
Water security and ecosystem services:  
The critical connection

Ecosystem Management 
Case Studies

United Nations Environment Programme 
Nairobi, Kenya 

May, 2009

A Contribution to the United Nations  
World Water Assessment Programme (WWAP)



2 WATER SECURITY AND ECOSYSTEM SERVICES: THE CRITICAL CONNECTION 

This Case Study Report was prepared as a companion 
document to the UNEP report, ”Water security and 
ecosystem services:  The critical connection.”  The UNEP 
report was launched in March 2009 at the 5th World Water 
Forum in Istanbul, as a contribution to the 4th World Water 
Developmetn Report of the World Water Assessment 
Programme (WWAP).

The case studies contained herein were prepared by a 
diverse group of individuals comprising an international 
Working Group collectively concerned with ecosystem 
degradation, and the continuing loss of the life-supporting 
services they provide to humanity.  Most of these 
individuals have been involved directly or indirectly in the 
management internventions they discuss, and provide 
insight into the nature of the ecosystem degradation 
problems being addressed, the actions taken to address 
these problems, and the results of these actions in regard 
to ensuring sustainable ecosytem services.  Accordingly, 
the case studies comprise a diverse range of ecosystem 
issues for water systems over a wide geographic 
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Based on the unity of IWRM and the ecosystem approach 
as a basıs for pursuing sustainable ecosystem services, 
this document provides examples of a range of ecosystem 
management efforts. This collection of case studies from 
different areas of the world ıs presented as a companion 
document to the report, ‘Ecosystem Services and Water 
Security – A Critical Connection,’ a contribution of the United 
Nations Environment Programme (UNEP) to the Third World 
Water Development Report of the World Water Assessment 
Programme.  The case studıes contaıned hereın served as 
the basıs for the dıscussıons and ‘lessons learned’ provided 
in Chapter 3 of the above-noted report.  The individual case 
study reports were provided by the authors identified with 

the report, and represent their analysis of the ecosystem 
services being addressed and the management efforts 
undertaken in pursuit of their sustainability.

These case studies were desıgned to discuss the nature of 
the ecosystem being addressed; the actions taken to ensure 
its proper functioning; and the outcomes of these actions, as 
they relate to the overriding goal of sustainable ecosystem 
services and water security.  These case studies highlight 
ecosystem services, and approaches taken to address their 
sustainable use. They are not meant to be examples of 
comprehensive IWRM approaches, but rather illustrations of 
how management efforts undertaken to address ecosystem 
services are integral to IWRM efforts and goals. In fact, all 
ecosystems are impacted in one way or another when they 
are utilized to meet human needs (e.g., water supply, food 
production, hydropower generation). The concern is whether 
or not these impacts are sufficient to overwhelm the ability 
of an ecosystem to continue to provide such ecosystem 
services in a sustainable manner or, alternatively, to provide 
different services as communities and countries continue to 
change and develop.

In presenting the case studies highlighted herein, it is noted 
they do not cover all possible ecosystem management 
options.  Further, the vast majority of ecosystems provide 
multiple services, both for meeting human needs and 
maintaining other living organisms.  The examples presented 
herein, however, focus on measures taken to address one 
or only a few of these needs, even though the measures 
may have been formulated and implemented within the 
context of more comprehensive management programs. 
They emphasize that ecosystem services were valued in 
specific cases, and that it is possible to restore degraded 
ecosystems and the diversity of services they provide. The 
management interventions illustrated in the case studies 
range from largely technical approaches to socioeconomic 
approaches, applied in both developed and developing 
nations. The structure of each study comprises: (1) an 
introduction to the type and location of the ecosystem 
being discussed; (2) the primary services provided by the 
ecosystem(s); (3) a description of the types, causes and 
impacts of ecosystem-degrading activities; (4) the specific 
management interventions undertaken to address these 
degrading activities; (5) the results of these interventions; (6) 
the lessons learned from these interventions as they relate to 
sustainable ecosystem services and water security; and (7) 
sources of additional information about the ecosystem.

CHAPTER ONE

Introduction
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Although each case study must be viewed within the context 
of its location and its unique characteristics and problems 
(see Figure 1), they also provide general lessons that can be 
used to facilitate management of similar aquatic systems. 
The main ‘lessons learned’ from these case studies were 
highlighted in Chapter 3 of the above-noted report.  They 
are grouped and discussed primarily under the general 
management goal(s), and are addressed in the following 
order:

1.  Habitat Restoration – Aral Sea (Southcentral Asia); 
Chilika Lake (India); Lake Hornborgasjön (Sweden); 
Delavan Lake (USA); Lower Danube and Danube Delta 
(Southeast Europe); 

2.  Pollution Control – Hartbeespoort Dam (South Africa);

3. Environmental Flows – Hawkesbury-Nepean River 
system (Australia); Kelly Lakes (USA);

4. Enhancing Stakeholder Involvement – Lakes 
Osmansagar and Himayatsagar (India):

5.  Integrated Water Management –  Bermejo River 
(Argentina; Bolivia);  Southern Africa [(i) river basins; (ii) 
Okavango River; (iii) Okavango River Delta]; Panama 
Canal (Panama); Bang Pakong River (Thailand).
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Figure 1.  Location of case study lake basins.
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CHAPTER TWO

Habitat rehabilitation

The case studies discussed in this section focus on reconstruction and similar activities to 
rehabilitate aquatic ecosystems and related natural habitats (e.g., bank reconstruction, artificial 
wetlands) to preserve or restore a range of ecosystem functions.

A. SYR DARYA RIVER CONTRIBUTION TO HABITAT REHABILITATION IN THE 
NORTHERN ARAL SEA (SOUTHCENTRAL ASIA) 

Gunilla Björklund, GeWa Consulting, Uppsala, Sweden

at the lake is 90-120 mm, a high evaporatıon rate of 58-
65 km3 per year from the lake water surface (equal to 
around 900 mm!) (Roll et al. 2004), and a minor exchange 
by groundwater and infiltration and separation in lagoons 
made the freshwater contributions by the rivers absolutely 
necessary for the survival of the Aral Sea. 

As noted in Figure 2, the Northern Aral Sea became a 
separate water body in 1989, although it was still connected 
to the Southern Large Aral Sea (Björklund, 2005).

Aral Sea
before 1960

Aral Sea
in 1989

Aral Sea
in 2006

� - Freshwater ecosystems
� - Transitional freshwater-brackishwater ecosystems
� - Brackishwater ecosystems 
� - Transitional brackishwater-marine ecosystems
� - Marine ecosystems
� - Hyperhaline ecosystems

Figure 2.  Changes in surface area and salinity of Aral Sea, 1960-2008  
(Source: Presentation of Professor Nick Aladin, World Water Week, Stockholm, August, 2007)

.

1. Type and location of ecosystem

The Aral Sea, former the world’s fourth largest inland sea, 
is situated in the former Soviet republics Kazakhstan and 
Uzbekistan in Central Asia. Both haline (salt) and freshwater 
ecosystems existed in the sea prıor to the 1960s. And 
although the species diversity was relatively low, the Amu 
Darya, dıschargıng to the lake in the south, and the Syr 
Darya, dıschargıng to the lake in the north, kept the water 
and the salt balance relatively stable. The annual rainfall 
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2. Ecosystem goods/services provided

The Syr Darya River, discharging into the Northern Aral, sup-
ports freshwater ecosystems, both natural and crop produc-
tion ecosystems. Cotton (>55%), wheat and rice are the 
main crops grown in the river basin. The ecosystem services 
provided with the growth of these crops are to a very large 
extent strengthened by irrigation. Thus, water allocation 
schemes existing early during the 1900s were already driven 
by economic tradeoffs. From an economic perspective, 
because cotton was worth more than fisheries, the influent 
river water that would have contributed ecosystem services 
that supported the Aral Sea aquatic ecosystems were, to an 
increasing extent, allocated to cotton production.

Although the Aral Sea ecosystems were not particularly 
species-rich, they nevertheless contained such fish species 
as sturgeon, pike perch and silver carp.  Commercial 
fisheries caught 40 million tons of fish in the Aral Sea in 
1960. The main fishing ports were Aralsk in the northern 
part, and Muynac in the southern part. Fish was an 
important export commodity, making up an important part of 
the economy to both Uzbekistan and Kazakstan, although 
it was not as important as cotton production.  Being at 
the downstream end of this water system, the aquatic 
ecosystems were the primary systems being impacted by 
these practices.

3. Ecosystem degradation, causes and impacts

As a result of the above agricultural activities, particularly 
diversion of the influent waters of the Amu Darya and Syr 
Darya, the surface area of the Aral Sea decreased to 10% 
of its former size between 1960 and 2007. As a result, it 
divided into four different, highly salinized water bodies. 
This emergence of four much smaller water bodies from the 
original Aral Sea was the result of a management system 
wherein water diversion for irrigation of central Asian cotton 
fields was considered to be of highest priority. The extent of 
irrigated area increased by more than 2% per year, mainly 
because the economic revenue from cotton production far 
surpassed that possible from fish production. The quantity 
of influent water diverted for irrigation of cotton fields along 
the rivers doubled during the period 1965 - 1986.  As a 
result, the 1989 the Aral Sea water level declined until the 
water body essentially split into a Small Northern Aral Sea in 
the territory of Kazakhstan, and a Large Southern Aral Sea 
in Kazakhstan and Uzbekistan. Further, the Southern Aral 
Sea further split into a deeper Western part and a shallower 
Eastern part by 2003, both water systems being extremely 
and increasingly salinized.

The desiccation of the Sea resulted in serious economic, 
social, and environmental damage. Salinity and pollution 

levels increased dramatically, dust and salt storms occurred 
frequently, and local climatic changes (with hotter summers 
and colder winters), were occurring around the Sea as 
a result of the decreasing water body surface area and 
volume.  Drinking water supplies became polluted and 
human health problems increased sharply. Both the aquatic 
ecosystems in the two Southern, severely-desiccated 
Aral Sea units and the Northern Small Aral, as well as the 
terrestrial ecosystems along the downstream river stretches 
and the shorelines (including the former sea bed) have 
become heavily degraded. The salinity of the Southern Aral 
rose from about 14 g/L to more than 100 g/L by 2007, 
making the water unfit for almost all purposes (Micklin and 
Aladin, 2008). Increasing irrigated cotton production is 
resulting in an unhealthy spiral of increasing salinization and 
the spread of toxic substances. With few exceptions, for 
example, the Southern parts of the Aral Sea are considered 
essentially doomed. During such water-scarce years as 
2008, practically no water reached these parts, and the 
Eastern Aral Sea is rapidly disappearing. The only part 
considered feasible for restoration is the Northern, Small 
Aral Sea.

4. Interventions undertaken to address ecosystem 
degradation 

Several interventions to address ecosystem degradation 
in the Aral Sea Basin as a whole have been undertaken, 
including the GEF Project, “Aral Sea Basin Program: Water 
and Environmental Management Project,” initiated in 1998 
and closed in 2003 without having completed the project 
objectives. 

The situation in the Northern Small Aral is fortunately easier 
to control.  In early 1990, Kazakstan began construction of 
an earthern dam to control the water flow from the Small 
Aral to the Southern parts. That dam, however, collapsed 
in 1999. A subsequent World Bank loan for a “Syr Darya 
Control and Northern Aral Sea Project” was approved in 
June 2001, with Phase 1 expected to be completed by 
the end of 2008.  A second project phase is expected to 
be agreed in 2009 (World Bank Project P093825). The 
Project goal is to secure the continued existence of the 
Northern Aral Sea, and to improve ecological conditions in 
the area; as well as sustain and increase agriculture and fish 
production in the Syr Darya basin in Kazakhstan. 

(a) Construction of the 13-km Kokaral Dike, which 
separates the Small Northern Aral from the Large 
Southern Aral Sea, and which would allow the Small 
Aral Sea to recover, was completed in August 2005, 
with the Southern Aral having divided into a deeper 
Western, and an Eastern shallower and even more salty 
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Aral Sea sub-unit. In addition to the dam, several new 
hydraulic structures were constructed on the Syr Darya 
to increase its flow capacity and safely bring much 
more water than before to the Aral Sea. Some of these 
construction works are still ongoing, with their still being 
a large quantity of water in the basin lost for productive 
and environmental purposes.  Nevertheless, the project 
is so far considered a success.

(b) A competition on water saving among water users 
of Syr Darya water was also announced under this 
project.  The goal was to estimate possibilities for water 
savings but also to spur to such saving, which should 
ensure more water for the Northern Aral Sea.

5. Results of interventions 

Since the commencement of the World Bank-funded ”Syr 
Darya Control and Northern Aral Sea Project,” the water 

table of the Small Aral has risen from 37 m.a.s. to 42 m.a.s 
and should continue to increase  The Small Aral surface area 
has increased by 18%, and its salinity has dropped steadily 
from roughly 20 g/L to about 10 g/L at the present time. This 
increased water should also facilitate the rehabilitation of 
several delta lakes. The ecosystem also has been enriched 
with several species having returned in substantial numbers 
— particularly the highly-prized pike perch (a type of carp). 
Continued construction works, and current replenishment 
of water to the Sea and its delta lakes to keep salinity and 
oxygen levels at a biological-adequate level, are resulting in a 
larger water body, an increasing water table, and decreasing 
salinity (calculated to remain between 3 – 14 g/L, varying 
over the sea, depending on circumstances.  These habitat 
enhancements should facilitate breeding possibilities for 
many of the indigenous species, with reed thickets already 
having cropped up along banks in the delta area as a result 
of the increased water table. These reeds are also used by 
people for fodder and house construction which, although 
the basis for potential conflicts, are mainly seen as parts of a 
wider win-win ecological system.

The costs of the management interventions are mainly 
financial costs, including the cost of all constructions needed 
to completely stop the flow of water from the Northern Aral 
Sea into the Southern Aral Seas. This restriction will, of 
course, result in no water contributions from the Northern 
Aral Sea into the Southern Aral Seas, thereby possibly 
increasing the rate at which the Southern Seas continue to 
shrink and desiccate.

The Kazak government also has socioeconomic objectives 
for further enlarging the Northern Aral Sea, including 
increasing its fisheries potential, and enhancing a water 
return to the city of Aralsk, previously the most important 
fishing port. This will not only enrich the ecosystems, but 
also give large commercial fishing vessels access to the sea, 
which may provide for healthier food supplies and improved 
incomes at a later date.

The results of the Water Use Competition introduced 
under the World Bank project indicate the upper areas in 
the Syr Darya basin should become more water efficient, 
thereby enhancing water conservation in this area.  At the 
same time, there is a risk that the conserved water might 
simply be used to increase the irrigated areas. If this should 
happen, agricultural production will increase because water 
is being used more effectively.  However, it will not result 
in water savings that can be transferred to the Aral Sea. 
The risk to the Syr Darya basin, therefore, is that upstream 
water savings will merely mean more water available for 
downstream irrigators, rather than for the overall betterment 
of the Aral Sea.
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The long-term perspectives of these interventions are very 
dependent upon the sustainability of these activities. The 
GEF-project contains components of enhance capacity, 
both technical capacity and institutional capacity to improve 
water resources management.  Although these components 
do not specifically include ecosystem management aspects, 
sustaining ecosystems in the Aral Sea would not be 
feasible from a long-term perspective if not done within the 
framework of integrated water resources management.

6. Lessons learned 

• Minimum environmental flows are necessary to 
rehabilitate the Northern Aral Sea and ensure its 
ecosystem services;

• Adequate quantities of water reaching the downstream 
parts of the Syr Darya are necessary to ensure the 
continuity of ecosystem services of the river, as well as 
its downstream lake;

• On the evidence of the results to date, management 
interventions for the Northern Aral Sea must be based 
on maintenance of a range of long-term ecosystem 
services, rather than the relatively short-term economic 
benefits associated with the focused production of 
cotton in this arid region;

• Attempting to achieve sustainable habitat rehabilitation 
with a focus resting solely on economic benefits, and 
disregarding the social and economic aspects, is 
counter-productive, mainly because needed ecosystem 
services do not only secure habitat rehabilitation, 
but also serve as a basis for sustainable economic 
outcome;

• Ecosystem rehabilitation measures can be very costly 
in both environmental and economic terms; prevention 
continues to be cheaper over the long-term than 
rehabilitation.

7. For further information
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B. CHILIKA LAKE (INDIA)

Mohan Kodarkar, Indian Association of Aquatic Biologists (IAAB), Hyderabad, India

sediment transport along the shore bordering the sea 
was influencing and shifting the mouth of the lake, 
thereby affecting tidal water flows in and out of the 
lake, with profound influences on the water quality and 
biodiversity.

(b) Loss of biodiversity:  The spatial and temporal salinity 
gradient produced by freshwater inflows from the lake 
drainage basin, and the seawater influx from mouth of 
the lake, makes Chilika Lake a unique ecosystem with 
fresh, brackish and marine water zones supporting 
productivity and characteristic biodiversity. Excessive 
freshwater inflows, and reduced influxes in seawater 
resulting from the shifting and reduction of the cross-
section of the lake mouth, however, had extremely 
adverse environmental impacts on the lake. Further, 
because of altered hydrodynamics, and degradation of 
the lake basin has resulted in serious consequences, 
leading to changes in the ecological character of the 
lake, to the extent that it was placed in the Montreux 
Record (threatened list of Ramsar sites) in 1993.

(c) Siltation:   Increased siltation resulting from changed 
land use patterns and land degradation in the lake 
basin, as well as partial closure of the outlet channel 
connected to the sea, caused severe siltation and 
sedimentation problems in different zones of the lake. 
The impact was manifested in the form of increased 
turbidity, decreased salinity, proliferation of invasive 
species, and resultant shrinkage of the lake surface 
area.

(d) Depletion of fish resources:  Overall loss of 
biodiversity and disruptions of food chains and webs, 
obstruction of the migratory route and recruitment 
from the sea due to partial closure of the inlet mouth, 
had direct impacts on the fishery potential and output. 
The degraded state of the lake ecosystem facilitated 
excessive growths of invasive freshwater weeds 
and proliferation of pollution-resistant fish species 
lacking any commercial value, with a direct loss to the 
fishermen communities.

(e) Commercial aquaculture and over-exploitation of 
lake resources:  The illegal culture of shrimp along 
the shoreline of the lake by outside operators, and 
juvenile poaching to seed these shrimp ponds, had 
adverse impact on the lake fishery. This resulted in 
stiff resistance by the local fishermen, with bloodshed 

 

1. Type and location of ecosystem

Chilika Lake is the largest coastal brackish water lagoon in 
India, situated along its eastern coast (Figure 3) between 
latitude 190 28’ and 190 54’ N and longitude 850 38’ E. 
This fragile ecosystem is known for its amazing biodiversity, 
being a designated Ramsar site. It is an avian paradise 
and wintering ground for more than one million migratory 
birds. The rich fishery resources of this highly-productive 
lake ecosystem sustain the livelihood of more than 200,000 
strong fishermen community. Apart from its fishery, the 
ecosystem and its basin resources also are important for the 
large agrarian community around the lake.

2. Ecosystem Services Provided by Ecosystem 

(a)  Fishery resources:  The Chilika Lake environment is a 
cradle of lake-based civilization, where traditional lake 
dependent fishermen communities have utilized the 
ecosystem resources for generations on a sustainable 
basis.

(b) Vegetation-based resources:  A variety of aquatic 
weeds are traditionally used for manufacturing 
handicrafts and things for daily use.

(c) Ecotourism:  The rich biodiversity of the lake, including 
its flagship species of Irrawadi dolphins (Orcaella 
brevirastris) has made Chilika Lake a major tourist 
attraction and eco-tourism site.

(d) Recreational, socio-economic and religious values:  
The lake environment has great social and religious 
significance. The local communities have a number 
of traditions and customs that have sustained a very 
cordial relation between the lake’s ecosystems and its 
surrounding communities.

3. Ecosystem degradation, causes and impacts

(a) Lake hydrology:  Chilika Lake is influenced 
hydrologically by 3 sub-systems: (i) the distributaries 
of the Mahanadi River in the north; (ii) minor rivers 
flowing into the lake from the western catchment; 
and (iii) the tidal outlet to the Bay of Bengal in the 
south. Construction of major hydraulic structures 
upstream in the recent past, however, has altered the 
flow and sedimentation pattern in the lake. Similarly, 
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Figure 3.  Location of Chilika Lake (India)

and loss of life. The apex court (supreme court) 
subsequently intervened in the matter, and shrimp 
culture is now banned in the lake. 

4.  Management Interventions Undertaken to 
Address Ecosystem Degradation and Their 
Outcomes

(a) Development of Chilika Development Authority 
(CDA): The establishment of the CDA by the 
Government of Orissa was an important first step 
for pursuing sustainable management of the lake 
ecosystem, based on an ecosystem approach. 

 Outcome: Inter-departmental cooperation and 
coordination crucial for the success of Chilika Lake 

conservation and restoration programs could be 
carried out. The agency’s innovative approach, with an 
ecosystem approach, in involving local communities 
in conservation efforts ensured strong participation of 
stakeholders.  

(b) Opening of the new mouth and channel through 
barrier beach (at Satpara):   The numerical model 
studies of the Central Water and Power Research 
Station (CWPRS) revealed that, due to littoral drift along 
the shore, shoal formation and reduction of the cross-
section, the inlet has been shifting continuously away 
from the lake, resulting in poor tidal influx into the lake.  
This has, in turn, resulted in a significant hydraulic head 
loss and poor flushing of sediments.   Opening of a new 
outlet closer to the lake was recommended as a major 
hydrologic intervention to improve the lake’s hydrology 
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and restoring its ecology.  The strategy was to opt for 
a more ecologically-beneficial hydrologic regime to: (i) 
improve water quality; (ii) restore micro- and macro-
habitats for important species; (iii) enhance fishery 
resources; and (iv) control invasive species.

 Outcome: The opening of the new lake mouth to the 
sea on 23 September 2000 led to massive ecological 
regeneration and restoration of the lake ecosystem. It 
also reduced the inlet channel length by 18 km, with its 
de-siltation ensuring proper exchange of marine and 
brackish waters.  

 A significant improvement in the salinity, from earlier 
lower values ranging between 0.5 – 2.5 parts per 
thousand (ppt), to a more desirable average level of 15 
ppt, had positive impacts on the lake’s fishery. The fish 
yield improved from 1,745.75 metric tons (MT) prior to 
opening of the new lake mouth to the sea, to 4,982.75 
MT in 2000 – 2001, increasing further to 11,988.88 
MT in 2001-2002. The output of three basic fishery 
components viz. prawns, crabs and fish significantly 
improved after the intervention. This improvement catch 
is largely attributed to the process of auto-recruitment 
of prawn, crab and fish juveniles from the sea and, 
more importantly, free breeding migration from the lake 
into the sea and vice versa, with the opening of the new 
lake mouth. It also facilitated recovery of 6 threatened 
species of fish and 2 species of prawns. 

 The hydrologic intervention also helped restore the 
ecosystem, including expanding the expanded 
seagrass meadows, which are the nurseries for many 
commercial species. There also was a significant 
reduction in invasive species.  Prior to opening of the 
new lake mouth to the seas, for example, the declining 
salinity had triggered proliferation of freshwater weeds 
from a surface area of 20 km2 in 1972, to 523 km2 by 
2000, leaving a bare 334 km2 of the lake surface area 
free of weeds. The situation changed dramatically after 
the opening of the new lake mouth, with the weed-free 
surface area increasing to 506 km2.

(c) Community based management of the drainage 
basin: The Lake Chilika drainage basin was adopted as 
the logical starting point for management interventions. 
The environmental flow assessment provided necessary 
clues regarding the significance of the freshwater 
inflows from the drainage basin to maintain the lake’s 
ecological integrity. The large-scale silt flow (0.365 
million m3) was due to land degradation in the drainage 
basin, leading to loss of productive soil and siltation 
of the lake, as well as being one of the main reasons 

for the failure of rain-fed agriculture and the resultant 
hunger and poverty. The major challenge was that 
the lake basin community did not derive any direct 
benefits from the lake. Most of the micro-watersheds 
contributing maximum silt loads to the lake were 
in a severely-degraded condition. The lake basin 
communities mostly depend on the rainfed agriculture. 
Land degradation in the drainage basin resulted in an 
enhanced silt flow into the lagoon and low agriculture 
production. Depletion of natural resources, and loss 
of their productive capacity, had previously resulted in 
huge costs to the lake basin communities. 

 Outcome:  An innovative participatory micro-watershed 
management concept was adopted with a “sustainable 
rural livelihood” approach for holistic management of 
natural resources in the lake basin. The focus was 
on restoration and conservation of the degraded soil 
system within the micro-watersheds. The watershed 
associations and the user groups were able to efficiently 
implement the micro-plan, thereby significantly reducing 
the loss of top soil and siltation pressures on the lake. 

(d) Biodiversity conservation and community-based 
eco-tourism: The CDA facilitated community based 
eco-tourism as an alternate income source for the 
unemployed youth of communities around the lake. 
The population of Irrawaddy dolphin increased after the 
hydrological intervention. The lake also is the wintering 
ground for more than 1 million migratory birds, and 
CDA initiated training of unemployed youths as nature 
guides to conduct the tourists to the bird congregation 
and dolphin-watching areas. Support was provided 
for this purpose for the development of minimum 
infrastructures like watch towers, nature trails and boat 
landing facilities. This community-supported initiative 
was one of the most successful actions executed by 
CDA. 

 Outcome: Restored lake ecosystem enhanced the 
return of the Irrawaddy dolphins, with more than 0.2 
million tourists visiting Chilika for dolphin watching in 
recent years. The members of  Boatmen Association 
have become the ambassadors of this conservation, 
celebrating dolphin conservation day each year on 
September 8.

(e) Outreach programme: 

(i)  A network of NGOs and CBOs working at the 
grassroots level is already established and active 
as “Campaign for Conservation of Chilika Lake.” 
A quarterly newsletter in the local language is 
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published to disseminate information about the 
ecosystem and update stakeholders about the 
various CDA initiatives. A section of the newsletter 
also is dedicated to articles on wise use and 
good practices regarding natural resources 
management. 

(ii)  A visitor center is also developed to highlight the 
ecosystem resources of Lake Chilika. 

(iii)  Self-Help Groups (SHG), with women also 
integrated into the mainstream through 
empowerment by capacity building and organizing 
Self Help Groups (SHG), thereby adopting income-
generating activities to supplement family incomes, 
both in the wetlands and the lake basin.

 5.  Lessons learned

• An ecosystem approach to manage ecosystems can 
restore the ecological health of an ecosystem;

• Ecological imbalances can result from both 
anthropogenic (unsustainable agriculture, pollution, 
siltation) and natural factors (closure of lagoon mouth to 
sea);

• Ecosystems can exhibit dramatic improvements if 
the stresses on them are relieved by management 
interventions, particularly if the interventions involve 
stabilization of energy and matter cycles;

• An ecosystem-based management approach can 
restore both macro- and micro-niches (habitats; reeds), 
dramatically improving ecosystem productivity upon 
which ecosystem services depend;

• Activities in the drainage basin of a lake can have 
profound impacts on the ecosystem, and an integrated 
basin management approach is key to sustaining the 
benefits to be derived from it;

• Integration of traditional wisdom and involvement of 
ecosystem-based communities into modern ecosystem 
management is a key to a successful ecosystem-based 
management approach;

• An empowered institutional framework (i.e., Chilika 
Development Authority), continuous assessment 
of ecosystem health, awareness campaigns, and 
involvement of all lake basin stakeholders can go far to 
ensure the sustainability of an ecosystem and its goods 
and services;

• If practiced within the ecological limits of an ecosystem 
ecotourism has significant potential for generating 
economic benefits to ecosystem-oriented communities.

In summary, the success of the Chilika Lake restoration 
project is a dramatic case of a large-scale ecosystem 
intervention, and its beneficial outcomes, in terms of 
improved goods and services. This effort also received 
global-scale recognition when the CDA received the 
prestigious Indira Gandhi Paryavaran Purashkar (Indira 
Gandhi Environment Award) and Ramsar Wetland Award 
in 2002.  Chilika lake was also removed from the Montreux 
Record (threatened list of Ramsar site) in the year 2002 
because of its successful restoration.

6. For further information

Ghosh, A.K. and A.K. Pattnaik (2005). Chilika Lagoon. 
Experience and lessons learned.  Brief prepared for GEF 
Lake Basin Management Initiative (www.worldlakes.org).

ILEC (2005) Managing lakes and their basins for sustainable 
use: A report for lake basin managers and stakeholders. 
International Lake Environment Committee Foundation. 
Kusatsu, Japan. Proceedings, Lake Basin Management 
Initiative Workshop for Asia, ILEC and LakeNet, Manila, 
Philippines, 1-4 September, 2003.

ILEC (2007) Chilika Lake.  In: World Lake Vision Action 
Report – Implementing the World Lake Vision for the 
sustainable use of lakes and reservoirs. International 
Lake Environment Committee Foundation. Kusatsu, 
Japan. pp.181-189.

Pattnaik, A.K. (2004) Integrated management of Chilika 
lagoon; Restoration of a coastal wetland with community 
participation – A case study. 1st Southeast Asia Water 
Forum, Chiang Mai, Thailand, 17-21 November, 2003, p. 
361-368.

Pattnaik, A.K. and G.B. Mukherje (2002). Rejuvenation of 
Chilika Lagoon: A journey from Montreux Record to 
Ramsar Wetland Award – A Case study from India.  
Proceedings, International Workshop on Wise Use of 
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C.  LAKE HORNBORGASJÖN:   
A EUTROPHIC LOWLAND LAKE, FAMOUS FOR ITS STAGING CRANES (SWEDEN)

Gunilla Björklund, GeWA Consulting, Uppsala, Sweden

The food shortage during the 19th Century was an important 
and understandable driving force to expand agriculture 
over larger areas. When the need for agricultural ground 
continued to increase, Swedish wetlands began to be 
drained, as demands for ecosystem services to meet basic 
human food needs increased.

3. Ecosystem degradation, causes and impacts

Almost all of Sweden’s wetlands have been affected by 
human activity over the past 200 years. Some have been 
drained to make agricultural land, while forests and mires 
have been drained to increase forest production. Lake 
Hornborgasjön was a less successful case, in that the 
draining was so effective that many bird resting and breeding 
places have been nearly or completely eradicated.  In fact, 
almost 90% of all ancient wetlands in southern and central 
Sweden’s agricultural landscape have disappeared. 

The water level in Lake Hornborgasjön has been lowered 
five times between 1802 and 1933. Water was channelled 
out of the lake via excavated channels, and the surrounding 
marshland could be cultivated. This action did not generate 
a large quantity of new arable land, however, because the 
spring flood was still far too extensive, and the lake bottom, 
although dry in summer, became soft and impossible to 
efficiently cultivate. The lake started to become overgrown 
with shoreline forest, shrubs, sedge and reeds. The lake 
water level then decreased to 2.5 m below its level before 
1802, with the remainder of the lake being an area of reeds 
with some pools. The bioactivity was reduced in some 
parts, while exhibiting extreme, and unnatural, increases 
on a seasonal basis. This resulted in rapid sedimentation 
of organic material and a continuously overgrowing lake. 
During 1967 limnological investigations (Björk, 1972), 
researchers needed to use a person on the land to, by the 
help of binoculars, identify their positions and guide them to 
their sampling sites.

4.  Interventions undertaken to address ecosystem 
degradation

Restoration of the lake:  The first thoughts of lake 
restoration were presented in the 1950s, with investigations 
regarding a first restoration plan being initiated during the 
second part of the 1960s. The original restoration plan, 
approved by the Swedish Parliament in 1977, essentially 

1. Type and location of ecosystem

Lake Hornborgasjön is situated in the southwestern part of 
Sweden between Lake Vänern and Lake Vättern (Figure 4). 
It is a shallow, eutrophic lowland lake of about 150 ha 
of wetland. It is surrounded in the east by the Billingen 
Mountain, in the west by forests and some stripes of small 
fields, and in the north and south by agriculture land. The 
lake has existed since the last Ice Age. Its bottom-layer 
consists of more than 4 m of organic sediments on top of 
a >10 m thick layer of lime clay. The lake was described 
during the latter part of the last century as the most perfect 
waterfowl lake in Sweden.  The lake is especially famous for 
its cranes, which rest in the tens of thousands on their way 
further north in the spring. More than 120 different species of 
birds also nest and breed in the region.

2. Ecosystem services provided by ecosystem

Human settlements from the Stone Age, as early as 10,000 
years ago, have been found close to the lake. The lake 
and wetland area also provide food as fishing grounds, 
as a region for hunting, and as cattle grazing areas. The 
agriculture developed after that period. The lake is situated 
in a region that became Sweden’s main agricultural region. 

Figure 4.  Location of Lake Hornborgasjön (Sweden).
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involved:  (i) destruction of the reed root mat;(ii) building 
embankments at the lake outlet and at certain low-lying 
points around the lake, thereby protecting the agricultural 
land close to the lake; and (iii) raising the lake’s mean 
summer water level by about 1.50 m.

It was calculated that recreation of deeper water would be 
sufficient in itself to prevent further reed invasion.  It was 
realized from the outset, however, that the reed invasion had 
progressed so far that the original 30 km2 lake area could 
never be completely re-established. What could be created 
in place of the reed monoculture was an open water area of 
about 11 km2, with a mosaic of pools among the reeds. In 
fact, there were significantly larger areas of cleared reed in 
1988 that were being used by a variety of migrant waterfowl, 
notably ducks, waders and cranes.

The envisaged water level rise of 1.5 m, in accordance with 
the 1977 plan, was slightly changed in the late-1980s, when 
construction of about 25 km of embankments to prevent 
flooding of agricultural land was altered because of the 
cost of maintaining such embankments. Another important 
objective was that their weight on a soft sub-stratum would 
have caused significant subsidence problems.  A revised 
plan, therefore, included construction of a limited length of 
embankment at the outlet point, and a water level rise of 
0.85 metres. This affected the building of the south-eastern 

and northern edges of the lake, resulting in shallow shoreline 
meadows, excellent for waterfowl, being recreated. This 
involved development of an appropriate hay-harvesting and 
grazing regime, as well as compensation to landowners.

Feeding the cranes – “crane dance” attracting tourists: 
The region around Lake Hornborgasjön has always been 
renowned for the concentration of migrating cranes it 
attracts in the spring.  The cranes were previously attracted 
by waste potatoes from a distillery. Because the distillery is 
now closed, the potato crops are subsidized and, to some 
extent, substituted by barley to attract cranes. The crane is 
becoming the symbol of the area, attracting large groups of 
tourists. Several tourist constructions have been created and 
the so-called “Crane dance” is closely followed in the news. 
All construction work relating to the “crane dancing” has 
apparently been criticized for its cost, but must be regarded 
as a significant investment for the whole region.

5. Results of interventions

One of the long-term problems with Lake Hornborgasjön 
has always been the large number of landowners that 
favour keeping as much land as possible available for 
cultivation, thereby allowing them to gain some profit. The 
National Environment Protection Board of Sweden has been 
acquiring land in recent years, however, from land owners 
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who regard the economic costs linked to the restructuring 
plans as being too high. Land located mainly in the south-
western part of the original lake area, where the invasion 
of reed, willow and birch has been most severe, has been 
obtained thus far.  Farmers have learned to manage and 
diminish the damage made by the cranes, and cooperation 
with the province office at the lake has been successful.

The wetland and its surrounding areas are protected as 
a nature reserve, with special zones protected as bird 
protection areas during March 20 – July 15. Cranes have 
probably rested in the area for many hundreds of years.  
Access to potato fields has been important to the cranes, 
as well as to the crane-dominated ecosystem, and to those 
depending on the existence of the cranes in numbers 
of thousands and the “crane dance”. The production of 
potatoes decreased abruptly during the 1970s as the 
distillery was closed, with the number of resting cranes 
decreasing.  The cranes were fed with barley during some 
years, being spread on the fields, or by subsidized potatoes, 
with their number subsequently increasing. A new feeding 
area was established in the southern part of the lake in 
1992, with the crane now being fed daily with 1-3 tons of 
barley from the last week in March and throughout April.

There are four main reasons why the cranes rest at Lake 
Hornborgasjön on their northern migration:  (i) it is close to 
Rügen, south of the Baltic Ocean, an important region to 
which they migrate; (ii) food (potatoes or barley) is available 
in the lake area; (iii) the lake has suitable sleeping areas in its 
shallow water; and (iv) the distance to their breeding areas 
in the north is long for most pairs of cranes, and it is often 
still cold there. The number of resting cranes has increased 
during both the spring and autumn. Cranes are counted 
both during the spring migration, with a peak number of 
about 12.000, and during the autumn migration, with a peak 
number of about 8.000. Almost all cranes arrive in March/
April from the Rügen/Back area in northeast Germany. 
Most of the cranes resting at Lake Hornborgasjön breed in 
the northern part of Scandinavia, and rest at the lake while 
waiting for better conditions before continuing their northern 
migration.

The lake ecosystem has not yet fully stabilized. Since the 
reduced water level raise was decided and implemented, the 
precipitation and water supply to the lake has so far been 
above normal, although the ecosystem may still be affected. 
(Björk 2004)

The Lake Hornborgasjön restoration project is a unique 
project, symbolizing a change in environmental thinking, 
mainly because it involves abandonment of agricultural 
drainage for the purpose of restoring near-natural conditions. 
It is crucial for future reference that detailed monitoring be 

carried out as the restoration proceeds, particularly as there 
are still some disputes between specialists regarding the 
area’s future development. 

The restored ecological site of Lake Hornborgasjön is 
not just an example of successful lake restoration in the 
agricultural parts of Sweden to a near-natural eutrophic lake 
ecosystem.  As shown at its visitor center, it also is important 
for environmental education and public awareness, thereby 
adding another dimension to its significance.

6. Lessons learned

• Utilizing ecosystem services for agricultural production 
may not always be more positive than managing for a 
near-natural ecosystem condition that supports not only 
agriculture, but also tourism and recreational uses;

• Restoring a lake to a pre-disturbance condition 
may result in a more favourable biodiversity, which 
can generate more income in some situations than 
agricultural activities;

• Ecosystem interactions must be considered within 
a wider, longer-term perspective when undertaking 
construction work that impacts the water cycle, since 
a sustainable ecology may not be achieved, and a 
second habitat rehabilitation may be needed, if a 
positive ‘impact-chain’ cannot be identified as an 
outcome of such measures.

7. For further information
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Björk S. (1994). Treatment of overgrown shallow lakes 
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D. REHABILITATION OF DELAVAN LAKE (USA)

Jeffrey Thornton and T.M. Slawski, Southeastern Wisconsin Regional Planning Commission, Waukesha, 
Wisconsin, and M.E. Eiswerth, University of Wisconsin-Whitewater, USA

homes, hotels and resorts being built during the following 
two decades. Six trains a day brought summer visitors from 
Chicago to the lake, and livery buses took the people from 
the train station in the City of Delavan, to the resorts and 
hotels located around the lake. Like most Wisconsin lakes, 
Delavan Lake continues to serve multiple purposes, ranging 
from providing a venue for waterfront residential (and limited 
commercial) development, to providing a recreational venue 
popular with residents and visitors alike, to providing a 
visual amenity for the community and its visitors. The value 
of these ecosystem services is described further in the 
following section.

3. Ecosystem degradation, causes and impacts

Delavan Lake historically has experienced various ecosystem 
impairments.  These impairments include excessive aquatic 

1. Type and location of ecosystem

Delavan Lake is situated on Jackson Creek, a tributary of 
Turtle Creek draining to the Lower Rock River, in the City 
and Town of Delavan, Wisconsin (USA) (Figure 5). The lake 
has a surface area of approximately 838.5 ha, a mean and 
maximum depth of about 6.4 and 17.0 m, respectively, and 
a volume of approximately 55.3 million m3.  The Delavan 
Lake water level is augmented by about 2.5 m by a dam 
constructed at the lake outlet during the mid-1930s.

2. Ecosystem services provided by ecosystem

Development at Delavan Lake began with the construction 
of the first permanent residence along the lake’s north 
shore in 1875. A small hotel and steamboat launch was 
built at Lake Lawn three years later, with many more private 

Figure 5.  Location of Delavan Lake (Wisconsin, USA).
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plant and algal growths, water quality-related use limitations 
and public concerns over the aesthetic degradation of the 
resource, leading to recreational user conflicts and concerns 
over property values, among others. Concerns also have 
been raised regarding deteriorating water quality conditions, 
the need to protect environmentally-sensitive areas, and the 
need to prevent the spread of exotic plant species within 
the lake basin. These problems have been documented in 
numerous publications, including reports by the University of 
Wisconsin-Madison (1986), United States Geological Survey 
(USGS 1988, 1996) and Southeastern Wisconsin Regional 
Planning Commission (SEWRPC, 2002).

4. Interventions undertaken to address ecosystem 
degradation

Seeking to improve the usability of Delavan Lake, and 
to prevent future deterioration of its natural assets and 
recreational potential, Federal, State, and local agencies 
began a major, multi-year lake rehabilitation programme 
conducted on Delavan Lake during the period between 1969 
and 1993. The programme was designed and implemented 
with funds provided by the United States Environmental 
Protection Agency (US EPA), acting in concert with other 
agencies, including the U.S Geological Survey (USGS), U.S. 
Army Corps of Engineers, Wisconsin Department of Natural 
Resources (WDNR), the City and Town of Delavan, Delavan 
Lake Sanitary District, and University of Wisconsin (University 
of Wisconsin-Madison, 1986; WDNR, 1989). 

The remedial measures were intended to achieve and 
maintain fishable and swimmable conditions within Delavan 
Lake, pursuant to the mandate established by the Federal 
Clean Water Act, and included:

• Formation of a town sanitary district during 1969, 
under Section 60.70 of the Wisconsin Statutes, and the 
provision of public sanitary sewer service during 1979 
(completed during 1981);

• Elimination of wastewater discharges in 1984 from a 
fertilizer plant located on Jackson Creek; 

• Implementation of various other agricultural and urban 
management practices (BMPs) beginning in 1985;

• Extension of a peninsula in the northeastern part of 
the lake by about 300 m, modification of the outlet 
dam and alteration of its operational regime, and 
deepening of the inlet and outlet channels between 
1989 and 1990, in order to enhance “short-circuiting” of 
water flow;

• Restoration of a small, 6 ha wetland, and recreation of 
a 38 ha shallow marsh and low prairie marsh system 
upstream of the lake during 1992 to trap incoming 
sediment from the Jackson Creek drainage area;

• Eradication of all fish in the lake and its tributaries, 
using rotenone, during the autumn of 1989, and 
reintroduction of game fish and forage fish during 1990 
and 1991, with densities of piscivorous fish sufficient 
to maintain low numbers of planktivorous fish and 
high numbers of large-bodied zooplankton, which are 
efficient algae consumers;

• Prohibition of fishing on the lake through spring of 
1992, and subsequent introduction, beginning in spring 
1992, of size limits on all game fish to limit the angling 
harvest (to maintain the desired predator-prey balance) 
with ongoing stocking of selected game fish species;

• Application of about 2,500 m3 of aluminum sulfate at a 
concentration of 58 g/L during April and May 1991 at 
the time when the lake was drawn down to facilitate the 
carp eradication programme.

Extension of the wastewater system to the lake was 
undertaken at a cost of about US $11 million, while the in-
lake rehabilitation programme was undertaken at a further 
cost of US $7 million.

5. Results of interventions

Water quality data and analyses conducted by the U.S. 
Geological Survey since 1993 indicate these management 
actions have markedly improved water quality within 
the main lake basin (USGS, 1996; Robertson et al., 
2000). However, the USGS (1996) identified a substantial 
increase in internal loading of phosphorus to the lake 
from accumulated sediments in its northeastern portion, 
known locally as the Delavan Lake inlet, downstream of the 
Mound Road wetland. Field investigations suggest aquatic 
macrophytes within the inlet enhance phosphorus cycling 
during the spring and summer, to the extent that the internal 
phosphorus loading from the inlet sediments can contribute 
up to approximately one-half of the seasonal phosphorus 
load to the lake. Nevertheless, Delavan Lake has responded 
to the diversion of treated wastewater, the elimination of 
other point sources on the Jackson Creek tributary and the 
alum treatment, as follows:

• In-lake total phosphorus concentrations declined from 
about 0.30 mg/L in 1983, to about 0.10 mg/L in 1991, 
and to about 0.02 mg/L in the year following the alum 
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treatment (although the concentration has subsequently 
increased over time to about 0.05 mg/L);

• Hypolimnetic total phosphorus concentrations declined 
from about 0.40 mg/L in 1990, to about 0.20 mg/L in 
the years following the alum treatment, although the 
most significant effects of the alum treatment were 
observed over a relatively short period between 1991 
and 1993, when the hypolimnetic concentrations were 
about 0.15 mg/L;

• Mean Secchi disk transparency in Delavan Lake was 
about 1.8 m in 1990, but increased to about 4.25 m 
following the alum treatment;

• Chlorophyll-a concentrations prior to the alum 
treatment, through 1990, were generally in excess of 10 
µg/L, often approaching 30 µg/L, and declining to less 
than 4 µg/L following the alum treatment (but increasing 
again to more than 10 µg/L by 1999);

• There has been a shift in aquatic plant populations 
within the lake away from bloom-forming blue-green 
algae toward rooted aquatic macrophytes;

• There has been a shift in the fishery from carp and 
bigmouth buffalo to northern pike and walleyed pike.

In an effort to assess the benefits derived from this US$18 
million, 20-year investment, the University of Wisconsin-
Whitewater undertook several assessments of the 
likely economic impacts of this extensive management 
programme. Eiswerth et al. (2008) noted that more than 
14,000 recreational watercraft launches are reported 
annually at the public recreational boating access site on 
the Lake, while SEWRPC (2002) reported more than 2,000 
watercraft docked or moored around the Lake. Eiswerth et 
al. (2008) also noted that anglers spent an average of 11 
days per year fishing in parties averaging 2.5 persons per 
fishing party. These anglers generated a consumer surplus 
to the local community of about US$104/party/day over an 
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estimated 13,280 days of combined angler effort, or about 
US$1.38 million per year.

In related research, the University of Wisconsin-Whitewater 
team surveyed 314 households during 2003 to determine 
their spending patterns within the local community. Based 
on their responses, it was conservatively estimated that the 
average Delavan Lake household spends about US$ 24,000 
per year in the Delavan area, totaling US$ 53 million per year. 
In the same study, 233 Delavan Lake visitors were surveyed. 
A visitor survey indicated visitors spend a further US$ 9 
million annually in the Delavan area, with about US$1.38 
million solely on angling activities. The sum of direct and 
secondary spending attributable to the existence of Delavan 
Lake was estimated to be in the range of US$ 70 - 80 million 
per year, with approximately 812 jobs being generated as a 
result of these expenditures.

In examining the economic impacts on riparian properties, 
the University of Wisconsin-Whitewater team compared 
property values on Delavan Lake with property values from 
nearby lakes of similar size and attributes. They found 
that shoreline properties located on Lake Beulah and the 
Lauderdale Lakes appreciated by 148% between 1987 and 
2003, while those on Delavan Lake appreciated by 273% 
during the same period. This differential resulted in a windfall 
return of US$ 176,818 per property, with an aggregate 
return of over US$ 99 million, attributable to the water 
quality improvement project. This additional property value 
translates to lower property taxes for non-lake residents, 
amounting to a 14% decrease in property taxes for non-lake 
residents (US$ 178 for a US $200,000 house in 2004).

6. Lessons learned

• The Delavan Lake remediation programme resulted in 
substantial economic benefits to the local community, 
in terms of both property valuations and recreational 
dollars, which more than offset the community 
investments in clean water;

• The water quality improvement project, although 
having exceeded the expectations of the management 
agencies, is nearing the end of its design life, and 
further interventions may be required in the foreseeable 
future;

• A continuing challenge is to convince the local 
community that further investments in the lake 
ecosystem are of value to the community as a whole;

• Interventions to rehabilitate ecosystems can be very 
costly, but ultimately result in enhanced financial 
benefits, with monitoring being necessary to verity the 
results.

7. For further information

Eiswerth, M.E., R.D. Kashian and M. Skidmore (2008). 
Examining angler behavior using contingent behavior 
modeling: A case study of water quality change at a 
Wisconsin Lake. Water Resources Research 44.

Robertson, D.M., G.L. Goddard, D.R. Helsel and K.L. 
MacKinnon (2000). Rehabilitation of Delavan Lake, 
Wisconsin. Lake and Reservoir Management 16(3):155-
176.

SEWRPC (2002). A Lake Management Plan for Delavan 
Lake, Walworth County, Wisconsin. Community 
Assistance Planning Report No. 253, Southeastern 
Wisconsin Regional Planning Commission (SEWRPC), 
Waukesha, Wisconsin (USA). 

USGS (1988).  Hydrology and Water Quality of Delavan 
Lake in Southeastern Wisconsin. Water-Resources 
Investigations Report No. 87-4168, USGS, Wisconsin

USGS (1996). Phosphorus Dynamics in Delavan Lake 
Inlet, Southeastern Wisconsin, 1994. Water-Resources 
Investigations Report No. 96-4160, USGS, Wisconsin.

University of Wisconsin-Madison (1986). Delavan Lake: 
A Recovery and Management Study. Institute for 
Environmental Studies, University of Wisconsin.
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E. LOWER DANUBE RIVER AND DANUBE DELTA (SOUTHEAST EUROPE)

Gunilla Björklund, GeWA Consulting, Uppsala, Sweden

the Danube Delta. Ecosystem supporting services provided 
by the Lower Danube also include nutrient cycling and 
primary production. In addition, the floodplain ecosystems 
also provide provisioning (fish, reed, wood, drinking water) 
and regulatory services (flood protection, nutrient retention, 
groundwater recharge, climate regulation). 

Important ecosystems in the floodplain areas, including the 
primeval riverine forests which took about 6,000 years to 
develop, are not the only important ecosystems dependent 
on the river and its basin.  There also are about 29 million 
people living in the river basin that depend on the river and 
river system for their daily lives. They directly benefit from the 
many services the river provides, including drinking water, 
flood protection, income sources, and places of rest and 
recreation, which can be considered secondary ecosystem 
services.

3. Ecosystem degradation, causes and impacts

About 75% of the original large floodplain area of the Lower 
Danube, which used to be flooded more frequently, has 
been cut off from the river and transformed into fish ponds, 
or drained for agricultural use. Important floodplain functions 

1. Type and location of ecosystem

The Lower Danube is the natural flowing river stretch 
between Romania and Bulgaria in Southeast Europe 
(Figure 6). It contains remnants of floodplain forests and 
many well-preserved wetlands, ending by the important 
Danube Delta in the Black Sea. 

The biggest hydropower dam and reservoir system along 
the entire Danube River is located at the Djerdap (Iron Gate) 
Gorge, about 200 km downstream Belgrade, where the Lower 
Danube starts, with transboundary effects. The reservoir 
(volume of 3.2 billion m³; length of 270 km) serves both as 
an important nutrient sink, and a deposit of hazardous and 
toxic matter for pollution originating in the upstream Danube 
catchment. At the same time, significant sedimentation in the 
reservoir has resulted in erosion problems downstream since 
the dam was put into operation in 1972.

The geomorphologic dynamics of the river, and periodic 
flooding, have resulted in the formation of numerous islets 
along the border of Romania (111 islands covering 11,063 
ha) and Bulgaria (75 islets covering 10,713 ha). These islets 
host rich floodplain ecosystems, including natural floodplain 
forests, sand banks, marshes and natural river channels.  
However, the Iron Gate Dam, serving as a sediment-
trap upstream in this area, decreases the islets and their 
ecosystem, which are integral parts of the Danube migration 
corridor.

2.  Ecosystem services provided by ecosystem

The floodplain between the flood protection dike and the 
river bank contains cut-off oxbows lakes, flood channels and 
depressions, islets, and remnants of wetlands and floodplain 
lakes in the disconnected floodplains. These different 
ecosystem types are of particular ecological importance 
because they represent typical habitats for the Lower 
Danube.  Many are protected under the Ramsar Convention 
for the Protection of Wetlands of International Importance, 
as well as the EU Birds and Habitat Directives. One 
primary ecosystem service provided by the Lower Danube 
floodplain and Danube Delta is the capacity to support a 
rich biodiversity. The lower Danube area consists of both 
floodplains and marshlands, with a number of endangered 
habitats and species, including more than 1,124 species 
of flora and 1,050 species of fauna in the lower Danube, 
and 1,642 species of flora and 3,767 species of fauna in 

Figure 6.  Location of Lower Danube River and Danube 
Delta (Southeast Europe).
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have been reduced, and typical habitats no longer exist. 
When the human works resulting in cut-off of the areas 
stopped in 1990 due to political changes 97,408 ha in the 
Danube Delta were cut-off from natural flow, of which 39,974 
ha were dedicated to agriculture use (Tudor-Staras, 2004).

Because of the loss of a large part of the floodplain areas, 
the remaining areas under influence of river dynamics (i.e., 
areas between the river banks and flood protection dike, 
particularly the islets), the fish ponds and the floodplain 
lakes have become even more important for flora and fauna. 
Thus, the floodplain has also lost part of its ability to serve as 
protection against floods and droughts. With the survival of 
these areas in doubt, the ongoing trends will lead to the loss 
of the remaining natural areas (and the benefits and services 
they provide), as demonstrated during the major floods in 
2005, which displaced 2,000 people and inundated 690 
km2, and the flood in 2006, which displaced 17,000 people 
and inundated 1,450 km2. 

EU plans for the Trans European Transport Network for 
Transportation currently threaten about 1,000 km of the 
most valuable river stretches along the Danube. Navigation 
has regrettably been one of the biggest, if not the biggest, 
causes of environmental degradation on the Danube, 
mainly because of activities that deepened, dammed or 
straightened the river. This is resulting in destruction of parts 

of the remaining 20% of the floodplain and wetlands, and 
significantly lowering the water table, threatening important 
groundwater sources for drinking and other uses, including 
important fish spawning areas.

4.  Interventions undertaken to address ecosystem 
degradation

• The Convention for the Protection of the Danube River 
was agreed in 1994, and the Lower Danube Green 
Corridor Agreement, was signed by the governments of 
Bulgaria, Romania, Ukraine and Moldova in 2000. The 
Agreement commits Romania, Bulgaria, Ukraine and 
Moldova to: (1) preserve a total of 935,000 ha, including 
enhanced protection for 775,000 ha of existing 
protected areas, and new protection for another 
160,000 ha; (2) restore 223,000 ha of former wetland 
areas; and (3) promote sustainable development along 
the Lower Danube.

• The Lower Danube Green Corridor (LDGC) is the 
most ambitious wetland protection and restoration 
project in the world, being facilitated by the WWF. It 
encompasses 11,574 km² of natural areas, from the 
Iron Gates on the border of Serbia and Romania, to 
the Danube Delta in Romania and Ukraine. When fully 
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implemented, it is intended to restore a floodplain area 
of 2,236 km2, moderate floods, restore biodiversity, 
improve water quality, and increase possibilities for 
better livelihoods. Enhancing biodiversity conservation 
by restoring the Lower Danube Green Corridor also 
is enhancing resilience to some impacts of climate 
change.

• Under the UNDP/GEF Danube Regional Project, one 
of the project outputs involves “Integrated Land Use 
Assessment and Inventory of Protected Areas.”  The 
assessment resulted in recommendations, meant to be 
site-specific, including:

o Rehabilitating floodplain areas through meander 
restoration, and planting native Salix and Populus 
species, or re-profiling river channels; 

o Controlling soil erosion on hill slopes through 
changed land uses, implementing good agricultural 
practices, land reclamation and afforestation; 

o Improving hydrological conditions, including 
removing underground drainage systems; and

o Promoting restoration more widely through public 
awareness information, etc.

These types of interventions are meant to address current 
land use systems that are degrading natural ecosystem 
services in the Danube River Basin, and not only the Lower 
Danube.

5.  Results of interventions

The restoration programme of degraded/abandoned polders 
from the Danube Delta Biosphere Reserve started in 1992, 
based on scientific criteria for ecological restoration.  The 
flooded area outside the flood protection dikes clearly 
showed the importance in 2006 of the restoration of the 
entire morphological floodplain area along the Romanian-
Bulgarian border stretch of the Danube, rather than 
scattered small areas. This approach requires a more 
integrated planning wherein the sectors directly dependent 
are involved, thereby working to ensure long-term 
sustainability.

There are still barriers to overcome, mainly administrative, 
which are resulting in a slow pace of floodplain restoration, 
thereby being an extra cost to the environment.  It has been 
calculated, however, that restoration of the sites comprising 
the LDGC will cost about �183 million,  compared to total 
damages from the spring 2006 floods costing an estimated  
�400 million.

The objectives of the LDGC, including the WWF-initiated 
project, are to:

• Increase the capacity for long-term sustainable 
management by improving international cooperation for 
the restoration, protection and sustainable management 
of the Lower Danube;

• Reduce threats to freshwater ecosystems by mitigating 
and/or eliminating key threats from unsustainable 
agriculture, forestry and navigation practices; 

• Deliver successful field projects and communicate 
results from targeted field projects that highlight the 
socioeconomic and ecological benefits of natural 
or semi-natural freshwater ecosystems, and which 
demonstrate practical approaches to their protection, 
restoration and sustainable use; and 

• Make more sustainable policy by ensuring national 
policies for water management integrate experiences 
from the field projects, encourage good practices in 
freshwater ecosystem management, and integrate the 
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LDGC into major international processes (EU Water 
Framework Directive, Natura 2000).

The floodplain restoration also resulted in reduced 
vulnerability to floods, a major benefit for peoples’ 
livelihoods. Most of the polders to be restored were used 
for agriculture and forestry, sectors not specifically beneficial 
in the post-centralized economy period. After restoration 
efforts, the diversification in livelihood strategies increased, 
including fishing, livestock grazing, seasonal pastures, 
ecotourism, etc. Ecosystem services provided by the 
restored floodplain areas resulted in financial gains by a more 
diversified and income-generating livelihood system.

The 2005 and 2006 floods resulted in the policy of 
floodplain restoration being viewed much more favorable. 
It is important to use post-disaster policy windows to 
ensure possibilities for achieving benefits from both a 
biodiversity and ecosystem perspective, and an increased 
livelihood diversity perspective. Thus, floodplain restoration 
in the lower Danube region may generate the necessary 
political commitment for wetland conservation to allow for 
additional funding and support for wetland conservation and 
restoration initiatives along the Lower Danube.

In addition to the already-proposed restoration sites, 
additional areas must be proposed on the basis of realistic 
estimations concerning the water retention volume, flood 
dynamics, and current land uses, taking into account the 
existing plans for flood mitigation and ecological restoration 
in those areas. The complexity and size of retention areas 
in the upper, middle and lower river catchments also must 
be considered. Such scaling-up would ensure not only 
improved biodiversity and ecosystem functioning, but also 
important livelihood diversification and enhanced choices for 
the people in the region, particularly through the provided 
ecosystem services.

6. Lessons learned

• In regions like the Lower Danube and Danube Delta, 
protection of individual high-quality reserves does not 
ensure provision of ecological functions over the long 
term;

• Using a sustainable ecological service approach for 
ecological restoration results in: (i) improved wetland 
functions, where the wetlands serve as hydrological 
and biogeochemical stabilizers, and provide ecological 
functions; (ii) improved socioeconomic functions; 
and (iii) benefits to the people and nature by ensuring 
sustainable livelihoods;

• Floodplain restoration in large-scale areas may also 
contribute to a more stable hydrological condition 
by ensuring restored ecosystem services (including 
wetlands functioning) which, in turn, can result in more 
stable conditions for ecosystems and human beings, as 
well as increased resilience to climate change.

7. For further information

Most of the information comes from WWF International, 
particularly the following web sites:

http://www.panda.org/about_wwf/where_we_work/europe/
what_we_do/danube_carpathian/blue_river_green_mtn/
danube_river_basin/lower_danube/index.cfm

http://www.panda.org/about_wwf/where_we_work/
europe/what_we_do/danube_carpathian/index.
cfm?uProjectID=9E0644

http://assets.panda.org/downloads/2006_floods_in_the_
danube_river_basin_wwf_working_paper.pdf

The UNDP/GEF Danube Regional Project also provides 
useful information: 
http://www.undp-drp.org/drp/themes.html

Marian Tudor, Mircea Staras (2004). Results of 10 years of 
wetlands restoration in the Danube Delta and constraints 
in multi-stakeholder environment. 7th INTECOL 
International Wetlands Conference, Utrecht, The 
Netherlands (2004); abstract available as: 
http://www.bio.uu.nl/intecol/programme/cnt_abstract.
php?frm=T6_po1_612.pdf
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The case study below focuses on reducing contaminant loads from point and nonpoint sources, 
including water reuse and recycling and pollution reduction at the source, as well as preventing 
the entry of such polluting materials into receiving water systems through nonpoint-source 
best management practices (e.g., buffer strips; conservation tillage; detention basins; grassed 
waterways).

CHAPTER THREE

Pollution control 

A. APPLICATION OF PHOSPHORUS EFFLUENT STANDARDS TO REMEDIATE 
HYPERTROPHIC HARTBEESPOORT DAM (SOUTH AFRICA)

Jeffrey Thornton and W.R. Harding, International Environmental Management Services Ltd, Waukesha, 
Wisconsin, USA

exhibit extensive urban development, with a portion of the 
impounded water being utilized for domestic supply both 
within the riparian community and in downstream urban 
centers. The Hartbeespoort Dam and its associated lands 
generated an annual economic production in excess of ZAR 
15 million in 1970.

Hartbeespoort Dam was for many years (1975-1985) 
the focus of one of the most comprehensive limn logical 
investigations of a reservoir conducted anywhere in 
the world (NIWR, 1985). That study was a benchmark 
in developing an understanding of eutrophication, and 
its resilience within highly-regulated environments. 
Hartbeespoort Dam also provided the focus and type-locality 
for a second 10-year study, into the ecological associations 
of cyanobacteria (Harding and Paxton, 2001), and for several 
management-based assessments of hypertrophic waters 
(Thornton et al., 1987). Consequently, the impoundment 
also contributed significantly to the state of knowledge of 
impounded waters in semi-arid sub-tropical regions.

3. Ecosystem degradation, causes and impacts

While land uses within this drainage area are primarily rural 
agriculture, the headwater portions of the Crocodile River 
system are highly urbanized north of the Johannesburg 
metroplex. Hartbeespoort Dam receives treated 
wastewaters from the Johannesburg-Krugersdorp-Pretoria 
conurbation, which are discharged to the Crocodile River. 
Excessive nutrient loading, originating largely as point 
source discharges from wastewater treatment works 
into the Jukskei River, has resulted in the reservoir being 

1. Location and Type of Ecosystem

Hartbeespoort Dam is a 195 million m3, 20 km2 storage 
reservoir constructed during the 1920s and completed 
in 1925.  It is located west of Pretoria and north of 
Johannesburg in the North West Province of South Africa 
(Figure 7). The Dam was primarily constructed to provide 
irrigation water (about 80% of its design capacity), with 
additional lesser water uses for domestic consumption, 
recreation, and compensation flows to the outflowing, 
downstream portions of the Crocodile River, a Limpopo 
River system tributary stream. Hartbeespoort Dam is located 
downstream of the confluence of the Crocodile River, and 
Jukskei and Hennops Rivers that drain the eastern areas 
of the catchment. About 90% of the annual inflow to the 
reservoir is derived from the Crocodile River, with the 
balance of the inflow generated from the Magalies River 
watershed, the local drainage area, and several smaller 
tributary stream systems, including the Leeuspruit and 
Swartspruit.

2. Ecosystem services provided by ecosystem

Hartbeespoort Dam is a multi-purpose impoundment that 
provides water supplies ranging from bulk water supply to 
irrigated farming areas, to supplying industrial process water 
and domestic drinking water in urban areas adjacent to, and 
downstream of, the impoundment. The Dam also supports 
recreational uses, ranging from non-contact, passive 
recreational activities (e.g., picnicking and walking along the 
shoreline), to full-contact, active recreational activities (e.g., 
swimming, boating and waterskiing). The shoreline margins 
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hypertrophic (excessively nutrient-enriched) for several 
decades. The very high phosphorus loads (�80-300 tonnes 
of phosphorus as P) discharged annually into the dam, and 
a combination of nutrient availability and biophysical factors, 
have supported the sustained dominance of very dense 
aggregations of blue-green algae, principally Microcystis 
aeruginosa. This sustained dominance has produced a 
characteristic suite of user-related problems prevalent in 
Hartbeespoort Dam since the early-1970s. These user-
related concerns include: (i) tastes and odors in potable 
waters produced from the impoundment; (ii) the presence 
of blue-green algal toxins within the lake and product 
waters derived therefrom; (iii) impaired recreational and 
aesthetic uses; and (iv) decreased revenue from lake-related 
commercial activities and residential sales.

4. Interventions undertaken to address ecosystem 
degradation 

One of the outcomes of the NIWR study was promulgation 
of a phosphate standard for effluent discharges, which was 
subsequently set at 1 milligram of phosphorus per liter (1 
mg/L as P). This was announced in a Government Notice, 
1567 of 1980, as follows:

Waste water or effluent produced or resulting 
from the use of water for industrial purposes 
and which drains to any portions of a river 
mentioned in Schedule 2 [Schedule 2 specified 
7 sensitive river systems to be covered by 
this provision] or any tributary of such a river 
within the catchment areas or portions thereof 
described in the Schedule, shall not contain 
soluble ortho phosphate (as P) in a higher 
concentration than 1.0 milligram per liter.

Implementation of the standard was delayed until August 
1985, at which time it was decided to only implement it in 
the Vaal River to the Barrage, and in the Crocodile River 
Catchment to the confluence of the Crocodile with the 
Pienaars River. It is noted that, of the ten impoundments 
allocated the highest priority in terms of eutrophication, 
five are situated in the Crocodile/Pienaars (A2) catchment 
(Hartbeespoort, Rietvlei, Klipvoor, Roodeplaat and 
Bon Accord) (van Ginkel et al., 2001). In 1988, an 
unsubstantiated receiving water quality objective of 130 µg/L 
total phosphorus (TP) was introduced for the reservoirs in 
sensitive catchments, such as Hartbeespoort Dam, which 
is currently receiving a median inflow concentration of �700 

Figure 7.  Location of the Hartbeespoort Dam, South Africa.
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µg/L as TP. Eutrophication was thereafter given a low priority 
status by the government (Walmsley, 2000). 

Nine wastewater treatment plants currently discharge into 
tributary streams draining to Hartbeespoort Dam. These 
plants discharge in excess of 8 million m3 of treated effluent 
to the reservoir on a monthly basis (approximately 40% of 
the total water load to the reservoir). During 1986 through 
1988, the average phosphate-phosphorus concentrations 
in the treated effluents ranged between 3.0 - 4.5 mg/L, with 
the largest plants, including the Johannesburg Northern 
Works serving the northern portions of Johannesburg, 
discharging effluents with a concentration between 4 - 5 mg/
L phosphate-phosphorus. A few plants have subsequently 
achieved the mandated 1 mg/L phosphate-phosphorus 
concentration, with the Johannesburg Northern Works 
consistently producing treated effluents with a concentration 
of less than 0.7 mg/L phosphate-phosphorus. The Northern 
Works contributes between one-third to one-half of the total 
phosphate-phosphorus load to Hartbeespoort Dam.

5. Results of interventions

Implementing the phosphorus standard coincided with the 
recovery of the reservoir, following the extensive drought 
conditions experienced between 1981-1982 and 1987-
1988. Refilling the impoundment resulted in further dilution 
of the extremely high phosphorus levels observed in the 
water body, reducing the in-lake phosphate-phosphorus 
concentration from nearly 0.50 mg/L to 0.13 mg/L. 
Conversely, the total nitrogen concentrations increased, 
with a nitrogen-to-phosphorus ratio of 25:1 being reported 
for the surface waters during 1988-1989. During that year, 
the blue-green alga, Microcystis aeruginosa, was virtually 
absent from the system for the first time in more than a 
decade. Concomitant and significant changes (increases) in 
zooplankton abundance, indicative of an increase in grazing 
of herbivores, were also observed. These biological changes 
in the Dam were ascribed to decreased phosphorus 
concentrations, and increased nitrogen-to-phosphorus 
ratios. Temperature and wind-induced mixing, and changes 
in the zooplankton community (i.e., enhanced zooplankton 
grazing), were determined to be within the previously-
observed ranges of occurrence (albeit defined over a 
relatively short period of atypical seasonality).  At the time, 
therefore, they were ruled out as causative factors.

It was suggested in 1985 that simply establishing an effluent 
phosphorus concentration limit, rather than a limitation 
based on phosphorus loads, would have little (beneficial) 
impact. It was further suggested that, given the volume of 
phosphorus being discharged to the Crocodile catchment, 
a limit of an order of magnitude less (0.1 mg/L) would 

probably be inadequate. However, an assessment of the 
efficacy of the 1 mg/L standard was inconclusive, due to a 
lack of adherence to the guideline within the drainage area 
(Chutter, 1989). Nevertheless, residents reported improved 
water quality conditions, at least over the short term, with 
reduced occurrences of periods of heavy algal growth in the 
impoundment. Unfortunately, these improvements proved 
to be short-lived, with a return of extensive blue-green 
algae “blooms” during the years 2000, 2001 and 2003.  An 
anticipated bloom during 2002, however, did not materialize.

A public meeting was held by the Hartbeespoort Dam 
community during February 2001 to discuss the resurgence 
of the algal blooms (DHEC and IEMS, 2004).  An outcome of 
this meeting was the formation of the Hartbeespoort Water 
Action Group (HWAG) to seek urgent short-term and longer-
term solutions to the eutrophication problem. In the interests 
of proper governance and responsibility for public funds, this 
group was subsequently registered as a Section 21 “not-for-
profit” company. 

The early HWAG efforts focused on alleviating the symptoms 
of the algal blooms (i.e., finding means to physically harvest 
and remove the excess algae at the water surface). These 
efforts were not successful, however, due to the algae being 
rapidly dispersed by any water disturbance.  Nevertheless, a 
methodology was developed over time to physically remove 
surface scums from sheltered areas and embayments. 
This method currently is used to alleviate major algae 
concentrations in the Dam.

HWAG also realized that a permanent solution must be 
found to address the causes of the algae problem (i.e., 
nutrients and the unbalanced ecology). This has been a 
major ongoing effort aimed at identifying and harnessing 
suitable technological capabilities to develop a detailed 
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understanding of the problems, and their contributory 
causes and implement solutions. The interventions are 
centered on a three-pronged strategy, including:

• Continuing to reduce the external nutrient (phosphorus) 
loading to the reservoir;

• Managing in-lake nutrient availability (both from the 
water column and from phosphorus-rich sediments); 
and

• Relaxing the impaired food web structures that no 
longer support or provide a natural resilience to the 
eutrophication process.

These longer-term efforts have been conducted in 
partnership with appropriate governmental authorities at the 
national and provincial levels, including the Department of 
Agriculture, Conservation and the Environment (DACE) of the 
Government of North West Province (NWPG), and AGRICOR 
(Agricultural Development Corporation of Bophuthatswana), 
and with the national water law. 

6. Lessons learned

• Major nutrient load reductions (on the order of 60% or 
greater) are required to bring about a sustained change 
in in-lake conditions in hypertrophic reservoirs like 
Hartbeespoort Dam, being typical of highly-regulated 
and nutrient-enriched environments such as reservoirs;

• While reduction of high external nutrient loadings 
must remain a priority for long-term management of 
hypertrophic impoundments, benefits also may be 
derived from the manipulation of the food web (fishery), 
as a means of alleviating top-down control pressures 

that have become both established and resistant to 
change during the extended period such reservoirs 
have become eutrophic;

• There are indications that food web management may 
be an effective management intervention following 
nutrient load reduction control measures;

• Participatory approaches can produce valuable results 
in regard to identifying and addressing ecosystem 
degradation;

• Monitoring efforts, when appropriately undertaken, 
can provide useful information regarding ecosystem 
baseline conditions and for assessing degradation 
impacts.

7. For further information

Chutter, F.M. (1989). Evaluation of the Impact of the 1 mg/l 
Phosphate-P Standard on the Water Quality and Trophic 
State of Hartbeespoort Dam. Report No. 181/1/89, 
Water Research Commission, Pretoria, South Africa.

DHEC and IEMS (2004). Hartbeespoort Dam Remediation 
Project (Phase 1): Tasks 7&9--Lake Management 
& Business Implementation Plans. Environmental 
Consulting CC and International Environmental 
Management Services Ltd.  86 pp.

Harding, W.R. and B.R. Paxton (2001). Cyanobacteria in 
South Africa: A Review. Publication No. TT153/01, South 
African Water Research Commission, Pretoria.

NIWR [National Institute for Water Research] (1985). The 
Limnology of Hartbeespoort Dam, Report No. 110, 
South African National Scientific Programs, Foundation 
for Research Development, Council for Scientific and 
Industrial Research, Pretoria. 269 pp.

Thornton, J.A., K.L. Cochrane, A.C. Jarvis, T. Zohary, 
R.D. Robarts and F.M. Chutter (1986). An evaluation 
of management aspects of a hypertrophic African 
impoundment. Water Research, 20:413-419.

Van Ginkel, CE et al: 2001. Assessment of the Trophic 
Status Report. Executive Summary. N/0000/00/
DEQ/1799, Department of Water Affairs and Forestry, 
South Africa. 

Walmsley, R.D. 2000. Perspectives on Eutrophication of 
Surface Waters: Policy/Research Needs in South Africa. 
Publication No. KV129/00, Water Research Commission.
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A. SYDNEY’S ROUSE HILL RECYCLED 
WATER AREA AND ITS DISCHARGE RIVER 
SYSTEM, HAWKESBURY-NEPEAN RIVER 

 (AUSTRALIA)

Gunilla Björklund, GeWA Consulting, Uppsala, Sweden

1. Type and location of ecosystem

The Hawkesbury-Nepean River system flows 470 km from 
south Sydney, and through the western edge of the Sydney 
basin of Australia (Figure 8). The catchment area of the river 
system covers an area of 2.2 million ha, and includes World 
Heritage-listed wilderness, rainforests, open woodlands, 
heath lands, wetlands, and the Hawkesbury River estuary. 

2. Ecosystem services provided by ecosystem

The Hawkesbury Nepean river system supports a diverse 
range of ecosystems, including the threatened Cumberland 
Plains Woodlands, which provides a habitat for a large group 
of plants and animals. The system has been nourishing the 
Sydney Basin for thousands of years as primary ecosystem 
services, carrying and depositing the sediments and soils 
that support present agricultural and horticultural industries. 
The water that produces 70% of New South Wales goods 
and services comes from this system, which also provides 
the drinking water and sewage system for more than 5 
million people. This system is of critical importance to 
Sydney and, more broadly, to the people of NSW and 
Australia.

The aboriginal communities have respected the 
Hawkesbury-Nepean River system for thousands of years 
as a source of water and food.  Since European settlement, 
this system has been increasingly relied upon to meet 
different water requirements of the basin population.  The 
Hawkesbury-Nepean River System also supports numerous 

CHAPTER FOUR

Environmental flows

The case studies in this section focus on determining and ensuring minimum water  
flows, and resulting their timing, in order to maintain rivers and other aquatic 
ecosystems and their resources, the diversity of existing and potential ecosystem 
services.

other extractive, manufacturing and processing industries 
vital to the State’s economy, thereby also providing 
secondary ecosystem services to the region.

3. Ecosystem degradation, causes and impacts

The Hawkesbury Nepean River sub-catchment is situated 
in the agricultural and peri-urban areas surrounding the 
urbanized North Western Sydney. The tidal influence in 
the Hawkesbury River extends into this sub-catchment, 
reaching approximately 145 km upstream from Broken Bay. 
Being situated in this vulnerable region, the Hawkesbury 
River is threatened from a multitude of land use impacts. 
Most of the catchment’s natural vegetation has been 
cleared for agriculture, housing and industry, with only 13% 
remaining intact. Chemical and nutrient runoff from industry, 

Figure 8. Location of the Hawkesbury-Nepean river 
system.
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residential development and agriculture, plus wastes from 
more than 20 major sewerage plants, are polluting the water, 
causing frequent outbreaks of toxic blue-green algal blooms. 
Noxious weeds cover parts of the riverbanks and impede 
natural water flows, accompanied by serious riverbank 
erosion.

Several major sewerage treatment plants discharge effluents 
into the Hawkesbury River sub-catchment, with water quality 
and flow impacts.  Polluted water poses serious health risks 
to both ecosystems and human beings.  The failing ability 
of the Hawkesbury-Nepean River system also is directly 
affecting the survival of the native plants and animals that 
rely on the health of the system. The river system’s poor 
water quality also is being exacerbated by the quantity 
of water continuously being drawn from it, resulting in a 
decreasing water volume where the degree of pollution has 
increased. As a result, there is now insufficient regular water 
flows to flush pollutants from this river system.

4. Interventions undertaken to address ecosystem 
degradation

There are several ongoing activities in the region, being 
coordinated under the Hawkesbury Nepean Catchment 
Action Plan (CAP). Some of these activities directly address 
degradation of ecosystem functioning, including the 
following:

• Greening Australia’s Hawkesbury-Nepean River 
Recovery Program aims at rehabilitating 2,500 km 
of river, creek and stream banks by 2015, in order 
to ensure the future of the catchment’s water quality, 
biodiversity and recreational values. This is being done 
by undertaking the following activities:

o Restoration and rehabilitation of native vegetation 
along the riverbanks;

©
 P

H
IL

LI
P

M
IN

N
IS

 | 
D

R
E

A
M

S
TI

M
E

.C
O

M

THE HAWKESBURY RIVER



CASE STUDIES 31

o Construction of fencing to improve riverbank 
rehabilitation;

o Removal of weeds and implementation of 
strategies to minimise nutrient loads to the river, 
fostering re-establishment of aquatic native 
vegetation and the habitats it provides;

o Minimization of sediments and nutrients, and 
removal of rubbish;

o Working strategically with stakeholders to address 
major causes of poor water quality (e.g., sewage 
treatment works);

o Working with government to ensure adequate 
water flows are maintained to protect the health of 
the river system;

o Improvement of the river system’s resilience to 
climate change by early adoption of prevention 
and adaptation methods.

• Sydney’s Rouse Hill Recycled Water Area Scheme 
helps reduce the environmental impacts of urban 
development on the Hawkesbury Nepean River 
system. Sydney Water owns and manages the trunk 
drainage system in the Rouse Hill area. The Sydney 
Water activities, under a framework of integrated water 
(cycle) management, managing water, wastewater and 
storm water together, also are resulting in advancing 
sustainable ecosystem management, including 
undertaking activities in the following areas:

o The impacts of all three water components 
are monitored in regard to the water quality of 
local rivers, with the users’ bill including a river 
management charge;

o Wastewater in Rouse Hill receives extra treatment 
to a standard that allows it be recycled.  The 
recycled water, in turn, is fed back to homes in 
the area in a separate pipeline for outdoor use 
and toilet flushing. Any wastewater not recycled 
is released into manmade wetlands, thereby 
providing ecosystem services while also reducing 
polluting substances. When treated wastewater 
is discharged to the river, the advanced treatment 
ensures the adverse impacts on water quality are 
minimized. This process is considered a means of 
imitating and accelerating the water cycle natural 
processes;

o Storm water in Rouse Hill is collected in grass-
lined channels that feed the storm water system 
through a series of traps.  The traps capture 
the rubbish, and the water moving through the 
wetlands reduces the quantity of pollutants 
entering the river system. Wherever possible, these 
channels follow the natural water course through 
the area. According to Sydney Water, some 
concrete channels have been used in areas where 
flood waters may cause erosion.

The scheme was begun in 2001 and it is estimated that, 
on average, Rouse Hill scheme has reduced drinking water 
demands by about 40%.  This is obviously an important 
intervention to address the degradation of the Hawkesbury-
Nepean Rivers system.

5. Results of interventions

Since 1990, upgrading and closing sewage treatment plants, 
recycling water to decrease the volume of discharges, 
providing sewerage services to existing un-sewered urban 
village areas, and providing improved sewerage services in 
the Blue Mountains and Western Sydney has   resulted in a 
remarkable improvement in the quality of the Hawkesbury-
Nepean River system. The pace of activities will increase in 
the near future. The work has so far contributed to a greater 
than 75% reduction in the total phosphorus load discharged 
to the river, and a greater than 40% reduction in the nitrogen 
load, in spite of significant population growth within the 
catchment over the last ten years. Regular sampling of 
some waterways has shown that streams in some areas are 
returning to natural, near-pristine condition, and there has 
been a marked increase in the number of some indicator 
species since the closure of the plants.

The Hawkesbury Nepean Catchment Action Plan (CAP), 
approved in March 2008, is setting targets and timetables 
to ‘improving the condition of riverine ecosystems, and 
conditions and extent of important wetlands; reducing 
declines in the conditions of marine waters and ecosystems; 
improving the ability of groundwater systems to support 
groundwater-dependent ecosystems and designated 
beneficial uses; and improving estuary condition’.

The CAP includes measures for improving the health of 
riparian lands, including managing increased areas for 
conservation, for vegetation regeneration, for vegetation 
rehabilitation, or as public passive recreation river access 
areas. It also specifies measures for sustainable use and 
recovery of threatened aquatic species, increasing the 
length of improved in-stream habitats. It also specifies the 
importance of understanding, maintaining and improving 
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wetland functions, wherein the function of being a treatment 
measure for reused storm water in within the framework 
of ongoing operations under Sydney Water. Further, 
implementation of the CAP includes improving the ability of 
groundwater systems to support groundwater-dependent 
ecosystems, including estuarine and marine ecosystem 
functioning where necessary and appropriate.

The implementation timeframe for the Hawkesbury Nepean 
Catchment Action Plan is 2016, and depends on a great 
deal of stakeholder cooperation. And even though the 
CAP was not agreed until 2008, several activities were 
initiated long before that time, as were the cooperative 
arrangements, and an ecosystem functioning approach.

6. Lessons learned

• Any activity undertaken to address ecosystem impacts, 
whether it utilizes wetlands as a system for treating 
storm water, or constructing fencing to improve 
riverbank rehabilitation, must be viewed as an integral 
part of sustainable use of river basin ecosystems, and 
the services they provide;

• Measures undertaken to ensure the provision of 
ecosystem services must be taken within an IWRM 
approach, within which urban impacts on water 
quantity and quality must be addressed together;

• Because every action undertaken in a given area can 
have impacts on downstream ecosystems and the 
services they provide, the sustainable development of a 
large watershed containing a large population requires 
an all-encompassing planning framework, particularly 
to ensure all the synergistic effects of actions taken to 
ensure long-term sustainability are recognized;

• Rehabilitation can take a long time, and monitoring 
efforts are necessary to determine the extent 
rehabilitation goals are being achieved.

7. For further information

Anderson, J.M. (2005).  Restoration of the Hawkesbury-
Nepean river system, New South Wales Australia. Water 
Intelligence Online © IWA Publishing 2005 

 http://www.iwaponline.com/wio/2005/03/
wio200503005.htm

Web links to Greening Australia and to Sydney Water:

 http://www.greeningaustralia.org.au/visionary-projects/
hawkesburynepean-river-recovery

 http://www.sydneywater.com.au/SavingWater/
RecyclingandReuse/RecyclingAndReuseInAction/
RouseHill.cfm

Hawkesbury Nepean Catchment Management Authority:

 http://www.hn.cma.nsw.gov.au/multiversions/3296/
FileName/Vol2_Hawkesbury%20River%20freshwater%2
035-37.pdf 
http://www.hn.cma.nsw.gov.au/topics/2181.html

Wetland link for Hawkesbury-Nepean River restoration 
project:

 http://www.wetlandlink.com.au/content/hawkesbury-
nepean-river-restoration-project
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B. STREAM AND WETLAND RECREATION AT THE KELLY LAKES (WISCONSIN, USA)

Jeffrey Thornton & T.M. Slawski, Southeastern Wisconsin Regional Planning Commission,  
Waukesha, Wisconsin USA

3. Ecosystem degradation, causes and impacts

By the late-1990s, the level of urban-density development 
in the watershed reached a level such that the lands 
surrounding the Kelly Lakes were identified in the City of 
New Berlin storm water management plan as being both 
a water quality and flooding risk (Camp Dresser & McKee 
Inc., 1998). The approximately 1.2 ha project site adjacent 
to Upper Kelly Lake was confined by a roadway and utility 
rights-of-way, residential homes, and the lake itself, with the 
site having a significant amount of fill (concrete, asphalt, and 
various soils).

The inflowing Upper Kelly Lake Tributary was channelized 
from the headwaters to its confluence with Lower Kelly 
Lake, limiting the quantity, quality and diversity of available 
in-stream fisheries and macro-invertebrate habitat.  It was 
constrained at the project site by the elevations of a box 
culvert and a corrugated metal pipe from an unnamed 

Figure 9.  Location of Kelly Lakes (Wisconsin, USA).

1. Type and location of ecosystem

Upper and Lower Kelly Lakes (Figure 9) are glacial 
lakes located in southeastern Wisconsin (USA), in the 
southeastern portion of the City of New Berlin, Waukesha 
County, and in the western portion of the Village of Hales 
Corners, Milwaukee County. The lakes were formed by the 
Green Bay lobe of the Lake Michigan Glacier during the 
Wisconsin Period of glaciation approximately 12,500 years 
BP. 

Lower Kelly Lake, a 1 ha spring-fed lake, drains northward 
into Upper Kelly Lake. The 5 ha Upper Kelly Lake is a 
drainage lake located on a tributary stream to the Root 
River, which subsequently drains to the Lake Michigan 
basin of the Laurentian Great Lakes. Upper Kelly Lake is 
elongate in shape with a single large basin, a maximum and 
minimum depth of 9.4 m and 5.2 m, respectively, and a 
volume of 260,000 m3. The lake’s total drainage area is 398 
ha, with the watershed sloping in a southwesterly direction 
over a horizontal distance of approximately 3.5 km, from a 
maximum elevation of about 272 m (US National Geodetic 
Vertical Datum of 1929) to an elevation of about 246 m at 
the Lakes’ surface area.

2. Ecosystem services provided by ecosystem 

Prior to 1950, the land surrounding the lakes was primarily 
agricultural. These agricultural uses resulted in the perennial 
stream that flowed into Upper Kelly Lake to be ditched, 
straightened and relocated to the west of Upper Kelly Lake 
during the late-1800s, while the lake itself provided irrigation 
water to the surrounding lands.  The current land use within 
the drainage basin is primarily urban, with some open lands, 
including wetlands, woodlands and other natural areas.  
Residential lands are the principal urban feature of the Kelly 
Lakes tributary drainage area, with approximately 3,370 
persons residing in approximately 1,120 housing units within 
the drainage area tributary to the Kelly Lakes as of the year 
2000. 

The lakes, Upper Kelly Lake in particular, serve as visual 
and recreational amenities in this lake-oriented community, 
and also as part of the City of New Berlin storm water 
management system, providing both water quality benefit 
and flood management services.
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tributary. The Upper Kelly Lake Tributary and project site 
were characterized by unstable stream banks, sediment 
deposition from construction activities within the stream 
channel, habitat degradation from past channelization, 
wetland losses and degraded water quality as a result of 
nonpoint-source pollution from urban development. 

4. Interventions undertaken to address ecosystem 
degradation

The Upper Kelly Lake Tributary within the project limits 
was approximately 140 m in length, with a sinuosity 
of 1.2. Historic channelization led to this low sinuosity, 
correspondingly limiting the pool/riffle structure characteristic 
of natural streams. While the stream banks were moderately 
stable, they were slightly entrenched with corresponding 
moderately steep banks. To meet the flood management 
objective, it was necessary to ensure the project provided 
additional flood storage volume, and did not increase the 
100-year regulatory flood stage by more than 0.3 cm, 
as required by the City of New Berlin zoning ordinance 
and Chapter NR 116 of the Wisconsin Administrative 
Code.  Further, to achieve the water quality objective, 
it was necessary to reconnect the stream channel with 
its floodplain, stabilize the channel banks and natural 
meanders and re-establish a more natural wetland plant 
community within the floodplain (Thornton et al., 2007).  
The stream design approach sought to integrate fluvial 
geomorphology with habitat biodiversity elements, thereby 
developing a stable and biologically-diverse channel and 
range of physically diverse habitats. The remedial measures 
undertaken included:

• Acquisition of the 1.2 ha project site by the project 
sponsor (Kelly Lakes Association Inc.);

• Removal of between 0.5 - 1.0 m of historically-placed 
fill from the project site;

• Re-creation of in-stream meanders, with meander 
lengths of between 33.5 - 48.8 m, amplitudes of 
between 10.0 - 15.2 m, and radii of curvature between 
7.6 - 11.0 m, based on the maximum and minimum 
observed bankfull channel widths; and 

• Planting and seeding of native wetland vegetation 
adjacent to the stream, and in its floodplain.

The Kelly Lakes Association Inc. was formed in 1994 by 
the residents living around and adjacent to the Upper and 
Lower Kelly Lakes, as a nonstock, not-for-profit corporation 
created under Chapter 181 of the Wisconsin Statutes.  
Corporations formed in terms of this Statute have the same 

access to cost-share funding, derived from revenues from 
the state gasoline tax, as their governmental counterparts. 
The Kelly Lakes Association received US$ 30,000 in grant 
funds under these programmes, leading to completion of 
a lake management plan (SEWRPC, 2000), as well as US$ 
344,000 in grant funds to purchase riparian properties and 
restore the wetland and stream area flowing into Upper Kelly 
Lake. The City of New Berlin and Village of Hales Corners, 
at the behest of the Association, contributed a significant 
proportion of the US$ 77,420 cost-share required by the 
various grant programmes.

5. Results of interventions

Through this process, the citizens and Kelly Lakes 
Association Inc. have developed working relationships with 
their elected officials, received financial support from both 
the City of New Berlin and the Village of Hales Corners, 
and accessed technical assistance from water resources 
professionals who helped the community to develop and 
document the lake, stream, and wetland management and 
restoration plans (e.g., SEWRPC, 2000). The redesigned low 
flow channel was constructed with low-flow pool habitats 
located at the bends of the meanders, the geometry of 
which was calculated using empirical relationships (Leopold 
and Wolman, 1960; FISRWG, 1998), with asymmetrical 
cross-sections to better mimic natural pool dimensions 
(Riley 1998), and riffle habitats located within the straight 
sections between bends as natural gradient control 
structures. Variations were incorporated into the meander 
geometries. About 0.1 m of gravel, ranging from small-sized 
gravel with a diameter of 2.5 mm, to large-sized gravels 
with a diameter of 50 mm, was placed in the riffles to 
increase bottom grade, enhance the hyporheic zone (stream 
bottom) habitat, and ensure the stability of the streambed 
(Symposium, 2002). The project area was seeded and 
planted with native wetland vegetation.  Post-design analysis 
indicated the project decreased the 100-year flood stage 
by about 0.1 m within the newly created 5.75 ha floodplain/
wetland, providing an additional floodwater storage volume 
of about 7,160 m3, adequately preserving flood storage 
capacity. Further, because the stream was re-connected 
with its floodplain, sufficient floodwater storage volume was 
achieved to offset the placement of fill associated with a 
new pump house serving the City of New Berlin Water Utility 
(Figure 10). 

6. Lessons learned

• Completion of the stream and wetland restoration 
project for Upper Kelly Lake and its inflowing stream 
highlights the success of an holistic approach to 
managing environmental problems;
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• Stakeholder participation can be empowered by the 
process, leading to real, sustainable changes

• Designing interventions mimicking the natural structure 
and function of aquatic systems can provide cost-
effective, sustainable solutions to shared concerns, 
even in heavily-built urban environments;

• Coupling adaptive management and monitoring 
efforts provides a more efficient means for adjusting to 
changing ecosystem conditions.

7. For further information

Camp Dresser & McKee Inc. (1998). Storm Water Master 
Plan for the City of New Berlin, December 1998.

SEWRPC (2000). A Lake Protection Plan for the Kelly 
Lakes, Milwaukee and Waukesha Counties, Wisconsin. 
Memorandum Report No. 135, Southeastern Wisconsin 
Regional Planning Commission (SEWRPC), Waukesha 
(http://www.sewrpc.org).

[Symposium] 2002. Symposium on Small Stream Channels 
and Their Riparian Zone: Their Form, Function and 
Ecological Importance in a Watershed Context. University 
of British Columbia, Vancouver. February 19-20, 2002.

Thornton, J.A., T.M. Slawski, S.W. Teske, W. Rast and M.R. 
Cascio (2007). The World Lake Vision and ecohydrology: 
Case study from Wisconsin, USA. Ecohydrology and 
Hydrobiology 7(2):113-124.

Figure 10.  Upper Kelly Lake tributary prior to (2003), and after (2005), channel restoration.
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CHAPTER FIVE

Enhancing stakeholder involvement

This case study focuses on activities directed to facilitating the participation of stakeholders in lake 
basin management efforts, including lake basin and lake-dependent communities and relevant 
authorities.  Income-generating activities as an integral component of this approach also are 
discussed.

LAKES OSMANSAGAR AND HIMAYATSAGAR: TWO DRINKING WATER SUPPLIES 
FOR HYDERABAD (INDIA)

Mohan Kodarkar, Indian Association of Aquatic Biologists (, Hyderabad, India

2.  Ecosystem services provided by ecosystem

(a)  Drinking water supply:  The two reservoirs supply 
more than 6,000 m3 of drinking water almost free 
of cost, meeting 5-10% of the total potable water 
demands of India’s sixth largest metropolitan city. 
The water is of very high quality, needing minimum 
treatment before being supplied by gravity to areas 
forming parts of the old city. 

Figure 11. Hyderabad lakes drainage basin (Andhra Pradesh, India.
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1. Type and location of ecosystem 

Conceived by one of the brilliant engineering minds in 
India, Mokshagundum Visweswarayya, two drinking 
water reservoirs, Osmansagar and Himayatsagar, were 
constructed about 100 km northwest of the city of 
Hyderabad.  Their construction was a part of a disaster 
management programme implemented after devastating 
floods from the Musi River in 1908 (Figure 11; Table 1). 
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Parameter Osmansagar Himayatsagar

Catchment (km2)                                           740 1,307

Surface (km)                                                  22 21

Length (km)                                                   8.8 7.8

Width (km)                                                     5.1 4.2

Maximum depth (m)                                    31.7 23.9

Shoreline (km)                                                44.2 35.4

Full reservoir level (FTL, in feet) 1,790.00 1,753.50

Storage capacity at FTL (thousand million ft3; TMC) 3.900 2.967

Table 1. Physiography of Osmanasagar and Himayatsagar, Hyderabad.

(b)  Biodiversity and fishery:  High biodiversity supported 
by the two ecosystems confirm their good ecological 
health. Osmangasar Reservoir, for example, contains 
27 species of algae, 31 species of zooplankton, and 17 
species of fish. The biodiversity-linked structural and 
functional integrity of ecosystems highlights the healthy 
environmental status of the lakes, which support a 
flourishing fishery and fast-vanishing irrigation in the 
command.

(c)  Recreation:  The two lakes are used for recreational 
purposes.  Picnic spots also have been developed 
along its shoreline, with well-laid gardens and public 
amenities. 

3. Ecosystem degradation, causes and impacts

(a) Interruption of natural flows:  The watershed areas of 
the two reservoirs is about 584 km2, having undergone 
significant alterations because of large-scale rainwater 
harvesting structures.  A recent study illustrated that 
there is some type of intervention, in the form of check 
dams, percolation tanks or contour trenching, for every 
2 ha of watershed area.  These structures, in effect, 
have blocked the water flows in recent years on such a 
scale that the water bodies are not achieving Full Tank 
Level (FTL), even causing the system to go completely 
dry during some years. The reservoir hydrology problem 
is further exacerbated by perceptible changes in the 
monsoon pattern over the past 25 years.

(b)  Eutrophication:   Pockets in both reservoirs are 
recently showing signs of eutrophication attributed to 

urbanization with shoreline villages lacking sewage 
treatment facilities. As an example, a once sleepy rural 
settlement (Chilkur) has become a great pilgrimage 
center visited daily by thousands of people. Being on 
the shore of Osmansagar Reservoir, the settlement is 
definitely degrading the ecosystem.  The same is true 
for urban centers within the watershed.

(c)  Violation of protective bio-conservation zone: The 
state Government issued Government Order (GO) 
Ms.No.111 in 1996, which contained a number of 
important provisions for conservation of Osmansagar 
and Himayatsagar Reservoir. Based on this GO, up 
to 10 km of the peripheral shoreline area at Full Tank 
Level (FTL) was declared as a conservation zone, with 
the establishment of polluting industries, major hotels 
and residential colonies being prohibited. Unfortunately 
many violations of these protective provisions have 
resulted in environmental degradation of all three 
attributes, viz. basin, reservoir and command of the 
reservoirs in recent years. 

4.  Interventions undertaken to address ecosystem 
degradation

The reservoirs have supplied good quality water since 
their construction. Over the last 60 years, however, many 
problems have arisen as a result of changing land and water 
use patterns, and urbanization of the reservoir basins. To 
meet these challenges, the above-noted comprehensive 
GO was issued, containing excellent provisions for ensuring 
the long-term sustainability of their water resources. The 
real challenge is to determine how to meet developmental 
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demands and the economic aspirations of the basin 
population, while also maintaining the ecological integrity of 
the two reservoirs.

Fortunately, there is a strong people’s movement in 
Hyderabad, and the civil society demands can be articulated 
in the following lines: 

• Check dams and other types of water-harvesting 
structures that obstruct the water inflows must be 
removed to ensure natural water flows needed to 
maintain the hydrology of the reservoirs;

• Organic farming must be promoted, including possible 
incentives to help farmers make the transition needed 
to achieve their legitimate economic aspirations, 
thereby also reducing the pesticide and fertilizer load to 
these water resources;

• Funding must be provided to revive the reserve forests 
in the catchment areas of both reservoirs, and the same 
must be declared as protected areas/national parks;

• No commercial activities of a polluting nature should be 
allowed in any three components of the ecosystems, 
viz. basin, reservoir and command; 

• A high-level committee, with representatives from key 
Government departments and civil society, should 
be constituted to annually review actual scenarios 
regarding the enforcement of GO 111 on a quarterly 
basis;

• Decentralized and ecologically-sustainable sewage 
treatment systems must be encouraged in the basin 
habitations by a suitably-designed subsidy policy in 
order to avoid ground and surface water pollution;

• All 22 inlets feeding both reservoirs must be marked 
with the help of modern technologies (e.g., Global 
Positioning System (GPS); remote sensing), and also 
cleared of obstructions. 

6. Lessons learned 

• Drinking water resources (lakes, reservoirs, rivers, etc.) 
need special protection from degrading influences 
arising from the basin, including both point and non-
point pollution sources.

• Water basins exert profound influences on the 
ecological health of their component ecosystems, in 
turn affecting ecosystem services, thereby requiring top 
priority in managing water resources.

• The upstream areas of the reservoirs should be 
promoted into a certified agriculture export zone, 
with incentives similar to those adopted for Special 
Economic zones (SEZ) be used to make agriculture 
more remunerative and sustainable for basin farmers.

• Synergy must be established between lake-basin and 
lake-dependent communities, typically requiring a single 
authority to coordinate inter-departmental activities, 
conflict resolution and the decision-making process, 
so as to maximize ecosystem benefits to all the 
communities.

• Alternate income-generation opportunities for basin 
communities through the introduction of eco-friendly 
activities have the potential to prevent/preempt 
negative developments with adverse impacts on water 
resources.

• Laws enacted to protect water resources must be 
implemented in letter and spirit, including amending or 
developing laws to address challenges regarding the 
sustainable use of water resources.

• Handling the diverse impacts emerging from 
urbanization of reservoir basins is a major challenge 
for long-term sustainability, ecological integrity and 
uninterrupted flow of ecosystem goods from a water 
resource, including handling of sewage as a potential 
resource rather than as a waste management issue, 
and ensuring toxic industrial effluents receive effective 
treatment and safe disposal.

• Strong people’s organization, non-governmental 
organizations (NGOs), and knowledge and information-
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based networks have a special place in integrated 
ecosystem conservation and management, including 
functioning as watchdogs to facilitate good water and 
ecosystem governance.

7. For further information

Hyderabad Urban Development Authority (HUDA) (2005). 
Proceedings, National Seminar on Management of Urban 
Lakes, 1-2 December, 2005, Hyderabad, India. 

ILEC (2005). Managing lakes and their basins for sustainable 
use:  Report for lake basin managers and stakeholders.  
Proceedings, Lake Basin Management Initiative 
ILEC/Lake Net Workshop for Asia, International Lake 
Environment Committee Foundation, 1-4 September 
2003, Kusatsu, Japan.

Kodarkar, M.S. (1995). Conservation of lakes, case study of 
five lakes in and around Hyderabad, Andhra Pradesh, 
India. Publ.3, Indian Association of Aquatic Biologists 
(IAAB), Hyderabad. p. 85.

Kodarkar, M.S. and S. Joshi (2006). Conservation 
and management of lakes in urban environment:  
Bioremediation – a new frontier in the control of 
eutrophication in urban lakes. Proceedings, World Lake 
Conference, Vol. II, International Lake Environment 
Committee, Nairobi, Kenya. pp. 79 – 82.  

World Bank (2005). Lessons for managing lake basins 
for sustainable use. Report No. 32877, Environment 
Department, World Bank, Washington, D.C.

Zafar, A.R. (1959).  Taxonomy of lakes.  Hydrobiologia 
13(3):187-299.
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CHAPTER SIX

Integrated watershed management

The case studies discussed in this section focus on utilizing structural or non-structural approaches 
within the context of Integrated Water Resources Management (IWRM) or other management 
framework designed specifically to prevent or reduce degradation of aquatic ecosystems, or to 
rehabilitate already-degraded aquatic ecosystems.

A. HABITAT RESTORATION:  
STABILIZATION OF EROSION IN THE 
BINATIONAL BERMEJO RIVER BASIN 

(ARGENTINA, BOLIVIA)

Jeffrey Thornton, International Environmental 
Management Services Ltd, Waukesha, Wisconsin USA

1. Type and location of ecosystem

The Bermejo River Basin is located in southern Bolivia, in 
the Department of Tarija, and in northern Argentina, where 
it embraces portions of the provinces of Chaco, Formosa, 
Jujuy and Salta (Figure 12). The Bermejo River Basin forms 
an important tributary of the la Plata River, embracing some 
123,200 km2 of Andean piedmont. About 11,900 km2 (10%), 
belongs to the Bolivian portion, and the rest to the upper 
and lower basin in the Argentine portion. The river has a 
length of about 1,300 km, passing through the entire extent 
of the huge Chaco Plain.  It serves as a link between two 
important geographic features of southern South America; 
namely, the Andes Mountain Ranges and the Paraguay-
Parana River system, and provides an important corridor 
connecting the biotic elements of the Andean Mountains 
and the Chaco Plain. 

2. Ecosystem services provided by ecosystem

This extensive basin contains urban centers and areas of 
widely-differing degrees of social, agricultural, commercial 
and industrial development, many which produce goods of 
national significance.  All are sustained and supported, at 
least in part, by the waters of the Bermejo River. There is 
an exceptional diversity of habitats along the course of the 
river, as well as a great potential for human development and 
sustainable exploitation of its resources. The Department 
of Tarija, for example, produces wine and beverages, fruits 
and vegetables, and sugarcane.  Areas of the Provinces 
of Chaco and Formosa produce cotton, and fruits and 

vegetables are grown around the city of Oran in the Province 
of Salta, as well sugar cane in the provinces of Salta and 
Jujuy. Extensive livestock operations, including cattle, 
sheep and goats, are widespread in a great part of the 
basin. Crops such as soybean are gaining importance in 
the piedmont zone of the upper basin in Argentina, while 
rice growing is increasing in the lower basin, where it results 
in high seasonal demands on the water supply, thereby 
requiring sound water and soil management. Despite 
this wealth of natural resources, however, the population 
nevertheless suffers from low income levels, with the 
indicators of education, health and sanitary conditions being 
among the lowest anywhere in the two countries. A large 
proportion of the population, estimated at 1.2 million in the 
late-1990s, is below the poverty line. Among this group, the 
indigenous population is most disadvantaged, followed by 
rural workers and small-scale agricultural producers, many 
of whom migrate each season in search of employment.

3. Ecosystem degradation, causes and impacts

Erosion and sedimentation are currently serious problems 
in the basin. Studies have demonstrated that the Bermejo 
River produces about 90% of the sediment that flows 
into the la Plata River through the Paraguay-Parana River 
system. Severe soil erosion and desertification is found to 
varying degrees, and soil productivity is low in large parts of 
the basin. This is one of the more significant factors leading 
to low income levels, encouraging temporary migration 
by workers and small producers.  This situation, in turn, 
results in general neglect of rural establishments and in 
unsustainable farming practices that exacerbate erosion and 
sediment transport into the River. 

4. Interventions undertaken to address ecosystem 
degradation

The initial step in the process of ecosystem stabilization and 
restoration was preparation of a “Strategic Action Program 
for Binational Basin of the Rio Bermejo” (OAS, 1999), with 
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funds provided in part by the Global Environmental Facility 
(GEF). The Strategic Action Program (SAP) is an instrument 
for coordinating the components of effective basin 
management between the responsible local institutions, 
with the objective of achieving sustainable development of 
the basin through incorporating environmental concerns 
into development policies, plans and programmes. It 
cost in excess of US$ 5,500,000 to prepare the Bermejo 
River Basin SAP. A GEF grant of US$ 2,990,000 was 
supplemented with additional financing of US$ 150,000 
from the United Nations Environment Program (UNEP), US$ 
75,000 from the Organization of American States (OAS), 
and US$ 2,510,000 from the Bolivian and Argentinean 
governments.  The SAP was prepared as a joint effort by the 
governments of Argentina and Bolivia, working through the 
Binational Commission for Development of the Upper Basin 
of the Rio Bermejo and the Rio Grande de Tarija. The total 
budget to implement the projects and activities identified in 
the SAP is estimated at approximately US$ 470 million, to 
be disbursed over a period of about 20 years. 

A number of interventions were undertaken as part of the 
SAP formulation to stabilize the highly-erodible sediments in 
the Bermejo River Basin, including:

• Construction of check dams or soil erosion control 
structures in the upper portions of the basin in the 
Department of Tarija;

• Re-creation of terraces for sustainable agricultural 
development in the middle basin, in the vicinity of the 
City of Bermejo;

• Restoration of seasonal flooding of grasslands in the 
lower basin, near the City of Formosa; and

• Introduction of community-based informational and 
educational programmes to encourage re-vegetation 
of river corridors in the lower basin, and adoption of 
sustainable agricultural practices.

These interventions were typically joint ventures between 
provincial governments, university extension services and 
local communities. 

Finally, the proposed Multi-Use Project (APM) for the upper 
Rio Bermejo basin, sponsored by the governments of both 
countries, and not included in the schedule of required 
investments described above, calls for a multiple-purpose 

Figure 12.  Location of Bermejo River Basin (Boliva, Argentina).
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development to regulate the flows of the Río Grande de 
Tarija and produce hydroelectric energy (APM Cambari), 
and reconstruction of the Desemboque Road.  This will be 
undertaken together with a multiple-purpose development to 
regulate the flows of the Grande de Tarija River and produce 
hydroelectric energy (APM Las Pavas and Arrazayal). The 
latter activities are intended to regulate water flows in order 
to increase minimum flows during the dry season, thereby 
facilitating the possibility of irrigating large areas suitable for 
agriculture in Bolivia and Argentina, as well as generating 
hydroelectric power, providing partial flood control, and 
supplying water for human and industrial consumption.

5. Results of intervention

The process of SAP formulation has strengthened the 
Binational Commission for Development of the Upper 
Basin of the Rio Bermejo and the Rio Grande de Tarija by 

creating a framework for integrating the activities of the 
many organizations with responsibilities or involvement 
in managing water and other natural resources of the 
Bermejo River basin. In Argentina, for example, the federal 
structure of government, and the means by which powers 
have been delegated under the Constitution, ownership, 
jurisdiction and responsibility with respect to natural 
resources, and particularly with respect to water, lies with 
the provincial governments.   The exception is navigable 
waterways, the responsibility for which falls under national 
jurisdiction. The co-existence of provincial and national 
agencies with responsibility for water management and 
other natural resources generates some overlapping 
of federal and provincial competencies and interests in 
particular situations (e.g., inter-jurisdictional watersheds). 
The unitary political organization in Bolivia, for example, 
places responsibility for water management under the 
authority of the national government, although because of 
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administrative decentralization, powers over environmental 
issues and water management have been delegated to the 
departmental prefectures and municipalities, under a system 
of national ownership and legislation. As a result, there are 
remaining difficulties in reconciling the interactions between 
agencies and communities within the Bermejo River Basin.

Notwithstanding these ongoing difficulties, the project was 
extremely successful in facilitating substantial changes at 
the community level. The non-governmental organization 
(NGO), Vide Verde, in Bolivia worked in cooperation with 
the Department of Tarija to encourage sustainable land 
management practices in the upper watershed. This area 
of the basin was created as a result of the Andean tectonic 
movements lifting a former lake bed to an elevation of about 
3,000 m, causing the highly-friable former lake sediments to 
become highly erodible, especially if subjected to extensive 
pastoral activity. By utilizing the waters impounded by the 
check dams, the NGO shifted the production base from 
pastoral activities to row-crop cultivation. Removal of the 
livestock reduced the impacts of hooves on the soil surface, 
thereby reducing erosion, while the introduction of row-crops 
diversified the diet of the local population, contributing to 
enhanced public health. 

In the middle basin, the activities of the university extension 
service encouraged introduction of terraced agriculture in 
the cloud forests of the Andean piedmont. The terraces, 
formerly widely used by indigenous communities until 
replaced by European concepts of cultivation, reduced the 
degree of “slash and burn” exploitation occurring on the 
cloud forest lands, while also allowing more sustained soil 
use. The innovation introduced by the extension service 
was use of fruit trees as a crop, rather than planting native 
vegetation.  The latter was viewed by the community as 
a nuisance, since such vegetation would have to be cut 
down at a future date to allow exploitation of the soil’s 
agricultural potential. In contrast, terracing stabilized the 
soils, allowing the use of tree leaf litter as compost, and 
producing more reliable crops for the formerly-subsistence 
community. Supported by nursery gardens operated by the 
municipal government, training provided by the university, 
and a provincial government revolving loan fund, it achieved 
widespread acceptance by the community.  As in the upper 
basin, these actions also diversified the income sources 
for the community, diversified food crops and reduced soil 
erosion.

In the lower basin, which is subject to periodic inundation 
and flash floods, and also exacerbated by upstream 
deforestation, actions introduced by federal and provincial 
governmental agencies included environmental education in 
the school curriculum. This resulted in concerted community 

interest in sustainable activities, including restoring riverine 
forests and protecting the Bermejo River floodplains. By 
allowing natural seasonal flood land inundation, which was 
previously controlled through dike and berm constructions, 
the grassland fertility was maintained.  Many invasive 
species of woody vegetation were controlled naturally by the 
floods, while the maintenance of the riverine forests helped 
stabilize river banks.

6. Lessons learned

• The practices installed in the basin will ultimately require 
maintenance or replacement, particularly in the case of 
check dams and other soil stabilization practices in the 
upper portions of the basin, necessitating a competent 
authority tasked with such management.

• Empowerment of local communities that embraced the 
structural interventions increased the probability that 
maintenance will be undertaken even in the absence of 
governmental interventions.

• A fully mature and functional basin management 
organization in the binational Bermajo River Basin will 
require further work, with many recommendations in the 
SAP yet to be fully implemented, due partly to basin-
scale investments and interventions being beset by 
financial and political instabilities affecting the region.

• The success of community-level actions provides an 
excellent example of the adage, “think globally {at the 
basin level}, but act locally.”

7. For further information

OAS [Organization of American States] (1999). Strategic 
Action Program for the Binational Basin of the Bermejo 
River. Binational Commission for the Development of 
the Upper Bermejo and Grande de Tarija River Basins, 
Buenos Aires (www.cbbermejo.org.ar).
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B. RIVER BASIN MANAGEMENT IN 
SOUTHERN AFRICA:   

(1) RIVER BASINS

Hillary Masundire, Department of Biological Science, 
University of Botswana 

1. Type and location of ecosystem

Seven major river basins are shared by 11 countries in 
southern Africa, including the following: (i) Zambezi (8 
states); (ii) Limpopo (4 states); (iii) Orange/Senqu (4 states); 
(iv) Okavango (3 states); (v) Ruvuma (3 states); (vi) Cunene 
(2 states); and (vii) Komati (3 states).  Portions of some of 
the countries occupy several transboundary river basins, 
including: (i) Angola (4); (ii) Botswana (4); (iii) Mozambique 
(4); (iv) South Africa (4); and (v) Zimbabwe (2). According 
to the Southern  African Development Community (SADC, 
2000) Water Policy, 15 major river basins are transboundary 
or comprise watercourses shared by two or more countries 
Table 2, opposite). 

The major river basins in the sub-continent are shown in 
Figure 13.

2.  Ecosystem services provided by ecosystem

The river basins of southern Africa provide a range of 
ecosystem services, as summarized below for selected 
basins.  These services include domestic and industrial 
water for both urban and rural communities; agriculture 
(rained crop production and irrigation); hydroelectric and 
thermal power generation; wildlife reserves; navigation; 
tourism; fishing; mining; and timber and non-timber forest 
products.

3.  Ecosystem degradation, causes and impacts

Many southern Africa river basins are experiencing such 
problems land degradation, water pollution, and high water 
consumption and water losses.  These problems result in 
water scarcity and water shortages, including both water 
quantity and quality concerns.  In attempting to address river 
basin management at a sub-continental (regional) level, the 
SADC encountered the following problems:

• Weak legal and regulatory framework;

• Inadequate institutional capacities of national water 
authorities, and regional or river basin organizations;

• Weak policy framework for sustainable development of 
national water resources;

Figure 13.  Major river basins of southern Africa
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Table 2. Some major river basins of southern Africa 

River basin Countries sharing basin

Zambezi Angola, Botswana, Malawi, Mozambique, Namibia, Tanzania, Zambia, Zimbabwe

Limpopo Botswana, Mozambique, South Africa, Zimbabwe

Orange-Sengu Botswana, Lesotho, Namibia, South Africa

Nkomati Mozambique, South Africa, Swaziland

Okavango Angola, Botswana, Namibia

Rovuma Tanzania, Mozambique

Cunne Angola, Namibia

Maputo Mozambique, South Africa, Swaziland 

Save Mozambique, Zimbabwe

Pungwe Mozambique, Zimbabwe

• Poor information acquisition, management and 
dissemination systems;

• Low levels of awareness, education and training with 
respect to economic, social, environmental and political 
issues related to water resources development and 
management;

• Lack of effective public participation by all stakeholders, 
particularly women and the poor; and

• Inadequate infrastructure and inability to meet growing 
demands for water service. (SADC Water Policy:  
www.sadc.int). 

4. Interventions undertaken to address ecosystem 
degradation

To achieve regional cooperation, especially on matters 
pertaining to ecosystem management, SADC states signed 
several protocols under the SADC Treaty, including protocols 
on: (i) shared watercourses; (ii) trade; (iii) education and train-
ing; (iv) mining; (v) tourism development; (vi) wildlife conser-
vation and law enforcement; (vii) fisheries; and (viii) forestry.  

The SADC Protocol on Shared Watercourse Systems is 
most directly relevant to IWRM goals. Some of the principles 
guiding this protocol include the following: 

• While respecting state sovereignty, the utilization of 
shared watercourse systems within shall be open to 
each riparian or basin State, in accordance with the 
principles contained in this Protocol; watercourse 
systems may be used for agricultural, domestic, 
industrial, and navigational uses;

• Respecting and applying relevant existing rules of 
general or customary international law; 

• Maintaining a proper balance between developing 
resources to achieve a higher standard of living for their 
peoples, and conservation and enhancement of the 
environment to promote sustainable development;

• Pursuing and establishing close cooperation with regard 
to the study and execution of all projects likely to have 
an effect on the regime of the watercourse system;

• Exchanging information and data regarding the 
hydrological, hydrogeological, water quality, 
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meteorological and ecological condition of such 
watercourse system;

• Utilizing a shared watercourse system in an equitable 
manner, taking into account all existing and potential 
relevant factors and circumstances, including 
geographical, hydrographical, hydrological, climatic, 
social and economic needs of the member States 
concerned;

• Permitting the use of the waters of shared systems only 
after determination that the intended use will not have 
a detrimental effect on the regime of the watercourse 
system;

• Notifying other potentially-affected States and 
competent international organizations of any emergency 
originating within their respective territories;

• Taking all necessary measures to prevent introduction of 
alien aquatic species into a shared watercourse system 
that may have detrimental effects on the ecosystem;

• Using shared watercourse systems and related 
installations exclusively for peaceful purposes, 
consonant with the principles enshrined in the SADC 
Treaty and the Charter of the United Nations, which 
shall be inviolable during times of international and 
internal conflicts; and

• Establishing river basin management institutions (e.g., 
river basin commissions, authorities, boards) with the 
responsibilities of:

(i) Developing a monitoring policy for shared 
watercourse systems; 

(ii) Promoting the equitable utilization of shared 
watercourse systems;

(iii) Formulating strategies for developing shared water 
course systems; and

(iv) Monitoring the execution of integrated water 
resource development plans in shared 
watercourse.

5. Results of Intervention

The importance of the SADC Treaty and its protocols is to 
create an environment that enables actions to be taken on 
the ground – in the ecosystems – at the appropriate space, 

time and institutional scale. There is a political will among the 
States to achieve common goals. The SADC Water Sector 
Coordinating Unit was established at the SADC Secretariat 
to facilitate the implementation of the protocol, with some 
achievements being:

• Improved dialogue among SADC Member States on 
issues pertaining use and management of shared 
watercourse systems;

• Establishment of 3 functioning basin management 
institutions, each with its own secretariat, including:

o Okavango Joint Permanent Commission 
(OKACOM) – 1994;

o Komati Basin Water Authority (KOBWA) – 1992;

o Orange-Senqu River Basin Commission 
(ORASECOM) – 2000;

Each of these shared basin institution operates within the 
context of set of agreed common goals and objectives 
for each basin. Two other institutions are currently in the 
process of being created, including the Zambezi Basin 
Commission (ZAMCOM) and Limpopo Basin Commission 
(LIMCOM).

• Ecosystem-level Results

o Through implementation of the protocol, SADC 
States have accepted to implement Environmental 
Impact Assessments (EIAs) for any developments 
that may be deemed to potentially impact a shared 
watercourse system; 

o All major water resources developments (planned 
or actual) are subject to EIAs, including those 
that cross national boundaries (e.g., construction 
of a hydroelectric power dam at Batoka on the 
Zambezi River between Zambia and Zimbabwe, 
about 60 km downstream of Victoria Falls); 

o The protocol requires States sharing a watercourse 
system (river basin) to inform one another of any 
planned activity that may impact on ecosystem;

o An early-warning system has been established in 
the Zambezi and Limpopo River Basins, particu-
larly to monitor and inform downstream states 
(especially Mozambique) about impending floods.
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 6. Lessons learned

• The SADC Treaty and its Protocols provide a politically-
defined enabling environment for managing river basins 
as ecosystems.

• Establishment of river basin management institutions 
does not necessarily follow ratification of protocols; two 
of the three functioning basin institutions (OKACOM; 
KOBWA) had already been established before the 
protocol came into force in 1998.

• Incentives for cooperation were more appealing than 
simply waiting for protocol ratification (e.g., South Africa 
and Swaziland went ahead with an agreement because 
or an urgent need to jointly manage the Komati 
River for the benefit of the two countries and avert 
looming conflicts relating to water use; ORASECOM 
establishment seems to arise because of acute water 
shortages in the basin.

• The urgency and acuteness of shared problems tends 
to facilitate the development of agreements to co–
manage shared ecosystems; it appears still to be true 
that “necessity is the mother of invention.”

7. For further information

Southern African Development Community (SADC) (2000).  
Protocol on Shared Watercourse Systems.

SADC (2005).  SADC Water Policy.
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RIVER BASIN MANAGEMENT IN SOUTHERN AFRICA: 
(2) OKAVANGO RIVER BASIN

Hillary Masundire, Department of Biological Science, University of Botswana

(Scudder, 2008; Turton et al, 2003), although the advent of 
peace in Angola presents new possibilities for development 
in the upper part of the basin (Pinheiro et al. 2003).

A unique feature of the Okavango River is that it empties 
into an inland delta covering about 15,000 km2. The 
altitude in the basin ranges from about 1,800 MASL in 
the Angolan highlands down to about 940 MASL around 
Maun in Botswana. The Okavango River hydrology is 
dominated by runoff from Angola.  Of the total annual inflow 
of almost 10,000 Mm3, about 95% comes from Angola, with 
Botswana and Namibia equally contributing the remaining 
5% of the inflow.  The annual rainfall is very seasonal, 
ranging from more 1,300 mm in the Angolan highlands to 
about 400 mm in Namibia and Botswana.  The average 
daily temperatures range between 30 – 35º C, which results 
in very high evaporation rates that peak at 1,920; 2,600 
and 2,900 mm at Menongue (Angola); Rundu (Namibia) 
and Maun (Botswana) respectively (Mendeshon and Obeid, 
2004).

2.  Ecosystem services provided by ecosystem

Flora can be broadly grouped in aquatic and terrestrial, being 
used variously by the local communities for construction, 
energy, dugout canoes, crafts, basketry, making fish traps 
and medicinal purposes (Roodt, 1998). The wettest parts 
of the basin in the Angolan highlands are dominated by 
Brachystegia and Burkea-Brachystegia woodlands. The 
middle reaches (medium rainfall (600 mm) are dominated 
by Burkea woodland, while the distal end of the system in 
the delta is dominated by Mopane and Acacia woodlands. 
Another dominant delta vegetation feature is swamp 
grasses, predominated by Papyrus, Typha, Phragmites and 
Miscanthus.   

The fauna also can be grouped into aquatic and terrestrial 
forms.  Fishes are the dominant visible aquatic resource, 
with over 80 species of fish in the basin.  They are exploited 
via: (i) subsistence fishing – fish for household consumption; 
(ii) commercial fishing – fishing for sale to “markets’; and (iii) 
recreational/sport fishing.

Three main groups of beneficiaries exist in the Okavango 
River Basin. The first group is the local/native peoples, 

Figure 14.  Location of Okavango River basin in 
southern Africa.

1. Type and location of ecosystem

The Okavango River Basin is located in Angola, Botswana 
and Namibia in southern Africa, between about 12o 21” S 
and between about 15o 22” E. It includes two sub-basins – 
the Cuito and Cubango.  The basin covers an area of about 
710,000 km2, including the Makgadikgadi Basin extending 
to Zimbabwe (Figure 14).  The Okavango River basin sensu 
strictu, covers an area of about 415,000 km2. Slightly more 
than 600 000 people live within the basin, with population 
densities ranging from less than 1 person/km2 to more 
than 20 persons/km2.  There are no major urban centers in 
the basin, with the population centers being Menoungue 
(Angola),

Rundu (Namibia) and Maun (Botswana), all of which can be 
considered urban or semi-urban.  Much of the basin within 
Angola was ravaged by war for almost 3 decades, resulting 
in very little development and, therefore, little human-induced 
modification to the ecosystem.  While there are some human 
developments in Namibia and Botswana, the Okavango 
River is generally considered to be near-pristine. There 
are no major infrastructure developments within the basin 
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who subsist on the basin’s natural resources.  Most live 
in simple huts constructed from materials obtained within 
the ecosystem, including timber (poles), reeds, thatch 
grass, mud and water. These communities subsist on fish, 
wild vegetables, honey, wildlife meat and, to lesser extent, 
livestock (cattle, donkeys and goats) and crop farming.  
The dominant crops are pearl millet, maize, sorghum and 
cassava.  Maize and cassava are the dominant crops in 
the Angolan highlands (which receives large quantities of 
precipitation), while millet and sorghum are dominant in 
Namibia and Botswana (receiving low rainfall).  Slash-and-
burn shifting agriculture is still relatively widely practiced, 
especially in Angola.  Firewood is the major form of energy 
in the basin. The economic livelihood of this group of people 
is changing, however, with increasing numbers of people 
gaining formal government or non-government employment 
(Mendelshon and Obeid, 2004).

The second group of basin beneficiaries is commercial 
farmers, who use the waters of the Okavango River for crop 
irrigation.  Of the 5 Mm3 of Okavango River water used 
in Namibia, an estimated 56% is used for small and large 

irrigation schemes (Turton et al. 2003).  The United Nations 
Food and Agriculture Organization (FAO) estimates the 
potential for irrigation to be about 200,000 ha in Angola, 
2,000 ha in Namibia, and 6,000 ha in Botswana.  No 
significant irrigation is currently practiced in the Angolan and 
the Botswana parts of the Okavango River Basin.

The third major basin beneficiary is the tourism industry, 
especially in the Okavango Delta, where tourism and 
hunting are significant contributors to the economy.  Non-
consumptive uses of wild resources (e.g., photographic 
safaris) are the more favored forms of ecotourism.  Tourism 
is most significant in Botswana, less so in Namibia, and 
virtually non-existent in Angola. The return to peaceful 
conditions also creates opportunities for establishment of 
tourism in the Angola part of the basin.

3. Ecosystem degradation, causes and impacts

The three states sharing the Okavango River Basin use this 
ecosystem to varying degrees, with aspirations for more use 
of the ecosystem services provided by it.  However, some 
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of the national interests and/or “priorities,” however, were 
inherently or potentially conflicting with those of other basin 
states, as follows:

(i) Angola – After decades of war, the portion of 
the Okavango Basin in Angola remains largely 
undeveloped, although it has great potential for 
agricultural and tourism development. The Okavango 
Basin area lying within Angola has high agricultural 
potential, with good soils and high rainfall.  Pinheiro 
et al. (2003) also identified potential sites for 
hydroelectricity projects.

(ii) Namibia – This country has looked to the Okavango 
River Basin for many years to meet increased water 
demands in the face of more frequently-occurring 
droughts.  The Eastern National Water Career was 
developed for a five-phase implementation, culminating 
in the withdrawal of water from the Okavango River at 
Rundu. The one remaining phase is a 250 km pipeline 
from Rundu to Grootfotnein. Piet Heyns, former 
Namibian OKACOM Commissioner, once said, “…It 
is therefore of critical importance to Namibia to know 
what the effect of development in Angola would be 
on the flow in the Okavango at the proposed future 
abstraction point at Rundu” (Pinheiro et al. 2003).

(iii) Botswana – This country is located at the distal end of 
the Okavango River Basin in which the Okavango Delta 
is situated. Any use of Okavango River water by one 
or both of the upstream states will affect the Okavango 
River system in Botswana. Botswana was forced to 
abandon the Southern Okavango Water Development 
Project (SOWDP) in the early-1990s, mainly because 
of environmental concerns to the Okavango delta and 
the people residing near it.  While both upstream states 
have legitimate and sovereign rights to use Okavango 
River waters, international agreements also are relevant 
(e.g., Helsinki Rules on the use on international rivers; 
UN Convention on Non-navigational Use of International 
Watercourses (1997); SADC Treaty Protocol on Shared 
Watercourse Systems).

4. Interventions undertaken to address ecosystem 
degradation

In order to alleviate imminent and long-term threats to the 
linked land and water systems of the Okavango River Basin, 
the governments of Angola, Botswana and Namibia decided 
there is a need:

• To manage the Okavango River Basin as a single  
entity;

• For joint management of the Okavango River Basin 
water resources. and protection of its linked aquatic 
and terrestrial ecosystems and their biological diversity;

• For member states to promote coordinated, 
environmentally-sustainable regional water resources 
development, while also addressing the legitimate social 
and economic needs of each riparian state;

• To form the Okavango Joint Permanent Commission 
(OKACOM) “to act as technical advisor to the 
Contracting Parties (the Governments of the three 
states) on matters relating to the conservation, 
development and utilization of the resources of 
common interest to the Contracting Parties (basin 
member states) and to perform such other functions 
pertaining to the development and utilization of such 
resources as the Contracting Parties may from time to 
time agree to assign to the Commission.”

The key role of the OKACOM is to anticipate and reduce 
those unintended, unacceptable and often unnecessary 
impacts that occur because of uncoordinated resources 
development. To this end, OKACOM has legal responsibility 
to: 

• Determine the long-term safe yield of the river basin;

• Estimate reasonable water demand from its water 
consumers;

• Prepare criteria for conservation, equitable allocation 
and sustainable utilization of its water; 

• Conduct investigations related to water infrastructure; 

• Recommend pollution prevention measures; 

• Develop measures for alleviation of short-term 
difficulties (e.g., temporary droughts); and 

• Address other matters determined by the Commission

5. Results of interventions

The first tangible result was the creation and formal 
signing of the OKACOM in 1994 by the three basin states, 
which established a legal instrument to not only establish 
the Secretariat as a technical or administrative wing of 
OKACOM, but also legally recognize the Okavango Basin 
Steering Committee (OBSC), which advises the Commission 
on technical issues.  The OKACOM has succeeded since its 
creation to get the three states to discuss all issues relating 
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to the basin. OKACOM Commissioners from the three 
states have formed more personal and trusting relationships, 
making it easier to work as a team to develop technical 
and political solutions to some difficult resource allocation 
and potential environmental degradation problems facing 
the basin. Information sharing has improved and increased 
transparency on development plans by each state that might 
impact on the basin ecosystem.

A transboundary diagnostic analysis (TDA) is nearing 
completion with in-country technical teams working in each 
of the three states.  Funding to develop strategic plans from 
the TDA has been secured from the GEF.

The OKACOM, with financial support from USAID and 
Swedish International Development Agency (SIDA), 
rehabilitated the hydrometric monitoring infrastructure in 
Angola, which is now collecting hydrological and water 
quality data being used by all 3 basin states through the 
OKACOM office.  OKACOM initiated the Environmental 
Protection and Sustainable Management of the Okavango 
River Basin Project (EPSMO) in 2003.  Achievements 
accomplished by March 2008 include:

• Establishment of the Project Management Unit in 
Luanda, Angola.

• Establishment of National Coordinating Units and 
National Project Coordinators in the three countries.

• Completion of the rehabilitation of five hydrometric 
stations in the Angolan part of the basin, and initiation 
of rehabilitation of seven more stations.

• Development of environmental flows assessment with 
partner GEF project.

Botswana developed the Okavango Delta Management Plan 
(ODMP) with the blessing of the OKACOM.

6. Lessons learned

• Progress with the OKACOM accelerated after the 
SADC States (Angola; Botswana; Namibia included) 
ratified and began implementing the Protocol of Shared 
Watercourse Systems, with the SADC Treaty providing 
the overall politically-enabling environment for the basin 
states to engage in collaborative management work on 
the Okavango River Basin.

• Facilitated by OKACOM, a basin-wide project (“Every 
River has its People”) concluded that effective 
stakeholder participation in transboundary Okavango 
River Basin management requires:

o A shared basin-wide vision, with stakeholders 
participating actively with the OKACOM in basin 
co-management and development for enhanced 
livelihoods and sustainable development;

o Appropriate institutional mechanisms at local, 
regional, national and basin-wide levels, including 
strategic capacity-building for partnerships and 
co-management at all levels (including commis-
sioners);

o Development of a shared agenda based on agreed 
priority issues that address:  (i) root problems; 
(ii) devolution of rights over natural resources for 
their improved management; and (iii) integrated 
livelihoods-based enterprises.

• This basin-scale project clearly demonstrated the 
need and value for involving all basin stakeholders, 
and in utilizing the lowest possible governance level for 
implementation, for effective ecosystem management.

7. For further information

Turton, A, P. Ashton and E. Cloete (eds.) (2003). 
Transboundary rivers, sovereignty and development: 
Hydropolitical Drivers in Okavango River Basin. Green 
Cross International, Geneva. 368 pp. 

www.undp.org/EPSMO

www.sadc.int

www.okacom.org/newsletter
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RIVER BASIN MANAGEMENT IN SOUTHERN AFRICA: 
(3) OKAVANGO DELTA MANAGEMENT PLAN (ODMP)

Hillary Masundire, Department of Biological Science, University of Botswana

Plant Species.  Invasive alien species include Salvinia 
molesta (an aquatic weed) and Cenchrus biflorus (a dryland 
grass species).  There are 444 confirmed bird species 
(ODMP, 2008), including 8 globally-threatened or near-
threatened species.  Including herbivores and carnivores, 
there are about 122 mammal species in the delta.

The delta also is home to about 150,000 people, most 
subsisting on fishing, crop production and livestock rearing.  
The abundance and diversity of wildlife makes the delta a 
tourist paradise.  The National Tourism Policy advocates 
for high-cost, low-volume tourism, in order to minimize the 
numbers of visitors. Tourism revenue generally exceeds 
US $4 million per year. The delta vegetation is used for 
construction (poles, reeds and grass), energy (firewood), 
crafts (carving and basketry), dugout canoes, and medicinal 
purposes.

3. Ecosystem degradation, causes and impacts

Some ecosystem uses for the delta are mutually conflicting. 
Commercial fishing, for example, conflicts with subsistence 
and sport fishing.  Water abstractions may conflict with 
maintenance of the wetland ecosystem.  Other problems 
include land use changes from increased urbanization, water 
quality impacts from tourist campsite waste disposal, fuels 
and lubricants, and land degradation leading to soil erosion 
and siltation, and uncontrolled and/or over-exploited natural 
resources,. There also are increasing conflicts between 

Figure 16. Okavango Delta ecosystem.

Figure 15. Location of Okavango Delta. 

1. Type and location of ecosystem

The Okavango River forms an endorheic inland delta in 
the middle of the Kalahari Desert in northwest Botswana 
(Figures 15, 16).  The delta lies between 18° 20’ S and 20° 
00’ S, and 21° 50’ E and 23° 55’ E.  The delta covers an 
area that varies seasonally and temporally between years, 
as dictated by hydrology; namely water inflows (through the 
river) and water losses (mainly evapotranspiration). There are 
perennial channels, pools and lagoons, seasonal channels, 
pools and lagoons, and permanent and seasonal swamps, 
all interspaced with high dry ground.  The delta covers an 
area fluctuating between 6,000 - 15,000 km2 at no flood and 
high flood periods, respectively (Alosno and Nordin, 2003). 

2.  Ecosystem services provided by ecosystem

The Okavango Delta, located in the middle of the Kalahari 
Desert, provides habitat for a large and diverse range of 
flora and fauna. For one high-water, rapid sampling event, 
more than 150 species of aquatic and semi-aquatic plants, 
about 116 species of invertebrates, 66 species of fish, and 
63 species of water birds, were observed.  Smith (1976) 
recorded 50 species of trees, 106 species of aquatic herbs 
and ferns, and more than 100 species of grasses.  Elery and 
Tacheba (2203) recorded a total of 1,259 plant species in the 
delta, including 20 on the IUCN Red Data List of Threatened 
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local communities and tour operators, since their activities 
often can clash. Uncontrolled wildfires have increased in 
frequency in recent years. The resurgence of the tsetse fly in 
early-2000 resulted in spraying of the insects with chemical 
insecticides, raising concerns about their impacts on the 
wider ecosystem.

Botswana became a contracting party to the Ramsar 
Convention on Wetlands in 1997.  An area of approximately 
68,640 km2, including the Okavango Delta, was designated 
as a Ramsar site, obligating Botswana to use, manage, 
conserve and protect the site, consistent with the 
Convention guidelines and provisions. Other threats to the 
delta are external to Botswana, including the developmental 
aspirations of the upstream states of Angola and Namibia.

4. Interventions undertaken to address ecosystem 
degradation

To curb potential conflicts from the various uses and users 
of the delta ecosystems, and to meet the obligations of the 
Ramsar Convention, Botswana embarked on a project to 
develop the Okavango Delta Management Plan (ODMP).  It 
was decided at the outset to apply an ecosystem approach 
(www.cbd.int) in formulating this plan (ODMP, 2008). The 
main objectives of the ODMP project (Table 3) were:

• “to develop a comprehensive, integrated management 
plan for the conservation and sustainable use of the 
Okavango Delta and surrounding areas” with the long-
term goal of the ODMP;

Table 3.  Strategic goals and objectives of the Okavango Delta Management Plan.

Thematic areas Strategic goals Strategic objectives

Institutional To establish viable management 
infrastructure and tools to sustainable 
manage the delta resources at local, 

district, national and international (river 
basin) levels.

To establish viable management institutions 
for sustainable management of the 

Okavango Delta ecosystem.

To improve the regulatory framework for 
sustainable management of the Okavango 

Delta ecosystem.

To raise public awareness, enhance 
knowledge, and create a platform for 

information exchange and learning about the 
Okavango Delta ecosystem.

Biophysical To ensure that the Okavango Delta (and 
its associated dry lands) continues to 

deliver present-day ecosystem services 
and products for the benefit of all 

organisms dependent on it (including 
humans).

To maintain and conserve the biotic and 
abiotic status of the Okavango Delta.

To maintain the ecosystem processes in the 
Okavango Delta.

Socio-economic To sustainably use the delta resources 
for improvement of livelihoods of all 

stakeholders that are directly or indirectly 
dependent on the ecosystem products 

and services of the Okavango Delta (and 
associated dry lands) in an equitable way. 

To sustainably use the Okavango Delta 
wetland for the long term benefit of 

stakeholders dependent on it.

To improve the livelihood of the Delta 
stakeholders through improved 
socioeconomic opportunities.
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• to integrate resource management for the Okavango 
Delta that will ensure its long-term conservation and 
that will provide benefits for the present and future 
well being of the people, through sustainable use of its 
natural resources.”

This long-term goal was further refined into strategic goals 
each with several strategic objectives, as follows:

One of the key aspects in the development of the plan 
was to engage as many stakeholders as possible, with the 
stakeholders classified as:

• Primary – Those directly dependent for their livelihoods 
on the delta, and possessing little option for survival 
apart from the delta, and including an estimated 
120,000 delta residents;  

• Secondary – Those dependent on the delta to a large 
measure for their livelihoods, but also having other 
viable options should the delta cease to support their 
livelihoods; these stakeholders include business people 
exploiting the delta resources to varying degrees, 
as well as upstream states whose actions have a 
significant effect on the delta’s wellbeing;

• Tertiary – Those groups or individuals with interest 
in the delta, but whose livelihoods are not intimately 
connected with the delta, including tourists who will go 
elsewhere should the delta cease to be attractive.

5.  Results of interventions

One achievement of the Okavango delta management 
effort was to get sectors of government who normally do 
not communicate with each other to work collectively to-
ward the same goal over 5 years.  Another milestone was 
regular meetings and discussions between government 
officers, local communities and the private sector.

The project involved extensive consultation with all stake-
holders to identify what each category perceived as major 
issues that required addressing in the plan.  The draft 
plan was reviewed by the stakeholders, and the final Plan 
being launched on 2 February 2008, as part of the com-
memoration of World Wetlands Day.  It also was widely 
distributed in hard copy, on CDs, and on the Internet.

Several research projects are currently being conducted in 
the delta as part of ODMP implementation, including the 
following:

• Darwin Initiative Project – This project will enable 
simulation of aquatic biological diversity responses 
to future change scenarios involving basin climate 
and hydrology, which are crucial to informing policy 
decisions for biodiversity protection/conservation 
within the Okavango Delta Management Plan. In its 4th 
year of implementation, this plan has produced much 
information on macro-invertebrates in the delta;

• BIOKAVANGO Project (www.orc.ub.be/biokavango/) 
– Created as a means of implementing the ODMP 
component on biodiversity conservation, this project is 
funded jointly by the GEF, Government of Botswana, 
International Union for the Conservation of Nature 
(IUCN), UNDP, DANIDA, SIDA, Kalahari Conservation 
Society (KCS), University of Western Virginia  and 
several private sector partners. Some project highlights 
including the following:

o Safari camps will use constructed wetlands for 
wastewater treatment and disposal; currently being 
incorporated into district council bylaws, some 
camps are already implementing this plan;

o Water quality monitoring is underway 
with community participation; some safari 
tour operators make simple water quality 
measurements and collect water samples 
that subsequently analyzed at the University 
of Botswana Harry Oppenheimer Okavango 
Research Centre (HOORC).  Some pollution 
hotspots have already been identified and 
corrective measures undertaken;

o A study on tourists’ willingness-to-pay for 
conservation efforts in the delta concluded that 
most are willing to pay about US $235.00 into a 
fund to be used for such conservation work. The 
funds will be used inter alia, to fund community 
projects to reduce conflict between tourist service 
providers and local communities; 

o Aquaculture guidelines for the delta area have 
been finalized, and are being incorporated into 
fishing regulations and the EIA Act (2005) of 
Botswana.

6. Lessons learned

• The ODMP project, aligned with the OKACOM from 
the beginning, could be used as a model for national 
planning for those parts of the Okavango River Basin in 
other OKACOM states.
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• Although application of an ecosystem approach can 
produce products that all stakeholders can claim 
ownership of, the process can physically, financially and 
emotionally exhausting.

• Although working at the grassroots level can achieve 
a great deal, there also is a need to have higher 
government levels in the process from the beginning.

• Effective ecosystem management will benefit from 
mainstreaming the ecosystem approach in all sectors 
involved in development planning and implementation; 
this was demonstrated at the district level by the ODMP 
by pulling together government departments, private 
sector and civil society.

• Applying the ecosystem approach enables sectors that 
do not normally work together to actively seek to set 
out and work to achieve common goals. 

7. For further information

Jansen, R. (2002). How integral is wetland monitoring 
to integrated wetland management?  The case of 
the ODMP.  Technical presentation, Conference on 
Environmental Monitoring of Tropical and Subtropical 
Wetlands, Maun, Botswana, 4-6 December, 2002.  
Accessible at: (www.globalwetlands.org/conference).

ODMP (2008).  Okavango Delta Management Plan.  
Department of Environmental Affairs, Botswana.  
Accessible at:  (www.orc.ub.bw.biokavango).
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C. THE PANAMA CANAL WATERSHED: AN ECOSYSTEM-BASED MANAGEMENT 
APPROACH (PANAMA)

Margaret Colley and Jorge Illueca, Environmental Consultants, Panama

They depend on the PCW for freshwater, hydroelectricity, 
flood control, etc.  The PCW rural areas also are home 
to 180,000 people living in approximately 950 towns and 
villages in 11 districts in three provinces – Panama, Coclé 
and Colon.

For the first 90 years, the PCW extended over just 3,396 
km2 in what is now known as the eastern region, around the 
Chagres River watershed. The boundaries were extended 
in August 1999 to bring the principal rivers (Coclé del Norte; 
Indio; Caño Sucio), and 2,131 km2 in the less-developed 
western region, under the management and protection of 
the Panama Canal Authority, mainly because of the potential 
future use of their freshwater resources for drinking water, 
hydroelectricity and increased canal operations. The addition 
of the western region may increase active water storage by 
60%, although it remains untapped. 

The level of socio-economic development within the 
watershed varies enormously. Most development has taken 
place in the east, close to Panama and Colon, and along 
the Trans-isthmian Highway connecting the two cities.  This 
area constitutes the core economic center in which 75% 
of GDP and exports are generated, and which contains 
50% of the total population. The western region, and the 
rural areas of the eastern region, rank among the poorest 
in the country, with per capita incomes about a quarter 
of national levels.  There are high levels of un-met basic 
human needs, high poverty rates, little infrastructure, less 
services, reduced government representation, and fewer 
opportunities for inhabitants to improve their socio-economic 
situation. In the western region, for example, about 79% of 
the population works in crop- and animal-farming; 93% of 
homes lack electric light; 75% cook with wood; 33% do not 
have running water; 92% of farmers do not have title to their 
property; and only 9% of occupants hold title to their land.

2. Ecosystem services provided by ecosystem

The freshwater flow in the PCW is used for drinking water, 
hydroelectricity, flood control, and to operate the Panama 
Canal locks. It is also fundamental to the functioning of the 
surrounding ecosystem and sustains agriculture and farming 
for the poorer, rural populations who depend on the land 
for food production. Of the total freshwater extracted from 
the ecosystem, about 54.4% (2,553 million m3) is used 
for navigation, 31.2% (1,465 million m3) for hydroelectric 

1. Type and location of ecosystem

Panama is a narrow land bridge connecting North America 
and South America, being the southernmost country in 
Central America. The Panama Canal Watershed (PCW) 
spans the narrowest part of the isthmus, extending over 
5,527 km2. It is a man-made water system, being the only 
watershed in the world draining into two oceans (Figure 17). 

Forests account for around half of the total watershed land 
area, two-thirds being in the 7 protected areas that cover 
199,189 ha (36%) of the total PCW (10.4% of Panama’s 
total protected areas). The Chagres National Park is the 
most important protected area, with the Chagres River 
providing 80% of the water harnessed for human use, with 
almost half of the total used water coming from the upper 
Chagres watershed.

The watershed is one of the world’s richest biodiversity 
areas, providing a wide variety of habitats for numerous 
biological resources, particularly forests and macroscopic 
fauna. Only about 983 of the estimated 1,700-2,300 species 
of trees have been identified, with 10.9% being endemic to 
Panama, and 224 being rare. Of the 650 bird species, 226 
are restricted to forests, and most are rare in terms of bird 
density, with several listed as endangered by CITES. The 
115 species of recorded amphibians represent more than 
half of the Panamanian species. 

About 2.2 million people – almost two-thirds of the country’s 
population – live immediately adjacent to the watershed in 
the cities of Panama and Colon and the in-between areas.  

Figure 17.  Panama Canal watershed (Panama).
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CONTAINER SHIP IN THE PANAMA CANAL

generation, 9.5% (446 million m3) as run-off surplus (i.e., 
flood control) and 4.9% (232 million m3) for domestic and 
industrial use. 

Economic value for transport and trade

The Panama Canal handles 5% of global shipping, 
including 40% of all United States grain exports and 12% 
of its maritime trade. In 2008, 13,147 ships transited the 
Canal, carrying approximately 296 million tonnes of cargo.  
Its revenue from tolls and other services rose 14%, to a 
record US $2 billion for the year through September 2008. 
Almost US $699 million of this total was transferred to the 
national economy. During the same period, the Panama 
Canal Authority (ACP), which manages the canal and the 
watershed, directly employed around 9,450 people.  Each 
ship transiting the Canal requires 202,000 m3 of freshwater 
(52 million gallons) with a total daily requirement of 
approximately 8,080,000 m3 of water for this purpose. 

Drinking water, hydroelectricity, and flood control

The PCW provides water for drinking and hydroelectric 
power for Panama City and Colon, which contain nearly 

80% of Panama’s population, and most of the country’s 
industrial activity. The Canal also serves flood control, 
tourism and recreation purposes.  The net total water 
storage capacity of the PCW is approximately 365 billion 
gallons.  As yet, the rivers in the western region of Panama 
do not provide freshwater to the canal system. Along 
with wells, they are still used directly to meet basic water 
needs of western region residents, including drinking water, 
transportation, agriculture and fishing. Their watersheds 
were put under ACP management to protect them for 
anticipated future freshwater needs for the canal and the 
wider metropolitan region. 

Agriculture and livestock

Around 904 km2 (27%) of the land in the eastern region, and 
468 km2 (22.2%) of the land in the western region, is under 
cultivation, principally for subsistence foods (e.g., corn, rice, 
beans) and small-scale crops (e.g., sugar, coffee, tobacco). 
There are also some intensive commercial production 
of pineapples in the eastern region.  Pigs, chickens and 
cows are raised on both a subsistence basis and as small 
commercial enterprises.
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Role of forests

The PCW’s forests help regulate water flows, protect against 
soil degradation and sedimentation, act as a carbon sink, 
and serve as a habitat for numerous wildlife species that 
sustain the functioning of the ecosystem.

3.  Ecosystem degradation, causes and impacts

The Panama Canal has been described both as one of 
mankind’s most spectacular feats of engineering, and 
“the greatest liberty ever taken with nature.” The original 
construction created a 77 km link between the Pacific 
Ocean and Caribbean Sea, eliminating 12,000 miles of 
previously-required dangerous shipping routes around the 
southernmost tip of the continent.  However, it also cut 
the Americas in half, decapitated mountains, dumped 205 
million m3 of dirt into the ocean, submerged 425 km2 of 
pristine tropical forests under a manmade lake, displaced 
numerous human settlements that had been established 
for centuries, and caused vast expanses of wetlands to be 
drained, filled and sprayed with millions of gallons of crude 
oil to get rid of mosquitoes. 

To exacerbate matters, after repeated landslides, and in an 
attempt to stabilize the fragile tropical soils, elephant grass 
was imported from Vietnam and planted along the steepest 
slopes. It proved a ferociously aggressive invasive species, 
effectively smothering native vegetation.   It also is low in 
nutrients, thereby having little use as cattle food, and now 
proving hard to eradicate.

Population increase and deforestation 

In more recent times, four development processes 
– intense population growth, uncontrolled urbanization, 
industrialization and deforestation – have put pressures on 
ecosystem resources, particularly the supply and quality 
of freshwater. In the last half of the 20th century, the PCW 
population increased from 21,000 to 153,000 people, the 
number of people residing in nearby urban areas quadrupled 
from 400,000 to almost 1,600,000 and, in the process, 
one-third of the watershed’s trees were lost to deforestation, 
largely by slash-and-burn agriculture. Only about half of the 
PCW remained under forest cover by 2001. 

Regulation of water flows

Illegal deforestation activities have altered seasonal water 
flow patterns. In the primary rivers characterized by good 
forest protection, year-round water flows are regulated. The 
conditions of some secondary rivers, however, which supply 
half of the watershed’s water, are disquieting. These rivers 
have relatively little forest protection and, consequently, inter-

seasonal water flows are irregular. They lack the reserves 
necessary to maintain normal lake water levels under 
dry conditions and, consequently, freshwater resources 
must be carefully managed during the summer to ensure 
ship transits, drinking water and electricity supplies are 
uninterrupted. Deforestation also has led to more soil erosion 
and increased sedimentation of water courses.

Industrial and residential wastes

The lack of water treatment facilities throughout the PCW 
means much raw domestic, industrial and solid waste is 
flushed directly into rivers in the more populated areas, and 
certain secondary tributaries in the upper Chagres River 
watershed. Together with sedimentation, this is a particular 
concern since it affects urban water supplies. Many water 
courses are considered severely polluted, with some in 
danger of no longer being suitable, even for recreational 
purposes. There is still no separation of sewage from 
rainwater drainage systems in many areas. Contamination 
by organic solids, bacteria, and pathogens is also very high 
in the estuary areas because of non-treated sewage flowing 
from urban areas. Salinization also is a growing concern.

Soil erosion and sedimentation

Cattle rearing is the most widespread income-earning activity 
in the PCW, and also one of the most destructive in terms of 
soil erosion. It has traditionally been carried out in large, open 
fields with little tree cover on poor soils that support only na-
tive grasses with low nutritional content. Cows are watered in 
rivers, with little attempt being made to control their waste, or 
use it as manure. Instead, pesticides and fertilizers are used 
to promote grass growth, leading to widespread soil ero-
sion and resultant sedimentation and pollution of freshwater 
resources by organic wastes and agrochemicals.

The tropical soils in the watershed also are low in organic 
material.  Conditions deviating even slightly from the norm 
(e.g., unseasonable or heavy rainfalls, particularly in areas 
lacking sufficient vegetative cover) immediately stress the 
watershed and erode its soils. Subsistence agriculture on 
sloping lands has also contributed to the problem. Further, 
sedimentation rates have increased in rivers flowing close to 
the trans-isthmian corridor between Panama and Colon.

El Niño events, drought and climate change

A minimum of 4,100 million m3 of water is needed to 
maintain basic ecosystems goods and services (transport; 
drinking water; electricity). During the 1982-83 El Niño 
drought, the 6 main rivers feeding the Canal suffered a 
25% decrease in water volume below their long-term 
average, with the runoff to the lakes being drastically 
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reduced. The 1997-1998 El Niño drought was even more 
intense, with a rainfall reduction of almost 35%, and a 58% 
decreased runoff to the lakes of the Canal. Restrictions 
were introduced, limiting the number of ships able to transit 
by 4%, compared with the same trimester of the previous 
year. Water-saving measures costing US $10 million had to 
be introduced so that the canal could continue to operate.  
It wasn’t until the end of July that the situation got back 
to normal. Such measures will be inadequate, however, 
once the canal is expanded.  Ironically, an average of 41% 
of the total run-off available is lost in ‘normal’ hydrologic 
years because of insufficient water storage capacity of the 
reservoirs to hold the 1,660 billion gallons generated by the 
watershed. In November, for example, when Lake Gatún 
reaches its maximum water level, the floodgates of the lake 
are opened, spilling 50,000 ft3 per second. 

El Niño events also have significant impacts on the ecosys-
tem’s forests. From 1982 to 1985, 40% of the trees species 
in a forest research plot were altered in abundance by 10%, 
and death rates were elevated up to 20 times greater than in 
non-drought years. The overall potential impacts of climate 
change have still not been adequately addressed.

Legal and institutional shortcomings

Management of natural resources in Panama has been 
largely impaired by the legal and institutional shortcomings 
of the agencies regulating them. Rapid environmental 
deterioration at certain points of the watershed is almost 
entirely due to slack environmental and zoning controls. Of 
even more concern are areas not under official protection, 
where rapid, unrestrained industrial and commercial 
development is taking place. Good watershed management, 
particularly appropriate sustainable development policies, 
effective controls, surveillance and enforcement, are needed 
to reconcile the relentless pressures for economic growth, 
with an urgent need to preserve the vitality of the ecological 
systems supporting the watershed.

Panama Canal Expansion

The latest Canal expansion project is already underway and, 
when completed in 2014, will double the tonnage capacity, 
allowing the transit of substantially larger vessels through the 
waterway. However, despite a referendum which approved 
the plans, many Panamanians remain skeptical that the 
ACP has adequately reconciled the competing interests of 
residents of the watershed and international shipping. The 
expansion involves building a third set of locks, widening 
existing navigational channels, deepening Lake Gatún by 3 
ft, and creating new freshwater reservoirs to service canal 
operations. This means excavating, dredging and disposing 
about 133 million m3 of material.

The original plan to create new reservoirs in the western 
area had to be shelved after fierce opposition from mainly 
subsistence farmers who refused to allow their lands to be 
flooded and their families displaced. A seemingly politically- 
and technologically-correct solution was found, involving 
constructing a set of water recycling basins to reduce the 
massive quantities of freshwater required by the new of 
locks. This approach could allow sea water to flow into 
Lake Gatun, however, making its freshwater brackish in 
unpredictable ways. Besides affecting drinking water, it 
could open a gate to salt water species that can spawn 
in freshwater systems. Eight species have been identified 
that have already made the crossing between the oceans, 
with no apparent ill effect to the ecosystems. But if more 
extensive invasions of marine species occur, the impacts 
could be far more dramatic, with potentially irreversible 
consequences for the very distinct communities of marine 
life that now live in each sea. Even if the water does not 
become contaminated, there are fears the canal expansion 
project will end up creating water shortages for the 80% of 
Panamanians living in the metropolitan area. Moreover, some 
farmers still believe the new locks will need more water than 
is admitted, and that the time will come when the ACP will 
want a new dam that floods them off of their land

©
 B

LU
E

IC
E

69
C

A
D

D
Y

 | 
D

R
E

A
M

S
TI

M
E

.C
O

M

LAKE GATUNG IN THE PANAMA CANAL ZONE



60 WATER SECURITY AND ECOSYSTEM SERVICES: THE CRITICAL CONNECTION 

4. Interventions undertaken to address ecosystem 
degradation 

Institutional development

Until 2000, the Canal was administered by the US military, 
focusing only on a 7-mile corridor on either side of the 
waterway, with little interest in the surrounding land area. 
Only since the handover of the canal to Panama have at-
tempts been made to manage the watershed ecosystem 
as a whole. The institutional structure for this purpose was 
established in 1997, when Panama passed Organic Law 19, 
creating the Panama Canal Authority, and endorsing its man-
date to: (i)  administer, maintain, use, and conserve the PCW 
water resources; (ii) supply water to principal human settle-
ments; and (iii) modernize the Canal.  Law 41 of 1998 gave 
Panama’s National Environment Authority (ANAM) jurisdiction 
over national parks and, in particular, the PCW forests.

The ACP established the Inter-Institutional Watershed 
Commission (CICH) in December 2002 to: (i) administer, 
maintain, use, protect, develop, and manage the 
watershed’s natural resources, and promote its sustainable 
development; (ii) ensure effective operation of the Panama 
Canal; (iii) ensure an efficient supply of potable water for 
neighboring metropolitan areas;  (iv) generate  hydroelectric 
energy; (v) maintain biodiversity for future generations; 
and (vi) integrate the resources and conservation efforts of 
several institutions to promote sustainable development and 
socio-economic growth.  

The ACP chairs the CICH, which is assisted by a 
Permanent Technical Committee comprised of 36 members 
representing government institutions, local governments, 
NGOs and civil society.  Immediately following the handover 
of the Panama Canal to Panama, the government launched 
the Panama Canal Watershed Strategic Objective Program 
(2000-2006) in January, 2000,  with assistance from USAID. 
The programme aims to achieve sustainable management of 
the PCW and its buffer areas, with four targeted goals: 

• Establishing institutional arrangements for the effective 
functioning of the PCW; 

• Effectively managing the natural resources and buffer 
areas in the PCW; 

• Engaging civil society in actively supporting sustainable 
management of the PCW; and 

• Increasing local government and private sector capacity 
for environmental management in the PCW and buffer 
areas.  

With the participation of local stakeholders, an Action Plan 
was subsequently prepared to address the principal socio-
environmental problems identified by representatives of local 
communities. With the support of the Nature Conservancy, 
ANAM adopted a monitoring strategy and system for all 
protected areas within the PCW. 

Engaging stakeholders     

During the first two years, an environmental awareness 
and educational activities programme was launched to 
generate support for the sustainable management and 
development of the PCW.  The programme was revised in 
2003 to consolidate activities into two goals, including:  (1) 
integrated watershed management, as demonstrated in 
selected sub-watersheds; and (2) upgraded environmental 
management of protected areas.  Relevant activities focused 
on domestic and industrial water quality and sanitation, 
waste management, water contamination from agricultural 
runoff, principally from swine and pineapple production, 
silvi-pastoral management, afforestation for soil stabilization, 
and capacity-building for local committees to manage 
water resources. The programme was extended in 2007 
into a third phase, focusing on consolidating improvements 
in protected areas management, furthering sustainable 
resource use in critical sub-watersheds, and strengthening 
environmental governance. In the third phase, protected 
area conservation programmes in the critically-important 
Chagres National Park also were initiated.

5. Results of interventions

Educational campaigns 

These campaigns were very successful in introducing 
the idea of environmental conservation and restoration, 
particularly water resources, to people with little knowledge 
of such concepts. Women and young people were 
particularly receptive, and have since developed groups 
that actively organize environmental clean-up campaigns, 
and continue to ‘spread the word’ through their own local 
communities. Landowners were also very receptive to 
the campaigns once they realized the value of their water 
resources, and understood how planting trees (particularly 
improved varieties of fruit trees) can prevent soil erosion and 
supplement subsistence food production.

In all cases, communities were made aware that managing 
watersheds in a sustainable manner can increase individual 
incomes, and improve their quality of life in significant ways. 
They also experienced the benefits of participating with 
government and other institutions in finding solutions to 
community problems. 
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Governance

Both government and non-government organizations gained 
experience in implementing cross-sectoral watershed 
management projects addressing specific environmental 
problems. In addition, local government institutions and 
organizations were made more aware of norms for best 
practices in clean agro-production.

Pig farming and cattle raising

Pig farmers were made aware of laws for clean disposal of 
pig waste, and to understand why it should be prevented 
from contaminating the watershed. They also participated 
in new ways to build and divide pig barns (creating areas 
for birthing, feeding, slaughter, etc.), to redirect rain water, 
and create special disposal pits for carcasses and other 
animal byproducts. It was noticeable that participation by 
farmers increased as word of the project spread, and pig 
farmers themselves are now expressing interest in improving 
the image of pig farming in their communities. The National 
Association of Pork Farmers and the National Council of 
Private Businesses are financing 50% of the cost of installing 
clean production technologies.

Cattle ranching practices with direct economic benefits 
to farmers were introduced through training workshops 
and demonstration pilot farms, including replacing existing 
grasses with faster growing, more nutritious varieties 
(Brachiaria sub-species), rotating herds between smaller 
fields, feeding silage and cut grass, introducing hay-
making practices and protein banks, planting live hedges, 
windbreaks, shade trees, forage plants, and woodland 
areas. Cattle also were enclosed within fences and other 
barriers, and provided with water troughs to prevent them 
from polluting rivers or degrading fragile soils on hillsides.  
Wastewater drainage systems were installed, and systems 
to manage manure and create organic fertilizer were 
introduced. Local cattle organizations and legal institutions 
were strengthened to promote the new practices and ensure 
compliance with established laws, and an Association for 
Sustainable Cattle Rearing was formed. 

Sustainable agriculture

Unsustainable traditional agricultural practices (including 
slashing and burning of fields to remove weeds and 
unwanted bush) were actively discouraged, and preventative 
measures (e.g., protection of vegetation) introduced. 
Overuse of agro-chemicals, and growing crops on slopes 
in low productivity soils, were also discouraged, and 
farmers were given more technical input from agricultural 
organizations. Sustainable agricultural practices were 
demonstrated, including production of organic fertilizer 

through worm composting, terracing, practices to prevent 
soil erosion and sedimentation, etc. The aim was to 
demonstrate that it was economically beneficial to growers 
to practice techniques that can improve their production 
and increase their income, while at the same time protecting 
freshwater resources.

Reforestation

The aim was to promote community and institutional 
involvement, particularly women and young people, in 
establishing tree nurseries for reforesting with native species 
to protect freshwater resources (streams, rivers, springs, 
wells, etc) and to restore the soil and decrease erosion and 
siltation. Tree nurseries were established, and degraded 
areas were reforested, with water quality demonstrably 
improving after trees and vegetative cover were planted. 
Women were trained in selecting suitable native tree species 
for afforestation, in identifying the best specimens to use 
for seed, in planting techniques that conserve soils, in the 
cultivation of beans between trees (to eat or sell), and in 
controlling invasive grass species. 

Agrochemicals

The aim was to minimize contamination of water resources, 
improve traditional production techniques by reinforcing 
environmentally-friendly methods, introduce ways to store 
and properly dispose of agro-chemical containers, teach 
users and sellers of agro-chemicals the correct way to use 
them, and educate the communities about the dangers 
inherent in their misuse.  It is hoped to ultimately establish 
a protocol on agro-chemical use that can be implemented 
throughout the watershed.

Sanitation and Water Supply

Water supply and sewage disposal infrastructure was 
improved or installed in many rural communities and 
schools to allow adequate access to freshwater resources in 
neglected areas. As a result, living conditions have improved, 
the housing and education ministries have worked together, 
the quantity of raw sewage flowing directly into Lake Gatun 
has been reduced, and water quality has improved.

Community participation in the western region

Local committees were established in 13 sub-watersheds 
in the western region to work alongside ACP and other 
specialized personnel to find solutions to development and 
environmental issues. Residents as a whole are now more 
aware of the importance of protecting their watersheds 
because of their potential role in the development of the 
Panama Canal, and to ensure water supply. To some extent, 
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the project helped to allay fears about the intentions of the 
ACP in extending the boundaries of the watershed to include 
their lands.

6. Lessons learned

• An appropriate governance structure for effective 
coordination and cooperation is essential to achieve 
sustainable integrated watershed management, and 
cooperation is fundamental to creating synergies and 
avoiding undesired duplication of efforts.

• Political will to establish governance over freshwater 
resources is essential, with projects given governmental 
priority being in a much better position to succeed.

• Sustainable ecosystem management plans can only 
succeed if implemented, and environmental laws can 
only have an impact if enforced.

• Institutional behavioral change is generally a slow 
process achieved only with time and persistent effort.

• It is necessary to remember that the people responsible 
for watershed degradation also can become key 
players in finding and implementing solutions if they 
can be shown the fundamental advantages to them in 
protecting the ecosystem.

• Key players (e.g., land users and owners, civil society, 
government, NGOs, other interested stakeholders)) 
must be encouraged to participate in all stages of the 
ecosystem management planning process in order 
to diagnose, understand and prioritize watershed 
problems, as a means of better understanding the inter-
relatedness of upstream and downstream water users 
and their actions.

• Ecosystem management must be based on sustainable 
development principles that also aim at alleviating 
poverty.

• A solid diagnostic study of the status of a watershed, 
based on reliable scientific and technical information 
and data, is critically important for designing a solid, 
ecologically-sound integrated watershed management 
plan and strategy.

• • Ecosystem plans should be implemented at the 
sub-watershed level, building on small successes, 
noting that successful management interventions 
can initiate a chain reaction that continues to spread 
on its own merit with minimal outside support, and 

can continue to change the landscape long after pilot 
projects have been completed.

• An adequate communication system is necessary 
to disseminate solutions to environmental problems, 
calling for political will and resources to generate 
sufficient publicity to popularize the concepts and their 
goals.

• Protection of existing, intact vegetative watershed 
cover remains the best, lowest-cost option for most 
watershed management programmes.

• It is necessary to monitor and evaluate the effects of 
an ecosystem management plan, using a clear set 
of environmental indicators designed to determine 
whether actions are achieving their goals, and actions 
with direct financial or material benefits to key players 
will be most likely to succeed.

• Individual elements of ecosystem management 
activities must be monitored, evaluated and 
adjusted as necessary to ensure they achieve their 
specific objectives, recalling that meaningful proof 
of the effectiveness of an ecosystem management 
programme is rarely established during the course of 
an individual project, but often may become evident 
only after several years following its closure, and 
that monitoring systems are essential for forecasting 
extreme weather events (e.g., El Niño) that can disrupt 
hydrometeorological conditions within a watershed.

7. Remaining challenges

Resolving the competing demands for water resources 
remains the major challenge for the ACP. Its water supply 
must be extended further to include all people living within 
the watershed, and steps taken to ensure expansion of the 
canal does not jeopardize water quality, particularly through 
salinization. The ACP also must take effective measures 
to stabilize water availability by preparing for possible 
inadequate future dry season flows to ensure they do not 
limit the availability of drinking water, hydroelectricity, or 
canal transits.  Further, the ACP must take steps to address 
the potential effects of climate change, and the associated 
unpredictable precipitation that may lead to substantially-
reduced water supplies. More research is needed into the 
use of brachiaria and other grass species to prevent soil 
erosion and sedimentation, and regulate water flow. Air 
quality also must be closely monitored, and effective steps 
taken to ensure it does not worsen, particularly in areas 
already exhibiting atmospheric conditions below international 
standards. 
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D. BANG PAKONG: 
ADDRESSING ECOSYSTEM SERVICES VIA THE IWRM APPROACH (THAILAND)

Mogens Dyhr-Nielsen, UNEP/DHI Collaborating Center on Water and Environment, 
Copenhagen, Denmark

storage capacity is limited, there are several potential dam 
sites for storing water for dry season water demands 

The lower part of Bang Pakong is a tidal river, with a 
brackish water ecosystem reaching 120 km upstream 
during the dry season when the freshwater runoff is minimal. 
Salinities of 2-5 practical salinity units (psu) are common 110 
km upstream of the river mouth during the peak of the dry 
season. The important estuarine ecosystem consists of a 
narrow upper estuary about 50 km long, and a wider lower 
estuary extending over 18 km. The estuary is characterized 
by high biological productivity and diverse estuarine plant 
communities, especially mangrove forests, providing an 

The ACP also must address the continually widening gap 
between the rich and poor. More subsistence farmers 
must be given land titles, and continue to be encouraged 
to use their land in a sustainable manner, and also must 
be encouraged to actively participate in plans to develop 
their watersheds. Good governance and coordination are 
essential to maintain and improve on the progress made to 
date. Further, the ACP must make sustained and adequate 
funding available (e.g., perhaps expand its Social and 
Environment Fund) so that it can effectively preserve natural 

resources and promote sustainable development and 
integrated management of the watershed.

8. For Further Information

www.pancanal.com

www.usaid.com

www.cich.com

1. Type and location of ecosystem

The Bang Pakong River Basin is economically important for 
Thailand. It has supported the livelihood of a great number 
of communities for centuries with its rich natural resources 
and biodiversity. It also contains an important estuarine 
system, with remarkable biological diversity that supports 
a highly-profitable shrimp industry, and a coastal tourism 
industry. Because of its proximity to Bangkok, the basin has 
experienced rapid industrial and agriculture development, 
and rapidly-increasing water demands. Emphasis on water 
allocations has had significant impacts on the ecosystem 
services provided by the rivers, leading to issues affecting 
their resources and the livelihoods of the people dependent 
on it.  The construction of a US $60 million saltwater 
intrusion barrage has particularly resulted in serious 
ecosystem impacts, to the extent that local community 
protests caused temporary de-commissioning of the dam 
within a year of the beginning of its operation.

The Bang Pakong River Basin (Figure 18) is subject to a wet 
season with tropical cyclonic storms during May-October, 
and an extended hot, dry season during November-April. It 
occupies a total drainage area of about 18,500 km2, and can 
may be divided into the upper Prachinburi River Basin and 
lower Bang Pakong River Basin. 

The catchments of the upper parts of the Prachinburi River 
are located in hilly ranges. Below the ranges, the basin 
exhibits a flat topography in low-lying alluvial plains, ideal for 
rice and other farming activities. The catchments provide 
plentiful runoff in the wet season, but are also prone to 
drought during the dry season. Although the natural water Figure 18. Bang Pakong River basin.
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important habitat, feeding grounds and nursery areas for 
a variety of fish species. Economically-important biological 
resources include shrimp and crab larvae, which are more 
abundant in the dry season, and may be used by some 
shrimp farmers practicing semi-intensive systems. 

The population of the Bang Pakong and Prachinburi River 
drainage areas is nearly 2 million, with one-third living in 
the Province of Chachoengsao. A significant increase in 
population density is also observed in the upstream to 
downstream direction, with the basin population being 
mostly rural, and rural poverty being a concern in the area.

Agriculture has been the most important activity in the 
Bang Pakong River Basin for centuries, in terms of both 
providing livelihoods and alleviating poverty. More than 
70% of the total land area is dedicated to agriculture, with 
95% of the available freshwater in the basin being used for 
irrigated agriculture. The principal crop is rice, which takes 
up over 50% of the agricultural land, with the next most 
important crops being cassava and maize. Mango, coconut 
and rubber plantations, and livestock farms, also are fairly 
common in the basin. Meat production also has become an 
important source of income, particularly intensive chicken 
and pig farming, which have mushroomed along the river, 
causing heavy pollution.

Both freshwater and estuary fisheries are important 
sources of food and income for local communities. Big river 
shrimp are particularly important popular seafood in Thai 
restaurants.  Shrimp farming has become an increasingly 
important and expanding activity in recent years. Newly-
developed low-salinity methods for farming black tiger 
shrimp facilitate the rapid expansion of marine shrimp 
farming away from the coast into the freshwater areas of 
Thailand’s central plain, which previously was under paddy 
cultivation. Since shrimp farming generates higher incomes 
than attainable with rice cultivation, this trend is expected 

to continue. Seasonal availability of brackish water within 
streams and irrigation canals also has encouraged the 
concentrated development of intensive shrimp farming along 
the river in excess of 100 km from the coast. Freshwater 
finfish farms also exist along the lower reaches of the river. 
Urban and industrial development within the basin has 
grown considerably in recent years, with industry now 
competing with the irrigation sector for water resources, and 
new industrial zones hosting water-polluting industries, many 
of which discharge minimally treated wastewater into the 
river. 

2.   Ecosystem services provided by the Bang 
Pakong/Prachinburi ecosystem

The Bang Pakong River Basin supports its communities 
through the ecosystem services of agro-forestry, irrigated 
crops, livestock, and fisheries. Sustainable use of aquatic 
ecosystem services has for centuries been an essential 
contributor to the wellbeing of local communities. The 
traditional farm system exploited the extensive paddy 
wetlands for both rice and fish, with fish and shrimp in the 
rivers complementing these sources.

Source of water for irrigation, urban and industrial water 
supply 

The basin has, until recently, benefited from an abundance 
of water resources. Following rapid population growth, 
however, combined with economic development, this crucial 
and necessary resource for the local communities have 
come under increasing pressures.  The water resources of 
the Bang Pakong River basin are now heavily exploited by 
the agriculture, industry and urban sectors.  The average 
runoff is estimated to be 4,200 million m3.  The Bang 
Pakong Basin water demands were 2,500 million m3 in 
2001, with the aggregate water demand expected to be 
over 3,200 million m3 by 2017. This means the water supply 
systems depend heavily on the provision of sufficient water 
storage during the dry season (reservoirs in the neighbouring 
economic zone basins of the Eastern Seaboard almost 
went dry in 2007, and there are plans to transfer water from 
the Bang Pakong River to neighboring catchments).  This 
water shortage is countered by storing wet season flows 
in 3 upstream dams constructed by the Royal Irrigation 
Department (RID), with the combined storage volume of all 
reservoirs being about 400 million m3.

Productive ecosystem for fisheries, tiger shrimp 
aquaculture and recreation 

The 120 km long lower reach of the Bang Pakong River is 
a tidal estuary, with tidal mixing creating perfect conditions 
for Gung Yai, a river shrimp that is one of Thailand’s major RICE CULTIVATION IN THAILAND
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delicacies. The estuary also is home to endangered species 
(e.g., Irawaddy dolphin) and, like similar estuaries, plays an 
important role for both brackish and marine fisheries. The 
estuary also provides important recreation potentials, being 
an integrated component of local culture and wellbeing 
as well.  It consists of a narrow, upper estuary about 50 
km long, and a wider, lower estuary extending over 18 
km. Characterized by high biological productivity and 
diverse estuarine plant communities (especially mangrove 
forests), the estuary provides an important habitat, feeding 
grounds and nursery areas for a variety of fish species. 
Economically-important biological resources include shrimp 
and crab larvae, which also may be used by some shrimp 
farmers practicing semi-intensive systems.  The low-salinity 
estuary water has recently been the basis for extensive 
aquaculture development of tiger shrimp farms, and fish 
cages are extensively used to produce freshwater fish further 
upstream.

Waste assimilation capacity and bank erosion control

The active water mixing and estuarine food webs exhibit a 
significant waste-processing capacity, which was sufficient in 
earlier time to handle waste discharges from both agriculture 
and municipalities without seriously damaging ecosystem 
health.  The estuary also has an important role in controlling 
tidal waves, with its retention capacity damping tidal waves 
and protecting river banks against erosion.

3. Ecosystem degradation, causes and impacts

Environmental flows

The Bang Pakong River ecosystems have become 
increasingly threatened by water allocation demands from 
agricultural, industrial, and household users over the last 20 
years, as well as from water pollution impacts. Freshwater 
is stored each year in 3 major dams before being provided 
for irrigation, municipal and industrial demands. Farmers 
along the river now run out of freshwater in the dry season, 
and freshwater shortages have become serious in the 
Bang Pakong River Basin, as water is utilized by upstream 
industries and also transferred to the nearby Chonburi 
Province.  Eastern Water Resources Development and 
Management Public Company Limited (known as East 
Water) received government approval in 2005 for a water 
pipeline project between Bang Pakong and Chonburi 
Province. The company subsequently announced a 
medium-term plan of 50 million m3 of water supply from 
Bang Pakong to Chonburi Province in a 2006 report.

River sedimentation and erosion

Many local people interpret construction of the 3 storage 
reservoirs as a major cause of many problems. The impacts 

on the river flows from these water releases is a source 
of over 100 land erosion hotspots along the river bank. 
Fishermen, who normally spend several hours a day in 
their boats along the river, have experienced much land 
erosion in recent years. The river has become narrower, and 
increasingly dry and shallow in the dry season. 

Pollution

Water quality issues in the estuary caused by shrimp farming 
are compounded by effluents from several catchment 
activities, including domestic and industrial wastewater 
discharges, and agriculture point sources (e.g., pig, duck 
and fish farms). Recent reports identify the following pollution 
loads into the lower Bang Pakong River from different 
sources, including nearly 6,000 kg BOD/day from domestic 
sources, nearly 9,000 kg BOD/day from industrial sources, 
and nearly 30,000 kg BOD/day from agricultural sources.  
The growing trend to develop shrimp farming in the basin’s 
freshwater areas is an additional pollution source. In fact, the 
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nutrient loading from inland low salinity shrimp farming has 
been estimated to reach 32 million kg BOD/year in the lower 
portion of the Bang Pakong River. 

Many people living along the river traditionally rely on the 
freshwater and marine fish catches as sources of income.  
The river no longer exhibits its previous characteristics, 
however, with the local population indicating it has 
undergone many changes over the past 10 years after 
industries began to become established in Bang Pakong 
and nearby areas. Complex water uses by modern 
agricultural and marine activities, and certain water 
management structures, have added to the problems, with 
the river now being so polluted that it kills most big prawns 
in the river.  Economic livelihoods have been drastically 
altered. ”We make Thai sweets instead of fishing,” says 
one of the many fishermen forced to take odd jobs when 
the river became polluted. “It pays very little money, but it’s 
better than doing nothing”.

Salinity intrusion barrage

A major water resources facility within the basin is the almost 
2 billion baht (US$ 60 million) Bang Pakong Diversion dam, 
located about 70 km from the river mouth (about halfway 
up the estuary).  The Bang Pakong River barrage was 
constructed by the Royal Irrigation Department to divert and 
store 30 million m3 of freshwater for different uses (mainly 
urban), and to prevent saltwater intrusion into irrigation areas 
during the dry season.  Although the dam started collecting 
water in January 2000, villagers were already filing water 
pollution complaints by the following month of March. 

The natural estuarine flows had been disrupted by the 
closure of the gates, and the water quality along the river 
banks had deteriorated. Seven kilometers of river upstream 
of the dam were heavily polluted by wastes dumped into 
the river from pig farms, runoff of chemical fertilizers from 
farms, and garbage from households located along the 
river. Meanwhile, the land below the dam’s structure was 
flooded by seawater tides, which were barred by the dam, 
with the river banks being eroded by tidal waves, which were 
amplified by the 900 m dam gate walls.

4.  Interventions Undertaken to Manage Bang 
Pakong River Basin

Conflicts over the different uses of the river have become 
increasingly common.  Working piecemeal — working with 
one set of stakeholders to resolve one critical issue at a 
given time — may produce some solutions. As the Bang 
Pakong River barrage experience proves, however, one 
solution may have unforeseen ripple effects, not all of them 

positive. This reality highlights the need to manage the 
basin’s resources in a more holistic manner, considering 
not only water allocation issues, but also the benefits of all 
ecosystem services provided by the river system and its 
basin.

Water Resources Management Plans

With assistance from Kasetsart University, the Royal 
Irrigation Department (RID) established a Master Plan 
for Water Resources Development and Management in 
the Eastern Region in 2000. This plan emphasized water 
allocations to address rapidly-increasing water demands, 
as well as pending conflicts over water resources.  Water 
shortages, water quality, and flooding were identified as 
the main water-related problems in this basin. The issue of 
ecosystem health was not considered.  The plan identified 
reservoir construction as the primary solution to upcoming 
water shortages

With stakeholder participation, an IWRM plan was 
developed for the river basin in 2004, specifying strategies to 
mitigate and prevent pollution of water sources by reducing 
pollutants from domestic, agriculture, aquaculture, and 
industrial wastewater. The focus was again on water quality 
(including salinity), however, rather than ecosystem health.

Bang Pakong River barrage 

RID was quickly compelled to cease operations and evaluate 
options for future barrage operation.  An environmental 
impact assessment was initiated. Upstream, the diversion 
dam prevented tidal flushing of the river, which contains 
water laden with municipal sewage and considerable effluent 
from pig farms and prawn culture ponds, thereby resulting 
to badly-degraded water quality. The diversion dam also 
prevented tidal flows from reaching upstream saltwater 
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fishery operations. The diversion dam’s operation interfered 
with tidal fluctuations downstream, resulting in several 
impacts detailed in the next section. Studies were made 
to identify more appropriate operation rules to minimize 
detrimental dam operation effects. The dam continues to 
be kept fully open, however, as a political approval (i.e., 
based on the consent of the public).  What would have been 
considered a “straightforward” technical water issue in the 
past has now become a highly-charged political issue.

Traditional community resource management

Traditional rice growing and small fisheries are slowly 
being replaced by private agricultural enterprises over the 
past 10 years. Many farmers and fishermen have turned 
to pig farms, shrimp and fish farms for additional income. 
Conflicting water treatment and chemical use by farmers 
often cause serious disagreements among them, with local 
disputes often erupting among local farmers as a result of 
such river uses.

Although such problems often erupt, they are now 
manageable, usually being resolved through the age-old 
custom of community negotiations. Fishing communities in 
Bang Pakong came up with a system to a solve pollution 
problems created by its members. Farmers along the 
river bank do the same thing, and informal community 
negotiations are used to avoid damaging the river.

Establishment of Bang Pakong River Basin Committee

Over the same period, national authorities recognized that 
efficient water resources management required strong local 
management and, therefore, a need for decentralization. 
The Bang Pakong River Basin was selected as a pilot area 
for development of a river basin organization and, in 2001 
(just after the opening of the barrier), the National Water 
Resources Council established the Bang Pakong River 
Basin Committee (BPRBC), with the mandate of managing 
water resources regulation of the Bang Pakong River Basin. 
The BPRBC consists of representatives from relevant 
governmental agencies, local governments and every 
relevant stakeholder group.

In an unprecedented move, the Committee elected a 
chair from the private sector in 2004, which was generally 
unsatisfactory at the initial stage, mainly because 
government representatives weren’t accustomed to ceding 
authority, and often refused to participate in the dialogues. 
On the other hand, this situation also served as a ‘magic 
wand’ for business and civil society representatives who, 
with their general distrust of centrally initiated projects, 
quickly jumped on board.  As a result, the chair persisted in 
bringing in different stakeholder groups for dialogues.

Bang Pakong River Basin Dialogue

To address all the Bang Pakong conflicts, the ADB offered 
technical assistance to the Bang Pakong River Basin 
Committee in 2004. The Bang Pakong Dialogue Initiative 
was established to help involved parties find solutions to 
the problems of the river basin, while at the same time 
strengthening IWRM approaches in the basin, as well as the 
capacity of the Committee to fulfill its mandate to reduce 
conflicts within the river basin. 

A public awareness campaign also was launched, targeting 
about two million people living in the basin. A specific 
element of the awareness campaign will focus on helping 
communities and individuals identify their role in water 
conservation and other activities. The dialogues focused 
on water allocation to assist the BPRBC in addressing the 
critical issue of water allocation between competing water 
use sectors and users.  This became the first trial of a 
process in which water users in the community get together 
to find solutions to existing conflicts, and which involves all 
stakeholders (e.g., farmers, civil society groups, government 
officials, companies). A dialogue between communities and 
Toyota Automobile Company in 2006 over a new Toyota 
plant in the Bang Pakong River Basin is a good example. 
The Toyota staff talked to 600 villagers from the area in the 
location in which the plant was being constructed.  The 
villagers raised several questions in order to ensure the 
plant did not destroy the river, being the community’s way to 
inform businesses they need to highlight their responsibility 
in protecting the environment.  

The Dialogue Initiative has served the local basin inhabitants 
in dealing with conflicts in specific local areas. Nevertheless, 
concerns are still expressed about ecological damage from 
interventions beyond the local scale.

5.  Results of management interventions

As highlighted above, experience over the past 10 years has 
demonstrated the importance of coherent management of 
ecosystem services to maintain human welfare, as well as 
social and political stability.  It also is apparent that the Thai 
Government, local communities and the private sector have 
been paying much attention to addressing the problems, as 
exemplified by this case also being discussed several times 
in various international contexts.

Nevertheless, it appears that little has changed for the better 
in the river ecosystem over the past 10 years. The barrage 
remains de-commissioned to avoid even worse social 
conflicts, and reservoir water releases still appear insufficient 
to maintain environmental flows during the dry season. It 
also is a difficult, long-term effort to reduce non-point source 
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pollution loads (e.g., from pig farms, rice paddy, shrimp 
farms), as well as the more controllable point sources of 
municipal and industrial wastewaters.  In addition, balancing 
available water resources with water demands is one of the 
economic hotspots in Southeast Asia.

It also is noteworthy that local communities are so attached 
to their local ecosystems that they can be politically 
mobilized to force the closure of major government-
constructed water infrastructures. The case of the Pak 
Mun Dam in Northeast Thailand highlights a similar story.  
Nevertheless, some things take time, and there are no 
‘silver bullets’ for addressing ecosystem problems.  Rather 
a decade-long and persistent effort often is required (e.g., 
Thames and Rhine Rivers).  One result of such efforts is 
evident; namely that much trouble and wasteful spending 
may have been avoided if the traditional water allocation and 
pollution approach of the 1980s had been replaced by an 
ecosystem approach. It also appears the formal introduction 
of IWRM during the 1990s was not sufficient to provide the 
needed results. Thus, there is a need to move forward to 
find approaches whereby one makes a point of departure to 
managing “the benefits of water,” rather than just “the water” 
itself.

6. Lessons learned

• The traditional IWRM focus on water allocation and 
pollution (with limited attention paid to fisheries and 
freshwater-coastal water interfaces), even when 
introduced and applied at very early stages, was 
not sufficient to account for all the various local 
interests and benefits in the basin, and caused de-
commissioning of a costly barrage infrastructure 
because of public and political pressures.

• Local communities depend on the benefits of 
ecosystems, more than on the water itself, and truly 
integrated water resources management must focus 
on the “benefits to people,” and not just on “water” 
per se; although the initial one-dimensional focus 
on “water for food and people” in the Bang Pakong 
River Basin barrage case may have created significant 
economic benefits to society through irrigation and 
urban/industrial water supply, it ignored the social and 
political value of other ecosystem benefits to the local 
communities.

• Local community wisdom and knowledge counts as 
much as academic data collection and studies; local 
people often know about their local ecosystems and 
their multiple benefits through age-old experiences 
and observations carried out through generations, and 

can provide important and useful insights which may 
be otherwise be achieved with traditional scientific 
approaches.

• Integrated water management is about local people 
and politicians as much as it is about water experts 
and bureaucracies, as evidenced public protests over 
unexpected ecosystem impacts creating sufficient 
political will to de-commission the Bang Pakong River 
Barrage.

• Because remediation of failures in managing ecosystem 
benefits takes time, it is important to address relevant 
issues early in the planning phases.
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