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1. BRAHMATWINN

• FP6 research project, June 2006 – December 2009
• enhance capacity to carry out a harmonized integrated 

water resources management (IWRM) approach as 
addressed by the European Water Initiative in headwater 
river systems of alpine mountain massifs already 
impacted from climate change

• establish a transfer of professional IWRM expertise, 
approaches and tools based on case studies carried out 
in twinning European and Asian river basins

http://www.brahmatwinn.uni-jena.de/index.php?id=5314&L=2
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1.1 Case studies
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1.2 Research consortium

Friedrich-Schiller University, Jena, Germany (Coordinator)
International Centre for Integrated Mountain Development, Nepal 
Indian Institute of Technology Roorkee, India
The Royal University of Bhutan
Institute for Tibetean Plateau Research, China
Center for Agricultural Resource Research, China 
Ludwig-Maximilian University, Munich, Germany 
Johann Wolfgang Goethe University, Frankfurt Main, Germany
Z_GIS, Universität Salzburg, Austria
University of Vienna, Austria
University of Southampton, United Kingdom
University of Dundee, United Kingdom
University of Oslo, Norway
Fondazione Eni Enrico Mattei, Italy
H.G. Geodata Solutions GmbH (SME), Germany
3Kon GmbH (SME), Germany
Vodni Zdroje a.s. (SME), Czech Republic 
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1.3 Context

• Climate change adaptation
glacier retreat and decreasing water availability

• Social-ecological system and IWRM 
participatory process and knowledge integration

• Frameworks and tools:
DPSIR, NetSyMoD and mDSS
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Goal: establish a biunivocal relation between research 
outcomes and stakeholders’ needs in the field of IWRM

2. Integrated Indicator Table
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2. Integrated Indicator Table
BrahmaTWinn PROJECT PARTNERS STAKEHOLDERS

Domain INDICATOR definition unit partner ED D P S I R Sub-Domain ISSUE sh ws RESPONSE STRATEGIES category of RS

Aspect Hillside areas in the basin with North, East, West and South exposition % FSU

Basin area Area of the river basin km2 FSU

Length-breadth-ratio of basin Describe the form of the basin area. (longish, plane or expanded extension) ratio FSU

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

% FSU

Topographic gradient Describes the altitude difference m FSU

Topographic wetness index Describes the potential wetness in the basin FSU

Aspect/slope (elevation) To describe elevation degree/ % ZGIS

Ecoregions 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)

classes UniVie Increased habitat range (northward shifts of bird and 
insect species)

B

Ecosystem Services Ecosystem Services are defined as benefits to the human populations which are derived, directly or 
indirectly, from ecosystem functions

classes: low-medium-
high

UniVie Ecosystem health (soil erosion, soil fertility, soil salinity, 
water logging, river bank erosion, siltation, 
sedimentation, sediment load in river)

A, B, S

Conservation Significant Protected areas, Biodiversity hotspot, Global 2000 ecoregion, International bird areas Area/%and number ICIMOD

Biodiversity Structural diversity of vegetation communities low-medium-high UniVie 1 Biodiversity Biodiversity A, S

Land use Describes the percentage of each land use class related to the basin area (year 2000) % FSU Land use B
Ecosytem function (Land use Land cover Change) Land use land cover change in the basin Area/% ICIMOD

Area [m2] per Land Use/Land Cover Class (7/20; depending on level) Assessment of land use patterns km2/class ZGIS

Snow cover: difference between years 2000-2006 Indicates the growth, respectively the reduction of the snow cover normalized value ZGIS Snowfall S
Glacier inventory: change between 1968 and 1998; absolute values for 
each year

Assessment of the melting, respectively growing of the glaciers km2/class ZGIS Glacier area B

Glaciated area percentage The percentage area of the entire basin/catchment area which is covered by glaciers % UniOslo

Glaciated area hypsography Glaciated area hypsography is a histogram of glacier area in individual elevation zones km2 / 100 m (or 50m) UniOslo

Upstream glacier contribution Area and closeness of glaciers upstream of a certain point km2 and km UniOslo

Permafrost area [km2] Area of permafrost km2 ZGIS Permafrost area S
Permafrost area hypsography Permafrost area hypsography is a histogram of permafrost area in individual elevation zones km2 / 100 m (or 50m) UniOslo

Permafrost area percentage The percentage area of the entire basin/catchment area which is underlain by permafrost % UniOslo

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

Forest land - decline in Decline in forest land is a rate of decline in total forest covered % IIT-R Deforestation, forest fires A, B
Afforestation (planned) Increase of plantation area per area unit (derived from LULC classification) km2, % ZGIS Reforestation A, B
Afforestation (spontaneous, bush encroachment) Increase of irregular bush coverage per area unit (derived from LULC classification) km2, % ZGIS Bush encroachment S
Forestland Proportion of forest land managed GeoDa

Forest cover area & its temporal changes Measure of changes in forest cover  with multivarious impacts ha & % IIT-R

Number of water extraction & discharge Location of water extraction & discharge Number ZGIS Effluents treatment A
Water quality Quality of rivers and lakes Categories ZGIS Pollution A
Contamination of ground water Measure of contamination of ground water due to presence of toxic elements mg / l IIT-R

Water supply To what part is groundwater extracted for the water supply and to what part is surface water used % FSU

Renewable rate Rate of recharge of water resources Mio.m3 FSU

Total water extraction Yearly water extraction for all kinds of usage Mio.m3/a FSU Ground water level A
Amount of water resources in typical, wet and dry years Gives an overview about the available freshwater resources in different climatic influenced years Mio.m3 FSU Water depth A
Water reservoirs Percentage of water stored in glaciers/snow, reservoirs, groundwater and rivers % FSU A
Wetland (beel) Marshy or waterlogged land in flood plain / ox-bow lake / low-lying depression areas ha IIT-R Natural flushing of wetlands A
Lake area [m2] per 1000m grid cell To evaluate lake cover m2/grid cell ZGIS

Retention area [m2] per 1000m grid cell Indicates the retention capacity of the floodplain m2/grid cell ZGIS

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 % FSU Extraction of water A

Relative water stress index (RWSI) Ratio between recharge and water use na FSU Impact on aquatic resources
Discharge Total annual discharge, mean annual discharge, maximal and minimal values m3/a; m3/sec FSU

Dominant type of runoff generation Areas with dominant surface runoff, interflow and groundwater flow in relation to the basin area % FSU

Drainage density Gives an overview to the concentration of the river discharge and the velocity, similar to the indicator 
length-breadth-ratio

Ratio/ % FSU

Form factor (Horton) Gives an overview to the concentration of the river discharge and the velocity, similar to the indicator 
length-breadth-ratio

ratio FSU Physical characteristics of the river A

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 

m or m3/s FSU

Monthly discharge (12 mean monthly discharge values per year and 
catchment outlet)

Total of modelled river discharge at a certain gauge station qm/s LMU River flow A, B

Annual runoff pattern Distributed rainfall aggregate for the UDRB and UBRB domains with 1 km resolution mm/a LMU Runoff A, B, S
Annual precipitation Average precipitation per year for the period 1971-2000 mm FSU Climate change A, B, S
Areal precipitation Precipitation per unit area mm/km2 FSU

Precipitation trend The development of the precipitation in the period 1971 – 2000; % of the mean annual precipitation % FSU

Annual rainfall pattern Distributed rainfall aggregate for the UDRB and UBRB domains with 1 km resolution mm/a LMU

Yearly precipitation Total precipitation amount per year mm/a JWG

Monsoon length Time from the onset until the withdrawal of the summer Monsoon days JWG Monsoon B
Monsoon onset Date of the summer Monsoon onset date JWG

Seasonal precipitation Total precipitation amount per season mm/season JWG

Precipitation frequency Frequency of days with precipitation above precipitation threshold (typically 1 mm) l JWG

Heavy precipitation threshold 90th percentile of precipitation amounts mm/day JWG Rainfall, snowfall, extreme events, floods A, B, S
Max. 5-day precipitation Greatest 5-day total precipitation mm JWG

Average precipitation intensity Averaged precipitation per day mm/day JWG

Longest dry period Maximum number of consecutive dry days days JWG

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

Heavy precipitation days Fraction of events with precipitation > Heavy precipitation threshold l JWG

Aridity index Describes the climate in the basin area FSU 1 Aridity Drought A
Potential evapotranspiration Potential evapotranspiration mm/d FSU Climate change A, B, S
Evapotranspiration (annual pattern) Distributed evapotranspiration aggregate for the UDRB and UBRB domains with 1 km resolution mm/a LMU

Average annual temperature Mean annual temperature in the basin °C FSU Temperature A, B, S
Extreme temperature indices Extreme temperature indices is based on daily maximum and minimum temperature °C, %, days ITP Climate change A, B, S
Annual mean temperature Mean temperature per year °C JWG

Growing season length Time from the onset until the withdrawal of the thermal growing season days JWG

Growing season onset Date of the thermal growing season onset date JWG

Seasonal mean temperature Mean temperature per season °C JWG

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

Cold-day threshold 10th percentile of Tmin, i.e. the 10th hottest day (or night) °C JWG

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

Longest heatwave Maximum number of consecutive days with Tmax > Hot-day threshold days JWG

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

% FSU Floods, flash floods, GLOFs, landslides A, B

Potential floodplains Potential floodplain area for exceedance for 10, 50, 100 yearly flooding % and/or km2 FSU

Ecohydrological Vulnerability The vulnerability of Ecohydrological relevant areas, depending on the impact of the human dimension 
and climate change

low - high UniVie

Potential erosion prone stream bank line Measure of vulnerability of river bank extent to erosion Km IIT-R

Plain form index (PFI) & its spatio-temporal changes PFI is a measure of intensity of brading of stream channel triggered by bank erosion and uneven stream 
bed rise, creating multiple flow channels 

ratio IIT-R

Peak Ground Acceleration 10% probability of exceedance in 50 years Global Seismic Hazard Map % ZGIS Earthquake A

Avalanche risk Defined classes of avalanche risk (yellow/red) Categories ZGIS Avalanche control S
Asset ownership Proportion of households owning different types of assets proportion GeoDa Vicious cycle (poverty-ecology) A
Per capita income Per capita income in Rs. Rupees IIT-R Poverty / per capita income B
Income proportion of households with income below the national median proportion GeoDa Lifestyle A, B, S
Public Distribution System (PDS) Expenditure (Rs.000) of the society per family Rs.(000) IIT-R

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

Distance to water (potable) Average distance to location of potable water (people without public water supply) km FSU

Gross per capita water availability (PCWA) Indicator gives an overview about the freshwater distribution and the water usage m3/person/year FSU Water availability B
Water consuming sectors Percentage extraction of industry, irrigation, public water supply % FSU Water usage and sectors B, S
Water accessibility and water quality Proportion of households with tap, hand pump or tube well water proportion GeoDa Water quality A, B, S
Drinking water - sources of Number of household using pond and river water users/100 people IIT-R Provision of safe drinking water A
Number of residents non-academics per 1000m grid cell Measure for the education No./grid cell ZGIS Level of education B
Drop-out No. of students drop-out per 100 students number IIT-R

General & adult literacy Percentage of literacy among general & adult population % of population IIT-R

Access to information and communication facilities (radio, television, 
telephone, etc.)

Number and coverage per 1000 population No./pop GeoDa Scientific knowledge data availability B

Population density Mean number of people per area Inhabitants/km2 FSU Demographic patterns A
Population growth rate Average growth rate of the population (1971-2000) % FSU Population growth B
Population Size of population in the basin FSU

Urbanization Proportion of rural residents migrating to urban centres GeoDa Migration A, B
Population within 10km of coastline or flood plain GeoDa Displacement of people and communities A, B
Distance to river bank GeoDa

Settlements on river banks Area covered by settlements within certain distance to river km2 ZGIS Settlement on river banks A
Sex ratio The ratio of males to females in the population ratio GeoDa

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

Female income Estimated female income GeoDa Access to resources by women A, B
Income inequality Estimated female to male income GeoDa Issues of gender: status of women, social and 

psychological pressures on women
A

Community 
structure

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 no/grid cell ZGIS

1 Age distribution

Infant mortality Infant mortality is a measure of health status of the people % IIT-R

Maternal mortality Number of deaths of women from pregnancy-related causes per 100,000 live births % GeoDa

Incidence of malaria and water borne diseases The number  malaria or water borne disease per 100,000 people GeoDa Morbidity and mortality caused by floods and climate 
change

A, B

Life expectancy GeoDa Health status A
Sanitation Proportion of households having water closet/flush toilet proportion GeoDa Poor infrastructure for sanitation facility B
Sanitation Number of household having sanitary latrine % IIT-R

Proximity [km] to health facilities per 1000m grid cell Access to health facilities km/grid cell ZGIS Access to services A, B
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
km; 
Proxy for Bhutan: 
proportion

GeoDa

Number of residential buildings per 1000m grid cell Number of residential buildings no/grid cell ZGIS

Housing Proportion of houses by predominant material of roofing, wall and flooring proportion GeoDa

Housing Different type of buildings made for people to live in, usually for one family % IIT-R

Number of cities larger than 100 000 inhabitants Number s of Cities with more than 100.000 inhabitants FSU Urban development A, B
Share of population in cities over 100.000 Part of population living in cities with more than 100.000 inhabitants % FSU Change in settlement patterns B
Urbanization ICIMOD

Proximity [km] to primary roads per 1000m grid cell To evaluate the access, respectively the infrastructure km/grid cell ZGIS
1 Access to infrastructure

Length [m] of primary roads per 1000m grid cell Measure of the infrastructure of a region m/grid cell ZGIS Road construction and amelioration A, B
Road density Proportion of roads that are metalled roads, national roads, track paths, unmetalled roads, cart tracts 

and foot paths
proportion GeoDa

Inland navigation share of cargo transport Measure of inland navigation growth in cargo transportation % IIT-R River transport facility A
Amount/kind of water infrastructure (e.g. dams, reservoirs) GeoDa Drainage facilities A
Flood damage to property, man , cattle-head Measure of flood damage to man,   property, cattle Rupees, No. IIT-R Damages to infrastructure B
Reservoir Induced Seismicity ( RIS ) It is indicative of possible induced earthquake due to creation of storage water N/A IIT-R Induced seismic activities A
Chance of occurrence of dam break Probability  of dam break occurring is ascertained by Dam Break Analysis study % chance IIT-R Dam breakage A
Likely stream bed retrogression downstream Downstream bed  degrades due to release of clear water from spillway  of dam Metre IIT-R Dam water release A
Reservoir sedimentation volume & submergence area Upstream of dam sedimentation occurs causing loss of storage & area gets submerged CuM,  Hectare IIT-R Impact of infrastructure development A

Wastes Number of waste disposal & treatment Location of waste disposal & treatment Number ZGIS 1 Waste management Waste disposal A, B

Energy Balance Total energy balance (time series) Terajoule per district ZGIS Energy use/per capita consumption A, B
Per capita utilization Measure of energy use & general development IIT-R

Number of big dams >15m Artificial dams higher than 15m high Number FSU Hydroelectric plants A
Number of small dams <15m Artificial dams and ponds smaller than 15m high Number FSU

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 % of all big dams FSU

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 % of all small dams FSU Multi-purpose dams (mini dams) A

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

Livestock density Mean number of livestock per area Livestock/km2 FSU

Irrigated area for Kharif crop Area of a river basin which is under irrigation during Kharif season (in summer) % FSU Irrigation infrastructure A
Irrigated area for Rabi crop Area of a river basin which is under irrigation during Rabi season (in non monsoon) % FSU

Commercial agricultural land (in km2) per 100 household Commercial agricultural land (km2) / 100 household km2 per 100 
household

GeoDa Land use change in agriculture, agriculture pressures A, B, S

Grain yield and consumption ICIMOD

Cropping patterns - Agricultural income No. of household that depend upon agriculture as the prime sources of income Rs(000) IIT-R Cropping patterns B
Horticulture crop density Area of horticultural crops ha IIT-R

Irrigated Land Percentage of the irrigated land to the total cropped land % IIT-R

Kharif land - crop diversity Amount of Kharif crop land for 100 people Acre IIT-R Traditional agriculture A, B
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.
ha IIT-R

Tea growing area Aggregated area of all commercial Tea Estates in Assam hectare IIT-R

Fish catch in a year Measure of fish production and implicitly its growth Kg IIT-R Fisheries A
Trade and service sector - growth of Share of trade and services in State Domestic product % IIT-R 1 Service sector
Development of land Increase of impervious area (derived from LULC classification) %; km2 ZGIS Increase of impervious areas and development of land B

Increased quarrying activities A, B
Industrial development Increase of industrial area (derived from LULC classification) %; km2 ZGIS Industrial development A, B
Industry ICIMOD

Annual Industrial Growth Rate Measure of the rate at which the industry is growing % IIT-R

GDP ICIMOD

GNP ICIMOD

Number of full time employees (male & female) per 1000m grid cell To evaluate means of subsistence No./grid cell ZGIS

Number of labours in the agriculture sector per 1000m grid cell To evaluate economy sector No./grid cell ZGIS

Number of workplace with < 49 employees per 1000m grid cell Number of small-sized enterprises No./grid cell ZGIS

Employment rate Proportion of the population working proportion GeoDa

Economic alternatives Distance to the nearest main settlement km GeoDa Economic alternatives A, B
Labour ICIMOD Transient labour force B
Employment structure ICIMOD

Child labour A
Conduct of training programmes & short-term course Measure of transfer of knowledge & requisite skill No. of training & 

trainees
IIT-R B,S Develop capacity building and awareness plans for 

local communities and their leaders
A,B,S,UB Increase awareness of the population on risks, 

conservation and WRM
UB Training of employees and administrative people
UB Strengthen traditional knowledge
A, B Reduce poverty Governance

Environmental information Measure of the ability for individuals / organisations to access accurate and comprehensive information, including 
environmental information.

N/a UnivDu A Integration and coordination among different sectors of 
research and decision making

IWRM information Measure to assess degree to which relevant authorities are bound to collect and disseminate relevant information 
on IWRM and climate change.

N/a UnivDu B,S,UB Increase knowledge on best practices and research on 
impacts of natural hazards

IWRM information exchange Measure to assess degree to which relevant authorities are bound to exchange relevant information on IWRM and 
climate change.

N/a UnivDu UB Environmental monitoring

UB Flood modelling
UB Dissemination of knowledge
UB Educational policy Governance

1 UB Inclusiveness and empowerment in the decision 
making process

A Integration of research in decision making
Stakeholders participation in decision making Measure to assess degree to which stakeholders, including individuals, government organisations and 

civil society organisations, are able to participate in broader water and flood management.
N/a UnivDu A,B,S,UB Improve Community involvement and foster 

participatory processes for decision making
Citizens consultation actively sought Measure to assess degree to which stakeholders, including individuals, government organisations and 

civil society organisations, are able to participate in broader water and flood management.
N/a UnivDu A,B Foster livelihood practices based on conservation, 

rehabilitation and sustainability
Stakeholders participation in water and flood management Measure to assess degree to which stakeholders, including individuals, government organisations and 

civil society organisations, are able to participate in broader water and flood management.
N/a UnivDu

Early Warning System available per 1000m grid cell No./grid cell ZGIS UB Introduce adequate construction methods

First responders Distance to first responders (fire brigade, ambulance) km ZGIS A,B,S,UB Early warning systems (EWS)

Emergency plan for flood & erosion mitigation Emergency measures for flood-fighting & erosion control round-the-clock N/A IIT-R UB Design policy for flood management
Availability of risk zones and laws Assumption that the availability of risk zones connected with laws leads to a protection of communities Categories ZGIS UB Introduce flood insurance

Raised platform construction in rural areas Emergency shelter for village people with minimum facilities during floods No./village clusters IIT-R A,B,UB Disaster risk management
A,S Protection of communities
S,UB Hazard zonation

IWRM extent Measure to assess degree to which water management is consistent with the principles of IWRM N/a UnivDu A,S,UB River training works
IWRM climate change obligations Measure to assess degree to which water management is consistent with the principles of IWRM, and 

whether or not institutional obligations are consistent with this.
N/a UnivDu A Multi-purpose dam construction

Flood risk planning Measure to assess degree to which flood planning processes and systems take account of all relevant 
risk factors that may have an impact on flood management and mitigation.

N/a UnivDu UB Control of GLOFs

Effective emergency alleviation Measure to assess degree to which emergency response systems protect and alleviate damage and 
suffering.

N/a UnivDu UB Channel improvement

Flood risk: water and land use planning Measure to assess degree to which flood risk is taken into account in the decision-making processes 
with respect to broader land and water use management, and in the context of environmental impact 
assessments.

N/a UnivDu UB Agricultural practices

Stream-bank erosion control plan Well-planned engineering measures on holistic approach for erosion control in vulnerable areas N/a IIT-R A,B Soil conservation efforts
A,B,L,UB Forest management
B,L,S,UB Flood and erosion control
L,UB Reservoirs
L,S,UB Renaturation
B,L,S,UB Watershed management
A Environmental Impact Assessment for new dams
S Interaction among science, governance and public
A,B,L,S Design and implement IWRM plans
A Design and implement relief and rehabilitation plans
B,S,UB Land use planning
B,S Retention areas planning
B,S Town planning

Rights to information Measure of the ability for individuals / organisations to access accurate and comprehensive information, 
including environmental information.

N/a UnivDu A,B,S Accountability and transparency in government actions

Civil society access to redress and remedy Measure of the capacity of individuals and organisations to effectively access justice, redress and 
remedy.

N/a UnivDu A,B,S,UB Implement and enforce existing laws and design new 
and more effective laws

Constitutionality of laws Measure of the capacity of the ability for national / local legislation to be effectively consistent with 
national constitutions and international agreements.

N/a UnivDu A,B Establishment of institutions

Checks and balances on government Measure of the capacity of the executive to be controlled by the legislature / courts. N/a UnivDu A,B,L,S,UB Resolve conflicts and strengthen coordination among 
institutions

Enactment of consolidation of land holdings Act Administrative instrument to prevent fragmentation of land holdings of agricultural land N/A IIT-R UB Avoid government crisis

International 
relations

Note by UnivDu: Inter-state issues have been incorporated into all the governance indicators already, 
so this is already implicit in them. 1 Transboundary issues

A,UB Inter-state coordination and conflict resolution, cross-
boundary issues Governance

Governance

Engineering 
solutions and land 

management

Governance

Planning

Knowledge 
improvement and 
capacity building

Knowledge 
improvement and 
capacity building

Decision making

Planning

Governance

Engineering 
solutions and land 

management

Governance

Governance

General institutional and 
legislative frameworks

Disaster preparedness

Public Participation

IWRM /NRM

1

1
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Increase knowledge

Capacity building

Infrastructure pressures

Construction sector

Industrial production

1

1

1

1
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Employment

Healthcare delivery

Education /Information

Agricultural production

Precipitation

Water resources impact

Permafrost

Basin morphology

Forest management

Water quality

Land use

Glaciology

Vulnerability

Evapotranspiration

Temperature

Population dynamics

Poverty

Water availability

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Morbidity and mortality

Sanitation system

1

Water resources 
pressure

Gender issues

Water flow

Urban settlements

Housing settlements

1

Ecosystem functions

Water resources state

Energy production

Road infrastructure

Water infrastructure

Energy consumption

Th
em

e

1

1

1

Water

Climate

Environmental 
hazards

Livelihoods/
Assets

Basin description

Ecosystem 
/Biodiversity

Land use /
Land use change

Forests

Institutional and 
legislative 
frameworks

Infrastructure

Energy

Economic 
development

Education

Population

Gender

Health/
Sanitation

Settlements

1

GDP/GNP

1

1

Theme Domain Sub-Domain ED D P S I R

Basin description Basin morphology 1

Ecosystem /Biodiversity Ecosystem functions 1

Biodiversity 1

Land use 1

Glaciology 1

Permafrost 1

Forests Forest management 1

Water quality 1

Water resources pressure 1

Water resources state 1

Water resources impact 1

Water flow 1

Precipitation 1

Aridity 1

Evapotranspiration 1

Temperature 1

Environmental hazards Vulnerability 1

Poverty 1

Water availability 1

Education /Information 1

Population Population dynamics 1

Gender Gender issues 1

Community structure Age distribution 1

Morbidity and mortality 1

Sanitation system 1

Healthcare delivery 1

Housing settlements 1

Urban settlements 1

Access to infrastructure 1

Road infrastructure 1

Water infrastructure 1

Infrastructure pressures 1

Wastes Waste management 1

Energy Energy consumption 1

Energy production 1

Agricultural production 1
Service sector 1

Construction sector 1

Industrial production 1

GDP/GNP 1

Employment 1

Capacity building 1

Increase knowledge 1

Decision making 1

Public Participation 1

Disaster preparedness 1

IWRM /NRM 1

General institutional and legislative frameworks 1

International relations Transboundary issues 1

Education

Institutional and legislative 
frameworks

Economic development

Infrastructure

Settlements

Health/
Sanitation

Livelihoods/
Assets

Climate

Water

Land use /
Land use change
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e
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c
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l
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19049tot

238GOV

349ECON

5015SOC

8317ENV

IndS-d

2    12   12 11    4      9   = 49
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2. Integrated Indicator Table

BrahmaTWinn PROJECT PARTNERS STAKEHOLDERS
Domain INDICATOR definition Sub-Domain RESPONSE STRATEGIES

Conduct of training programmes & short-term course Measure of transfer of knowledge & requisite skill Develop capacity building and awareness plans for 
local communities and their leaders
Increase awareness of the population on risks, 
conservation and WRM
Training of employees and administrative people
Strengthen traditional knowledge
Reduce poverty

Environmental information Measure of the ability for individuals / organisations to access accurate and comprehensive information, including 
environmental information.

Integration and coordination among different sectors of 
research and decision making

IWRM information Measure to assess degree to which relevant authorities are bound to collect and disseminate relevant information 
on IWRM and climate change.

Increase knowledge on best practices and research on 
impacts of natural hazards

IWRM information exchange Measure to assess degree to which relevant authorities are bound to exchange relevant information on IWRM and 
climate change.

Environmental monitoring

Flood modelling
Dissemination of knowledge
Educational policy
Inclusiveness and empowerment in the decision 
making process
Integration of research in decision making

Stakeholders participation in decision making Measure to assess degree to which stakeholders, including individuals, government organisations and 
civil society organisations, are able to participate in broader water and flood management.

Improve Community involvement and foster 
participatory processes for decision making

Citizens consultation actively sought Measure to assess degree to which stakeholders, including individuals, government organisations and 
civil society organisations, are able to participate in broader water and flood management.

Foster livelihood practices based on conservation, 
rehabilitation and sustainability

Stakeholders participation in water and flood management Measure to assess degree to which stakeholders, including individuals, government organisations and 
civil society organisations, are able to participate in broader water and flood management.

Early Warning System available per 1000m grid cell Introduce adequate construction methods

First responders Distance to first responders (fire brigade, ambulance) Early warning systems (EWS)

Emergency plan for flood & erosion mitigation Emergency measures for flood-fighting & erosion control round-the-clock Design policy for flood management
Availability of risk zones and laws Assumption that the availability of risk zones connected with laws leads to a protection of communities Introduce flood insurance

Raised platform construction in rural areas Emergency shelter for village people with minimum facilities during floods Disaster risk management
Protection of communities
Hazard zonation

IWRM extent Measure to assess degree to which water management is consistent with the principles of IWRM River training works
IWRM climate change obligations Measure to assess degree to which water management is consistent with the principles of IWRM, and 

whether or not institutional obligations are consistent with this.
Multi-purpose dam construction

Flood risk planning Measure to assess degree to which flood planning processes and systems take account of all relevant 
risk factors that may have an impact on flood management and mitigation.

Control of GLOFs

Effective emergency alleviation Measure to assess degree to which emergency response systems protect and alleviate damage and 
suffering.

Channel improvement

Flood risk: water and land use planning Measure to assess degree to which flood risk is taken into account in the decision-making processes 
with respect to broader land and water use management, and in the context of environmental impact 
assessments.

Agricultural practices

Stream-bank erosion control plan Well-planned engineering measures on holistic approach for erosion control in vulnerable areas Soil conservation efforts
Forest management
Flood and erosion control
Reservoirs
Renaturation
Watershed management
Environmental Impact Assessment for new dams
Interaction among science, governance and public
Design and implement IWRM plans
Design and implement relief and rehabilitation plans
Land use planning
Retention areas planning
Town planning

Rights to information Measure of the ability for individuals / organisations to access accurate and comprehensive information, 
including environmental information.

Accountability and transparency in government actions

Civil society access to redress and remedy Measure of the capacity of individuals and organisations to effectively access justice, redress and 
remedy.

Implement and enforce existing laws and design new 
and more effective laws

Constitutionality of laws Measure of the capacity of the ability for national / local legislation to be effectively consistent with 
national constitutions and international agreements.

Establishment of institutions

Checks and balances on government Measure of the capacity of the executive to be controlled by the legislature / courts. Resolve conflicts and strengthen coordination among 
institutions

Enactment of consolidation of land holdings Act Administrative instrument to prevent fragmentation of land holdings of agricultural land Avoid government crisis
International 
relations

Note by UnivDu: Inter-state issues have been incorporated into all the governance indicators already, 
so this is already implicit in them. Transboundary issues

Inter-state coordination and conflict resolution, cross-
boundary issues

General institutional and 
legislative frameworks

IWRM /NRM

Disaster preparedness

Public Participation

Institutional and 
legislative 
frameworks

Decision making

Increase knowledge

G
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e

Education

Capacity building

Th
em

e
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Goal: design IWRM responses to cope with flood risk 

• NetSyMoD: DSS design
• Decision making process: mDSS
• Participatory setting: 2 workshops
• Stakeholders: end-users of BRAHMATWINN outcomes

3. Responses to cope with flood risk

RESPONSE
OPTIONS

RESPONSE
OPTIONS

DATA PROCESSING
MODELLING

EVALUATIONS

DATA PROCESSING
MODELLING

EVALUATIONS

FRAMING THE
PROBLEM

FRAMING THE
PROBLEM

PROBLEM
ANALYSIS
PROBLEM
ANALYSIS

ACTIONS
MONITORING

ADAPTIVE CYCLES

ACTIONS
MONITORING

ADAPTIVE CYCLES

ACTORS AND 
PARTICIPATORY

PROCESS

ACTORS AND 
PARTICIPATORY

PROCESS
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3.1 mDSS: DPSIR 
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3.2 Brainstorming
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3.3 Criteria selection
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3.4 Criteria weighting

UDRB WS  
criteria selected 

 
weight 

UBRB WS  
criteria selected 

 
weight 

Vulnerability ENV 0.144 Vulnerability ENV 0.145 
Housing settlements SOC 0.138 Forest management ENV 0.113 
Ecosystem functions ENV 0.143 Population dynamics SOC 0.132 
Infrastructure pressures SOC 0.133 Poverty SOC 0.125 
Agricultural production ECON 0.111 Basin morphology ENV 0.125 
Construction sector ECON 0.099 Agricultural production ECON 0.103 
Population dynamics SOC  0.097 Energy production ECON 0.101 
Basin morphology ENV 0.091 Infrastructure pressures SOC 0.100 
Energy consumption ECON 0.043 Employment ECON 0.056 
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3.5 Criteria weights distribution
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3.6 Preferred Response
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4. Gap Analysis
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4.1 Governance scores
LOCAL ACTORS

law imple-
mentation

(1) Availability of environmental information 
to the public where requested, including 
actual copies of the documentation 
containing or comprising such information.

84 60

(2) Clear and coherent roles and 
responsibilities for the effective collection and 
generation of information related to IWRM 
and Climate Change.

52 68

(3) Clear and coherent roles and 
responsibilities for the effective exchange of 
data and information relevant to IWRM and 
Climate Change.

49 40

(4) Rights of stakeholders established and 
maintained, including civil society 
organisations, and disadvantaged or 
underrepresented groups to participate in 
decision-making

77 43

(5) Consultation of citizens actively sought by 
government institutions on policy issues, 
budgetary priorities and development 
decisions

80 63

(6) Effective participation of all stakeholders, 
including civil society organisations, in water 
and flood management

43 20

(7) Water management conducted in 
accordance with IWRM

25 18

(8) Clear rights and obligations in relation to 
IWRM and Climate Change

33 15

(9) All relevant risks are taken account of and 
mitigated in flood planning

17 9

(10) Effective emergency alleviation and 
response system that limits risk and protects 
people, property and environment?

61 38

(11) Flood risk taken into account in broader 
land / water use management and 
environmental impact assessment

24 8

(12) Enforceable and adequate rights of 
access to information (including 
environmental information)

97 70

(13) Civil society access to redress and 
remedy

94 49

(14) System to challenge a law on the basis 
that it violates international law or the 
constitution

88 70

(15) Checks and balances between different 
branches of government

88 70

responses

Integration and coordination among different 
sectors of research and decision making;
Increase awareness and knowledge on best 
practices and research on impacts of natural 
hazards;
Environmental monitoring;
Flood modelling;
Dissemination of knowledge;
Educational policy.

Accountability and transparency in 
government actions;
Implement and enforce existing laws and 
design new and more effective laws;
Inter-state coordination and conflict 
resolution, cross-boundary issues.

Su
b-

D
om

ai
n

Increase 
knowledge

Public 
Participation

IWRM /NRM

General 
institutional and 
legislative 
frameworks

Improve community involvement and foster 
participatory processes for decision-making, 
policy-making and implementation of laws;
Foster livelihood practices as long-term 
practices, based on conservation, 
rehabilitation and sustainability.

Establishment of institutions;
Resolve conflicts and strengthen coordination 
among institutions;
Protection of communities;
Early Warning systems;
River training works;
Multi-purpose dam construction;
Control of GLOFs;
Channel improvement;
Agricultural practices;
Relief and rehabilitation.

BRAHMATWINN RESEARCHERS
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4.2 Gap Analysis Matrix (GAM)

law implementation
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C
A

L 
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BRAHMATWINN
governance indicators

law implementation
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C
A
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S
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BRAHMATWINN
governance indicators

BRAHMATWINN 
RESEARCHERS

indicators issues responses

LOCAL ACTORS

economic

governance

environmental

social
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e
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4.3 Allocation of indicators to responses

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
X X X X Community involvement in decision making

X Early Warning System
X X Protection of communities

X X Relief and rehabilitation
X X X IWRM

X X X X X Awareness of the population on risks, 
conservation, and WRM

X Establishment of institutions
X X Policy making and implementation of laws

X X X Coordination among institutions

X X X X X X Long-term vision and measure VS. short-
term engineering solutions

X X X Inter-state conflict, cross boundary issues

BRAHMATWINN RESEARCHERS: governance indicators

LO
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4.4 GAM: results

law
[%]

implementation
[%]

73 44 Community involvement in decision making

61 38 Early Warning System

39 23 Protection of communities

43 23 Relief and rehabilitation

25 14 IWRM

70 52 Awareness of the population on risks, conservation, and WRM

25 18 Establishment of institutions

78 53 Policy making and implementation of laws

48 31 Coordination among institutions

58 37 Long-term vision and measure VS. short-term engineering solutions

54 43 Inter-state conflict, cross boundary issues

LO
CA

L 
AC

TO
RS

: r
es

po
ns

es

BRAHAMATWINN RESEARCHERS:
governance indicators
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4.5 GAM: results

Qualitative governance indicators:
(7) Water management conducted in 

accordance with IWRM
(8) Clear rights and obligations in 

relation to IWRM and Climate 
Change

(9) All relevant risks are taken account 
of and mitigated in flood planning 

(10) Effective emergency alleviation 
and response system that limits 
risk and protects people, property 
and environment

(11) Flood risk taken into account in 
broader land / water use 
management and environmental 
impact assessment

(15) Checks and balances between 
different branches of government”
as all other governance indicators 
relative to the Sub-domain 

solid blue lines and triangles: law
dashed red lines and squares: implementation
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• Methods have been developed and tested to 
operationalize IWRM and CCA

• Communication and exchange of information by means 
of IIT: interaction among researchers and stakeholders

• Participatory process to design responses and cope with 
flood risk using mDSS raised interest among SH

• GAM to define recommendations for IWRM governance 
improvement

• Stakeholders gave good feedback on processes

5. Conclusions
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• Climate local information in the Mediterranean region: responding to 
user needs (CLIM-RUN)

• Adaptation to climate change of the Mediterranean agricultural 
systems (ACLIMAS)

• New Tools And Methods For Integrated Climate Governance In The 
Mediterranean: public policies and social networks  (Global Climate 
Forum)

• European Topic Centre on Climate Change impacts, vulnerability 
and adaptation 2011-2013 EEA/NSV/001: Supporting the 
development and implementation of the EU Clearinghouse

• Exploring synergies for disaster risk reduction in Guatemala: the 
use of cognitive maps
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