
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participatory processes allowed the understanding of the visions and preferences of local actors regarding 

the sustainable management of water resources. Moreover, they contributed significantly to ensuring that 

the scientific knowledge and approaches provided by the research consortium could meet the perceptions 

and needs of local people and decision makers, who would ultimately be the end-users of the project’s 

outputs.  

 

 

 

Figure 4: Spreads of weights as expressed by workshop participants in the two river basins. 

 

The participatory activities integrated with scientific research led to structured and very effective 

discussions concerning adaptation responses for flooding in those areas, and allowed for the collection of a 

significant amount of insights and lessons, drawn from the involvement of local actors. 

This result validates the motivations which triggered the Brahmatwinn project design and led to develop a 

twinning river basin research approach, characterised by a strictly coordinated and combined series of 

participatory activities in the two geographical areas.  

The participatory process carried out in this project, like many similar efforts implemented within research 

project activities, should not be intended as public participation in a strict sense, because the activities 

were, at least to some extent, academic simulations of social processes; this implies that the results must 
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be considered only for their role of methodological demonstration. For this reason, crucial aspects of real 

world applications were not dealt with by the project, such as the statistically sound identification of 

representative local actors.   

Having clarified this from the beginning also with the participants involved, these activities can still provide 

two very important opportunities: (1) testing and refining methods and tools to be applied in real world 

decision processes, and (2) disseminating information about scientific developments and the availability of 

methods and tools to potential users of the project results. 

Indeed, as previously stated, there was no ambition to provide any kind of internal decision process for the 

project and neither to provide outcomes with any statistical significance for the two areas; various reasons 

explain this, such as the fact that the processes of selection of actors were not carried out with the 

intention to identify “representative” stakeholders, the multi-criteria analyses were conducted with very 

simple decision rules, the potential conflicts between participants were not investigated in depth. Having 

made this clear, the case remains interesting for the development and testing of innovative participatory 

approaches within research activities and for the exploitation of these activities, for establishing 

communications outside the research consortium, for collecting information, for having very valuable 

feedbacks, and for disseminating ongoing efforts, innovative methods, and results. 

The experimental application of the NetSyMoD approach to the twinned river basins provided the 

Brahmatwinn project with an effective interface between the research activities and potential 

beneficiaries, in the case studies located in Asia and Europe. 

In this case, the participative activities presented in this paper and those that were carried out before, in 

the earlier phases of the project, made it possible to maintain an open communication interface with 

communities of experts, policy makers, and bureaucrats, allowing the project consortium to learn from 

local knowledge and orient research activities. They also provided a means of concretely carrying out the 

twinning of the two river basins, shedding light on commonalities and distinct features. 

As far as the results of the two workshops reported above are concerned, the phases of climate change 

scenarios presentation and brainstorming proved to be very important, because they set the foundations 

for the DSS Design and enabled the setting up of the activities on a common and shared framework of 

understanding of the features of each local river basin. These phases also contributed to raise awareness 

about climate change dynamics, and the state-of-the-art of the available modelling approaches downscaled 

to the level of the two case studies. 

The phase of DSS design carried out by means of the mDSS software raised great interest among the 

participants, who were thus involved in the project activities, exposed to preliminary results and 

contributed to orient the final phases of the project. Several participants appreciated the use of public 

domain software in particular, which provided a perspective of possible reutilisation of the approach 

proposed in local decision problems. 
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ANNEXES 

WORKSHOP IN AUSTRIA, OCTOBER 2008 
This workshop was organized with the help of Z_Gis 

SCHEDULE 

TIME GOAL ACTIVITY 

9:00 registration  

9:10 welcome  introduce project 

9:30 Self introduction of 
Participants 

 participants present them selves and explain why and how they are 
involved in the issue, and which are their expertises (1 min max each

9:45 

) 

Present CC storyline 
WS Goals, Sub-
domains and strategies 

 present storyline as defined by climate scientists and hydrologists on 
forecast of water availability in the next 20 years (anticipated via 
EMAIL) 
 workshop goals 
 present the outputs ab. Criteria and Strategies (categories + sub-

categories + actions). (anticipated via EMAIL) 
 Introduce next selection exercise  

10:05 BRAINSTORM  brainstorm to add missing Strategies.  From the presented list they 
can add sub-categories or actions 

  

10:50 
1° EXERCISE  explanation of the selection method and how to complete the tables  
Selection of criteria  11:00  selection of  CRITERIA 

 definition of ROWS of the matrix  
11:30 Coffee Break  

12:00  presentation of previous results (matrix  9x4) 
2° EXERCISE 

Fill in the matrix 

 Explanation of the criteria weighting procedure and how to complete 
the questionnaires 

12:10  elicitation of criteria’s weights 
 filling in the matrix 

12:40 Wrap up  feedback on WS 
 fill in the feedback questionnaire 

13:00 END  

 

LIST OF PARTICIPANTS 
NAME DEPARTMENT/ORGANISATION 
Godehard Meier [Waste Water] Wacker Chemie AG [Chemistry indudstry] 
Jakob Wagner [NGO] Sanierung Untere Salzach [Nature Protection NGO] 

Norbert Altenhofer [Director] Referat Katastrophenschutz, Landesregierung 

Salzburg [Disaster Protection, Federal Government] 

Hans Wiesenegger [Director] Referat Hydrographischer Dienst, Landesregierung 

Salzburg [Hydrological Service, Federal Government] 

Wolfgang Urban [Director] National Park Hohe Tauern 

Karl Wimmer [Head of Kaprun Hydro Power] Verbund [Hydropower company] 
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Ulli Vilsmaier [Coordinator and Researcher] Leben 2014 [Project Initative; Regional Planning] 

 
 

WORKSHOP IN NEPAL, NOVEMBER 2008 
This workshop was organized with the help of ICIMOD, IIT-Roorkee, UniBhu, ITP, CARR 

SCHEDULE 

TIME GOAL ACTIVITY 

  24-11-2008 DAY 1  phase one 

11:30 Introduction and 
presentation of 
Response Strategies 

 workshop goals 
 CC storyline as defined by climate scientists and hydrologists on 

forecast scenarios (IPCC SRES) of water availability 
 present the results of our work: response strategies (main 

categories + sub-ramifications) 
12:00  brainstorming to elicit Response Strategies: they can add sub-

categories and/or actions BRAINSTORMING 

13:00 LUNCH  

14:00  Continue exercise BRAINSTORMING 

14:30 Present criteria  present the results of our work: criteria 

15:00 Introduce Exercise 1  Explanation of the selection method, instructions to fill table 

15:10  Selection of CRITERIA: 3 tables (ECO,SOC,ENV) criteria 1st EXERCISE 

Selection of criteria 
 definition of ROWS of the matrix 

 Elaboration of phase 
one 

 update 
 Elaboration of first exercise:

Response Strategies table and print 
 insert criteria selected in tables

 

 
(weighting and matrix) 

 25-11-2008 DAY 2  phase two 

9:00 Phase one results  presentation of previous results (selected criteria) 

9:10 Introduce Exercise 2  Explanation of criteria weighting procedure and how to complete the 
exercise (criteria weights and evaluation matrix) 

9:20  elicitation of criteria weights 2nd EXERCISE 

Criteria weights 
Fill in the matrix 

 Fill in the evaluation matrix 

 Elaboration of phase two  Elaborate results 
 

 
insert results in mDSS 

 27-11-2008 DAY 4  phase three 

 mDSS  Presentation of results in mDSS 

 Feedback on WS  Feedback on WS: discussion 
 distribute the feedback questionnaire 

 
 
LIST OF PARTICIPANTS 
COUNTRY NAME DEPARTMENT/ORGANISATION 
Bhutan  Karma Tshethar, Executive Engineer Department of Agriculture (Irrigation Section), 

Ministry of Agriculture 
 Karma Dupchu, Sr. Hydrology Officer Department of Energy (Hydromet Service Division), 

Ministry of Economic Affairs  
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 G. Karma Chhopel, Sr. 
Environmentalist 

National Environment Commission, Water 
Resources 

 Chimi Wangmo, Associate Lecturer College of Science and Technology 
China Jianwei Hu, Director Bureau of Hydrolog, Ministry of Water Resorces  
 Prof. Jingshi Liu, Research Professor Institutes of Tibetan Plateau Research, Chinese 

Academy of Science 
 Yuji Jiang, Water Resources Lab Hydrology and water resources Bureau of Tibet 
 Kaihu Liu Hydrology and water resources Bureau of Tibet 
 Xiaoyin Guo Chinese Academy of Meteorological Sciences 
India Nomal Chandra Das, Additional Chief 

Engineer 
Water Resources Department, Government of 
Assam 

 Dr. Archana Sarkar, Scientist National Institute of Hydrology 
 Dr. Partha Jyoti Das, Head, Water 

and Climate Programme 
AARANYAK, A Scientific & Industrial Research 
Organisation of India 

 Gideon Kharkhonger, Sr. Lecturer North eastern Hill University, St. Edmunds College 
Nepal 
 

Dr. Dilip kumar Gautam, Sr. 
Divisional Hydrologist 

Department of Hydrology and Meteorology 

 Tirtha Raj Adhikari, Lecturer Central Department of hydrology and Meteorology 
 Kumud Raj Kafle, Assistant Professor Department of Environmental Sciences and 

Engineering, Kathmandu University 
 Sharad Upadhyaya, Engineer Institute of Engineering, Tribhuwan University 
 Gautam Rajkarnikar, Sr. Divisional 

Engineer 
Water and Energy Commission Secretariate 

 Bijay Kumar Pokhrel, Hydrologist 
Engineer 

Department of Hydrology and Meteorology 

 

http://www.brahmatwinn.uni-jena.de/5704.0.html?&L=2&tx_bzdstaffdirectory_pi1%5bshowUid%5d=71&tx_bzdstaffdirectory_pi1%5bbackPid%5d=5313�
http://www.brahmatwinn.uni-jena.de/5704.0.html?&L=2&tx_bzdstaffdirectory_pi1%5bshowUid%5d=71&tx_bzdstaffdirectory_pi1%5bbackPid%5d=5313�
http://www.brahmatwinn.uni-jena.de/5704.0.html?&L=2&tx_bzdstaffdirectory_pi1%5bshowUid%5d=71&tx_bzdstaffdirectory_pi1%5bbackPid%5d=5313�
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Compact IIT Criteria Table 
Criteria Table presented in stakeholders’ workshops in Salzburg, Austria, 10th October 2008 and in 

Kathmandu, Nepal, 24th-28th November 2008 

 CRITERIA INDICATOR definition ISSUE 

So
ci

al
 

Poverty 

Asset ownership Proportion of households owning different types 

of assets 

Vicious cycle (poverty-

ecology) 

Per capita income Per capita income in Rs. Poverty / per capita income 

Income proportion of households with income below the 

national median 

Lifestyle 

Public Distribution System (PDS) Expenditure (Rs.000) of the society per family   

Water 

availability 

Population with access to public water supply Part of population with access to public water 

supply 

  

Distance to water Average distance to location of potable water 

(people without public water supply) 

  

Gross per capita water availability Indicator gives an overview about the freshwater 

distribution and the water usage 

Water availability 

Water consuming sectors Percentage extraction of industry, irrigation, 

public water supply 

Water usage and sectors 

Water accessibility and water quality Proportion of households with tap, hand pump 

or tube well water 

Water quality 

Drinking water - sources of Number of household using pond and river water Provision of safe drinking 

water 

Education 

/Information 

Number of residents non-academics per 1000m 

grid cell 

Measure for the education Level of education 

Drop-out  No. of students drop-out per 100 students   

General & adult literacy  Percentage of literacy among general & adult 

population 

  

Access to information and communication 

facilities (radio, television, telephone, etc.) 

Number and coverage per 1000 population Scientific knowledge data 

availability 

Population 

dynamics 

Population density Mean number of people per area Demographic patterns 

Population growth rate Average growth rate of the population (1971-

2000) 

Population growth 

Population Size of population in the basin   

Urbanization Proportion of rural residents migrating to urban 

centers 

Migration 

Population within 10km of coastline or flood plain  Displacement of people and 

communities 

Distance to river bank    

Settlements on river banks Area covered by settlements within certain 

distance to river 

Settlement on river banks 

Gender issues 
Sex ratio The ratio of males to females in the population   

Gender - Female literacy Number of literate female as percentage to total   
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female population 

Female income  Estimated female income Access to resources by 

women 

Income inequality  Estimated female to male income Issues of gender: status of 

women, social and 

psychological pressures on 

women 

Age 

distribution 

Number of population aged < 20 per 1000m grid 

cell 

Number of population aged 20 - 80  per 1000m 

grid cell 

Number of population aged > 80  per 1000m grid 

cell 

Distribution of age groups   

Morbidity and 

mortality 

Infant mortality Infant mortality is a measure of health status of 

the people 

  

Maternal mortality Number of deaths of women from pregnancy-

related causes per 100,000 live births 

  

Incidence of malaria and water borne diseases The number  malaria or water borne disease per 

100,000 people 

Morbidity and mortality 

caused by floods and climate 

change 

Life expectancy   Health status 

Sanitation 

system 
Sanitation 

Proportion of households having water 

closet/flush toilet 

Poor infrastructure for 

sanitation facility 

Number of household having sanitary latrine   

Healthcare 

delivery 

Proximity [km] to health facilities per 1000m grid 

cell 

Access to health facilities Access to services 

Distance to nearest health service The Euclidean distance from the settlement to 

the nearest health facility; Proxy for Bhutan: the 

proportion of sick people who did not seek care 

because nearest health facility is too far 

  

Housing 

settlements 

Number of residential buildings per 1000m grid 

cell 

Number of residential buildings   

Housing 

Proportion of houses by predominant material of 

roofing, wall and flooring 

  

Different type of buildings made for people to 

live in, usually for one family 

  

Urban 

settlements 

Number of cities larger than 100.000 inhabitants Number s of Cities with more than 100.000 

inhabitants 

Urban development 

Share of population in cities over 100.000 Part of population living in cities with more than 

100.000 inhabitants 

Change in settlement 

patterns 

Access to 

infrastructure 

Proximity [km] to primary roads per 1000m grid 

cell 

To evaluate the access, respectively the 

infrastructure 

  

Road 

infrastructure 

Length [m] of primary roads per 1000m grid cell Measure of the infrastructure of a region Road construction and 

amelioration 

Road density Proportion of roads that are metalled roads, 

national roads, track paths, unmetalled roads,   
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cart tracts and foot paths 

Water 

infrastructure 

Inland navigation share of cargo transport Measure of inland navigation growth in cargo 

transportation 

River transport facility 

Amount/kind of water infrastructure (e.g. dams, 

reservoirs) 

  Drainage facilities 

Infrastructure 

pressures 

Flood damage to property, man , cattle-head Measure of flood damage to man,   property, 

cattle  

Damages to infrastructure 

Reservoir Induced Seismicity ( RIS ) It is indicative of possible induced earthquake 

due to creation of storage water  

Induced seismic activities 

Chance of occurrence of dam break Probability  of dam break occurring is ascertained 

by Dam Break Analysis study 

Dam breakage 

Likely stream bed retrogression downstream Downstream bed  degrades due to release of 

clear water from spillway  of dam 

Dam water release 

Reservoir sedimentation volume & submergence 

area 

Upstream of dam sedimentation occurs causing 

loss of storage & area gets submerged 

Impact of infrastructure 

development 

 
 CRITERIA INDICATOR definition ISSUE 

En
vi

ro
nm

en
ta

l 

Basin 

morphology 

Aspect Hillside areas in the basin with North, East, West 

and South exposition  

  

Basin area Area of the river basin   

Length-breadth-ratio of basin Describe the form of the basin area. (longish, 

plane or expanded extension) 

  

Slope Areas with low, high and medium slope (low = 0-

2°; medium 2-10°, high >10° - depends on the 

characteristics of the focused area) in relation to 

the basin area 

  

Topographic gradient Describes the altitude difference   

Topographic wetness index Describes the potential wetness in the basin   

Aspect/slope (elevation) To describe elevation   

Ecosystem 

functions 

Eco-regions 

Distinct assemblage of natural communities and 

species with boundaries that approximate the 

original extent of natural communities prior to 

major land-use change and reflect the 

distributions of a broad range of fauna and flora 

(Olson et. al 2001) 

Increased habitat range 

(northward shifts of bird and 

insect species) 

Ecosystem Services Ecosystem Services are defined as benefits to the 

human populations which are derived, directly or 

indirectly, from ecosystem functions 

Ecosystem health (soil 

erosion, soil fertility, soil 

salinity, water logging, river 

bank erosion, siltation, 

sedimentation, sediment load 

in river) 

Biodiversity Biodiversity Structural diversity of vegetation communities Biodiversity 

Land use 

Land use Describes the percentage of each land use class 

related to the basin area (year 2000) 

Land use 

Area [m2] per Land Use/Land Cover Class (7/20; Assessment of land use patterns   
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depending on level) 

Snow cover: difference between years 2000-2006 Indicates the growth, respectively the reduction 

of the snow cover 

Snowfall 

Glaciology 

Glacier inventory: change between 1968 and 

1998; absolute values for each year 

Assessment of the melting, respectively growing 

of the glaciers 

Glacier area 

Glaciated area percentage The percentage area of the entire 

basin/catchment area which is covered by 

glaciers 

  

Glaciated area hypsography Glaciated area hypsography is a histogram of 

glacier area in individual elevation zones 

  

Upstream glacier contribution Area and closeness of glaciers upstream of a 

certain point 

  

Permafrost 

Permafrost area [km2] Area of permafrost Permafrost area 

Permafrost area hypsography Permafrost area hypsography is a histogram of 

permafrost area in individual elevation zones 

  

Permafrost area percentage The percentage area of the entire 

basin/catchment area which is underlain by 

permafrost 

  

Forest 

management 

Forest area [m2] per 1000m grid cell To evaluate forest cover   

Forest land - decline in Decline in forest land is a rate of decline in total 

forest covered 

Deforestation, forest fires 

Afforestation (planned) Increase of plantation area per area unit (derived 

from LULC classification) 

Reforestation 

Afforestation (spontaneous, bush encroachment) Increase of irregular bush coverage per area unit 

(derived from LULC classification) 

Bush encroachment 

Forestland Proportion of forest land managed   

Forest cover area & its temporal changes Measure of changes in forest cover  with 

multifarious impacts 

  

Water quality 

Number of water extraction & discharge  Location of water extraction & discharge  Effluents treatment 

Water quality Quality of rivers and lakes Pollution 

Contamination of ground water Measure of contamination of ground water due 

to presence of toxic elements 

  

Water 

resources 

pressure 

Water supply To what part is groundwater extracted for the 

water supply and to what part is surface water 

used   

Renewable rate Rate of recharge of water resources   

Total water extraction Yearly water extraction for all kinds of usage Ground water level 

Water 

resources state 

Amount of water resources in typical, wet and 

dry years 

Gives an overview about the available freshwater 

resources in different climatic influenced years 

Water depth 

Water reservoirs Percentage of water stored in glaciers/snow, 

reservoirs, groundwater and rivers   

Wetland (beel) Marshy area of flood prone region Natural flushing of wetlands 

Lake area [m2] per 1000m grid cell To evaluate lake cover   
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Retention area [m2] per 1000m grid cell Indicates the retention capacity of the floodplain   

Water 

resources 

impact 

Percentage of extracted water to total water 

resources in typical, wet and dry years 

Amount of needed water in relation to the total 

water offer 

Extraction of water 

Relative water stress index (RWSI) Ratio between recharge and water use  Impact on aquatic resources 

Water flow 

Discharge Total annual discharge, mean annual discharge, 

maximal and minimal values  

  

Dominant type of runoff generation Areas with dominant surface runoff, interflow 

and groundwater flow in relation to the basin 

area 

  

Drainage density Gives an overview to the concentration of the 

river discharge and the velocity, similar to the 

indicator length-breadth-ratio 

  

Form factor (Horton) Gives an overview to the concentration of the 

river discharge and the velocity, similar to the 

indicator length-breadth-ratio 

Physical characteristics of the 

river 

Water level exceedance Water level or discharge probability of 

exceedance for 10, 50, 100 year period, to 

identify and to calculate the frequencies of 

extreme events  

  

Monthly discharge (12 mean monthly discharge 

values per year and catchment outlet) 

Total of modelled river discharge at a certain 

gauge station 

River flow 

Annual runoff pattern Distributed rainfall aggregate for the UDRB and 

UBRB domains with 1 km resolution 

Runoff 

Precipitation 

Annual precipitation Average precipitation per year for the period 

1971-2000 

Climate change 

Areal precipitation Precipitation per unit area   

Precipitation trend The development of the precipitation in the 

period 1971 – 2000; % of the mean annual 

precipitation 

  

Annual rainfall pattern Distributed rainfall aggregate for the UDRB and 

UBRB domains with 1 km resolution 

  

Yearly precipitation Total precipitation amount per year   

Monsoon length Time from the onset until the withdrawal of the 

summer Monsoon 

Monsoon 

Monsoon onset Date of the summer Monsoon onset   

Seasonal precipitation Total precipitation amount per season   

Precipitation frequency Frequency of days with precipitation above 

precipitation threshold (typically 1 mm) 

  

Heavy precipitation threshold 90th percentile of precipitation amounts Rainfall, snowfall, extreme 

events, floods 

Max. 5-day precipitation Greatest 5-day total precipitation   

Average precipitation intensity Averaged precipitation per day   

Longest dry period Maximum number of consecutive dry days   

Heavy precipitation proportion Fraction of total precipitation from events with   
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precipitation > Heavy precipitation threshold 

Heavy precipitation days Fraction of events with precipitation > Heavy 

precipitation threshold 

  

Aridity Aridity index Describes the climate in the basin area Drought 

Evapotranspirat

ion 

Potential evapotranspiration Potential evapotranspiration Climate change 

Evapotranspiration (annual pattern) Distributed evapotranspiration aggregate for the 

UDRB and UBRB domains with 1 km resolution 

  

Temperature 

Average annual temperature Mean annual temperature in the basin Temperature 

Extreme temperature indices  Extreme temperature indices is based on daily 

maximum and minimum temperature 

Climate change 

Annual mean temperature Mean temperature per year   

Growing season length Time from the onset until the withdrawal of the 

thermal growing season 

  

Growing season onset Date of the thermal growing season onset   

Seasonal mean temperature Mean temperature per season   

Hot-day threshold 90th percentile of Tmax, i.e. the 10th hottest day   

Cold-day threshold 10th percentile of Tmin, i.e. the 10th hottest day 

(or night) 

  

Frost days frequency Frequency of days with Tmin < 0°C   

Longest heatwave Maximum number of consecutive days with Tmax 

> Hot-day threshold 

  

Vulnerability 

Percentage of population living in flood risk areas Get the information which percentage of the 

population is endangered through floods for the 

case of exceedance for 10, 50, 100 year 

Floods, flash floods, GLOFs, 

landslides 

Potential floodplains Potential floodplain area for exceedance for 10, 

50, 100 yearly flooding 

  

Ecohydrological Vulnerability The vulnerability of ecohydrologically relevant 

areas, depending on the impact of the human 

dimension and climate change 

  

Potential erosion prone stream bank line Measure of vulnerability of river bank extent to 

erosion 

  

Peak Ground Acceleration 10% probability of 

exceedance in 50 years 

Global Seismic Hazard Map Earthquake 

Avalanche risk Defined classes of avalanche risk (yellow/red) Avalanche control 

 
 CRITERIA INDICATOR definition ISSUE 

Ec
on

om
ic

 

Waste 

management  

Number of waste disposal & treatment Location of waste disposal & treatment Waste disposal 

Energy 

consumption 

Energy Balance  Total energy balance (time series) Energy use/per capita 

consumption 

Per capita utization Measure of energy use & general development   
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Energy 

production 

Number of big dams >15m Artificial dams higher than 15m high Hydroelectric plants 

Number of small dams <15m Artificial dams and ponds smaller than 15m high   

Percentage of big dams used for water supply, 

hydropower and both 

Artificial dams and ponds bigger than 15m high, 

used for water supply, hydropower, both 

  

Percentage of small dams used for water supply, 

hydropower and both 

Artificial dams and ponds smaller than 15m high, 

used for water supply, hydropower, both 

Multi-purpose dams (mini 

dams) 

Biomass - type of fuel used Percentage of household using bio-mass fuels   

Agricultural 

production 

Livestock density Mean number of livestock per area   

Irrigated area Area of a river basin which is under irrigation Irrigation infrastructure 

Commercial agricultural land (in km2) per 100 

household 

Commercial agricultural land (km2) / 100 

household 

Land use change in agriculture, 

agriculture pressures 

Cropping patterns - Agricultural income No. of household that depend upon agriculture as 

the prime sources of income 

Cropping patterns 

Horticulture crop density Area of horticultural crops   

Irrigated Land Percentage of the irrigated land to the total 

cropped land   

Kharif land - crop diversity Amount of Kharif crop land for 100 people Traditional agriculture 

Homestead garden Homestead garden is defined as traditional land 

use system for growing multipurpose trees and 

vegetable shrubs in the back-yard for livestock 

and household needs. 

  

Fish catch in a year Measure of fish production and implicitly its 

growth 

Fisheries 

Service sector Trade and service sector - growth of  Share of trade and services in State Domestic 

product 

  

Construction 

sector 

Development of land Increase of impervious area (derived from LULC 

classification) 

Increase of impervious areas 

and development of land 

    Increased quarrying activities 

Industrial 

production 

Industrial development Increase of industrial area (derived from LULC 

classification) 

Industrial development 

Annual Industrial Growth Rate  Measure of the rate at which the industry is 

growing  

  

Employment 

Number of full time employees (male & female) 

per 1000m grid cell 

To evaluate means of subsistence   

Number of labours in the agriculture sector per 

1000m grid cell 

To evaluate economy sector   

Number of workplace with < 49 employees per 

1000m grid cell 

Number of small-sized enterprises   

Employment rate Proportion of the population working   

Economic alternatives Distance to the nearest main settlement Economic alternatives 

  Transient labour force 

    Child labour 
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1. Z_Gis: Vulnerability Scenarios –Salzach catchment (Austria) 

Introduction 
Within this work task future socio-economic vulnerability scenarios following SRES projections (A1, 

A2, B1, B2) for the time steps 2000, 2020 and 2050 have been modelled. This has been agreed on 

during the WP8 workshop in Munich in 2009. It has been furthermore been agreed to conduct the 

scenario modelling in conjunction with the Assam case study under the same scenario conditions 

and following a joint methodology. GeoDATA - together with PLUS – developed this which includes 

different statistical methods and integrates methods of GIScience. A condensed vulnerability index, 

consisting of proxy variables, has been identified and its indicators projected under a correlation 

with future GDP and population scenarios. The GDP and population data has been accessed at the 

website of CIESIN (http://www.ciesin.columbia.edu/datasets/downscaled/). Data on specific 

indicators derived mainly from census data in Austria (2001; see WT 4.5). 

The method builds on the results, methodology and indicators developed in WT 4.5 and can be seen 

as continuation of the results of WP4. Next to that, the results will feed into the IWRM scenarios 

under WP10. 

Methodology 
As mentioned above the method was established under the lead of GeoDATA together with PLUS. 

The methodology includes the following steps: 

1. Construction of a correlation analysis between the vulnerability score and the individual 
indicators and selection of five key variables that are highly correlated with the vulnerability 
score 

2. With the key variables a multivariate regression analysis has been performed to identify the 
predictors of the level of vulnerability (within the Salzach case study two methodologies 
have been tested, a regression analysis identifying single predictors for the whole case study 
area (ordinary least squares method), and a geographically weighted regression which 
identifies for each location (in our case grid cells) individual, location-based predictors.  

3. A parallel step involves the correlation between past GDP and population data and past data 
of the key variables to identify their existing relationship 

4. Taking the future GDP and population projections under the four SRES scenarios in 
consideration, values for the future key variables under the four scenarios have been 
calculated 

5. Applying the regression formula identified in step 2, projected vulnerability indices have 
been calculated for the four scenarios for the time steps 2020 and 2050 

6. In a final step the data has been normalised (scale range 0-100) according to the values of 
2000 to identify growth and decline of vulnerability among the different scenarios 

7. Visualisation and map production 
 

 



Achievements 
As indicated in the first step, a correlation analysis has been carried out among the indicators used 

and the developed socio-economic vulnerability index calculated in WP4. The indicators used in WP4  

are listed in Tab. 1 and encompasses 52 indicators describing various domains. The method applied 

in WP4 is documented in the deliverable report and published in Kienberger er al. (2009). 

 

Tab. 1: Indicators and domains used to construct a vulnerability index (vulnerability units) in WP4. The numbers in brackets 

are weights, which have initially been used to aggregate the different domain levels (Kienberger et al. 2009) 



 
 
 
 
 
 
 
 
 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Anzahl der Correlations > 0,7 Anzahl der Correlations > 0,6

1 - vuln_sbg 1 0.69597 0.51952 0.76029 0.53568 0.77145 0.53071 0.53443 0.72922 0.54956 0.82461 0.56638 0.51784 0.54474 0.55067

2 - R1_Economy_Sector_LW_Arbkrae 0.82461 0.5777 0.38102 0.5926 0.58161 0.60386 0.5139 0.5409 0.68451 0.45273 1 0.50408 0.57016 0.58522 0.59336 1 4

3 - R3_Ecosystem_Int_Protection 0.77145 0.74047 0.27155 0.99877 0.31009 1 0.33386 0.37068 0.53351 0.43843 0.60386 0.71962 0.29267 0.30666 0.32489 4 5

4-   SC2_Origin_OesterrINV 0.76029 0.73666 0.26997 1 0.28728 0.99877 0.31462 0.35978 0.51602 0.43037 0.5926 0.72254 0.27247 0.28524 0.30319 4 4

5 - SC3_Education_Non_UNIFHHS 0.72922 0.47036 0.14655 0.51602 0.74204 0.53351 0.60114 0.63195 1 0.47108 0.68451 0.33053 0.72821 0.78816 0.7537 5 8

6 - SC3_Education_UNIFHHS 0.69597 1 0.27857 0.73666 0.24763 0.74047 0.24477 0.32194 0.47036 0.33668 0.5777 0.70997 0.22851 0.23571 0.26013 3 4

7 - SU1_1_Housing_Industry 0.56638 0.70997 0.31206 0.72254 0.12815 0.71962 0.14648 0.19028 0.33053 0.31971 0.50408 1 0.11652 0.14006 0.1276 2 2

8 - SU1_1_Housing_others 0.55067 0.26013 0.09769 0.30319 0.99632 0.32489 0.68395 0.63524 0.7537 0.44782 0.59336 0.14006 0.99626 1 0.9805 4 6

9 - SU1_1_Housing_Res_1_2 0.54956 0.47036 0.14551 0.43037 0.43195 0.43843 0.50158 0.38502 0.47108 1 0.45273 0.31971 0.42585 0.43374 0.44782 0 0

10 - SU1_2_Infrstructure_LE_BL 0.54474 0.23571 0.09025 0.28524 0.9768 0.30666 0.66657 0.61923 0.78816 0.43374 0.58522 0.1276 0.97644 0.9805 1 4 6

11 - SU1_2_Infrstructure_LE_GE 0.53568 0.24763 0.09449 0.28728 1 0.31009 0.66932 0.62334 0.74204 0.43195 0.58161 0.12815 0.9968 0.9768 0.99632 4 6

12 - SU_1_3_Assets_WW_AR 0.53443 0.32194 0.10132 0.35978 0.62334 0.37068 0.55108 1 0.63195 0.38502 0.5409 0.19028 0.62219 0.61923 0.63524 0 5

13 - SU_2_1_Population_twenty_64 0.53071 0.24477 0.1004 0.31462 0.66932 0.33386 1 0.55108 0.60114 0.50158 0.5139 0.14648 0.66218 0.66657 0.68395 0 5

14 - SU_2_2_MeansofSubsistence_M_VZ 0.51952 0.27857 1 0.26997 0.09449 0.27155 0.1004 0.10132 0.14655 0.14551 0.38102 0.31206 0.08842 0.09025 0.09769 0 0

15 - SU_2_2_MeansofSubsistence_W_TZ 0.51784 0.22851 0.08842 0.27247 0.9968 0.29267 0.66218 0.62219 0.72821 0.42585 0.57016 0.11652 1 0.99626 0.97644 4 6

Correlation Matrix

 

Tab. 2: Correlation matrix of the indicators which have a higher correlation value of 0,5. Correlation values between 0,5 and 0,6 are highlighted blue, those with a value > 0,7 yellow. 

Possible indicators are highlighted on the right in green.  

 
 



The spatial correlation lead to the results indicated in Table 2, where those indicators have been selected 

which have a higher correlation value than 0,5. Out of the 14 remaining indicators those have been 

selected which show a compromise with a high correlation value (>0,7) and a significant number of 

correlating indicators. The following five key indicators have been identified: 

- Number of houses with 1 or 2 households (x1) 
- Number of industrial buildings (x2) 
- Number of labours in agriculture (x3) 
- Number of academics (x4) 
- Number of male full-time employees (x5) 

It is interesting to note that these indicators have gained high expert weights in the domain and sub-

domain ranking. So therefore the indictors do not only represent from the statistical point of view an 

appropriate selection but reflect some of the highest ranked indicators. However, it is important to 

mention that the weights have not been considered in the correlation analysis.  

As shown in step 2, a regression analysis has been carried out to identify the predictors. The vulnerability 

index served as the dependant variable. In this case two methodologies have been applied. In the first 

instance an overall regression coefficient has been applied (result see Eq. 1). In addition to that, the 

method of ‘geographically weighted regression’ has been investigated. Geographically Weighted 

Regression (GWR) is one of several spatial regression techniques, increasingly used in geography and other 

disciplines. GWR provides a local model of the variable or process we are trying to understand/predict by 

fitting a regression equation to every feature in the dataset. GWR constructs these separate equations by 

incorporating the dependent and explanatory variables of features falling within the bandwidth of each 

target feature (Fotheringham et al. 2002).  This method also leads to interesting results, however, the steps 

below follow the method of applying unique regression coefficients as the results of GWR need further 

exploration and it was general aimed to follow the same approaches in the Assam and Salzach case study 

areas. 

The regression formula for the five selected key indicators is described as 

)(047.0)(345,0)(329,0)(202.0)(261,0191,68 54321 xxxxxVul +−−−+=    (1) 

In step 3 a relationship between the temporal progression of the key variables between 1991 and 2001 and 

GDP and population was estimated. The results are as follows 

POPGDPx 665,0609,71 +=         (2) 

POPGDPx 35,0407,02 +=         (3) 

POPGDPx 277,0223,33 −−=        (4) 

POPGDPx 699,0131,84 +=         (5) 

POPGDPx 034,0395,05 −−=        (6) 

The Eq. 2-6 has then been used to project the key variables for the years 2020 and 2050 applying GDP and 

population estimations under the SRES scenarios A1, A2, B1 and B2. CIESIN (2002a) for the GDP and CISIEN 

(2002b) data for the population data has been applied. The specific values for the different scenarios and 

time steps are listed in Tab. 3. 
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Year GDP Projections Real GDP Growth Year POP Projections Real POP Growth
A1 1990 162280 A1 1990 7738008

2000 202717.504 0.249183534 2000 8116002 0.071593619
2020 304133.2667 0.874126613 2020 7966071 0.084516842
2050 525309.1873 2.237054396 2050 7290007 -0.03980456

A2 1990 162280 A2 1990 7738008

2000 195898.5641 0.20716394 2000 8144901 0.071593619
2020 270337.1611 0.665868629 2020 7975181 0.084516842
2050 409805.5624 1.52529925 2050 7114295 -0.03980456

B1 1990 162280 B1 1990 7738008

2000 193872.0364 0.194676093 2000 8116002 0.048849006
2020 308383.5435 0.900317621 2020 7966071 0.029473089
2050 469301.2767 1.891923076 2050 7290007 -0.057896167

B2 1990 162280 B2 1990 7729000

2000 202544.5817 0.248117955 2000 8292000 0.072842541
2020 289771.8713 0.785628983 2020 8392000 0.085780825
2050 346897.1873 1.137645966 2050 7430000 -0.03868547

GDP Population

 

Tab. 3: GDP, population and real GDP growth rates under the different scenarios 

Using Eq. 7 and 8 below we project x1-x5 to 2020 and 2050 respectively 








 −
=

1990

19902020
)2020( *

GDP
GDPGDP

tcoefficienxi       (7) 
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Where coefficient is the corresponding estimated coefficient in equations 1-5 and 






 −

1990

19902020

GDP
GDPGDP

 is 

the real GDP growth.  

Substituting the estimated x1-x5 under each of the four scenarios in Eq. 1 we estimate the new vulnerability 

score. In a final step the vulnerability values have been normalised following Eq. 9 with the year 2000 

(=max value 100) as benchmark.  

( ) normnormnorm
vv minminmax

minmax
min' +−
−

−
=

      (9)
 

 

Looking at the results, the general pattern among the different scenarios show a similar distribution, with 

slight changes in its peak values. First of all it is important to note, that some areas show a vulnerability 

value of zero. This is due to the fact that the selected five key indicators derive from the census data. This 

means that only vulnerability values higher than zero exist in those areas where population is present. This 

is an interesting fact following the general discussion on vulnerability, where it is argued that vulnerability 

only exists where humans are affected. In the vulnerability analysis carried out in WT 4.5 it was also 

assumed that vulnerability can exist in general everywhere and is also constituted by land use assets. 

However, for the purpose of specific vulnerability scenarios, which still carry some uncertainty itself, this is 

a valid approach to follow.  

The highest vulnerability values can be observed around the city of Salzburg, which of course is the most 

densely populated area in the case study, where the indicators of houses with one to two households, male 

full-time employees, academics and industrial buildings show high values. Additionally to that rural areas 

with a high proportion with single houses and a higher number of labours in the agricultural sector have 
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slightly higher values than surrounding areas. This concentrates in the case study around important central 

towns and villages.  

The highest vulnerability scores can be observed within the scenarios A1 and B1, whereas the absolutely 

highest vulnerability score (113,79) can be observed in the A1 scenario, followed by B1 with 111,65. Lower 

values show the 2-group scenarios A2 and B2 which have a more regional oriented focus than the 

globalised 1-group scenarios. The lowest vulnerability score is represented through the B2 scenario with a 

value of 107. The A2 scenario has a maximum value of 109,39 for 2050.  

Examining the change rates among the different scenarios for 2020 and 2050 in reference to the baseline 

year 2000 a general increase in and around the city of Salzburg can be observed (which show the highest 

increase in vulnerability) and other areas with higher values of the key indicators. Those areas show all an 

increase in vulnerability, whereas the urban agglomeration has the highest values for 2050 within the 

scenarios A1 and B1. A decrease in vulnerability can be observed in strongly rural dominated areas. This is 

also due to the fact that the Eq. 4 and 6 show negative trends for the indicators of labours in the 

agricultural sector and interestingly in the number of male full-time employees.  

 

Fig. 1: Histogram of change rates for the A1 scenario between 2000 and 2050 

 

A similar picture as described above applies for the maximum change rates within the different scenarios 

for the time span between 2000 and 2050. Highest maximum increases show the A1 (+13,79%),B1 

(+11,65%) followed by A2 (+9,39%) and B2 (+7%) scenario. A significant decrease in vulnerability can be 

observed in the A1 scenario with a maximum decrease value of -2,24%. Therefore it can be observed that 

the A1 scenario shows a larger dispersion of its value range than the other scenarios. Maximum decrease 

values are followed by B1 (-1,89%), A1 (-1,52%) and A2 (-1,14). The A2 scenario shows both, low increase 

but also low decrease values. However, in general it can be observed that the mean value of change rates is 

~0%. It shows (Fig.1) that most of the raster cells do have a low decrease or increase and that the majority 

of units decrease. This also follows the observation in the change maps, where the increase is limited to 

highly urbanised areas, which only occupy a small area. 

It can be summarised that urban and central villages in rural areas show a significant increase in 

vulnerability. However, from a spatial point of view most areas show a decrease in vulnerability, but which 
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are also less asset driven than urban agglomerations. The methodology applied gives an overall estimation 

of vulnerability, but as those estimations inherit an unspecified high uncertainty they might only be applied 

to identify general future trends.  
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2. GeoData: Vulnerability Scenarios – State of Assam 

Introduction 
The aim of this study is to investigate how different scenarios of socioeconomic development will mitigate 

the impact of climate change in the Assam test site. The basis of this analysis is adopted from 

socioeconomic scenarios developed for India by TERI, an independent not-for-profit research institution in 

India. The scenarios are developed on the basis of the Intergovernmental Panel on Climate Change (IPCC) 

Special Report on Emissions Scenarios (SRES) scenarios. The conceptualization of the scenarios is based on 

two dimensions of policy directions and social values. The framework focuses on where policy direction is 

either inward-looking or globally integrated and where social values focus on economic growth or more 

localised social values and environmental consequences. The combinations results in four Quadrants of 

socioeconomic scenarios that can be used to investigate future impacts of climate change vulnerability 

which relates primary to governments focus and priorities (see figure 1). Quadrants I and II reflect a more 

inward-looking policy, while Quadrants III and IV reflect stronger integration with the global community for 

regulation and economic growth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Framework for visions of socioeconomic change in India – developed by TERI 

 

 

TERI used six factors (changes in population growth, GDP projections, food grain demand, demand for 

water, demand for electricity and demand for wood) to investigate how the four scenarios could impact on 
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socioeconomic vulnerability to climate change for India for the 1990s and projected to the 2020s and 

2050s. The Quadrants are adopted for this study to investigate how government priorities could impact on 

socioeconomic vulnerability in the Assam Study Area under the four scenarios. 

 

Analysis 
In WP4 estimates of socioeconomic vulnerability (and also for specific domains of sensitivity and adaptive 

capacity) to climate hazards (e.g. floods, droughts, bank erosion) were derived for communities and Tehsils 

in the Assam Study Area. The scores were exponentially scaled such that they range between 0.001 and 

100 (the higher the score the higher the level of vulnerability), with emphases on the tail of the distribution 

to identify the most vulnerable communities. Figure 2 shows vulnerability quintiles for the Assam study 

area.  

 

Figure 2: Vulnerability quintiles 

 

 

In this follow-up study, the main aim is to investigate by how much the level of the estimated level of 

vulnerability for each Tehsil will increase or decrease depending on governments policy directions and 

social values under the four scenarios developed by TERI.  To do this, we first identify all the individual 

variables that are highly correlated (> ± 0.5) with the vulnerability score.  In all 18 variables were identified 

to have a high correlation with vulnerability score (Table 1). Tehsils with high engagement in subsistence 

agriculture and poor housing materials are more likely to be vulnerable. Ownership of assets such as 

television, telephone, scooter, motor, cycle or moped is negatively correlated with vulnerability scores. It is 

interesting to note that Tehsils with high dependency of forest ecosystems e.g. using firewood for cooking 

are more likely to be vulnerable compared to those who use LPG for cooking. Tehsils with high proportion 
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of their roads metalled are less likely to be vulnerable and so are Tehsils with easy access to main 

settlements. 

 

Table 1: Variables highly correlated (r ≥ 0.50) with level of vulnerability score 

Variables Correlation 
1. Proportion of the population working in subsistence agriculture  0.69 
2. Proportion of land used for subsistence agriculture 0.54 
3. Proportion of houses with grass, thatch, bamboo and mud roofing 0.71 
4. Proportion of houses with G.I., Metal and Asbestos sheet roof -0.71 
5. Proportion of houses with grass, thatch and bamboo wall 0.61 
6. Proportion of houses with burnt brick wall -0.67 
7. Proportion of houses with wood and bamboo floor 0.50 
8. Proportion of houses with brick floor -0.58 
9. Proportion of houses with cement floor -0.54 
10. Proportion of roads that are metalled   -0.63 
11. Proportion of females who are non-agricultural workers -0.65 
12. Proportion of houses with television -0.62 
13. Proportion of houses with telephone -0.50 
14. Proportion of houses with scooter, motor, cycle or moped -0.50 
15. Proportion of houses with none of the specified assets 0.54 
16. Proportion of households using firewood for cooking 0.53 
17. Proportion of households using LPG for cooking -0.56 
18. Distance to main settlement 0.73 

 

A multivariate (regression) analysis is then used to identify the predictors of level of the vulnerability. To 

satisfy the assumptions of normality and constant variance, the vulnerability scores were log transformed. 

Table 2 shows the estimated coefficients for the significant predictors (p-value <0.05) along with the 

estimated standard errors, t and p-values. It is important to note that there was a high level of collinearity 

between some of the variables. Where two or more variables were collinear, only the strongest predictor 

was included in the model. The estimated Adjusted R-square indicates that the five significant indicators 

explain 91.7% of the variability in vulnerability scores. 

 

Table 2: Estimated coefficients for the log of vulnerability score 

 Coeff. Std. Error t-value p-value 

Constant 1.456 0.728 2.001 0.049 

Proportion of the population working in agriculture ( 1x ) 1.240 0.520 2.386 0.020 

Proportion of roads that are metalled ( 2x )   -1.264 0.160 -7.899 0.000 

Proportion of households with a television ( 3x ) -2.251 0.990 -2.273 0.026 
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Proportion of houses with burnt brick wall ( 4x ) -3.174 1.198 -2.649 0.010 

Proportion of households using firewood for cooking ( 5x ) 2.246 0.577 3.891 0.000 

Adjusted R-square = 91.7%     

 

Models 1-5 (below) were used to identify the relationship between the key predictors of level of 

vulnerability (Table 1) and GDP and population growth. This was done to identify the temporal progression 

of the key predictors to identify future trends based on changes in GDP and population growth. Table 3 

shows the projected real GDP and population growths under the four scenarios. Equation 1-5 below shows 

the relationship between GDP, population growth and the x’s. 

 

POPGDPx 538.0981.01 +−=    1     

    

POPGDPx 451.0725.02 −=    2     

    

POPGDPx 801.0961.03 −=     3     

    

POPGDPx 698.0984.04 −=    4     

    

POPGDPx 454.0844.05 +−=    5  

 

Using future GDP and population growth under the four scenarios, estimates of the x’s were computed for 

2020 and 2050 using equations 6 and 7. 

 








 −
=

1990

19902020
)2020( *

GDP
GDPGDP

x ii β   6 

 








 −
=

1990

19902050
)2050( *

GDP
GDPGDP

x ii β   7 

 

Where iβ  is the corresponding estimated coefficient in equations 1-5 and 






 −

1990

19902020

GDP
GDPGDP

 is the 

real GDP growth. 
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Table 3: Projected real GDP and population growths under the four scenarios 

Factors Time-
points 

Population 
Projections 
(millions) 

GDP Projections 
(Rs Crore) 

Population 
growth 

Real GDP growth 

Scenario A2 1990s 846 886933   
2020s 1354  5094093 0.600 4.743 
2050s 1888 14298068 1.232 15.121 

Scenario B2 1990s 846 886933   
2020s 1012 3833274 0.196 3.322 
2050s 1646 9304363 0.946 9.490 

Scenario A1 1990s 846 886933   
2020s 1291 8924904 0.526 9.063 

 2050s 1572 33426607 0.858 36.688 
Scenario B1 1990s 846 886933  

 

  

2020s 1228 5866501 0.452 5.614 
 2050s 1298 19027395 0.534 20.453 

 

The projected x’s are substituted in Equation 8 under each of the four scenarios to estimate the log of the 

new vulnerability score and equation 9 is used to exponentially transform the score. 

 

)(246.2)(174.3)(251.2)(264.1)(240.1456.1log 54321 xxxxxVul +−−−+=  8 

 

)exp(logVulVUL =          9 

 

Results 
The analysis carried out in WP4 showed that the most vulnerable (lowest quintile) Tehsils in the Assam 

study area are Na-Duar, Majbat, Dhakuakhana, Dhakuakhana, Helem, Bhuragaon, Kadam, Phuloni, 

Naobaicha, Silonijan, Donka, Subansiri, Sissibargaon, Subansiri. Figures 3 is a visualisation of potential 

changes in level of vulnerability by 2050 under the 2 extremes of scenarios the scenarios by quintiles.  As 

indicated above a condensed vulnerability index, consisting of proxy variables, has been identified and its 

indicators projected under a correlation with future GDP and population scenarios.  

In Assam there is a reduction in general vulnerability along the lines of current status (Fig. 2). However 

these results are based on all India GDP estimates and Assam is exposed to a disproportionate level of 

hazard which limits development. As such it is more likely that the real picture will be more like the status 

of vulnerability in 2001 
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Conclusion 
The analysis shows that GDP and population growth impacts on household and community factors that 

predict socioeconomic vulnerability to climate hazards such as the proportion of the population working in 

agriculture,  proportion of roads that are metalled, proportion of households with a television, proportion 

of houses with burnt brick wall and proportion of households using firewood for cooking. The impact of 

GDP and population growth is highest in areas where levels of vulnerability are already high. The results 

clearly depicts that a slow growth in population with a concurrent rapid growth in GDP is important in 

reducing levels of vulnerability.  For example, comparing scenarios A1 and B1 for 2050, it can be noted that 

under scenario B1 population growth is 0.534  and real GDP growth is 20.453 and for  A1 population 

growth is 0.858 and real GDP growth is 36.688, nonetheless although scenario B1 has a lower GDP 

compared to scenario A1, it impact on reducing levels of vulnerability is stronger because of the low 

Figure 3. Scenario Three (A1) and scenario 
Four (B1) are compared with the 2001 
vulnerability map by district in the Assam 
study area. The colours represent deciles 
of vulnerability. In both cases we see a 
substantial reduction in overall 
vulnerability however this will potentially 
be countered by increases in exposure to 
hazard and these maps represent the best 
possible outcomes for this state. 
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3. IIT-R: Measures for selected Sub-domains (State of Assam) 
After the selection of the Sub-domains described in deliverable_6.5-6, IIT-Roorkee (IIT-R) provided values 

for the indicators attributed to the Sub-domains (with reference to the Integrated Indicator Table).  This 

exercise was carried out only for the Assam case study.  In this section IIT-R presents the methodology used 

to derive values of such indicators according to the “what-if?” scenarios (defined in WP_2) and their values.  

However, because of limitation in data availability, some modifications have occurred, i.e. sub-domains 

selected have been removed or others added, and consequently indicators. 

Time steps to be considered for the calculation are: 

• 1980 

• 2000 

• 2020 

• 2050 

The present state of each indicator is set equal to 0.5: 

• values higher than 0.5 represent an improvement of the state 

• values lower than 0.5 represent a worsening of the state 

Sources of data: 

(1) Economic Survey of Assam, 2008, 2007, 2003,  

(2) Statistical Hand book, Assam, 2008,  

(3) Basic Statistics of NER, 1982 

(4)The Economy of Assam 

(5)State of Environment, Assam-2004 

(6) The Human Development Report -2003 

 

1. Per capita income 
1980 2000 2020 2050 

1284 12447 26551 84044 

After normalisation and assuming 1980 =.5 we get 

1980 2000 2020 2050 

0.50 0.57 0.65 1.00 
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SOURCE: Based on the time series data of per capita income for the time period of 1999-2006-07, the data 

has been predicted for two reference period i.e. 2020 and 2050. Sources of data are (a) Directorate of 

Economics and Statistics, Govt. of Assam (b) CSO, Govt. of India. 

2. Population growth 
1980-81* 2000-01 2020-21* 2050-51* 

18044 26655 38778 68044 

 After normalisation and assuming 1980 =.5 we get 

1980-81 2000-01 2020-21 2050-51 

0.50 0.59 0.70 1.00 

* The figures are estimated values (In 1980-81 there was no census in Assam) 

Population growth in  Assam: 

For computing the projected population of the state, the following relation has been adopted. 

P = Po (1+ r) t  

Where P = Projected population for the year under consideration. 

Po = Population at the base year; r = Annual growth rate of population;  

t = Time period 

The annual growth rate of population during last century shows an almost steady growth (ranges from 1.69 

to 2.04) except the time period from 1951 to 1981. During this period the annual growth rate of population 

was around 3.31 per cent. The exclusive growth of population in Assam during the last few decades is the 

combined result of a complexity of factors, particularly partition, leading to the influx of immigrants mainly 

from Bangladesh.  It is true that for any futuristic study of the kind attempted here, it is always prudent to 

err on the safer side. Yet to avoid overestimation as well as the reliability of the study the latest annual 

growth rate of 1.89 during 1991-2001 is adopted for projecting total population of Assam up to 2050. On 

this basis, the total population of Assam in 2050 A.D is  expected  to be 680.44lakhs (vide Table-1) 

Table-1: Projection of Population of Assam 

y = 2E-09e 0.0098x 
R 2  = 0.9547 

0 

0.5 

1 

1980 2000 2020 2040 

Series1 
Expon. (Series1) 
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Year Population(000) Year Population(000) Year Population(000) 

2001-02 27159.84 2018-19 37351.54 2035-36 51367.67 
2002-03 27673.70 2019-20 38058.23 2036-37 52339.54 
2003-04 28197.29 2020-21 38778.29 2037-38 53329.8 
2004-05 28730.78 2021-22 39511.98 2038-39 54338.8 
2005-06 29274.37 2022-23 40259.54 2039-40 55366.89 
2006-07 29828.24 2023-24 41021.25 2040-41 56414.43 
2007-08 30392.59 2024-25 41797.38 2041-42 57481.79 
2008-09 30967.61 2025-26 42588.18 2042-43 58569.35 
2009-10 31553.52 2026-27 43393.95 2043-44 59677.48 
2010-11 32150.51 2027-28 44214.96 2044-45 60806.57 
2011-12 32758.80 2028-29 45051.51 2045-46 61957.03 
2012-13 33378.60 2029-30 45903.88 2046-47 63129.26 
2013-14 34010.12 2030-31 46772.38 2047-48 64323.66 
2014-15 34653.59 2031-32 47657.31 2048-49 65540.67 
2015-16 35309.23 2032-33 48558.99 2049-50 66780.69 
2016-17 35977.28 2033-34 49477.72 2050-51 68044.18 
2017-18 36657.97 2034-35 50413.84     

SOURCE: Census of India 1901 to 2001  

 

Growth of population in Assam

y = 2E-09e0.0099x

R2 = 0.9906

0

0.5

1

1980 2000 2020 2040 2060

Series1 Expon. (Series1)
 

 

3. Urbanization 
1980-81* 2000-01 2020-21* 2050-51* 
10.6 12.72 14.67 19.32 
After normalisation and assuming 1980 =.5 we get 
1980-81 2000-01 2020-21 2050-51 
0.50   0.62 0.73 1.00 
* the figures are estimated values (In 1980-81 there was no census in Assam) 
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Trend of urban population in Assam: 

The state of Assam is under- urbanized to a great extent. Due to slow pace of urbanization as well 

industrialization, migration of indigenous people from rural to urban areas of Assam was very minimum in 

the initial stage. However, it started to show gradual increasing trend since 1951. The increasing trend in 

urban population has resulted mainly due to establishment of new government offices, influx of Hindu 

refugees from East Bengal and gradual increasing attraction of rural people towards urban life.   

Calculation of future trend: 

The trend values of the variable (percentage of urban population to total population) are calculated 

assuming the relationship: 

y = mx + b. 

Here variables are (known_y's, known_x's, new_x's, const) 

Known_y's    is the set of y-values you already know in the relationship y = mx + b. 

If the array known_y's is in a single column, then each column of known_x's is interpreted as a separate 

variable. 

If the array known_y's is in a single row, then each row of known_x's is interpreted as a separate variable. 

Known_x's    is an optional set of x-values that you may already know in the relationship y = mx + b. 

New_x's    are new x-values for which you want TREND to return corresponding y-values. 

Const    is a logical value specifying whether to force the constant b to equal 0. 

SOURCE: (i)Census of India (ii) International  institute for population studies , Bombay 

 

Percentage of urban population to total population 

y = 2E-09e 0.0098x 

R 2  = 0.9978 

0 
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1 
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4. Measure of Flood Damage (Rs. In Lakh) 

4.1 Measure of Flood Damage to Property 

1980 2000 2020 2050 

3980 19000 23372 112733 

After normalisation and assuming 1980 =.5 we get 

.50 .57 .59 1.00 

 

 

4.2 Measure of Flood Damage to Man(Nos) 

1980 2000 2020 2050 

57 36 237 471 

After normalisation and assuming 1980 =.5 we get 

.50 .47 .72 1.00 

 

 Measure of flood damage to property(Rs. in Lakh) 
y = 0.0001x 2  - 0.5218x + 519.51 

R 2  = 0.9716 

0 

0.5 

1 

1960 1980 2000 2020 2040 2060 

Series1 Poly. (Series1) 
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4.3 Measure of Flood Damage to Cattle (Nos) 

1980 2000 2020 2050 

9155 19988 983299 2590370 

After normalisation and assuming 1980 =.5 we get 

.50 .50 .69 1.00 

 

 

5. Decline of Per-capita availability of Forest Land 
 

1980 2000 2020 (projected value) 2050 (Projected values) 

.10 .08 .059 .0418 

After normalisation and assuming 1980 =.5 we get 

1 .83 .61 .50 

 

 

 

 

 

Trend of humanlife lost 

y = 1E-04x 2  - 0.3815x + 377.26 
R 2  = 0.9584 

-0.5 

0 

0.5 

1 

1980 2000 2020 2040 2060 

Series1 
Poly. (Series1) 

Trend of cattle lost 

y = 3E-10e 0.0106x 

R 2  = 0.924 

0 

0.5 

1 
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Series1 Expon. (Series1) 
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6. Potential erosion prone stream bank line 
 

 

y = 1E+68x -20.633 

R 2  = 0.9745 

0 
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Power (Series1) 
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Satellite based estimation of area eroded in Brahmaputra River for South Bank 

Reach No. 

1990 1997 2007 2020 2050 

Area 
Eroded  

Km² 
Area Eroded  

Km² 
Area Eroded  

Km² 

Projected 
Area 

Eroded  
Km² 

Projected 
Area Eroded  

Km² 
1(Dhubri) 0 184.192 10.791 10.791 10.791 

2(Goalpara) 0 12.764 5.052 5.052 5.052 

3(Palasbari) 0 7.147 15.859 24.561 33.282 

4(Guwahati) 0 -6.694 12.079 86.337 472.734 

5(Morigaon) 0 -6.721 103.7 458.334 2187.468 

6(U/sMorigaon) 0 -45.925 56.72 486.06 2753.58 

7(Tezpur) 0 -28.146 44.774 338.577 1875.054 

8(U/s Tezpur) 0 -45.129 71.227 540.54 2995.74 

9(Majuli) 0 3.79 28.998 96.552 402.624 

10(U/s Majuli) 0 1.9 42.118 160.356 717.792 

11(Dibrugarh) 0 40.529 6.066 6.066 6.066 
12(U/s 
Dibrugarh) 0 

66.113 333.416 984.933 3800.106 

    117.707 397.384 2213.226 11460.183 
      

Satellite based estimation of area eroded in Brahmaputra River for North Bank 

Reach No. 

1990 1997 2007 2020 2050 

Area 
Eroded  

Km² 
Area Eroded  

Km² 
Area Eroded  

Km² 

Projected 
Area 

Eroded  
Km² 

Projected 
Area Eroded  

Km² 

1(Dhubri) 0 30.332 94.129 213.072 642.864 

2(Goalpara) 0 38.144 40.902 40.902 40.902 

3(Palasbari) 0 5.754 42.914 142.092 590.544 

4(Guwahati) 0 6.266 1.654 1.654 1.654 

5(Morigaon) 0 33.468 2.138 2.138 2.138 

6(U/s Morigaon) 0 21.782 7.275 7.275 7.275 

7(Tezpur) 0 34.025 4.733 4.733 4.733 

8(U/s Tezpur) 0 25.393 5.794 5.794 5.794 

9(Majuli) 0 13.235 12.327 12.327 12.327 

10(U/s Majuli) 0 43.779 16.878 16.878 16.878 

11(Dibrugarh) 0 -6.023 43.529 210.237 1036.254 
12(U/s 
Dibrugarh) 0 -35.078 55.454 420.51 2330.16 

        1077.612 4691.523 
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Note: The rate of erosion is assumed to be similar in 
magnitude occurred in 2007 for projecting to 2050. This 
assumption is necessated because of l imited availabil ity of 
data points. 
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Note: The rate of erosion is assumed to be similar in magnitude 
occurred in 2007 for projecting to 2050. This assumption is 
necessated because of l imited availabil ity of data points. 
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Note: The rate of erosion is assumed to be similar in 
magnitude occurred in 2007 for projecting to 2050. This 
assumption is necessated because of l imited availabil ity of 
data points. 
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y = 0.706x2 - 5.9021x + 0.0003

R2 = 1
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Note: The rate of erosion is assumed to be similar in 
magnitude occurred in 2007 for projecting to 2050. This 
assumption is necessated because of l imited availabil ity of 
data points. 
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Note: The rate of erosion is assumed to be similar in 
magnitude occurred in 2007 for projecting to 2050. This 
assumption is necessated because of l imited availabil ity of 
data points. 
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y = 0.1164x2 - 0.2734x + 0.0011

R2 = 1
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Note: The rate of erosion is assumed to be similar in magnitude 
occurred in 2007 for projecting to 2050. This assumption is 
necessated because of l imited availabil ity of data points. 
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data points. 
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y = 1.0168x2 + 2.3271x + 4E-05
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7. Energy consumption 

7.1 Electricity consumption in domestic sector (in million kwh) 

1980-81 2000-01 2020-21* 2050-51* 

65.00 569.31 14.67 19.32 

 After normalisation and assuming 1980 =.5 we get 

1980-81 2000-01 2020-21 2050-51 

0.50   0.64 078 1.00 

* The figures are estimated values  

Consumption of Electricity in domestic sector

y = 0.0071x - 13.64
R2 = 0.9998

0
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7.2 Electricity Consumption in Commercial Sector (in million kwh): 

1980-81 2000-01 2020-21* 2050-51* 

30 164 294 487 

 After normalisation and assuming 1980 =.5 we get 

1980-81 2000-01 2020-21 2050-51 

0.50  0.64 0.79 1.00 
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Electricity consumption in commercial sector in Assam

y = 0.0072x - 13.694
R2 = 0.9998
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7.3 Total unit sold (Electricity in million kwh) 

1980-81 2000-01 2020-21* 2050-51* 

638 1682 1710 1711 

 After normalisation and assuming 1980 =.5 we get 

1980-81 2000-01 2020-21 2050-51 

0.50 0.98 0.99 1.00 

 

Total unit sold (Electricity)

y = -0.0002x2 + 0.9305x - 942.95
R2 = 0.9168
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7.4 Rural Electrification: Percentage of electrified villages to total inhabited 
villages: 

1980-81 2000-01 2020-21* 2050-51* 

25.6 78.0 100 100 

 After normalisation and assuming 1980 =.5 we get 

1980-81 2000-01 2020-21 2050-51 

0.50 0.85 1.00 1.00 

 

Percentage of village electrified.

y = -0.0002x2 + 0.7674x - 779.26
R2 = 0.9974
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Pattern of Energy consumption in Assam: 

Regarding the pattern of electricity consumption in Assam during the period 1950-51 to 1973-74, there was 

gradual fall in the percentage of electricity consumption for domestic, commercial and public lighting 

purposes.  However, there was continuous increase in the consumption of electricity in domestic as well as 

commercial sector. So a linear trend is detected for future consumption as well. 

In Assam, rural electrification programme is gaining momentum since the last few years. It was only from 

Second Plan the rural electrification was given due importance in Assam.  In 1961 only 0.4 % villages were 

electrified and it has increased to 9.9 % and 25.6 % in 1978 and 1981 respectively. Gradually a good 

progress was achieved in the field of rural electrification. 

Source:  1. Assam State Electricity Board. 

2. Report of NSS, 1993-94, 1996-97, 2004-05. 

3. Statistical hand books of different years 
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8. Growth of the aggregate area and numbers of commercial tea estates in Assam 

8.1 No. of commercial tea estates 

1980 2000 2020 (projected value) 2050 (Projected values) 

777 39151 122014 747408 

After normalisation and assuming 1980 =.5 we get 

1980 2000 2020 (projected value) 2050 (Projected values) 

.50 .53 .58 1 

 

 

8.2 Area of commercial tea estates (000 hectares) 

1980 2000 2020 (projected value) 2050 (Projected values) 

200 267 385 693 

After normalisation and assuming 1980 =.5 we get 

1980 2000 2020 (projected value) 2050 (Projected values) 

    

 

Growth of nos of tea estate in Assam 

y = 0.0002x 2  - 0.6004x + 598.55 
R 2  = 0.9888 
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9. Gross irrigated area 
Crops  1980 2000 2020 2050 

Rabi  NA 14831.04 30934.21 63815.8 

Kharif  NA 99900.77 67461.48 53961.25 

Total  NA 114731.81 98395.97 117778.04 

 

10. Share of secondary sector on GSDP 
 

1980 2000 2020 (projected value) 2050 (Projected values) 

12.6 14.3 18.37 27.26 

After normalisation and assuming 1980 =.5 we get 

1980 2000 2020 2050 

0.50 0.56 0.70 1.00 

 

Growth of area under commercial tea estate 

y = 8E-05x 2  - 0.3045x + 300.25 
R 2  = 0.9998 
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Percentage contribution of Secondary Sector to GSDP in 
ASSAM

Series1

y = 8E-05x2 - 0.297x + 292.6
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11. Contribution of tertiary sector to NSDP 
1980 2000 2020 (projected value) 2050 (Projected values) 

39.9 50.1 61.18 82.33 

After normalisation and assuming 1980 =.5 we get 

1980 2000 2020 2050 

0.50 0.62 0.76 1.00 

 

Contribution of tertiary sector to NSDP

y = 0.0072x - 13.725
R2 = 0.9957
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12. Growth of industries (No. of registered factories in Assam) 
1980 2000 2020 (projected value) 2050 (Projected values) 

1987 2406 2458 2443 

After normalisation and assuming 1980 =.5 we get 

1980 2000 2020 (projected value) 2050 (Projected values) 

.5 .94 1 .98 

 

y = -0.0002x2 + 0.9281x - 940.42
R2 = 0.9583
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13. Female literacy rate  
 

1980 2000 2020 (projected value) 2050 (Projected values) 

30.83 56.03 82.00 100% 

After normalization 

1980 2000 2020 (projected value) 2050 (Projected values) 

.5 .68 .87 1 
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14. Number of habitations providing drinking water 
1980 2000 2020 2050 

12151 

(extrapolated) 

44729 145649 826677   

After normalization 

.5 .52 .58 1 

 

Habitation providing drinking water(fully covered)

y = 0.0002x2 - 0.6147x + 612.83
R2 = 0.9924
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y = -6E-05x 2  + 0.2431x - 251.48 
R 2  = 0.9959 
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 Projected values of Integrated Indicators for the SRES A1 and B1 Scenarios        

 Indicators Sub domain Scenario Unit  
Base 
year Projected years 

 1990 2000 2020 2050 

1 Per capita Income Poverty 

SRES A1 
Rs.(at 

1993-94 
prices) 

1544 2034.58 6490.27 28233,56 

SRES B1 
Rs.(at 

1993-94 
prices) 

1544 2208.09 7097.43 40512.79 

2 Population Growth Population Dynamics SRES A1 
&B1* 000' no. 22400 26397 33229 37141 

3 Percentage of Urban Population to total Population Population dynamics SRES A1 
&B1* % 12.5 12.72 14.67 19.32 

4 Flood damage to Property  Infrastructure 
pressures 

SRES A1 Rs in Lakh 9244.91 17290 23138 85677 
SRES B1 Rs in Lakh 9244.91 19000 23372 112733 

5 Decline of Forest Land (Per capita) Forest Management SRES A1 
&B1* Hectares 0.1 0.08 0.068 0.076 

6 Potential erosion prone stream bank line   SRES A1 
&B1* Hectares         

7 

7.1 Electricity consumption in Domestic Sector Energy Consumption SRES A1 
&B1* 

Million 
Kwh 180 211 267 298 

7.2 Electricity consumption in Commercial  sector 
 SRES A1 Million 

Kwh 115 149 291 370 

  SRES B1 Million 
Kwh 115 164 294 487 

8 
8.1 Number of Commercial Tea estate  SRES A1 No. 848 27382 30394 32218 

  SRES B1 No. 848 30019 33441 46818 
8.2 Aggregate Area of Commercial Tea Estate 
(thousand ha.) 

 SRES A1 Hectares 230 236 330 370 
  SRES B1 Hectares 230 259 333 487 

9 Gross Irrigated area  Agriculture Production 
SRES A1 Hectares 11247.45 104405.9

5 
97412.0

1 89511.31 

SRES B1 Hectares 11247.45 114731.8
1 

98395.9
7 

117778.0
4 

1
0 Share of secondary sector to GDP Employment SRES A1 

&B1* % 11.2 14.3 18.37 27.26 

1
1 Share of tertiary sector to NSDP Employment SRES A1 

&B1* % 44.4 50.1 61.18 82.33 

1 Growth of Industries (No of registered factories) Employment SRES A1 No. 2677 2189 2433 1856 
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2 SRES B1 No. 2677 2406 2458 2443 
1
3 Female Literacy  Gender SRES A1 

&B1* % 43.03 56.03 82 100 

1
4 Drinking Water (Habitation covered) Water Availability SRES A1 No. 23285 31201 36194 36194 

SRES B1 No. 23285 34229 39706 51617 
         
 * since values are percentage contributions, will remain same for both the scenarios.       
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 THEME SUB-DOMAIN INDICATOR UNIT METHOD 

1 SOC POVERTY per capita income 

Rs. From the downscaled country level GDP and population (SRES A1 and SRES 
B1) projection, per capita income has been calculated for required time 
period, i.e 2000, 2020 and 2050. Applying this growth trend of per capita 
income of India, the growth of per capita income for Assam has been 
calculated. 

2 SOC 
POPULATION 
DYNAMCS population growth 

‘000’nos The trends of population growth for different countries are given as per SRES 
scenarios. So the population growth rate of India has been maintained while 
projecting the population of Assam for future. 

3 SOC 
POPULATION 
DYNAMCS urbanization 

 Percentage of total population to total population. 

4 SOC 
INFRASTRUCTURE 
PRESSURES 

measure of flood damage to 
property, to man, to cattle 

  

5 ENV 
FOREST 
MANAGEMENT 

decline of per-capita 
availability of forest land 

ha. Per capita availability of forest land is calculated by dividing the total forest 
(excluding un-classed state forest) by total population. Because of huge 
population explosion and deforestation the per capita availability is declining 
continuously. This trend has been drown up to 2050 based on the data 
available for 1998-2007 which shows that per capita forest land (projected) 
will be .059 and .048 in 2020 and 2050 respectively ( where population 
projection is done on the basis of the following relationship: 

P = Po (1+ r) t 
Where: 

P = Projected population for the year under consideration. 

Po = Population at the base year; r = Annual growth rate of population;  

t = Time period 

However, growth of population under SRES A1 &B1 scenarios is 
comparatively smaller than the above projection and accordingly availability 
of forest land is found to be little bit more (for the SRES A1 &SRES B1) than 
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the said scenario. 

6 ENV VULNERABILTY potential erosion prone stream 
bank line 

  

7 ECON 
ENERGY 
CONSUMPTION power consumption 

  

8 ECON 
AGRICULTURE 
PRODUCTION 

growth of aggregate area and 
number of commercial tea 
estates 

ha. & no. 1. Based on time series data (1990-2002, Economic Survey) the future 
values are calculated by extrapolation.  

2. These values were downscaled as per SRES scenarios keeping conformity 
with GDP. 

9 ECON 
AGRICULTURE 
PRODUCTION 

gross irrigated area 

ha. Based on the time series data (1999-208-09) future trend is calculated. 
However, due to climate change this normal growth is assumed to 
deteriorate. So as per the scenarios the predicted trend is downscaled 
observing GDP. 

10 ECON EMPLOYMENT share of secondary sector to 
GDP 

% In the GDP of Assam the share of secondary sector has been increasing 
moderately with little bit fluctuations over some years. Based on these data 
available for 1990-2001, the growth trend has been projected up to 2050. 
Since the variable is calculated in percentage form so its contributions may 
assume to be unchanged under different scenarios.(given the data in 
appendix file) 

11 ECON EMPLOYMENT share of tertiary sector to GDP %  

12 ECON EMPLOYMENT growth of industries no.  

13 SOC GENDER female literacy  
% Since values are calculated in percentage so its contributions will remain 

unchanged for both the scenarios. The trend values of the variable (Female 
literacy) are the extrapolated values. 

14 SOC 
WATER 
AVAILABILITY 

No. of habitation providing 
drinking water 

no. These are the downscaled data of the linear growth of the variable based on 
probability that has developed observing GDP under SRES A1 and SRES B1 
scenarios 

 



4. Overview of “what-if?” scenarios 
In WP_2 the downscaling of the GCM provided Brahmatwinn with projected values for climate indicators, 

which where in subsequent WPs used as input by other partners.  Please refer to the deliverables of WP_2, 

WP_3, WP_4 for the methodology and results that describe how these indicators were calculated, and to 

WP_6 for the framework within which the indicators were placed (Integrated Indicator Table) and put in 

relation with the issues arisen in stakeholder workshops.  Here we would just like to offer a comparative 

view of some indicators, to describe “what-if?” scenarios. 

During the final meeting in Kathmandu (6-8 November 2009) we have decided to concentrate on the A1B 

and B1 scenarios only, because they offer a worst and best (respectively) possible future.  These scenarios 

and projections table (Table 1) was presented to end-users during the symposium held in Kathmandu (8-9 

November 200) along with other results of the research project.  The presentation of Brahmatwinn’s 

outcomes was the basis for the brainstorming session, which was aimed at listing responses, both existing 

and needed (see WP_10). 

 

Table 1. Scenarios and Projections 

Domain Indicator Base Line A1B B1 

climate 
(ENV) 

T, Prec, ET regional trends 

T + 2 – 6° C 
P + in Bhutan 
P + in Tibet 
P – in Assam 

T + 2 – 3° C 
P + in Bhutan 
P + in Tibet 
P – in Assam 

hydrology 
(ENV) 

Qo, Qi, Qg 
Changes of flow volume 
and  seasonal flow 
distribution 

15% till 28% less mean 
annual discharge 

15% till 23% less mean 
annual discharge 

glaciology 
(ENV) 

Δ AGC 
ΔAGC (1970-2000) 
- 17% till -20% 

glaciers and permafrost 
will melt away 

less pace of glacier and 
permafrost melt 

hydrobiology 
(ENV) 

wetlands 
regional diversity with 
functioning ESS and ESF 

strong pressure 
from GDP and 
population growth 

less pressure from GDP 
and population growth 

vulnerability 
(SOC-ECON) 

GDP and 
population 
growth 

high VB in flood prone 
areas with high 
population pressure 

high GDP development 
but also high population 
increase, reduces 
vulnerability the least of 
all scenarios 

lower increase of GDP 
than A1B but also lower 
population, reduces 
vulnerability the most of 
all scenarios 

governance 
(GOV) 

governance 
and policy 

IWRM is not in place but 
first attempts are made 
on a transnational level 

less good with respect to 
sustainability but 
governance levels as 
good as in B1  

best setup for 
management of the 
whole river basin and 
IWRM 
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Abstract 
This work illustrates the preliminary findings of a participatory research process aimed at identifying 

responses for sustainable water management in a climate change perspective, in two river basins in Europe 

and Asia. The paper describes the methodology implemented through local workshops, aimed at eliciting 

and evaluating possible responses to flood risk. Participatory workshops allowed for the identification of 

four categories of possible responses and a set of nine evaluation criteria, three for each of the three pillars 

of sustainable development. The main outcome of such activities consists in the ranking of broad response 

categories instrumental to the objective of the Brahmatwinn research project, i.e. the identification of 

Integrated Water Resource Management Strategies (IWRMS) based upon the issues and preferences 

elicited from local experts. The mDSS tool was used to facilitate transparent and robust management of the 

information collected through Multi-Criteria Decision Analysis (MCDA) and communication of the outputs. 

 

Key words: participatory process; climate change; flood risk; decision support system; multi criteria 

analysis; MCA; eliciting responses; evaluating responses; integrated water resources management; IWRM; 

Mulino decision support system, mDSS. 
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1. Introduction 
According to the last assessment report released by IPCC in 2007, climate has been changing and will 
continue to change even if greenhouse gas (GHGs) emissions are reduced to meet the targets of the Kyoto 

protocol (IPCC, 2007; Mace, 2005).  There is a call for policy measures both for emission abatement, i.e. 

mitigation, and for impact reduction, i.e. adaptation. Indeed, even if effective emission reduction policies 

were implemented, we would still need to adapt: as a consequence of lags in the response of the climate 

system to GHGs already emitted in the atmosphere, we will nonetheless experience an increase in 

temperature with respect to previously observed values (IPCC 2007). Poor and developing countries in 

particular, which are only marginally responsible for anthropogenic climate change, will be most affected 

by the expected impacts (Heltberg et al., 2009). Climate change is therefore also an equity issue and 

adaptation policies should continue to have a role in international negotiations (Mace, 2005). 

Not giving the right importance to adaptation would imply burdening those sectors that will bear the 

biggest impacts of climate change, such as water provisioning in river basins fed by glacier melt (Mace, 

2005). Places already facing unstable water regimes and resource availability are most likely to suffer from 

water shortages, but also flood risks may be exacerbated in different seasons (e.g. the post-monsoon 

season in the Himalayas) and therefore improving water management now would also mean investigating 

adaptation to future scenarios (EC, 2009). Management choices are becoming more and more urgent. 

Adaptation has been on the agenda since the Earth Summit in Rio (1992) and reference to adaptation can 

also be found in the United Nations Framework Convention on Climate Change (UNFCCC, 1992) and the 

Kyoto Protocol (1997).  According to the UNFCCC Annex II, countries that ratified the convention made a 

legally binding commitment to fund adaptation in developing countries (www.unfccc.int; Mace, 2005).  

However, it is not until the Marrakech Accords (2001) that adaptation policies and projects have gained 

importance (Schipper, 2006) and in the Fourth Assessment Report of the IPCC (2007), we find reference to 

a demand for research on adaptation, mitigation and development. 

Projected climate changes for the 21st century in the mountains of the world is two to three times greater 

than the change observed in the 20th century (Nogues-Bravo et al., 2007).  All mountains are expected to 

warm, but warming will vary with location. Depending on which IPCC-SRES scenario is considered, in 2055 

mid-latitude mountains of Asia have a projected temperature increase between 2.7 and 3.8°C, while mid-

latitude mountains of Europe have a projected temperature increase between 2.3 and 3.3 °C (Nogues-

Bravo et al., 2007).  However, assessing impacts of this temperature change is not so straightforward 

because of non-linear feedbacks between impacts and because of uncertainty in the downscaling of Global 

Circulation Models (Nogues-Bravo et al., 2007). 

Glaciers have been retreating and decreasing in volume since the end of the 1980s, similarly mountain 

snowpack has been significantly decreasing. Thus their role as water reservoirs has been negatively 

affected, and this has in turn affected the hydrologic regimes (Nogues-Bravo et al., 2007) and in particular 

the water storage capacity of mountains (Stewart, 2009).  Catchments that rely on either glacier or 

snowpack melt, or both, as a source of water will be significantly affected by climate change (Viviroli and 

Weingartner, 2004; Stewart, 2009).  For example, earlier snowmelt might result in winter and spring floods, 

thus in longer summer droughts (Stewart, 2009). Climate change will also decrease water availability in 

lowlands that are influenced by discharge from contiguous mountain ranges (Messerli et al., 2004). 

Relatively high mountain run-off can be found in semi-arid and arid regions, such as the Himalayas, but also 
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in some humid regions, such as the European Alps (Viviroli et al., 2007). Hence we can say that mountains 

are important for the hydrology of the lowlands, especially when lowlands are arid, as is the case of the 

Himalayas (Viviroli and Weingartner, 2004; Messerli et al., 2004). Though far from each other from a 

physical and social point of view, the populations of different parts of the world will be facing similar 

problems. 

Moreover, large catchments are often trans-boundary. Hence research needs to span over borders 

encompassing the whole catchment and cooperation projects should be set up to enhance expertise and 

mutual learning (Renn, 2006). The latter can be very beneficial and needs to be horizontal, involving people 

who share background and knowledge on the same issue in different places.  However, mutual learning 

should also be vertical, integrating knowledge coming from different sciences, including knowledge from 

stakeholders.  Participatory processes can be of many kinds and defining what is the goal of the 

participatory process is necessary before identifying the most suitable approach for the given case (Irvin 

and Stansbury, 2004).   

Stakeholders’ involvement is at the basis of any participatory process of policy/decision making, such as the 

development of Integrated Water Resource Management (IWRM) plans and projects. Stakeholders hold 

necessary information that should be used in social and eco-system management, thus facilitating the 

exploitation of scientific knowledge with social relevance (De La Vega-Leinert et al., 2008).  In the context of 

research projects, the participation of stakeholders can contribute significantly to the achievement of 

project outcomes that are better suited to fulfil society’s needs (de La Vega-Leinert et al., 2008), thus 

increasing the impacts of research efforts.  During participatory processes mutual learning occurs between 

scientists and stakeholders, new opinions can be expressed, problems can be addressed, technical 

expertise combined, agreements reached, and compromise solutions found if all vested interests are voiced 

(Renn, 2006).  

In parallel to the increasing emphasis on public participation in IWRM, there is also an increasing attention 

to the need for efficient tools to support the management of those processes and to the role that could be 

played by information and communication technologies (ICT), mathematical simulation models and 

Decision Support System (DSS) tools, in particular. In the context of climate change research the first 

category of tools may provide scientifically-based scenarios and projections – prerequisites for any planning 

activity - while DSS tools may provide the ground for bridging the scientific contributions (i.e. by further 

elaborating model outcomes) and decision/policy making processes, including the management of the 

participation of different actors (e.g. policy makers, local experts, dwellers, etc.). Despite the theoretical 

potential, traditional modelling techniques have shown limited impacts on policy making, especially with 

respect to complex systems such as those involved in natural resource management, and one of the 

problems most often mentioned is the limited involvement of stakeholders and potential users (Geurts and 

Joldersma, 2001). Hence, the need emerges to develop new tools which combine the potentials of 

advanced ICT tools and robust participatory approaches (Mysiak et al., 2005). Such instruments could be 

identified as DSS methods and tools providing participatory modelling functionality, in which the 

formulation of a conceptual model and its formalisation is carried out by disciplinary experts with the direct 

involvement of stakeholders in a way that is coherent with the so-called “hard science” modelling 

approaches to be adopted (Sgobbi and Giupponi, 2007).  
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Having recognised the relevance of the issues briefly discussed above, the Brahmatwinn research project1 

has planned a participatory process to integrate scientific and stakeholders’ knowledge to deal with water 

management, climate change and Alpine regions in Europe and Asia.  For this purpose, a programme of 

local workshops in two twinned river basins, the Upper Brahmaputra and the Upper Danube (UBRB and 

UDRB, respectively), has been defined in parallel to the more common research activities in the various 

disciplinary fields (dynamic climatology, hydrology, sociology, economics, etc.) relevant for the integrated 

assessment of climate change impacts and the development of adaptation strategies. The integration of the 

two research streams allowed the project to facilitate the dissemination of results of scientific, data-driven 

analyses regarding the drivers of change on the river socio-ecosystems and related impacts on the one 

hand and, on the other, to orient and consolidate those investigations according to the feedback collected 

through the involvement of local actors (LAs)2

2. Methods 

. 

In this article we present a methodological and operational proposal for the management of decision 

processes in a participatory context for the development of an IWRM plan, considering the climate change 

perspectives and adaptation needs too. In particular some of the methods and findings of the Brahmatwinn 

Project are illustrated, by referring to the participatory process carried out in the two river basins in Europe 

and Asia: UDRB and UBRB. In Section 2, the methodological framework adopted for the case studies, the 

information base and the DSS design is introduced. In Section 3 the results of the application of the 

proposed approach to the Brahmatwinn project are presented, and in Section 4 the outcomes obtained are 

discussed and some conclusive remarks are drawn. 

2.1 The methodological framework 
The approach adopted for the analysis of alternative adaptation responses is based on the NetSyMoD 

methodological framework (Giupponi et al., 2008) for the management of participatory modelling and 

decision processes (Figure 1). 

The framework is organised in six main phases. The first three (Actors’ Analysis, Problem Analysis, Creative 

System Modelling) provided the Brahmatwinn Project with (1) an in depth analysis of general problems 

related to water resources management in the two upper river basins, with the participation of the 

communities of interested parties in the case study areas, and (2) mental model representations of the 

problems, i.e. qualitative descriptions of the causal links between the various components of the local 

socio-ecosystems by means of cognitive maps clustered in order to be consistent with the DPSIR framework 

(Driving forces, Pressures, State, Impacts, and Responses; EEA, 1999), used as an upper – aggregated – level 

communication interface. The subsequent phases, DSS Design and Analysis of Options, were the object of 

the activities carried out at the two workshops discussed in this paper, and contributed to the design and 

evaluation of a set of alternative responses obtained with group elicitation techniques and with the 

                                                           

1 Project title: Twinning European and South Asian River Basins to enhance capacity and implement adaptive 
management approaches. (BRAHMATWINN). Project no: GOCE -036952. Research funded by the European 
Community, SUSTDEV-2005-3.II.3.6: Twinning European/third countries river basins. 
2 We have preferred to use the term local actor (LA), to identify all the people involved in the case study activities instead 
of the more commonly used term stakeholder, to emphasise the fact that they were people who did not belong to the 
project consortium (typically local experts or policy makers), involved in project activities by partners responsible for the 
management of case studies to provide advice and steer project activities, without the ambition to assess their 
representativeness with robust procedures, such as Social Network Analysis. 
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application of the DSS tool. The last phase, Actions and Monitoring, is beyond the scope of the research 

project. 

The DSS Design phase consists of system specification and development of software tools capable of 

managing the data required for informed and robust decisions. The Analysis of Options is performed with 

the mDSS software (Mulino DSS) through Multi Criteria Decision Analysis (MCDA), which provides a 

framework for decision analysis, and with a set of techniques aiming at the elicitation and aggregation of 

decision preferences (Figueira et al., 2005). In this case, MCDA demonstrates how to assist a decision 

maker, or a group of decision makers, in identifying the best alternative from a range of alternatives in an 

environment of conflicting and competing criteria and interests (Belton and Stewart, 2002). 

 

 

Figure 1: The NetSyMoD approach for participatory modelling and decision making  
(source: Giupponi et al., 2008). 

 

2.2 The background information 
The participation of local actors in the two case studies was achieved through a series of workshops (WSs), 

organised with the collaboration of local partners (IIT-R, UniBu, Z_Gis, LMU, ICIMOD, ITP, CARR) in which 

brainstorming techniques were initially used to elicit the most relevant local issues and the most promising 

responses - potential or in place - to cope with flood risk in a climate change perspective. In parallel, 

disciplinary experts of the project consortium explored the problems, identified data sources and 

developed a system of representative indicators. 

Actor Analysis 
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Creative System 
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Figure 2: The conceptualisation of the information base stored in the IIT within the DPSIR framework 
(screenshot of the mDSS software). 

 

In order to combine and compare the information from both the researchers and the local actors belonging 

to the two case study sites (UDRB, UBRB) an extensive Integrated Indicator Table (IIT) was developed in 

WP_6 with the collaboration of the Brahmatwinn Consortium Partners, which represented the knowledge 

base for the activities described herein. On the left side of the table a hierarchical classification of the 

information relevant to the whole research project is reported, starting with the level of greatest 

aggregation, i.e. the four “Themes” (Environmental, Economic, Social and Governance). The “Themes” are 

sub-divided into “Domains”, which are further segmented into “Sub-domains”. Such a categorisation of 

relevant information for the project was developed with a Delphi technique in a series of steps, in which all 

the project partners were involved. At the highest level of detail, “Indicators” were identified by partners 

(one or more per Sub-domain) as the means of providing quantitative assessment of the various typologies 

of information dealt with by the project. The left hand side of the IIT thus represents a comprehensive 

catalogue of the information provided in the project. On the right hand side of the IIT, the issues identified 

by local actors during the workshops dedicated to the NetSyMoD phases of Problem Analysis and Creative 

System Modelling were then assigned to ”Sub-domains”, thus providing an interface between the potential 

supply of information from project activities, and the demand for information from potential beneficiaries. 

Sub-domains were also assigned to the five nodes of the DPSIR framework, in view of the utilisation of the 
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DSS adopted by the project, i.e. mDSS (Giupponi, 2007; www.netsymod.eu/mdss), which uses this 

framework for the analysis of the causal interactions between human activities and the environment (see 

Figure 2).  

 

All the items relevant to the identification of possible IWRM strategies to cope with climate change 

adaptation needs in the two areas were categorised as Responses (according to the DPSIR definition) and 

classified in four broad typologies:  

1. ENG-LAND: Engineering Solutions and Land Management (e.g. dam construction, river network 

maintenance, soil conservation practices, etc.); 

2. GOV-INST: Investments in Governance and Institutional Strength (e.g. accountability and transparency in 

government actions, enforcement of existing regulations, flood insurance, etc.); 

3. KNOW-CAP: Knowledge Improvement and Capacity Building (e.g. awareness raising activities, 

dissemination of scientific knowledge, training of public employees, etc.); 

4. PLANNING: Solution based on planning instruments (e.g. design and implementation of relief and 

rehabilitation plans, hazard zoning, etc.). 

A sixth category, Exogenous Drivers (ED), was introduced to classify indicators describing climate change 

projections.  

2.3 The DSS Design and implementation 
Building upon the information acquired in the participatory activities carried out in the first two years of 

the project and referred to in the first three NetSyMoD phases, two new workshops were organised, one in 

Salzburg, Austria (UDRB) hosted by Z_Gis, and one in Kathmandu, Nepal (UBRB) hosted by ICIMOD, with the 

aim of testing the proposed methodology and providing the project consortium with a preliminary 

assessment of the expected effectiveness of the four response categories to cope with flood risks under the 

pressure of climate change in the two river basins. In order to guarantee the comparability of the results of 

the two river basins, both workshops were structured using the same methodology and procedure, 

designed with the purpose of building a common language, knowledge and understanding of the problems 

within the groups of local actors, and between them and the research consortium.  

Following the techniques developed in a series of previous applications of the NetSyMoD approach, the 

workshops started with the presentation of the goals and of the preliminary results of the downscaling of 

climate change (CC) scenarios, by means of storylines developed by the project climatologists (Institute for 

Atmospheric and Environmental Sciences of Johann-Wolfgang Goethe University, JWG), focusing on the 

possible effects of CC on local water resources over the coming 40 years3

Having introduced the problem and the scenarios, a brainstorming session was conducted to elicit and 

consolidate the sets of possible responses within the four main categories that had been defined during the 

previous project meetings. This section created the basis for the correct implementation of the ensuing 

steps, and led to the identification of sub-categories and specific actions, within the proposed four major 

categories of responses, in order to: 

.  

                                                           

3 Climate Change scenarios provided climate simulations using three IPCC-SRES scenarios (A1B, A2 and B1) and the COMMIT 
scenario (i.e. the consequence of committing world economies to limit GHG concentrations at 2000 levels), five data sets (GPCC, 
UDEL, CRU, EAD, F&S) and four models (ERA40, CLM-ERA40, ECHAM5, ECHAM5-Γ). 
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• consolidate the range of possible adaptive responses to cope with flood risk and CC; 

• develop a common understanding of the broad classes of adaptive responses; 

• enhance the confrontation among LAs regarding the needs and the opportunities of intervention in 

the river basin; 

• analyse and compare LAs’ opinions from the twinned river basins in Europe and Asia.  

Having consolidated the identification of responses, the participants were asked to move to the selection 

of the criteria for the evaluation of responses, and then to the exercise of attributing criteria weights, bith 

described in Dl_8.1. 

Criteria and responses were used to define the entries of the Analysis Matrix (AM) (9 rows and 4 columns 

for criteria and response categories respectively) and, together with the weight vectors, they were utilised 

for the subsequent evaluation exercise, by means of the MCDA methods provided by the mDSS software. 

Participants were asked to proceed to fill in the matrix by evaluating the potential effectiveness of each 

response (columns) in coping with the issues expressed by the criteria (rows) by means of a Likert scale 

(from 1 to 5 ranging from “very high effectiveness” to “very low effectiveness”). Forms were distributed to 

all the participants with the question: “What is the potential effectiveness of the responses (columns) in 

coping with the issues expressed by the criteria (rows)?” followed by the AM, where the Likert scale was 

reported in every cell and where participants were required to place one tick mark expressing their 

preference.  

Moreover, in accordance with the “Guidance Notes for the lead authors of IPCC 4th Assessment Report on 

Addressing Uncertainties” (IPCC, 2005), a second scale was added in every cell to analyse the degree of 

confidence and uncertainty related to local actors’ opinion. Here, the concept of uncertainty was related to 

the unpredictability of the effectiveness of the responses, which can be due to various reasons: e.g. the 

unpredictable projections of human behaviour, the unpredictable evolution of political systems, the chaotic 

components of the eco-system, etc. Thus, a second question, “What is your degree of confidence in giving 

your answer, considering its predictability?” was added to the form sheets and a second Likert scale was 

added in every cell of the AM.  

The compilation of the AM concluded the first part of the NetSyMoD workshop. All the data collected were 

coded with a spreadsheet software and then passed to the mDSS tool, for Multi-Criteria Analysis (MCA) and 

Group Decision Making (GDM). The mDSS software allowed for the comparison of the alternative options 

using MCA techniques, by operating parallel evaluation processes, representing the preferences of each 

participant. The alternative options (i.e. the four categories of responses), were assessed on the basis of 

their contributions to solve the expected impact due to flooding under a CC scenario, and expressed 

through the criteria values and their weights.  

In practice, the qualitative evaluations contained in the Analysis Matrix were transformed into scores that 

expressed the performances of the responses by applying a normalisation procedure, which converted 

them into a continuous scale from zero to one, subsequently processed by means of MCA decision rules. 

For the purposes of the workshop the Electre III decision rule was utilised to rank the alternative responses. 

Electre III adopts a pairwise comparison of the alternatives, so it is computationally rather demanding, but 

very simple to be applied by practitioners. It imposes so-called outranking relation on a set of alternatives. 

An alternative a outranks an alternative b if a is at least as good as b and there is no strong argument 

against. Results of individual outranking procedures were subsequently combined in a Group Decision 
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Making procedure by means of the Borda rule. The Borda rule is one of the most simple outranking 

procedures and it is provided by the mDSS software, in which a total Borda mark is calculated by summing 

up all the (reversed) rankings obtained by the LAs (i.e. the best option is given, in this case, a value of 3, 

while the worst the fourth, is given a value of 0). The best (consensus) option is obviously the one with 

highest total Borda mark. 

All the results of the data processing were reported in a plenary session to the participants in the final part 

of the NetSyMoD workshop. 

3. Results 
According to the preliminary results of the downscaled CC scenarios, in both study areas, intensified 

weather events are expected to cause an increase in rainfall in the wet season and of droughts during the 

dry periods. Climate change could thus exacerbate the uncertainty related to water availability and its 

quality and the occurrence of extreme events, as Brahmatwinn climatologists have suggested. The 

procedure described in Dl_8.1 had as output the selection of the criteria from the Integrated Indicators 

Table (IIT), and their relative importance by attributing criteria weights. 

Using all the information collected from the exercise of fill in the matrix and aggregating the individual LAs’ 

evaluations, two average AMs were compiled (see Figure 5). Having taken into account the effect of 

averaging the different views of the LAs involved, we can observe that both the UDRB and UBRB results 

showed that none of the categories of responses clearly dominates the others. All the average criterion 

scores (row) or responses (columns) are in a range between “very high effectiveness” and “medium 

effectiveness”, meaning that all the responses are considered to be potentially good for responding to 

flood risk. This stresses the potential validity of the four categories of responses, while, on the other hand, 

it also highlights the need for more detailed analyses within the categories, to be carried out in a 

subsequent phase of the project. 

A supplementary confirmation of these results is given by the general confidence LAs attributed to their 

evaluations (see Figure 6). All the answers were given with a confidence above the normalised value of 0.5 

and very close to the highest one (i.e. 1.0). Local actors thus seem to consider that all the four categories of 

responses positively match their expectations in terms of their effectiveness. A detailed analysis of Figure 5 

and 6 allows further investigation into the relative variations of performances of the combination of criteria 

and responses, also in terms of uncertainty of the judgements provided. We will not go into such detail 

here given the demonstrative character of the application. 
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Analysis Matrix (Average values) 

Upper Danube RB PLANNING 
KNOW-

CAP 
GOV-
INST 

ENG-
LAND 

Average 

SOC.1 Housing settlements 2,00 2,43 2,57 2,71 2,43 

SOC.2 Population dynamics 2,86 3,00 2,29 3,29 2,86 

SOC.3 Infrastructure pressures 2,43 2,14 2,57 2,00 2,29 

ENV.1 Vulnerability 2,33 2,67 2,50 2,67 2,54 

ENV.2 Basin morphology 2,71 2,57 3,43 3,29 3,00 

ENV.3 Ecosystem functions 2,86 2,43 2,29 3,43 2,75 

ECO.1 Construction sector 2,14 3,29 2,57 2,43 2,61 

ECO.2 Agricultural production 2,86 3,14 2,71 2,57 2,82 

ECO.3 Energy consumption 2,86 2,43 2,57 2,86 2,68 

  Average 2,56 2,68 2,61 2,80   

 

Analysis Matrix (Average values) 

Upper Brahmaputra RB PLANNING 
KNOW-

CAP 
GOV-
INST 

ENG-
LAND 

Average 

SOC.1 Poverty 2,43 2,62 2,00 3,33 2,60 

SOC.2 Population dynamics 1,76 2,52 2,33 3,19 2,45 

SOC.3 Infrastructure pressures 2,00 2,86 2,67 2,19 2,43 

ENV.1 Vulnerability 1,71 2,43 2,24 1,95 2,08 

ENV.2 Basin morphology 2,38 2,67 3,10 2,43 2,64 

ENV.3 Forest management 1,86 2,10 2,10 1,95 2,00 

ECO.1 Agricultural production 2,15 2,50 2,48 2,29 2,35 

ECO.2 Energy production 2,19 3,00 2,43 2,10 2,43 

ECO.3 Employment 2,43 2,57 2,43 3,52 2,74 

  Average 2,10 2,58 2,42 2,55   

Figure 3: Analysis Matrix - average values of LAs’ evaluations on the potential effectiveness of each 
response in coping with the issues expressed by the criteria (rows) by means of a Likert scale 
ranging from 1 “Very high effectiveness” to 5 “Very low effectiveness”. 
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Uncertainty Matrix (Normalized 
Average values) 

Upper Danube RB PLANNING KNOW-CAP GOV-INST ENG-LAND 

Average 

SOC.1 Housing settlements 0,86 0,64 0,64 0,79 0,73 

SOC.2 Population dynamics 0,79 0,64 0,79 0,71 0,73 

SOC.3 Infrastructure pressures 0,71 0,71 0,64 0,71 0,70 

ENV.1 Vulnerability 0,75 0,67 0,67 0,67 0,69 

ENV.2 Basin morphology 0,64 0,79 0,64 0,71 0,70 

ENV.3 Ecosystem functions 0,86 0,57 0,71 0,71 0,71 

ECO.1 Construction sector 0,71 0,50 0,57 0,50 0,57 

ECO.2 Agricultural production 0,64 0,57 0,57 0,57 0,59 

ECO.3 Energy consumption 0,79 0,71 0,64 0,57 0,68 

  Average 0,75 0,65 0,65 0,66   

 

Uncertainty Matrix (Normalized 
Average values) 

Upper Brahmaputra RB PLANNING 
KNOW-

CAP GOV-INST ENG-LAND 

Average 

SOC.1 Poverty 0,57 0,62 0,70 0,67 0,64 

SOC.2 Population dynamics 0,65 0,65 0,67 0,64 0,65 

SOC.3 Infrastructure pressures 0,69 0,60 0,52 0,69 0,63 

ENV.1 Vulnerability 0,77 0,73 0,68 0,74 0,73 

ENV.2 Basin morphology 0,62 0,62 0,55 0,70 0,62 

ENV.3 Forest management 0,75 0,64 0,65 0,74 0,70 

ECO.1 Agricultural production 0,70 0,75 0,65 0,70 0,70 

ECO.2 Energy production 0,74 0,61 0,63 0,77 0,69 

ECO.3 Employment 0,63 0,60 0,62 0,55 0,60 

  Average 0,68 0,65 0,63 0,69   

Figure 4: Uncertainty Matrix- average values of LAs evaluations expressing the degree of confidence 
related to their answer (Scale of confidence: 1 “Very high confidence” to 0 “Very low confidence”). 
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Figure 5: Responses for ELECTRE. UDRB (top) and UBRB (bottom) 

 

The last part of the analysis consists in the calculation of the ranking of alternatives by applying the MCDM 

capabilities of the mDSS software. The partial scores describing the performance of each alternative with 

respect to each single criterion are thus aggregated, considering the elicited weights and following a 

selected decision rule (i.e SAW, OWA, TOPSIS, ELECTRE). Decision rules aggregate partial preferences 

describing individual criteria into a global preference and rank the alternatives. In our case, ELECTRE III 

method was adopted in order to be coherent with the revised Simos methodology used for weights 

elicitation. The latter consents to give an intrinsic weight to each criterion, which does not depend either 
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on the range of the scale or on the encoding and unit selected, as it is also in any aggregation procedure of 

ELECTRE type methods (Figueira and Roy 2002).  

The preference (P) and indifference thresholds (Q) were parameters defined by the research team as an 

input, while no veto threshold (T) were introduced in the analysis, because not pertinent to the selected 

indicators. The Normalised Average Matrix was used as input for the analysis.  

As it can be seen from Figure 7, LAs of both river basins evaluated the PLANNING solution as the most 

effective one. The remaining categories show different preferences and ranking in the two basins: all of 

them are equally preferred in UBRB, while in UDRB we don’t see a clear preference between investments in 

GOV-INST (e.g. accountability and transparency in government actions, enforcement of existing regulations, 

flood insurance, etc.) and KNOW-CAP (e.g. awareness raising activities, dissemination of scientific 

knowledge, training of public employees, etc.); at the same time, in UDRB the ENG-LAND (e.g. dam 

construction, river network maintenance, soil conservation practices, etc.) are strictly not preferred with 

respect to all the other alternatives.  

 

UDRB PLANNING ENG-LAND KNOW-CAP GOV-INST 
sum of votes in 

favor BORDA Mark 

PLANNING --------- 
3 

(I=0) 
4 

(I=0) 
3 

(I=2) 
10 1° 

ENG-LAND 4 
(I=0) 

--------- 
1 

(I=0) 
2 

(I=0) 
7 3° 

KNOW-CAP 3 
(I=0) 

5 
(I=1) 

--------- 
1 

(I=3) 
9 2° 

GOV-INST 2 
(I=2) 

5 
(I=0) 

3 
(I=3) 

--------- 10 1° 

UBRB       

PLANNING --------- 10 
(I=6) 

16 
(I=3) 

12 
(I=5) 

38 1° 

ENG-LAND 5 
(I=6) --------- 9 

(I=4) 
8 

(I=6) 
22 2° 

KNOW-CAP 2 
(I=3) 

8 
(I=4) --------- 8 

(I=6) 
18 3° 

GOV-INST 4 
(I=5) 

7 
(I=6) 

7 
(I=6) --------- 18 3° 

Figure 6: Group Decision Making marks. The first number refers to the N. of votes in Favour, while “I” 
refers to the votes of Indifference.  

 

Considering the latter outcome and the average AM, we record that all the categories of responses 

performed very similarly, meaning that no solution was clearly preferred, with the only exception for 

PLANNING. This was quite predictable due to the effect of two factors: the very broad categories of 

responses analysed, and the effect of averaging highly dispersed preferences of different LAs. Regarding 

the first factor, a new application of the same conceptual decision model is planned for the final phases of 

the project with a focus on a much better defined set of concrete responses to be identified within the 

category of PLANNING . Regarding the last factor, it can be dealt with by means of the capabilities of the 
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mDSS software in terms of application of non compensatory decision rules, exploration of conflicts and 

group decision making procedures. 

The LAs preferences show that there is No strictly Condorcet winner, however, considering the Borda mark, 

we can see much clearly that the PLANNING category is the dominating solution (most preferred one) in 

both basins (see Figure 8). This result is coherent also with the outputs of Electre and with the AMs, 

confirming that PLANNING instruments (e.g. design and implementation of relief and rehabilitation plans, 

hazard zoning, etc.) are the most promising response in terms of effectiveness to cope with problems 

related to flood risk under the pressure of climate change. 

We recognise, therefore, that very similar results were recorded in the two river basins, including those 

concerning the most preferred solution in the final ranking, confirming that, notwithstanding the 

differences in their environmental and socio-economic conditions, the areas present certain similarities not 

only regarding the problems to address but also regarding the expectations of possible solutions.  

4. Discussion and conclusions 
The methodological framework applied in the Brahmatwinn project and reported above facilitated 

exchanges of experiences between the twinned river basins and between scientists of different disciplines 

and local actors (in particular local experts and representatives of local institutions). The two parallel 

participatory processes allowed the understanding of the visions and preferences of local actors regarding 

the sustainable management of water resources. Moreover, they contributed significantly to ensuring that 

the scientific knowledge and approaches provided by the research consortium could meet the perceptions 

and needs of local people and decision makers, who would ultimately be the end-users of the project’s 

outputs.  

The participatory activities integrated with scientific research led to structured and very effective 

discussions concerning adaptation responses for flooding in those areas, and allowed for the collection of a 

significant amount of insights and lessons, drawn from the involvement of local actors. 

This result validates the motivations which triggered the Brahmatwinn project design and led to develop a 

twinning river basin research approach, characterised by a strictly coordinated and combined series of 

participatory activities in the two geographical areas.  

The participatory process carried out in this project, like many similar efforts implemented within research 

project activities, should not be intended as public participation in a strict sense, because the activities 

were, at least to some extent, academic simulations of social processes; this implies that the results must 

be considered only for their role of methodological demonstration. For this reason, crucial aspects of real 

world applications were not dealt with by the project, such as the statistically sound identification of 

representative local actors.   

Having clarified this from the beginning also with the participants involved, these activities can still provide 

two very important opportunities: (1) testing and refining methods and tools to be applied in real world 

decision processes, and (2) disseminating information about scientific developments and the availability of 

methods and tools to potential users of the project results. 

Indeed, as previously stated, there was no ambition to provide any kind of internal decision process for the 

project and neither to provide outcomes with any statistical significance for the two areas; various reasons 

explain this, such as the fact that the processes of selection of actors were not carried out with the 
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intention to identify “representative” stakeholders, the multi-criteria analyses were conducted with very 

simple decision rules, the potential conflicts between participants were not investigated in depth. Having 

made this clear, the case remains interesting for the development and testing of innovative participatory 

approaches within research activities and for the exploitation of these activities, for establishing 

communications outside the research consortium, for collecting information, for having very valuable 

feedbacks, and for disseminating ongoing efforts, innovative methods, and results. 

The experimental application of the NetSyMoD approach to the twinned river basins provided the 

Brahmatwinn project with an effective interface between the research activities and potential 

beneficiaries, in the case studies located in Asia and Europe. 

In this case, the participative activities presented in this paper and those that were carried out before, in 

the earlier phases of the project, made it possible to maintain an open communication interface with 

communities of experts, policy makers, and bureaucrats, allowing the project consortium to learn from 

local knowledge and orient research activities. They also provided a means of concretely carrying out the 

twinning of the two river basins, shedding light on commonalities and distinct features. 

As far as the results of the two workshops reported above are concerned, the phases of climate change 

scenarios presentation and brainstorming proved to be very important, because they set the foundations 

for the DSS Design and enabled the setting up of the activities on a common and shared framework of 

understanding of the features of each local river basin. These phases also contributed to raise awareness 

about climate change dynamics, and the state-of-the-art of the available modelling approaches downscaled 

to the level of the two case studies. 

The phase of DSS design carried out by means of the mDSS software raised great interest among the 

participants, who were thus involved in the project activities, exposed to preliminary results and 

contributed to orient the final phases of the project. Several participants appreciated the use of public 

domain software in particular, which provided a perspective of possible reutilisation of the approach 

proposed in local decision problems. 
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ANNEXES 

WORKSHOP IN AUSTRIA, OCTOBER 2008 
This workshop was organized with the help of Z_Gis 

SCHEDULE 

TIME GOAL ACTIVITY 

9:00 registration  

9:10 welcome  introduce project 

9:30 Self introduction of 
Participants 

 participants present them selves and explain why and how 
they are involved in the issue, and which are their expertises (1 
min max each

9:45 
) 

Present CC storyline 
WS Goals, Sub-
domains and 
strategies 

 present storyline as defined by climate scientists and 
hydrologists on forecast of water availability in the next 20 
years (anticipated via EMAIL) 
 workshop goals 
 present the outputs ab. Criteria and Strategies (categories + 

sub-categories + actions). (anticipated via EMAIL) 
 Introduce next selection exercise  

10:05 BRAINSTORM  brainstorm to add missing Strategies.  From the presented list 
they can add sub-categories or actions 

  

10:50 
1° EXERCISE

 explanation of the selection method and how to complete the 
tables  

Selection of criteria  11:00  selection of  CRITERIA 
 definition of ROWS of the matrix  

11:30 Coffee Break  

12:00  presentation of previous results (matrix  9x4) 
2° EXERCISE 

Fill in the matrix 

 Explanation of the criteria weighting procedure and how to 
complete the questionnaires 

12:10  elicitation of criteria’s weights 
 filling in the matrix 

12:40 Wrap up  feedback on WS 
 fill in the feedback questionnaire 

13:00 END  

 

LIST OF PARTICIPANTS 
NAME DEPARTMENT/ORGANISATION 
Godehard Meier [Waste Water] Wacker Chemie AG [Chemistry indudstry] 

Jakob Wagner [NGO] Sanierung Untere Salzach [Nature Protection 
NGO] 

Norbert Altenhofer [Director] Referat Katastrophenschutz, Landesregierung 
Salzburg [Disaster Protection, Federal 
Government] 
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Hans Wiesenegger [Director] Referat Hydrographischer Dienst, 
Landesregierung Salzburg [Hydrological Service, 
Federal Government] 

Wolfgang Urban [Director] National Park Hohe Tauern 

Karl Wimmer [Head of Kaprun Hydro Power] Verbund [Hydropower company] 

Ulli Vilsmaier [Coordinator and Researcher] Leben 2014 [Project Initative; Regional Planning] 

 

WORKSHOP IN NEPAL, NOVEMBER 2008 
This workshop was organized with the help of ICIMOD, IIT-Roorkee, UniBhu, ITP, CARR 

SCHEDULE 

TIME GOAL ACTIVITY 

  24-11-2008 DAY 1  phase one 

11:30 Introduction and 
presentation of 
Response Strategies 

 workshop goals 
 CC storyline as defined by climate scientists and 

hydrologists on forecast scenarios (IPCC SRES) of water 
availability 
 present the results of our work: response strategies (main 

categories + sub-ramifications) 
12:00  brainstorming to elicit Response Strategies: they can add 

sub-categories and/or actions BRAINSTORMING 

13:00 LUNCH  

14:00  Continue exercise BRAINSTORMING 

14:30 Present criteria  present the results of our work: criteria 

15:00 Introduce Exercise 1  Explanation of the selection method, instructions to fill table 

15:10  Selection of CRITERIA: 3 tables (ECO,SOC,ENV) criteria 1st EXERCISE 

Selection of criteria 
 definition of ROWS of the matrix 

 Elaboration of phase 
one 

 update 
 Elaboration of first exercise:

Response Strategies table and print 
 insert criteria selected in 

tables
 

 (weighting and matrix) 
 25-11-2008 DAY 2  phase two 

9:00 Phase one results  presentation of previous results (selected criteria) 

9:10 Introduce Exercise 2  Explanation of criteria weighting procedure and how to 
complete the exercise (criteria weights and evaluation matrix) 

9:20  elicitation of criteria weights 2nd EXERCISE 

Criteria weights 
Fill in the matrix 

 Fill in the evaluation matrix 

 Elaboration of phase 
two 

 Elaborate results 
 

 

insert results in mDSS 

 27-11-2008 DAY 4  phase three 
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 mDSS  Presentation of results in mDSS 

 Feedback on WS  Feedback on WS: discussion 
 distribute the feedback questionnaire 

 
 
LIST OF PARTICIPANTS 
COUNTRY NAME DEPARTMENT/ORGANISATION 
Bhutan  Karma Tshethar, Executive 

Engineer 
Department of Agriculture (Irrigation Section), 
Ministry of Agriculture 

 Karma Dupchu, Sr. Hydrology 
Officer 

Department of Energy (Hydromet Service 
Division), Ministry of Economic Affairs  

 G. Karma Chhopel, Sr. 
Environmentalist 

National Environment Commission, Water 
Resources 

 Chimi Wangmo, Associate 
Lecturer 

College of Science and Technology 

China Jianwei Hu, Director Bureau of Hydrolog, Ministry of Water Resorces  
 Prof. Jingshi Liu, Research 

Professor 
Institutes of Tibetan Plateau Research, Chinese 
Academy of Science 

 Yuji Jiang, Water Resources Lab Hydrology and water resources Bureau of Tibet 
 Kaihu Liu Hydrology and water resources Bureau of Tibet 
 Xiaoyin Guo Chinese Academy of Meteorological Sciences 
India Nomal Chandra Das, Additional 

Chief Engineer 
Water Resources Department, Government of 
Assam 

 Dr. Archana Sarkar, Scientist National Institute of Hydrology 
 Dr. Partha Jyoti Das, Head, Water 

and Climate Programme 
AARANYAK, A Scientific & Industrial Research 
Organisation of India 

 Gideon Kharkhonger, Sr. Lecturer North eastern Hill University, St. Edmunds 
College 

Nepal 
 

Dr. Dilip kumar Gautam, Sr. 
Divisional Hydrologist 

Department of Hydrology and Meteorology 

 Tirtha Raj Adhikari, Lecturer Central Department of hydrology and 
Meteorology 

 Kumud Raj Kafle, Assistant 
Professor 

Department of Environmental Sciences and 
Engineering, Kathmandu University 

 Sharad Upadhyaya, Engineer Institute of Engineering, Tribhuwan University 
 Gautam Rajkarnikar, Sr. 

Divisional Engineer 
Water and Energy Commission Secretariate 

 Bijay Kumar Pokhrel, Hydrologist 
Engineer 

Department of Hydrology and Meteorology 

 

http://www.brahmatwinn.uni-jena.de/5704.0.html?&L=2&tx_bzdstaffdirectory_pi1%5bshowUid%5d=71&tx_bzdstaffdirectory_pi1%5bbackPid%5d=5313�
http://www.brahmatwinn.uni-jena.de/5704.0.html?&L=2&tx_bzdstaffdirectory_pi1%5bshowUid%5d=71&tx_bzdstaffdirectory_pi1%5bbackPid%5d=5313�
http://www.brahmatwinn.uni-jena.de/5704.0.html?&L=2&tx_bzdstaffdirectory_pi1%5bshowUid%5d=71&tx_bzdstaffdirectory_pi1%5bbackPid%5d=5313�
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Responses 
Synthesis document of Responses elicited in Assam State (India), Wang Chu RB (Bhutan), Salzach RB 

(Austria), Upper Brahmaputra RB (Kathmandu, Nepal) 

Legend  SH: stakeholders’ workshop 

   A Assam 

   B Bhutan (Wang Chu river basin) 

   S Salzach river basin 

   UB Upper Brahmaputra river basin 

 

1. RESPONSES BASED ON ENGINEERING SOLUTIONS AND LAND MANAGEMENT 
SH SUB-CATEGORIES ACTIONS 

A 
S 
UB 

1. River training works 
 

• Embankments to be developed in cities where linear measurement are necessary 
• Construction of levees and of embankments 

A 2. Multi-purpose dam construction  

UB 3. Control of GLOFs • Lowering of glacier lake water level 
UB 4. Channel improvement 

 
• Dredging of river bed 
• River channel management 
• Desiltation 
• Deepening and widening of river bed 

UB 5. Agricultural practices 
 

• Shifting cultivation 
• Intensification 
• Control of grazing 
• Minimum tillage 
• Change in cultivation patterns 

UB 6. Introduce adequate construction 
methods 

• Raised platforms 
• Control quality of constructions 
• Construct building so they withstand flood 

A 
B 

7. Soil conservation efforts  

A 
B 
UB 

8. Forest management • Reforestation around built areas with green belt 
• Afforestation 

A 
B 
S 
UB 

9. Early warning systems (EWS) 
 

• Standard EWS in WCRB would help responses at local level 
• Improve precipitation networks in high alpine areas 
• Improve precipitation forecast models 
• Flood forecast 

B 
S 
UB 

10. Flood and erosion control 
 

• Excavation of river beds before the power station 
• Enable continuous flow and transport of sediments 
• Check dams 

UB 11. Reservoirs • Build dams for retention to control floods 
• Natural ponds 

S 
UB 

12. Renaturation 
 

• Reconnection of old cut off meanders  
• Restoration and renovation of wetlands 
• Reconnection of retention areas to river 

B 
S 
UB 

13. Watershed management • Integrate land management in the catchment areas across agencies and states 
• Land management practices to reduce runoff, e.g. build terraces 
• Strategic level response: mainstream sustainable land management practices into 

NRM policy guidelines 
• Agroforestry 
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2. RESPONSES BASED ON GOVERNANCE 
SH SUB-CATEGORIES ACTIONS 

A 
B 
S 

14. Accountability and 
transparency in government 
actions 

• Long term strategy for distributing funds 
• Transparency about where money is spent 

A 
UB 

15. Inter-state coordination and 
conflict resolution, cross-
boundary issues 

• Diplomatic level 
• Action in upstream affect downstream 

A 
B 
S 
UB 

16. Implement and enforce 
existing laws and design new 
and more effective laws 

• Updating of relief code 
• Enforcement of existing ground water policy 
• Need for implementable policies 
• Incentives for personnel working in risk areas 
• Strong implementation of laws 
• Promote awareness of existing initiatives and of present policies 
• Investigate causes for lack of implementation 
• Improve effectiveness 

A 17. Environmental Impact 
Assessment for new dams  

• Dam break analysis 

A 
B 
S 
UB 

18. Improve Community 
involvement and foster 
participatory processes for 
decision making 

• Enable participatory approach in monitoring and in decision making 
• Local conflicts and protection 
• Involvement of local people in construction 
• Monitoring of current participation and group decision making 
• Integrate local mitigation approaches 
• Scaling up 
• Facilitate forums to bring stakeholders together 
• Restoring of local knowledge 
• Taking indigenous knowledge into consideration 
• Participatory form of government 
• Improve women’s participation 
• Introduce community management practices 

UB 19. Inclusiveness and 
empowerment in the decision 
making process 

• In planning and implementing 

A 
B 

20. Foster livelihood practices 
based on conservation, 
rehabilitation and 
sustainability 

• Synergy of social and technical response 
• Relapse to preconditions 
• Rehabilitation and health issues 
• More focused rehabilitation policy 
• Sustainable livelihood approach 

S 21. Interaction among science, 
governance and public 

 

A 
B 

22. Establishment of institutions • Central state and district disaster management authorities 
• North East Water Resource Authority (NEWRA) 
• GOI Monitoring Committee for proper implementation of World Bank plan 
• Establishment of the Natural Resource Committee 
• Local Dev Committee have role to manage NR at that level 
• National Environmental Protection Act (June 07) - coordination and mandates to 

National Environment Committee 
A 
B 
S 
UB 

23. Resolve conflicts and 
strengthen coordination 
among institutions 

• Training 

UB 24. Design policy for flood 
management 

 

 

UB 25. Introduce flood insurance • Make flood insurance mandatory 
• Link insurance to zone 

UB 26. Educational policy 
 

• Primary school classes on climate change 
• RSPN and MoE working on curricula for watershed management in schools 

UB 27. Avoid government crisis 
 

 

A 28. Reduce poverty • Poverty alleviation as focus for 10 year plan 
• Employment generation 



 26 

B 
A 29. Integration of research in 

decision making 
•  

A 
S 

30. Protection of communities •  

 

3. RESPONSES BASED ON KNOWLEDGE IMPROVEMENT AND CAPACITY BUILDING 
SH SUB-CATEGORIES ACTIONS 

A 31. Integration and coordination 
among different sectors of 
research and decision making 

• Dissemination and implementation of inputs 
• Understanding of consequences 
• Integrate sectoral programs 
• Micro-level studies 
• Coordination of research and policy 
• Coping strategies  adaptation 
• Think tank for binding recommendations 
• Social audit of water use 
• Implications for health 
• Regional water policies for local project implementation 
• Networking among departments 
• Clear sectoral roles and policies 

B 
S 
UB 

32. Increase knowledge on best 
practices and research on 
impacts of natural hazards 

• International "best practices" (e.g. JP) 
• Further development of hydrologic studies and models 
• Carry out research on river basins related to land management 
• Consider behaviour of small tributaries of rivers 
 

UB 33. Environmental monitoring • Coordination of research work 
• Need for monitoring 
• Baseline surveys 
• Need for historical studies 
• Data collection 
• Meteo data 
• More studies on foothills area and impacts of GLOFs 
• Increase density of gauging stations 

UB 34. Flood modelling 
 

• Disseminate 

B 
S 

35. Develop capacity building and 
awareness plans for local 
communities and their leaders 

• Capacity building of community leaders 
• Simulation of potential economic damages caused by flood 

A 
B 
S 
UB 

36. Increase awareness of the 
population on risks, 
conservation and WRM 

• Increase awareness of communities of risk by maps 
• Education of communities in NRM 
• Increased awareness at all levels of the importance of conservation 
• Increase awareness of communities at risk, to improve coordination and 

responsiveness of communities 
• Increase awareness of risk by maps 

UB 37. Training of employees and 
administrative people 

• Administrative, technical, accountable 
• Refresher course 
• Intensive training in flood forecasting 

UB 38. Dissemination of knowledge 
 

• Development of audio-visuals 
• Disseminate information on flood forecasting 
• Train people who are living in flood prone areas 
• Information to people that live in flood risk areas 

UB 39. Strengthen traditional 
knowledge 

 

• Identify and promote 
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4. RESPONSES BASED ON PLANNING  
SH SUB-CATEGORIES ACTIONS 

A 
B 
S 

40. Design and implement IWRM 
plans 

• Need for master plan 
• Need for common government platform in basin 
• Strategy and planned actions would contribute to watershed conservation 

A 41. Design and implement relief 
and rehabilitation plans 

• Relief and resettlement plan 
• Habitat structuring 

A 
B 
UB 

42. Disaster risk management • Need for a more responsive government 
• Timely intervention 
• Localised strategies 
• National Disaster Risk Management Framework (defines roles and 

responsibilities) 
• Capacity development key response strategy 
• District disaster management guidelines are being prepared (NDRMFW) 
• National Disaster Management Act and Plan are being formulated 
• Flood preparedness and fighting 

B 
S 
UB 

43. Land use planning • Evaluate existing land use plans 
• Protected areas establishment along/in rivers (buffer zones, protected areas) 
• Catchment area development plan 
• Unplanned development in flood plain 
• Coordinate/strengthen regional and community level of planning 

S 
UB 
 

44. Hazard zonation • Flood plain zoning 
• Evaluate and harmonize existing hazard plans 
• Restrict construction in risk areas 
• Historical records of hydrological events 
• Flood risk mapping 
• Vulnerability mapping 

B 
S 

45. Retention areas planning • Avoid urbanisation processes in retention areas 

B 
S 

46. Town planning • Bhutan National Urbanisation strategy: classifies types of town, land use,... 
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1. Introduction 
The aim of this report is to translate the work done so far on the Brahmatwinn project into future 

scenarios. Thus far work has been done to identify issues that are of most concern to stakeholders. 

These have been converted by FEEM into potential response strategies that might reasonably be 

used to address the main problems in the case study basins. In addition, an assessment of both the 

governance and policy positions has been done for each of these basins, and the response 

strategies, at least in the short term, must be seen in the context of these assessments because they 

will have a strong bearing on the extent to which responses may be considered potentially successful 

or not. The future scenarios into which this work has been incorporated are those proposed by the 

Intergovernmental Panel on Climate Change (IPCC) in 2000, and their associated storylines.1

IPCC Storylines 

 No 

projections as to the governance environment have been made in these storylines. This report 

speculates about the governance characteristics that might be expected in each of the storylines as 

far as this is possible, and identifies those response strategies that seem most appropriate for the 

storylines based on the projected governance situations. 

In setting out the projected impacts of varying levels of greenhouse gas (GHG) emissions, the IPCC 

has made use of the emission scenarios set out in its Special Report on Emission Scenarios,2 which 

are in turn based on the “storylines” elucidated in that report. These storylines seek to “represent a 

diverse range of different development pathways for the world which provide a meaningful basis for 

impact estimates”,3

• Nature of the global and regional demographic developments in relation to other 

characteristics of the storyline. 

 and they reflect certain key socio-economic drivers: 

• Extent to which economic globalization and increased social and cultural interactions 

continue over the 21st century. 

• Rates of global and regional economic developments and trade patterns in relation to the 

other characteristics of the storyline. 

• Rates and direction of global and regional technological change, especially in relation to the 

economic development prospects. 

                                                           

1 Nakicenovic, N., Alcamo, J., Davis, G., de Vries, B., Fenhann, J., Gaffin, S., Gregory, K., Grubler, A., Jung, T.Y., 
Kram, T., La Rovere, E.L., Michaelis, L., Mori, S., Morita, T., Pepper, W., Pitcher, H.M., Price, L., Riahi, K., Roehrl, 
A., Rogner, H.-H., Sankovski, A., Schlesinger, M., Shukla, P., Smith, S.J., Swart, R., van Rooijen, S., Victor, N., 
Dadi, Z., Special Report on Emissions Scenarios: a special report of Working Group III of the Intergovernmental 
Panel on Climate Change (Cambridge University Press, Cambridge, 2000) (the “SRES report”). 
2 Ibid., and see also IPCC, 2001: Climate Change 2001: Synthesis Report. A Contribution of Working Groups I, II, 
and III to the Third Assessment Report of the Intergovernmental Panel on Climate Change [Watson, R.T. and 
the Core Writing Team (eds.)]. Cambridge University Press, Cambridge, United Kingdom, and New York, NY, 
USA, 60. 
3 N.W. Arnella,, M.J.L. Livermore, S. Kovats, P.E. Levy, R. Nicholls, M.L. Parry, S.R. Gaffin, Climate and socio-
economic scenarios for global-scale climate change impacts assessments: characterising the SRES storylines, 
Global Environmental Change 14 (2004) 3–20, 4. 
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• Extent to which local and regional environmental concerns shape the direction of future 

development and environmental controls. 

• Degree to which human and natural resources are mobilized globally and regionally to 

achieve multiple development objectives of each storyline. 

• Balance of economic, social, technological, or environmental objectives in the choices made 

by consumers, governments, enterprises, and other stakeholders4

There are, broadly, four storylines, each reflecting a potential “future”, with no judgement being 

made as to the desirability or probability of each.

 

5 They are the qualitative illustrations of the future 

upon which the quantitative GHG scenarios are based,6 and a total of forty qualitative scenarios 

have been developed The storylines have been named A1, A2, B1 and B2,7 and the principal 

characteristics of each are set out below: 

A18: The A1 storyline focuses principally on rapid economic growth and increasing international 

and regional cooperation. It also assumes that population growth will decline after a mid-

century peak to levels approximating those at the turn of the 21st century, with a generally 

higher degree of uptake of efficient technologies. Global economic and cultural differences 

are projected to diminish under this storyline, with market-based mechanisms 

predominating. In this scenario, it is predicted that social problems may occur as a result of 

national disparities in wealth, and that this enhanced economic situation may create 

additional problems with respect to the distribution of the global commons, presumably 

linked to the assertion that consumption of meat and dairy is likely to rise. The scenario also 

takes the view that car ownership will increase, leading to corresponding impacts on 

suburban sprawl and supporting transport infrastructure. Finally, ecological resilience is 

viewed as being achieved through the active management of ecosystem services and greater 

technological efficiency, with higher education and income levels presumably providing a 

foundation for the value attached to the environment by society.  

A2:9

                                                           

4 SRES Report, supra, note 1, para.4.2.1. 
5 Ibid. 
6 Ibid. 
7 Ibid. 
8 Ibid., ch.4.3.1. 
9 Ibid., ch.4.3.2. 

 In contrast to what might be perceived as the increasing homogenization of global society 

highlighted in A1, the A2 storyline suggests a less convergent pattern of development. 

Existing income disparities between the developed and developing worlds do not change 

under this scenario, with less international cooperation taking place and an emphasis on 

self-reliance at national, community and family levels being more prevalent. Increases in 

economic well-being are much more modest than in the A1 storyline, with increasing 

populations diluting these gains and demanding more agricultural production. Efforts to 

match food demand with production capacity are seen as requiring augmented research and 

development for higher yields, with environmental concerns being addressed increasingly at 

the local and regional levels, rather than at the global scale. It is anticipated under this 

storyline that energy provision will depend on nationally available resources - rich countries 
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will rely on renewable and nuclear technologies for their energy sources, with poorer 

nations generally tending towards fossil-fuel technologies of varying degrees of efficiency 

depending on availability. 

B1:10 The B1 storyline envisages “a globally coherent approach to a more sustainable 

development”,11 bolstered by high levels of awareness regarding the value of the 

environment and social considerations in development. Economic development is pursued, 

but the role of equity, resource use efficiency and the environment feature more highly than 

they do in the A1 storyline. Global population levels mirror those in A1, although 

environmental considerations are more influential in B1 than in A1. Global income levels are 

broadly convergent, with greater focus on redistributive equity, although the size of the 

global economy is reckoned to be around two thirds of that projected under the A1 scenario 

(but still 40% higher than the A2 figures). [assumption that if society is more concerned 

about resource use levels, more likely, in context of international cooperation, to be keen on 

efficient water use] Alternative sources of energy have replaced fossil fuels by 2100. Land 

use and urbanisation are more carefully managed to take account of potential 

environmental impacts, with lower population levels utilising more low-impact agricultural 

production and very much less meat consumption. 

B2: 12

It is clear from the storylines that there is a limit to how comprehensive they can be without 

undermining their credibility. The above summaries highlight the principal aspects of each, but from 

the perspective of water management, and in particular that of Integrated Water Resources 

Management (IWRM), certain aspects are of greater importance than others. The following chart has 

been adapted from the IPCC Special Report on Emission Scenarios to incorporate those key elements 

Heightened concern for environmental and social sustainability are also features of the B2 
storyline, but these are channelled into local and regional decision-making forums, with 
international institutions and cooperation figuring less highly in a more nationally self-
reliant world. Community-based approaches predominate, with rates of development 
varying around the world within a slower threshold than A1 or B1.Population levels are 
more than 40% higher than in those scenarios, but lower than in A2, although the overall 
size of the global economy in A2 and B2 are considered to be equal. Environmental 
protection is a shared goal globally, but regional implementation patterns result in less 
successful national strategies compared with those developed for local or regional 
environmental problems. Community-based approaches are routinely adopted, with the 
local focus resulting in less urbanisation and a reliance on locally-produced agricultural 
produce. Regional cooperation efforts are successful with respect to some environmental 
problems, and bilateral initiatives are also the focus in some areas where economic 
development and resource availability diverge rapidly. 

                                                           

10 Ibid., ch.4.3.3. 
11 Ibid. 
12 Ibid., ch.4.3.4. 
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and to enable differentiation between the four storylines from the viewpoint of water 

management:13

Family 

 

 

A1 A2 B1 B2 
Scenario group A1C A1G14 A1B  A1T A2 B1 B2 

Population 
growth 

low low low low high Low Medium 

GDP growth Very 
high 

Very 
high 

Very 
high 

Very 
high 

Medium High Medium 

Energy use Very 
high 

Very 
high 

Very 
high 

high high Low Medium 

Land-use 
changes 

Low-
medi
um 

Low-
mediu

m 
low low Medium/high High Medium 

Oil / gas 
availability 

high high Med Med low Low Medium 

Pace / direction 
of technological 
... 

rapid rapid rapid rapid slow Medium Medium 

...change 
favouring15 coal  Oil/gas 

balan
ced 

Non-
fossil

s 
regional 

Efficiency / 
dematerializati

on 

“dynamics as 
usual” 

International 
cooperation 

High low High Low / medium 

Trend towards 
Urbanisation 

High Medium Low Low 

Value attached 
to 
environmental 
protection 

Low / medium Low High High 

Importance of 
social 
considerations 

Low Low High Medium/High 

Impact of 
agriculture 

Medium High Low-Medium Low-medium 

 
 

Project context 

Stakeholder workshops 

In 2007, stakeholders in Assam and Bhutan participated in Creative System Modelling (CSM) 

workshops in Guwahati and Thimphu respectively.16

                                                           

13 The four separate scenario groups falling under the A1 family have been merged for the purposes of the 
water management analysis simply because the differentiation between these revolves around energy and is 
not expected to affect the specific features that have been added to relate to water. 
14 Note that the A1C and A1G scenarios were merged into a single A1F scenario for the purposes of the 
Summary for Policy Makers – see SRES Report, supra, note 1, ch.4.2.1, footnote 1. 
15 This and the preceding parts of the table reflect that shown in part 4.2.1 of the IPCC Special Report on 
Emission Scenarios. The parts that follow have been added by the author. 

 During these meetings, the stakeholders 
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highlighted a number of issues that they viewed as being key in their respective areas, with Delphi 

processes being applied to assess the relative importance assigned to each. These issues were 

broadly as follows:17

• Integration of research in decision-making 

 

• Decision-making framework 

• Community involvement in decision-making 

• Interaction between science, governance and the public 

• Early warning system 

• Protection of communities 

• Relief and rehabilitation 

• IWRM 

• Awareness of the population on risks, conservation and IWRM 

• Conflicts among institutions 

• Establishment of institutions 

• Policy making and implementation of laws 

• Coordination among institutions 

• Long term vision and measures vs. Short term engineering solutions 

• Town planning 

• Gross National Happiness and sustainable development approach 

• Inter-state conflict and cross boundary issues 

Governance and Policy contexts 

In WP 5 of the Brahmatwinn project, the University of Dundee assessed the degree to which the 

existing legal, institutional and policy contexts in each respective region reflected the concerns of 

the workshop participants. The conclusions from this analysis suggested that there were problems in 

both case study areas, although for different reasons. With respect to Assam, a number of key 

deficiencies were identified despite some very positive findings, especially in relation to both the 

extent and quality of policy, governance and water management. It scored poorly in terms of 

coordination both institutionally and at the international level as regards the Transboundary aspect 

of the Brahmaputra river. The policy documentation was found to be relatively sparse in relation to 

both water, land and flood management: The position is illuminated to some degree by the reports 

of the various working groups towards the formulation of the eleventh Five Year Plan, but there is an 

almost complete absence of policy and planning documents available with respect to Assam.  

With respect to particular areas of interest for the SRES storylines, the policy and governance 

context in Assam was found to focus predominantly on alleviating flood events through planning and 

pre-event management, rather than emphasizing relief and rehabilitation efforts afterwards. The 

region favours largely technical solutions to water and flood management, and there is 

comparatively little focus by institutions on the extent to which their legislative or policy 

interventions were actually working in practice. The overall findings as regards governance and 

                                                                                                                                                                                     

16 Refer to wp4 report 
17 The issues affecting Assam in particular have been included in the analysis below 



 8 

policy are shown below, with the column on the left representing the issues raised by stakeholders, 

the chart showing the degree to which these are reflected in law and policy (along with the 

effectiveness of implementation), and finally the red and green boxes on the right showing an 

assessment of the relevant policy position: 

 

 
 

Response Strategies 

In addition to the above, FEEM took each of the above issues, and further broke these down into 46 

possible responses based on information accumulated through the application of the MULINO 
decision-support system. These have become the basis for response strategies aimed at improving 

water management and decreasing vulnerability:18

1. Reduce poverty 

  

2. Educational policy 

3. Inclusiveness and empowerment in the decision-making process 

4. Integration of research in decision-making 

5. Improve community involvement and foster participatory processes for decision-making 

6. Foster livelihood practices based on conservation, rehabilitation and sustainability 

7. Design policy for flood management 

8. Introduce flood insurance 

9. Environmental impact assessment for new dams 

                                                           

18 Please note that the response strategies that affect Assam in particular have been assessed in more detail 
below. Not all of the 46 responses listed here are relevant to Assam. 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Positive 

Positive 

Negative 
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10. Interaction among science, governance and policy 

11. Accountability and transparency in government actions 

12. Implement and enforce existing laws and design new and more effective laws 

13. Establishment of institutions 

14. Resolve conflicts and strengthen coordination among institutions 

15. Avoid government crisis 

16. Inter-state coordination and conflict resolution, cross-boundary issues 

17. Introduce adequate construction methods 

18. Early Warning system 

19. Channel improvement  

20. Agricultural practices 

21. Soil conservation efforts 

22. Forest management 

23. Flood and erosion control 

24. Reservoirs 

25. Renaturation 

26. Watershed management  

27. River-training works 

28. Multi-purpose dam construction 

29. Control of GLOFs 

30. Integration and coordination among different sectors of research and decision-making 

31. Increase knowledge on best practices and research on impacts of natural hazards 

32. Environmental monitoring 

33. Flood modelling 

34. Dissemination of knowledge 

35. Develop capacity building and awareness plans for local communities and their leaders 

36. Increase awareness of the population on risks, conservation and WRM 

37. Training of employees and administrative people  

38. Strengthen traditional knowledge 

39. Disaster risk management 

40. Protection of communities 

41. Design and implement IWRM plans 

42. Hazard zonation 

43. Design and implement relief and rehabilitation plans 

44. Land use planning 

45. Retention areas planning 

46. Town planning19

                                                           

19 Refer to Integrated Indicator Table (IIT) designed in WP_6 
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2. Methodology 

Rationale 
The objective of this report is to evaluate the proposed responses set out above with respect to the 

SRES storylines, but to do so in the context of the Assam situation only. Each of the responses will be 

more or less appropriate for each storyline. At this stage, a neutral stance will be maintained with 

respect to the degree to which each scenario storyline adheres to the demands of IWRM, but in 

WP10 this position will be modified and the storylines prioritised in line with IWRM. 

Methodological approach 
The report will first deconstruct the SRES storylines to identify particular strands relevant to water, 

land and disaster management. This will highlight those areas that are most relevant to the way in 

which the underlying governance frameworks operate. As far as possible, the characteristics of the 

governance system that would be needed to support the storylines will be determined. The 

response strategies identified by FEEM with respect to Assam will be compared and ranked against 

each of these more developed storylines in an effort to find the strategies that most conform to the 

governance projection in each. The report will also identify the timescale within which each strategy 

would need to be implemented, differentiating broadly between the short (2001-2020) and the long 

(2020-2050) term. 

Difficulties 
There however a number of significant problems with respect to fitting the response strategies into 

the storylines. The first relates to timing: the SRES storylines are based on futures imagined as at 

2100. Some contain broad outlines of what may happen in the meantime (e.g. the A1 storyline 

suggests that there will be an increase in population mid-century, but that this will drop by again by 

2100 to levels close to what they are today). The time slices being looked at in Brahmatwinn extend 

from 2001 to 2020, and from 2020 to 2050. There is therefore a mismatch between the scenario 

storylines and the Brahmatwinn time slices. This makes it very difficult to superimpose the two – the 

storylines do not seek to represent the world in 2050. However, the assumptions and trends that 

underpin the storylines – e.g. with respect to international cooperation levels – can feasibly be 

compared with the response actions suggested by Brahmatwinn.  

It is essential to note that the exercise does not intend to make predictions with respect to the 

governance situation associated with each of the storylines – the author recognizes that to predict 

governance characteristic for ninety years hence is an impossibility because such projections are 

dependent on a complex set of variables such as technological development, social change, 

economic context, religious context, changes in the physical environment and corresponding social 

impacts, and education levels, among many others. The objective here is merely to add further flesh 

to the scenarios as they stand currently – scenarios merely “provide an alternative image of how the 

future might unfold”.20

                                                           

20 Alcamo, J., Scenarios as tools for international environmental assessments, Environmental Issues Report 
no.24 (European Environment Agency, Copenhagen, 2001), 7. Available at 

 On the other hand, it is possible to look at the development of governance 

in the west, for example, over the past 100 years and see a process whereby the broad principles of 

www.eea.eu.int.  

http://www.eea.eu.int/�
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good governance appear to have been progressively realized, despite the fact that technology has 

radically altered the ways in which governance operates. 

3. Governance expectations for SRES storylines:  
In order to assess the extent to which each of the response strategies corresponds with the scenario 
set out in each of the storylines, it is necessary to predict, as far as this is possible, the 
characteristics of the governance system relevant to water, land and disaster management that is 
likely to be in place to support such scenarios. The storylines have not been drafted with water 
specifically in mind, which renders exact superimposition impossible. For each of the scenarios a 
governance context will be suggested below: 

A1 Storyline 
As noted above, the key elements of this storyline its emphasis on global economic growth, 
international cooperation, infrastructure development and technological efficiency.  

Global economic growth: 

With respect to global economic growth, the relationship between growth, high incomes and good 
governance is currently a matter of debate, although it appears that the link between high incomes 
and governance is broadly accepted.21

• Broad access for civil society to redress and remedy, both in law and in practice 

 In this scenario therefore, one would expect to see better 
overall governance implied from the higher economic status. From the work done in WT 4.2 of the 
Brahmatwinn project certain indicators of good governance have been proposed, and while it is not 
expected that all countries will have attained the same level of economic development, the 
convergence of economic conditions around the world that is put forward in this storyline would 
indicate that countries that are currently poor would perform better when compared to these 
indicators. This would include the following: 
 

• The existence of working checks and balances between differing branches of government 

• a system that allows legislation to be challenged on the basis that it violates international 

law or the constitution 

• enforceable and adequate rights of access to information (including environmental 

information) with appropriate obligations on responsible authorities that ensure these are 

practically complied with 

• clear rights, obligations and powers set out for responsible authorities, along with legal and 

natural persons 

• effective rights of stakeholders in place, including with respect to civil society organisations, 

and disadvantaged or underrepresented groups, to participate in decision-making 

                                                           

21 See for example, Dani Rodrik’s informal paper,“Thinking about governance”, 24 March 2008, at 
http://rodrik.typepad.com/, 2-3 ; and Kaufmann, D., Kraay, A., and Mastruzzi, M., Governance Matters IV: 
Governance Indicators for 1996-2004, World Bank Policy Research Working Paper 3630, June 2005, 3, available 
at http://papers.ssrn.com/sol3/papers.cfm?abstract_id=718081. Note that the relationship between 
governance improvements and growth is less clear, however: see Rodrik, ibid.: governance reform is “neither 
necessary nor sufficient for growth”. 



 12 

• measures in place that effectively compel government institutions to actively seek to consult 

citizens on policy issues, budgetary priorities and development decisions22

International cooperation 

 

It is difficult to break this down from a geographical point of view in some ways. From the language 

used, it appears that international cooperation is associated with the resolution of global problems, 

such as climate change. The storylines in general also refer to “regional” and “local” cooperation. 

“Regional” might refer to a geographical block, for example the European Union, West Africa or 

South-east Asia, but presumably could also encompass transboundary watersheds. In the context of 

high levels of international and regional cooperation then, one would expect to see agreements in 

place between states riparian to international watercourses and aquifers regulating their use in an 

equitable manner. This would include the establishment of agreements in areas where they 

currently do not exist.  

If current trends to incorporate flood management into broader water management regimes 

develop further,23

Institutionally, it may be that organisations are in place for the management of transboundary 
rivers at the supra-national level,

 and taking note of the presumably higher risks associated with increased 

frequency of more severe flood events, it might also be expected that agreements governing 

international watercourses would include flood management within their scope. In areas where 

economic development is at an advanced level, the risk posed by flood hazards would be 

exacerbated, especially where greater urbanisation has occurred. Best practice currently indicates 

that flood management will focus on response strategies rather than engineering solutions in 

recognition of the fact that more severe floods will happen and that the economic cost of preventing 

flooding from such events will be enormous.  

24 but it is also possible that coordination mechanisms are in place 
between riparian states themselves to ensure the smooth flow of information between them, along 
with procedures for conflict resolution and disaster response and for use management.25

Significant international cooperation on international watercourses will demand sophisticated 
monitoring systems, open availability of information between states and appropriate processes for 
getting critical information from upstream areas to downstream states, especially in the context of 
meteorological and hydrological data. If international cooperation is to work in this storyline, these 
information gathering networks will be crucial.

 

26

With more specific reference to the relationship , recent work has indicated that  that while the 
economic staurIt is likely that watercourse agreements [note that economic status of country is 

 

                                                           

22 Refer to Dl_4.2. 
23 See for example, the efforts of the Associated Program on Flood Management at http://www.apfm.info/; 
and noting the incorporation of flood risk into river basin management plans in the European Union context 
under the Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the 
assessment and management of flood risks OJ L 288, 6.11.2007, p. 27–34. 
24 Source citing optimal institutions at basin level – Ali? [note that Blomquist paper suggests this is not always 
necessary]. 
25 However, see Raustiala, infra 
26 It would be interesting to see what role cultural similarities over an entire basin had in terms of the 
capability to reach an agreement on water management. 
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important, but not critical for decentralisation (i.e. to basins) initiatives from the perspective of 
bearing transition costs (Blomquist, W., Dinar, A., Kemper, K., Comparison of Institutional 
Arrangements for River Basin Management in Eight Basins, World Bank Policy Research Working 
Paper 3636, June 2005, 8 and 35 (conclusions recognized that it was not a pre-requisite (35) – 
implication from this is that if developed countries are still relatively as poor as they are now, there 
may not be money for pushing forward for basin management bodies etc.]27

Infrastructure development: 

. 

The storyline proposes that suburban sprawl will continue, with transport infrastructure demanding 

development to address rises in car ownership and presumably increased international 

communication. Such urban development and the importance of supporting infrastructure must be 

conducted in the light of increased demand for meat and dairy produce resulting from higher 

income levels.28

Given the pre-eminence of market-based solutions in this storyline, it may be that the environment 

may not be protected to the same extent as in B1, but this will depend upon whether or not 

environmental protection measures are built-in to markets. It might be suggested that a focus on 

market-based mechanisms coupled with what must be assumed to be high levels of international 

trade could result in the augmentation of international organisations such as the World Trade 

Organisation, although Raustiala suggests that “transgovernmentalism” – coordination between 

networks of peers across national governments in multiple jurisdictions – will undermine the role of 

international organisations and relegate such bodies to virtual irrelevance.

 It is of course impossible to predict the proportions of land that would be occupied 

by agriculture and urban sprawl respectively, but it seems reasonable to suggest that the 

combination of technological efficiency, better governance and the enhanced stakeholder 

involvement necessitated by the latter would work in favour of better land management. How the 

interests of infrastructure development, food production requirements and environmental 

protection will be balanced is unclear, of course. As a result, it must be assumed that improvements 

in general governance will allow the balance to be drawn possibly more equitably than it is now, on 

a global basis, but the importance of the international dimension may make additional demands that 

national governance regimes could potentially be ill-equipped to accommodate. The governance 

system will have to include mechanisms that ensure that local stakeholder voices are heard in 

broader debates regarding construction of international transport networks, for example. 

29

                                                           

27 Note that this project seemed to be concerned principally with the success of the decentralisation process – 
no uniform findings were made across the case study basins, and factors measuring success were not really 
measurable (and only one addressed improvements in resource management over the same period as the 
decentralisation (not necessarily seeking to draw cause – effect relationships between the two). Also noted 
that “problems such as flooding, pollution, scarcity, and/or inter-sectoral conflict have to reach a threshold of 
severity in order to stimulate collective action; the “good news” is that once they reach that threshold, 
collective action often follows” (29). 
28 Ref. Re. Correlations between wealth increases and meat / dairy consumption. 
29 Raustiala, K., The Architecture of International Cooperation: Transgovernmental Networks and the Future of 
International Law, 43 Va. J. Int.’l L. 1 2002-2003, 91-2. 

 If this is indeed the 

case, it seems more probable that basin-wide bodies for management of shared cross-border water 

resources would be replaced by groups representing the water resource ministries of riparian states. 
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This assumes that certain institutional structures and coordination mechanisms are in place, but it is 

not clear that the terms of the storyline would actually demand this. 

A2 Storyline 
In contrast to the A1 storyline, the A2 scenario envisages a much less homogenous world. It 

forecasts a world where national and local self-reliance predominate, global income disparities 

persist and producing food for the world’s swollen population is paramount. Global population is 

around 15 billion in this scenario, almost two and a half times the current level, so it must be 

assumed that not only is food production of critical importance, but that provision of water to such a 

large number of people from a limited resource will be very much more challenging. Protection of 

land and water resources will therefore be crucial. 

National and local self-reliance:  

With particular reference to water and land management, the wording of the storyline states that: 

 “[i]nitial high levels of soil erosion and water pollution are eventually eased through 
the local development of more sustainable high-yield agriculture. Although attention 
is given to potential local and regional environmental damage, it is not uniform 
across regions. Global environmental concerns are relatively weak, although 
attempts are made to bring regional and local pollution under control and to 
maintain environmental amenities”.30

It can be inferred from this that the pollution envisaged in the first sentence relates to diffuse 

pollution from the application of fertilisers and pesticides to increase yield, rather than other forms 

of land-based pollution sources. Although it is not explicitly assumed that water pollution as a whole 

has been reduced, the success of efforts at the local and regional level to control pollution may be 

affected by the economic climate, although it should be noted that some evidence suggests that the 

economic environment may have a reduced role in situations where necessity demands close 

cooperation.

  

31

                                                           

30 SRES report, para.4.3.2. 
31 Blomquist  

 It may be that the heavy reliance on clean water for agricultural production will 

propel efforts to control localised pollution, although income disparities across regions and 

consequent impacts on capacity, especially between states riparian to international watercourses, 

may create difficulties on such rivers and lakes. It is also possible that groundwater resources are 

particularly affected due to the difficulties in regulating its use effectively, and possible continuing 

uncertainty over the extent of aquifer systems, especially Transboundary ones. 

If national and local self-reliance is more extensive than international cooperation, it is possible that 

communities will be left to their own devices to a large degree. This may manifest itself in an 

absence of interference from central government, but also in a lack of supporting funds flowing 

down from the latter. There may then be corresponding impacts on the effectiveness of national 

governance regimes at the local level because of lack of finances or displacement of national 

priorities by local ones with consequences for community vulnerability levels. 
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Land use control: 

With such a massive world population demanding food, the optimisation of the use of agricultural 

land will be imperative. The extent of irrigated land will, of necessity, have increased greatly, 

although the extent to which improved low-water use irrigation technologies will have spread to the 

poorest communities is difficult to predict. It is also difficult to anticipate population movement in 

this context. The need for food will presumably demand the presence of a labour force that can 

produce it, but economic necessity, in a world where income disparities are high, may mean that 

rural populations migrate to urban centres. If this is indeed the case, poor agricultural countries may 

experience relatively uncontrolled expansion of urban areas through informal settlements, with few 

people left to produce crops. This scenario may in fact become more probable where there is 

competition for water resources: if farmers are dependent on groundwater, as they are in many 

parts of India, for example, declining water table levels may mean that only the richest farmers can 

afford to access water, pushing poorer farmers to leave the land altogether. 

On the theme of groundwater use again, it is also possible that this resource may become adversely 

affected as a result of high-impact agricultural production. If pesticides and fertilisers are being used 

to a significant extent, groundwater and groundwater-dependent ecosystems are likely to suffer 

through pollution. This may create an environment that is more conducive to the use of genetically 

modified crops that can provide higher yields in environments where little water is available and that 

can negate the use of pesticides. In either event, it is still probable that groundwater use control will 

be critical in order to ensure that water quality is maintained and that use rates are sustainable. 

At the other extreme, the likelihood of flooding may compound problems with the availability of 

agricultural land. The creation and maintenance of productive land will be critical if everyone is to be 

fed, and this will almost certainly result in the increased use of floodplains for growing crops, or at 

least to a higher priority being attached to the produce from such areas. This could lead either to an 

increase in flow control, through upstream dams or levees to protect agricultural areas for example, 

or to changes in crop from traditional foodstuffs to other more flood-tolerant species on the 

assumption that fields cannot be protected from floods and must therefore grow crops that can 

survive inundation. On Transboundary watercourses in circumstances where international 

cooperation is not the norm, it may be that localised flood control works become more heavily used 

in order to avoid the difficult and fraught process of negotiating and financing upstream dams in 

other countries,32

                                                           

32 These decisions will not be made in isolation however – a decision to make use of localised flood control 
may have impacts on the nutrients available on land that previously derived its value from flood siltation, and 
this may in turn exacerbate demands for fertilisers, with its resulting effect on groundwater quality. 

 although this may offset by economic considerations where hydropower is the 

principal affordable energy-production source. On balance, it seems likely that the need for stability 

in food production will be interpreted as a call for the increasing use of flow control mechanisms. 

Protection of agricultural land from inundation could also prohibit urban development on such 

areas, possibly resulting in greater use of zoning controls, but given the postulated economic 

situation, it seems unlikely that such zoning controls would be extended to prevent building in flood-

prone areas – agricultural land is likely to take priority. 



 16 

Finally, it is also possible that national and community self-reliance trends could result in greater 

concern being applied only to local problems without the benefit of a broader geographic 

perspective. This could exacerbate problems caused between upstream and downstream users on a 

watercourse, for instance and a reluctance to initiate and maintain organisations that could manage 

resources at the lowest appropriate level. It would necessitate a governance system that facilitate 

administrative cooperation between smaller geographical units and resolution of conflicts and 

disagreements between these groups. 

B1 Storyline 
The B1 storyline mirrors that of A1 in terms of its population level projections and societal 

convergence at the global level, but differs in certain key ways. Principally, the roles of 

environmental protection and social equity are higher in the B1 context, with more emphasis on 

low-impact agricultural production and resource-use efficiency. In the broader context of sustainable 

development, the A1 storyline attaches the highest priority on economic development, whereas B1 
is more concerned with the other two pillars, social and environmental factors. 

Globally coherent approach to more sustainable development: 

The inference taken from this wording is that the focus on “global solutions to economic, social and 

environmental sustainability”33

It is possible that this trend may also tie in with energy source changes, especially in areas where 

generation of hydropower is feasible, allowing upstream development of dams for water flow 

control, storage and energy generation. However, fundamentally the broad governance system 

required for this storyline would not differ from that seen in A1, because both ultimately require 

regimes that allow the political process to translate society’s views as to the balance between social, 

economic and environmental concerns into policy and implementation. A1 and B1 differ 

fundamentally insofar as the balance between these three areas is delineated differently in each, 

but each storyline reflects the will of society. One would therefore expect to see a governance 

system in place in the B1 context that permitted accountability, transparency, and participation in 

decision-making, consistent with the best position in the governance assessment report.

 extends to international cooperation for resource management, for 

example. Consequently, the section above in relation to “International cooperation” in the A1 

storyline could be applicable here in terms of a greater emphasis on international agreements, such 

as basin agreements with respect to international watercourses and a more comprehensive attitude 

to integrating those areas of resource management that affect, or are affected by, water availability. 

It may therefore be the case that international agreements become more complex as they seek to 

address land use management, pollution control, water abstraction and flood management in an 

integrated fashion. 

34

Furthermore, it is this governance system that will allow society to decide whether it believes dams 

and hydropower are the best options for energy generation, balanced against natural methods for 

flood control, for example, other available sources of renewable energy and the social and 

environmental costs of creating dams and flooding large areas of land. This would therefore demand 

. 

                                                           

33 SRES Report, supra note 1, Summary for Policymakers, 5. 
34 Refer to DL_4.2 
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the same broad attributes of a governance system as were set out in A1 above in relation to “global 

economic development”.35

Land, resource and water management: 

  

Predicting the role of international organisations in the B1 scenario is subject to the same questions 

as in A1. It could be argued that the coherence necessary for this globally consistent message could 

only be achieved through powerful international organisations, but it could equally be true that with 

economic development, the majority of nations decide that the B1 approach is the best one on its 

merits. The former seems more likely in this context, and this may have correlative effects on 

Transboundary water management, especially when compared to the scenario set out in B2. It is not 

clear if countries would be prepared to cede greater sovereignty to these international bodies over 

resource control, for example, although this seems unlikely, but were such transfers of power to 

take place, one might expect to see a more integrated international organisation concerned solely 

with resource management in the light of environmental objectives and redistributive equity. It 

could also be that negotiations between countries that are closer in terms of economic status [what 

impact would this have?] 

A sharp distinction between A1 and B1 emerges with respect to urban development and land use. B1 

envisages limited urban development and low impact agricultural land use generally eschewing 

livestock production as it is anticipated that meat will form only a limited part of the general diet by 

2100 in this scenario. This would suggest that the planning environment would severely restrict 

expansion of urban areas, presumably relying on strict application of zoning legislation – there is no 

specific provision in the storyline suggesting that market-based mechanisms would not be used in 

B1, but it is assumed in this report that such tools would be used more in A1 than B1, and that this 

would consequently mean that economic incentives would not be used to restrict development in 

the B1 context. 

B1 is projected to make use of low-impact agricultural production techniques, and this is taken in 

this report to mean that synthetic fertilisers and pesticide use will be limited, with water use being 

carefully managed as part of this generally resource use minimisation ethos. This would reduce the 

impact of diffuse pollution on surface and ground waters and their dependent ecosystems. It is also 

implicit in this scenario that high-efficiency irrigation techniques would be utilised, thereby 

minimising water use for the most water-thirsty user sector, so it might be expected that legislation 

demanding the use of best available techniques for water management be used (perhaps subject to 

caveats limiting implementation in such a way that the poorest are not penalised and equity not 

compromised). With more limited use of agricultural land and an increase in the percentage of 

wilderness projected, it may be that flood control relies more on sacrificial land than physical water 

flow restrictions. This could rely on the same strong zoning legislation that would apply in urban 

areas. As regards existing urban areas that are subject to flood risk, these zoning techniques could 

be used to restrict development on vulnerable sites.  

                                                           

35 Ref. Page above on a1. 
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B2 Storyline 
Like A2, B2 envisages a much less homogenous world than those outlined in A1 and B1. It anticipates 

a situation where environmental and social concerns are priorities compared with economic 

development, but where in comparison to B1, local and regional efforts rather than international 

ones are at the vanguard of putting these emphases into practice.  

Local and regional implementation: 

Regional and community approaches are predominant in this more nationally segregated world, 

although environmental aims are shared at the global level. The relative lack of success that these 

efforts have in implementing shared goals may be reflective of a lack of coordination at the policy-

making level. It could be argued that these potentially bottom-up initiatives are not capable of being 

replicated in the event that they are successful because governance structures do not allow 

adequate participation of communities in national level decision-making. This would suggest a 

failure of the broader governance regime, or potentially the absence of a mechanism that allocates 

funding to initiatives that are worth using as models. Again, the question of the relationship 

between governance, or water management improvements, to economic status is relevant 

[something on necessity overcoming economics?]. 

This approach, coupled with the fact that bilateral agreements are favoured in this storyline suggests 

that no concerted effort is being made to address fundamental problems at levels higher than 

existing political boundaries. This suggests that basin management of Transboundary basins would 

not occur beyond individual agreements between groups of basin states at best, rather than 

between all basins states. Basin management institutions are not in place, and it appears unlikely 

that coordination efforts between riparian governments occur either, leading to the impression that 

a sort of cantonisation has occurred whereby decisions may be made at the lowest level from a 

political perspective, but not at the lowest level appropriate for shared resource management. It 

also suggests that coordination efforts between localities and regions is not perhaps as good as it 

might be, so that parochialism is liable to fracture efforts to achieve common goals. 

Land use control: 

Following from the assumptions made in the previous section on local and regional implementation, 

communities will have the power to act with a high degree of autonomy. This will demand that these 

local bodies have relevant powers conferred on them that are commensurate with their 

responsibilities, and this would suggest a relatively weak state and devolution of powers over 

resource control, for instance, passing to regional political entities.  Land use is more integrated 

according to the storyline, and this presumably also means that land use is more integrated with 

water use, leading to fewer problems caused by diffuse pollution of surface and ground waters. It is 

also possible that the governance systems in place at these local and regional levels increases in 

diversity as regimes adapt to peculiarly local circumstances. This will increase the difficulties in 

implementing coherent policies across regions because the interfaces between multi-level 

governance systems will become immensely complicated. It may also be the case that in poorer 

countries, customary legal systems may become politically sanctioned at the local level and accepted 

as the formal governance frameworks in the possible absence of any penetration of a national 

system. Again, this fragmentation will cause problems with respect to implementation of national 



 19 

policies, but will create additional disincentives for communities to coordinate with respect to flood 

control, for example, leading to piecemeal responses across basins. This is likely to result in less 

construction of physical control works because the effectiveness of such structures would be 

dependent on both upstream and downstream controls being constant, something that could not be 

guaranteed because of the lack of basin-wide coordination. This would be exacerbated by a probable 

tendency to delegate powers to administrative bodies operating within politically-defined borders. 

4. Analysis of Response Strategies and SRES Storylines:  
The following table sets out all the issues that were raised by stakeholders in Assam, along with 

respective response strategies as suggested by FEEM. The appropriateness of each strategy is then 

ranked across the storylines, with 4 indicating the most appropriate and 1 showing the storyline with 

which the strategy has least in common. The final scores for each storyline will then be added up at 

the bottom. The lines shaded in green highlight those issues where it appears that the Assamese 

government is addressing these concerns currently.36

 

 The other issues are therefore those where 

policy initiatives suggest either a lack of attention or an active move away from the ideal. In effect 

the table shows those strategies in most accord with what the storylines might reflect. 

 

In addition, the table identifies prospective timelines within which the strategies would be expected 

to be implemented. With respect to those that have been allocated the 2020-2050 time slice, it 

should be noted that this does not necessarily mean that governments should wait until 2020 before 

they begin to consider these issues, but is more suggestive of long term planning requirements that 

would be expected to come to fruition in the longer term. 

                                                           

36 See WP5.2 report 
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Assam issues: 
 

Issue Response strategy A1 A2 B1 B2 
Time 
Slice 

Comments 

Awareness of population on 
risks, conservation and 
WRM 

increase awareness of the 
population on risks, conservation 
and WRM 

2 1 4 3 2001-
2020 

 

Integration of research in 
decision-making 

integration and coordination 
among different sectors of research 
and decision making 

3 2 4 1 2001-
2020 

 

Community involvement in 
decision making 

Improve community involvement 
and foster participatory processes 
for decision-making 

1 3 2 4 2001-
2020 

Both A1 and A2 depend on a high quality 
foundation of good governance and this would 
demand effective participation of communities 
at all levels, contrary to what may at first sight 
be the case. In A2 and B2, the storylines that 
ostensibly rely on community involvement 
most heavily, participation at the local levels 
would be necessary, but would not function 
well at the national level. Strategies that 
encourage and enable participation at the 
community level only would best be suited to 
A2 and B2. 

foster livelihood practices based on 
conservation, rehabilitation and 
sustainability 

2 1 4 3 2020-
2050 

 

Early warning system Early warning system 4 1 3 2 2001-
2020 

 

disaster risk management 4 1 3 2 2001-
2020 

 

hazard zonation 3 1 4 2 2001-
2020 

Note that although hazard zoning forms part of 
Indian union water policy currently, it is difficult 
to see how it could work in Assam, given that 
the floodplain coincides with the bulk of the 
productive farmland in the state. 

IWRM design and implement IWRM plans 3 1 4 2 2001-  
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2020 
Establishment of 
institutions 

       

Long term vision and 
measures vs. Short term 
engineering solutions 

multi-purpose dam construction 4 2 3 1 2020-
2050 

 

flood and erosion control 3 4 2 1 2020-
2050 

 

Land use planning 2 1 4 3 2001-
2020 

 

retention areas planning       
environmental impact assessment 
for new dams 

3 1 4 2 2001-
2020 

 

Relief and rehabilitation design and implement relief and 
rehabilitation plans 

3 1 4 2 2001-
2020 

 

soil conservation efforts 1 4 2 3 2001-
2020 

 

forest management       
renaturation 
 

1 4 2 3 2020-
2050 

 

Policy making and 
implementation of laws 

accountability and transparency in 
government actions 

3 2 3 2 2020-
2050 

 

implement and enforce existing 
laws and design new and more 
effective laws 

3 2 3 2 2001-
2020 

 

Coordination among 
institutions 

Resolve conflicts and strengthen 
coordination among institutions 

3 2 4 1 2001-
2020 

 

Inter-state conflict, cross 
boundary issues 

inter-state coordination and 
conflict resolution 

4 2 3 1 2020-
2050 

 

        

 Totals: 52 36 62 41   
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5. Conclusions  
The broad conclusions from the above table indicate that the B1 storyline fits best with the 

strategies put forward by FEEM in response to the stakeholder issues, with A2 being least 

appropriate. Based on the number of strategies which are best suited for each storyline, as set out 

below, B1 again comes out as the winner, being most associated with ten strategies, but this time B2 

clearly comes out worst, being best associated with only one.  

A1: 

1. Early warning system – 2001-2020 

2. Disaster risk management – 2001-2020 

3. Multi-purpose dam construction – 2020-2050 

4. Accountability and transparency in government actions – 2020-2050 

5. implement existing laws and design new and more effective laws; and – 2001-2020 

6. inter-state coordination – 2020-2050 

A2: 

1. flood and erosion control – 2020-2050 

2. soil conservation efforts – 2001-2020 

3. renaturation – 2020-2050 

B1: 

1. increase knowledge on risks and best practices – 2001-2020 

2. integration and coordination among different sectors of research and policy making – 

2001-2020 

3. foster livelihood practices based on conservation, rehabilitation and sustainability – 

2020-2050 

4. hazard zonation – 2001-2020 

5. design and implement IWRM plans – 2001-2020 

6. environmental impact assessment for new dams – 2001-2020 

7. design and implement relief and rehabilitation plans  – 2001-2020 

8. Accountability and transparency in government actions – 2001-2020 

9. implement existing laws and design new and more effective laws; and – 2001-2020 

10. coordination among institutions – 2001-2020 

B2: 

1. strategies based on community involvement and participation processes – 2001-2020 

 

It is especially interesting to note that there is a very close correlation between those areas where 

Assam has been considered strong from a policy perspective (Early warning systems; Disaster risk 

management; and Multi-purpose dam construction) and the strategies that are most associated with 

the A1 storyline.  

With respect to timelines, comparatively few fall into the later time slice. [need some more here on 

conclusions re. Timelines] 
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