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Executive Summary 
 
(1) Irrigation development may impact strongly on the ecology of natural aquatic resources, and their 

role in rural livelihoods. This project aimed to develop tools and guidelines for the assessment and 
mitigation of negative, or enhancement of positive impacts.  

(2) A suite of assessment tools were developed based on a review of the relevant literature, further 
analysis of data acquired in a previous project, additional livelihoods and institutional analyses, 
and mathematical modelling of fish stock dynamics in relation to water management.  

(3) A conceptual framework based on institutional analysis and design has been developed to 
integrate the physical, biological, livelihoods and institutional aspects of irrigation-fisheries 
interactions.  

(4) Livelihoods analyses were developed to identify key factors that influence the allocation of labour 
and resources to fishing, and for assessment of the impact of irrigation development on vulnerable 
groups. 

(5) Empirical models were developed to predict potential fish yield per unit area in natural and 
modified aquatic systems. Yield was found to be strongly related to catchment area above the 
sampling point. 

(6) A biomass dynamic fisheries model has been developed to analyze interactions between water 
management and fisheries in reservoirs and floodplain lakes. Results suggest that drawdown to 
about 20% of the full area will lead to only moderate reductions in yield, while further drawdown 
will cause far more marked reductions. 

(7) A guidance manual has been developed for the assessment and management of irrigation 
development impacts on fisheries. This includes a protocol for impact assessment and analysis of 
alternative mitigation or enhancement measures.    

(8) Assessment case studies were conducted in Laos and in Sri Lanka. The purpose of the studies was 
to test and further develop the assessment framework and tools. 

(9) In Laos the study focused on the potential impacts of a proposed, medium scale irrigation project. 
The effect of reservoir construction on floodplain catches by local villagers was estimated to be 
small (loss of 3-4%). This is likely to be compensated by the newly created reservoir fishery in 
aggregate, but the distribution of losses and gains depends on who fishes, where they fish, when 
they fish, how they fish, and on their alternative employment opportunities.  In Laos irrigation 
impacts are not generally negative for vulnerable groups, including women, the landless and those 
of limited mobility. 

(10) The Sri Lanka case study considered the fisheries impacts of the Kirindi Oya irrigation 
scheme. Overall the scheme has resulted in an increase in fisheries production, largely due to the 
development of a very productive new reservoir fishery. However, several fisheries problems 
linked to the scheme were identified. Firstly, drawdown of ancient reservoirs in the project area 
had increased in recent years due to reduced inflow and increased withdrawal, with consequent 
reduction in fish production from the reservoirs. Secondly, drainage water inflow into a coastal 
lagoon was associated with negative impacts on a formerly productive shrimp fishery.  Both these 
fisheries had become important sources of livelihoods for identifiable, and particularly landless 
groups.  Experience was gained in the identification of mitigation measures and the preliminary 
assessment of water management options and associated trade-offs. 

(11) Results have been disseminated by a variety of means including workshops, poster and oral 
presentations, and publications.  

(12) In conclusions, irrigation development impacts on fisheries production and the contribution of 
fisheries to rural livelihoods may be positive as well as negative. Consideration of fisheries issues 
in irrigation planning and management can enhance positive and mitigate negative impacts. 
Fisheries production and livelihoods issues may differ from those relating primarily to 
biodiversity conservation: water for fisheries is not necessarily “water for nature”. Stakeholder 
involvement is crucial to identifying and managing livelihoods impacts.   
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1 Introduction 
 
1.1 Background 

 
Irrigation development aims to raise agricultural productivity and reduce production risk, and 
through this to raise employment, incomes and food security.  This can, however, carry 
environmental costs with possible repercussions for food security, and an area where such 
repercussions may be direct and significant is in fisheries.   
 
Fisheries (as distinct from aquaculture or fish farming) produce food from the exploitation of 
natural populations of fish, molluscs and crustaceans. Inland and coastal fisheries make 
significant contributions to rural livelihoods in many developing countries, often providing 
food and cash income for the poorer sections of populations in particular. Fish account for the 
bulk of animal protein consumed in countries such as Laos or Bangladesh, and much of this 
is obtained locally by part-time subsistence fishing. The importance of inland fisheries stems 
from their accessibility to all sections of the population and the fact that diverse natural fish 
stocks, including many small species eaten whole, provide high levels of micro-nutrients and 
vitamins (Haraksigh-Thilsted et al. 1997). Unfortunately the productivity and diversity of 
fisheries and their contribution to livelihoods are widely threatened by overexploitation and 
the degradation of ecosystems upon which they depend. Exploiting natural populations of 
animals and plants, fisheries link food security and environmental concerns in a particularly 
close way.  
 
Water resources development for irrigated agriculture is probably the single most important 
factor impacting on inland fisheries in developing countries. Impacts may occur through a 
variety of pathways, including: 
·  reduction/modification of stream/river flows; 
·  obstruction of migratory pathways (loss of habitat connectivity); 
·  destruction of old (e.g floodplain) and creation of new (e.g. reservoirs, irrigation canals, 

ponds) aquatic habitats; 
·  increased use of agrochemicals associated with irrigated crops; 
·  changes in access rights to aquatic resources and the opportunity costs of fishing. 
(ICID 1993; Roggeri 1995; Claridge 1996; Lorenzen et al. 2000) 
 
Extensive studies on the impacts of water resources development on fisheries have been 
carried out (e.g. FAP 17, 1995; Halls et al., 1999, WCD 2000, Lorenzen et al. 2000). Small-
scale aquatic resources, however, are much less appreciated even though collectively they are 
likely to match or exceed the socio-economic and ecological importance of the large-scale 
resources. Small-scale resources are frequently impacted by developments on an equally 
small scale, such as small-to-medium irrigation schemes. Impacts of such developments are 
rarely assessed, although they may be significant both locally, and cumulatively on a larger 
scale. 
 
The challenge of allocating water resources between different sectors of the economy and the 
environment is recognized in international initiatives such as the Dialogue on Water, Food 
and the Environment (Molden et al. 2001), and in DFID’s Strategies for Achieving the 
International Development Targets (DFID 2001).  
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1.2 Project purpose and outputs 

The project purpose as defined in the project memorandum is  
 
Guidelines for the assessment and mitigation (or enhancement) of irrigation development 
impacts on aquatic resources in rural livelihoods devised and disseminated. 
 
 
 
 
1.3 Key staff and collaborators 

The project was implemented jointly by Imperial College London (lead institution), ITAD 
Ltd., the International Water Management Institute (IWMI), the Regional Development 
Committee for Livestock and Fisheries in Southern Laos (RDC), and the University of 
Kelaniya. 
 
Key staff were: 
 
Imperial College 
Dr Kai Lorenzen (principal investigator, fisheries ecology specialist) 
Mr Laurence Smith (principal investigator, livelihoods specialist) 
Ms Sophie Nguyen Khoa (project officer) 
Dr Caroline Garaway (institutional specialist) 
 
ITAD Ltd. 
Dr Martin Burton (irrigation specialist) 
 
RDC 
Mr Doungchith Litdamlong (coordinator) 
Mr Thonglai 
Mr Nick Innes-Taylor (consultant) 
 
International Water Management Institute 
Mr Ian Makin (regional director Asia) 
Dr David Molden 
Mr L.R. Perera 
Ms Shyamalie De Silva 
Mr M.M.C. Kumara 
 
University of Kelanyia 
Dr Upali Amarasinghe  
Mr M.G. Kularatne 
Mr Chandana Bandara 
 
An informal collaboration with Mr Gertjan De Graaf, NEFISCO Foundation, provided the 
opportunity to test the biomass dynamics fisheries model on long-term data sets from 
Bangladesh floodplain fisheries. 
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2. Work carried out 
 
The research philosophy of the project was guided by the following principles: 
 
·  Direct developmental relevance through focus on aquatic resource use and related use of 

biological diversity by villagers. 
·  Close integration of ecological and socio-economic analysis. 
·  Use and further development of local capacity to carry out aquatic resources research and 

integrate results into development decision making. 
 
 
Work in the project involved four different areas: development of impact assessment tools, 
development of an assessment approach and guidelines, assessment case studies, and 
dissemination.  
 
2.1 Development of specific assessment tools 

 
A suite of assessment tools were developed based on a review of the relevant literature, 
further analysis of data acquired during project R7235, additional livelihoods and institutional 
analyses, and mathematical modelling of fish stock dynamics in relation to water 
management.  
 
2.2 Development of assessment protocol and guidance manual 

 
An assessment approach has been developed and made available in the form of a guidance 
manual. To address the shortage of relevant expertise in most countries where irrigation-
fisheries interactions need to be assessed and managed, it was decided to extend the 
assessment and management guidelines into a more comprehensive guidance manual.  
 
2.3 Case studies  

 
Assessment case studies were conducted in Laos and in Sri Lanka. The purpose of the studies 
was to test and further develop the assessment framework and tools. In Laos the study 
focused on the potential impacts of a proposed, medium scale irrigation project. It was carried 
out in collaboration with the Regional Development Committee for Livestock and Fisheries 
in Southern Laos, and drew in local communities as well as all relevant government 
departments (irrigation, agriculture and livestock & fisheries).  In Sri Lanka, the study 
focused on a post-hoc assessment of overall impacts, as well as current management issues, 
in the large Kirindi Oya irrigation scheme. This study was carried out in collaboration with 
the International Water Management Institute and the University of Kelaniya, and again drew 
in local stakeholders as well as the relevant government departments.  
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2.4 Dissemination and uptake promotion 

 
Results have been disseminated by a variety of means including workshops, poster and oral 
presentations, and publications (see section 4.2). 
 
 

3 Results 
 
3.1 Specific assessment tools 

Four specific assessment tools have been developed for use in impact assessment: an 
institutional analysis approach for exploring interactions and integrating information; a 
conceptual framework for assessing irrigation impacts in fisheries in a livelihoods context; 
empirical relationships for predicting fisheries yields; and a dynamic model of fisheries-water 
management interactions.  
 
3.1.1 Institutional analysis as an integrative tool 
 
The sustainable use of fisheries depends on the conservation of habitats as well as the 
regulation of exploitation. A pervasive feature of fisheries is the fact that in most cases the 
fish stocks, as well as the defining element of their habitat (water), are common pool 
resources. Common pool resources are exploited jointly by many users, who by doing so 
subtract from the shared resource and therefore the benefits obtainable by others. A useful 
framework for analysing common pool resource systems such as fisheries and irrigation 
systems is that of Institutional Analysis and Design (IAD) (Ostrom 1992, Pido et al. 1996).  
 
Attributes  
 
IAD recognizes three main types of attributes of a resource system: 
 

·  Situational variables describing the environment in which the fishery operates 
·  Patterns of interaction, the aggregated actions of resource users as influenced by the 

situational variables 
·  Outcomes of resource use as influenced by the physical and biological characteristics 

of the resource, and its use (patterns of interaction).   
 
The situational variables to be considered are:   
 
1) Physical, biological and technical attributes of the resource   

·  The physical environment: aquatic habitats and hydrology 
·  The production ecology of living aquatic resources, including their responses to 

harvesting  
·  Techniques used for harvesting aquatic resources  
·  Irrigation infrastructure and production techniques.   

 
2) Community and stakeholder attributes 

·  Stakeholder capabilities  
·  Livelihoods of stakeholders 
·  Local institutions and organisations. 
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3) Economic attributes 

·  Economic and policy environment 
·  Markets for aquatic products, labour, and farm inputs and outputs. 

 
4) Institutional attributes  

·  Operational rules for resource use (rules that determine by whom, where, when and 
how resources may be used)  

·  Conditions of collective choice, which are the set of rules which determine how 
operational rules can be made 

·  External arrangements pertaining to rules and conditions of collective choice.  
 
Patterns of interaction are the aggregation of all the actions taken by individual resource users 
over a period of time. Outcomes are physical in the first instance (e.g. production, 
consumption, ecological change), then stakeholders attach values to physical outcomes 
according to their own objectives and situations, translating physical outcomes into economic 
and social outcomes (e.g. benefits and costs, changes in employment, incomes and revenues 
for institutions). 
 
Irrigation development will often be associated with rapid and dynamic change in the 
resource system, and impacts on fisheries can arise through complex and indirect as well as 
direct pathways. Some of the possible pathways are shown in Figure 1.   
 
In Figure 1 the situational variables correspond to the attributes introduced above, but now 
illustrate aspects specifically relating to irrigation development. The physical/biological/ 
technical attributes include infrastructure and irrigated agriculture, as these are technical 
interventions that define biophysical characteristics. 
 
The community stakeholder attributes include attributes of all those affected by irrigation, but 
particularly the irrigators who will affect fisheries outcomes. They include social, economic 
and institutional characteristics. Institutional characteristics of the community in general – i.e. 
not specifically related to irrigation - are also included here.  
 
The institutional attributes directly connected to the irrigation intervention are shown as a 
separate category. These include rules affecting irrigators, and rules relating to irrigated 
agriculture that directly affect fishers. Institutional attributes relating to fisheries are also 
shown as a separate category, not linked to other sets of attributes because they are rarely 
considered in irrigation interventions. Although the outcomes of irrigation may impact on 
them only indirectly, it may often be appropriate to change fisheries institutions when 
irrigation is developed.  Economic attributes are not included in this illustration. 
 
Patterns of interaction are specifically those of the irrigators relating to irrigation system 
operation (maintenance/water control).  Fishers’ patterns of interaction (translated as fishing 
practices) are actually in the outcomes column.  Thus the outcomes comprise three attributes: 
ecological & hydrological, fishing practices, and social and economic.  
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Four different types of impact pathways are indicated in Figure 1 by different style lines: 
 

·  Direct fisheries impacts from irrigation infrastructure and land use (dotted lines) 
·  Hydrological and ecological impacts mediated by irrigation management (heavy solid 

lines) 
·  Secondary interactions within the fisheries system (solid lines) 
·  Direct impacts of institutional factors relating to agriculture on fishing practices 

(heavy dashed-dotted line).    
   

These interactions are further explained and illustrated below, with numbers referring to lines 
in Figure 1.  
 
Direct fisheries impacts from irrigation infrastructure and land use (dotted lines) 
 
Irrigation infrastructure will affect hydrology (and therefore ecology) irrespective of 
characteristics of community, rules in place for irrigators, or changes to property rights. For 
example, dams will inevitably modify flow patterns and provide an obstacle to fish migration 
(line 1). Changes in agricultural land use will affect the social and economic situation of 
fishers and other groups by creating new livelihood options, increased revenue and changes 
in labour allocation (line2); irrespective of the rules in place for irrigators, or changes to 
property rights.   
 
Hydrological and ecological impacts mediated by irrigation management 
 
Although irrigation infrastructure and land use change will have strong and direct impacts on 
fisheries, these will be strongly moderated by maintenance and management factors (line 4). 
For example, if infrastructure is not maintained then dams or canals may break and 
effectively reduce the design impact of infrastructure.  Water control is a major factor 
determining fisheries impacts, and certain institutional arrangements may result in a much 
more fisheries-friendly water control system than others.  
 
Secondary interactions within the fisheries system 
 
There are various secondary interactions within the fisheries system that may have a strong 
impact on outcomes. Changes in the social and economic situation of fishers are likely to 
affect the labour allocated to fishing, and therefore fishing practices (line 3). Likewise, 
modified hydrological conditions may change fishing practices (line 5). For example, reduced 
peak flows may permit the use of barrier gears in the river channel at times when this would 
have been impossible before, and the increased fishing pressure may feed back into the 
ecological status of the fishery (line 6). Changes in fishing practices will almost inevitably 
affect the social and economic status of fishers (line 7), and this effect may be differentiated 
between groups. For example, a decrease in floodplain fishing opportunities may strongly 
reduce the fish catch obtained by women as part of normal household activities, while 
opportunities for dry season fishing in an upstream reservoir may benefit mobile men during 
periods of low labour demand.  
 
Finally, hydrological and ecological outcomes, and irrigation patterns of interaction can 
affect the social and economic status of fishers through fisheries-independent routes. 
Examples include changes in water availability for domestic purposes, or changes in the risk 
of contracting diseases such as malaria or schistosomiasis (line 8), or conflict and tension (a 
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deleterious social outcome) which could lead to breakdown of institutional arrangements 
pertaining to fisheries.  
 
Direct impacts of institutional factors relating to agriculture on fishing practices   
 
Irrigation development may, by design or by default, change property or usufruct rights and 
this may affect fishers access to the fishery and therefore fishing practices (line 10). For 
example, land development in irrigated areas may lead to any remaining water bodies 
becoming private property of farmers who own adjacent land.  
 
Economic attributes have not been included in this illustration to avoid excessive complexity 
in the diagram, but will clearly influence both patterns of interaction and outcomes.  For 
example, both general price stability (low inflation) and sound public finances will influence 
infrastructure maintenance and thus the outcomes that follow.  Similarly, local economic 
growth and the development and functioning of markets will influence social and economic 
outcomes, in turn influencing labour allocation decisions and fishing practices.  Such factors 
are further discussed in section 3.1.2. 
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3.1.2 Conceptual framework for understanding the role of fisheries in livelihoods  
 
Poverty 
 
Whilst income level is an important determinant of poverty it is often not sufficient as a 
measure of poverty, and indeed many poor people in rural areas of developing countries may 
depend largely on their own productive activities for subsistence and have very little cash 
income.  People may be poor for structural reasons, lacking the resources and opportunities to 
establish a viable livelihood and always having to struggle to meet basic needs, or they may 
be vulnerable to livelihood failure and fall into poverty during times of crisis such as periods 
of illness, crop failure or high livestock mortality.  Poverty can also be considered in terms of 
deprivation of economic, social and cultural rights.  Among rural communities the capacity to 
resist poverty and to improve livelihoods depends on the opportunities offered by natural 
resource based production systems and the wider economic, institutional and political 
environment.   
 
For assessment of poverty this prompts consideration of the total resources or assets that are 
used for existence; including those that are owned, those that can be obtained through 
exchange and those that can be obtained through rights of access.  There is also a need to 
understand the ‘vulnerability context’, meaning the trends (e.g. economic and technological), 
shocks (e.g. climatic or market related) or cultural practices, which may disrupt livelihoods 
and push people deeper into poverty. 
 
Sustainable livelihoods  
 
“A livelihood comprises the capabilities, assets (including both material and social resources) 
and activities required for a means of living.  A livelihood is sustainable when it can cope 
with and recover from stresses and shocks and maintain or enhance its capabilities and assets 
both now and in the future, while not undermining the natural resource base” (DFID 1999).   
 
Importance of own labour 
 
Own labour is the main source of power in many farming systems and fisheries in developing 
countries, the main asset of the majority of the poorest households, and a key determinant of 
output, income and food security.  For those with access to land, unless sources of cash 
income are secure and local food markets reliable and competitive, its use will be prioritised 
for the cultivation of subsistence crops, care of own livestock, and possibly part-time fishing 
if a productive fishery is available.  Labour may also be allocated to other hunting and 
gathering activities, although these tend to be highly seasonal, and will rarely offer returns to 
labour use that are equivalent to those in farming or fishing.  Once subsistence needs have 
been met, or if local markets can be relied upon for affordable food supplies, labour may 
increasingly be allocated to production of income generating cash crops, to fishing if 
profitable, or to paid employment.  For the landless, hunting and gathering activities 
including fishing will be the only alternatives to paid employment, and may make important 
contributions to subsistence requirements.  How much labour is allocated will depend on 
access to common pool natural resources, the productivity of these resources and on 
alternative employment opportunities. 
 
Given the importance of own labour to production, in farming the return to labour can be a 
more important factor in decision-making than the return to land, whilst in fishing it is clearly 
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the main factor, unless major investments of capital have been made.  It should also be noted 
that compared to full-time fishing the labour opportunity cost of part-time fishing done 
outside normal working hours may be much lower.  Similarly for fishing done using passive 
fishing methods (e.g. set and wait gears) in conjunction with completion of farm tasks or 
other work. 
 
In allocating family labour between activities, households also take into account not only 
time-cost but also the energy-cost of using labour.  Other factors influencing labour allocation 
will be time and travel cost to the place of work, the need to and cost of taking meals away 
from the home, and security, particularly for women. 
 
Communal labour also often remains a strong tradition in many societies and if so can be 
utilised in managing the impacts of irrigation on aquatic resource use.  When attempting to 
mobilise communal labour it is important to understand the way in which the communities 
concerned have traditionally organised themselves for communal work.   
 
Seasonality 
 
One dimension of a sustainable livelihood is adequate and stable flows of income and 
consumption the whole year round.  Seasonality in both farming and fishing causes variation 
in labour use and food security because of the mismatch between uneven income streams and 
continuous consumption requirements.  Labour shortages in peak periods can also be 
compounded by seasonal ill health or low energy intake given scarce food supply. 
 
Livelihood diversification 
 
Diversification is a common and important feature of rural livelihood strategies, and  is the 
process by which rural families construct a diverse portfolio of activities and social support 
capabilities in order to survive and to improve their standards of living (Ellis 1998).  Many 
rural households have complex livelihood strategies that cross the simple boundaries of hunting 
and gathering, farming, labouring, being an entrepreneur and a consumer.  For such households 
the changes arising from irrigation development may have complex effects.   
 
Farming of crops and/or livestock is the most widespread and important source of livelihood 
for the majority of people in rural areas of developing countries.  However, in regions well 
endowed with aquatic resources fishing may also be of great importance.  In such regions 
farmers may also be fishers, or there may be households for whom the main source of 
subsistence and income is fishing but who also cultivate a small plot of land.  Although 
usually fewer in number than households predominantly dependent on farming, there may 
also be significant populations of ‘professional’ or full-time fisherfolk.   
 
Livelihood diversification can reduce the adverse effects of seasonality by utilising labour 
and generating alternative sources of income during off-peak periods.  Diversification also 
reduces the risk of losing all income sources simultaneously, for example as a result of 
climatic or other shocks. 
 
Coping strategies should also be considered and these are ex-post responses to shocks or 
unanticipated livelihood failure, demonstrating that diversification may arise from necessity 
or choice; either as a means of survival, or a means to improvements in welfare through 
exploitation of new opportunities.   
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Livelihood characteristics of fishing 
 
Fishing is commonly regarded in many developing countries (and in much of the literature) 
as an activity of last resort and a refuge for the economically and socially marginalised.  It is 
commonly perceived that households who specialise in fishing will be a recognisable and 
distinct social group, and one that is typically among the most deprived and poorest.  Fisher 
households are identified by their trade or by caste, and often expected to be a socially 
inferior and subordinated class.   
 
For inland floodplain capture fisheries, fishing is typically seen as a labour intensive activity 
with relatively low cost requirements for gear or equipment.  It is also expected that if full-
time fisher households manage to save from their income and accumulate assets, they will 
tend to seek alternative employment or forms of livelihood diversification such as farming. 
 
This stereotypical picture of fishing as an activity of last resort may, however, not always be 
true.  Whilst the incidence of poverty in absolute terms amongst fisher households may be 
high, there can still be considerably socio-economic differentiation amongst fishing 
communities, and incomes of full-time fishers may compare well with those of neighbouring 
farmers.   Fishing can be an inherited or adopted profession for households with limited 
access to farm land or other resources, though it often remains associated with caste and 
social differentiation. 
 
Wealthier members of fishing communities tend to be more specialised in fishing than the 
poorest, and may make significant capital investments in gear and fishing methods, or in the 
purchase or leasing of access rights to a fishery.  Resulting differences in fishing capability 
lead to socio-economic variation by total income, net income from fishing and hourly returns 
to labour in fishing.  Any surplus assets tend to be invested in fishing rather than non-fishing 
livelihood diversification. 
 
The poorest fisher households tend to be those too poor to invest in better fishing methods, 
and those having more restricted access to the fishery, to the best fishing areas or during 
certain seasons (dry season access to a fishery may be at a particular premium).  Like 
marginal farmers these marginal fishers are likely to have more diversified livelihoods, 
supplementing fishing with farming small plots, crafts, or labouring for other fishing or 
farming households.  
 
In areas such as lowland Laos fishing is also not an activity of last resort.  Rather it is one of a 
traditional set of diversified subsistence activities that rely heavily on the natural resources 
available to rural communities.  Here economic development and the accumulation of other 
assets is at an early stage, and clear trajectories of change with regard to the role of fishing in 
livelihoods have yet to emerge. 
 
In many societies tradition governs quite strictly which activities women carry out and which 
by men.  Labour division may be both by enterprise and by task.  In fishing gender divisions 
may be even more culture and location specific than in farming, but in some locations also 
much less apparent.  Despite this, divisions by enterprise as defined by fishing method, 
location and species caught are common.  Divisions by tasks such as mending nets and boats, 
or making traps may also exist. 
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Though dangerous to generalise, fishing practised by women compared to men, tends to 
correspond to that practised by poorer fisher households compared to those wealthier.  That 
is, it tends to be relatively labour intensive, using low cost gear, in pursuit of dispersed small 
species in shallow water or dispersed fry in the flood season, and offering low returns to 
effort.  Fishing practised more exclusively by men (and better off households) thus tends to 
be using more expensive gear to catch larger species in deeper water, or concentrated adult 
fish in the dry season, and offering higher returns. 
 
Most fishing activities may require less energy use than many farm tasks, but fishing may be 
considered more difficult or dangerous.  Apart from the obvious weather and accident related 
risks, long hours of immersion in water are likely to leave people prone to skin diseases or 
affected by parasites or fevers.   
 
For the poorest households, fishing is likely to be important in helping them just to live.  It 
may play an important buffering role in food security and labour use as they struggle to 
maintain precarious and vulnerable livelihoods at the margins of survival.  Any catches above 
own needs may also provide an occasional source of cash income or means of exchange 
(Figure 2).  Beyond such minimal maintenance roles fishing may enable advancement 
through income generation and accumulation of assets.  This may be through specialization in 
fishing and capital intensification in terms of gear and fishing methods, assuming the 
resource can sustain this.  Alternatively, through diversification after accumulation of assets 
that provide the base needed to gain entry to other livelihood activities.  Understanding such 
livelihood roles of fishing and likely trajectories of change in household livelihood strategies 
is highly relevant to the impact assessment of irrigation developments. 
 
Figure 2: Livelihood Roles of Fishing as Livelihood Strategies Develop. 
 

Livelihood strategy Livelihood roles of fishing 
‘Surviving’ Subsistence 

Complementarities in labour use with farming 
Buffering/diversification as a coping strategy 
Occasional cash source 

‘Specialisation and 
commercialisation’ 

Market production and income 
Accumulation 

‘Diversification for 
accumulation’ 

Accumulation 
Retention in a diversified accumulation strategy. 

 
 
Livelihood impact assessment: processes and livelihood assets 
 
Both irrigated farming and fishing (or other aquatic resource use) are livelihood activities that 
are embedded within society and, because society is dynamic, any kind of intervention will, 
to a greater or lesser extent, contribute to social change.  From a livelihoods view point the 
purpose of the approaches to planning and assessment developed in the guidance manual is to 
ensure that irrigation projects contribute to processes in society that will maximise welfare 
and the reduction of poverty. 
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Six interrelated economic and social processes are central in the assessment of impacts on 
rural livelihoods: 
 

1) improvement or impoverishment of livelihoods; 
2) household own labour allocation; 
3) how livelihood improvements or impoverishments are distributed; 
4) access to or exclusion from resources; 
5) institutional development; 
6) participation in or alienation from rights. 

 
Core concepts are that the assessment must be people-centred, holistic and dynamic in 
seeking to understand and build upon processes of change.  It must consider linkages between 
activities at macro and micro levels and the importance of the physical, policy and 
institutional environments in influencing chosen livelihood strategies and outcomes.   
 
Assessment focuses on five types of asset upon which people draw to build their livelihoods.  
These are:  

·  natural capital (e.g. land, water, biodiversity); 
·  social capital (social resources including networks, group membership, trust and 

access to wider institutions in society); 
·  human capital (skills, knowledge, health and ability to work); 
·  physical capital (infrastructure and goods that support livelihoods such as transport, 

energy, tools and buildings); 
·  and financial capital (financial resources including savings, remittances, pensions and 

credit).     
 
Assessment of improvement or impoverishment of livelihoods needs to account for: 

·  people’s access to these five types of asset;  
·  the ways in which people combine and transform these assets in strategies that as far 

as possible meet their material and experiential needs;  
·  the ways in which they are able to expand their asset base through accumulation and 

exchange activities that are governed by the policy and institutional environment, 
which in turn is framed by the state, markets and civil society;  

·  and the ways in which they are able to enhance and deploy their capabilities to change 
the institutions that govern how resources are controlled, distributed and transformed 
into income streams. 

 
Livelihood impacts 
 
As illustrated by Figure 1, the potential socio-economic impacts of irrigation development on 
aquatic resource use can be complex, taking the form of both direct and indirect impacts. 
 
Direct impacts arise from the hydrological and ecological impacts of changes in water flow 
or storage in natural streams and waterbodies, and from the construction and operation of 
irrigation infrastructure.  The impacts are mainly in terms of changes in the productivity, 
seasonality, and location of fisheries.  These may also result in changes in the best methods 
for fishing and in the level of effort required to achieve a certain catch. 
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Indirect impacts arise from the development of irrigated agriculture.  This will result in an 
increase in farm labour requirements, particularly during part or all of the dry season when 
household labour will typically have been relatively underemployed.  Successful irrigation 
will also result in the intensification and increased commercialisation of agriculture, as 
farmers have greater and more reliable surpluses for sale.  This in turn will stimulate the 
development of markets and the rural economy, potentially creating a range of new livelihood 
and employment opportunities.  Thus indirect impacts take effect mainly through changes in 
livelihood options and the impact of these on household own labour allocation. 
 
A range of pre-existing or situational conditions, and the processes by which these evolve 
will mediate both direct and indirect impacts.  These conditions include: 

·  the economic and policy environment, which through the level of market development 
and market conditions will influence livelihood opportunities and incentives; 

·  the institutional environment and power relations, influencing access to resources and 
the distribution of the benefits and costs of change; 

·  the degree of empowerment and effective participation through which people 
themselves can influence the nature of outcomes. 

 
In addition to these factors, direct impacts will also vary for households or individuals 
depending on their physical location in relation to the location of natural fisheries and the 
newly constructed or enhanced irrigation infrastructure.  The precise impacts for a given 
household or individual will further depend on: 

·  the relative importance of fishing as a livelihood activity; 
·  who fishes (which household members) 
·  where they can fish and where they prefer to fish 
·  when they fish (both seasonally and daily) 
·  how they fish (gear types, passive/active methods) 
·  and on the incentives for alternative uses of labour given available opportunities and 

personal preferences. 
 
Indirect impacts will tend to be more general in their incidence, but the full range of 
situational conditions listed above will still influence outcomes for households or individuals. 
 
Thus irrigation projects will not benefit everyone equally.  Some groups will gain more than 
others while some groups may lose from the process, and this also applies to the impacts of 
irrigation on aquatic resource use.  It is generally not acceptable for poor people to become 
even more impoverished as a result of a development scheme and such an outcome will 
require changes to its design and implementation, or may result in its rejection.  Assessment 
requires consideration of the structural aspects of poverty and in particular differential access 
to resources and the distributional consequences of the proposed development. 
 
At local level differentiation can be seen in structures of caste, class, social status, age, 
gender, language and ethnicity.  Differentiation in the distribution of project benefits or costs 
can arise as a result of one group, as defined by one or more of these characteristics, 
capturing the scheme benefits and excluding others.  The reality is often complicated with 
different forms of social differentiation operating at different levels: household, community, 
command area, district or state. 
 
Where affected households are both farmers and fishers negative impacts on fishing as a 
source of livelihood may be compensated by the farming benefits.  In such a case it is clearly 
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important for the assessment to seek to estimate the relative magnitude of the gains compared 
to the losses and hence the net impact on livelihood.  As emphasised in the discussion of 
poverty and livelihoods above, the assessment must be in terms broader than just income, 
including for example, the benefits of fishing in livelihood diversification, nutrition, as a 
ready source of cash and for their role in culture and social capital.  Net gains or losses 
evaluated using this broad range of criteria will be unevenly distributed because of social 
differentiation, and the assessment must seek to clearly identify who are the gainers and 
losers. 
 
Where households are full-time fishers, they may be a minority, but negative impacts on the 
fishery may have severe consequences for their livelihoods.  Clearly these will not be 
compensated by the direct benefits of irrigation for farming, and the assessment must judge 
carefully whether they can be compensated by irrigation infrastructure impacts on habitat 
area and fishing efficiency.  Here again the heterogeneity of the full-time fishing community 
must be considered, and hence the distribution of impacts.  Expanding alternative 
employment opportunities in the rural economy will be open to labour from full-time fisher 
households, but for social, cultural or economic reasons fisherfolk may face greater barriers 
to entry to such work than other rural households. 
 
Irrigation development has the potential to expand the non-farm labour market through the 
stimulus it provides to the rural economy, providing rural households with new opportunities 
for livelihood diversification.  On the one hand it may create opportunities and incentives that 
draw labour away from fishing or compensate for reduced productivity of, or access to, a 
fishery.  On the other, poor households, without access to the benefits of irrigation and 
perhaps economically and socially marginalised by its development, may be driven to rely 
more heavily on fishing as one element of a diversified survival strategy.  Identifying and 
predicting such trajectories of change in livelihoods must be a key element in the planning 
and assessment of irrigation development. 
 
 
3.1.3 Empirical relationships  
 
In project R7235, a holistic assessment of overall impacts of small to medium scale irrigation 
development on aquatic resources has been conducted in southern Laos. The study covered 
weir and dam irrigation schemes with command area ranging from 17-515 ha (average 155 
ha) and associated paddy areas varying from 3 to 346 ha (average 93 ha). The study had been 
designed as a replicated, paired comparison of household fishing effort and yield between 
irrigated and non-irrigated sites within the same watersheds. Overall impacts of irrigation 
development on local aquatic resources were measured in terms of abundance of aquatic 
habitats, fishing effort and catches. 
 
In both controls and impacted sites, participation in natural aquatic resource use was near 
universal, with 83% of households fishing during the survey period. Streams and rivers were 
the most important water resources for fishing in non-impacted areas. Fish ecology and 
fishing activities are closely linked to the annual hydrological cycle. In the early wet season, 
fish migrate against the flow into upper catchment areas and floodplains, where they spawn 
and feed. This is followed by down-migration with the flow as water levels recede. Both 
migration periods allow very efficient capture of fish in traps, and tend to account for a 
substantial share of the annual fish catch in river-floodplain systems.  
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A range of physical environment characteristics were investigated as possible predictors of 
local fish catches and fish diversity. Total catchment area above the sampling location was 
found to provide a good predictor of local catch per unit area (wet season flooded area) 
(Figure 3). No such relationship is evident in effort per unit area, which suggests that the 
catch relationship reflects underlying biological productivity rather than differences in effort 
(Figure 3). The value of this relationship is that it provides an indication of the production 
obtainable from local aquatic resources from basic geographical information (catchment area 
and local flooded area). Fish species richness was weakly related to total catchment area and 
local dry season water area, but no good predictive relationships have been identified. Further 
analyses are being carried out.  
 
 

 

 
Figure 3: Catch per unit area (CPUA) (top) and fishing effort per unit area (EPUA) 
(bottom) in relation to drainage area above the sampling location. 
 
Fishing effort is of course a key determinant of catch, and a general quantaitive relationship 
between catch and effort is an important tool for predicting impacts of changes in overall 
aquatic habitat availability which may lead to concentration or dilution of fishing effort. The 
general functional form of such relationships has been investigated on the basis of data 
collected in the project and in several related projects. A sigmoid functional form provides 
the best description of yield–effort relationships.  (Appendix E) 
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Impacts of weir and dam irrigation schemes  
 
No significant effects on aquatic habitat areas were recorded in the weir impacted sites. Dam 
schemes were associated with significantly lower river areas, and significantly higher dry 
season paddy areas than the non-impacted controls.  
 
Weir schemes were associated with a non-significant decline (14%) in household effort, and a 
significant, 36% decline in catch (Table 1). Overall this indicates a negative effect of weir 
irrigation schemes on fish catches, which is partly but not fully explained by a decline in 
fishing effort. Declining fishing effort may in itself be the result of increased demand for 
labour in other activities (such as irrigated agriculture), and/or a reduction in the actual or 
perceived opportunity for fishing due to changes in fishable habitat or fish abundance. 
 
Dam schemes were associated with no significant changes in catches or effort overall, 
although a tendency towards reduced household effort and catch was noticeable (-13% and –
17% respectively). The lack of a significant overall effect does, however, hide very 
substantial change that become apparent when the data are broken down into floodplain 
habitats and the newly created reservoirs (Table 1). Dam schemes are associated with drastic 
declines in floodplain effort (-58%) and catch (-51), on a household and unit area basis. 
These are partially compensated by increases in reservoir effort and catch, so that overall 
effects are not significant (but noticeably negative). Catch per unit of effort (CPUE) increased 
slightly (but not significantly).  
 
 
Table 1: Effects of irrigation schemes on fishing effort, catches and catch per unit of 
effort (CPUE). Effects are reported as the average difference between paired impacted 
and non-impacted sites. The non-impacted average (NI) is given for comparison. 
 
 
 
 Weir sites Dam sites (overall)  Dams (outside reservoir) 
 NI Effect NI Effect NI Effect 
HH catch 
(kg/week) 

0.77 -0.28 [-0.50, -0.10] 
- 36 % 

2.07 -0.36 [-1.18, 0.27] 
- 17 % 

1.80 -0.91 [-1.89, -0.12] 
- 51 % 

HH effort 
(h/week) 

4.84 -0.69 [-1.64, 0.21] 
- 14 % 

5.55 -0.72 [-1.91, 0.62] 
- 13 % 

4.48 -2.58 [-4.04, -1.13] 
- 58 % 

CPUE (kg/h) 0.15 +0.01 [-0.04, 0.07] 
+ 7 % 

0.38 0.29 [-0.05, 0.82] 
+ 76 % 

0.37 -0.04 [-0.17, 0.10] 
- 11 % 

CPUA 
(kg/ha/week) 

1.01 
0.52 

-0.63 [-1.73, -0.01] 
- 62 % 
-0.07 [-0.14, -0.01]* 
- 13 % 

  1.26 -0.75 [-1.49, -0.13] 
- 69 % 

EPUA 
(h/ha/week) 

6.62 
4.78 

-1.20 [-3.04, 0.39] 
- 18 % 
-0.45 [-2.00, 0.90]* 
- 9 % 

  2.85 -1.76 [-2.94, -0.66] 
- 61 % 

Richness 
 

9.05 -0.50 [-1.80, 0.60] 
- 6 % 

8.94 
 

+0.40 [-1.65, 2.21] 
+ 4 % 
 

 
 

 
 

 
* Excluding the influential pair W1.  
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In order to understand the reasons behind the decline in floodplain fishing, it is instructive to 
analyse effects separately by season. Dam irrigation schemes led to a transfer of fishing effort 
into the reservoirs and, perhaps surprisingly, this effect was most pronounced in the wet 
season. The decline in floodplain fishing activity is largely but not fully compensated by the 
increased effort and catch from the reservoir. It is difficult to establish from these data 
whether the shift of fishing activity from floodplains to reservoirs is a positive response to 
new fishing opportunities, or is forced by a reduction in floodplain fisheries productivity. The 
fact that catch per unit of effort in impacted floodplain habitats is similar to or higher (as a 
result of reduced effort) than that of non-impacted habitats (Table 1) suggests that the change 
reflects largely a response to new fishing opportunities in the reservoirs. This view was 
supported by informal interviews with villagers who consistently emphasized the new fishing 
opportunities provided by reservoirs and perceived no significant negative impacts on 
floodplain fishing.  (Appendix A) 
 
 
 
3.1.4 Dynamic model for fisheries-water management interactions   
 
Shallow reservoirs and floodplain lakes support productive fisheries that are of great 
importance to local livelihoods. These water bodies tend to characterized by a highly seasonal 
hydrology, which in turn drives fisheries dynamics to a large extent. Consequently, 
hydrological management (flood control or drawdown for irrigation) has major fisheries 
implications, and trade-offs between gains in agriculture and possible fisheries costs should 
be considered in decision making. To aid the assessment of such tradeoffs, a biomass 
dynamic model of a fishery subject to strong hydrological variation has been developed.  
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Figure 4. Water area (heavy solid line), fishing effort (solid line) and catch per unit of 
effort (squares) in a Bangladeshi floodplain lake (beel) fishery.     
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The overall interaction between hydrology and fisheries arises from physical, biological and 
socio-economic factors: 
·  The physical dilution and concentration of fish biomass with fluctuating water area, 

which affects the efficiency (catchability) of fishing gear; 
·  The variation in overall carrying capacity with water area; and  
·  Variation in total fishing effort in response to the efficiency of gear use (cf. point 1) and 

the seasonality of labor demand in other sectors 
 
The present analysis is concerned only with the physical and biological mechanisms, while 
total fishing effort taken as externally defined. The basic physical and biological mechanisms 
driving the fisheries response to the flood cycle are well understood (Welcomme 1985). 
Flooding after the dry season vastly increases the carrying capacity of the water body as a 
large area is inundated and nutrients and organic matter become available to the aquatic 
system. This phase is associated with rapid growth and reproduction of many fish species, 
leading to very rapid overall biomass growth. As water levels recede again, carrying capacity 
decreases and the stock biomass may well exceed carrying capacity and suffer strong 
reductions from natural mortality. At the same time the stock becomes highly concentrated 
and is harvested very efficiently. The end result is again a remnant dry season stock 
approaching the carrying capacity of the remaining habitat.  
 
The discrete Fox biomass dynamics model has been extended to include water area effects on 
carrying capacity and catchability terms. In both cases, the effects are modeled as power 
functions of water area at, expressed as proportion of an arbitrarily defined reference area A 
(e.g. the mean dry season area). The resulting model is:    
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Where: 
  
B biomass 
C catch  
r maximum biomass growth rate 
K carrying capacity at reference area 
a  water area  
A reference area  
p scaling factor of carrying capacity with area 
c scaling factor of catchability with area   
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If the scaling factors p and c are set to 0, the model simplifies to the conventional biomass 
dynamic Fox model (Hilborn & Mangel 1997). The effect of the two factors on predicted 
fisheries dynamics in seasonal water bodies is explored demonstrated in Figure 4. All 
predictions have been generated for the same seasonal pattern of water area change. When 
both scaling factors (p and c) are zero, catch per unit of effort (CPUE) is constant despite the 
water area change. If carrying capacity is linearly related to water area but catchability is 
constant (p=1, c=0), the predicted CPUE follows the same temporal pattern as the water 
level. Conversely, if carrying capacity is constant but catchability declines linearly with water 
area as the stock becomes more dispersed (p=0, c=-1), the predicted CPUE is highest at low 
water level. Both effects together (p=1, c=-1) result in a pattern where the highest CPUE 
occurs at an intermediate point in time, during the period of water area contraction.     
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Figure 5: Variation of CPUE in relation to water level (heavy solid line) for different 
combinations of the scaling factors of carrying capacity (p) and catchability (c). 
 
The model has been applied to a Bangladeshi floodplain lake fishery for which long-term 
catch, effort and water area data are available (DeGraaf et al. 2001). The model was fitted to 
the CPUE time series using observed water area and effort data. The model provides a good 
fit to the observed CPUE time series (Figure 5). The scaling factors have been estimated as 
p=1.4 and c=-0.3, indicating that carrying capacity increases more than proportionally with 
water area, while catchability declines less than proportionally. Further, species-
disaggregated analyses are being carried out.  
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Figure 6: Observed and predicted time series of CPUE  for Puntius sophore in a 
Bangladeshi floodplain lake (beel).  
 
Hydrological management of shallow water bodies typically aims at either restricting the wet 
season area (flood control, applies mostly to floodplain lakes), or at withdrawing water for 
irrigation purposes and thereby reducing the dry season area (water storage, applies mostly to 
reservoirs). We used the model derived for the Gotokbari beel puti fishery to explore the 
effects of different levels of drawdown yields. Fishing effort was assumed to follow the long-
term average pattern regardless of hydrology. The model predicts that yield is relatively 
insensitive to drawdown unless the dry season area is reduced to less than 10 % of the 
maximum area (Figure 7).  
 

 
Figure 7: Predicted yield of Puntius sophore as a function of drawdown (expressed as 
dry season area relative to the maximum area. 
 
 
The biomass dynamic model developed here provides a simple and generic tool for exploring 
the dynamics of fisheries under conditions of large hydrological variability. It may be applied 
as an aid to decision making in situations where lack of detailed biological data precludes the 
use of dynamic pool models (Welcomme & Hagborg 1977, Halls et al. 2001).  (Appendix B) 
 

0

200

400

600

800

1000

1200

0 0.2 0.4 0.6 0.8 1

Relative dry season area

Y
ie

ld
 (

kg
/y

ea
r)



 26 

 
3.2 Assessment protocol 

3.2.1 Assessment protocol 
 
An assessment approach has been developed and tested in two case studies. The assessment 
protocol is based on the model of environmental impact assessment (EIA), and thus will 
typically be carried out in four distinct phases: 
 
(1) Screening: to assess whether fisheries impacts of an intervention are likely to be 

significant and warrant an assessment. 
(2) Scoping: to determine the scope and level of detail required in the assessment. 
(3) Assessment: of the range of possible impacts and identification of mitigation and 

enhancement measures. 
(4) Decision-making: analysis of trade-offs, selection of options and design and policy 

recommendations. 
 
Screening is the first stage in impact assessment and may be carried out by the agency or 
agencies with responsibility for planning irrigation development and/or responsibilities for 
water resource and fisheries management.  Ideally it will involve a stakeholder analysis and 
consultation with stakeholders potentially affected by the proposed developments, although 
these may not have been fully identified until scoping is also completed (see below). 
 
The purpose of screening is to establish whether an irrigation development project is likely to 
have any substantial impact on fisheries that would call for an impact assessment. There are 
two categories of impacts that would warrant such an assessment: 

1) Impacts on the actual or potential productivity of fisheries, and thus on livelihoods.  
2) Impacts on the biodiversity of fisheries resources.   

 
Screening must be based on available data and knowledge, making a preliminary impact 
assessment that involves: 
·  identification of potential impacts on fisheries, livelihoods and biodiversity through the 

use of checklists, expert knowledge and stakeholder consultation;   
·  reconnaissance field visits and community or stakeholder interviews; 
·  comparison with similar projects in comparable environments. 
 
The purpose of scoping is to: 
·  define the scope of the required impact assessment study; 
·  consider resource needs and availability; 
·  avoid waste of resources in unnecessary data collection and analysis; 
·  establish contact with and appropriate levels of consultation with, or participation by, all 

stakeholder groups likely to be affected by the irrigation development. 
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Figure 8: Assessment process for irrigation impacts on fisheries 
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Scoping will primarily rely on the results of the preliminary assessment for information, but 
should continue throughout the impact assessment as the study scope may need to be adjusted 
to take account of new information or changing circumstances.  It should be seen as part of a 
process of screening, scoping and impact assessment in which these phases are overlapping 
and often iterative in practice (Figure 8). 
 
Impact assessment involves: 

(1) Description of the project: sufficient detail to allow impact assessment 
(2) Description of the pre-project situation: analysis at this stage is mainly descriptive and 

summative.  The aim is to document and understand the pre-project situation as a 
basis for predicting project impacts.    

(3) Prediction of project impacts: disaggregated assessment of impacts over time on 
biodiversity and on livelihoods of changes in the productivity of fisheries or in 
patterns of access to fisheries.  Hence predicted trajectories of change for the 
livelihood strategies of impacted people and for the ecology of aquatic habitats.    

 
This assessment protocol can be applied to an ‘ex-ante’ assessment relevant to the planning 
stages of a proposed irrigation development, or an ‘ex-post’ or retrospective assessment for 
an existing irrigation scheme.  For the latter, clearly it will be too late to change the decision 
to implement the scheme or many of its main design parameters, but if aspects of aquatic 
resource management including fisheries were neglected in the design stages, or in current 
scheme operation, it may be possible to identify possible improvements.  Thus the main focus 
of an ex-post assessment will be on the possible identification of measures to mitigate 
negative ecological and livelihood impacts, and enhance any positive impacts. 
 
With regard to decision-making and the analysis of trade-offs, as with other aspects of water 
resource management, management of irrigation development impacts on fisheries will often 
be characterised by multiple objectives, multiple criteria, multiple actors and decision-makers 
and multiple stakeholder groups.  This assessment protocol will inevitably reveal systems 
characterised by dynamic relationships and complexity.  Furthermore, irrigation impacts on 
fisheries often raise conflicting issues and interests, particularly between farmers and fishers.  
There will be a mix of direct and indirect impacts (both positive and negative).  Some of 
these can be quantified and estimated in monetary terms (e.g. farming and fishing output), but 
others which may be viewed as equally significant in decision making cannot be fully 
quantified and valued (e.g. biodiversity, cultural values and livelihood activities of last 
resort).  In such a context, decision-makers face challenges when selecting the best design 
and management options, and appropriate analytical and decision-making processes are 
needed. 
 
There is no unique way of selecting the best options but principles and methods to assist 
decisions on complex and often conflicting issues can be put forward.  Outcomes will be a 
combination of scientific results, stakeholders' preferences and national policy priorities. 
 
The methods or tools available for this type of decision making can be placed under the 
general heading of multi-criteria analysis (MCA).  These are methods that can be used to 
assess alternatives and to identify stakeholder preferences for alternative options.  They can 
range from very simple processes to more major and complex exercises.  Cost benefit 
analysis will typically be integrated as one criterion within a larger MCA framework. 
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The key elements or stages of MCA are: 
·  Identification of stakeholders to participate in decision making 
·  Identification of criteria and assignment of criteria weights 
·  Scoring and ranking of alternatives against each criteria 
·  Comparison of alternatives across criteria or overall preference ranking. 

 
MCA techniques can be used at different points in the project cycle, from review of options 
and project identification, through project design, appraisal and selection.  They can also be 
used as part of adaptive management to assess options for the operation of existing irrigation 
schemes, which may for example, include changes in the operation of reservoirs (water levels 
and release patterns), or decisions on whether to modify, expand or decommission certain 
facilities during the life of a project.   
 
Importantly, participation and transparency goals can be facilitated and operationalised 
through multi-criteria processes.  Rather than mechanistic decision-making tools, they 
become negotiation grounds to decide which options are to receive prominence, and a basis 
to move towards societal consensus on exploring these options more fully.  Clear affirmation 
of the roles of all stakeholders is needed at each stage of the process, particularly with regard 
to selection, weighting and application of decision criteria. 
 
More detailed explanation for each stage of this assessment protocol is provided in the 
guidance manual. 
 
 
3.3 Case studies  

 
Two contrasting case studies were conducted in Laos and in Sri Lanka to test and further 
develop the assessment approach and methodology. The Lao case study focused on the ex-
ante assessment of fisheries impacts of a medium-scale irrigation scheme currently under 
construction. The Sri Lankan case was concerned with the ex-post assessment of a large 
irrigation scheme, and possible modifications to its operation in order to improve fisheries 
outcomes.   
 
3.3.1 Laos 
 
The Lao study focused on assessing the potential fisheries impacts of the medium-scale Huay 
Thouat irrigation scheme currently under construction in Champhone district, Savannakhet 
Province.  
 
Stakeholder identification, screening and scoping  
 
The following groups of stakeholders were identified by the local team, and one or two 
representatives each invited to the workshops:  
 
(1) Villagers: 
·  Farmers likely to benefit directly from the availability of irrigation water  
·  Villagers affected negatively: those resettled or due to lose land because of irrigation 

system construction 
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·  Villagers engaged in fishing downstream of the dam but too far from the reservoir to 
benefit from the new fishing opportunities it creates  

·  Villagers likely to get both benefits and disadvantages from irrigation.  
 
(2) District officers 
Irrigation Unit; Livestock and Fisheries Unit; Agriculture and Forestry Unit. 
 
(3) Provincial officers 
Agriculture and Forestry division; Planning division; Irrigation section; Crop section;  
Livestock and Fisheries section. 
 
(4) Irrigation construction companies, Xaylatanah based in Savannakhet and Cienco 5 based 
in Vietnam. 
 
Screening was carried out in a workshop with stakeholders, based on informal surveys at 
village level and a review of existing information. Screening results indicated that  
fisheries are ‘important’ or ‘very important’ in the project area, because all households are 
fishing throughout the year and their subsistence is mainly based on rice and fish. 
Potential impacts of the irrigation scheme on fisheries were perceived as positive overall, 
mainly because irrigation will increase dry season water availability and opportunities to fish. 
This was perceived to outweigh possible negative impacts from reduced wet season flows. It 
was also perceived that fish migration would not be affected significantly because fish could 
migrate through canals.  Stakeholders expressed few concerns regarding potential negative 
impacts, because all stakeholders (including all villagers interviewed) perceived overall 
benefits to their livelihoods.  
 

 
 
Figure 9: Interviewing villagers as part of the screening process. 
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Pre-project situation  
 
Physical/biological attributes  
 
The irrigation scheme is located in the Huay Thouat catchment. The catchment has a total 
area of 62.6 km2, of which 42.5 km2 are above the dam site. Much of the upper catchment is 
forested, while the area below and immediately above the dam is agricultural land. 
Agricultural systems in the project area are predominantly rice-based, with rainfed paddy rice 
in the wet season and little crop cultivation in the dry season. Irrigation is seen as an 
opportunity to extend the cultivated area, and increase rice production with a dry season crop.  
 
Water resources in the area include the Huay Thouat river itself, and the much larger Xe 
Champhone river into which it flows. Much of the cultivated area in the lower Huay Thouat 
catchment is within reach of the Xe Champhone wetlands, an area rich in oxbow lakes and 
seasonally flooded depressions which supports a productive inland fishery. Aquatic resources 
including fish, shrimps and snails are harvested from permanent water bodies, and seasonally 
flooded areas including rice paddies (which account for a large share of seasonal aquatic 
habitat). Aquaculture is little developed, contributing less than 10% of the total fish 
production in the area. 
 
Livelihoods 
 
The local economy is centered on paddy rice cultivation, but hunting, fishing, and gathering 
traditionally play an important role in household livelihoods. Occupational specialisation in 
villages is low. Household income may be supplemented by other productive activities and/or 
part-time employment for government as teachers, health workers or agricultural extension 
agents. Fishing appears to be second in importance to rice production as a livelihood strategy.  
 
Garaway, 1999, reports that subsistence fishing is carried out by almost everyone who has 
convenient access to water, and freshwater fish is the principal source of protein for the rural 
population. Reliance on fishing is similar for all social groups. Reliance on bought fish was 
found highest for the richest socio-economic group and lowest for the poorest, and this was 
explained in terms of purchasing power.  Strong social norms encourage wealthier 
households to help those poorer, particularly within kinship groups, and poor groups thus 
tend to receive more fish as gifts. The poorest groups that caught the most fish were also 
selling the most, and therefore using the local fishery for income generation as well as 
household subsistence to a greater extent. Fishing is an activity carried out by men in almost 
all households and is practiced throughout the year. Women spend less time fishing and their 
activity is more restrained when fishing requires travel to more distant water bodies.  Fishing 
in the wet season tends to be carried out in the rice paddies or nearby water bodies such as 
flooded drainage channels or other low lying areas.  In the dry season fishing is inevitably 
limited to perennial streams or ponds and thus will often involve greater travelling and is 
more practiced by men. However, fishing is not gender specific, though the pattern of activity 
and the gears used are different. Selling of fish and immediate control of the cash income 
tends to be in the hands of women. Children also play quite a significant role in fisheries, 
particularly in the smaller scale streams, rice fields and ponds. 
 
The time required for fishing has implications for household decisions on labour allocation. 
Having fewer economic opportunities the poor seem to have more time to spend fishing, and 
caught more because of the higher fishing effort and skill gained. Availability and 
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characteristics of resources within walking distance of the village, and/or restrictions on use, 
were important determining factors of total catches and more important than socio-economic 
differences between groups.  Villagers also tend to be constrained in their access to fisheries 
by what is available in their immediate vicinity because fishing (particular with ‘passive’ 
gear) is often combined with other activities that require household members to be in or near 
their village or rice-fields, thus limiting time to travel to water bodies (that may be open 
access or shared with other villages) further away.  (Appendix D) 
 
Institutional arrangements  
 
Most institutional arrangements pertaining to fisheries are customary, and rules are widely 
observed. Most permanent water bodies (rivers, lakes and swamps) are under the de facto 
control of local village administrations. Most of these are open access, but some may be 
managed for collective benefit of the village, either as community fisheries or rented out to 
generate a village cash income. Paddy fields are open for fishing by anyone, except where the 
owner has taken measures to enhance fish production (e.g. by creating a refuge pond).  
 
There is little active water management in the area at present, and consequently few 
institutional arrangements regarding water control.  
 
The project  
 
Huay Thouat irrigation project is designed to irrigate a command area of 1021 ha in 15 
villages. The dam is situated on the Huay Thouat, upstream from its confluence with the Xe 
Champhone. The reservoir is designed to retain 13 million cubic metres, about 70% of the 
total available water (TAV), and will have a surface area of 474 ha at full storage level.   
 
Feasibility studies and surveys have been carried out by the Vietnamese Institute of Irrigation 
Technology based in Hanoi. Construction is carried out by a joint venture between a Lao 
company (Xaylatanah) and a Vietnamese company (Cienco 5), and was expected to be 
completed in 2003.  
 
At the time of the study no detailed information was available as to how the irrigation system 
would be managed. Village involvement in planning had been limited, and local people’s 
knowledge of fishery resources was not sought. Various systems of water management exist 
in other schemes in the area, though in many cases there appears to be a lack of clarity 
concerning what should happen, and a disparity between that and what actually does. 
However, it has become increasingly recognized that active involvement of local 
communities in irrigation management and development is a key factor for the success and 
sustainability of such initiatives.  
 
Predicted impacts  
 
Hydrological and ecological impacts  
 
Hydrological impacts of the dam on the main water resources used for fishing were predicted 
to be minimal. This reflects the fact that fishing is mostly concentrated in the Xe Champhone 
wetland area and in rainfed paddies. The contribution of the Huay Thouat to total discharge 
below its confluence with the Xe Champhone was estimated at about 3 %, and a loss of this 
magnitude will not be noticeable. The total floodplain area likely to be lost along the lower 
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Huay Thouat itself was estimated at 48 ha. The loss of this area will be more than 
compensated for by the new reservoir even if, as seems likely, storage levels will fall short of 
the design target.   
 

 
 
 
Figure 10: Water resources map of the project area  
 
Overall fisheries production impacts resulting from hydrological change are likely to be 
positive. The effect of a 2-3% discharge reduction on the hydrology and fisheries productivity 
of the Xe Champhone wetlands is likely to be negligible. A loss of 48 ha of temporary 
floodplain would incur a reduction in potential fisheries yield of about 6 tonnes/year (48 ha x 
130 kg/ha/year). The reservoir at full storage level is likely to produce some 38 to 310 tonnes 
per year (464 ha x 80-650 kg/ha/year). This suggests a positive net effect even if storage 
levels fall well short of the design target.   
 
The above figures are based on reliable comparative information and thus represent a realistic 
assessment of likely fisheries impacts.  However, project design plans for the Huay Thouat 
scheme included a reservoir fisheries production target of 10,000 tonnes per year, equivalent 
to 21 t/ha/year. This figure is entirely unrealistic (about 40 times higher than even the most 
optimistic objective estimate), and a fact that was obvious to local fisheries officers and study 
team members alike. Nonetheless, being part of the project design plan, the figure proved 
difficult to replace with more realistic estimates and was repeatedly used in workshop 
assessments, particularly by government officers. Given that even realistic figures suggested 
a positive fisheries impact for the project, using the exaggerated production targets did not 
modify the overall conclusions of the assessment, but it does illustrate a general problem that 
is discussed further in the review of the assessment process below.     
 
Local fishermen identified five locally recognized species as migrating from the Xe 
Champhone into the upper Huay Thouat catchment to spawn: Pa khao (Wallago attu), Pa 
Khangeng (Heterobagros bocourti, Mystos sincarincan, etc), Pa Tong (Chitala lopis, 
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Notopteros notopterus, etc), Pa Kod (Hemibagros nemrusi), and Pa Phia (Morolius 
barbatulus, chrysophekadion). The dam would prevent the upstream migration of these 
species, but this was not seen as a major problem. Most of the affected species are likely to 
establish populations in the reservoir and migrate into the upper catchment from there, while 
migrants from downstream are likely to aggregate below the dam and create an important 
fishery. The latter effect has been observed at other dams in the area, but it obviously depends 
on sufficient recruitment to the regional stock from accessible catchments.  
 
It is likely that paddies contribute significantly to fish production in the area, with a 
production potential estimated at about 130 kg/ha/year. While the wet season hydrology of 
rainfed paddies may remain largely unaffected by irrigation development, two factors could 
have a significant impact on fisheries production from paddies: 

·  farming practices that involve reduced retention of water in paddies; 
·  reduced fish recruitment to paddies from permanent water bodies due to lower wet 

season flows in the river, and/or irrigation infrastructure creating obstacles to lateral 
migration. 

Experience in other irrigation systems in the area suggests that changes in wet season farming 
practices are unlikely to occur in the short term. Impacts of lower wet season flows on 
recruitment to paddies are difficult to predict, this aspect should be monitored after 
completion of the scheme. A significant area of rainfed paddy will remain outside the 
command area, above the irrigation canals, and this area may suffer reduced recruitment to 
paddies as a result of canals embankments blocking fish movements. The design of culverts 
under the canals will be a crucial factor in allowing fish movement. Fish migrate upstream at 
times of high rainfall and flow (these provide cues for migration), and it is therefore 
important to design culverts so that peak flow velocities do not exceed the maximum (burst) 
swimming speed of fish. Cross-drainage culverts have been designed for a flow of 1-2 m/s, 
which exceeds the maximum short-term swimming speed of most fish species (mostly below 
0.5 m/s).  
 
 

 
 
Figure 11: Culverts become critical pathways for fish migration when raised canals 
separate temporary from permanent aquatic habitats.  
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Impacts on livelihoods  
 
A range of livelihood changes is likely to result from irrigation development at Huat Thouat. 
The increased access to new and more perennial water bodies is likely to compensate for the 
loss of floodplain area, although it is recognised that that there may be differentiation in these 
results between locations and households.  It will be particularly important that access to 
water bodies for the landless is maintained.  However, overall access to water bodies and 
therefore fish is likely to be improved, particularly during the dry season. This will reduce the 
time spent traveling to fish and improve the efficiency of aquatic resource use, particularly 
for the households situated nearest to the scheme and reservoir.  Increased availability of 
water from return flows and seepage will also facilitate access to fisheries for women, who 
are fishing in the proximity of the household. 
 
The relative importance of different aquatic habitats for fisheries is complex, varying by the 
characteristics of the habitat, distance from villages and seasonally.  Small perennial water 
bodies in proximity to villages were recognized as particularly important as a source of fish.  
This was emphasised at times of the year when riverine fisheries assume lesser importance or 
when they are distant.  Perennial water bodies also tend to provide catches of the larger and 
more valuable species compared to other habitats, while rice paddies were also an important 
seasonal resource, and again very accessible for women.  Fishing on the Mekong and other 
large rivers is also important as a resource accessed by men from many households in the 
area. 
 
The socio-economic development of the area will be enhanced by irrigation development, 
and this may lead to the emergence of new activities and an increase in the local population 
through migration. By introducing a dry season rice crop irrigation will significantly increase 
the use of labour, particularly during the periods of rice transplanting and harvesting. Time 
available for fishing will be reduced, but the impact on labour allocation to fishing is 
potentially complex, and will depend on the location and fishing characteristics of water 
bodies that have been modified by or created by irrigation, and on the fishing methods used. 
   
The period of the year during which fishing can be practiced in rice paddies and nearby water 
bodies will tend to be extended, and thus women may be able to fish for a greater part of the 
year.  This may particularly be the case when passive fishing methods can be used in 
association with work in the rice fields.  Men may allocate their time in a similar way because 
of the greater convenience of fishing in nearby locations, particularly when fishing is to meet 
own consumption needs rather than to produce surpluses for sale.   
 
Care of livestock and collection of wild foods are other tasks that occur throughout the year.  
Women tend to spend more time on the collection of wild foods than men, and for both men 
and women more time is devoted to this activity during the wet season when more foods are 
available.  Women are also engaged in growing vegetables throughout the year, whereas for 
men this is more seasonal, particularly if their responsibilities are mainly for seedbed or plot 
preparation. Irrigation may facilitate extended production of vegetable crops and hence the 
use of labour for this. By reducing the area of land available for free grazing in the dry 
season, irrigation may also result in some increase in labour required to care for livestock, in 
particular the time required to either tether animals in grazing areas or to supervise grazing.   
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It was concluded that overall the livelihood impacts of irrigation development will be mainly 
positive, but that future monitoring of the inter-linkages between labour allocation, access to 
common pool resources including water bodies and new employment opportunities, by 
gender and by household category, will be important to safeguard the interests of vulnerable 
groups. 
 
Impacts on institutions 
 
As well as changing the physical, biological, social and economic environment, irrigation 
initiatives are likely to change the institutional environment, but limitations on time and 
available information constrained a detailed exploration of this issue during the case study. 
New institutions regarding water management (control, allocation, maintenance) will 
accompany the physical infrastructure, and the land use changes may create new property or 
usufruct rights to land.  According to the Project Technical report and all other available 
sources, the institutions designed to facilitate implementation, operation and maintenance of 
Huay Thouat irrigation scheme did not include rules to protect the fishery and any fishers 
negatively affected.  At the same time, the new institutions will be introduced into a social 
order that is already rule bound, thereby affecting and being affected by the existing social 
and institutional environment.  These issues were highlighted as requiring further attention as 
the project progresses. 
 
 
Mitigation and enhancement measures identified 
 
A set of mitigation and enhancement measures that could beneficially be incorporated into 
project design and implementation were identified:  
 
Irrigation infrastructure 
 

·  Construction of a ‘fishway’ or bypass canal for the dam (although this was not seen as 
a major priority). 

·  Maintain lateral connectivity by appropriate design and maintenance of drains and 
culverts to allow fish movement into upstream paddies and streams that serve as 
spawning grounds. Design culverts to limit flow velocities, and provide resting areas 
in drains.  

 
Water control  
 

·  Maintain sufficient wet season flows to allow up-migration through the river into 
paddies and streams.  

 
Institutions 
 

·  Integrate consideration of fisheries issues into irrigation water control and 
maintenance regimes. 

·  Establish rules to restrict fishing at critical passageways such as culverts. 
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Aquaculture development to enhance fish production 
 

·  Earth moving for irrigation construction offers the opportunity to create ponds near 
canals  

·  Rice-fish culture in paddies may have potential  
·  The reservoir may be stocked to enhance fisheries production. 

 
 
Review of the assessment process  
 

The assessment process was judged to have been successful in assessing the likely impacts of 
this irrigation scheme and identifying specific mitigation measures. However, a number of 
limitations and their implications for further development of the impact assessment protocol 
were identified.  
 

·  In this Laos case local scientific and technical capacity for the fisheries impact 
assessment was very limited, and consequently the process relied heavily on 
guidance from international study team members. The guidelines developed for 
impact assessment must include a comprehensive and easily accessible compilation 
of basic knowledge and relevant tools. 

·  The existing fisheries production “plan” for the irrigation scheme provided grossly 
exaggerated figures for expected benefits, which proved difficult to correct during 
the assessment process. It is important to include a set of generally acceptable yield 
standards in the assessment guidelines in order to counteract the use of strongly 
biased “information” by interested parties.  

·  Although some engineering measures likely to mitigate fisheries impacts were 
identified, it was unlikely that they would be adopted because they contradicted 
established practice and already completed design plans for the project. Such 
measures will require strategic assessment and consideration much earlier in the 
planning and design process, and wide dissemination of the lessons of this research, 
and content of the assessment guidelines is desirable. 

 
 
 
3.3.2 Sri Lanka  
 
A full report on the Sri Lanka case study is given in Appendix C. 
 
Study area  
 
The Kirindi Oya irrigation system is located in the southeast dry zone of Sri Lanka. 
Constructed in 1986 as the Kirindi Oya Irrigation and Settlement Project (KOISP), the project 
rehabilitated and incorporated an ancient tank-based irrigation system. The ancient system 
has been replaced by an open cascade irrigation system, through the following network 
(Figure 12): a large new headwater reservoir, Lunugamwehera; the five ancient tanks, Debera 
Wewa, Tissa Wewa, Yoda Wewa, Pannegamuwa and Wirawila; and old and new command 
areas.  
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Figure 12: The Kirindi Oya system.  
 
 
 
 

 
 
Figure 13: Discussion during the screening workshop at Tissa Resthouse, 
Tissamaharama 
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The assessment process 
 
An overview of the assessment process implemented in Sri Lanka is given in Figure 14. 
Following social mobilization and stakeholder identification, a first workshop was held for 
screening and scoping. Five distinct issues were identified for assessment, and investigated 
further in workshops and technical studies.    

 
 

Screening and scoping 

 
There is a significant inland and lagoon fishery in the Kirindi Oya basin. Approximately 1230 
households are engaged in fishing (7% of the total), producing 2550 tonnes of fish per year. 
The gross income from fishing was estimated at 130 million Rs/year (13% of total gross 
income in the area). Fishing is carried out predominantly in the reservoir, tanks, and in 
coastal lagoons. 
 
Stakeholders identified the most important issues to be investigated as follows: 

1) Loss of floodplain area and river flow 
2) Declining dry season water retention in tanks and reservoir 
3) Inflow of drainage water into the lagoons 
4) Conflicts between fishers and farmers 
5) Weak linkages between fisheries institutions and irrigation institutions 

 
Assessment results by issue  
 
Issue 1: Loss of river flow and floodplain area downstream 
 
The reservoir stores a significant proportion of annual flow, resulting in a significant impact 
on the downstream flow and flooding patterns. To obtain a rough indication of the overall 
fisheries impacts of the scheme, a fisheries balance was calculated based on the habitats lost 
and created, and their respective fish production (Table 2).  The results suggest that the 
overall balance is positive; the reservoir compensating for the loss due to the biophysical 
changes downstream of the dam. (Appendix C). 
 
It is also notable that the loss of river flow and floodplain area was not considered to be a 
significant negative impact by stakeholders, and was initially raised as an issue by the study 
team. Current fishing activities and stakeholder concerns are concentrated on the tanks and 
lagoons.  
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Figure 14: Implementation of the Impact Assessment Process 
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Table 2: Kirindi Oya Fisheries Balance 
 

Waterbody Area Productivity  Production  Value/kg  
Tot. 
Value 

 (ha) (kg/ha) kg (R/kg) 
(million 
R) 

Unaffected by KOISP    
Tissa Weeva 200 400 80000 40 3.2 
Yoda Weeva 800 526.25 421000 40 16.8 
Weerawila Weeva 800 281.25 225000 40 9.0 
Pannagamuwa 
Weeva 200 400 80000 40 3.2 
Debara Weeva 150 400 60000 40 2.4 
Small tanks  200 650 130000 40 5.2 
      
Total 2350   996000  39.8 
      
Lost by KOISP     
      
Tanks inundated -100 650 -65000 40 -2.6 
Floodplain below 
dam -4200 50 -210000 40 -8.4 
Floodplain 
inundated -2000 50 -100000 40 -4.0 
Lagoons   -200000 150 -30.0 
      
Total -6300   -575000  -45.0 
      
Gained by KOISP     
      
Lunuganwehera 3200 423.4375 1355000 40 54.2 
Lagoons   200000 40 8.0 
Total 3200  1555000  62.2 
      
Balance -3100   980000  17.2 
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Issue 2: Declining dry season water retention in tanks and reservoir 
 
Increased withdrawal of irrigation water, and reduced inflow due to low rainfall and diversion 
of water to the new command area have led to declining dry season water retention in ancient 
tanks, and in the Lunugamwehera reservoir; this was identified as the major irrigation-related 
issue by inland fishermen. 
 
The fisheries dynamics model developed by the project was used to explore relationships 
between drawdown and overall fisheries production. Drawdown to less than 15-20% of the 
wet season area was predicted to lead to strong reductions in fisheries yield. Stage-area-
volume relationships provided by IWMI were used to calculate the equivalent minimum level 
and capacity of each tank.  
 
Workshop participants including irrigation managers and engineers emphasized the need for 
better water management approaches to ensure that drawdown limits are not exceeded, 
including:  

·  modifying the pattern of water discharge from the tanks and reservoir in order to 
retain enough water for fisheries; 

·  adapting the cropping patterns to water availability throughout the year to avoid 
extreme pressure on water resources towards the end of the dry season. 

 
The following specific mitigation scenarios were identified and scored against a set of criteria 
by two groups of workshop participants: 
 
Scenario 1. (S1): Growing other field crops (OFC) than rice to reduce water use 
Scenario 2. (S2): Reduce irrigated area and integrate fishers in planning commitments 
Scenario 3. (S3): Increase agriculture productivity 
Scenario 4. (S4): Proper maintenance of irrigation canals 
 
 Group A Group B 
Scenarios / Criteria S1 S2 S3 S4 S1 S2 S3 S4 
Effectiveness 5 2 4 4 3 2 2 4 
Cost 2 1 5 5 1 0 4 4 
Time scale 1 2 5 4 1 1 3 3 
Level of potential 
conflicts 

4 5 1 1 1 4 2 4 

Potential for local level 
resolution 

4 2 3 1 5 3 3 4 

 
Growing OFC was ranked highest followed by proper maintenance of irrigation canals. 
Stakeholders perceived growing of OFCs to be the most adequate option in terms of 
feasibility of implementation, even though previous OFC programmes have shown 
disappointing results.  Improving the maintenance and thus conveyance efficiency  of 
irrigation canals should also be considered, although this measure might not be sufficient to 
save enough water for fisheries. 
 
At present, cropping patterns are poorly adapted to water availability, and this is widely 
recognized. The actual area irrigated is also greater than planned, and minimum tank water 
levels are not maintained. Institutional development to improve the consideration of fisheries 
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interests in irrigation management is crucial to addressing this problem, and will be dealt with 
separately below.   
 
 
Issue 3: Water quality changes in the lagoons 
 
Two coastal lagoons, Embilikala and Malala which are interconnected by a natural channel, 
receive increased freshwater inflow as a result of KOISP. Embilikala receives drainage water 
from the right bank command area of the KOISP, while Malala receives drainage from the 
neighboring Bandagiriya irrigation scheme which may receive a supplementary water 
allocation from KOISP, although this has not happened in recent years (Figure 12). Malala 
lagoon is separated from the sea by a sand bar that breaches naturally under certain 
conditions or may be breached intentionally by local farmers or fishers (Figure 15). Opening 
and closing the sandbar is a key management issue.  A canal constructed in 1994 to connect 
the lagoon to the sea has had little effect and is known locally as the “foolish canal”. 
 
 

 
 
Figure 15: The sandbar separating Malala lagoon from the sea.  
 
The main environmental change in the lagoons has been a rise in water level and substantial 
reduction in salinity due to drainage inflow, from 10-41 parts per thousand in the mid-1980s 
to less than 7 ppt in the mid-1990s.  Rising water levels pose risks to agricultural activities 
around the lagoon, and have led to frequent opening of the sandbar by local farmers to reduce 
the water level. While connectivity with the sea at certain times is critical to ensuring the 
recruitment of valuable marine shrimp into the lagoon, frequent breaching of the sandbar at 
other times may lead to loss of shrimp and is not favored by fishers. In the most recent years, 
however, a drought has dramatically reduced freshwater inflow and very low water levels are 
currently the main limiting factor for fisheries production.  
 
A timeline of the fishery has been completed with fishers and is shown in Table 3. The 
number of fishers involved in the lagoon fishery has varied substantially during the years as a 
result of ecological, economic and institutional factors (e.g. establishment of the Fishermen’s 
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Cooperative Society, FCS). At the end of the current drought, the lagoon is likely to revert to 
the state of the mid-1990s, with drainage inflow keeping salinity at very low levels.  
 
 
Table 3: Changes in the lagoon fishery 
 
Year Number of 

fishers 
Reason for variation Situation of lagoon fishery 

1965 Less than 25 Low population Good catches 
 
Low market price 

1966 to 74 25 Low population Low catches 
 
Decrease of water level due to the 
drought 

1975 to 85 300 Increase of outside fishers Good shrimp production 
1986 to 98 150 FCS regulate outsiders 

 
Decrease of shrimp 
production 

Decrease of shrimp production 
 
Increase of water level, decrease in 
salinity 

1998 to 
date 

240 Increased memberships of 
FCS 

Almost no catch 
 
Decrease of water level due to the 
drought 

 
 
Two factors are important in determining lagoon fishery production in terms of quantity and 
quality: the lagoon’s connection to the sea and the level of freshwater inflow. In a 
comparative international study of lagoon fishery yield Joyeux and Ward (1998) conclude 
that a lagoon’s connectivity with the sea is the major determinant of its productivity, while 
salinity has little impact on total productivity. They estimated an average total fisheries yield 
of 100 kg/ha/year, including on average 25 kg/ha/year of shrimp. The average total is close to 
an independent estimate of 120 kg/ha per year for Malala (Jayakodi 1993). Given a combined 
area of the Malala and Embilikala lagoons of 880 ha, this suggests realistic production 
estimates of about 90t/year in total, including 21 t/year of shrimp. 
 
Fishers considered that while total yields may not have been affected by the reduction in 
salinity, shrimp yields have declined strongly. Shrimp are particularly important to fishers 
because of their extremely high value compared to fish (Table 2). It is plausible to link the 
decline in shrimp catch to increased drainage inflow, although changes in the lagoon’s 
connectivity with the sea may also be implicated.  
 
The decline in the shrimp fishery has had major impacts on the livelihoods of local 
households. The shrimp fishery was the most important fishery in the lagoon, previously 
sustaining several hundred families. The drought has also affected paddy and dairy 
production, leading to a strong overall reduction in average household income in an area that 
is relatively underdeveloped and has unemployment rates that are above the national average. 
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Several mitigation measures for irrigation impacts on the lagoon fishery were identified by 
stakeholders: 
 
Scenario 1 (S1): Restoration of small tanks 
Scenario 2 (S2): Rehabilitation of irrigation canals 
Scenario 3 (S3): Canal construction to divert drainage water 
Scenario 4 (S4): Reuse of drainage water to refill downstream tanks 
Scenario 5 (S5): Intensive prawn culture 
Scenario 6 (S6): Return drainage water upstream by pumping 
 
Participants scored the scenarios against a set of criteria, using scores from 1 (lowest) to 5 
(highest).    
 
 

 Group 1 Group 2 
Scenarios / 
Criteria 

S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6 

Effectiveness 5 5 3 5 1 0 3 4 4 1 1 4 
Cost 2 1 1 0 4 5 5 5 5 3 4 4 
Time scale 3 1 3 0 0 5 5 5 5 3 2 3 
Level of potential 
conflicts 

0 0 1 1 2 4 3 0 2 1 5 2 

Potential for local 
level resolution 

1 1 1 2 4 4 2 4 4 1 1 4 

 
Participants chose a combination of scenarios 1, 2 and 6: restoration of small tanks, 
rehabilitation of canals and returning drainage water upstream.  (Further detail is provided in 
a separate case study report). 
 
 
Issue 4: Conflicts in the Kirindi Oya watershed 
 
Development enhanced by the KOISP has put increased pressure on natural resources such as 
water and fish. The most important reported conflicts under KOISP lie between fishers and 
farmers, particularly in the lagoons where control of the sand bar cutting became a critical 
issue for the livelihoods of local communities (Issue 3 above). The situation has been 
aggravated by the environmental conservation objectives and regulations of the Bundala 
National Park, which limit alternative local natural resource based livelihood options. An 
overview of conflicts arising over the lagoons is given in Table 4.  The second type of 
reported conflicts between fishers and farmers relates to the management of water in tanks 
and reservoir (Issue 2 above).  
 
A number of conflict mitigation measures were identified: 
 
(1) Awareness creation and information sharing  
The various stakeholders are not well aware of the needs of other stakeholders, and 
information is not widely and equitably shared.  Also they lack knowledge and understanding 
of the different impacts on the physical environment. It was suggested to promote education 
and training of stakeholders through various programmes on water resources: at school, on 
TV and in newspaper articles.  
 



 46 

(2) Link Fisheries Cooperative Societies (FCS) and Farmer’s Organisations (FO)  
Joint membership and meetings of FCS and FO to resolve conflict and manage resources, e.g. 
regulation of tank releases and levels, timing of sandbar opening for Malala lagoon.   
Strengthened linkages between FCS and FO through formation of coordinating committees of 
fishers and farmers.  
 
Table 4: Typology of the main conflicts involving fishers in the lagoons area 
 
Parties 
involved 

Conflicts/Disputes Implications  Frequency  Signif-
icance  

Fishers and 
farmers 

Cutting the sand bar to protect 
paddy fields from floods  
 
 
 
Freshwater inflow to the lagoon 
system diluting the salinity level. 
Salinity level dropped to 1-7 ppt  
(18.5 ppt is favourable). 
 
 
Releasing of water for paddy from 
tanks without maintaining  
minimum water level for fish 
breeding (villagers’ interviews) 

Fishermen: Flush out fish and 
shrimps.  
Farmers: Lose crop because of 
excess water 
 
Fishers: Change of fish habitat 
and decrease in fish 
production 
Farmers: Release of drainage 
water 
 
Fishers: Loss of fish breeding 
and production 
Farmers: Damage to 
cultivation 
 

1-4 times a 
year 
 
 
 
Continuous 
 
 
 
 
 
Every 
season 
since 1999 

High 
 
 
 
 
High 
 
 
 
 
 
High 

Fishers and 
the state 
Fishermen 
and Wildlife 
Dept. (WCD) 
 
 
 
 
 
Fishers and 
Irrigation 
Dept. (ID) 

 
 
Fishing activity (use of canoes 
and nets) is disturbing birds 
 
 
Restricted access to the Park for 
fishers 
 
 
Freshwater inflow into the lagoon 
system  

 
 
Fishers: Restrictions on 
fishing activity in the lagoon 
WCD: Threat to bird habitat 
 
Fishers: Restrictions on 
fishing in the lagoon 
Agency: Threat to wild-life 
 
Fishers: Decrease of fish 
production 
ID: Release of drainage water 

 
 
During 
fishing 
seasons 
 
Continuous 
 
 
 
Continuous 

 
 
Moderate  
 
 
 
High 
 
 
 
High  

Among 
Fishers 
Fishers from 
Pallemalala 
and 
Sippikulama 

 
 
Fishing in the lagoon (based on 
discussions with fishers from 
Sippikulama) 

 
 
Access rights of resident  
fishers versus visiting/migrant 
fishers 

 
 
Periodical 

 
 
High 

 
(3) Conflict resolution 
Disputes between farmers and fishers may become highly polarized and contentious, and this 
may constrain resolution of the root problems.  If conflict resolution procedures are lacking, 
then these should be formulated and agreed amongst users for different scenarios. Disputes 
can then be referred to arbitration for decisions based on agreed rules.  
 
(4) Accompanying institutional measures 
Legal backing may be required for the measures identified above. 
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Issue 5: Inadequate institutional arrangements in the management of water for fisheries 
 
Both Issues 2 and 4 discussed above have strong institutional components.   Focusing 
specifically on institutional aspects, stakeholders identified three main areas where action is 
required.  
 
(1) Enhanced representation of fishers in water management decision making  
 
Fishers lack political and social clout within society; their needs are ignored or overlooked. 
Fishers Cooperative Societies are weak compared to Farmer Organizations. Fishers may gain 
power by linking up with other groups, particularly environmentalists and National Park 
authorities, to place pressure on irrigators for more efficient and socially equitable water use 
and management. However, the interests of these groups are not always identical, even with 
respect to water management.   
 
(2) Lack of identified water rights by sector 
 
There is no explicit allocation of water between sectors, and consequently politically weaker 
interests such as fisheries suffer. A possible solution would be to form river basin committees 
to discuss, agree and allocate water rights and priorities for different scenarios, e.g. very wet 
year, average year, very dry year. However, there appears to be limited political and social 
will to form such committees and to give them support. 
 
(3) Lack of water control capability of the Irrigation Department 
 
Water releases are less controlled than is desirable, i.e. minimum water levels in tanks are not 
maintained even though there have been agreements to do so. It was suggested to improve the 
water control capacity of the ID through a variety of measures, possibly including: relating 
bonuses to water use efficiency and productivity, awareness training, and sanctions for poor 
performance. However, it is difficult to see how improvements can be made without far 
reaching changes in the organizational and institutional arrangements for irrigation 
management. 
 
 
Review of the assessment process 
 
Overall it was judged that the assessment process worked well in Sri Lanka:  

·  there was a great deal of interest and participation from stakeholders; 
·  stakeholders were able to define and evaluate different scenarios to improve water 

management for fisheries. 
 
Hence the process proved practical and effective at leading to management recommendations, 
although time and resources were inadequate to develop these further or to seek 
implementation. It is notable that many of the identified issues and their solutions are broader 
water management issues than just fisheries impacts.  Many had also already been identified 
in other contexts, but not resolved. This re-enforces the premise that wherever possible, 
fisheries impact assessments should be integrated into wider irrigation and water 
management planning and management processes, rather than carried out independently.  
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3.3.3 Contribution of case studies to the development of guidelines  
 
The case studies contributed to the development of the guidance manual in two ways: by 
providing a testing ground for the protocols and tools being developed, and by providing case 
material for the manual. 
 
Several observations made during the case studies had important implications for the design 
of the guidelines for fisheries impact assessment and management. 
 

·  In Laos, and to a lesser extent in Sri Lanka, the weak capacity of staff from agencies 
relevant to water management and fisheries, and in particular of inland fisheries 
officers given that this has tended to be a relatively neglected sector. Staff tended to 
lack technical knowledge as well as the organisational and management skills 
important to facilitate a process of impact assessment that involves genuine 
participation by stakeholders. 

·  The need for flexibility and iterative adaptation in the implementation of the impact 
assessment process, including flexibility in the timescale required for the process. 

·  Recognition that robust findings and management recommendations can be derived 
from relatively inexpensive data collection methods if appropriate use is made of 
existing secondary sources of data and well chosen ‘rapid’ or more formal research 
methods, but that effective stakeholder participation is a vital element in this. 

·  That mitigation or enhancement measures need to be evaluated as part of an 
integrated assessment of the whole water resource management system.  Linkages 
between measures need to be considered, also linkages with other sectors and water 
uses.  Thus, as noted above, that impact assessment for aquatic resources needs to 
be ‘upstreamed’ as much as possible in processes of water resource planning and 
irrigation scheme identification and design. 

·  That information concerning the economic and livelihood important of inland 
fisheries needs to be more widely disseminated and the profile of inland fisheries 
raised so that it is adequately considered by all agencies involved in water resource 
management. 
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3.4 Guidance manual 

 
A Guidance Manual on the Management of Irrigation Development Impacts on Fisheries has 
been developed by the project team, based on an extensive review of the relevant literature, 
specific project research as reported above, and the assessment/management case studies. 
 
3.4.1 Overview of guidance manual 
 
The guidance manual is organized in three main sections: introduction, knowledge base, and 
assessment guidelines (Box 1).  
 
The Introduction sets the scene. It introduces fisheries and outlines their importance in rural 
livelihoods, the rationale for irrigation development, impacts of irrigation on fisheries, and 
the complexity of impact pathways.    
 
The Knowledge Base covers the basic principles and practices that professional need to know. 
All principles covered are directly related to impact assessment and management practice, 
and these links are made explicit by providing “tool” boxes with practical applications in 
most sections.  
 
The Assessment and Management Guidelines provide suggested protocols for assessing and 
managing fisheries impacts of irrigation development.  
 
Managing irrigation impacts on fisheries is fundamentally an interdisciplinary task, and it is 
envisaged that assessment and management planning will generally be carried out by 
multidisciplinary teams under the co-ordination of a professional who may have a 
background in any of the relevant disciplines. The assessment protocol and guidance manual 
developed have been designed primarily for use by such teams.  Emphasis is placed on 
consultation with all relevant stakeholders and participation by beneficiaries and those 
negatively impacted by irrigation development where appropriate and possible. 
 
Recognising capacity limitations, as discussed in 3.3.3 above, simple generic principles and 
methods are emphasised so that fundamental work can always be done and ambitions for the 
“best should not be the enemy of the good”.  Further guidance is then also provided so that 
recommended methods can be applied with varying degrees of intensity and sophistication 
appropriate to the nature of the specific issues being investigated and the human and other 
resources available. 
 
3.4.2 Consultation and publication  
 
The Guidance Manual is currently in the form of a consultation document. A range of 
irrigation, fisheries and related professionals have been contacted to seek their views on the 
content and structure of the document before finalizing it for publication.  
 
The International Water Management Institute (IWMI) has offered to publish the Guidance 
Manual as part of their Research Reports series, which is distributed widely within the 
irrigation community in printed and electronic form. The option of publishing the document 
jointly with other organisations such as ICID, FAO, or ICLARM is being explored.    
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Box 1. Overview of the structure of the Guidance Manual  
 
Part 1: Introduction and overview 
1 Introduction 

1.1 What are fisheries?  
1.2 Why fisheries and aquatic resources matter 
1.3 Irrigation development: rationale and trends 
1.4 Impacts of irrigation development on aquatic resources and their mitigation 
1.5 Tradeoff or commonality: bridging water for food and water for nature 

 
Part 2: Knowledge Base 
2 Understanding fisheries systems 

2.1 Fisheries systems: characteristics, components and interlinkages 
2.2 Physical habitats and hydrology 
2.3 Ecology of fish production 
2.4 The exploitation of fisheries 
2.5 Biodiversity of aquatic resources 
2.6 Fisheries in livelihoods 
2.6 Institutional arrangements and the management of fisheries 

3 Irrigation development impacts on fisheries 
3.1 Overview 
3.2 Irrigation schemes 
3.3 Impacts on aquatic habitats: hydrology and land use 
3.4 Impacts on fisheries ecology and exploitation 
3.5 River basin development: local impacts in context 
3.6 Livelihood impacts 
3.7 Impacts of institutional change accompanying irrigation 
3.8 Interactions and synergistic impacts 
3.9 Summary 

4 Mitigation, compensation and enhancement 
4.1 Approaches to mitigation 
4.2 Principles of mitigation of aquatic resources impacts from irrigation structures 
4.3 Mitigation of impacts from infrastructure in the project cycle 
4.4 Adapting fisheries management 
4.5 Mitigation of impacts from agricultural practices 
4.6 Reservoir fisheries 
4.7 Fisheries enhancement 
4.8Aquaculture development 
4.9 Livelihoods 
4.10 Institutional development for mitigation and compensation 

 
Part 3: Guidelines for Assessment and Management 
5 The assessment and management process 

5.1 Overview 
5.2 Screening and scoping 
5.3 Ex-ante impact assessment for individual projects 
5.4 Ex-post assessment 
5.5 Institutional development 
5.6 Monitoring and adaptive management 
5.7 Strategic assessment 

References 
 
 



 51 

3.5 Summary of key results 

·  A suite of assessment tools were developed based on a review of the relevant 
literature, further analysis of data acquired in a previous project, additional 
livelihoods and institutional analyses, and mathematical modelling of fish stock 
dynamics in relation to water management.  

·  A conceptual framework based on institutional analysis and design has been 
developed to integrate the physical, biological, livelihoods and institutional aspects 
of irrigation-fisheries interactions. 

·  Livelihoods analyses were developed to identify key factors that influence the 
allocation of labour and resources to fishing, and for assessment of the impact of 
irrigation development on vulnerable groups. 

·  Empirical models were developed to predict potential fish yield per unit area in 
natural and modified aquatic systems. Yield was found to be strongly related to 
catchment area above the sampling point. 

·  A biomass dynamic fisheries model has been developed to analyze interactions 
between water management and fisheries in reservoirs and floodplain lakes. Results 
suggest that drawdown to about 20% of the full area will lead to only moderate 
reductions in yield, while further drawdown will cause far more marked reductions. 

·  An assessment protocol has been developed and made available in the form of a 
guidance manual.  

·  Assessment case studies were conducted in Laos and in Sri Lanka. The purpose of 
the studies was to test and further develop the assessment framework and tools. 

·  In Laos the study focused on the potential impacts of a proposed, medium scale 
irrigation project. The effect of reservoir construction on floodplain catches by local 
villagers was estimated to be small (loss of 3-4%). This is likely to be compensated 
by the newly created reservoir fishery in aggregate, but the distribution of losses and 
gains depends on who fishes, where they fish, when they fish, how they fish, and on 
their alternative employment opportunities.  In Laos irrigation impacts are not 
generally negative for vulnerable groups, including women, the landless and those 
of limited mobility. 

·  The Sri Lanka case study considered the fisheries impacts of the Kirindi Oya 
irrigation scheme. Overall the scheme has resulted in an increase in local wild fish 
production, largely due to the development of a very productive new reservoir 
fishery. However, several fisheries problems linked to the scheme were identified. 
Firstly, drawdown of ancient reservoirs in the project area had increased in recent 
years due to reduced inflow and increased withdrawal, with consequent reduction in 
fish production from the reservoirs. Secondly, drainage water inflow into a coastal 
lagoon was associated with negative impacts on a formerly productive shrimp 
fishery.  Both these fisheries had become important sources of livelihoods for 
identifiable, and particularly landless groups.  Experience was gained in the 
identification of mitigation measures and the preliminary assessment of water 
management options and associated trade-offs. 

·  In conclusions, irrigation development impacts on fisheries production and the 
contribution of fisheries to rural livelihoods may be positive as well as negative. 
Consideration of fisheries issues in irrigation planning and management can 
enhance positive and mitigate negative impacts. Fisheries production and 
livelihoods issues may differ from those relating primarily to biodiversity 
conservation: water for fisheries is not necessarily “water for nature”. Stakeholder 
involvement is crucial to identifying and managing livelihoods impacts. 
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4 Contribution of results 
 
4.1 Contribution to DFID’s developmental goals 

 
DFID’s developmental goal is the elimination of poverty in poorer countries through: policies 
and actions which promote sustainable development; better education, health and 
opportunities for poor people; and protection and better management of the natural and 
physical environment.  
 
The present project contributes to these goals in several ways: 
·  New and improved knowledge has been generated concerning the technical, ecological, 

economic and social aspects of inland capture fisheries, and the potential impacts of 
irrigation and other water resource developments on these resources.  This knowledge 
includes field tested tools and methods for fisheries appraisal and impact assessment, 
including assessment of impacts on livelihoods. 

·  This and existing knowledge has been assembled and will be disseminated in the form of 
a guidance manual targeted for use by relevant professionals and other stakeholders in 
developing countries, and in other publications and fora. 

·  Specific design and management recommendations for selected irrigation developments 
in Laos and Sri Lanka have been developed with partners and stakeholders.  
Implementation of these recommendations will mitigate negative and/.or enhance positive 
irrigation impacts on fisheries, and enhance livelihood benefits derived from those 
fisheries, and from irrigated agriculture. 

·  The study has demonstrated that planning and appraisal processes involving genuine 
stakeholder participation can be implemented with modest resources, and that these will 
deliver improvements to both design and management of water resource management 
institutions and developments. 

·  The project has resulted in substantial capacity building within partner institutions in Laos 
and Sri Lanka. 

·  The project has highlighted the need to distinguish between biodiversity/ecological 
integrity consideration and livelihoods issues in the assessment and management of 
irrigation impacts on fisheries. An explicit focus on the latter is likely to enhance 
livelihoods outcomes for the poor.  

 
4.2 Identified promotion pathways 

 
Project results have been promoted and taken up at various levels in the partner institutions. 
 
4.2.1 Publications 
 
The following publications have been prepared and are due to be submitted. Drafts are 
appended to this Final Report.  
 
Lorenzen, K., Smith, L., Nguyen Khoa, S., Burton, M., & Garaway, C. Guidance Manual on 
the Management of Irrigation Development Impacts on Fisheries. To be published as an 
IWMI report. 
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Nguyen Khoa, S., Lorenzen, K., Garaway, C & Chamsingh, B. Impacts of irrigation 
development on capture fisheries in rice-based farming systems: a replicated field survey. To 
be submitted to Journal of Applied Ecology.  
 
Lorenzen, K. & De Graaf, G. A biomass dynamics model for assessing interactions between 
fisheries and water management in highly seasonal water bodies. To be submitted to 
Canadian Journal of Fishereis and Aquatic Sciences. 
 
Lorenzen, K., Almeida, O.T., Garaway, C. & Nguyen Khoa, S. Aggregated catch and fishing 
effort in tropical multi-species fisheries (Submitted to Ecology Letters). 
 
 
4.2.2 Reports 
 
Two reports have been produced on the assessment case studies. The reports are being edited 
for publication as contributions to the Dialogue on Water for Food and the Environment:  
 
Nguyen Khoa, S., Lorenzen, K., Smith, L., Burton, M., & Garaway, C. Management of 
irrigation development impacts on fisheries: Lao case study. 
 
Nguyen Khoa, S., Smith, L., Burton, M., Lorenzen, K., & Garaway, C. Management of 
irrigation development impacts on fisheries: Sri Lanka case study. 
  
 
4.2.3 Presentations at conferences and workshops 
 
Smith, L.E.D., Nguyen-Khoa, S., Garaway, C., & Lorenzen, K., The Impact of Technical 
Change on Rural Livelihoods in a Semi-Subsistence Economy:  Irrigation Developments and 
Aquatic Resource Use in Laos.  Presented at the 74th Seminar of the European Association of 
Agricultural Economists, Livelihoods And Rural Poverty: Technology, Policy And 
Institutions, September 12-15th 2001, Imperial College at Wye, Ashford, Kent, UK. 
 
Nguyen-Khoa, S. & Smith, L.E.D., Impacts of irrigation development on small-scale fisheries 
in South-East Asia.  Presented at Irrigation and Drainage Research by UK Institutions, 
organised by ICID British National Committee, HR Wallingford, 21 March 2001. 
 
Lorenzen, K. Managing irrigation development impact on fisheries.  Presented at Irrigation 
and Drainage Research by UK Institutions, organised by ICID British National Committee, HR 
Wallingford, 19 March 2002. 
 
Arthington, A. & Lorenzen, K. Fisheries ecology and environmental management of large 
river systems. Invited keynote paper, Fisheries Ecology and Conservation Panel. Second 
International Large Rivers Symposium, Phnom Penh, February 2003. (Review paper 
incorporating many project outputs and promoting the guidance manual).       
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4.2.4 Workshops 
 
The impact assessment case studies involved series of workshops in Laos and Sri Lanka. A 
brief overview of the workshops is give here.      
 
Laos  
 
Workshop 1, Savannakhet, 19 October 2001 

  
Introduction to the project, overview of irrigation impacts on fisheries, guidelines, project 
activities;  start of screening process.  
 
Workshop 2, Savannakhet, 26 October 2001 
 
Screening: results from informal surveys at village level; introduction to scoping 
phase. 
 
Workshop 3, Savannakhet, 02 November 2001 
      
Stakeholder analysis; scoping.  
 
Workshop 4, Savannakhet, 09 November 2001 
      
Stakeholder analysis and scoping continued; situational assessment. 

II.   
Workshop 5, Savannakhet, 19 November 2001 
 
Situational assessment 
 
Workshop 6, Savannakhet, 27 November 2001 
 
Prediction of impacts. 
 
Workshop 7, Savannakhet, 05 December 2001 
 
Mitigation measures; evaluation of process by participants. 
 
Workshop 8, Savannakhet, 11-12 December 2001 
 
Final workshop with a wider group of stakeholders including provincial and 
national government officers. Overview of impact assessment process, 
guidelines, problem identification, scoping, situational assessment, impact 
prediction, and mitigation measures.  Decision making and trade-off analysis; 
recommendations, evaluation of workshop. 
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Sri Lanka  
 
 
Workshop 1, Tissamaharama, 15 February 2002 
 
Project introduction, understanding impacts on fisheries, guidelines, screening.  
 
Workshop 2, Tissamaharama, 21 February 2002 
 
Identification of key issues and interactions between impacts, potential mitigation / 
enhancement measures, review of available information for impact assessment.  
 
Workshop 3, Tissamaharama, 14 March 2002 
 
Presentation and discussion of assessment results by major issue: river water and floodplain 
loss, water level decrease in tanks and reservoirs, lagoon water quality changes due to inflow 
of drainage water, conflicts between fishers and farmers, linkages between fisheries and 
irrigation management policies. 
 
Workshop 4, Tissamaharama, 26 March 2002 
 
Final workshop at local level. Trade-off analysis; preliminary recommendations;  
review of the process of guidelines testing. 
 
National Workshop, Villa Ocean View Hotel, Wadduwa, 04-05 April 2002 

 
Workshop introduction; guidelines outline; study area; impact assessment results; 
management scenarios and their implementation; trade-off analysis; recommendations; 
conclusions. 
 
 
4.3 Uptake of project results 

Project results have been taken up by partner institutions including governmental agencies in 
Laos and Sri Lanka.   
 
 
4.4 Follow-up necessary to achieve developmental benefits 

 
The consultation on the draft guidance manual and its subsequent publication and 
dissemination will ensure increased awareness of fisheries issues in irrigation development, 
and of approaches to addressing them. Uptake will be further promoted by the International 
Water Management Institute and  
 
This should lead to  
 
Supporting implementation  
 
Adaptive management  
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