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1 Introduction 

1.1 Climate change and expected impacts 

Observed trends and projections  

According to data of observation, the mean global surface temperature has been increasing 
continually over the last century. Most scientists now agree that we are witnessing a change 
in the global climate, caused mainly by anthropogenic emissions of greenhouse gases (IPCC, 
2007a). Although single extreme events, such as the summer 2003 heat wave or the 
hurricane Katrina, cannot serve as pieces of evidence for such a global phenomenon like 
climate change, they belong to a range of extreme weather events that are expected to occur 
more frequently in a warmer climate.  

The water cycle is driven by temperature and precipitation, which are the most important 
climatic drivers, and changes in these characteristics are expected to have considerable 
impacts on water resources. Over the past century, global surface temperature has shown a 
relatively uniform increasing trend of 0.74°C, which was stronger in higher northern 
latitudes (IPCC, 2007a). Corresponding to the warming trend, a decrease in snow cover has 
also been observed globally. In winter the warming trend was stronger than in summer, and 
has been accompanied by an increase in the number of both warm and cold spell days. 

The precipitation trends were more heterogeneous. A general global pattern is that the 
observed higher temperatures stimulate the global hydrological cycle, as more 
evapotranspiration leads to more water vapour content in the atmosphere and hence to higher 
precipitation amounts. However, the observed regional trends are different. This is 
understandable, as precipitation patterns depend on regional circulation patterns and local 
orography. According to the observation data, the mean annual precipitation in Northern 
Europe increased by 10-40% while it decreased in some areas of Central Europe and the 
Mediterranean region by up to 20% over the past century (Klein Tank et al., 2002). Changes 
in seasonal precipitation patterns were also quite pronounced. 

Climate scenarios 

A view into the future is more complicated. According to the terminology of the IPCC 
(2001), scenarios are images of the future, or alternative possible futures. They are neither 
predictions nor forecasts. Rather, each scenario is one alternative image of how the future 
might be. When discussing future climate change it is important to understand that there 
cannot be any prediction of the future. Scenarios are rather projections into the future under 
the assumption that society behaves in a certain way. As a result, climate change varies from 
scenario to scenario, and is associated with the scenario uncertainty. According to 
projections of climate models, global average surface temperature will rise between 1.1 and 
6.4°C by the end of the century, depending on the scenario (IPCC, 2007a). The range of 
uncertainty results from different potential pathways of technological, economic and 
demographic development leading to different emissions of greenhouse gases, and the 
related response of the climate system simulated by the models. The Forth IPCC Report 
states an improvement of reliability of the projected precipitation patterns compared to those 
in the Third IPCC Report (IPCC, 2007a). A continuation of observed trends is projected 
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globally, with very likely increases in precipitation in high latitudes, and likely decreases in 
subtropical areas.   

Due to the complexity of the Earth System and the multitude of terrestrial processes 
influenced by the climate, numerous impacts along different causal chains and scales are to 
be expected.  

Expected climate change impacts in general and effects on extreme events  

Some of the climate-driven impacts are already being observed: increasing ground instability 
in permafrost regions, increased runoff and changed seasonality (earlier spring peak 
discharge) in many glacier- and snow-fed rivers, and warming of lakes and rivers with 
effects on water quality (IPCC, 2007a).  

In Europe, more extreme precipitation events were recorded; prolonged drought periods in 
summer were reported for Central Europe, the UK and Southern Scandinavia; Southern 
Europe experienced extended winter droughts and reductions in river discharge in many 
catchments; an increase in the occurrence of heat waves was observed; ten out of twelve 
European glacier regions were reduced in size; and sea levels in the North Sea and Baltic 
Sea have been rising over the last century. 

Changes in climate characteristics will be followed by changes in runoff and water 
availability. Widespread melting of glaciers and reduction in snow cover are expected to 
reduce water availability and hydropower potential, and change seasonality of water flows in 
regions depending on water supply from mountains. Runoff is projected to increase by 10 to 
40% by the mid of the century at higher latitudes and in some wet tropical areas, and 
decrease by 10 to 30% over some dry regions at mid-latitudes and dry tropics (IPCC, 
2007a).  

According to model results, a significant increase in heavy rainfall events is expected in 
many regions, including those where the average annual precipitation is projected to 
decrease (IPCC, 2007a). This implies that especially high latitude and tropical areas are 
likely to experience increases in frequency and intensity of flood events.  

For many regions an increase in the drought frequency is projected, whereas many current 
semi-arid areas, such as the Mediterranean basin, western United States and southern Africa, 
will suffer a notable decrease in rainfall and water availability (IPCC, 2007a). The drought-
affected areas are likely to increase in extent, while the proportion of the land surface in 
extreme drought at any one time is predicted to increase ten-fold from the present by the 
2090s (Kundzewicz et al., 2008). 

Besides negative impacts, positive impacts are also expected, such as prolonged growing 
seasons and more temperate climates in higher latitudes. Globally however, the negative 
impacts of future climate change are expected to outweigh the benefits (Bates et al. 2008). 

1.2 Adaptation in water management 

What does climate change mean for water management? 

Historically, water resources management was based on the assumption of stationary 
conditions. The hydrological design rules for flood management were derived using the 
assumption of stability and stationarity, though the relatively short time series of historical 
data in comparison to the return period to be estimated still led to uncertainty of estimation. 
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However, in view of climate change this is not valid anymore (Milly et al, 2008). The water 
management rules, procedures for designing infrastructure, and the approaches to water 
management have to be changed, taking into account higher uncertainty (Pahl-Wostl, 2007). 
In general, climate change issues have to be taken seriously in water management planning. 

Why is an adaptation strategy needed in view of climate change? 

The dynamics of the global emissions of greenhouse gases significantly affect the magnitude 
of future climate change, revealed by changes in temperature, precipitation and other climate 
characteristics. The reduction of greenhouse gas emissions should therefore be the primary 
global political goal in order to mitigate climate change and to prevent disastrous impacts. 
So, the declared goal of the European Union is to limit the temperature rise to 2°C above the 
pre-industrial level. This aim has to be translated into implementing policy measures and 
emission reduction targets. However, serious efforts are absolutely necessary to cope with 
the impacts of climate change on water resources, which are already happening or will be 
unavoidable even if the 2°C target is reached. Therefore adaptation to climate change effects 
and impacts is gaining increasing relevance on the global and European political agenda. 

Is adaptation something new in water management?  

What is the meaning of an adaptation strategy and adaptation measures in view of climate 
change? Should the adaptation strategy include any new measures for flood protection, 
management of water demand and coping with droughts, or it should be a comprehensive 
combination of already known measures, and another, more adaptive and integrated, 
approach to water management?  

Adaptation to changing conditions, increasing water demand and climate variability was 
always assumed in water management. Water managers learned from their experience how 
to deal with water shortages, meet the increasing demand for water, and estimate the design 
flood and build infrastructure for flood protection. They also learned from their mistakes in 
managing water resources (e.g. extensive amelioration and drying of wetlands), and acquired 
valuable knowledge from the stakeholder experiences. In that sense the need for adaptation 
in water management is not something totally new. However, now it should be taken much 
more seriously in view of dynamical and unprecedentedly rapid changes and increasing 
uncertainty, and the importance of stakeholder participation should be emphasized further. 
Next to the fact that changes in climate can come more rapidly, their effects and impacts 
might also be more severe than what was known before.  

Water management measures in view of climate change  

The adaptation strategy should be based on an integrated approach to water resources 
management and consider the river basin as a functional unit, but it should mostly rely on 
the measures for flood and drought protection and managing water demand, which are 
already known. Not many absolutely new measures are to be considered for water 
management at the river basin scale, where adaptation strategy to climate change is 
implemented, though they could be new for a specific basin. It is necessary to create a 
comprehensive combination of already known measures and to put more emphasis on non-
structural approaches. Some measures such as widening river beds and allowing for 
temporally flooded areas may meet strong resistance. Hence the involvement of stakeholders 
and learning from experience and success stories in other river basins are important.  
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The challenge is to create robust water management, water use and water protection systems 
that are able to deal with the uncertainty of future climatic conditions. Adaptation calls for 
more flexible solutions not only in infrastructure and watershed management, but also in 
water management institutions and in the water use sectors themselves. If protection against 
floods can no longer be guaranteed due to uncertainty in future climatic conditions, the 
infrastructure that provides protection should become less vulnerable to the flooding itself. If 
water supply during more frequent and prolonged periods of droughts can no longer be 
guaranteed, the water use sectors should be made less vulnerable to drought (less dependent 
on water supply).  

To deal with the situation in which extremes are expected to happen more often, different 
types of measures can be applied. Prevention measures including mitigation measures are 
taken to prevent the negative effects of climate change and climate variability on water 
resources management. Secondly, measures to improve resilience are designed to reduce the 
negative effects of climate change and climate variability when they occur, and to enhance 
the coping capacity. Preparation measures aim to reduce the negative effects of extreme 
events on water resources management. Response measures aim to alleviate the direct 
negative effects in the aftermath of extreme events, while recovery measures aim at restoring 
the societal system after an extreme event has taken place (including, for instance, 
reconstruction of infrastructure) (Timmerman & Bernardini, 2009). 

Adaptation to climate change requires a new approach to water management  

Adaptation to climate change definitely requires much more than merely redesigning 
infrastructure, extending the set of water management measures, and refining established 
procedures and actions. It requires a transition of the whole management regime, involving 
changes in policy development, type of leadership, cooperation structures, governance, 
information management and risk management. An integrated approach to water 
management needs to be applied to decrease vulnerability and increase adaptive capacity of 
a river basin as a whole.  

Besides, the adaptation strategy should also include the time aspect into the planning – the 
evolution of changes. This is new in the water management planning, and not easy to 
implement. 

Therefore new approaches, such as Integrated Water Resources Management (IWRM) and 
Adaptive Water Management (AWM) are gaining serious attention of water managers. The 
Integrated Water Resources Management is considered to be able to cope with complex 
water management problems by accounting for social, economic and environmental factors 
and integrating surface water, groundwater and the ecosystems through which they flow 
(GWP-TAC 2000). However, there are examples when the current water management based 
on the concept of IWRM fails to satisfactorily solve the problems it is facing (Falkenmark 
2000; IWA 2002; Kabat & van Schaik 2003). Therefore it is increasingly argued that the 
IWRM approach should be combined with an Adaptive Water Management (AWM) 
approach, which is defined as a systematic process of improving management policies and 
practices by learning from the outcomes of already implemented management strategies (e.g. 
Medema et al. 2008; Pahl-Wostl et al, 2007a).  
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1.3 Objectives of the study and structure of the report 

A cross-comparison of climate change adaptation strategies across regions was performed in 
the NeWater project, considering six large river basins as case study areas. Three of the 
basins, namely the Elbe, Guadiana, and Rhine, are located in Europe, the upper Nile (the 
NEL region) and the Orange are in Africa, and the Amudarya is in Central Asia (Fig. 1). The 
objectives of the study were: 

- to evaluate the state of adaptation strategies to climate change in six large river 
basins (regions) based on the evaluation of questionnaire responses; 

- to evaluate and compare the adaptive capacity of water management regimes in the 
regions based on another survey in the subbasins of the same river basins; and  

- to analyse the Strengths, Weaknesses, Opportunities and Threads (SWOT analysis) 
related to climate change in the same six basins based on the responses of the case 
study teams of NeWater.  

The adaptation strategies to climate change were evaluated considering the following issues: 

- understanding of expected climate change in the basins, 

- expected climate change impacts in the basins,  

- drivers for development of adaptation strategy,  

- barriers for development of adaptation strategy,  

- state of implementation of a range of water management measures in the basins, and  

- status of adaptation strategy planning and implementation in the basins.  

The evaluation was based mainly on the opinions of policy makers, water managers and 
water management experts (later called “experts”) in the case study river basins, and also 
involved recent national reports and related literature. The results of the cross-comparison 
are presented in Chapter 3. 

A preliminary study on existing practices and strategies for coping with floods and droughts 
was performed in the NeWater project for the same river basins (Krysanova et al., 2008). It 
showed that structural measures for flood protection exist in all studied river basins, whereas 
nonstructural measures are generally not very extensive and/or advanced. The study outlined 
success stories and lessons learned in coping with extreme events.  

Chapter 4 presents the key outputs of a formal comparative analysis focusing on the role of 
adaptive and integrated water management (AIWM) in developing climate change 
adaptation strategies (Huntjens et al., 2008). The study was performed in eight subbasins of 
the NeWater case study river basins. Here the results for six of them, subbasins of our six 
major basins presented in Fig. 1, are shortly summarized. This chapter includes a synthesis 
based on the research results presented in NeWater Deliverable 1.7.9b (Huntjens et al., 
2008).  

The key research question being addressed in Chapter 4 is whether a higher level of adaptive 
and integrated water management is showing a different response in coping with floods and 
droughts than management regimes with a lower level of AIWM. This was done by looking 
at different levels of policy learning (Hall, 1988; Bennet, 1992; Sanderson 2002; Argyris, 
1999; Hargrove, 2002), being reflected and/or consolidated in the adaptation strategies to 
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deal with either floods or droughts. The policy learning is defined as a 'deliberate attempt to 
adjust the goals or techniques of policy in the light of the consequences of past policy and 
new information so as to better attain the ultimate objects of governance' (Hall, 1988: 6). 

The rapporteurs for each case study basin analyzed the Strengths, Weaknesses, 
Opportunities and Threats (SWOT) in adaptation to climate change in their basins on the 
basis of the responses to both the questionnaires and their own experience in the regions, and 
created the corresponding lists. These SWOT analysis results are presented and summarized 
in Chapter 5. 

1.4 Other similar studies 

Climate change and adaptation issues have become a priority for the governments and the 
society itself, concerned with the anticipated impacts on human activities and ecosystems. 
National and international organizations make efforts to improve projections on the future 
climate conditions and their impacts, and to develop possible adaptation measures which 
could reduce negative effects and damages. Among these organizations are the United 
Nations (UN), the Food and Agriculture Organization (FAO), the Consultative Group on 
International Agricultural Research (CGIAR), the USA Environmental Protection Agency 
(US EPA), and the European Environmental Agency (EEA).  

These organizations promote research related to the development of climate change 
adaptation strategies, and include dissemination activities to stakeholders and to the general 
public as an important factor for the adoption of the proposed practices. Among those 
activities are large efforts in publishing factsheets and reports directed to general public, 
producing reports such as those published by the EEA (2005 and 2007), or the ample variety 
of publications from the FAO (e.g. FAO 2007 and FAO 2008).  

So, the report of the EEA (2007) aims to evaluate the implications of the need to adapt to 
climate change for water resource policy and regulation across Europe, to assess the 
strengths and weaknesses of current policies and regulations, and to describe progress and 
activities in European countries.  

The reports of the FAO analyze climate change impacts at different spatial and temporal 
scales, and propose integration of adaptation and mitigation strategies in agriculture and 
food production. FAO publications comprise multi-scale data, analytical tools, models and 
risk analysis related to impacts due to climate variability and climate change on the 
agricultural sector. The reports also describe experiences of implementation of diverse 
adaptation options carried out by the FAO in collaboration with national governments and 
rural communities in arid and semi-arid countries, developing and less developed countries 
around the world. 

For example, the report of UNECE/WHO (2008) is based on the outcome of a survey carried 
out among the countries of South East Europe (SEE) and Eastern Europe, Caucasian and 
Central Asian (EECCA) countries through a questionnaire prepared by the Task Force on 
Water and Climate under the UNECE Convention on the Protection and Use of 
Transboundary Watercourses and International Lakes (Water Convention). The survey 
intended to collect information on impacts of climate change on water resources and on 
adaptation measures in non-EEA countries of the UNECE region. The survey is an important 
step in the preparation of the Guidance on water and climate adaptation elaborated under the 
Water Convention and its Protocol on Water and Health. 
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Focusing on the European area, the European Commission is funding many climate change 
related research projects. Several EU projects have already dealt with adaptation to climate 
change, although most of them address both adaptation and mitigation, sometimes without a 
clear separation between both. A selection of such projects is shown in Table 1. 

 

Table 1. A selection of EU funded research projects related to climate change issues  
Project Short description Reference in Internet 

PRUDENCE 
(FP5) 

This European-scale research addressed projections of future 
climate change, quantified uncertainty in the projections and 
impacts by using models, and interpreted results in relation to EU 
policies for adaptation and mitigation. 

(http://prudence.dmi.dk
/) 

ASTRA The project assessed regional impacts of the ongoing change in 
climate and developed strategies and policies for climate change 
adaptation in the Baltic sea region. 

(http://www.astra-
project.org/01_aims_ast
ra.html) 

CIRCE  

(FP6) 

This project aimed to look at climate change impacts from an 
integrated perspective, highlighting impacts of possible adaptation 
actions in the Mediterranean region. It contained dissemination 
purposes. 

(http://www.circeprojec
t.eu/) 

CIRCLE 

(FP6) 

The project contributed to the homogenization of national research 
programs focused on climate change analysis and adaptation 
response with the final goal of encouraging the implementation of 
a European Research Area (ERA) for climate change. 

(http://www.circle-
era.net/) 

PESETA This research was focused on projections of the economic impacts 
of climate change in different sectors of the EU. First, a choice of 
socioeconomic and climate scenarios was done, followed by an 
estimation of impacts and a model-based economic assessment, 
considering adaptation and non-adaptation cases. 

http://peseta.jrc.ec.euro
pa.eu/ 

PICCMAT 

(FP6) 

The project investigated role of agriculture in the mitigation and 
adaptation to climate change. An emphasis was given to 
dissemination to policymakers, research community, stakeholders 
and general public.  

(http://climatechangeint
elligence.baastel.be/pic
cmat/index.php) 

ADAM  

(FP6 IP) 

The study focused on adaptation and mitigation strategies for 
climate change and assessed the extent to which current policies 
can achieve the EU target of 2ºC maximum temperature increase. 
The project emphasized the relevance of the existing trade-offs 
and conflicts between adaptation and mitigation policies.  

(http://www.adamproje
ct.eu/) 

ADAPT  The objective of the project was to study physical and policy 
issues at three levels: global, basin and field scale and then to link 
these levels in order to finally arrive at adaptation measures for 
environmental and food security in seven river basins. 

http://www.iwmi.cgiar.
org/Research_Impacts/
Research_Themes/Basi
nWaterManagement/ad
apt/index.aspx 

  

Using a similar approach and considering results of previous studies, the present cross-basin 
and cross-country study focused on adaptation strategies and measures from a wider point of 
view including technical, social, institutional, agronomic, and educational aspects. It did not 
aim at developing a new or best adaptation strategy, but rather on presenting an overview of 
existing approaches to adaptation and doing cross-comparison between basins.   
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2 Method and case study regions 

2.1 Questionnaire 

A questionnaire was developed at a workshop by the authors of this report for evaluating 
climate change adaptation strategies in the regions. It included the following main questions:  

1. Is climate change happening? Which changes of climate are expected in the region? 
2. What are expected climate change impacts in the region? 
3. What are the drivers for developing an adaptation strategy? 
4. What are the barriers for developing an adaptation strategy? 
5. Which adaptation measures are needed, existing, and planned in the region? 
6. Specification of adaptation strategy in the region: is there a shared recognition, vision, 
and plan/program for adaptation? 
7. What is the status of the adaptation strategy implementation? 

Every question had suggested options for answers, and an open option. The suggested 
options can be seen in Appendix I, where the summarized results are presented for questions 
1-4, 6 and 7, and in Appendix II, where the options (measures) for question 5 are listed.   

2.2 Case study basins and experts involved in the study 

Six large river basins were considered as case study areas: the Elbe, Guadiana and Rhine 
located in Europe, the Nile equatorial Lakes (NEL) region and the Orange in Africa, and the 
Amudarya in Central Asia (Fig. 1).  

 

Africa

Asia

Europe

±

Amudarya

ElbeRhine

NEL region

0 5 102.5
Decimal Degrees

Guadiana

Orange

Fig. 1. Six river basins 
(including the NEL 
region) used as case 
study areas for the 
cross-comparison of 
adaptation strategies 
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2.2.1 The Amudarya basin  

The Amudarya river flows 2,540 km from the Pjandj headstream in the Pamir mountains 
through the Turan lowlands to the Aral Sea, and its catchment area is about 250,000 km2 
(excluding the Zerafshan river basin). Runoff is generated almost exclusively from glacier 
and snowmelt in the high mountainous areas of Tajikistan, Afghanistan and Kyrgyzstan 
while water consumption is highest in the downstream countries of Uzbekistan and 
Turkmenistan.  

Throughout the basin precipitation is low, on average approximately 200 mm a-1. The region 
is characterized by a semi-arid strongly continental climate. The average annual flow in the 
Amudarya is between 73.6 km3 and 81.8 km3 with strong inter-annual variation. In a year of 
high water availability (5% probability) the flow is above 108 km3, while in a year of low 
availability (95%) it is below 47 km3. River flow is highest in summer (July-August) and 
lowest in winter (January-February).   

River flow has been altered severely by the massive expansion of irrigated agriculture, 
particularly for cotton production during the Soviet times. Water is a strategic and vital 
resource for the region’s economies with agriculture accounting for approximately 30% of 
national GDPs. Water management policies in the downstream country Uzbekistan, for 
example, are largely governed by the priorities of agricultural production, which uses more 
than 90% of the available water resources. This increasingly leads to conflicts with the needs 
of other users such as hydropower generation or fisheries in the floodplain lakes of the river 
delta.  

So far a technocratic top-down approach to the management of water resources and the huge 
irrigation infrastructure has been predominant. However, in recent years responsibility for 
local water management has been devolved to local water user associations. Since 
independence in 1991 all riverine countries have introduced a range of institutional, 
economic and social reforms in the land and water sectors to adapt to the new situation. 
However, despite the fact that there have been several international donor projects 
promoting IWRM in the river basin, there has been little progress towards genuine 
implementation of IWRM. Some blame the slow progress on the difficult economic situation 
and institutional limitations; others lament the lack of human capacity and the Soviet legacy, 
both in terms of deteriorating infrastructure as well as the mentality of the community.  

Major problems the river basin is facing today are: 

- insufficient water supply in low water years, which severely affects agricultural 
production, drinking water provision and the provision of wetland ecosystem 
services particularly in the lower reaches of the river, and 

- widespread soil salinization.  

They are substantially aggravated by massive water overuse, immense water needs for 
leaching of salinized soils, high water losses due to deteriorating infrastructure and 
uncoordinated water allocation, as well as water mismanagement and problems of 
enforcement of water allocation quotas.  

Moreover, decades of water overuse have caused massive degradation of wetlands in the 
delta and the ecosystem goods and services which constitute a substantial part of the 
livelihoods of local communities. Climate change will most likely aggravate the already 
stressed situation. A reduction of the region’s glaciers (Main administration…, 2002) and a 
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shift in river peak flow towards earlier dates have already been observed (Savitsky et al. 
2007). The impacts on river runoff volume are highly uncertain. However, a projected 
decrease by 10-15% by 2050 seems likely as well as an increase in the frequency and 
severity of extreme events (Chub 2007).  

2.2.2 The Elbe basin  

The Elbe is a 1092 km long international river. Its basin is located mainly in Germany (≈ 2/3 
of the drainage area), and the Czech Republic (≈ 1/3 of the area). Minor areas of the head 
waters are located in Poland and Austria. The drainage basin area is 148,268 km². About 25 
million inhabitants live in the basin. The largest cities are Berlin, Hamburg and Prague. 

The long-term mean annual precipitation in the basin is 659 mm. The long-term mean 
annual discharge of the Elbe River is 712 m3 s-1 at the gauge Neu Darchau, and the specific 
discharge is 5.4 l s-1 km-2, which corresponds to a mean annual runoff of 22.5 x 109 m3, or 
26% of the annual precipitation. The Elbe river basin is classified as the driest among the 
five largest river basins located partly or fully in Germany (Rhine, Danube, Elbe, Weser, and 
Ems).  

Agricultural areas that occupy about 56 % of the total area of the German part of the 
drainage basin represent one of the most important sources of diffuse nutrient pollution. The 
Elbe and its tributaries are intensively used for fresh water supply for domestic, industrial 
and agricultural purposes. The UNESCO biosphere reserve "Middle Elbe" has been 
established to protect one of the largest continuous alluvial forests in Central Europe.  

Principal industries in the basin are chemical factories, mining, pulp and paper, fine 
mechanics and electronics, manufacturing and food processing. However, many factories 
have been closed or reorganized following the German Reunification in 1990. In the 1980s, 
opencast lignite mining in Brandenburg, located in the Eastern part of the basin, produced up 
to 200 million t lignite per year. In conjunction, 1200 million m3 a-1 of water were exported 
from the mining area to the Brandenburg lowland. After German Reunification the mining 
was strongly reduced. This caused major shifts in the regional water regime inside and 
outside of the mining areas. Former export of groundwater from the mining areas into the 
Brandenburg lowland has already been halved and will further decline (Arnold and 
Kuhlmann, 1993). The lower surface water flows into Brandenburg lowland may lead to a 
shortage in water supply for commercial and public use in the Berlin metropolitan area.  

Three major water-related problems in the basin are: floods and their consequences for 
infrastructure and arable land, vulnerability against water stress in dry periods and related 
problems for agriculture and water supply, and pollution of surface water and groundwater. 
During recent years, extreme hydrological situations were observed on the Elbe - a 
destructive flood in August 2002, and a severe drought only one year afterwards. Besides, 
the Elbe is a major contributor of nitrogen and phosphorus loads to the Northern Sea. Even 
though emissions from point sources have notably decreased in the basin since the 1990s due 
to reduction of industrial sources and introduction of new and better sewage treatment 
facilities, the diffuse sources of pollution represented mainly by agriculture are still not 
controlled sufficiently.  

The water management in the basin is well developed and has a good potential to introduce 
IWRM and adaptive management. The transboundary cooperation exists on several levels. 
The highest is the International Commission for the Protection of the Elbe (ICPE) created in 
1990. Since then, the activities of the ICPE were focused on several major topics: 
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- International monitoring programme, 
- Decrease of the hazardous substances input into the Elbe river, 
- Accidental water pollution, 
- Flood protection, and 
- Implementation of the Water Framework Directive (WFD). 

2.2.3 The Guadiana basin 

The Guadiana river basin is located between the southern central Plateau of Spain and the 
Portuguese southeastern region. The Guadiana basin extends over an area of 67,077 km2, of 
which 55,457 km2 belong to the Spanish territory (83% of the basin) and 11,620 km2 to 
Portugal (17%). About 1.34 million inhabitants live in the basin, most of them are 
concentrated in the cities of Ciudad Real and Badajoz (CHG, 2007b; CHG, 2007c).  

The region is one of the driest regions of Spain and is characterized by a semi-arid 
Mediterranean climate. Although the average annual precipitation in the basin is 
approximately 550 mm, the strong inter-annual and spatial variability leads to strong drought 
vulnerability, especially during summer. The average annual temperature varies between 11-
18ºC, and the total annual evapotranspiration (according to the Thornthwaite index) is about 
800-1000 mm a-1. The average annual stream flow is 6,000-7,000 Hm3 (CHG, 2007b).  

The Guadiana basin is very heterogeneous. This is due to high differences in precipitation 
and temperature across the sub-regions, to the predominance of groundwater (in the Upper 
sub-basin) or surface water (in the middle sub-basin) resources, and to the different levels of 
infrastructure developments for increasing buffering capacity (numerous dams and 
reservoirs in the middle Guadiana).  

The basin can be divided into three distinct sub-regions:  

(i) The Upper Guadiana basin, in the region of Castilla La Mancha. The major water-
related problems in this region are related to the irrigation development based on 
groundwater with positive social and economic effects, negative environmental 
impacts (depletion of aquifers and loss of wetlands), social conflicts (illegal pumping), 
and low effectiveness and high costs of management and control measures (CHG, 
2007a).                                                                      

(ii) The Medium Guadiana basin, in the region of Extremadura. In this part of the basin, 
the key issues are: irrigation development based on surface water with high storage 
capacity (approximately 7,900 Hm3, 84% of the total storage capacity in the basin), 
high number of dams (43 dams), technical and policy challenges (improving technical 
and economic efficiency, modernization of irrigation systems, cost recovery, etc.). 

(iii)The Lower Guadiana, in the Region of Andalucía and the border area with Portugal. 
The main characteristics are: important pressures due to domestic water use and 
insufficient fulfillment of demands, occupation of the Hydraulic Public Domain by 
infrastructures and urban development, and problems with saltwater intrusion (soil 
salinity and wetland damages).                                                                                                  

The specificities of each sub-region justify the need for downscaling and designing regional 
and local strategies targeted to specific areas. This makes the management at the basin level 
a difficult challenge in which stakeholder involvement is crucial. This study was focused on 
the Spanish part of the Guadiana basin.  
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The Guadiana basin’s economic development (as well as the natural landscape) is largely 
dependent on the agricultural sector, which is in turn affected by climate variations. 
Temperatures are expected to increase by 1ºC and rainfall is expected to decrease by 5% by 
2030, which can be translated into 11% of potential decrease in water availability (CHG, 
2007d; CHG, 2008; MMA. 2008). Climate change will affect water resources in the 
Guadiana basin. According to the Spanish Ministry of the Environment, it will likely be one 
of the most affected basins in Spain. Some negative impacts of climate change are already 
being observed, and are likely to increase, producing severe consequences not only for the 
region’s economy and population, but also for valuable ecosystems, biodiversity, water 
quality and soil conservation.  

2.2.4 The Nile Equatorial Lakes region 
 

The Nile Equatorial Lakes (NEL) region comprises 
parts of five counties: Burundi, Rwanda, Kenya, 
Tanzania and Uganda (Fig. 2 and Table 2). The 
region is a plateau in the southern part of the Nile 
Basin with an elevation between 1,000 and 2,000 m 
with peaks of 5,100 and 4,300 m. This plateau 
contains several lakes including Lake Victoria, 
George, Edward and Albert. The total drainage area 
of the Equatorial Nile region is about 40 million 
hectares and is populated by almost 50 million 
inhabitants. 

 
 

Fig. 2 The NEL region 

Table 2. Countries and population of the NEL region 

CIA fact book data (2007) NEL region 

Country Area Population 

Percentage of 
country inside 

basin Drainage Population 

  (Mha) (Million) (%) area (Mha) (Million) 

Burundi 2.78 8.39 48 1.33 4.03 

Kenya 58.04 36.91 8 4.64 2.95 

Rwanda 2.63 9.91 76 2.00 7.53 

Tanzania 94.51 39.38 9 8.51 3.54 

Uganda 23.59 30.26 98 23.12 29.66 

Total 181.55 124.86  39.60 47.71 

The region is characterized by a tropical climate. Temperature ranges from 16º C to 27º C 
depending on locality and altitude, with small inter-annual variations. Relative humidity, 
which varies similarly, is about 80% on average. Rainfall in the region is well distributed 
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over the seasons with peaks in April and November. Mean annual precipitation is above 
1000 mm, but the inter-annual variations are large (see Table 3).  

Table 3. The minimum, maximum and mean annual rainfall in the NEL region countries 

Annual rainfall in the NEL region (mm)  

Country Min Max Mean 

Burundi 895 1,570 1,110 

Rwanda 840 1,935 1,105 

Tanzania 625 1,630 1,015 

Kenya 505 1,790 1,260 

Uganda 395 2,060 1,140 

Land use in the NEL region is characterized by subsistence agriculture extending to 
marginal lands due to continuing population growth. In areas where the soils have low 
infiltration rates the buffering effect of forest vegetation is reduced and runoff is increasing. 
Particularly the conversion of natural forest, wetlands and savannah grasslands into cropland 
reduces the water buffering capacity of watersheds. Consequently, the water retention 
capacity of watersheds and water availability during dry seasons are reduced. The land 
degradation reduces the soil quality as well as the agricultural productivity in these 
countries, thereby increasing the vulnerability.  

Wetlands, mainly swamps and marshes in Rwanda, Burundi, Kenya and Uganda, continue to 
experience encroachment by farmers. Encroachment into marginal riverine ecosystems 
results in modification of the ecosystem including the community structure and/or species 
composition. Degradation of forests is also of concern due to the potential impact on the 
functions these ecosystems provide for water quality, sustaining dry season flows and for 
climate modification. 

The most critical issue in the region is deterioration of water quality in lakes, rivers, springs, 
and groundwater. As a result, water resources become inappropriate for human consumption 
and other purposes. In particular, water pollution of the Lake Victoria is heavily impacting 
freshwater fish exports and, as a consequence, the income of the governments of Uganda, 
Kenya and Tanzania. The level of pollution increases with increasing population densities,  
urbanization, and level of industrial activities. The main impacts on water resources include: 
sedimentation of rivers, lakes and reservoirs, reduction in groundwater availability, pollution 
of surface water and groundwater, and fecal contamination of water for domestic use. 

Population and poverty can not be unlinked from water resources use in the Nile Equatorial 
Lakes region. The pressures of population growth and economic development within the 
poverty-stricken communities cause water stresses and scarcities in areas, which otherwise 
would be endowed with sufficient water. This leads to problems similar to those witnessed 
in water stress and water scarcity areas. These water stresses exacerbate the vulnerability of 
the affected communities. Due to the fact that such communities are poor and marginalized 
both socially and economically they are unable to cope with disasters effectively. 

The increasing climate variability caused by climate change is making affected communities 
even more vulnerable to disasters. These countries rely heavily on rain-fed agriculture. The 
frequency of climate extremes is increasing with disastrous effects on the social-economic 
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development. Floods cause damage to infrastructure, and create health hazards and crop 
destruction leading to food insecurity, malnutrition, displacement of people and 
communities. Droughts accelerate desertification, affect hydropower generation and 
industrial production.  

2.2.5 The Orange basin 

Rising 3,300 m above sea level in the steep Maloti Mountains of eastern Lesotho, and 
flowing for some 2,300 km through an increasingly arid landscape in South Africa, 
Botswana and Namibia until it reaches the Atlantic Ocean, the Orange River (or the Senqu, 
as it is known in Lesotho) is one of the largest river basins in the world with the drainage 
area of 896,368 km2. Covering an area of almost one million square kilometers, the basin is 
characterized by a variable hydrological regime fed by rainfall ranging from 50 to 2000 mm 
per year from west to east. This gives rise to dramatic variations in both the topography and 
ecosystem services. Average annual discharge is 11,500 Mm3, and water availability is 2,000 
Mm3 a-1. 

Several major tributaries such as the Vaal, Fish, Caledon, Molopo and Nossob support the 
livelihoods of 19 millions of people across the region. Encompassing the whole of Lesotho, 
large areas of the central and western South Africa, and the southern portions of Namibia 
and Botswana, the basin provides water to support the most important agricultural and 
industrial areas of Southern Africa. In South Africa, the Vaal River is considered to be the 
most important, providing crucial water resources to the urban industrialised conglomeration 
of Johannesburg and Pretoria.  

Mineral extraction of globally important resources makes a massive contribution to the 
economies of the region and creates employment for thousands of people. As in other places, 
this creates significant environmental impacts, particularly on ground and surface water 
resources.  

Highly variable levels of human well-being are characteristic for the region. The population 
of the basin comprises a diverse mix of cultural and ethnic backgrounds, a multitude of 
languages, and wide-ranging socio-economic status. High rates of unemployment, low rural 
literacy, and high levels of HIV-AIDS have significant consequences for livelihood options 
in the basin.  

Main issues of concern are rainfall variability, water scarcity and problem of water sharing.   

Serious issue of rainfall variability has been addressed in the basin through the development 
of a highly complex system of transfers and storage to the extent that water resources are 
considered to be close to maximally utilised. Future water demands are likely to be met 
through transfers into the Orange from other river basins. In spite of this development, 
infrastructure to deliver water to local populations is lacking in many rural areas, and many 
households cannot afford to pay for water.  

Scarcity of water is considered to be one of the most significant factors limiting social, 
economic, industrial and agricultural development in the whole of Southern Africa. 
Irrigation, mining, industry, power generation and domestic consumption are all major uses 
of water from the Orange-Senqu system, and this economic utilisation and the associated 
land use change have strongly influenced the environmental state of the river. Other major 
drivers of change in riparian ecosystems in the basin are levels of governance, demographic 
and cultural factors, and of course the threat of climate change.  
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The problem of water sharing is very serious in the region. The Orange-Senqu basin carries 
one of the most regulated rivers in the whole of Sub-Saharan Africa, encompassing the huge 
Lesotho Highlands Water Project, under which arrangement South Africa pays Lesotho (the 
upstream riparian country) for water storage. Financed by South Africa with assistance from 
the World Bank, this massive scheme involves several major dams in the Lesotho 
Highlands, and the eventual transfer of water to the upper Vaal. There are increasing 
tensions about the allocations of water to those living in this basin. 

2.2.6 The Rhine basin 

The Rhine river has a length of 1300 km, of which 800 km are navigable. Its drainage basin 
is spread over an area of 185,000 km2. It is one of the longest rivers in Europe (Van der Keur 
et al. 2008) and flows from the Rheinwaldhorn Glacier at 3353 meters above sea level in 
Switzerland through Germany to its outlet at Rotterdam in the Netherlands. The Rhine basin 
is shared by nine countries. Germany (55% of basin area), Switzerland (18%), France (13%) 
and the Netherlands (6%) share the larger parts of the basin (Wolf et al. 1999). The shares of 
the basin area in Austria, Belgium, Italy, Liechtenstein and Luxembourg are very small. 
About 60 million people live in the Rhine basin.  

The average discharge at the mouth is 2200 m3/s, and the river has favourable hydrologic 
characteristics and a favourable flow distribution over the year that explain why it became an 
important traffic chain (Huisman et al. 2000). Besides for navigation the river is used for 
domestic and agricultural water supply, industry (incl. cooling water), waste water disposal, 
hydropower generation, fisheries, recreation and other purposes. According to Raadgever 
(2005) pollution and flooding have historically been the main issues affecting the population 
in the Rhine basin. 

Transboundary water management has a long tradition in the River Rhine. The first 
international agreements were signed in the 19th century, including the establishment of the 
Central Commission for Navigation on the Rhine (CCNR) and the Salmon Commission. The 
International Commission for the Protection of the Rhine (ICPR) was established in 1950 
after pollution problems became noticeable and the countries had to realise that 
improvement could only be achieved through transboundary cooperation. Recent flood 
events drew political and general attention to flood management and to transboundary 
cooperation in flood management. Thus, history has created the awareness that the riparian 
countries are mutually dependent in several aspects of water management (Raadgever 2005).  

The whole river faces the problem of pollution, mainly from non-point sources. Point source 
pollutions are largely reduced by comprehensive sewage water treatment and by a 
combination of permits and charges to regulate polluted discharges. Going downstream, the 
problem of flood protection becomes more severe. Next to that, increased urbanisation at the 
river banks has increased the potential damages in case of flooding. In general however, the 
Rhine-countries have sufficient resources to solve most of the water problems. Also, because 
of long-lasting cooperation in the ICPR and the EU, trust was built between the riparian 
countries (Raadgever et al. 2008a).  

The Rhine River has a combined rainfall-snowmelt driven flow regime. Peak discharges 
occur in winter, originating from precipitation in Germany and France (Silva et al. 2004). 
Climate change can lead to important changes in the boundary conditions of the water 
systems in the Rhine basin. According to recent research on climate change, severe floods 
and droughts are expected to occur more often in the Rhine basin. Increasing attention is 
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paid to upstream and downstream effects of measures, which activates transboundary 
cooperation (Raadgever 2005).  

2.2.7 Experts involved in the study 

Altogether, 71 experts responded the Questionnaire or were interviewed in six basins (see 
Table 4). Under the “experts” we understand responders, who are involved in water 
management, policy making related to water management, or do research related to water 
management. However, they are mostly not experts on climate change issues.  

Table 4. Experts involved in the study on adaptation strategies  

 Policy 
makers 

Water 
managers 

NGOs Scientists 
doing 

research on 
WRM 

Total 

Amudarya 5 1  7 13 

Elbe 9  3 9 21 

Guadiana  1 3 6 10 

Nile  3 3 5 11 

Orange 4   2 6 

Rhine 3 4  3 10 

Total 21 9 9 32 71 

 

In the Amudarya case study one interviewee was from Tajikistan, others from Uzbekistan 
(national level). The interviewees are all involved in water management, but not dealing 
with climate change issues in particular. 

The experts from the whole Elbe drainage basin (Czech Republic and Germany) were 
involved in the study for the Elbe case. They include policy makers, researchers dealing with 
water resources management issues, and NGOs.  

In the Guadiana case study two methods were used: interviews and questionnaire 
distribution. The responses were obtained from: 6 scientists involved in climate change 
projects, 1 independent expert involved in water management and public participation 
issues, 1 water manager from the Guadiana River Basin Authority, and 2 members of 
environmental NGOs. Besides, inputs from other activities related to NeWater and 
SCENES1 project such as stakeholder meetings (15 in total) where hydrology and climate 
change issues were widely discussed (CHG, 2008; Llamas et al., 2007; MMA, 2008; Varela-
Ortega et al., 2008), and knowledge of the Guadiana case study team members were used.  

The respondents from the NEL countries were 3 water managers, 3 local NGOs, and 5 
researchers, coming from Ruanda, Burundi, Kenya, Uganda and the Netherlands. They all 
replied on the questionnaire, and there were additional e-mail contacts with one water 

                                                      
1 SCENES (Water Scenarios in Europe and Neighbouring States) (2006-2010), IP, FP6-2005-GLOBAL-4 (OJ 
2005 C 177/15),  DG Research. European Commission. 
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manager from Burundi and three researchers from Uganda, and one interview with the Dutch 
expert. 

A variety of experts from the Orange basin countries were consulted. This included an 
expert on the modelling of climate change in the region in particular the impact on river 
flow. Interviews with government officials from the water, environment and meteorological 
disciplines followed.  

The results in this Report for the Rhine basin are based on 10 questionnaires, of which 8 are 
from the Netherlands (3 policymakers and 5 scientists), and 2 from Germany (both 
scientists). The experts from the upper part of the Rhine basin, covering Switzerland and 
France, were not included in the survey. 

2.3 Three methods used for the analysis 

The methods used for analysis in all three parts of the study are described below:  
- the method used for the cross-comparison of adaptation strategies,  
- the method used for analysis of the adaptive capacity of management regimes, and 
- the method used for the SWOT analysis.  

2.3.1 Cross-comparison of adaptation strategies 

The analysis of responses and cross-comparison were performed with rating of responses 
where possible. Evaluating the responses, the dominant answers were looked for, and 
priority lists were established where possible (e.g. for drivers and barriers). We looked for 
overall conclusions resulting from the majority expert opinions in all or almost all regions, 
as well as conclusions for every region. The latter were cross-compared where possible. 

The dominant answers were identified using a robust qualitative analysis. For that, the shares 
of experts in % were calculated related to the number of all experts responding to this 
particular question, and expressed as XX (two capital letters) if the share was more than 
66%, as X (one capital letter) if it was between 34 and 66%, and x (one small letter) if it was 
less or equal 33%. The first letter of the basin name was used to express the shares: A for the 
Amudarya, E for the Elbe, G for the Guadiana, N for the NEL region, O for the Orange, and 
R for the Rhine. This allowed to identify the overall dominant answers and dominant 
answers for every region, and to establish the priority lists.  

The scope of the study with 7 Questions is shown in Fig. 3.  

Question 1 was about understanding climate change in the region, and had two parts. First, 
the question “Is climate change happening in your region?” suggested three options: “yes”, 
“no”, and “unclear”. The second part included seven options to express expected changes in 
climate in the region (see Appendix 1, Question 1), and an open option. Here we looked for 
dominant answers for the basins and overall. 

Question 2 was aimed in evaluation of expected climate change impacts on water and water-
related sectors, and included 16 options (see Appendix 1, Question 2), and an open option. It 
was possible to distinguish between “strong impact expected”, “some impact expected”, and 
“not expected”. Here we looked for the priority lists of impacts for the basins and overall 
impacts in all or in a majority of the basins. 
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Fig. 3. Scope of the study indicating Questions 1-7 included in the survey as Q1… Q7 

 

Question 3 was about actual or potential drivers for the development of climate change 
adaptation strategy. It suggested 9 options (see Appendix 1, question 3), and an open option. 
For the evaluation of results, we looked for the priority lists of drivers for the basins and 
overall. 

Question 4 was about main barriers for adaptation to climate change. There were 17 
suggested options (see Appendix 1, question 4), and an open option. The responders had to 
distinguish between “strong barrier”, “not a strong barrier”, and “not a barrier” for these 
options. Evaluating this part, we looked for the priority lists of barriers for the basins and 
overall barriers for all (or for a majority of) the basins. 

Question 5 intended to evaluate the status of adaptation measures in the regions. Under the 
adaptation measures a variety of water management measures divided into 8 categories was 
included, plus a possibility to add other measures. Eight categories of measures were 
considered: 
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1. use of climate information,  

2. infrastructure, 

3. measures in agriculture, 

4. spatial planning measures, 

5. hard measures in water resources management,   

6. soft measures in water resources management, 

7. social measures, and 

8. measures related to distribution of information, communication and education. 

Altogether, 36 measures were suggested for the evaluation (see Appendix II). Many of the 
listed measures are of course already used in water management for centuries. They were 
however included, as in our understanding the adaptation strategy to climate change assumes 
a comprehensive combination of already known measures, which are applied in an 
integrative manner for the whole drainage basin (see more explanations in Section 1.2 in the 
Introduction). Every measure had to be evaluated by the experts, firstly for its necessity in 
the basin (needed or not needed), and secondly for its level of implementation, 
distinguishing the following options: 

- existent and fully implemented, 

- existent and planned, 

- existent, not planned, 

- not existent, but planned, 

- not existent and not planned. 

Here, weighted average estimates were calculated for every measure in the part “level of 
implementation” using the scores from 5 (existing and fully implemented) to 1 (not existing 
and not planned) and taking into account number of responding experts. Then, average 
indices per category (see 8 categories listed above) were calculated for every basin, 
considering only those measures, which were confirmed as “needed” by the majority of 
experts (> 66%). Using the indices, spider diagrams were built to cross-compare basins for 
every category of measures.    

Question 6 was about climate change adaptation strategy in the region, which had to be 
evaluated using four sub-questions: 

- Is there a shared recognition of climate change related problems? 

- Is there a shared vision for an adaptation strategy and action plan? 

- Is there a Program / Plan of activities and measures related to climate change 
adaptation? 

- Are there any institutional adaptations taking place or planned (changes in 
laws/rules/policy/decision-making procedures)? 

The descriptive answers of experts were evaluated for these four sub-questions, putting them 
into categories “yes”, “some, in progress”, or “no”, and then shares of experts responded 
were calculated, and dominant answers were determined.     
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The last Question 7 on the status of adaptation measures implementation in the region 
suggested a choice between three options:  

- only traditional water management, no signs of moving to climate change adaptation, 

- adaptation to climate change starts, but slowly, and  

- progress is visible: existing adaptation strategy, some measures are implemented, 
other planned. 

The descriptive answers of experts were evaluated, and then shares of experts responded 
were calculated, and dominant answers were found.   

In total, similar but slightly different methods were used to evaluate the results: 

- dominant answers for the basins and overall for Question1, 

- priority lists for the basins and overall for Questions 2-4, 

- indices based on weighted average estimates and spidergrams for Question 5, and 

- descriptive comparison and dominant answers for Questions 6 and 7.   

2.3.2 Adaptive capacity of management regimes 

This formal comparative analysis has been carried out independently from the comparative 
analysis presented in Chapter 3 of this Report. Apart from having a different research 
objective the research design has four additional differences in methodology, formal 
technique, data collection and scale of analysis. 

Methodology. For analyzing the relationship between regime characteristics and policy 
learning we needed to develop two different and independent analytical frameworks. The 
first framework was developed for assessing the characteristics of a water management 
regime (see Huntjens et al., 2007). This framework comprises several regime elements 
considered to be important in AIWM: agency, awareness raising and education, type of 
governance and cooperation structures, information management, policy development, risk 
management, finances and cost recovery, and effectiveness of (international) regulation. The 
conceptual background of this framework and its operationalization has been published in 
Huntjens et al. (2007).  

The second framework was developed for assessing different types or levels of policy 
learning (see Huntjens et al., 2008). Policies change in a variety of different ways. As has 
long been recognized, some policies are new and innovative, while others are merely 
incremental refinements of earlier policies (Hogwood and Peters, 1983; Polsby, 1984). In 
other words, it is important to take into account that policy learning may have different 
levels of intensity (Pahl-Wostl et al 2007b). For distinguishing between different levels of 
policy learning we use the concept of double loop learning (Argyris, 1999), and triple loop 
learning (Hargrove, 2002) as an extension of the double loop concept (see Figure 4).  
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Fig. 4. Triple loop learning concept derived from Hargrove (2002) 

 

Formal technique for comparative analysis (mvQCA). The specific objective for using 
mvQCA in this research is to identify specific configurations of conditions in Adaptive and 
Integrated Water Management (AIWM) that lead to higher levels of learning in river basin 
management (being reflected and/or consolidated by adaptation strategies to deal with either 
floods or droughts). Our method allows different causal models leading to a particular 
outcome, meaning that we are not looking for a blueprint in water management regimes. 
More details on the mvQCA method itself and how it has been used in this research can be 
found in Huntjens et al., (2008). 

Data collection. The data was collected through 81 interviews with stakeholders 
representing national (ministries, water authorities, planners, academic institutions) and local 
organizations (NGOs, water boards, municipalities, farmers), and analysis of documents on 
water policies and other project plans. A calibrated approach (standardized questionnaires 
and interviews, expert judgment and reinterpretation of outcomes by means of relevant 
literature, and formal comparative analysis, mvQCA) was used to compare the state of 
affairs in river basin management in the selected case studies and to analyze the relationship 
between regime characteristics and different levels of policy learning. 

Scale of analysis. This research focuses on conditions and processes at the sub-basin level 
(e.g. water boards), but with it being embedded in a wider context (e.g. institutional setting 
at different levels). The subbasin level is conceived as the level where all elements of a 
water management regime are at play. At the same time this level is influencing, or is being 
influenced by, higher and lower levels of management. This central position also allows for 
assessing the outcomes of a water management regime at the operational level, since the 
management on the subbasin level (e.g. water board or regional water authority) is 
influenced by international or national regulation, while implementing at the 
operational/local level (From: Huntjens, et al., 2008).  
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2.3.3 SWOT analysis 

SWOT is a common application in business circles where it is used to evaluate the situation 
that an organization finds itself in. In our study, it was applied to compare and evaluate 
situation in each of the case study basins in view of climate change adaptation. The method 
clusters the information and enables to identify useful trends and interesting stories. The 
SWOT looks at how each case study is prepared for climate change under the following 
headings:  

Strengths:  what are the strengths of the basin in its preparedness for climate change?  The 
strengths are things that can be worked on to enhance them.  

Weaknesses: what are the weaknesses of the basin in its preparedness for climate change?  
The weaknesses are things that can be worked on to fix them. 

Opportunities:  what opportunities can people in the basin respond to in order to be better 
prepared for climate change?  Opportunities are things beyond our direct control, but we can 
respond to them. 

Threats:  what are the threats that people in the basin need to be aware of if they are to be 
ready to respond to climate change?  Threats are beyond our direct control but we can 
respond to them. 
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3 Results of the cross-comparison of adaptation strategies across regions 
The results presented in this Chapter are based on responses of the experts in six regions, 
which are summarized in the Tables in Appendix I.   

3.1 Expected climate change   

It is important to note that the evaluation on climate change in the regions was not based on 
the results of GCM scenarios for the corresponding regions, but mainly on the opinions of 
policy makers and water managers in the river basins, and involved also some recent 
national reports and related literature. Nevertheless, the numerous publications on climate 
change issues and IPCC assessments known to the experts could, of course, influence their 
responses. However, it is also possible that some policymakers are unfamiliar with the recent 
IPCC results for their basins.  

Two main conclusions were drawn in this part: 

Conclusion 1.1: According to the expert opinions, there is an understanding in all six basins 
that climate change is happening. The number of climate skeptics varied between 0 and 25% 
in the regions. 

and 

Conclusion 1.2: In all six basins the following changes in climate are expected:  
- warmer and less precipitation, but wetter in some parts of basins, 
- changed seasonality, and 
- higher frequency and intensity of droughts. 

Apparently, a majority of the basins face the issues listed in Conclusion 1.2, which is still 
dependent on the choice of basins. As one can see in the corresponding Table in Appendix 1, 
in some of the basins (e.g. Amudarya, Rhine) these three issues were not confirmed by the 
majority of experts.  

In some basins there was some disagreement on the expected climate changes, as expressed 
by numbers of votes. Table 5 only includes the issues confirmed by responses from more 
than 66% of experts in the corresponding basins. It allows to cross-compare the basins, and 
to compare the expert responses with the published climate change scenarios for the regions.  

In most of the regions the majority of experts expressed their opinion about the average 
climate change (precipitation, seasonality), and change in extreme events. This was not the 
case for the Amudarya however, where only the glacier retreat was confirmed by the 
experts.  Maybe it is caused by a high uncertainty of the current GCM projections for this 
region: some of them project increased precipitation, while others simulate decreased 
precipitation (Krysanova et al., 2008). Moreover, climate change issues in the Amudarya are 
closely interwoven in the issues of water availability and energy security that already today 
are severely affecting the livelihoods in the region (Perelet, 2007). Therefore the climate 
change topic might not be prominent enough in the discussions in the river basin. 

The results of the survey on expected climate change in the Elbe basin fully correspond to 
the published climate change scenarios for the region (Krysanova et al., 2005; Hattermann et 
al, 2008).  
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Table 5. Changes in climate expected in the case study basins according to the expert responses 

Region Expected climate change 
Amudarya o glaciers retreat 

Elbe o more precipitation in winter, less in summer 
o changed seasonality 
o higher frequency/ intensity of floods and droughts 

Guadiana o warmer and less precipitation 
o changed seasonality 
o higher frequency/ intensity of droughts 

NEL region o warmer and less precipitation 
o changed seasonality  
o higher frequency/ intensity of floods and droughts 
o glaciers retreat 

Orange o warmer and less precipitation in the west but wetter in the east 
o greater intensity of floods and droughts 

Rhine o more precipitation in winter, less in summer 
o higher frequency/ intensity of floods and droughts 

 

In the case of the Guadiana basin, the expected impacts of climate change refer mainly to 
those observed and projected for the South of Europe and the Mediterranean region, like 
increased temperature and reduced precipitation (IPCC, 2007a). However, there is a 
common perception that the Guadiana region is likely to be one of the most affected basins 
in Spain. It is worth pointing out that in Spain warming has been greater than the European 
average (between 1.2 ºC and 1.5 ºC) during the 20th century, and the Guadiana is considered 
one of the driest regions in Spain (Castro et al. 2004; Abanades et al. 2007; MMA, 2005). 
For the last third of the 21st century an increase of 3-6ºC in the average temperatures is 
expected (2-6ºC on average in Europe), and a precipitation decrease ranging from 20-30% 
(also in the upper range of the expected rainfall reduction in Europe).    

The expert opinion “warmer and less precipitation” in the NEL region (Table 5) is not 
supported by scientific evidence. Two of seven global models applied to the region indicate 
less rainfall in the NEL region, and five others indicate higher annual rainfall in the region 
(Kwadijk, 2007). 

During the course of the NeWater project, the above speculations for the Orange River have 
been validated by an intensive climate change modelling exercise that has sought to quantify 
not only the climate but the changes in river flow that will be experienced in the future.   

For the Rhine basin, glacier retreat and snowmelt are important drivers for more 
precipitation in winter, and less in summer. This takes place in the upper region of the basin, 
from which no experts were represented in this survey.  
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3.2 Expected climate change impacts  

The main conclusion on the climate change impacts to be expected in most of the regions 
can be formulated as follows: 
 
Conclusion 2.1: The following climate change impacts are expected in most of the regions 
(priority list): 

- Decreasing annual water availability, 
- Increasing frequency / intensity of droughts, and to a lesser extent floods 
- Reduced crop production, 
- Reduced water availability for irrigation, 
- Loss of natural habitats and biodiversity.  

The underlying conclusion from the first option in the list could be that although several 
studied basins are located in a temperate climate, drought is an issue in all regions, and is 
therefore possibly underestimated in general climate adaptation.  

The expectation of higher risk of droughts than floods may well be due to the impression 
that climate change may exacerbate flooding, but that this is not expected to be extremely 
substantial, but merely something that is already addressed and needs some additional 
attention because of climate change. 

The following Table 6 includes the strong and moderate impacts expected in the six regions, 
and allows to perform a cross-comparison of climate change impacts in the basins. 

 

Table 6. Climate change impacts expected in the case study regions (based on the expert 
responses) 

Region 

 

Strong impacts on Some impacts on 

Amudarya droughts, irrigation water availability, water quality, drinking water, 
desertification, biodiversity 

Elbe  water availability, droughts, floods,             
water quality, crops, irrigation 

Guadiana water availability, crops, 
irrigation, biodiversity 

droughts, erosion, wildfires, desertification 

NEL 
region 

water availability, droughts, 
erosion, crops, hydropower 

floods, drinking water, irrigation,  food security, 
desertification, diseases, biodiversity 

Orange water availability, drinking water droughts, floods, crops, food security, wildfires 

Rhine  water availability, droughts, floods,             
water for cooling 

 

As one can see from this Table, very severe impacts: shortages in drinking water supply and 
reduced food security, are expected in the NEL region and in the Orange basin. On the 
opposite, no strong, only moderate impacts are expected in the Elbe and Rhine basins. 
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According to other sources, a decrease in water availability (e.g. Perelet 2007) and increase 
in tensions about water use are expected in the Amudarya basin. However, the magnitude of 
the decrease and its timing are highly uncertain. No significant changes in river flow are 
projected in nearest future, but water deficit might become worse (SIC-IWCW 2002). 

The impacts described for the Rhine and Elbe are based on the impact studies for the regions 
known to the experts, so there are no differences between our study and other sources. 

In the Guadiana, the strongest expected impacts are mainly related to droughts, to the 
increase in crop water requirements (and therefore a decrease in crop production and yields), 
and to the loss of natural habitats and biodiversity. However, these effects may largely differ 
for the sub-regions of the Guadiana basin explained in section 2.2.3. The capacity to deal 
with droughts varies along the sub-regions of Guadiana. According to several studies on 
water adaptation to droughts (Iglesias et al., 2007; PNUE/PAM/Plan Bleu, 2008; Varela-
Ortega, 2008), Upper Guadiana experience shows that wherever reliable groundwater 
supplies exist, these may act as a buffer to mitigate the potential effects of climate hazards 
over long periods of time in agricultural systems. The storage capacity and regulation in the 
medium and lower Guadiana are large due to the high number of dams and reservoirs. 
However, in spite of this, surface water irrigation systems could be strongly affected when 
the duration of droughts is long and water scarcity is prolonged. 

In terms of water quality, climate change may affect alga development and disturb the 
physical, chemical and biological processes in the surface water dependent ecosystems of 
the Middle and Lower Guadiana. On the other side, the strongest environmental impacts 
expected due to climate change in the groundwater-dependent upper part of the basin (e.g. 
drying of wetlands) are due to a drop in water table levels and a decrease in groundwater 
recharge, as a result of a lower precipitation. Thus, the high diversity in agro-climatic, socio-
economic and institutional settings in the Guadiana basin makes it necessary to develop 
specific adaptation measures at local and regional level. The key challenge in Spain and in 
particular in the Guadiana river basin is to move from global principles to local actions. 

The economies of the countries in the NEL region depend largely on subsistence agriculture. 
With little artificial water supply (irrigation) in agriculture, statistics therefore show a high 
correlation of the national income with precipitation records. The very limited extent of 
other economic sectors in these countries also limits the marketing of agricultural products, 
the possibility to invest in (supplemental) irrigation, and almost automatically results in food 
security issues. The vulnerability of these countries to climate change, and more specifically 
to climate variability, is high. 

3.3 Drivers for development of adaptation strategy 

The knowledge of drivers for designing and developing the adaptation strategy is very 
important of course, as it may help to modify human-related drivers, and better understand 
other drivers, which are independent or less dependent on people.   

The analysis of responses about the potential drivers allowed establishing the overall priority 
list based on responses from all regions, and the main drivers chosen by the experts in every 
region. The overall priority list looks as follows: 
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Conclusion 3.1 The most important drivers for development of climate change adaptation 
strategy are: 

- climate-related disasters, and 
- national and international policies. 

 
The next most important drivers are: 

- institutional changes, 
- land use change, and 
- funding opportunities. 

 
The remaining four options: political changes, population dynamics, consumption patterns 
and globalization were not confirmed as important drivers for adaptation.  

The most important drivers for the development of climate change adaptation strategy 
identified in the basins are listed in Table 7.  

Table 7. Drivers for development of a climate change adaptation strategy confirmed by the 
experts in six basins 

Region Most important drivers for adaptation  

Amudarya Disasters, Funding opportunities 

Elbe Disasters, National and international policies, Land use change, 
Institutional changes 

Guadiana National and international policies, Disasters, Institutional changes 

NEL Disasters, National and international policies, Land use change, Funding 
opportunities 

Orange Disasters 

Rhine Disasters, National and international policies 
 

As one can see, the climate-related disasters and national and international policies were 
chosen as major drivers in practically all cases. It seems like an “instructive” disaster is 
needed to set things in motion. The climate related extreme events like disastrous floods, 
hurricanes and prolonged droughts trigger changes in national policies and institutional 
changes. 

On the other hand, it is not surprising that climate-related disasters were identified as a major 
driver of adaptation strategy. There are numerous examples confirming this fact, from flood 
management (reduced damages caused by the following flood, especially if it occurs within 
a short period of time) in particular, to the understanding of climate change, in general. It is a 
confirmation of the saying that there is no bad without good. 

It is indeed an unfortunate reflection on our society which relies on the impact of disasters 
before taking real action to prevent or solve a problem. That this is a widespread 
phenomenon is evidenced by the generally slow response by governments to the warnings 
contained within the IPCC reports and other sources. Unfortunately, in this situation the 



   

 31

disasters due to climate change may be too large and too permanent for society to effectively 
mitigate them.   

It is worth mentioning that the national and international policies for climate change 
adaptation are not fully developed yet (e.g. EU White Paper). Nevertheless, the 
developments are underway, and, as confirmed by the experts in our study, they form an 
important driver for taking adaptation into account when developing water management 
programmes and plans. One example is the implementation of the Water Framework 
Directive, which contributes to an improved water resources management at the river basin 
scale, and can be considered as a driver for development of climate change adaptation 
strategy. 

Several examples from the case studies illustrate the chosen drivers for development of 
adaptation strategy.  

All Amudarya countries are developing National Communications under the framework of 
the UNFCCC (United Nations Framework Convention on Climate Change), where some 
issues related to climate change adaptation are included, e.g. improvement of monitoring and 
forecasting, increase in water use efficiency, etc. Other positive examples from the 
Amudarya are: a) availability of donor money provides support for development of 
adaptation strategies, b) opportunity for change in cropping patterns and land use arises 
through land reforms. However the latter is practically unrealized in Uzbekistan so far due to 
strong government control on agricultural production. 

The study shows the relevance and the major role that policies play in adaptation to climate 
change. Spain in general and the Guadiana basin in particular have been facing water 
scarcity problems for a long time. Therefore plenty of legal provisions and programs have 
been developed regarding the adaptation to water scarcity, and they are contributing to 
climate change adaptation as well. At the national level, there are the National and Regional 
Drought Plans (CHG, 2007d), and the Special Plan for the Upper Guadiana (SPUG) (CHG, 
2007a). At the EU level, the Common Agricultural Policy (especially in its projected reform, 
the CAP “Health Check“, which includes climate change and water management as new 
challenges for environmental protection required in the policy provisions)  (CEC, 2009), and 
the EU Water Framework Directive (EC, 2000) also contribute to adaptation. In accordance 
to this, the synergies between existing policies (e.g. drought plans) and climate change 
measures must be highlighted, though the former ones were not climate change driven. 
Many of these policies are being revised and redesigned taking into account new climate 
change policies, but a further coordination is still needed. 

For the Nile region the UNFCC effort to mobilize national experts to draft the National 
Adaptation Programmes of Action (NAPA) has been an important driver for the 
development of adaptation policies. The UNFCC supports Least Developed Countries 
(LDC) to develop NAPAs, and to identify the first priority activities that respond to their 
urgent and immediate needs to adapt to changing climate – those for which further delay 
would increase vulnerability and/or costs at a later stage. As of October 2008, the UNFCCC 
secretariat had received NAPAs from 38 countries (LDCs). They all are available on the 
UNFCC website: http://unfccc.int/cooperation_and_support/ldc/items/3097.php. 
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3.4 Barriers for adaptation 

The knowledge of barriers for developing an adaptation strategy is also very important. It 
could influence the international and national policies aimed in climate adaptation, and 
reduce the effects of certain barriers.  

Based on experts responses, the overall priority list and the main barriers chosen in every 
region were established. The overall priority list consists of two parts:  

 

Conclusion 4.1 The most important barriers for adaptation to climate change are:  
- Spatial and temporal uncertainties in climate scenarios, 
- Lack of adequate financial resources, 
- Lack of horizontal cooperation. 

 
The next important barriers are: 

- Different risk perception 
- Lack of human capital, 
- Lack of transboundary cooperation, 
- Lack of vertical cooperation, 
- Lack of regulatory framework, 
- Problems in organisational setup related to horizontal and vertical integration, 
- Low level of awareness, 
- Lack of needed technologies. 

 

As we see, the spatial and temporal uncertainties in climate scenarios were identified as a 
most important barrier for adaptation. However, the uncertainties in climate projections are 
very difficult to reduce. Despite many efforts and research funding since the IPCC First 
Assessment Report in 1990, the uncertainties in projections of precipitation change and, 
consequently, projections of changes in river flow at the basin scale, remain high (IPCC, 
2007b).  

In general, the horizontal cooperation was identified as a stronger barrier compared to the 
vertical cooperation. Most probably, this is due to the fact that traditional top-down 
governance assumed some vertical interactions. 

It is worth pointing out that different preferences were confirmed as a barrier in the 
Guadiana and Elbe basins (though not strong). Stakeholders’ perception of climate change 
varies across different stakeholder groups: policy makers and water managers have a more 
technical policy-driven vision than other stakeholders. Scientists have a more noticeable 
political and social view on climate change. Independent experts indicate the importance of 
public participation and stakeholder involvement to produce adequate strategies. 

The most important barriers for the development of climate change adaptation strategy 
identified in the basins are listed in Table 8.  
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Table 8. Barriers for climate change adaptation identified in the six regions (X means “a 
strong barrier” and o means “a moderate barrier”): 
 Amu-

darya 
Elbe Gua- 

diana 

NEL Orange Rhine 

Low level of awareness   o o X   

Spatial and temporal uncertainties  X X X X o o 

Lack of adequate financial resources  X o o X X  

Lack of needed technologies  o   X   

Lack of regulatory framework X  o   o 

Lack of legal provisions     o   

Problems in organisational setup  o  o o   

Lack of vertical cooperation X   X   

Lack of horizontal cooperation X o X o  o 

Lack of transboundary cooperation X     o 

Local/subregional interests  o o o   

Lack of knowledge production  o o o   

Lack of stakeholder participation X   o   

Lack of human capital  o   X o  

Different risk perception   o o o o  

Different preferences   o o    

Gender, poverty and minority issues    X o  

 
As one can see from this Table, mainly moderate barriers were identified by the experts in 
the Rhine, Elbe, Orange and Guadiana basins. On the opposite, many strong and moderate 
barriers were indicated by the experts in the Amudarya basin and in the NEL region. Among 
them are the following strong barriers, which were not identified as “strong” in other basins:  

- lack of required technologies in the Nile, 
- lack of regulatory framework in the Amudarya, 
- lack of vertical cooperation in the Amudarya and Nile, 
- lack of transboundary cooperation in the Amudarya, 
- lack of stakeholder participation in the Amudarya, 
- gender, poverty and minority issues in the Nile.  

Several examples from the case studies illustrate the chosen barriers for adaptation.  

For the Nile basin countries poverty is the main issue drawing attention of the national 
Governments. Adaptation to climate change is generally seen as important, but as a problem 
for the future and therefore less urgent than the immediate poverty problem. Adaptation 
plans are further hampered by the limited (water management) governance structure and 
horizontal coordination between Ministries. Another important barrier obviously is the 
limited scientific capacity. For example, Burundi has only a few hydrologists trained at 
academic level. 
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Countries in the Amudarya basin are undergoing socio-economic transition and have to cope 
with large deteriorating infrastructures. Some of them (e.g. Tajikistan) are very poor and 
struggling with the consequences of a civil war. There is a lack of will for reforms among 
the leading elites, corruption is wide-spread. All this strongly affects the availability of 
financial resources for the development of climate change adaptation strategies. Besides, the 
legal and regulatory framework is only under development. 

Regarding the vertical cooperation in the Amudarya basin, water and energy systems are 
highly interdependent. However, since independence there is little trust and vertical 
cooperation on the transboundary level as the countries push their own interests to the 
forefront. Regarding the horizontal cooperation, water management in Uzbekistan is 
currently subordinated to the needs of agriculture, and thus cannot develop and implement 
water management strategies in the needed way. Other water users such as households and 
ecosystems are little considered in water allocation planning. 

Considering the situation in the Orange basin, in South Africa at least, that there has been a 
great deal of very effective research carried out on climate change, thus suggesting that 
financial resources for research are not limited. Unfortunately it is in the translation of this 
research into active policy and changes on the ground where financial resources and a severe 
skills shortage amongst governments lessens effective uptake of these ideas.   

In the case of the Guadiana basin, only two aspects were highlighted as strong barriers: 
spatial and temporal uncertainties and lack of cooperation. Vertical and horizontal 
cooperation is an issue of relevance in the basin. In the Guadiana basin there is one 
management unit and one decision-making institution (River basin Authority, RBA), but 
three very different parts that correspond to different agro-climatic areas and farming 
schemes. These three regions have their own regional governments with competences in 
environmental affairs and are obliged to elaborate their own mitigation and adaptation plans. 
The challenge for the RBA is therefore how to carry out climate change adaptation measures 
in coordination with the regional governments that will address these regional differences 
from a unique water management unit. 

In general, there is a relatively high level of consensus on the situation with regard to climate 
change in the Rhine and Elbe basins. Consequently, the barriers against adaptation are not 
considered to be strong. Rather, the adaptation is slowed down by the issues mentioned. 

3.5 Adaptation measures 
Though it is clear that current procedures for designing infrastructure and current rules for 
managing water demand must be revised in view of climate change, and that the more 
integrated approach to water management should be implemented, not many genuinely new 
adaptation measures to be considered for water management at the river basin scale exist. 
However, some measures could be new for a specific basin. Therefore, a wide spectrum of 
water resource management (WRM) measures was evaluated in this study, most of which 
are well known. 

Altogether, 36 measures were divided into 8 categories: 1) climate information, 2) 
infrastructure, 3) agriculture, 4) spatial planning, 5) WRM hard measures, 6) WRM soft 
measures, 7) social measures, 8) information and education, were considered. The measures 
are listed in the Table in Appendix II.  
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They were evaluated as:  

- required or not required in the region, and 

- on the level of implementation, which could be expressed as “existent and fully 
implemented”, “existent and planned”, “existent but not planned”, “not existent but 
planned”, or “not existent and not planned”.  

The measures, which were identified as required by a majority, were further evaluated by 
indices related to the level of implementation:  

Index value 5 was assigned to “existent and fully implemented” measure,  

index value 4 – to “existent and planned”, 

index value 3 – to “existent but not planned”, 

index value 2 – to “not existent, but planned”, and 

index value 1 – to “not existent and not planned” measure. 

In most cases the experts in a region had different opinions about the level of 
implementation of a certain measure. For example, evaluating a measure such as “land use 
planning accounting for extreme events” in the Elbe case study, 15 experts responded 
“existent and planned”, 2 responded “existent, not planned”, and 1 responded “not existent, 
but planned”. Summarizing the responses, a weighted average index was calculated as: 

(4 x 15 + 3 x 2 + 2 x 1)  / (15 + 2 + 1) ≈ 3,8 

This method was found preferable compared to simply choosing the prevailing answer, as no 
information is lost in the former one. Similarly, for each measure and region, a weighted 
average index was calculated taking into account opinions of all responders.  

After that, for each category and basin an average index was calculated. The results are 
shown in Table 9.  

Table 9. Average indices reflecting levels of implementation of water management 
measures grouped in eight categories 

    Amudarya Elbe Guadiana Orange Rhine NEL 

1 Climate information 3,6 3,9 3,5 4,4 4,2 2,0 

2 Infrastructure 3,4 3,8 3,7 3,6 3,9 2,8 

3 Agriculture 2,7 3,5 2,9 2,9 2,7 2,9 

4 Spatial planning 1,0 4,1 2,2 3,2 3,5 2,0 

5 WRM hard measures 3,3 3,8 2,0 2,8 3,2 2,2 

6 WRM soft measures 2,8 3,4 3,2 3,8 3,7 2,2 

7 Social measures 2,0 4,0 2,4 2,5 3,7 2,1 

8 Information + education 3,0 4,2 3,0 3,8 4,0 2,5 
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The spider diagrams were devised based on the average indices calculated for every region 
and category (Fig. 5 and 6). Fig. 5 shows the indices for all 6 basins separately for each of 8 
categories, and Fig. 6 allows comparing water management measures implementation for all 
six regions.  

The following conclusions can be drawn from the resulting Table 9 and spider diagrams. 

Conclusions 5.1-5.8 

Climate information exists in all basins, except the NEL region, where it is considered 
insufficient and is planned to be collected.  

According to the expert responses, the infrastructure is well developed in the Rhine, Elbe, 
Guadiana and Orange (existing and planned). The level of infrastructure development is 
lower in the Amudarya basin. In the NEL region infrastructure also exists, but not much is 
planned.  

Agriculture measures related to WRM and climate adaptation are virtually nonexistent in all 
basins, only in the Elbe the level is approaching the “existing and planned” category.  

Spatial planning is quite far developed in the Elbe, followed by the Rhine. Some exists in the 
Orange. In the three other basins spatial planning is needed and virtually non-existent. 

The WRM hard measures are best developed in the Elbe (existing and planned), followed by 
the Amudarya and Rhine. In other three basins they are mainly at the level of planning.  

The WRM soft measures exist and are planned in the Orange and Rhine, followed by the 
Elbe and Guadiana. According to the expert responses, in the NEL and Amudarya they 
seldomly reach the planning level. 

Social measures are well developed in the Elbe, followed by the Rhine. In four other basins 
they are only planned.  

Information and education measures are well developed (existing and planned) in the Elbe 
and Rhine, followed by the Orange. They exist in the Guadiana and Amudarya. In the NEL 
region they are at the planning level.  

In total, the range of WRM measures is on a relatively high level in the Elbe and Rhine 
basins (most of measures exist and are planned), followed by the Orange and Guadiana. It is 
lower in the Amudarya basin, and the lowest in the NEL region, where many measures are 
only at the planning stage. It is worth mentioning that the expected climate change impacts 
(according to climate projections and expert opinions) are also stronger in the basins with 
lower level of WRM measures implementation and more numerous and stronger barriers to 
adaptation.  

The low score of the NEL region in implementation and planning of adaptation measures 
could possibly be explained firstly by the prevailing poverty in the region considered and 
secondly by the political instability that has plagued the region (and still is occurring from 
time to time). One could say that adaptation to climate change in the NEL region does not 
receive the high priority as it does in the more affluent countries in Europe due to other more 
urgent problems with higher priority.  
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Fig. 5 Evaluation of adaptation measures implementation in six basins 
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Fig. 6 Cross-comparison of water management measures implementation in six basins  
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Regarding the level of adaptation strategy implementation, it can be concluded from the 
expert opinions that  
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Conclusion 6.1 Adaptation to climate change has started in all basins, but progresses rather 
slowly. Some progress is visible in the NEL region and Rhine basin. 

It seems that sometimes the insights of experts on the adaptation strategy and status of the 
implementation in the study could be influenced by the existing implementation of the WFD, 
which is not directly related to climate change adaptation. However, a number of measures 
considered in this survey are also considered by the WFD.  

Currently, awareness on climate change issues is rising enormously, and many policies are 
being revised and redesigned taking into account climate change. However, there is not 
much awareness on the relevance of the adaptation, and focus is made mainly on mitigation. 
Adaptation is now starting to play a major role though at this point adaptation measures are 
not yet much developed. The European Union has recently elaborated the European 
adaptation action (see Green Paper, EC 2007). It focuses on the role of the EU, but takes 
account of the prominent role of Member State, regional and local authorities in any efficient 
adaptation strategy. 

For example, the present climate variability in the NEL region is already very high. Due to 
population pressure new and marginal (sloping) lands have been brought under cultivation. 
In order to deal with the resulting land degradation, soil and water conservation receives 
serious attention from governments and NGOs. Such projects dealing with the present 
climate variability are a first step towards adaptation to climate change and future increased 
climate variability.  

Another example from the Guadiana shows that the key challenge in Spain in general and in 
the Guadiana river basin in particular is to move from global principles to local actions. As 
explained before, adaptation to climate change starts in the basin, but is progressing slowly. 
At a national level adaptation strategies are starting to be implemented, but there is a need 
for a proper downscaling from the national program to the regions, capturing and reflecting 
regional and local specificities. Regional strategies, protocols and guidelines must be 
elaborated on a basis of public participation. In this context, the institutional setting plays a 
major role in promoting an efficient coordination across administrative units. The Water 
Framework Directive demands the management of the whole river basin as one unit with 
only one river basin management plan (to be enacted in 2009) (EC, 2000). In this plan 
climate change must be addressed considering three sub-regions with their specific 
hydrologic and agronomic characteristics and different climate change adaptation plans.  
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4 The role of Adaptive and Integrated Water Management for 
adaptation strategies 

4.1 Analyzing the results of expert judgement 

The most important reason for developing standardized answering options is that it allows 
for formal comparative analysis of the results. Furthermore, the questionnaire allows for 
assigning weights to each indicator. This way it is possible to aggregate multiple indicators, 
resulting in a score for one variable, or to aggregated variables, resulting in a score for one 
meta-variable (e.g. category of variables). 

In the following paragraphs the average score on each indicator for AIWRM in one case 
study is compared with the same indicator in other case studies, not only to identify 
similarities and differences between the case studies, but also to identify general patterns by 
using a formal technique called mvQCA.  

The average score has been calculated by multiplying each individual score by the weight 
respondents assigned to it (see appendix III in Huntjens et al, 2008) divided by the total 
assigned weight (by adding up all weights assigned to this specific indicator by respondents 
in the respective case study). More details on data processing and calculation of weighted 
averages were published earlier in Huntjens, et al., (2007; 2008). 

4.2 Relationship between different regime elements 

An important result of the formal comparative analysis of management regimes is that there 
are many positive correlations between variables from different regime elements (Huntjens, 
et al., 2008). This suggests a strong interdependence of the elements within a water 
management regime, and as such this interdependence is a stabilizing factor in current 
management regimes. For example, joint/participatory information production is positively 
correlated with vertical cooperation (p=0.91), transboundary cooperation (p=0.95), 
consideration of uncertainties (p=0.95), and broad communication (p=0.90) (Huntjens, et al., 
2008).  

These correlations lead to the conclusion that a lack of consensual knowledge is an 
important obstacle for cooperation, and vice versa, especially when dealing with uncertainty 
and change (Huntjens, et al., 2008). This is also being suggested by other researchers 
(Olsson et al., 2006; Stubbs and Lemon, 2001; Tompkins and Adger, 2004). The observed 
correlations provide evidence that different regime elements are highly interconnected, 
especially indicators for the regime elements cooperation structures and information 
management (see Table 10).  

An important hypothesis in the concept of social learning is that information management 
and social (cooperation) structures are interlinked (Pahl-Wostl & Sedzimir, 2005), which 
corresponds to the socio-cognitive theory of information systems (Hemmingway, 1998). 
Hemmingway pays attention to the impacts of presented information on learning and action, 
and the centrality of the selection and organization of information to the nature of 
organizational forms.  

Our research confirms that information management and social (cooperation) structures are 
interlinked in the management systems under consideration. This interdependency can be 



   

 41

described as the socio-cognitive dimension of water management regimes. We define the 
socio-cognitive dimension as the integrated cognitive and social properties of complex 
governance systems and related processes, for example social learning, participation and 
cooperation processes. In other words, formal or informal learning environments are an 
emergent property of the interlinkage between information management and social 
cooperation structures, and are perceived to be crucial for the adaptive governance of socio-
ecological systems (Folke et al, 2005; Pahl-Wostl and Sedzimir, 2005). 

The weighted averages on governance suggest that bottom-up governance does not play such 
a primary role in AIWM as earlier suggested.  

For example, the weighted average on governance in Rivierenland (see Table 10) indicates 
that there is much more top-down governance than could be expected from consensus-based 
decision-making, particularly since the Netherlands is well-known for its consensus-based 
decision-making (also called the ‘Poldermodel’). The fact that Rivierenland also shows a 
substantial degree of top-down governance is reflected in the framework for flood 
management (PKB Room for Rivers) in the Netherlands, which was initiated by the national 
government (Berenschot, 2007).  

Nevertheless, after its initiation the framework was being developed further, and this process 
was much more characterized by bottom-up governance (idem, 2007). This bottom-up 
process was, amongst others, reflected in the document called “Advice to the parliament as 
regard the PKB Room for Rivers by nine civil society organizations” (LIRR, 2003). To a 
very large extent the recommendations from this report were incorporated in the final key 
decision on spatial planning (PKB) by the Dutch Parliament in 2006.  

All the case studies in this research seem to be in a process of finding a balance between 
bottom-up and top-down governance. Based on our formal comparative analysis of the type 
of governance in all case studies we can conclude that for large scale, complex multiple-use 
systems, such as river basins, bottom-up governance and decentralization is not a straight 
forward solution to water management problems. There will probably always be the need for 
a certain degree of top-down governance (or centralization), where a central authority has 
the responsibility and resources for issues like facilitating participatory processes, setting 
standards, capacity building, and conflict resolution across boundaries. 
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Table 10. Overview of the results (weighted averages) of expert judgement on each indicator in the 
regime elements Type of Governance (Gov), Cooperation Structures (Cooperation) and Information 
Management and Sharing (From: Huntjens, et al., 2008). ‘0’ indicates a condition belonging to a 
non-adaptive and non-integrated regime; and ‘2’ as a condition belonging to an adaptive and 
integrated regime.      
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4.3 Different levels of policy learning 

For assessing different types or levels of policy learning (see Huntjens et al., 2008) we have 
used the framework being referred to in paragraph 2.3.2 (see Table 11 for the outcomes of 
this assessment).  

Table 11 – Summarized oveview of the dominant type of policy learning being observed in 
the most advanced adaptation strategies in each case-study. 

Case ID Type of learning which is dominant 

Rivierenland (Netherlands) Double/triple loop learning 

Alentejo (Portugal) Single (ad-hoc problem solving) 

Ohre (Czech Republic) Single/Double loop learning 

Kagera (Ug/Tan/Rwa/Bur) Single (ad-hoc problem solving) 

AmuDarya (Uzbekistan) Single (ad-hoc problem solving) 

Upper Vaal (South Africa) Single/Double loop learning 

 

For a better understanding of which type of learning is dominant in each case-study it is 
useful to have a closer look at one specific case-study, In case-study Rivierenland a broad 
range of stakeholders in Rivierenland have been involved in developing the Room for 
Rivers-policy, and these stakeholders are still involved in its implementation. The Room for 
Rivers-policy is predominantly characterized by double loop learning, although elements of 
triple loop learning have been observed as well (see Table 12). 

Table 12 – Assessment of dominant type of learning in the Room for Rivers-policy in the 
Netherlands. A more detailed description has been published in Huntjens et al. (2008). 
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4.4 Relationship between regime characteristics and levels of policy learning2 

By analyzing the interdependence between regime characteristics and levels of policy 
learning (see Huntjens et al 2008) through using a formal technique (mvQCA) we can 
conclude that relatively high score on cooperation structures or information management are 
causal conditions leading to at least double loop learning in Rivierenland (Lower Rhine), 
Ohre Basin (upper Elbe), and Upper Vaal (Upper Orange). In the case studies where these 
specific conditions are less developed - like for the Alentejo (Lower Guadiana), Lower 
AmuDarya in Uzbekistan and Kagera Basin (Upper Nile) - the strategies are dominated by 
single loop learning (ad-hoc problem solving).  

Hence, we can conclude that better integrated cooperation structures (including non-
governmental stakeholders, governments from different sectors and different hierarchical 
levels), and advanced information management (including joint/participatory information 
production, consideration of uncertainties, and broad communication) are the key factors 
leading towards higher levels of learning, being reflected and/or consolidated in more 
advanced adaptation strategies for dealing with floods or droughts (Huntjens, et al., 2008).  

4.5 Conclusions 
The results reveal the importance of the socio-cognitive dimension in adaptive water 
management, as being an essential emerging property dependent on a specific set of 
structural conditions, and inherent to the adaptive capacity of governance systems (Huntjens 
et al., 2008). In particular, better integrated cooperation structures and advanced information 
management are the key factors leading towards higher levels of policy learning. 

In contrast to conventional conflict-oriented theories, this research provides evidence that 
learning is an important source (if not the key source) of policy change (Huntjens, et al., 
2008). Within conflict-oriented policy theory, the nature of the mechanism or agent of policy 
change and the role of knowledge in that process remains unclear (Castles, 1990). As e.g. 
Folke et al. (2005) have pointed out, social learning is needed to build up experience for 
coping with uncertainty and change. They emphasize that “knowledge generation in itself is 
not sufficient for building adaptive capacity in social-ecological systems to meet the 
challenge of navigating nature’s dynamics” and conclude that “learning how to sustain 
social-ecological systems in a world of continuous change needs an institutional and social 
context within which to develop and act”. Knowledge and the ability to act upon new 
insights are continuously enacted in social processes (Folke, et al., 2005; Geels, et al., 2004). 
Our formal comparative analysis provides strong empirical evidence that the social network 
of stakeholders is an invaluable asset for dealing with change.  

Especially in river basins like the Amudarya, Orange, Guadiana and Nile a higher frequency 
and intensity of droughts combined with higher temperatures, pose serious threats to food 
security. The management system in the Orange Basin is already more advanced in this 
respect since it shows a higher level of AIWM and more advanced adaptation strategies. 
However, capacity in the region is rapidly becoming a serious limiting factor (Huntjens, et 
al., 2008). This is particularly evident in South Africa where the challenge of implementing 
water resources management plans is so large, but there has been a serious loss of skills. 
Capacity building programs are on the agenda of the South African government Department 

                                                      
2 The original formal comparative analysis (by using mvQCA) in Huntjens et al. (2008) did include two 
addtional case studies, and the conclusions presented here are based on the original analysis.  
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of Environmental Affairs and Tourism (DEAT) and the Department of Water Affairs and Forestry 
(DWAF), but not enough so far to compensate the continuing loss of skills. Hence, it is 
important to recognize that the ability to adapt in the individual countries may depend on the 
availability of financial and human resources, technologies, level of education, available 
information, suitable planning and the overall infrastructure. Generally, it holds that the 
economically and socially more developed countries have disproportionately greater 
potential for adaptation compared to developing countries. For example, in the Nile there is 
great willingness to be adaptive, but there are a number of structural constraints mentioned 
by the majority of experts in this case study: 

- Problems in organizational setup related to horizontal and vertical integration; 

- Lack of human capital (people skilled and educated for certain tasks); 

- Low level of awareness among decision makers on climate change issues: how will 
climate change, what the impacts will be, which adaptation is needed? 

- Lack of adequate financial resources for adaptation; 

- Lack of information and of exchange among the relevant actors 

- Spatial and temporal uncertainties associated with climate change projections  

The central thread being recognized in these structural constraints is again a combination of 
cooperation structures and information management. In other words, unless this region is 
able to make substantial investments and improvements in their cooperation structures and 
information management, hereby strengthening their adaptive capacity, they will not be able 
to cope with the serious threats posed by climate change.    
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5 Strengths, Weaknesses, Opportunities and Threads (SWOT) 
analysis 
In this study a SWOT analysis was applied using data and information collected by the case 
study teams. The meaning of Strengths, Weaknesses, Opportunities and Threads was explained in 
Section 2.3.3.  
The value of this approach is in the presentation of the same or similar information but 
categorised in different ways that may be more appropriate for a management response. The 
collected responses for the regions are listed below. 

5.1 Results for the basins 

The Amudarya basin 
Strengths 

• Extensive monitoring network (however, now partially lost, information exchange between 
countries mainly based on old networks). 

• Hydrological record, climate change scenarios. 

• Technical knowledge (deteriorating), well trained engineers, capacity on national level still 
available, but not on local level. 

• Network of experts across national boundaries still available from Soviet times where 
water management took a catchment-based approach. 

• Highly developed (but rigid, inflexible and deteriorating) irrigation management. 

Weaknesses 

• Little cooperation and trust on transboundary scale (cooperation only happens where it is 
absolutely necessary, countries strive to reduce their interdependence). 

• Little horizontal or vertical integration, predominantly top-down implementation of 
measures, no stakeholder participation. 

• Dominance of agricultural sector in water allocation, little political will in downstream 
countries to change agricultural policies. 

• No long term strategies, problems are addressed ad hoc. 

• Lack of institutional and legal framework – societies in transition. 

• Lack and misuse of financial resources. 

• High uncertainty due to institutional change impacts willingness to cooperate and to 
develop long term strategies. 

Opportunities 

• Ongoing institutional change of the transition process can provide opportunities for 
changes in current practices. 

• Availability of donor support. 
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• Pressure to adapt because of impact of man-made extreme events (e.g. intensification of 
drought events due to inadequate management and water overuse), and perceived water 
scarcity. 

Threats 

• Loss of knowledge and human capacity in the transition process.  

• Little “room” to adapt without major structural changes, missing political will for the 
latter. 

• Lack of willingness to address the current unsustainable transboundary water allocation. 

• Other issues are more urgent on the political agenda, have stronger short term impact (e.g. 
hydropower, access to transboundary infrastructure). 

• Strong “control paradigm” of the government, fear of loosing control. 

• People show little initiative, feel like they cannot do anything; loss of social capital. 

• Strong dependence on irrigation for cotton production in the downstream countries, on 
hydroenergy production  in the upstream country.  

 

The Elbe basin 
Strengths   

• Good monitoring data: meteorological & hydrological records from a dense network of 
stations, and regional climate change scenarios exist. 

• Good scientific base – both in climatology and climate impact assessment. 

• Water resources management and water use and treatment technologies are at the 
advanced level, especially in the German part of the basin, though improvements in view 
of climate change are still needed. 

• Flood management using structural measures has a long history and is quite advanced in 
the basin. 

• Public awareness on flood protection was improved after recent floods, especially in the 
flooded areas.  

Weaknesses  

• Uncertainties in climate change scenarios. They can be decreased, but only to some extent. 

• Non-structural measures in watersheds and social measures for flood protection need 
enhancement and improvement. 

• Insufficient level of dealing with the storm water runoff in the urban areas of 
municipalities in the Czech Republic.  

• Reduced natural retention capacity of landscape, and urbanization of inundation areas in 
the Czech Republic. 

• There exist some influential deniers/skeptics of climate change in the region (CR), though 
there is an overall agreement among the majority of experts and the public. 
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• Conflicts on the necessity of implementating hard and soft measures, e.g. on the necessity 
of construction of new water reservoirs, on increasing water retention and storage in 
watersheds etc. 

Opportunities  

• Increase in funding of research related to climate change. 

• Increasing awareness on the need to implement preventive flood protection measures after 
recent disastrous flood events. 

• The implementation of Water Framework Directive, though not directly related to climate 
change, contributes to an improved water resources management and, consequently, to 
better adaptation to climate change.  

Threats  

• Uncertainties involved in climate change scenarios cannot be fully excluded, and this may 
be not appropriately accepted by water management authorities. 

• Occurrence of the pessimistic course of climate change. 

• Increased frequency and intensity of extreme events: floods and droughts, which never 
occurred up to now, and for which the currently existing water management is not 
prepared. 

 

The Guadiana basin 
Strengths 

• Good social awareness on climate change. 

• Many policies are being revised and redesigned to taking climate change into account. 

• Important and needed adaptation measures related to the use of climate information, 
infrastructure, drought planning, information, communication and education, have 
already been implemented or are planned.  

Weaknesses 

• Although several policies in Spain, such as agricultural and water policies, already 
promote the adaptation to climate variability, specific measures for adaptation to climate 
change are not sufficiently developed yet. Focus is made mainly on mitigation, although 
a recent impulse is being launched by the Ministry of the environment in coordination 
with other ministerial departments to increase the internationalization of climate change 
adaptation policies that affect different sectors of the economy in Spain (MARM, 2009). 

• In relation to the agricultural sector, which uses the largest proportion of the Nation’s 
water resources, more research is needed to address climate change impacts on crop 
evapotranspiration, water requirements by crops, and crop yields. Specific agricultural 
measures seem to be very important and although they have already been planned, they 
are not fully implemented yet.  
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• There is a high social awareness on climate change impacts on water supply (i.e. 
decrease of water availability), and to a lesser extend on the necessity to reduce and 
optimize water demand.  

• Confrontation exists among water demanding sectors which are represented by different 
administrations, ministries or departments (agriculture, industry and environment).  

• A bigger effort is needed in vertical cooperation between the National government and 
the Regional governments. In Spain, most environmental affairs are under the 
competence of the Regional governments rather than the National government.  

• Some spatial planning and hard measures required, including  land use planning 
accounting on higher frequency of extreme events, enhancement of infiltration and 
retardation of water or expanded use of rainwater harvesting, do not exist and have not 
even been planned.  

Opportunities 

• Spain and the Guadiana basin specifically have been facing water scarcity problems for a 
long time. A large range of measures exists to tackle these issues that have been adopted 
independently of climate change but that contribute to adaptation as well. 

• The implementation of the Water Framework Directive is producing a change of the 
water use perception in Spain. Nowadays, water quality and quantity issues are 
progressively taken into consideration in the development of new policies.  

• Agriculture is expected to be the economic sector most seriously affected by climate 
change, due to climate impact on water resources availability. National policies, such as the 
National Irrigation Plan, are aimed to increase water use efficiency and thus to reduce climate-
driven impacts on water. On the other hand, administrative competences in relation to 
water and climate change, formerly under separate ministerial departments, have recently 
merged under a common Ministry of the Environment, Rural and Marine Affairs. 
Therefore, the cooperation between the water administration and the agricultural 
administration is now being enhanced by allowing to integrate further the environmental 
protection objectives of water policies and agricultural policies.   

• People in the Guadiana basin are aware of the growing water scarcity problem caused by 
climate change. Furthermore, stakeholders are willing to participate in the adoption of 
new plans and strategies through the participatory processes launched by the River Basin 
Authority for the development of the new basin management plans required by the WFD. 
These two factors constitute a good basin for adaptation strategies adoption and 
implementation. 

Threats 

• Although scientific knowledge on climate change is being produced, there is not an 
adequate common frame for knowledge communication to seek a consensus on the 
objectives and the specific methodologies to address climate change strategies. 

• Knowledge transfer from scientists to policy makers and stakeholders is difficult, and the 
available information is often ignored and not fully used. 

• Available data involve uncertainties and these may be used to support specific private 
interests.  
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• The energy policy promotes new energy industries and the increase of bio-energy crops, 
which are very water demanding. 

 

The NEL region  
Strength: 

• There are many initiatives and projects planned and ongoing in the Nile Equatorial Lakes 
region that contribute to the adaptation process. These are activities related to tree 
planting, erosion control and terracing of sloping lands. They contribute positively to the 
storage of water upstream, reducing runoff of excess rainfall, and the occurrence of flash 
floods. 

• The Nile Basin Initiative is active in promoting water development projects which are 
supported by more than one country. This transboundary cooperation is one of the strong 
points of NBI, strongly influenced by the international donor community. This is 
working quite well in the NEL region. 

• The present climate variability in the NEL region is already very high, compared to other 
countries and regions. Local communities already deal with this high climate variability 
and are familiar with risk management strategies, such as mixed cropping systems. 

Weaknesses 

• The countries in the NEL region are extremely poor and the majority is considered 
fragile states (Rwanda, Burundi and DR Congo). They have a weak governance structure 
and lack adequate structure to deal with complex issues such as adaptation to climate 
change. More pressing issues such as settlement of returning combatants and poverty 
alleviation receive more attention from these states. 

• The majority of the population depends on subsistence agriculture and hardly 
participates in the formal economy. As a result, it is extremely difficult for these 
countries to implement climate change adaptation strategies. 

• The knowledge base in hydrology, meteorology, water management and climate sciences 
is extremely weak in some of these countries. The only country in the region that is 
addressing this knowledge gap is Rwanda. NBI has a vision project addressing the 
imbalance in water knowledge in the Nile Basin countries. This project is approaching its 
termination. 

• Illiteracy in the NEL countries is a limiting factor for implementation of public 
awareness campaigns on climate change adaptation. 

• National funds for climate change adaptation processes are extremely limited or absent. 
As a consequence, countries depend on donors, and international funds for climate 
change adaptation are limited. 

• At the national level the Millennium Development Goals (MDGs) have a higher priority 
than climate change adaptation. Poverty eradication, water supply and sanitation and 
other immediate needs receive more attention than the future climate change problems. 

• The transboundary dialogue between the NEL countries on water issues as organized by 
the NBI is still too water sector oriented. Broadening the dialogue to economic 
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cooperation between the countries is needed to reap the full benefits of shared water 
resources management and adaptation to climate change. 

Opportunities: 

• The present agricultural productivity in the NEL countries is low (also known as the 
“one-ton-agriculture”). This implicates a large scope for improvement of crop yields 
through better management. Such improvements of crop yields could release pressures of 
agriculture on sloping lands or on lands reclaimed from natural storage reservoirs such as 
swamps and wetlands. 

• There are a number of mitigation measures such as reforestation that are also useful as 
climate change adaptation measures. As such there are opportunities to use Clean 
Development Mechanism (CDM) funds which are intended for mitigation, and also for the 
implementation of adaptation measures. 

• The potential of the rich biodiversity in the region offers opportunities for tourism. 
Tourism can be used as a source of income for adaptation measures related to the 
development and restoration of natural buffering capacity for water such as swamps and 
forested areas.  

• Political interest in developing climate change adaptation strategies and measures can be 
increased by linking it to the Millennium Development Goals (MDG). Many of the 
climate change adaptation measures needed relate to the high variability of the climate in 
the region. A first step in the adaptation of future increased climate variability is 
adaptation to the present variability and uncertainty. In that sense climate change 
adaptation in the NEL region can be translated to the immediate needs (MDG’s) of local 
communities and policy makers.  

• There is a growing donor interest in investing in climate change adaptation in Africa. 
Africa is hardest hit by climate change but has only contributed marginally to the 
greenhouse gas emissions that have caused it. 

Threats 

• Potential political instability and tribal unrest are a continuing threat in the NEL region. 
These two factors have proven to be responsible for the disappearance of trust at local, 
district, national and regional level. Without trust between parties, the cooperation 
agreements needed for climate change adaptation are not successful. 

• The investment climate in the NEL region is not favourable for economic development. 
Large investments are needed in infrastructure, trade facilities and alternative income 
provision to enable the NEL countries to progress in the market economy.  

 

The Orange Basin 
Strengths 

• The Orange Basin is fortunate to have an excellent scientific base.  

• There is top class climate information including detailed downscaling of the IPCC data 
which has already been done.  
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• There are excellent modeling studies on the implications of future climate on the water 
resources in the basin.   

• Within South Africa there is a long tradition of excellent water resources modeling, 
which capacity resides within DWAF as well as with some consultants.   

• South Africa has taken the lead in many of these scientific studies, but the neighbouring 
countries are willing and ready to be part of this. 

Weaknesses  

• Implementation of good policy is very poor.  

• There is a lack of monitoring of social and biophysical issues and a critical failure to 
respond to obvious needs in the basin.   

• While some data that is available is excellent, other is poor and almost useless.   

• It is imperative that monitoring of water resources and of climate is improved and that 
the information is put to good effect. 

Opportunities 

• The Orange Basin and Southern Africa are presently favoured by international donor 
agencies. 

• There is great prospect for attracting further funding, and there is currently a great deal 
of funding already in circulation.  

• It is necessary that some of this funding be directed towards climate change issues.  

Threats  

• Climate change data is inherently variable, which is not well accepted by management 
and may cause them to shy away from the information.   

• As long as politicians do not see a need to accept the advice of technical experts, this 
problem will persist and the ability of the region to adapt to climate change will be 
compromised.  

• Capacity amongst government officials and more recently in universities has become 
severely limited due to a loss of skilled professionals to other countries (and retirement 
of ageing professors).   

• Institutions of learning are also not well placed to remedy this as the culture of 
excellence in learning has deteriorated and there are almost zero new science graduates 
coming into the field. It is imperative that this trend is reversed and that scientific 
excellence is promoted. 

 

The Rhine basin 
Strengths 

• High level of adaptive capacity. 

• Development of national adaptation strategy plan and current development of adaptation 
action programme. 



   

 53

• High level of awareness about the impacts of climate change among population, scientists 
and policy makers. 

• High level of safety standards. 

• Good flood management plans.    

Weaknesses 

• High degree of economic, urban and industrial development in flood prone areas. 

• Because of intensive land use, a lack of land exists for the different uses, which hamper the 
adoption of adaptive strategies like the programme “room for the rivers”. 

• Lack of accurate climate change prediction model, which makes uncertain the impacts of 
climate change at the local level.  

• Too much trust from Dutch people on dikes protection and safety. 

• Lack of preparedness of individual households and people, they do not feel the necessity to 
anticipate possible floods. 

• Lack of integration between water management and spatial planning processes. 

• Complex array of water management authorities, which makes the coordination and 
integration of water related projects difficult. 

• More efforts needed from downstream water authorities to stimulate upstream cooperation 
and solidarity.  

• Lack of participation and cooperation of different stakeholders. 

• Lack of cooperation between different sectors. 

Opportunities 

• Development of a new risk management approach. 

• High level of adaptive capacity. 

• Very rich, organized, well educated and technologically developed country. 

• Good transboundary cooperation. 

Threats 

• Increasing frequency and intensity of floods and droughts. 

• Earlier snowmelt in Alps, which increases river discharge. 

• Increasing water shortage in summer due to higher evapotranspiration. 

• Rising sea water level. 

• Reduced water availability for cooling of power plants. 

• Problems of inland navigation. 

• Loss of natural habitats and biodiversity. 
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5.2 Synthesis of SWOT analysis in six regions 

From the above descriptions it is clear that while the different basins have their own unique 
situations, there are some common factors. Below is an attempt to extract the common 
features, not in any quantifiable or defensible way, but rather just to highlight the main 
issues. 

Strengths 

Those people consulted in the basins in most cases did not feel that they were being 
restrained by a lack of data. There is a perception that climate change is a reality and that 
they know enough about the issues to be able to manage the situation. They also 
acknowledged that there is a considerable awareness about climate change in all levels of 
society and that there are moves within governments to address the threats.  These moves are 
now being reflected in the drafting of policy in many of the basins.  

Weaknesses  

Conflicting with the above, some views expressed that there is a lack of information on 
climate change which is hampering the move ahead. In addition, in some basins there is a 
lack of cooperation between the various agencies and states which is hampering a united 
approach. Adding to this, the available funding that could be used for further adaptation to 
climate change often does not reach the most useful sectors and thus has little impact. 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Common features of the SWOT characteristics of the six case study basins 
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Opportunities 

The growing number of crises related to water experienced in most basins creates the 
positive impact of raising the importance of climate change and thus pushing this into the 
forefront of governance activities. When linked to an obvious readiness in all sectors of 
society to respond to climate change, this creates a rare opportunity for a science to respond 
to a real need. These attempts are being supported by the inclusion of climate change issues 
in major policy (e.g. the Water Framework Directive and Millennium Development Goals) 
which in turn has directed the attention of funding agencies who have responded with 
finance. 

Threats  

Possibly the greatest threat to adaptation is the lack of certainty in the information describing 
climate change, which weakens the support given by policy makers and governments and 
reduces the enthusiasm for the subject among managers. Part of the problem here revolves 
around communication between scientists and the rest of society, where the message may 
create confusion. Having said this, it has to be acknowledged that primarily the efforts of the 
IPCC in communicating a complex problem to society have been unprecedented. 

Implementation of climate change response strategies also remains a problem due to, at 
times, poor cooperation between riparian states and also to the protection of vested interests 
not only by states but also by important individuals in government and even in the science 
fraternity. A command and control mentality on the part of many government officials also 
prevents the type of adaptive management that is necessary for dealing with this problem. 
Poor education and also poor economic conditions also make it more difficult to move 
towards a sound implementation of these strategies.  
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6 Summary and conclusions  

Adaptation is recognized worldwide as the most relevant action to face climate change 
together with mitigation. This study has analyzed different aspects of adaptation to climate 
change based on a cross-comparison among six different river basins in the world. The 
study, intensively based on stakeholders and experts opinions, includes three main parts: 

- Understanding of climate change and climate change impacts, analysis of the main 
drivers and barriers for adaptation, a review of possible adaptation measures, a vision 
of adaptation strategy, and degree of its implementation in the six case study basins;  

- Analysis of the role of integrated and adaptive water resources management in 
adaptation to climate change;  

- Analysis of the main strengths, weaknesses, opportunities and threats for adaptation 
in the six case study basins. 

The role of IWRM and AWM in adaptation 

The basis of IWRM is that water management considers the entire catchment area to be one 
functional unit. However, research and policy implementation still largely focus on the 
national aspects, and therefore IWRM in the transboundary basins is often problematic. This 
concerns, for example,  

- economic analyses, where measures in a transboundary context could turn out to be 
much more cost-effective,  

- information management that is usually nationally oriented but where collaboration 
across borders is necessary to support effective water management, and  

- legislation that is mostly nationally focused.  

Moreover, IWRM seems to fall short in dealing with uncertainty and adaptive capacity of 
water management. Therefore, the concept of adaptive water management comes into focus.  

Adaptive Water Management is based on the presumption that the complex socio-ecological 
nature of river basin environments and the inherent uncertainties associated with their 
management have to be taken into account in policy development and implementation. This 
idea has proceeded significantly in European research. Still, additional efforts are needed, 
relating among others to the elements of social vulnerability such as equity and fairness, and 
policy sectors such as spatial planning.  

An adaptive approach advocates strongly that a collaborative learning process is a more 
robust strategy in conditions of uncertainty than any belief in prediction and control. In this 
respect research should focus on successes and failures and the reasons behind these 
outcomes to build empirical evidence on approaches and the circumstances under which they 
perform best. The concept of AWM supports such an approach. 

Generally, the adaptive management learning from the past experience and including a set of 
different measures is more robust to uncertainty than traditional approach based on using 
mainly technical (or hard) measures. For example, reducing exposure to flood damage is a 
more robust approach than using only usual technical measures. 
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The role of stakeholder participation in adaptation 

One of the strengths of this research is the ample stakeholder’s consultation carried out in all 
the basins. In general, the role of stakeholder engagement in adaptive and integrated water 
management is very high. Our study has shown that it is important to consult with different 
stakeholder groups during the planning and implementation phases, as stakeholders’ 
perception of climate change issues varies across groups.  

Policy makers and water managers have a more technical policy-driven vision than other 
stakeholders. They are more concerned with climate change because its consideration is a 
policy requirement. In this sense, climate change consciousness is going along a top-down 
process. Water managers’ perception focuses mainly on technical issues (e.g. storage 
capacity, infrastructure, technical efficiency). Water users such as irrigators and water users 
associations are more concerned on short-term issues, though climate change is a long term 
process. Scientists dealing with water management issues have a more noticeable political 
and social view on climate change. Scientist consciousness about climate change is high and 
they perceive it as a global phenomenon that must necessarily affect social and political 
views. Independent experts indicate the importance of public participation and stakeholder 
involvement to produce adequate strategies. Environmental groups’ perception focuses 
mainly on the impacts of climate change on ecosystems, and they are highly concerned 
about that. 

A common feature in all stakeholder groups is the perception of stakeholders’ involvement 
as a key issue in climate change adaptation strategies. For example, in the Guadiana basin, a 
huge advance has been made in this aspect and stakeholders’ participation has been very 
active and successful in the development of the river basin management plan required by the 
WFD, which includes climate change as a main issue. 

General conclusions 

In general, from this cross-comparison it becomes clear that there is a general awareness that 
climate change is happening and that adaptation is needed. Important barriers for 
implementing adaptation can be found in insufficient communication between actors and 
reluctance of actors to change. Lack of sufficient knowledge is mentioned as a barrier, but 
note should be taken that this is often used as a hide-out to prevent action (Timmerman and 
Langaas, 2004). Nevertheless, the willingness to cooperate and adapt is increasing, also 
because many extreme weather events occurring more frequently than before focus the 
public attention on climate change. Accordingly, the occurrence of natural disasters has been 
reported as one of the main drivers for climate change adaptation. 

There are some important differences in research design of the studies presented in Chapters 
3 and 4, but we strongly believe that the results of both analyses are complementary. After 
all, an important assumption of the NeWater project is that adaptation strategies can be 
considered an output of the management regime in place. Hence, a comparative analysis of 
adaptation strategies would be incomplete without considering the characteristics, and 
underlying processes, of the management regime responsible for developing these strategies. 
Based on the formal comparative analysis of six case studies, it was possible to identify 
general patterns in the role of AIWM in developing climate change adaptation strategies, and 
to provide policy-relevant conclusions for interpreting the results of this synthesis product. 
By doing so, it makes an important, evidence-based and policy relevant contribution to the 
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development of a conceptual and operational approach to adaptive and integrated water 
management. 

A comparison of the level of adaptation between the basins is possible when looking at the 
implementation of adaptation measures. Here we see that the Elbe, Rhine and Orange seem 
to be most advanced, followed by Guadiana and Amudarya. The Nile has the lowest scores. 
This is in line with scores of these basins on the adaptiveness and integration of the regimes 
for subbasins of the same basins described in Chapter 4.  

While the scores do not show very large differences, the SWOT analyses suggest higher 
differences among countries, especially when looking at the weaknesses. Another study by 
Raadgever and others (Raadgever et al. 2008a) making a close comparison between the 
Orange and the Rhine suggests that the differences between the Orange and Rhine are larger 
than the scores for the adaptation measures in our study suggest. Further research is needed 
to determine the differences, and the ways to promote adaptation strategies, especially in the 
LDCs.  

The most important conclusions from the cross-comparison of adaptation strategies in six 
basins are: 

 There is understanding in all six basins that climate change is happening.  

 Decreasing annual water availability and increasing frequency and intensity of 
droughts are expected impacts in all six basins, though in some basins only moderate 
impacts are anticipated. 

 Regarding the increasing intensity and frequency of floods, only moderate impacts 
are expected.  

 The most important drivers for development of climate change adaptation strategy 
are climate-related disasters, and national and international policies. 

 The following most important barriers for adaptation were confirmed by the experts: 
spatial and temporal uncertainties, lack of adequate financial resources, and lack of 
horizontal cooperation. 

 The adaptation to climate change has started in all basins, but progresses rather 
slowly 
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Appendix I 
Summary of responses on Questions 1-4, 6 and 7 
AA – dominant answer of all experts answered this Question (>66%) 

A – 34-66% of all experts choose this option, 

a – <34% of experts choose this option. 

Abbreviations used: Amudarya: AA, Elbe: EE, Guadiana: GG, Nile: NN, Orange: OO, Rhine: RR 

 

Question 1:  

Understanding of climate change in the region: is it happening? 

  
yes no, only climate variability unclear 

AA EE GG NN OO RR 

 

a  n e  n  o r 

 

which changes of climate in your region are expected?  

 
  yes no unclear 

1.1 Warmer and less precipitation in the 
basin? 

a EE GG NN 
OO r 

  e 

1.2 Warmer and more precipitation in the 
basin?  

A E o r   e  GG  NN  e 

1.3 More precipitation in winter, less in 
summer? 

a EE o RR   e  GG  e 

1.4 Changed seasonality? a EE GG  NN o r   e  n 
1.5 Higher frequency/intensity of floods? a EE  NN o RR GG  e 

1.6 Higher frequency/intensity of 
droughts? 

A EE GG  NN o 
RR 

  e 

1.7 Glaciers retreat AA  NN r   EE GG  
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Question 2.  
What are expected climate change IMPACTS   on water-related sectors? 

 

  Strong impact 
expected 

Some impact 
expected 

Not expected  

2.1 Decreasing annual water 
availability  

A E GG NN OO  a E n o RR n r 

2.2 Increasing frequency / 
intensity of droughts  

AA E NN O r  a E GG n o RR  a r 

2.3 Increasing frequency / 
intensity of floods  

E n o R a E g NN OO R a GG n  

2.4 Increased erosion a e NN o r  a E GG n O r e R   
2.5 Deteriorating water quality A E g n o A E G n O R e G N o r 
2.6 Shortages in drinking water 

supply 
A e N OO  a E n o R e n o r 

2.7 Reduced crop production  a E GG NN O a E n o R  a r 
2.8 Reduced water availability 

for irrigation 
AA E GG N o  a E n o R  n o r 

2.9 Reduced food security a e N O a e n o r  a EE GG n R   
2.10 Reduced hydropower 

potential 
e NN  a E G n o r a e G n O R 

2.11 Reduced water availability 
for cooling  

e n r E n o RR a e GG N o 

2.12 Problems of inland 
navigation 

e n r a E G n o R a e G N o  

2.13 Increased frequency of 
wildfires 

e n O a E GG n o R a E N o r 

2.14 Increased rates of 
desertification  

A N o A e GG n o r EE n o R  

2.15 Higher occurrence of 
diseases  

a N o A e N O EE GG RR  

2.16 Loss of natural habitats and 
biodiversity 

 A e GG N o r A E N o R  E o r 
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Question 3. 
What are the drivers for development of climate change adaptation strategy? 

 

  Number of experts  
3.1 Climate-related disasters  AA6  EE21  GG9  NN7  OO4  RR8 
3.2 National and international policies A3  EE19  GG10  NN7 o2  RR8 

3.3 Political changes e7 G4  n2 o1 
3.4 Institutional changes  A3  EE15  GG7 N6  O3 r3 
3.5 Population dynamics  A3  E8 N4 o1 r2 
3.6 Consumption patterns a1  e5  g1 n2 O3 
3.7 Land use change a1  EE16  G5  NN7 O3 r2 
3.8 Globalization and market changes a2  E10  G5  n3 o1 
3.9 Funding opportunities  A4  E14  G4  NN7 o2 r1 
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Question 4. 
 
What are the main barriers for adaptation to climate change in the region? 
  Strong  Not strong Not a barrier  

4.1 Low level of awareness  a  E  G  NN o A  e  g  n o R a  e  g O r 

4.2 Spatial and temporal 
uncertainties  

AA  EE GG  NN O 
R 

a  e  n O r g r 

4.3 Lack of adequate financial 
resources  

AA  E  G  NN  OO r a  e  g  n o R e  g o r 

4.4 Lack of needed technologies  A  e  g  NN o A  e  G  n O R  E  G o R 

4.5 Lack of regulatory framework AA  e  G  n o a  E g N o RR e  g n o r 

4.6 Lack of legal provisions  a  e  g n A  e  G  NN o R a  E  g O R 

4.7 Problems in organisational 
setup  

A  e  G  N o r A  E  g N o R e n r 

4.8 Lack of vertical cooperation AA  e  g NN o e  G n o R a  E r 

4.9 Lack of horizontal cooperation AA  E  GG N o r a  E  g N O RR e o r 

4.10 Lack of transboundary 
cooperation 

AA  e  g  N o r a  E  g N RR e  g n OO r 

4.11 Local/subregional interests a  E  G  N o r A  e  g n o R e  g n O r 

4.12 Lack of knowledge production a  G n o r a  EE  G  NN r e  g r 

4.13 Lack of stakeholder 
participation 

AA  e  g  N a  E  g  n O R a  e  G n o r 

4.14 Lack of human capital  A  e  g NN O r a  E  G  n O R a  e  G n r 

4.15 Different risk perception  a  e  G N O r A  EE  G  N o R a  e  g n o 

4.16 Different preferences  a  E  G n o r E  G  N o R A n 

4.17 Gender, poverty and minority 
issues 

a  e  g NN O a  e  g n o a  E  G RR 
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 Question 6. 
Please specify climate change adaptation strategy in the region 

 

 

 yes some, in work no 

Is there a shared recognition of climate 
change related problems? 

 

a  EE GG  n  OO  
RR 

N  o A n 

Is there a shared vision for an adaptation 
strategy and action plan? 

 

O RR E GG  NN o  a E O 

Is there a Program / Plan of activities and 
measures related to climate change 
adaptation? 

G  R A E G o NN R A E  OO 

Are there any institutional adaptations 
taking place or planned (changes in 
laws/rules/policy/decision-making 
procedures)? 

o R a EE G o NN R A G  O  

 

 
Question 7. 
What is the status of adaptation measures implementation in the region 

 
only traditional water management, no signs of 
moving to climate change adaptation 

A  n 

adaptation to climate change starts, but slowly 

 
A  EE  GG  n OO R 

progress is visible: existing adaptation strategy, 
some measures are implemented, other planned 

N R 
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Appendix II 
Question 5. List of water management measures. 
Which adaptation measures in the region are needed, existing and/or planned? 

The Table lists all measures included in the evaluation divided into eight categories: 

Category Measures 
regional climate change scenarios  

improved monitoring, forecasting, application and evaluation of water supply 
and water management models 

flood mitigation systems of forecasting, early warning, evacuation, and post-
flood recovery 

5.1 use of climate 
information 

early warning system for droughts 
maintenance and enhancement of infrastructure (dams, levees, dykes, river 
embarkments)  

maintenance and enhancement of water storage reservoirs 

increasing water storage capacity in surface and groundwater reservoirs 

conjunctive use of surface water and groundwater 

5.2 infrastructure 

water transfer from external sources (inter-basin) 

improved land use in agriculture: crop substitution & diversification, 
modified vegetation cover to reduce evapotranspiration 

agriculture practices reducing runoff (catch crops, no black fallow) 

5.3 agriculture 

adjustment of planting dates and crop varieties 

land use planning accounting on higher frequency of extreme events 

zoning (delineation of floodplain zone with low-value infrastructure) 
5.4 spatial planning 

ensuring appropriate construction methods in flood-prone areas 

increase of natural water retention and water storage in watersheds 
(extending floodplains, creation of wetlands and polders) 

enhancement of infiltration and retardation of water (reducing impermeable 
areas, building groundwater cisterns etc.) 

water reuse and water recycling 

expanded use of rainwater harvesting 

5.5 WRM hard 
measures 

sea water desalination 

improved water use efficiency in different sectors  

development of water allocation strategies among competing demands, 
exchange of water rights 

drought contingency planning: restrictions on water use, rationing schemes, 
special water tariffs, reduction of low-value uses  

5.6 WRM soft 
measures 

system of water pricing, quotas and subsidies, legal measures 
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improved industrial practices with water saving schemes 

emergency and disaster recovery committees (also transboundary) 

development of non-farm livelihoods in drought affected areas 

household mitigation and preparedness actions 

5.7 social measures 

risk spreading method: climate-related hazards insurance 

capacity building (improving climate change awareness, understanding and 
preparedness) 

awareness raising among population on climate change issues 

information and education on scarce water resources usage 

information and education on flood protection issues 

information and education of better management practices in agriculture 

improvement of transboundary cooperation (monitoring, early warning) 

5.8 information, 
communication and 
education 

application of new technologies: efficient cooling systems, improved seeds, 
desalination technologies, etc. 

 
 


