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Executive Summary 

Indonesia, a nation of 17,000 islands, is well known for its diversity. There are sensitive differences 
between the densely populated inner islands (Java, Madura, and Bali) and the outer islands (Sumatra, 
Kalimantan, Sulawesi, Irian Jaya, and many others). The inner islands monopolize much of the economic 
and institutional power in the country. They contain 70 percent of the population. Java, the main island, 
with 813 inhabitants per km2 , is among the most densely populated parts of the world. In contrast, the 
national population density average is 93 persons per km2. The lower density in the outer islands is 
mirrored in their different economies—with agriculture and resource extraction the major sectors. 

This report presents the findings of a literature review and field study on agricultural drainage in 
Indonesia. Indonesia was included as one of the six case studies as an example of drainage in the humid 
tropics. This kind of drainage is quantitatively different from land drainage in arid and semi-arid regions. 
Drainage in humid regions is not necessarily linked to irrigation. It is an intervention that, if done well, 
reclaims swamps, manipulates water table depths, allows the flushing of acids and toxicants, and 
facilitates the removal of stormwater. 

Within Indonesia, there are large differences in drainage systems. The main distinction is between the 
inner islands and the outer islands, where water resources management reflects the differences in 
economic activity, population density, and topography in the densely populated inner islands and the 
resource-rich outer islands. The main theme of this study is the different contexts for water resources 
management and drainage. The study describes the development of drainage in Indonesia with special 
emphasis on lowland development, highlights Indonesia’s diversity, and presents two different river 
basins—one from Central Java and one from South Sumatra. The main questions in the study concern the 
institutional arrangements for drainage and the contribution and place of drainage in integrated water 
resources management. 

Diversity 

The context of drainage on the inner islands and outer islands differs substantially (table 1). This point is 
relevant as the ongoing water sector reforms in Indonesia are inspired more by the water resources 
situation of Java and as a result have overlooked the different requirements of outer islands such as 
Sumatra, Kalimantan, or Irian Jaya. 

On Java, drainage is a response to pressure on land resources and the degradation of watersheds. 
Urbanization and the development of road infrastructure have congested drainage ways. Sedimentation 
from upland erosion has raised riverbed levels. Agriculture has extended into flood-prone areas. In urban 
coastal areas such as Jakarta and Semarang, overextraction of groundwater has resulted in land 
subsidence and higher exposure to floods. Intense pressure on land and water in Java, Madura, and Bali 
has created the imperative for integrated management of water resources encompassing water quality and 
competing uses. As the case study on Central Java shows, within this gamut of integrated water resources 
development and river basin management, mitigating flood impacts is an important function of drainage.  

The situation in the outer islands is different. Drainage here is strongly associated with the conversion of 
lowland swamps into agricultural land, particularly in the coastal areas of Sumatra and Kalimantan. 
According to the most recent (but outdated estimate), 3.9 million ha of low-lying wetlands have been 
developed as such, nearly two thirds of them in Sumatra and the remainder almost exclusively in 
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Kalimantan. Much of this land development has been spontaneous and driven by pioneer groups—
Buginese from Sulawesi, but others as well, who have usually developed the easiest areas first in the 
coastal plains and around tidal rivers. Nearly 2.6 million ha of lowland swamp have been converted into 
agricultural land through spontaneous settlement, about the same order of magnitude as the entire 
irrigated area on Java (3.1 million ha) or Egypt’s large horizontal pipe drainage program (2.0 million ha). 

On top of this spontaneous movement, vast areas of coastal lowlands have been converted into 
agricultural areas under government-sponsored programs, in particula r the transmigration program that 
saw its heyday in the 1970s and 1980s—covering 1.3 million ha, not including the recent One Million 
Hectare Peat Swamp Development project. The objectives of the transmigration program were to improve 
living standards and employment opportunities for poor, landless families from the inner islands, to 
alleviate population pressures, to promote balanced population distribution and regional development, and 
to increase agricultural production. The record of the swamp development projects on these scores is, 
however, mixed, particularly in the schemes still in the first stage of development. Inadequate design, 
poor construction, and poor operation and maintenance (O&M) led to ineffective water control—with 
serious side effects on the pace of soil development, particularly in a number of tidal schemes. Soils and 
groundwater have become acid and toxic, where drainage systems were not designed to leach and flush 
these products. Furthermore, rice intensification was heavily emphasized, driven by national policy 
objectives rather than field realities. For soil conditions in the swamp schemes, rice is not always the most 
suitable crop. Tree crops such as coconuts, oil palm, and acacia would have done better in several areas, 
had processing facilities been available and had it not been for a ban on changing rice land into dryland. 
Finally, several of the lowland projects, by nature, are in isolated frontier locations. Although lowland 
areas in many places have been transformed over a decade into vibrant new localities, several of the 
earlier lowland transmigration schemes are now sizeable poverty pockets. 

Since the mid-1980s, the private sector has taken increased interest in the lowlands for the development 
of aquaculture and estates. This type of development has reportedly expanded considerably over the last 
years, although exact data are not available. This type of development is not regulated, posing a risk that 
large areas of sensitive lowlands are being converted in unsustainable ways. 

Swamp development has been a managerially delicate affair in many areas. Drainage improves soil 
ripening, and lower water tables ensure that during rainfall fresh water flushes out the root zone from acid 
and toxic substances released by the newly developed acid and organic soils. Yet adequate drainage also 
requires more water for paddy cultivation, and hence it is not unusual to find that the operation of water 
control structures is neglected or that the structures are vandalized by farmers who balance needs 
differently. In this respect, some of the friction points in drainage systems are the same as in arid areas, 
where farmers have sometimes blocked horizontal pipe drainage systems so as not to have to irrigate too 
much. Another parallel is the difference in water-level priorities among farmers located at different parts 
of drainage units. To further complicate the picture, many lowland systems are relatively new, and local 
institutions and conflict-resolution mechanisms have not yet matured. The maintenance of lowland 
schemes has also been financially cumbersome. When a program of provincial block grants for 
maintenance was introduced, it immediately meant that drainage received low priority over work on 
irrigation canals elsewhere. In addition, recruiting O&M staff has been difficult for work in the often 
remote lowland schemes. Added to that, has been a deadly ambiguity over responsibilities—many of the 
schemes were never handed over to the provincial or district government, and the central government 
disowned them. Main system management in drainage has therefore been far from good, and the 
problems have compounded at the secondary and tertiary levels. 
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Institutions and Institutional Change  

Broad institutional changes and water sector reform in Indonesia  have had an important impact on 
drainage system management. Political turmoil has hit Indonesia hard during the last five years. The 
centralist and interventionist “New Order” regime ended, after 30 years in power. This opened the 
window for political reform, with regional autonomy and decentralization to districts as central tenets. 
The role of the government is changing from “provider” to “enabler.” The goals of the 1998 reformation 
are administrative decentralization, local government and community empowerment, governance 
transparency, and democracy. The political climate also provided momentum for water resources sector 
reform, undertaken as a precondition for disbursement of the World Bank–supported Water Resources 
Sector Adjustment Loan (WATSAL) in 1999. 

For a long time, the focus in both irrigation and drainage was the development of new systems. A 
powerful, strongly centralized Department of Public Works came into being. Within the Ministry of 
Public Works, there used to be a clear distinction between irrigation and swamp development. The 
Directorate of Swamps managed the substantial portfolio for lowland development and was responsible 
for all activities, including planning, design, and construction of swamp schemes. Theoretically, it was 
also responsible for O&M in the initial years after construction until hand-over to the provincial 
government, which, however, often did not materialize. 

In 1987, the first systematic effort was made to shift emphasis from development to management of water 
resources systems, particularly in the irrigation sector. The emphasis in the Irrigation Operation and 
Maintenance Policy (IOMP) formulated that year was on improved management of infrastructure—
handing over small irrigation systems (less than 500 ha), the introduction of irrigation service fees (ISF) 
in larger systems, and the introduction of needs-based budgets. Despite the large area under lowland 
drainage, no comparable parallel effort was made to reengineer the institutional arrangements in drainage 
and strengthen lowland management. 

In the small irrigation systems, the turn-over components of IOMP water user associations were to be 
established to take over responsibilities for O&M after the initial system rehabilitation (called “corrective 
maintenance”). In larger systems (above 500 ha), service fees were to be introduced and, again, water user 
associations were set up, at tertiary level. Irrigation service fee program methodology was for joint 
identification of O&M requirements through system walkthroughs and discussion in consultative bodies, 
consisting of selected heads of federations of water user associations. A contract for provision of these 
services was made with the Public Works Department and verified by the district administration as the 
regulatory third party. The third plank in the Irrigation Operation and Maintenance Policy was needs-
based maintenance budgeting. Instead of relying on standard per-hectare allocations, maintenance funding 
was to be based on actual expenditures as observed in the field. Loans were made available to support 
O&M budgets for a transitional period. 

Although most of these policy innovations focused on changing the management of irrigation systems, a 
number of efforts were also extended to the lowland systems, in particular the development of water user 
associations at tertiary units. In drainage schemes, however, these water user associations lacked a clear 
agenda. Hence, despite good ideas and intentions, little of the Irrigation Operation and Maintenance 
Policy survived the test of time. A number of analyses have been done about what undid the different 
efforts. One explanation is that, besides the institutional revamping of the systems, there was considerable 
budget for rehabilitation. Rehabilitation, provided under the guise of “corrective maintenance,” meant in 
the end that all the attention was diverted to construction and reconstruction and away from institutional 
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development. WUAs faded away or, in the case of the small systems, earlier informal institutional 
arrangements took over again. A second analysis of why little remained concerned the WUAs’ lack of 
(legal) standing and the new WUAs’ lack of value-added by their activities. In the swamp areas, for 
instance, WUAs were expected to take care of open systems, and, after upgrading, secondary water 
management control structures. Inadequate main system management, however, often impaired their 
functioning. In addition, among farmers in a tertiary and secondary block, there were large differences in 
terms of land quality, proximity to the primary canal, and extent of land development. Much of what had 
been created as WUAs disappeared. The different elements relied heavily on an organizational approach 
to management, for example, the formalities of water user associations, instead of taking a management 
approach to water problems. It is akin to the situation in Pakistan with the WUAs in the On-Farm Water 
Management project or in Egypt with the collector-user associations. The Irrigation Service Fee program 
of the IOMP also ran into a dead-end. Outside the large pilot areas, interest was lukewarm, and fees were 
not shown separately and became indistinguishable in the district budget. The district consultative bodies, 
the walkthroughs, and negotiations were considered too time consuming. Government was moreover 
unable to deliver—partly due to a series of budget cuts. Demand-driven and local management elements 
were introduced in a context and superstructure that revolved around the core business of construction 
with little talent for operation. 

Subsequently, models for participatory O&M in drainage were tested in the Second-Stage Swamp 
Development projects. WUAs were contracted for simple routine maintenance of the main system. 
Through both second-stage development projects, it became clear that even the focused approach of the 
projects failed to address micro-level but critical issues at field level. For this, more time would be 
required and more participation of farmers in planning, design, and O&M. This would require greater 
flexibility in construction planning and a field-to-field approach, for which different time scales are 
required. The introduction of a drainage service fee was also included in the design of the second-stage 
projects, but it had to be cancelled. Farmers were still living at or below subsistence, construction was 
often incomplete, and arrangements for O&M were not yet in place. In the case of swampland 
reclamation, since improved drainage affects soil and water management quality, it takes several years to 
show up as higher agricultural productivity. Not until then can the full impact of technical interventions 
be measured. Alternatives to drainage service fees seemed more viable such as farmers’ taking over 
routine maintenance of parts of the hydraulic infrastructure. 

With the economic and political crisis of the late 1990s, interest in lowland drainage quickly disappeared. 
In 1994, the Directorate of Swamp Development was abolished after an administrative reshuffle and its 
activities mainstreamed into the general operations of the Public Works Department. Its responsibilities 
were absorbed within the organization for irrigation development, and guidance to swamp development 
was delegated to subdirectorate level. With this development, institutional support for swamp 
development disappeared, and expertise in the often-delicate field of lowland development was scattered. 
In ongoing lowland schemes, a vacuum was created. Some five years later, the once all-powerful Ministry 
of Public Works was transitioned into the Ministry of Settlements and Regional Development 
[Kimpraswil]. Within the ministry, the Directorate General of Water Resources (DGWR) took care of 
water resources development. With this step, expertise on lowland development was further diluted.  

A number of departments are now responsible for various aspects of water resources management. 
Groundwater is managed by the Ministry of Mines and Energy. Environmental quality standards are set 
by the Ministry of Environment, while environmental management is the responsibility of the Agency for 
Environmental Impact Management [Bappedal]. The Ministry of Forestry is in charge of watershed 
protection. Responsibilities for water resources have been largely decentralized from the central 
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government to provincial and district administrations, the Provincial and District Water Resources 
Services. Provincial and river basin management units have been or will be established, with coordination 
committees to assist them in performing their tasks. At district level, irrigation committees will become 
the focal point for interface with the proposed WUA federations. 

The water sector reforms introduced as a precondition to the Water Sector Adjustment Loan (WATSAL) 
have tried to further introduce new water thinking in Indonesia, inspired by the concept of integrated 
water resources management. The WATSAL package introduces several institutional and regulatory 
changes as a precondition to World Bank budgetary support to the Indonesian government: establishment 
of an apex interministerial team on water, formulation of a national water resources policy and 
implementation plan, expansion of the river basin approach, adaptation of regulations on private sector 
involvement and stakeholder representation, development of enforceable water rights systems and a 
framework for pollution control, and the adaptation and implementation of a framework on irrigation 
management transfer. To put these changes into practice, facilities under the Java loan are used in several 
locations. 

The Policy on Irrigation Management Reform—developed as part of the WATSAL package—was 
officially endorsed by the president of Indonesia in 1999. The elements, in modified form, resemble the 
key tenets of the Irrigation Operation and Maintenance Policy of 1987. The climate may now also be 
more conducive to the empowerment of local organizations. Central is the establishment or reactivation of 
WUAs. These would federate at scheme level and can—departing from the earlier policy—take over 
management of schemes larger than 500 ha. Services under service agreements would then be provided to 
the WUA federations. The federations would have legal authority to enforce payment of irrigation fees 
from water users, own their own assets, and enter into binding contracts. Early experience indicates that 
the fees set by WUAs are far too low to meet O&M requirements. Compared to the days of the Irrigation 
Operation and Maintenance Policy, the center of gravity is meant to shift to larger and more empowered 
user organizations. There is a parallel here with Pakistan (from WUAs to farmer organizations), Egypt 
(from WUAs to water boards), and Mexico [modulos]. So far, all the attention under the WATSAL 
program has been directed at the irrigated areas of Java. No attention at all has been given in the reform 
package to the management of lowland drainage systems, and lowland O&M “field-laboratories” have 
been discontinued. It is still too early to see whether the different regulatory and institutional changes in 
the WATSAL package have “clicked.” 

Policy Recommendations: Drainage and Integrated Water Resources 
Management 

The main themes of this study were the different contexts for integrated water resources and drainage 
management in Indonesia. Integrated water resources management has been defined as “a process which 
promotes the coordinated development and management of water, land and related resources, in order to 
maximize the resultant economic and social welfare in an equitable manner without compromising the 
sustainability of vital ecosystems” (GWP 2000: 14). The question is “What is the place of drainage in this 
“coordinated development and management of water, land and related resources” in Indonesia’s diverse 
water resources management contexts?”  

On the inner islands, Java in particular, drainage is an integral part of flood management. Its main 
function is to safeguard human settlements and reduce flooding of agricultural crops. The increased 
pressure on land—with natural drainage paths blocked and flood plains converted into farmland—makes 
this an growing challenge. Moreover, natural drainage is increasingly affected by sedimentation of 
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riverbeds, which is related to the erosion of the uplands. One strand of the water sector reform has been 
the integration of water resources planning and spatial planning through river basin organizations. In the 
WATSAL package, this is proposed as an agenda item for the National Water Resources Policy. In river 
basin management, flood mitigation and drainage seem an obvious convergence point for integrating 
water resources management and spatial planning. 

One nagging problem with flood management systems—including drainage works—has been the 
underfunding of maintenance. With construction budget cuts, and O&M budget allocations on Java 
typically only half of what is required to operate water resources infrastructure, the construction, cleaning, 
and repair of drainage canals receive low priority. Farmers have generally responded to longer 
inundations by adjusting cropping patterns instead of by maintaining the drains. Under the new 
participatory approach, WUAs are authorized to carry out construction works with local government 
budgets as well as with resources of their own. This appears to have improved the quality of works—but 
the impression received during the field visits for this study was that many drainage systems have been 
abandoned. The big question is whether this will improve as river basin management is introduced as the 
main vehicle for water resources management on Java. In principle, flood management and drainage 
could get higher priority. In practice, the pecking order of immediate priorities could persist. It is far too 
soon to tell, as new river basin organizations are just being established, and funding and budgeting 
processes still have to fall into place. 

The situation on the outer islands, in particular Sumatra and Kalimantan, is entirely different. Lowland 
development here has driven regional development, as shown by the conversion of tidal lowlands by 
spontaneous settlers, government-sponsored programs, and private sector investment. Planning failures in 
the early years (repeated more recently in the One Million Hectare project), budget limitations, and the 
current focus on irrigation sector improvement and reform have caused loss of political support for the 
lowland development program. Also in the WATSAL package lowland development has received scant 
attention. 

Agricultural drainage in the context of lowland development cannot, however, be neglected. It is likely to 
play an important part in national policy for increasing food production, creating employment 
opportunities, and alleviating poverty. A balance must be struck between conservation and development. 
New development should be considered only in areas with potential for agriculture and with manageable 
impact on the environment. However obvious this may sound, this balance and care was not always 
observed in the past. A different situation is encountered in the existing swamp reclamation schemes, 
where second-stage interventions can make substantial improvements. The negative environmental 
impact of such interventions is negligible, while the impact on livelihoods can be substantial, considering 
that several first-stage swamp projects have turned into islands of poverty. 

A policy for lowland water resources management must be formulated, as also proposed for the National 
Water Resources Policy. This should start with a new definition of where lowland development stands in 
the national policy—answering questions about, for example: priorities in agricultural development; 
preferences in regional development and poverty reduction—including the settlement of outsiders; and 
the role of private parties and smallholders. The context of lowland development is completely different 
now. The responsibility for planning, developing, and managing is decentralized to the districts, which 
generally lack the framework and capacity to implement viable lowland development in the absence of a 
national strategy. Answers are needed about what the districts will do, what the provincial governments 
will do, and how they will be supported.  
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It is important to put swamp development within the context of integrated water resources management 
for several reasons. First swamp development has the potential to do much harm—if not done right. Tidal 
swampland is one of Indonesia’s major resources—economically and environmentally. In its natural state, 
it supports rich productive swamp and mangrove forests, together with abundant and varied aquatic life. 
But it also has considerable potential as a source of food and cash crops and as a livelihood for a growing 
population. Repeating the earlier definition of integrated water resources management—lowland 
development clearly requires a coordinating mechanism to “maximize the economic and social welfare in 
an equitable manner without compromising the sustainability of vital ecosystems.” Many swamp forests 
are no longer in pristine condition, however, having been degraded through earlier reclamation, 
unsustainable logging, and forest fires. This calls for very careful transport planning in the lowland 
systems. New roads built as part of lowland development can easily open new frontiers and disturb 
precious habitats. Here again, a river basin perspective is helpful. As on Java, drainage is badly impaired 
by riverbed sedimentation. The case study on Southern Sumatra, undertaken as part of this study, showed 
how sedimentation of the Musi riverbed gave rise to more severe floods and was distorting drainage 
patterns, turning swamps into inland lakes.  

The question with regard to integrated lowland development is how and who—what it would mean in 
reality. Water resources management of a tidal lowland system requires informed micro-planning rather 
than a blueprint approach. Tailor-made interventions (small dikes, drains, plugs) in the water resources 
systems have to be identified, and the different stages lowland systems go through have to be understood. 
Swamp development is a long-term process, requiring a longer project timeframe than the typical five to 
six years. It is precisely this capacity to micro-plan that is in short supply, and not just in remote districts 
in Indonesia. During the field study, we observed that decentralization had resulted in a withdrawal of 
technical staff—from districts and provinces back to central government organizations. The knowledge 
base in lowland development has severely eroded, starting with the dismantling of the Directorate of 
Swamps. Moreover, there are no general guidelines on intensive shallow drainage or on immediate and 
medium-term management to help the people now in charge. The district governments that are in the 
driver’s seat are generally ill-equipped to handle the management of the lowland drainage systems. There 
are many blind spots in the capacity to support swamp development—both new and second-stage 
development.  

Beyond planning, there are many more blind spots—in drainage management and operation in tidal 
lowlands. Lowland systems—particularly those without tidal irrigation, as in most government-sponsored 
systems of the past—are far more sensitive to adequate operation than other water resources systems due 
to the release of acidity and toxicants resulting from soil development and, in the absence of tidal flooding 
for leaching. It is important to get these basics right without being naïve and to keep in mind funding and 
personnel problems in swamp system operations. The review of second-stage swamp programs 
suggested—not surprisingly—that local user management should receive greater emphasis in lowland 
systems, but this will not happen automatically. Earlier experience showed that irrigation-copycat WUAs 
at tertiary level are not useful institutional assets. Lowland drainage will require its own institutional 
models. What is required is improved management of the entire system—by users and by district-level 
service providers. 

Finally, this case study on drainage in Indonesia brings out a number of themes that resemble agricultural 
drainage development in other parts of the world, as documented in the other case studies:  

• The need for a long-term perspective. Soils, especially in swamps, develop over time, and it also 
takes time for settler groups to become cohesive.  
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• The need for adequate drainage management at a primary and secondary level, where the 
operation of the drainage infrastructure is no longer the challenge but rather the management of 
the local water resources system. Yet there is still little hard evidence on how this will work. 

• The difficulty of financing O&M, although multilateral loans plug some of the gaps 

• The contribution of drainage to raising yields from agricultural water systems. This potential, 
though not easily captured in the popular “more crop per drop” thrust, is nonetheless relevant.  

• The need to put drainage in an active context of integrated water resources management. This 
should be done not only to deal with “negative externalities” (potential damage) of a piecemeal 
approach but also to make sure all issues are being addressed, including, for example, flood 
mitigation and riverbed sedimentation. 

• The importance of structured knowledge management, particularly in an area as specialized as 
tidal lowland drainage. Indonesia, in contrast to Egypt and Pakistan, for example, has no research 
and information center on drainage development and monitoring.  

 



1. Introduction 

Indonesia is well known for its diversity. A nation of 17,000 islands, each has its own distinction between 
coastal lowlands and interior. Superimposed on this geographical diversity are the remarkable and 
politically sensitive differences between the inner islands of Java, Madura, and Bali and the outer islands 
such as Sumatra, Kalimantan, Sulawesi, and Irian Jaya. The inner islands monopolize much of the 
economic and institutional power in the country and contain 70 percent of the population. Java, the main 
island, has a population density of 813 persons per km2, making it one of the most densely populated 
places in the world. In contrast, the average national population density is 93 persons per km2. The lower 
density in the outer islands is mirrored in their different economies. Agriculture and resource extraction 
are the major sectors. 

The differences in economic activity and population density are reflected in the different ways that water 
resources are managed in the inner and outer islands and particularly the position of drainage in water 
management. On Java, drainage is a response to increased pressure on land resources and degradation of 
watersheds. Urbanization and the development of road infrastructure have congested drainage ways, and 
agriculture has been extended into flood-prone areas. The intense pressure on land and water in Java, 
Madura, and Bali has created the imperative for integrated water management, including dealing with 
water quality and competing uses. There, the main function of drainage is in mitigating flood impacts. 

The situation in the outer islands is entirely different. Drainage here is strongly associated with the 
conversion of swamps into agricultural land—particularly in the coastal areas of Sumatra and Kalimantan. 
Much of this land development has been spontaneous and driven by pioneer groups such as Buginese 
from Sulawesi, who have developed the easiest areas first. In addition to this frontier movement, vast 
areas of coastal lowlands have been converted into farmland under the government-sponsored 
transmigration program in the heyday of the interventionist New Order [Orde Baru] regime. The 
objectives of the transmigration program were to improve living standards and employment opportunities 
for poor, landless families from the inner islands, alleviate population pressures, promote balanced 
population distribution and regional development, and increase agricultural production (World Bank 
1994). However, as with large resettlement programs in other parts of the world, the transmigration 
program was burdened with problems such as inadequate planning, insensitive blueprint design, and fears 
of being “colonized” among the aborigines. The low point was the now-shelved One Million Hectare Peat 
Swamp project on Central Kalimantan, which overlooked the presence of deep peat domes and in 
controversy became the equivalent of the Narmada Dam in irrigation. The result of the lowland schemes 
has been mixed, but they are here to stay and still present many opportunities for increased agricultural 
production and employment. Moreover, second-stage interventions in swamp schemes have shown that, 
in terms of water management, much can be rectified with considerable success.  

In the last five years, Indonesia has seen a period of economic upheaval. One of the severest droughts in 
the twentieth century (El Niño) occurred in 1997 and, combined with the unprecedented Asian financial 
crisis, dealt a severe blow to Indonesia’s food security (ADB 1998). Earlier economic gains came at a 
significant environmental cost—the destruction of natural forests, mostly through large-scale commercial 
logging backed by the central government, thus denying traditional access to forest resources and creating 
one of the most serious social problems confronting Indonesia. Under greatest threat are the richest 
habitats, which are easy to access and include the lowland forests World Bank 2000). 
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Political turmoil hit Indonesia hard during the same period. The New Order ended afte r 30-odd years in 
power, and there were subsequent changes in government. This opened the window for political reform, 
including regional autonomy and decentralization. The role of the government is changing from 
“provider” to “enabler.” The goals of the 1998 reformation are administrative decentralization, local 
government and community empowerment, government transparency, and democracy. The political 
climate also provided momentum for water resources sector reform, undertaken as a precondition to 
disbursement of the World Bank–supported Water Resources Sector Adjustment Loan (WATSAL 1999). 
The larger institutional changes and the water sector reform have had an important impact on drainage 
system management The contexts for water resources management, and drainage within it, are different 
on the densely populated inner islands and the resource-rich outer islands, and the transition and reform 
have affected them differently. This is the main theme of this study. 

This report presents the findings of a literature review and field study on agricultural drainage in 
Indonesia. Indonesia was included as one of the six case studies as an example of drainage in the humid 
tropics. This kind of drainage is quantitatively different from land drainage in arid and semi-arid regions. 
In the course of the study, the dearth of recent documentation on drainage in Indonesia became apparent. 
Drainage and lowland development—despite its extent—was also left out of the water sector reform 
package launched in 1999 as part of the WATSAL Loan, but there are major questions about how to 
proceed with existing and new lowland development. 

We believe that drainage in Indonesia needs far more attention than it is receiving and that a strategy for 
swamp development and management of swamp schemes in the outer island should find a place in the 
ongoing water policy debate in Indonesia. Improvements in Indonesia’s lowland systems have an 
important role in restoring food security and alleviating poverty.  

In this study, we attempt first to develop a typology of drainage situations based on technical-physical and 
social-managerial criteria. The typology first occurs at the macro level, where Indonesia is an example of 
drainage in the humid tropics. The second level in the typology concerns differences between the inner 
and outer islands in terrain and socioeconomy. Diversity in the water resources situation in Indonesia is so 
large as to require individual solutions, unlike in other case study countries such as Egypt or Pakistan. 

A second study objective is to look at the institutional models for drainage management. This discussion 
is particularly relevant in Indonesia in light of two trends: the ongoing decentralization of powers to 
district level and the policy toward river basin management, with efforts concentrating on Java thus far. 
Decentralization is a response to the country’s great diversity but also to the fear of the country’s drifting 
apart. To give local aspirations more room without activating sensitive provincial fault lines, there has 
been a devolution of power to the districts where drainage systems management is now vested. The 
mighty central Public Works Ministry has been transformed, and the Directorate for Swamps no longer 
exists. The government is trying to redefine its role from provider to enabler. These changes are echoed in 
the policy guidelines formulated under the WATSAL program. The WATSAL contains many elements of 
integrated water resources management such as river basin management, water as an economic good, 
enabling the regulatory framework, and irrigation sector reforms. A third objective of the study is to 
situate drainage within this framework of integrated water resources management. The report broadly 
follows these three main themes.  



Toward an Integrated Perspective on Agricultural Drainage 

 

3

2. Agricultural Drainage in Indonesia—Typology and 
History  

Indonesia is the world largest archipelago, but it is also a vast land mass covering an area of 1.9 million 
km2 (figure 1). The terrain consists of coastal lowlands with mountainous interiors, and elevations range 
from sea level to 5,000 m. The climate is hot and humid, and annual rainfall ranges from 1,000 to 5,000 
mm. In most of the country, two seasons prevail—a wet season (November to April), when about 75 
percent to 80 percent of average annual rainfall occurs, and a dry season (May to October). Indonesia has 
the world’s fourth largest population, an estimated 228 million. Projections put the population at 262 
million by 2020. Indonesia is ethnically diverse, the Javanese the largest group, and ethnic tension is 
prevalent throughout the archipelago. 

Figure 1 Map of Indonesia  

 

Source: World Bank. 

Natural hazards include floods, droughts, tsunamis, earthquakes, and volcanic eruptions. Manmade 
damage is no less worrisome. Environmental damage consists of deforestation, water pollution from 
industry and sewage, air pollution in urban areas, and smoke and haze from forest fires. Forest fires have 
assumed such proportions in the last five years that climate change in the Southeast Asia region is 
attributed more to the smoke and haze from the fires than to greenhouse gas emissions. 

The densely populated inner islands, with 7 percent of the national land area, are traditionally the main 
food-producing areas, with their rich volcanic soils and traditional rainfed and irrigated agriculture. They 
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are also increasingly urbanized, and face loss of agricultural land (an estimated 10,000 ha to 20,000 ha 
yearly) to the development of new urban neighborhoods and industrial and public infrastructure as well as 
to environmental degradation. The number of landless people on the inner islands is growing. In contrast, 
the outer islands are much less populated, have more land and a large portion of the natural resources but 
lag behind in development except in rural areas where incomes are generally higher than national 
averages.  

Indonesia’s fortunes took a hit in the 1990s. Until mid-1997, Indonesia was making headway in a number 
of social areas, including poverty alleviation, employment generation, and access to food for the poor. 
Since the fall in oil prices and the onset of financial crisis in August 1997, however, these trends have 
been reversed. Indonesia achieved rice self-sufficiency in 1984, but since 1998 it has again become a food 
importer. Food security, employment, and regional development receive considerable government 
attention. 

The economic upheaval and breakdown in law and order have increased pressures on natural resources, in 
particular, the lowland forests. The central government’s authority over regional affairs, including natural 
resource extraction, virtually disappeared with the fall of the New Order (World Bank 2001a). In its 
place, decentralization has widened the autonomy of some 350 districts, to some extent bypassing the 27 
provinces. Indonesia, from an unusually centralized country for its size and diversity, has become the 
most decentralized country in the region. A recent World Bank study raises concerns that decentralization 
could lead to inadequate environmental management as Indonesia’s districts become more dependent on 
natural resource-based revenues. Revenue-starved districts (Aden 2001) could be encouraged to 
accelerate land conversion and natural resource exploitation, but even before decentralization large 
forestry concessions were already playing havoc with lowland forests. Much ecological damage was done 
by inadequately managed forestry concessions and the construction of logging roads inviting waves of 
new settlers.  

Agricultural Development Policies 

Until 1999, Indonesia’s national policies were translated into Long-Term Development Plans and Five-
Year Development Programs [Repelita ]. In 2000, the state planning mechanism was overhauled. The 
Five-Year National Development Plan [Propenas] became the basis for development activities.  

Until 1979, most emphasis was given to increasing rice production and, in support, rehabilitating and 
expanding irrigation and drainage facilities as well as promoting smallholder intensification programs. 
After 1979, policy goals diversified to include intensification programs for  dry season crops, notably 
maize and soybean, with the goal of balancing production and consumption of the major food crops. From 
1989 on, the focus shifted to improving sector efficiency, consolidating rice productivity gains, and 
diversifying crops. There was less emphasis on expanding cropping areas, and the reclamation program in 
the outer islands, for instance, slowed down. At the same time, the agricultural sector was expected to 
absorb unemployment and eradicate poverty. The labor-intensive growth strategy up to 1997 delivered 
some of these goods, and by that time less than 30 percent the population was below poverty level. Since 
then, under the impact of economic and political turmoil, the proportion of poor people has increased 
sharply. 
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Box 1 Leveling off of rice production growth 

Average annual rice production growth rates on Java declined from 5.7percent a year in 1980 to 1.1 percent a 
year in 1996, while off-Java the average annual growth rate grew from 3.5 percent to 4.1 percent in the same 
period. This asymmetric growth reflects the leveling-off of rice yield increases and loss of irrigated land on Java, 
while irrigated and reclaimed swamp area increased on the outer islands. However, the build up of a high rice 
production capacity on the outer islands is generally slow. The outer island swamp drainage projects require high 
environmental and financial costs for transmigration, land clearing, water control, and settlement infrastructure to 
attain potential productivity between 50 percent and 60 percent less than that of Javanese irrigation schemes. 

Source: Asian Development Bank 1996. 

The National Development Program, Propenas 2000–2004, stresses: poverty reduction, employment, 
regional development, including transmigration of landless poor and refugees; protection of water 
resources, empowerment of local administrations and water users, transfer of water resources 
infrastructure, river basin management, operation and maintenance (O&M) and rehabilitation of irrigation 
and swamp schemes, new development of irrigation and swamp schemes; consolidation of agricultural 
resources, improved agricultural development in irrigation and swamp schemes, reduction of rice field 
conversion through spatial planning, and development of new rice land. In recent years, rice productivity 
growth rates have declined, especially on Java, due to the leveling off of productivity factors such as 
cropping intensity and yields (Asian Development Bank 1996; see also box 1) To compensate, 
productivity in other agriculture areas must be improved, and some new areas will have to be developed. 
There is a consensus that much of the increase in food production will eventually have to be realized in 
the outer islands through agricultural intensification and expansion. Existing and new lowland drainage 
development will be important in fulfilling this objective. The challenge for Indonesia is to sustain food 
security, while developing a more flexible and diverse agricultural base, at lower levels of government 
expenditure (Ministry of Public Works, DGWRD 1998 ). In densely populated areas, competing water 
needs have to be balanced—agriculture, urban, and industrial—while protecting water quality and 
ecological values (table 1).  

Drainage for Flood Protection on the Inner Islands  

On Java, drainage is a response to increased pressure on land resources and degradation of watersheds. 
Urbanization and the development of road infrastructure have congested drainage ways. Sedimentation 
from upland erosion has raised riverbed levels. Agriculture has extended into flood-prone areas. In some 
areas, overextraction of groundwater has resulted in land subsidence and increased exposure to tidal 
floods. The intense pressure on land and water in Java, Madura, and Bali has created the imperative to 
manage water in an integrated manner and actively deal with water quality and competing uses. 

Faced with growing nonagricultural water demands and diminished prospects for new irrigation in Java, 
the challenges are to sustain infrastructure, increase efficiency in water use, and find new approaches to 
planning, management, and allocation. In an effort to face these challenges, starting in 1994 the World 
Bank assisted Indonesia in a Java Irrigation Improvement and Water Resources Management project 
(JIWMP) to rehabilitate existing facilities, turn over small irrigation schemes to water user associations 
(WUAs), recover costs, and improve efficiency and sustainability of irrigation schemes on Java. Drainage 
as such has received less explicit attention and is subsumed under flood management. 
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Table 1 Inner and outer islands: different contexts for agricultural drainage 

Characteristic Inner islands Outer islands 
Location Java, Madura, Bali Sumatra, Kalimantan, Irian Jaya 
Context  Population pressure, urbanization, 

competing water use, congestion, loss of 
irrigated land,  

Spontaneous and government-induced 
settlement, “forgotten” lowland development 
systems  

Typology Rural flood control and drainage 
Urban flood control and drainage 

Tidal lowland systems (with and without tidal 
irrigation) 
Nontidal lowland systems [lebak ] 
Irrigated areas drainage 

Source: World Bank staff and consultants. 

Excess water from rainfall and flooding causes crop failure and wreaks havoc among people and livestock 
in low-lying areas. Particularly where inundations last more than three days in the most prevalent clay 
soils, excess water harms paddy roots. The drainage system is an integral part of the flood management 
system. Usually flood control systems start with the construction of embankments to protect an area from 
flooding. On some rivers, embankments were built along the banks without consideration to the people 
who live along the riverside. With the passage of time, the flood plains became densely populated—
which causes environmental problems and interferes with river improvement efforts. Retarding basins 
with spillways were used in some areas due to the limited capacity of rivers to store floodwater. In some 
places, “fuse plugs” were used to manage overflow of floodwater into a certain area when the capacity of 
the river is insufficient. Today, the retarding basins are less and less suitable, since most overflow zones 
have developed into villages. This development occurred mostly due the difficulty of enforcing the law. 
To avoid social problems, the spillways will have to be closed, dikes will have to be heightened, and 
drainage systems will have to be developed. 

Drainage on the inner islands can thus be divided into two types, rural and urban. In general, four 
different types of flooding can be distinguished: rainfall floods, river floods, tidal floods, and flash floods. 

Rainfall and river floods are handled mainly by drainage systems for further discharge into the river. 
Flash floods occur mostly in the foothills, and flood plains play an important role. Tidal floods occur in 
the coastal area and are caused mainly by land subsidence. Semarang city and its surroundings are the 
worst hit. The land is sinking by 2 cm to 10 cm a year, the most in coastal areas. Recently precautions 
have been taken by installing temporary pumping stations in the area. Construction of a polder system, 
under a loan from the Japanese government (JBIC), has been proposed with two big pumping stations. 
The Central Java government is enforcing the law limiting groundwater extraction  

One nagging problem has been underfunding of maintenance of flood management and drainage systems, 
which are becoming more important to water security. With O&M budget allocations on Java typically 
half what is required to operate water resources infrastructure, cleaning and repairing drainage canals 
receive low priority. Most farmers have responded to longer inundations by adjusting their cropping 
patterns instead of maintaining the drains. Under the new participatory approach, water user associations 
are authorized to carry out construction works under local government budgets as well as with resources 
of their own. This appears to have improved the quality of works—but the impression received during 
field visits for this study was that many drainage systems have been abandoned. The big question is 
whether this will improve—as river basin management is introduced as the main vehicle for water 
resources management on Java. In principle, flood management and drainage could get higher priority, 
but in practice the pecking order for immediate priorities could persist. It is far too early to tell, however, 
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as new river basin organization are just being established, and funding and budgeting processes still need 
to fall into place. 

Lowland Development in the Outer Islands  

The situation in the outer islands is different. Drainage here is strongly associated with agricultural land 
development. Tidal swampland is one of Indonesia’s major resources—economically and 
environmentally. In its natural state, it supports rich productive swamp and mangrove forests, together 
with abundant and varied aquatic life. But it also has considerable potential as a source of food and cash 
crops and as a livelihood for Indonesia’s growing population.  

Development of swamp forests results in loss of natural ecosystems. If the scheme is viable, if generates 
worthwhile income for the new inhabitants, the environmental impacts are regarded as acceptable, unless 
the loss is unique and irreplaceable (Asian Wetland Bureau 1993). Degradation of swamp forests to 
heavily degraded forest, secondary scrub, or herbaceous swamp is usually attributed to reclamation in 
areas unsuitable for agriculture, and subsequently abandoned, or unsustainable logging practices that 
ultimately lead to fires. 

Recognizing that lowland development will increasingly play a part in development in Indonesia, a 
balance has to be struck between conservation and development. New development should be considered 
only in areas with potential for agriculture and with limited impact on the environment. Many of the 
swamp forests are no longer in pristine condition, however, and have been degraded due to earlier 
reclamation, unsustainable logging, and forest fires. A different situation is encountered in the earlier 
lowland schemes, where renewed interventions are required. The negative environmental impact of such 
second-stage interventions will be small, but the improvement of local economies can be substantial. The 
focus in lowland development should hence be on areas that are already “opened” either by the earlier 
transmigration program or by spontaneous settlement. 

Planning failures, budget limitations, and the current focus on irrigation sector improvement and reform 
have caused loss of political support for the lowland development program. Agricultural drainage in the 
context of lowland development cannot, however, be neglected under current reforms in the water 
resources sector, integrated water resources management and river basin planning—if only because in the 
current policy vacuum swamp development continues through the private sector and individual settlers. 

Brief History 

Indonesia contains some 36 million ha of swampland, located mainly on the islands of Sumatra, 
Kalimantan, and Irian Jaya (figure 2). In the coastal zone, these lands are in a natural state characterized 
by waterlogged shallow to deep peat overlaying unconsolidated, and often acid, clays. Tidal rivers and 
creeks in the estuaries may be saline, particularly during the dry season. Nontidal inland freshwater 
swamps are found in other locations. Except for some remaining primary forest, the larger part of 
lowlands contains degraded forest and secondary scrub (Ministry of Public Works, DGWRD 1998). 

During a nationwide inventory of coastal and near-coastal swampland in 1984, an assessment of land 
suitability for low-cost agricultural development was conducted on Sumatra, Kalimantan, and Irian Jaya 
(Ministry of Public Works, DGWRD 1984). Of the 24.6 million ha surveyed, 5.6 million ha were found 
suitable for low-cost development. The area suitable for agriculture would be larger when using 
sophisticated techniques as drainage pumping. 
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Figure 2 Lowlands in Indonesia 

 

Source: World Bank.  

Development in the swampland of Sumatra and Kalimantan started in the early twentieth century by 
spontaneous migrants, or even centuries earlier when considering the role of indigenous people 
(Furukawa 1994). Swampland reclamation by the government began in the 1930s. Large-scale 
government-sponsored swamp development peaked during the 1970s and 1980s, driven by the 
transmigration program. Major reclamations were undertaken in Sumatra and Kalimantan. During the 
1980s, the private sector became an active participant in swamp reclamation. 

Figures put the total reclaimed swampland area at 3.7 million ha in 1993, 1.3 million ha of it through 
government-sponsored development (up from 35,000 ha in 1972) and 2.4 million ha by indigenous and 
spontaneous settlement (table 2). In 1998 some 0.3 million ha of aquaculture and 0.2 million ha of estates 
were developed by the private sector. These figures are outdated and do not include the expansion of 
private sector development, but no more recent figures are available. 

Spontaneous Settlement 

Indigenous wandering Malay have traditionally populated the coastal swampland of Sumatra and 
Kalimantan. Basically gatherers, their agricultural activities are limited and small scale. Spontaneous 
settlers, mostly of Buginese or Banjarese descent, have also settled in these coastal areas since the early 
twentieth century. They reclaimed land along tidal rivers to establish a home base, grow food, and 
supplement economic activities such as trade, fishing, and logging. These spontaneous settlers seek high 
returns on their inputs, resulting in extensive agriculture on large farm holdings where coconuts often 
replace rice. 
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Table 2 Distribution of lowland and government-sponsored development 

Location 

Land Sumatra Kalimantan Irian Jaya Sulawesi Total 

Total swampland area 
Tidal Ha (’000) 6,604 8,127 4,217 1,149 20,097 
 % 20 24 13 3 60 
Nontidal Ha (’000) 2,766 3,580 6,306 645 13,296 
 % 8 11 19 2 40 
Total Ha (’000) 9,370 11,707 10,522 1,793, 33,393 

 % 28 36 31 5 100 

Total area developed by Indonesian government 

Tidal Ha (’000) 615 220 0 0 835 
 % 1.8 0.7 0 0 2.5 
Nontidal Ha (’000) 279 192 6 2 480 
 % 0.8 0.5 0 0 1.3 
Total Ha (’000) 895 412 6 2 1,315 
 % 2.6 1.2 0 0 3.8 

Source: Ministry of Public Works, DGWRD 1996. 

Most spontaneous settlers carefully select land on tidal riverbanks. These migrants are knowledgeable 
about basing their choice of land on the existing vegetation and other such indicators of suitability. 
Optimal use is made of the natural drainage outlets (tidal creeks) and the tidal range, which allows gravity 
drainage at low tide and tida l irrigation at high tide. 

These settlers develop the land up to 2 km inland from the tidal rivers (figure 3). After establishing a 
clearing on the riverbank for settlement and rice cultivation, they gradually extend the drainage system 
inland. Over time, coconut plantings will take over from rice, especially where high tides cannot irrigate 
the land. Natural creeks are enlarged or narrow and deep canals are constructed perpendicular to the tidal 
river. The development continues inland until the drainage potential is exhausted. In a later stage, 
secondary canals perpendicular to, or in a fish-bone layout up to 1-km long, are excavated from the main 
canals or creeks.  

Coconut trees are generally grown on mounds and drained by small field ditches. Rice is grown in fields 
shallowly flooded at high tide. Rice is usually a labor-intensive local variety, resistant to adverse 
conditions in the swampland, but with lower yields and a long growth period. The settlers construct only a 
few simple water control structures. Mostly the system is open, as the canals are used for boat transport 
and transport of coconuts to the river. 
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Spontaneous settlers form cohesive 
communities with strong ties to their areas 
of origin. Economic activities include 
agriculture, trade, fishing, and logging. 
These are seafaring, entrepreneurial 
people. The communities established often 
develop into villages and market places 
where intermingling with settlers of 
different origins may take place, but 
basically these communities are self-
supporting.  

Large areas have been developed this way. 
Increasingly, these settlements lose their 
isolation as other settlements crop up 
nearby. Few government programs have 
been designed and implemented to support 
these spontaneous and traditional 
settlements. The government bypassed 
these settlements in favor of the 
transmigration schemes. 

Government-Sponsored 
Reclamation 

Government-sponsored schemes are 
typically constructed in the swamp 
interior, farther from the tidal river than the spontaneous settlements. In official typology, government 
schemes are generally found in class B or C land, whereas spontaneous settlements have grow up in class 
A and B areas (box 2). Because of the distance to the main river, large primary canals connect these 
schemes to the rivers. Soil conditions are usually less favorable than they are in spontaneous settlements. 

Under pressure of high transmigration targets, the program took various shortcuts in planning and design, 
which resulted in large-scale, overgeneralized, and rigid drainage designs. There were no reference points 
for swamp reclamation on this scale, and the capacity for adequate planning and supervision lagged 
behind implementation targets. The transmigration sites often caused considerable ecological damage, as 
they were developed close to deep peat forests, causing these to be drained as well. Some transmigration 
sites were developed close to nature reserves, and the infrastructure that came with them opened inroads 
into these areas. 

Transmigrants came from the densely populated islands of Java, Madura, and Bali, where the farming 
culture is much different. On arrival, the farmers were assigned a plot of land, usually 2.25 ha, and had no 
choice in selection. Neither was any consideration given to the farmers’ origins, and hence the social 
fabric in government schemes was more heterogeneous than in the spontaneous settlements.  

Despite the abundance of water in the tidal land, most government-sponsored swamp schemes depend on 
rainfall for water. Originally, the schemes were designed to provide minimal drainage, just the evacuation 
of excess rainfall, to support wetland rice cultivation. Schemes were generally designed with wide drain 
spacing and dead-ended canals. 

Figure 3 A typical spontaneous lowland system 

 

Source: Sriwijaya University Research Center, 2001; unpublished.  
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Over the years, it became clear that this approach was too general. Views on minimal drainage changed in 
favor of controlled drainage for soil ripening and flushing and leaching of the toxicants and acids that 
cannot be prevented from forming during the long dry spells. That is why dead-ended canals have to be 
avoided, and larger canal cross-sections and a dense tertiary and on-farm drainage system constructed 
instead.  

Minimal drainage resulted in stagnant water conditions and crops affected by acidity and toxicities due to 
poor leaching and flushing. Water retention and poor drainage also hampered soil ripening and therefore 
the introduction of mechanization. The proper design criteria for drainage are still being discussed, and 
many of the recommendations stem from empirical observations. A more elaborate description of lowland 
reclamation is given in appendix B.  

The reclamation of tidal swampland involves drainage of unconsolidated, often acid-sulphate, clays 
(PASS) and organic soils, to ripen soil. During this period, the land is marginally suitable for agricultural 
production and has a low productivity. Drainage is also required to flush acidities and toxicities related to 
the oxidation of acid-sulphate and decomposition of organic soils. A third objective of drainage is the 
control of water levels and evacuation of excess rainfall for different crop requirements (e.g., rice, dryland 
crops, or tree crops). 

Until soils mature, drainage design and operation is a balance between these conflicting objectives. The 
complexity of drainage operations is intensified by the micro-diversity of soil conditions and topography, 
the tidal regime and tidal range, the changing physical conditions over time, and conflicting crop needs. 

An essentially different water management situation exists for land that can be tidally irrigated (classes A 
and B). Here, sufficient water is available for leaching and flushing, and the soil and water quality is 
better and suitable for wetland rice cultivation. While many of the spontaneous settlements are located in 
tidal irrigated lands, only a minor part of the government-sponsored schemes have access to tidal 
irrigation. 
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Box 2 Detailed typology of lowland swamp development 

In Indonesia’s tidal land, four water management categories are commonly distinguished, based on the tidal 
irrigation potential in-situ, the hydrotopography. This function is determined by the relation between the tidal range 
in the river, the dampening of the tides in the drainage system, and the topography.  
The four hydrotopographical categories in tidal swamp schemes are:  
§ Class A. Tidal irrigated areas where the fields can be flooded at least four to five times at high tide during a 14-

day spring tide cycle in both wet and dry cropping seasons, and where tidal supply provides sufficient leaching 
for proper soil and water quality 

§ Class B. Tidal irrigated areas where the fields can be flooded at high tide at least four to five times at high tide 
during a spring tide cycle only during the wet cropping season and where less water is available to maintain soil 
and water quality 

§ Class C. Areas just above tidal high water, where the fields cannot be flooded at high tide but where the tides 
still influence groundwater levels, and where leaching of the root zone from acids and toxicants depends 
entirely on rainfall and percolation through controlled drainage 

§ Class D. Higher areas where the fields are not subject to tidal influence [lebak ]. 

A further distinction with regard to agricultural suitability is usually made in soil type (e.g. mineral versus 
organic soils), the presence and depth of acid-sulphate layers, the thickness and type of peat layers, soil fertility, and 
ash content. Other factors include potential and future drainability, salinity intrusion, and flooding. 

As a consequence of reclamation, the physical characteristics change considerably over time. The micro-
diversity of physical characteristics also appears to be a major factor in land and water management–especially 
access to drainage and supply and soil and water quality control. This was initially overlooked in the rigid designs, 
focused on minimal drainage and wetland rice cultivation. Most transmigration sites are located in the 
hydrotopographical categories B and C. 

In nontidal areas, a differentiation in flooding regime is common, based on depth and duration of back swamp 
flooding. The main crop is usually rice. Reclamation of these areas requires precise knowledge of the river regime 
and flooding characteristics and the relation to topography and soils.  

The classification of nontidal swamp areas consists of: 

§ Class I. Shallow inundations over short periods  
§ Class II. Medium-deep inundations over longer periods 
§ Class III . Deep inundations over longer periods or permanently. 

Drainage is facilitated through different kinds of canals within the schemes, connected to the tidal rivers 
through primary and navigation canals, allowing for gravity drainage at low tide, with or without the aid 
of water control structures, as well as intrusion at high tide, allowing for flushing, leaching, and tidal 
supply. The drainage infrastructure serves the additional purpose of navigation, control of salinity 
intrusion, and flood protection. 

Rehabilitation and upgrading of the limited drainage systems in previously developed lowland sites in the 
1980s, together with agricultural support services, raised productivity. However, the interventions fell 
short of the integrated approach required to address a range of issues in the lowland systems. Integrated 
interventions in the 1990s were more successful—including the development of controlled drainage, the 
development of local organizations, and resolution of issues such as land titling and safe drinking water 
supplies. Useful lessons were learned during the integrated swamp development program. 

It is therefore surprising that, in 1995, the New Order regime embarked on swamp development project in 
Central Kalimantan, repeating the mistakes of the past on an even larger scale (box 3). The One Million 
Hectare project sought to develop a huge lowland area for rice cultivation and dry crops. Yet the design  
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Box 3 The One Million Hectare Peat Swamp Development project   

The One Million Hectare Central Kalimantan Peat Swamp project (PLG) formally started with Presidential 
Decree No. 82 in December 1995. The project proceeded on the basis of an integrated approach involving staff and 
experts from the Ministries of Agriculture, Public Works, Transmigration, Forestry, Home Affairs, and Finance, and 
the state Ministries of Environment, National Development Planning, and Land Affairs.  

The project area is a stretch of 5.6 million ha of shallow and deep peat soils in Central and South Kalimantan. 
Most of the primary forests were exploited for timber well before the project started, and the area is sparsely 
populated. Some 80,000 ha of swamps had already been developed through simple reclamation.  

The project, begun in response to increasingly high rice imports, was highly politically motivated. Of the gross 
area of 1.7 million ha, 1.0 million ha were earmarked for reclamation—638,000 ha of the shallow peat area for rice 
development and the remainder for horticulture and tree crops. The area assigned to food crop development would 
eventually accommodate some 300,000 families. Settlers would initially be selected from the local population, and 
the remaining plots would be made available to settlers from other locations, including Java, Madura, and Bali. 

Over a staged period of six years, the project would provide the hydraulic infrastructure necessary to reclaim the 
soil and allow development of sustainable agriculture. The area would be developed in four zones. Construction 
started in 1996 in Block A and included the construction of the entire primary canal system and the reclamation of 
about 145,000 ha. 

The project defied most previous experience and lessons learned with swamp reclamation. Large parts of the 
project area are not suitable for agricultural development, mainly on the deep peat soils identified during the 1984 
Nationwide Study of Coastal and Near-Coastal Swamplands. The rivers have a small tidal range, which limits 
gravity drainage. From the beginning, the project abandoned the staged development approach and installed 
hydraulic structures in unstable soil conditions. 

According to a World Bank report in 1998 (Herman 1998), shortcomings in the project relate mainly to planning 
and design failures such as insufficient design attention to soil, topographical and hydrological characteristics, and 
alignments of the primary canals selected prior to the environmental assessment. These canals now cross deep peat 
areas, resulting in severe overdrainage and irreversible environmental damage, manifest in excessive drying out of 
peat domes, subsidence, deforestation, and fires as well as the drying up of the traditional water resources such as 
wells and rivulets for indigenous people. A study by the Gadjah Mada University (Darmanto 2001) further 
emphasizes the need for site-specific solutions and participatory approaches, taking into account the interests of the 
indigenous population of the area. 

The project has become one of the most controversial projects in Indonesia, due to its negative environmental 
impact. Implementation was halted after serious criticism. The World Bank made disbursements of the WATSAL 
loan conditional to the government’s decision to halt the project. A side effect of the project was that many experts 
were mobilized, and that hence insufficient managerial and technical capacity remained with the swamp agencies. 
An other unwanted side-effect was that the failure of the project gave swamp reclamation a poor name with policy 
makers and financing agencies, to the extent that support appears to be completely lost. 

Source: This study.  

 

was seriously flawed—with canals crossing deep peat domes—leading to irreversible drying out and 
severe subsidence, which would change the entire local hydrology. The limited tidal range of the rivers 
made gravity drainage problematic. The social wisdom of settling 300,000 transmigrant families in 
Central Kalimantan was also highly questionable. During the Reformasi of 1998, the failed One Million 
Hectare project was shelved under pressure by, among others, the World Bank . 
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Private Sector Investment 

Private investors are the most recent agents involved in lowland reclamation. The private sector is 
basically interested in aquaculture, for example, fisheries and shrimp farms, and agricultural estates based 
on monoculture tree crops such as oil palm, coconut, and pineapple. Many of these estates are supported 
by a transmigration-driven smallholder component, which provides labor to operate the estates. The One 
Million Hectare project also had a large component that was to be developed by private capital. 

The uncontrolled development of the lowlands in the last few years reflects the lack of any overview of 
the extent and location of private sector reclamation of lowlands. This is particularly worrisome, because 
it makes difficult land management and the creation of buffer zones around sensitive areas (nature 
reserves or deep peat areas). Even in the past, private estates were logging operations in disguise—
opening an area but moving out once it was cleared of trees. The risk is large that this practice will 
continue—with even fewer checks and balances. 

Framework Needed for Future Lowland Management 

During a review of the national swamp development program conducted in 1998 and updated in 2000, 
(Ministry of Public Works, DGWRD 1998), a case was made for improved planning and management of 
the lowlands in Indonesia, to avoid the mistakes of the past, based on updated inventories and 
assessments of lowland resources (see figure 4 at the end of this section). The same point was put on the 
agenda of the National Water Resources Policy as a component of the reforms. 

A national lowland management plan would link up lowland development with the current national 
development goals, water sector reforms, and the move to river basin planning. Lowland development is 
now marked by laissez-faire and has become water policy’s blind spot. This is in spite of the 
environmental impact of both planned and uncontrolled lowland use and the contribution that lowland 
areas make—and can make—to food security. Improved planning and management of lowlands should 
support decentralization policies—to equip local governments in this field. It should help in finding a 
better balance between development and environmental priorities and identifying quick-yielding 
interventions in existing swamp schemes. 

Balancing Environment and Development in Lowland Management 

The reclamation of swamps and the opening up of new schemes have had major environmental impacts 
on the forests, wetlands, wildlife, and local communities. So much clearing of primary forests took place 
that very little remains in or near the schemes and what does remain is largely degraded forest. There is 
also considerable pressure from the schemes on surrounding forests. Appendix C gives a comprehensive 
overview of environmental risks and impacts of swamp reclamation. They concern loss of vegetation 
cover and related biodiversity and habitats. They also concern changes in soil conditions that will affect 
land suitability and water quality, particularly where site selection was ill-advised or water management is 
deficient. The leachates from acid sulphate soils and toxic iron releases from the reclaimed areas may 
affect—though temporarily—local fisheries, although by far most of the acidity and toxicity is caused by 
natural releases. There are also impacts from the reclamation areas on the surrounding environment—the 
risk of overdrainage of adjacent deep peat areas, pressure of new and inexperienced settlers on the 
surrounding forest, and the effect of new road infrastructure in providing access to protected areas. 

 



 

Figure 4 Staged swamp development  

GOVERNMENT POLICIES GOVERNMENT POLICIES GOVERNMENT POLICIES
- Rice self-sufficiency - Poverty alleviation - Assumed to be identical to these 

during second stage- Transmigration - Regional development
- Development of outer islands - Export commodities
- Income distribution - Private sector involvement
- Security of  coastal borders - Improvement of income and welfare

- Food self-sufficiency
- Environmental sustainability
- Decentralization

PROJECT GOALS and OBJECTIVES PROJECT GOALS and OBJECTIVES PROJECT GOALS and OBJECTIVES
- Reclamation of new swamp areas - Integrated approach - Integrated approach
- Low technology infrastructure (low cost) - Rehabilitation and upgrading - Full resources development
- Subsistence farming, rainfed rice and palawija - Efficient operation and maintenance (O&M)with cost recovery - Completion of decentralization process
- Smallholder schemes - Institutional strengthening - No below-poverty farmers

- Intensification and diversification of agriculture - Sustainable agriculture
- Improved agricultural support and social services
- Farm mechanization
- Improved resource use
- Coastal zone management

SOCIOECONOMIC INFRASTRUCTURE SOCIOECONOMIC INFRASTRUCTURE SOCIOECONOMIC INFRASTRUCTURE
- Basic health care and other social services - Improved health care and other social services - Functional cooperations / credit facilities
- Accessibility and communication based on water transport - Access roads and internal farm road systems - Adequate social facilities
- Basic roof catchment drinking water - Improved drinking water facilities - Rural electrification
- Basic agricultural support services - Improved agricultural support services - Agro-industries

- Improved access to marketing and agroprocessing facilities - Integrated in regional road network

HYDRAULIC INFRASTRUCTURE HYDRAULIC INFRASTRUCTURE HYDRAULIC INFRASTRUCTURE
- Open drainage system and flood protection - Semi-controlled drainage system - Fully controlled water management
- Tidal irrigation where possible - Improved soil-water management - Irrigation
- Water conservation elsewhere - Empoldering

KK 4.0 M Indicative Agricultural Income per Family      

Full resources development
KK 2.0 M Constraints :  Soil -water management

KK 1.6 M (poverty line) Neglected O&M

Poor accessibility

Poor services Integrated swamp development
KK 0.5 M

Rehabilitation/special maintenance

F I R S T    S T A G E S E C O N D    S T A G E T H I R D    S T A G E
 

Source: Ministry of Public Works, DGWRD, 1998. 
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In lowland reclamation, there are no simple win-win situations, but negative environmental impacts can 
be considerably mitigated by several measures. This scope for mitigation provides a strong argument 
against leaving lowland development and management the “free for all” it is now (table 3). The most 
important one is at policy level—to give preference to second-stage development in existing areas instead 
of reclaiming new areas. The reason for this preference is straightforward: in the reclaimed areas, the 
ecological damage has already been done. In areas with considerable sunk environmental costs, it is better 
to improve livelihood conditions and agricultural productivity. Moreover, gains in agricultural 
productivity in second-stage swamp development appear to be as high if not higher than in the initial 
opening up of new areas. In Indonesia’s current decentralized constellation, large-scale reclamation 
programs as they occurred in the past are also less feasible politically. In already reclaimed areas, the 
parts suitable for second-stage development should be identified. For remaining lowland forests, 
conservation and rehabilitation areas as well as areas suitable for new agricultural development need to be 
designated and discussed with local governments. Instead of ignoring the problem, a framework for 
lowland management is required—one that would reconcile the priorities of different interests and sectors 
such as agriculture and farming. 

Next, improved land management planning and site selection around the reclaimed sites would also limit 
damage. Areas with peat layers more than 1 m deep or shallow layers of potential acid-sulphate soils 
should be avoided. Improved land use planning would mean that land reclamation and new road and 
transport development should be kept a safe distance from protected forests and from areas with deep peat 
domes. Experience from the Integrated Swamp Development project also suggests that wide roads invite 
illegal logging, and hence should be avoided where possible. Silvius and Giesen (1996) argue that land 
management plans should be actively enforced. This would consist of clearly demarcating national parks, 
production forests, and conversion forests. Ideally, production forests should surround national parks and 
act as a buffer to encroachment. Silvius and van Giesen suggest that, in the management of production 
forests, local groups should be given the right to maintain and exploit the forest—along the lines of the 
joint forestry (India) or “camp fire” (Southern Africa) programs. 

Table 3 Measures to mitigate environmental impact of lowland reclamation 

Impact Mitigating measures 

Policy level 
Opening up of pristine areas—loss of 
biodiversity, destruction of adjacent forest 
and deep peat areas, loss of buffering 
capacity 

Concentrate second-stage development in areas already developed—
either earlier reclamation projects or spontaneously developed areas.  
Give low priority to new reclamation.  
Establish resource inventories. 
Allocate land by intended use—development, conservation, 
rehabilitation  
Enforce the laws.  

System level 
Irreversible hydrophysical development 
of peat soils  

Select development areas carefully so as to avoid peat layers at more 
than 1 m depth. 

Negative impact on water quality, 
because of acidification of potential acid-
sulphate soils  

Avoid areas with shallow potential acid-sulphate soils. 
Provide for adequately operated water control systems —retention 
and regular flushing.  

Collateral effects to neighboring nature 
reserves and deep peat areas 

Do not convert forest bordering protected areas—buffer zones of 
production forests. 
Do not develop drainage development in vicinity of deep peat soils. 
Plan roads carefully.  



Toward an Integrated Perspective on Agricultural Drainage 

 

17

A third category of mitigating measure concerns improved local water management. Water storage and 
well-timed flushing can reduce acidification considerably. To a large extent, changes in soil composition 
are unavoidable and are, in fact, part of the reclamation. The process of soil ripening can, however, be 
accelerated by adequate local water control. 

Staged Lowland Development 

The preference for second-stage development suggests that public responsibility for lowland development 
should not end at the first stage of land reclamation. Staged development is the guiding principle for 
swampland reclamation—accepted by the Indonesian government but not formalized as a policy. Full 
development or full utilization of resources can be achieved only through a series of interventions over 
time because of the long maturation process of the unconsolidated potential acid sulphate clays and peat 
soils. 

Much has been learned over the last decades concerning first and second-stage development, although 
there is no final protocol. Unlike in other counties, there is no knowledge center in Indonesia for swamp 
development, and much of the knowledge is scattered over government departments, research institutes, 
and consulting agencies. The timeframe for lowland development is not rigid. Developments will not 
advance simultaneously, and requirements for inputs will vary and change by location. Staged lowland 
development in other words, though an ongoing process, can be broken down into stages (figure 4).  

First-Stage Development. First-stage swamp development was directed at smallholder rainfed wetland 
rice cultivation. Interventions were based on low-cost, simple technology with minimal infrastructure 
requirements. Characteristic of this phase are an uncontrolled drainage system, minimal flood protection, 
partial land clearing, construction of simple housing and drinking water facilities, earth roads, and bridges 
and the provision of basic support services in agricultural extension, education, and health care. As the 
emphasis is on soil ripening, during which a considerable change of land levels and load-bearing capacity 
takes place, putting the final infrastructure in place is not effective.  

In government-sponsored schemes, farmers were allotted 2.25 ha of land, but, as no mechanization is 
possible, usually these parcels are only partially cultivated. Cropping patterns consist of a single wet 
season rice crop, mixed with dryland and tree crops, generally keeping farm incomes below or just at 
subsistence level. 

These inherent limitations on swamp development have been aggravated by the often ineffective and 
unrealistic implementation of the transmigration program and the considerable technical and institutional 
shortfalls accompanying it. The assessment of natural resources was insufficiently detailed, resulting in 
the development of less suitable areas and suboptimal design of the drainage infrastructure. Moreover, the 
complex processes of physical and chemical soil ripening under various conditions were insufficiently 
understood. The result was slower-than-anticipated development. Still, rice productivity increased from 
0.5 to 1.5 t/ha in the early years. 

Other shortcomings that contributed to stagnating development, and which were insufficiently recognized 
and addressed in the program design, include socioeconomic factors such as lack of community cohesion, 
physical isolation, poor drinking water, communication difficulties, and poor access to education, health 
facilities, and agricultural and marketing services. 
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S e c o n d- S t a g e  D e v e l o p m e n t 

Not every part of a reclamation scheme would necessarily qualify for the next stage of development. 
Some parts should be considered unsuitable, and resettlement may be the best option; other parts might 
better be put to different land uses. Many areas do, however, qualify for further interventions and 
investment. 

As the soil ripening process continues, physical conditions change drastically in 10 to 15 years. 
Development and agricultural production stagnates unless further investments are made. Development has 
reached a phase where drainage should be extended and water control introduced. Second-stage 
development requires a wide range of technical and institutional interventions. At this stage, additional 
inputs and infrastructure are introduced to revitalize the settlements to a level where settlers can improve 
their standard of living beyond subsistence level. In principle, the 2.25-ha land holdings are to be fully 
cultivated and cropping patterns, including diversification, attuned to the actual potential of the land. The 
soils are sufficiently ripe to allow mechanization. 

Experience with second-stage development is available through two projects, the Asian Development 
Bank–financed Telang-Saleh Agricultural Development project in South Sumatra under Irrigation 
Subsector project (ISSP), also ADB financed (1993–97), and the World Bank–financed Integrated Swamp 
Development project in Riau, Jambi, and West Kalimantan (1995–2000). The two projects cover some 
140,000 ha, about 10 percent of the total government-sponsored lowland development program. 

Both projects contained large system rehabilitation and upgrading components but were especially 
successful in testing integrated O&M model areas, where technical interventions were coupled with on-
farm strengthening, community building, and active participation of water user associations, 
nongovernmental organizations (NGOs), and community organizers. In these trial areas, the best results 
were achieved, but efforts went on for only a short period, leaving questions about their sustainability. 
They did, however, at least show that the methodologies were suitable for application on a broader scale. 

Table 4 Rice yields in monitoring units in Telang and Saleh (t DUR/ha) 

Telang Sub units and hydro-topographical classification   
SMU P3 3S  P5 2N  P6 3N  All    
TMU A B C A B C A B C A B C All 
1993/94  2.5 2.3 2.9 2.3 1.6 2.9 2.3 1.9 2.9 2.3 1.9 2.3 
1994/95  2.5 2.8 2.5 1.6 1.8 2.8 2.3 1.0 2.7 2.1 1.9 2.2 
1995/96  2.2 2.4 2.5 2.0 2.5 2.3 2.4 2.7 2.4 2.2 2.5 2.4 
1996/97  2.2 3.1 2.5 2.0 2.3 4.3 2.8 2.2 3.4 2.3 2.6 2.7 
Average  2.4 2.6 2.6 2.0 2.1 3.1 2.4 2.0 2.8 2.3 2.2 2.3 

Saleh Sub units and hydro-topographical classification  
SMU P8 3N  P8 3S  P10 2S  All    
TMU A B C A B C A B C A B C All 
1993/94 4.5 3.3 3.5 3.1 3.8 4.6 3.7 3.2 1.5 3.8 3.4 3.2 3.3 
1994/95 6.4 4.6 4.5 4.4 4.7 5.2 3.9 4.4 3.9 4.9 4.6 4.5 4.5 
1995/96 3.6 3.2 2.4 2.6 3.2 3.7 2.6 3.4 2.7 2.9 3.2 2.9 3.0 
1996/97 4.5 4.1 3.3 3.2 3.5 5.3 3.1 3.0 3.0 3.6 3.5 3.9 3.6 
Average 4.8 3.8 3.4 3.3 3.8 4.7 3.3 3.5 2.8 3.8 3.7 3.6 3.7 

DUR Dry unmilled rice; SMU secondary monitoring unit; TMU tertiary monitoring unit. Source: Ministry of Public Works, 
DGWRD. 1998.  
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Table 4, based on monitoring in the two projects, indicates the scope for improvement in terms of rice 
yields, increasing to between 2.5 and 3.5 t/ha. Saleh was included in the ISSP-1 program in 1988–91. At 
the time, rice yields averaged between 0.5 and 1.5 t/ha. The scheme is typical of the higher topographical 
classes, hydrotopography C and D (box 2). The scheme was again included under the Telang-Saleh 
project (1993–97), where integrated monitoring units were established. Yields at the start of the project 
had already improved considerably since the earlier drainage improvements under ISSP-1 (table 4). 

Telang was for the first time included in a rehabilitation program. The area is representative of the lower 
and more suitable topographical categories, hydrotopography A and B. The table shows improvement 
during the project, but the real impact will occur after improved drainage raises soil and water quality. 
During the field visit as part of this study, it was reported that yields had increased to between 4.0 and 6.0 
t/ha. 

Both second-stage development projects showed that even the focused approach of the projects failed to 
address micro-level but critical issues at field level. This would take more time and broader farmer 
participation in planning, design, and O&M. It would also require a different project design, one allowing 
greater flexibility in construction planning and a field-to-field approach.  

The main lessons from second-stage development are (World Bank 2001b):  

• Swamp development requires an integrated approach that includes water management, food and 
tree crops production, and provision of essential services such as roads and water supply. Such an 
integrated approach requires good institutional capacity and adequate time to ensure effective 
coordination among implementing agencies. 

• Decentralized project design and planning, involving active participation of local government and 
other stakeholders, is essential for defining real needs and setting priorities among them, thus 
improving the chances of project success. Strengthening the planning capacity at provincial level 
and lower levels is an important but long-term process that requires sustained support. 

• Swamp development is a long-term process and requires more than the typical five-to-six- year 
project timeframe. Such projects should be implemented in phases over a much longer period to 
accommodate community development in a difficult environment and to allow an appropriate 
sequencing of water management improvement and development activities. 

Third Stage Development. A third stage of development would encompass full management of the 
resources and the achievement of maximum productivity. This stage would also assume the final 
interventions required by the government. Polder development, irrigation, subsurface irrigation, and full 
mechanization are some of the possible components of this stage. 

Contribution of Lowland Development to Food Security  

Accurate statistics on lowland cultivation or yields are hard to come by, and there are many complete 
blanks, for instance, on the area under spontaneous reclamation. Best estimates put the contribution of 
government-sponsored tidal swamps at 3.5 percent of national rice production (Ministry of Public Works, 
DGWRD 1998) Adding in the spontaneous settlements will increase this figure. The contribution of 
lowlands is hence not marginal. Moreover, in terms of food security, the swamp areas are less affected by 
droughts than other parts of Indonesia. 

The tidal swamps take care of approximately 11 percent of the entire rice growing area, outside Java. 
Yields in South Sumatra are on a similar order of magnitude as upland yields in the same area (figure 5). 



Water Resources Management During Transition and Reform in Indonesia 

 

20

More detailed data, though piecemeal, suggest that, with improved drainage, yields in existing lowland 
systems can expand by 2.0 to 2.6 t/ha in Telang I and 1.7 to 3.5 t/ha in Saleh (table 4). The area under 
cultivation also increased—from 82 percent to 100 percent in the wet season in some areas. These figures  
were recorded soon after second-stage rehabilitation, and anecdotal evidence suggests that yields have 
further increased since then.  

Hence significant gains can be made by improving lowland systems. Overall investments in first stage of 
swamp drainage infrastructure development have been on the order of US$1,000 to US$1,500/ha. 
Including settlement costs, an average of more than US$5,000/ha was invested in the ex-transmigration 
schemes.  

Second-stage development requires additional investments on the order of US$1,000 to US$1,500/ha for 
food crop development or US$2,000 to US$2,500/ha for tree crops. Investments up to second-stage 
swamp development are generally well below the level of investments made in gravity irrigation systems, 
while agricultural production potentials in swamp schemes are not far below those in irrigation schemes. 

 

Figure 5 Rice areas on the outer islands  
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Source: Ministry of Public Works, DGWRD, 1998. 

3. Institutional Development in Drainage and Water 
Resources Management  

See-saw changes have beset the institutions involved in drainage management over the last 40 years. The 
expansion of the lowland development program was associated with the establishment of a strongly 
centralized Directorate of Swamps within the Ministry of Public Works. The directorate ceased to exist, 
and its activities were merged with the Directorate of Irrigation in the mid-1990s. After the political 
changes of 1997, the Ministry of Public Works, too, was done away with—an unprecedented move in 
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many ways, as elsewhere in the world similarly powerful organizations have created their own conditions 
for survival. The background was the decentralization of the Indonesian government, which left the 
districts in charge of water resources development and management. 

At farmer level, several organizations exist. In the spontaneously developed lowland systems, informal 
arrangements take care of basic water management functions and also serve to organize joint agricultural 
labor. In government-sponsored systems, some attempts at introducing water user associations have been 
made—some successful, some not. 

Recent water sector reforms in Indonesia have the potential to decisively influence drainage management. 
Central planks are improved regulation, management transfer, and river basin management. So far, 
however, these reforms have not addressed the lowland development program.  

The Development Decades: 1960s –1980s  

According to the 1945 Constitution, water is a gift of the Almighty God and as such must be used for the 
welfare of the people. By law, the administration of all water resources, including the natural riches 
contained therein, was made a public responsibility. 

Box 4 Managing local lowland systems  

A parit is a traditional main canal that conveys water from the land to the river and vice versa. A parit can be a 
small natural creek or a manmade canal. Typically constructed by a group of 15 to 20 local people, chaired by one 
kepala parit [head of parit). In a large system, there are several parit units 1,000 m long and 500 m from the nearest 
parit. There will be separate head for the combined parit gabungan. The land surrounding the parit is normally tidal 
with alluvial soils deposited by the nearby river. There are usually no gates or water control system for the parit. The 
rice yield is about 2.5 t/ha of the local long-maturing variety. Land clearing starts with slashing of the grass and 
shrubs in February and letting it decompose with flooding. Rice is planted in March or April. Some farmers apply 
fertilizer. There are no droughts in the parit areas, as the soil always has sufficient water. Land holdings range from 
0.5 to 1.5 ha. Every farmer contributes equally to common works, irrespective of the size of his landholding. Besides 
rice, coconut is another source of income. Fishing supplements diets. 

The heads of a single parit, a parit gabungan elected by the group members, organize the unit’s operation and 
maintenance. Three times a year group members work jointly: during the preparation of the land and seedbeds, 
during the vegetative growth of rice, and during the harvest. Each group member works once a week about four 
hours, starting around 9 A.M. and continues working a day a week until the work is finished. For example, if a parit 
is 1,000 m long and 20 people can cover 200 m a day, the group has to work together for five days to do the job.  

Source: Sriwijaya University Research Center, 2001; unpublished. 

 

In the meantime much of the water resources development in Indonesia was, has been, and is a private or 
community affair (box 4)—at times triggered by local leaders or religious institutions. The spontaneous 
swamp development by seafaring groups such as the Buginese and Banjarese—stretching over decades—
is a prime example (section 2). There are many more examples—where local land and water resources 
were used to develop irrigation supplies, field drainage, and flood protection. In Central Java, for 
instance, even after several “development decades,” nearly 45 percent of the irrigated area is served by 
village or sederhana [simple] systems, most of them with a history of local management. 
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For a long time, Dutch colonial-era regulations dating to 1936 guided the management of water resources. 
After 1969, additional laws and regulations were formulated, directly or indirectly related to water 
resources development. 

Box 5 Handing over—deadly ambiguity 

Formal transfer of government-sponsored lowland systems has been problematic, and few, if any, schemes 
were officially transferred to the provincial governments upon completion. Under the Irrigation Subsector project, 
the systems were transferred to temporary provincial organizations (P2JP) and later integrated in the provincial 
water resources services. The problem is that in every instance the handing over is “assumed” to have taken place, 
but without matching budgets. The provinces, in turn, consider districts responsible. It all ends up in deadly 
ambiguity, where maintenance funds are short in coming, and parties at the receiving end make up their own 
priorities. 

Source: This study. 

In the pre-1969 period, water resources development was concentrated on irrigation, river improvement, 
urban drainage, and agriculture through expansion of the irrigation and drainage infrastructure, housing 
and settlement, water quality, management of rivers, flood control, and drought prevention. During this 
time, transmigration started to operate on a large scale. 

Indonesia’s state budget, which was largely dependent on revenues from resource extraction, ballooned 
after the meteoric rise of oil prices in the early 1970s. For a time, money was chasing useful pursuits. A 
powerful Department of Public Works came into being—strongly centralized, as was the mode of 
government in the Orde Baru period. Within the Ministry of Public Works, there used to be a clear 
distinction between irrigation and swamp development. The Directorate of Swamps managed the 
substantial lowland development portfolio and its financing as part of the transmigration program. Nearly 
1.3 million ha of swampland was “developed,” although much of it was inadequately designed or left 
incomplete (Herman 2002). The directorate was responsible for all activities—planning, design, and 
construction of swamp schemes. It was also responsible for O&M during the initial years after 
construction until hand over to the provincial government, if that happened (box 5). In the pattern set by 
the directorate, engineering was done by the central level, with assistance of projects in the provinces 
under responsibility of the central agency, and with little or no coordination with regional government or 
water users. All knowledge and know-how was bundled into a single agency. The drawback was that few 
skills were developed outside it—either in the private sector or elsewhere in government. The strongly 
centralist approach meant that the government-sponsored lowland development program suffered 
casualties due to inappropriate blueprint designs, insufficient field surveys, or inadequate feedback from 
field to center. The low point in this development was the One Million Hectare Peat Swamp Development 
project of the mid-1990s.  

Shift  to Systems Management: 1980s and 1990s  

In 1987, the first systematic effort was made to shift the emphasis from development to management of 
water resources systems—particularly in the irrigation sector, but also in river basin management. The 
downswing in the oil market and its impact on Indonesia’s revenue was one explanation for the policy 
shift. Indonesia turned into an important borrower from multilateral banks and bilateral agencies 
(particularly Japan). Participatory management developed into an international paradigm in irrigation 
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management (drainage was absent from the discussion), although examples of “good practices” were at 
that time limited to the Philippines’ experience. 

The Irrigation Operation and Maintenance Policy (IOMP) formulated in 1987 consisted of a number of 
elements to improve management of irrigation infrastructure—handing over small irrigation systems (less 
than 500 ha), the introduction of irrigation service fees in larger systems, and the introduction of need-
based budgets. 

In the small irrigation systems turn-over component of IOMP, water user associations were to be 
established—taking over O&M responsibilities after system rehabilitation (called “corrective 
maintenance”). In larger systems (above 500 ha) service fees were to be introduced and, again, water user 
associations were set up—at tertiary level. The methodology of the service fees program was for O&M 
requirements to be jointly identified through system walkthroughs and discussion in consultative bodies, 
consisting of selected heads of federations of water user associations. A contract was made—verified by 
the district administration as the regulatory third party—for the Public Works Department to provide 
these services. The third plank in the Irrigation Operation and Maintenance Policy was needs-based 
maintenance budgeting. Instead of relying on standard per hectare allocations, maintenance funding was 
to be based on “actuals,” costs observed in the field. Loans were made available to support O&M budgets 
for a transitional period. 

Although most of these policy innovations focused on changing the management of irrigation systems, a 
number of efforts were also extended to the lowland systems. Separate O&M standards were developed 
for the swamp scheme to fit the different conditions there.3 Water user associations were developed at 
tertiary units, but in drainage schemes lacked a clear agenda. Creating user organizations in the relatively 
new transmigration settlements was more difficult because of the heterogeneity of the settler groups and 
the large turnover among the settler population in the early years. Water management in the government-
sponsored tidal lowland systems, moreover, is more complicated than it is in the spontaneously developed 
settlements, where farmers usually have access to tidal irrigation (section 2), allowing flushing and 
accelerating soil development. 

Despite good ideas and intentions, little of the Irrigation Operation and Maintenance Policy survived the 
test of time. There are number of analyses as to what undid the different efforts. One explanation is that, 
besides the institutional revamping of the systems, there was considerable budget for rehabilitation. This 
was provided under the guise of “corrective maintenance” but meant that, in the end, all the attention was 
diverted to construction and reconstruction, and institutional development was neglected (Bruns 1999). 
Water user associations faded away or, in small systems, earlier informal institutional arrangements took 
over again. A second analysis of why little remained puts the blame on the water user associations’ lack 
of legal standing and the lack of value-added things for them to do. In the swamp areas, for instance, 
WUAs were expected to take care of open systems and, after upgrading, secondary water management 
control structures. Inadequate main system management, however, often impaired their functioning. 
There were also large differences among farmers in a tertiary and secondary block—in terms of land 
quality, proximity to the primary canal, and extent of lowland development (figure 6). Much of what had 
been created as WUAs in irrigation and drainage systems disappeared. The different elements were 
heavily tilted toward the formalities of water user associations, an organizational approach to 

                                                 

3 When the Directorate of Swamps was merged with the Directorate of Irrigation, these procedures were abolished to suit the 
standards for irrigation management. 
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management, rather than toward a management approach to water problems. The story resembles that of 
the WUAs in Pakistan’s On-Farm Water Management project, India’s Command Area Development, or 
Egypt’s collector-user associations. The Irrigation Service Fee Program of the IOMP also ran into a dead-
end. Outside the large pilot areas, interest was lukewarm, and fees were not administered separately and 
became indistinguishable in the district budget. The district consultative bodies, the walkthroughs, and 
negotiations after a while were considered too time consuming. Moreover, after a series of budget cuts, 
the government was unable to deliver. Demand-driven and local management elements were introduced 
in a context and superstructure that revolved around the core business of construction and was not good at 
operation. 

Figure 6 Micro-variation in Telang unit—complicating local management 

Flood map – Tidal Irrigation Class 
Wet Season 

Drainage Map – Potential Drainage Depth 
Wet Season 

 

Source: Euroconsult 1997.   

No comparable parallel effort had been made under IOMP to reengineer the institutional arrangements in 
drainage and strengthen lowland management, despite the large area under lowland drainage at that time. 
Only later—starting in 1993—were models for participatory O&M tested in drainage in the Second-Stage 
Swamp Development projects [Telang Saleh] and the Integrated Swamp Development project. WUAs 
were contracted to implement simple routine maintenance of the main system. The introduction of 
drainage service fees was considered but subsequently cancelled, as many farmers were living at or below 
subsistence, willingness to pay was not great, and construction was incomplete. In swampland 
reclamation, it takes several years, while drainage improves soil and water quality, until the impact of 
technical interventions shows up as increased agricultural productivity. Alternatives to drainage service 
fees seemed more viable such as farmers’ taking over routine maintenance of parts of the hydraulic 
infrastructure (box 6). 
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Box 6 Telang 1 water user association 

Under the Telang and Saleh Agricultural Development Project, 1993–96, incomplete water management 
infrastructures were rehabilitated, water user associations were established, and empowerment and intensive 
agricultural extension took place in several areas of the Telang I system (Banyuasin District, South Sumatra). 
These second-stage interventions improved farmers’ livelihoods and created job opportunities. Although there is 
no road from the neighboring areas, there are more then 30 cars in Telang I now (none in 1996). The cars, owned 
by local farmers, are used to transport people, rice, materials, and other goods from one area to another in Telang 
I. Whereas there were only 4 hand tractors in 1996, now there are more then 200.  

Each of the transmigrated farmers previously had 2 ha of first- and second-holding land for cultivation of food 
or annual crops. Additionally, 0.25 ha was allocated for a home plot. Some farmers who bought land from local 
village people or from neighbors who returned to Java now own 3 to 6 ha. Shortage of labor is common, and 
agricultural mechanization is required. 

The farmers operate and maintain the hydraulic infrastructure at tertiary level during the planting season. The 
increase in farm income in the last 10 years has been spectacular. 

Source: This study. 

Except in a few places where WUAs take care of tertiary infrastructure, the Indonesian government has 
financed O&M in government-sponsored lowland systems either fully or partially, through loan support 
with complementary funds. There has been no user funding. Invariably the sustainability of these external 
financing mechanisms is dubious, and there has never been enough O&M funding. After the financial 
crisis of 1997, provincial governments received block grants for O&M. Irrigation schemes were given 
priority for block grants, and no budget reached the swamp reclamation schemes, where maintenance is 
critical for proper soil and water management.  

Water Sector Reforms —Beyond 1998 

With the economic and political crisis of the late 1990s, attention for lowland drainage suddenly 
disappeared. In 1994, the Directorate of Swamp Development was abolished, its activities mainstreamed 
into the general operations of the Public Works Department. The directorate’s responsibilities were 
absorbed within the organization for irrigation development, and guidance to swamp development was 
delegated to subdirectorate level. With this development, specific expertise in the specialized field of 
lowland development was scattered. In ongoing lowland schemes, a vacuum was created. The politically 
sensitive nature of the transmigration program and the debacle of the Central Kalimantan One Million 
Hectare Peat Swamp Development project, shelved under World Bank pressure, hastened the unwinding 
of the swamp development program. 

The larger institutional changes in Indonesia have had an important impact on the management of water 
resources and drainage systems. A window of reform opened at the collapse of the Suharto regime. With 
a number of insurgencies in outer provinces, people feared Indonesia would disintegrate. In response, the 
Reformasi of 1998 worked for regional autonomy and decentralization for districts. Other key words were 
local government and community empowerment, government transparency, and democracy. The 
government redefined its role from central provider to enabler. In this climate of change, water resources 
sector reform—an integral part of the World Bank–supported Water Resources Sector Adjustment Loan 
(WATSAL)—was launched as well, and the reform was undertaken as precondition to its disbursement in 
1999.  
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Some five years later, the once all-powerful Ministry of Public Works was turned into the Ministry of 
Settlements and Regional Development [Kimpraswil]. Within the ministry, the Directorate General of 
Water Resources (DGWR) took care of water resources development. This step further diluted expertise 
in lowland development. Other departments take care of other aspects of water management. 
Groundwater is managed by the Ministry of Mines and Energy. Environmental quality standards are set 
by the Ministry of Environment, and environmental management is the responsibility of the Agency for 
Environmental Impact Management [Bappedal]. The Ministry of Forestry is in charge of watershed 
protection.  

More important, responsibilities for water resources have been largely decentralized from the central 
government to provincial and district administrations (figure 7). The Provincial and District Water 
Resources Services [PSDA], Balai PSDA [Provincial Basin Management Units] and Balai SDA [River 
Basin Management Units] have been or will be established, assisted by coordination committees in the 
implementation of their tasks. At district level, irrigation committees will become the focal point for 
interface with the proposed federations of water user associations.  

With the focus on multisectoral coordination and river basin management, these water sector reforms are 
very much inspired by the concept of integrated water resources management. Several of the ideas are 
rooted in the draft National Water Resources Policy Action Plan (1994–2020), in which policies were 
identified to emphasize efficient water allocation and utilization, secure water quality, adjustments in 
economic and capital budget management, enhanced private sector and community participation, and the 
need for a water administration structure consistent with integrated management objectives. The action 
plan emphasizes the river basin management approach and recommends establishment of a National  

Figure 7 Institutional setting in water resources management in Indonesia 
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Water Resources Council. The policy report did not receive ministerial attention at the time because of 
the orientation of the Ministry of Public Works favoring development investment over growing 
management and regulatory needs. 

Riding on the political changes following the economical crisis of 1997, the World Bank and the 
government agreed in 1999 that significant need and new opportunities existed to reform the water 
resources sector and several others. The reforms address the legal, policy, and regulatory frameworks and 
the institutional arrangements for developing and managing water resources including wetlands and 
watersheds, water pollution control, irrigation management, and related infrastructure (box 7). 

As part of the loan package, a number of policy milestones are formulated. Upon their achievement 
tranches of the loan are released—similar to the benchmarking process in Egypt. The policy matrix 
introduces several institutional and regulatory changes: establishment of an apex interministerial team on 
water, formulation of a national water resources policy and implementation plan, expansion of the river 
basin approach, adaptation of regulation on private sector involvement and stakeholder representation, 
development of enforceable water rights systems and framework for pollution control, and adaptation and 
implementation of a framework for irrigation management transfer. To put these changes into practice, 
facilities under the Java Irrigation Water Management Loan are used in several locations. 

The Policy on Irrigation Management Reform—developed as part of the WATSAL package—was 
officially endorsed by the Indonesian president in 1999. The policy picks up the loose ends of the 
Irrigation Operation and Maintenance Policy of 1987—but in a modified form. Different from the pre-
1998 period, the climate may now be more conducive to the empowerment of local organizations. Central 
is the establishment or reactivation of water user associations. These associations would form federations 
at scheme level and could—different from the earlier policy—take over management of schemes larger 
than 500 ha. Services would be provided to the federations under service agreements. The federations 
would also have the legal authority to enforce payment of irrigation fees from water users, own their own 
assets, and enter into binding contracts. According to early experience, fees set by water user associations 
are far lower than O&M requirements. Compared to the days of the Irrigation Operation and Maintenance 
Policy, the point of gravity is meant to shift to larger and more empowered user organizations (van Nes, et 
al. 2001). There is a parallel here with Pakistan (from water user associations to farmer organizations), 
Egypt (from water user associations to water boards) and Mexico [modulos]. So far almost all the 
attention under the WATSAL program has been directed to the irrigated areas of Java. No attention has 
been given to the management of lowland drainage systems in the reform package. In eight districts, field 
laboratories were established with several agencies working together on the reform package to fine-tune 
the measure and develop working relationships. The lowland O&M “field-laboratories” have been 
discontinued.  

Another step in the Water Resources and Irrigation Reform Program Policy Matrix was Presidential 
Decree No. 9 (1999) on the Coordination Team for River Utilization and Watershed Management, 
followed by preparation of the National Water Resources Policy (NWRP) and the NWRP Implementation 
Plan for input in the next Broad State Policy Guidelines (GBHN), and the issuance of revised laws and 
decrees. Thus far, the proposed national Apex Body for Water Resources Management has not 
materialized, but other regulatory changes are well underway. 

It is still too early to see how the different regulatory and institutional changes in the WATSAL package 
will work out in practice. The larger challenge will be to bring the reforms down to the districts where the 
leaders are generalists, not technicians. 
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Box 7 Water Resources and Irrigation Sector Reforms  

The Water Resources and Irrigation Sector Reforms address the following problems: 
§ Lack of coordination among agencies and poor accountability, transparency and stakeholder participation 
§ Fiscal deficiencies and inadequate cost recovery 
§ Rising water shortages and conflicts 
§ Increasingly adverse impacts of water pollution 
§ Watershed degradation and sedimentation 
§ Need for river basin management agencies and institutions 
§ Ineffective maintenance of public irrigation systems and unsustainable costs of frequent rehabilitations 
§ Lack of reliable hydrological and water quality data. 

The program has four objectives: 

§ Facilitating efficient environmentally and socially sustainable water resources development and management 
by improving national policy and institutional, regulatory, and decision-support frameworks 

§ Strengthening the institutional and regulatory framework for integrated and equitable river basin management 
§ Establishing effective regulatory institutions and implementation arrangements for water pollution abatement 

and regional water quality management 
§ Improving the performance and sustainability of irrigation systems by establishing an institutional framework 

for transparent and accountable delivery of irrigation services and participatory fiscal support to democratic 
farmer organizations empowered with governance and financial authority to manage irrigation networks 
under their control.  

Evolution of River Basin Management  

In river basin management, Indonesia has been a front-runner. As early as 1980, the concept of “one river, 
one plan, one management” was adopted as policy. To reinforce planning, development, and management 
of water resources through a river basin approach, 90 river basin units (SWS) were identified in the 
Decree of the Minister of Public Works No. 48/PRT/1990. Fifteen of these units are located on Java 
Island. River Basin Water Coordination Committees (PPTPA) were established in 1994 in West Java, 
Central Java, East Java, and Dearah Istimewa (Special Region), and Yogyakarta, based on the Minister of 
Public Works Regulation No. 67/1993. 

The most tangible early result of the river basin approach in Indonesia are the two river basin 
management corporations, Perum Otorita Jatiluhur (POJ) in West Java and Perum Jasa Tirta (PJT) 
Brantas in East Java, both established in 1990—but under separate government’s regulations. POJ is 
based on the Tennessee Valley Authority model while PJT Brantas follows the French river basin 
organizational model. Both are self-financing public corporations [perum] with respect to bulk water 
supply to drinking water companies and hydroelectric power sales to the electricity company. Investment 
and public services such as flood control, irrigation, and water quality monitoring are still subsidized by 
the central government. Of the two river basin organizations, the PJT Brantas is now considered the good-
practice model, even though it has always had small jurisdictional conflicts with the provincial line 
agencies in East Java province. POJ Jaliluhur is considered less successful and has been described as a 
“state within a state” (Varley 1998). 

The concept of river basin management—as is the case with irrigation management transfer—was revived 
and given large impetus under the WATSAL reform package. Under the Java Loan, support has been 
given to activate the river basin organizations in Java. For the outer islands, river basin management is 
about to start. 
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It may be argued that on Java most of all—due to the intense competition for fresh water resources—the 
need is critical for a river basin approach and the facility it offers for reconciling competing uses. The 
choice in Indonesia has been for larger basins, systems of subbasins. Much institutional ground still needs 
to be covered. Existing institutions and policies, particularly those of the Provincial Water Resources 
Management Services [Dinas PSDA], will have to be dovetailed, and responsibilities in cross-sectoral 
management, defined. In the current decentralized environment, provincial leadership will be necessary 
for success because almost every river basin extends beyond the boundaries of any one district.  

River basin management and institutions will be strengthened under the WATSAL. Stakeholder 
representation and horizontal and vertical sector coordination have been much discussed, while trying to 
get the process right for integrated water resources management. The main institutional vehicles are 
provincial basin management units [Balai PSDA], river basin management units [Balai SDA], river basin 
water coordination committees (PPTPA), and irrigation committees (district). The basic function of the 
Balai is to manage water resources efficiently, effectively, and equitably, with the Balai PSDA operating 
at provincial level and the Balai SDA operating at river basin level. Where they exist, the units are under 
the control of the Water Resources Management Service [Dinas PSDA] of the provincial government. 
The responsibility of Balai PSDA is to execute all water and water resources management policies 
decided by the governor and to monitor water quality and volume. The Balais are supposed to undertake 
river infrastructure maintenance, ensure compliance with official water allocations and abstractions and, 
in addition, manage irrigation systems located in two or more districts. 

Stakeholder involvement is to take shape through meetings with the PPTPA  where nongovernmental 
stakeholders are also represented. These consultative bodies are envisaged at two levels, province and 
river basin. They formally assist the governor in formulating policy, regulations, and guidances on water 
and water resources management, respectively, in the province and in the river basin unit.  

To guide and coordinate government and private activities in the basin and to steer investment, basin 
water resources plans (BWRP) have been prepared for three basins so far: Jratunseluna/Garang (Central 
Java), Cidurian-Ciujung (West Java) and Citarum (West Java). The plans were prepared interactively, 
giving institutions, NGOs, and farmers a chance to express their views in multistakeholder events. At the 
same time, “real time basin water resources management (BWRM)” was introduced in five river basins 
areas: Cidurian/Ciujung (West Java), Jratunseluna/Garang (Central Java), Sampean (East Java), Opak-
Progo-Oyo (DI. Yogyakarta) and Cisanggarung (West Java). Under real time management, coordinating 
mechanisms were established to manage the delivery of bulk water supplies to various users in the basin; 
operate and maintain the primary hydraulic infrastructure; oversee storm drainage and flood control; and 
maintain a healthy river stream environment. 

Besides establishing PPTPA and Balai PSDA, several other steps were taken to introduce basin water 
resources management, for example: draw up inventories of existing laws, decrees, and regulations; 
finalize allocation policy procedures; write guidelines for allocation by water management units; and 
develop mechanisms to introduce water service fees. The BWRM activities entail institutional 
development, data base development, basin operations, water- and cost-accounting systems, river 
infrastructure and facilities management, and training. 

Finally, following in the footsteps of the PJT Brantas, the plan is to establish by presidential decree four 
additional financially autonomous river basin corporations, fostered and guided by PJT Brantas. These 
corporations will operate in economically developed and strategic river basins such as Bengawan Solo, 
Jratunseluna, and Serayu Bogowonto in Central Java and Jeneberang in South Sulawesi. Their role will 
go beyond coordination as they will deliver water services. The corporations will also raise their own 
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budget, and it is hoped that it will provide most of the funding for maintenance work often given a low 
priority such as for the drainage system. Out of four planned new corporations, only the Bengawan Solo 
has been established. For the others, the most appropriate legal entity is under discussion. 

The role of the Balais is limited so far. Some are already well developed; others need to be upgraded. 
Their main activities are currently administrative and concern data collection. The Balais monitor water 
quality continuously, facilitated by a water quality laboratory. The preoccupation with data collection 
always carries with it a risk of becoming an escape route from responsibilities in regulatory and water 
management. The Balai still have to move into the substantive fields of river maintenance, management 
of irrigation systems covering two or more districts [kabupatens], and regulation of water use. The role of 
PTPA/PPTPA has not been significant so far, and their proper institutional setting is still under 
discussion. 

With all these changes in the air, where does drainage fit? First, the new institutional arrangements and 
instruments fill an important black hole in water management—water resources management at river 
basin and superbasin level. Though too early to say how far the river basin organization will go and how 
it will link in with provincial and district management, in principle these organizations provide an 
opening for a comprehensive approach to water management. In Java, this will center on balancing 
competing uses and coordinating different functions. The organizations also provide an opportunity to 
combine water resources management and spatial planning and bring watershed management out of its 
now limited remit of upper watershed productivity and conservation—ensuring that priorities will also be 
determined by downstream impacts on rivers, river infrastructure, and flood plain productivity. If these 
links develop, they would go a long way toward improving the functioning of the drainage system—
avoiding encroachment of drainage paths and scaling down erosion and riverbed sedimentation. This is, 
of course, still for the future. A second promising opening is financial. The river basin organizations have 
the potential—in river basins, where water use is intensive and high value (industrial, municipal, and 
hydro) to generate the now often missing financial revenues for integrated water resources management, 
including functions like flood management and drainage that are difficult to assign to discrete customer 
groups. In this case, private services could cross-subsidize public goods, as in so many taxation regimes. 

River basin management will be quite different in the outer islands, where there is little competition 
between water uses. Pollution and water quality are not friction points. The various activities that have a 
bearing on water resources—such as effect of upland cultivation on riverbed sedimentation—do, 
however, need to be better coordinated But the real challenges in the outer islands are probably more in 
integrating management of water in particular schemes than in integrating management at the basin level. 
By nature, moreover, lowland drainage basins do not entirely match the concept of surface water river 
basins. Nonetheless, the proposed mechanisms in water resources management in the outer islands would 
still be useful because they fill an empty spot in water resources management. This would help focus 
priorities and, in the case of lowland development, disengage some convergence points for experience. In 
the next section, integrated water resources management is discussed as it applies in two different types of 
basin—the Musi Basin in Sumatra and the Jratunsela Basin on Java. 
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4. Drainage and Integrated Water Resources Management: 
Two Basins 

This section explores the different contexts of integrated water resources management in Indonesia’s 
outer and the inner islands and the place of drainage in integrated water resources management. The case 
of Indonesia is of more than passing interest. As discussed above, earlier than other countries Indonesia 
adopted the principles of integrated water resources management in its main policy documents and started 
to reform its institutions to accommodate the possibility of river basin management. 

Two basins are discussed in this section, the Jratunseluna Basin in Central Java and the Musi Basin in 
South Sumatra in the outer islands. These contrasting basins reflect Indonesia’s great diversity, which 
requires different approaches in each context. Both areas are economically important—each in its own 
way. South Sumatra has been a fast-growing, overspill area from the Javanese heartland. The main water 
challenge in the Musi Basin is to improve agricultural productivity while safeguarding environmental 
sustainability in the lowlands. The latter challenge is more easily said than done, in face of considerable 
threats from the uncontrolled development of fish pond farming and the high tempo of forestry clearing, 
made worse by illegal logging (box 8).  

Indonesia once had some semblance of order in its 
conservation policy, but the overall transition, 
economic turmoil, and decentralization to districts 
lacking the capacity and power to manage local 
natural resources has resulted in some situations that 
can only be described as chaotic. Aden (2001), 
describing natural resource management under 
decentralization, voices similar concerns: “Under 
one scenario newly empowered local authorities 
would condone or even invite more intensive local 
resource use to boost local income and revenues 
without adequate environmental safeguards. This 
scenario would lead to resource depletion, 
devastated landscapes and in the long term perhaps 
irreversible damage.” 

Jratunselata, the other basin, is in Central Java. The 
picture in Central Java is entirely different. Instead 
of uncontrolled frontier movement, intense land and 
water use is the name of the game—urbanization and deforestation. A combination of disrupted natural 
drainage paths, sedimentation, and insufficient maintenance affects agriculture and results in flooding. 

In Java, as in the outer islands, flood management and drainage have to be put into broader perspective as 
a part of integrated water resources management and land resource planning. But the role of drainage is 
different in the two areas. In Sumatra, lowland drainage—swamp development—is a leading factor in 
rural and environmental change. In Java, drainage is an essential but often ignored element of water 
resources management. 

Box 8 Lowlands under threat 

“The one-million-hectare Kerinci-Seblat National 
Park in Sumatra is surrounded by logging concessions 
that cover biodiversity-rich lowland habitats excised 
from proposed park boundaries after 1982 … Large 
areas of forest had been newly cleared and burned to 
create new agricultural plots. Numerous piles of sawn 
timber indicated extensive portable saw mill 
operations within the forest. Within the concessions, 
basic security measures were lacking, and road 
barriers were unmanned. A skid trail used by the 
illegal gangs to drag out rough-sawn timber even 
crossed one concessionaire's yard. The security of 
logging concessions is supposedly a joint 
responsibility of the concession company and the 
district forest department, yet neither makes any 
attempt to stop illegal logging…” (Jepson, et al. 2001: 
859) 
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Musi Basin, South Sumatra 

The Musi River Basin covers most of South Sumatra province (figure 8). Extending from the 
mountainous and hilly areas in the west to the lowland wetlands the eastern parts of South Sumatra, the 
catchment of the Musi River system is 60,000 km2. The river system consists of important tributaries such 
as the Komering, Ogan, Lematang, Batang Hari Leko, Rawas, Lakitan, Kelingi, and Musi Rivers. The 
eastern coastal lowland part of South Sumatra still has some of the most extensive undisturbed mangrove 
areas in the Indo-Malaya region. Most of this area is flat. Ground levels vary between 5 m and 10 m 
above the mean sea level. The mangrove belt measures up to 35 km in width and stretches over several 
hundred kilometers. The shallow coastal zone is very productive, with at least 8,000 fishermen and their 
families employed full time in the coastal fishery. 

Figure 8 Musi River Basin  

 

Source: JICA 2002.  

Since the early 1970s, 320,000 ha to 365,000 ha of tidal swampland have been converted into arable land 
for rice and mixed farming under various central government transmigration projects. The South Sumatra 
program was equal to about a quarter of the entire lowland development program in Indonesia. An 



Toward an Integrated Perspective on Agricultural Drainage 

 

33

estimated 200,000 people have been settled on reclaimed areas. They consist of spontaneous settler 
groups (Buginese), local settlers (Musinese, Okinese), and transmigrants from the Inner Islands (Javanese, 
Balinese, and Sundanese). Off-farm employment is an important supplement to agricultural incomes.  

The area is also home to important wildlife 
sanctuaries for large mammals and migratory 
birds. The lowlands also provide ecological 
services—regulating hydrology (mitigating flood 
occurrence, regulating flow, protecting the water 
supply, and preventing saline water intrusion), 
protecting local micro-climates, and serving as a 
source of natural products—as long as the 
lowlands are not unduly disrupted (box 9).  

 

Lowland Development in 
South Sumatra 

Tidal swamp development took off in 
South Sumatra in 1969 (table 5). Up to 
1988, several new land areas were 
opened up in the relatively difficult to 
access tidal swamps. The program 
reached its heyday in the 1970s. After 
that, it slowed down and several of the 
new areas were suspended after budget 
cuts in 1988.  

Tidal reclamation started with the 
introduction of primary canals 
connecting bordering rivers nearby, the 
Upang, Saleh, Musi, and Telang rivers. 
Several types of reclamation schemes 
were developed: single and double 
combs, ladder, fish bone, fork, or a 
combination of these. In a ladder system 
such as in Telang and Saleh areas 
(figure 9), pairs of secondary canals, 
known as village canals (SPD), and 
main drainage canals are excavated 
about 1,150 m apart. Farmers’ home lots and village roads are situated along pairs of village secondary 
canals. Tertiary canals, bordering one 16-ha tertiary block, run perpendicular to the secondary canals. 
Each farm family in the transmigration areas was entitled to 2 ha, and one tertiary block was typically 
designed for eight farmers. Some secondary and tertiary canals are equipped with water control structures. 

The 320,000 ha to 365,000 ha reclaimed in South Sumatra show different degrees of success. First of all, 
some systems are left semi-finished, as seen in table 5. Some of the reclaimed areas have become 

Box 9 Micro-climates and lowland forests 

The presence of peat swamp forest and the large mass 
of fresh water affect the climate on a micro and meso 
scale, in a variety of ways. The forest acts as a wind 
break and absorbs heat so that, for example, forested 
lowlands receive more rain than denuded areas, which 
have a higher albedo. 

Source: Silvius and Giesen 1996: 256. 

Figure 9 Ladder system in Telang  

1. Sumber Jaya Village
Village Head I Wayan Subagyo

2. Marga Rahayu Village
Village Head Abdulrahim

3. Sumber Mulyo Village
Village Head Suharto

4. Panca Mukti Village
Village Head Imam Mulyono

5. Telang Jaya Village
Village Head W. Suharto

6. Mekar Sari Village
Village Head Sulistiyo

7. Mukti Jaya Village
Village Head Simon Purwadi

8. Telang Makmur Village
Village Head Karyoto

9. Sumber Hidup Village
Village Head Sumerdi

10. Telang Rejo Village
Village Head Isham

11. Telang Karya Village
Village Head Ngadenan

Description

 

Source: Sriwijaya University Research Center 2001; unpublished. 
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established and their populations are rapidly growing. In other areas, settlers are more or less stranded and 
coping with difficult circumstances. Often, still only minimal drainage is provided, making adequate 
water management impossible and causing acidity and iron toxicity from potential acid sulphate soils. 
Improved controlled drainage will allow the water level control and regular flushing considered essential 
to minimize these effects and to remove any acidity or toxicity build up after prolonged drought.  

Table 5 Transmigration settlement on the reclaimed area in South Sumatra 

Scheme Gross hectares 
Construction 

period 
Number of settled 

transmigrant families  
Area assigned for 
settlers (hectares) 

Phase I 
 Delta Upang 
 Cinta Manis  

 
8,423 
6,084 

 
1969/1976 
1969/1976 

 
2,138 
1,700 

 
3,000 
1,700 

Phase II 
 Delta Telang I 
 Delta Telang II 
 Delta Saleh 

 
26,680 
13,800 
19,090 

 
1975/1978 
1976/1978 
1977/1979 

 
5,129 
3,772 
4,936 

 
8,200 

220 
1,300 

Phase III 
 Sugihan Kiri 
 Sugihan Kanan 
 Pulau Rimau 
 Karang Agung Hilir 
 Padang Sugihan 

 
50,470 
31,140 
40,263 
20,317 
51,080 

 
1978/1983 
1979/1983 
1980/1982 
1980/1982 
1980/1982 

13,013 
8,835 
7,938 
2,960 

Transferred to 
nature reserve 

 
3,600 

- 
Pending 
Pending 

- 

Phase IV 
 Padang Kumbang 
 Karang Agung I 
 Air Senda 
 Air Tenggulang 
 Gasing Puntian 
 Air Limau 
 Bertak I and II 
 Karang Agung II 

 
14,226 

9,000 
— 
— 
— 
— 
— 

30,000 

 
1983/1985 
1982/1988 

— 
— 
— 
— 
— 

1985 

 
No settlement yet 

2,900 
— 
— 
— 
— 
— 

1,350 

 
— 
— 

Halted 
Halted 
Halted 
Halted 
Halted 

— 

Total 320,673  54,671  

Source: P4S, South Sumatera 1988. 

An estimated 180,000 ha in the transmigration areas in Sumatra is under paddy with at least one rice 
harvest during the rainy season. Some secondary crops are grown in part of the area during the dry 
season: rice, corn, soybean, chilies, watermelon, and string bean. In addition, spontaneous settlers are 
cultivating another area under paddy, but official knowledge about these spontaneous systems and their 
extent is lacking. Farming is the main source of income, but off-farm income is also important. Fishery, 
logging, and trading are main sources of additional income. Petrochemical and wood-processing plants 
along the Musi River provide other employment opportunities. 

As more and more people move into the lowlands, household water supply is becoming more important. 
Information on domestic water quality in the swamp areas is scant, but samples were collected from 
primary, secondary, and tertiary canals and from shallow wells and ponds in the Telang I and Saleh areas. 
Drinking water is generally of poor quality due to high suspended solid and high sulphate content and 
presence of NPM coliform, E. coli, and organic substances. Water quality is affected by the nature and 
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characteristics of the soils, the water control strategy implemented, sanitation measures, and the time of 
year. To improve drinking water quality, a range of measures is available: filtration, sedimentation, 
addition of coagulant and disinfectant, boiling, and roof top rainfall harvesting. Controlled drainage, 
especially the capacity to flush the system with river water and remove acidity and organic pollutants, 
ensures that the water in canals will remain suitable for other domestic purposes such as bathing and 
washing (box 10). 

Box 10 Drinking water in swamp areas 

At the end of the dry season, water quality in the lowlands usually deteriorates to the point where it becomes 
unfit for human consumption. Particularly when there has been little flushing, water in the canals becomes acidic, 
and groundwater from shallow or deep aquifers in the lowlands is usually unfit for consumption. Collected rainwater 
therefore becomes the major source of domestic water. Major issues in rainwater storage have been the small 
capacity and poor quality of masonry tanks. 

Source:  This study. 

The South Sumatra lowlands are also subject to environmental degradation. Uncontrolled logging 
continues unabated and seems to be on the rise. The coastal greenbelt and the Sungai Sembilang 
Conservation area (one of the two Ramsar Sites in Indonesia) are being encroached upon and converted 
into shrimp and fish ponds by spontaneous settlers from Lampung and Palembang. The local 
administration often has little understanding of the provisions or boundaries that come with a 
conservation area, and lacks the capacity to supervise in these frontier areas.  

Institutions for Integrated Water Resources Management 

The main issues related to drainage in the Musi River Basin and the adjacent smaller basins in South 
Sumatra are thus inadequate local water management in several of the lowland systems and continuous 
deterioration of the lowland forests. At the basin level, there is the long-term degradation of the upper 
catchments and the accompanying sedimentation, which jeopardizes the capacity of the rivers to remove 
water and may slowly change the swamps into stagnant lakes.  

In the wake of the decentralization and water sector reforms, the question is “Are there institutions that 
can handle these problems?” In line with the water sector reforms, a number of new institutions were 
formed in South Sumatra for integrated water resources management. Based on the Decree of the 
Governor of South Sumatra (No. 50, December 2001), two basin management units were formed: Balai 
Musi and Balai Sugihan. Balai Musi, as a basin water resources management unit, is responsible for the 
Musi River Basin (and the connected branch rivers and tributaries). Formation and development of Balai 
Musi was supported for a two-year period by a grant (funding and technical assistance) from the 
Netherlands government, channeled through the World Bank. The initial program, started in 2001, runs 
until 2003. So far, 40 persons have been recruited for the Balai Musi staff. Support activities have begun, 
for example, training, data management, and procurement of equipment. The activities of the Balai will 
provide coordination and training in water resources management activities. Funding beyond 2003 has not 
been decided.4  

                                                 

4 Information and data included in this report were the latest available when the report was written in late 2002 and early 2003. 
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The Balai Sugihan is being formed under the same governor decree as Balai Musi. It is responsible for the 
Sugihan River Basin and other small lowland river basins such as Banyuasin, Lalang, Telang, and Saleh. 
There is no external funding for Balai Sugihan, and its formation has been slow despite the great need of 
basin water resources management in the area’s lowlands. The expectation is that the Balai Sugihan may 
eventually be redefined as a Balai Rawa, a swamp division. 

The Balai may well become marginalized, as investment, O&M, and day-to-day management will remain 
with the district irrigation department [Dinas Pengairan]. The areas administratively come under several 
districts—the Musi Banyuasin (MUBA), Banyuasin, Ogan Komering Ilir districts, and the city of 
Palembang. Most of the lowland delta areas are under the Musi-Banyuasin I and II subdistricts, which 
both have limited human resources and finances. At this stage, there is a need to define roles. The new 
Balai established under the river basin approach provides opportunities to steer and fill critical niches—
but they should not develop into parallel bodies in their own right, adding to confusion and loss of critical 
mass. One way of avoiding that would be to designate the area as a “model area,” for which strategic 
water management plans or miniframeworks for lowland development would be made—balancing the 
different interests such as forestry, environment, agriculture, and transport. 

Instead, crash programs have been common, reacting to and compensating victims of local disasters such 
as peat fires or harvest failures. Knowledge about lowland and coastal development in South Sumatra is 
still limited—with the exception of a small center within the local university. The farming systems of the 
Buginese and Banjarese settlers are barely documented. Extension workers tend to transfer practices 
appropriate for irrigated dryland agriculture that is inappropriate for the wetland environment. Lowland 
areas have their own specific opportunities and possibilities in terms of cropping patterns. During the field 
study, it was observed that these are often not utilized. Research centers or universities seem to avoid 
working in the lowland and coastal areas due to the inhospitable environment and high operational costs. 

A similar lack of knowledge concerns the encroachment of the lowland forests. Some anecdotal evidence 
exists, but the extent of encroachment is largely unknown. There are private investments in the area (e.g., 
for estates and fish ponds), but little is known about their status. Spatial planning for program 
development was set up at the beginning of the “reclamation era” in the 1970s by the Directorate of 
Swamps, Ministry of Public Works. This plan was revised and extended in the 1990s with the study by 
PHPA-AWB Indonesia and the Marine Resources Evaluation Project (MREP). Regulating the planned 
development is difficult. 

What the roles of local government and the Balai’s will be in this field is still an open question. Right 
now the Balai seem to be concentrating on integrated water resources management at basin level. The 
main issue here is the sedimentation caused by watershed depletion, which could seriously impair 
lowland hydrology. The most pressing issue, however, is the productivity and protection of the lowlands. 
Low productivity of several of the earlier schemes affected the settlers’ livelihoods and caused them 
hardship. The areas are essentially unfinished—in terms of both water management systems and 
institutions. As a result, no structure is in place to manage the systems, and loose ends create insecurity 
such as in land titling. These issues need to be addressed—rather than be left to fester. Experience with 
the second-stage swamp development, described in section 2, justifies development of these areas, but 
this will take a strengthening of the capacity of local government as well as user organizations. Earlier 
user organizations were “stuck” as smaller units, so there seems to be a case for building up local 
management capacity at system level—through user organizations and local government. 
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Jratunseluna River Basin, Central Java 

Very different from South Sumatra, the Jratunseluna Basin in Central Java is typical of a river basin in the 
densely populated inner islands (figure 10). Agriculture is intense and small scale. Cropping intensities 
vary from 210 percent to 254 percent. Rice yields are 5.0 t/ha, and a typical farm plot is 0.3 ha. The area 
is no less agricultural than many of the outer islands, as 40 percent of the population still works in the 
agricultural sector. Under pressure of urbanization, however, agricultural land in the basin is gradually 
dwindling. 

Figure 10 Jratunseluna Basin and flood prone areas 

 

Source: Jratunseluna River Basin Development Project 2000. 

The Jratunseluna Basin is defined by the slopes of extinct volcanoes: the Ungaran, Telomoyo and 
Merbabu in the southwest, the Muria in the north, and the highlands from where the Lusi River originates 
on the east and the south. The basin covers 10,278 km2 and part or all of 12 districts. The upper 
catchment, with slopes ranging from 15 to 40 percent, is covered with forests and estate crops, but the 
forests are increasingly subject to degradation. It was reported during field visits that sedimentation had 
increased considerably since the Reformasi, mainly as a result of social unrest and poverty after the crisis, 
with various parties overexploiting the upland forests. The rest of the basin consists of hilly plains, with a 
mosaic of agroforestry, gardens, settlements and rice fields, and alluvial coastal plains, with rice fields, 
dryland fields, settlements and major cities, and industry. 
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Drainage and Flooding  

Drainage in the Jratunseluna Basin does not take place in relative isolation as it does in much of the 
lowland frontier regions in the outer islands. Instead, drainage is part of irrigated agriculture in a densely 
populated urban environment. The main objective of agricultural drainage is the evacuation of excess 
rainfall and peak river floods. Drainage is impeded, however, by sedimentation in downstream waterways 
and by urban development, disturbing natural drainage patterns. The degradation of watersheds also 
brings higher peak floods. Added to this is the deficient maintenance of riverbeds and drainage paths—
leading to more frequent flooding. Due to uncontrolled and illegal settlement along river banks and in 
flood plains, it has become socially very difficult to improve the rivers, and the costs could be 
astronomical. As elsewhere on Java, provisions for flood mitigation (e.g., retarding basins and fuse plugs) 
in the Jratunseluna Basin can no longer be used, as the overspill areas are no longer empty. In several 
places, raising the embankments is the only option left. 

Figure 10 shows the flood-prone areas in the Jratunseluna Basin. One of the major flood-prone areas 
surrounds Semarang, Indonesia’s third largest city. Flooding in Semarang is exacerbated by land 
subsidence. Flooding also affects the vital highway corridors along the north coast of Java. Again, a 
combination of sedimentation and bad maintenance causes these problems. An example is the Semarang-
Demak highway, parallel to which a collector drain, known as the “Prauwvaart Canal,” was constructed 
under the Dutch government period. The canal, with zero bottom slope, was built both for navigation and 
as a collector drain for all main drains along the southern part of the highway, and the water collected is 
used for irrigation in the northern part. The canal is in poor condition due to heavy sedimentation, and 
most of its automatic gates no longer work.  

In agricultural areas, wet season drainage and flood control and dry season irrigation management need 
considerable improvement. Improved water management and sustainable infrastructure will translate into 
higher cropping intensities and yields and reduced losses from drought, flooding, and deterioration of the 
delivery system. Experience in other humid environments has shown that improvements in water 
retention and removal can be extremely rewarding (Mahapatra 2003). 

Though less common, “overdrainage” also occurs. A main example is the otherwise successful drainage 
system of the Serang Downriver System where villagers built temporary dams of bamboo and earth to 
store fresh water in the dry season for irrigation and domestic water uses. These temporary dams wash 
away during flood season. To overcome the problem, the government provided rubber dams that can be 
deflated during flood season and inflated during dry season.  

Thus, an overriding theme is the problematic maintenance of the drainage system. The irrigation system 
takes priority over the drainage system in maintenance, but even maintenance of irrigation facilities is 
inadequate. Much of the irrigation and drainage infrastructure is in poor condition. On Java as a whole, 
only 65 percent of the systems are rated as functioning well. A main bottleneck is insufficient funding. In 
2000, only about 40 percent of actual O&M cost was covered. As part of the reforms, the responsibility 
for O&M of the irrigation and drainage networks has largely been decentralized to the provincial 
government. Yet this has been a passing of the buck, as the provincial government, like the central 
government before it, cannot muster sufficient O&M budget. Insufficiency of funding for the 
maintenance of irrigation works has been amplified at the level of the drainage systems. Deterioration of 
the drainage system is the result, contributing to floods elsewhere in the water control system. In a 
domino effect, neglect of main drainage canals results in neglect of secondary and tertiary drains. Faced 
with silted up main drains, farmers react by adjusting cropping patterns instead of by maintaining their 
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tertiary drainage units. This would be pointless, in any case, with silted-up main drains and rivers, or 
would lead to local flooding.  

Institutions for Integrated Water Resources Management 

In summary, the issues related to drainage are:  

• The accelerated sedimentation of the drainage canals, linked to degradation in the uplands 

• The blockage and encroachment of natural drains and retention areas (including flood plains) 

• The chronic underfunding of O&M on main surface drains, leading to neglect of smaller drains as 
well. 

The sum total is more uncontrolled flooding and a loss of agricultural value in irrigated areas. The 
question is how Indonesia’s new water management institutions will be able to address these issues. The 
nature of the issues is such that they require out-of-the-box action—upland protection, policing 
encroachment, and better financial flows. Drainage systems cannot be managed at the level of drainage 
infrastructure, and effective integrated land and water resources management is sorely needed.  

Central Java is one of the provinces included under the River Basin Planning and Management and 
Irrigation Improvement components carried out since 1995 under the Java loan. As such, the province is 
one of the front-runners in the WATSAL reforms, which push both integrated river basin management 
and irrigation reform, as described in section 3. Six provincial basin management units [Balai PSDA] 
were established in Central Java, based on the Minister of Home Affairs Decree No. 79/96 (renewed 
under Regional Regulation/Perda No. 1/2002). The responsibility of the Balai PSDA is to implement 
water and water resources management policy decided by the governor and to monitor all water 
resources–related activities. At present, the Balai operate mainly in monitoring water quality. 

Coordination activities of the Balais with other institutions are carried out through river basin committee 
(PPTPA) meetings. Main players are the different departments under district government. The Irrigation 
Department [Cabang Dinas Pengairan] became the Public Works Branch Office [Cabang Dinas Pekerjaan 
Umum] under the district [Kabupaten], and the Water Resources Management Service is subordinate to 
these agencies. The role of the PPTPA has not been significant so far, and the institutional settings are 
still under discussion. A good fit with the decentralized government structure is still wanting, because 
most powers are now with the districts, but most rivers cross several districts. Under the decentralization 
process, river and flood control management is sliced up:  

• Rivers located in one district are under the responsibility of the district government. 

• Rivers crossing two or more districts are under the responsibility of the provincial government. 

• Rivers crossing two or more provinces are under the responsibility of the central government. 

This arrangement still has to jell, since some districts are not capable of maintaining the rivers under their 
authority due to inadequate internal revenues and dependence on subsidies from the provincial and central 
governments. Due to lack of budget, river improvements are carried out only when strong local pressure 
demands them. 

Efforts to establish the four river basin management corporations, as agreed under WATSAL, have been 
successful only in the case of the Bengawan-Solo River Basin, where approval was obtained in 2000 from 
the governor of Central Java. The establishment of the Jratunseluna River Basin corporation as a regional 
government-owned corporation is still under discussion. Establishing these corporations could resolve 
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some of the financial constraints regarding operation and maintenance, as they, in pr inciple, can raise 
funds for water management functions.  

The second component in the reform is irrigation management transfer. Many water user associations—
1,435 of them by 2000—have been developed in the Jratunseluna River Basin with the assistance of the 
Dinas PSDA and Balai. The WUAs’ areas of work of are often defined by administrative rather than 
hydraulic boundaries, due to the traditionally strong allegiance to village chiefs [lurah] and heads of 
subdistricts [camat]. As a consequence, a smaller tertiary unit may fall in the area of two or more WUAs. 
About a fourth of the WUAs developed in Jratunseluna (323) had official status, recognized under decree 
by the head of the district [kabupaten]. A much smaller part (125) was functional. Sixteen WUAs had 
legal status, allowing them to collect water fees and contract for construction and maintenance. Work was 
also underway to establish federations of WUAs with the support of community organizers and 
government support agents.  

In case of rehabilitation works, the provincial water resources management service meets with farmers 
and village chiefs, something that was rarely done in the past. As a result of these meetings, farmers 
contribute funds for minor maintenance, while the provincial service requests funds for larger 
maintenance works. Moreover, WUAs with legal status are now allowed to carry out construction works 
from the local government budget as well as their own budgets. The first results indicate that the quality 
of works has improved under this formula. To ensure adequate financing of basic irrigation services, one 
proposal would create district irrigation funds—to be managed by the district irrigation committee and 
utilized by WUAs working on their systems. These funds would be sourced from the district budget, 
donor contributions, and subsidies from the provincial budget. The funds are still under debate—as there 
obvious drawbacks in terms of long-term viability and the transaction costs involved.  

The WUAs set up in the Jratunseluna River Basin continue to have a strong irrigation focus. Surface 
drainage systems are neglected in almost all WUAs due to budget constraints and the precedent of giving 
drainage maintenance a low priority.  

Will the Reforms Suffice? 

All in all, the institutional changes are just beginning, and it is far too soon to judge results. So far, 
however, little has been done to address problems related to drainage management—but the institutions 
are still evolving. 

Results of the water sector reforms have not yet shown up, as it is early in the process, and the magnitude 
of the reforms is large. Some observations, nevertheless, can still be made. First, the reforms have put an 
overdue emphasis on social empowerment, coordination, and consultation, but this has not been followed 
up with better law enforcement. Coordination is essential, but river basin management and integrated 
water resources management also need teeth. This lesson comes from experience in several countries in 
the region (GWP 2003). In Thailand, for instance, no water-related budget can be approved without the 
consent of river basin committees. In Indonesia, in the pre-Reformasi period, there were some restrictions 
on land and water use—for instance, in the protection of upland forest or zoning of retardation basins. 
Though probably not adequate even at that time, what little there was seems to have been lost in the 
reform process. Unless these regulatory mechanisms are restored in the new decentralized context, there 
is little hope that effective water management will ever take place. Here, several related worries arise 
about the role of local governments. One is that districts with limited fiscal resources will turn to resource 
exploitation as a means of financing expenditures. Another worry is that, with decentralization, districts 
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will have larger budgets to spend, shifting their focus toward becoming local development agencies and 
away from being agencies for local regulation and governance. 

A second observation—closely related to the previous one—is that the “fit” between the new water 
resources institutions and local government still has to be worked out. From our impressions during the 
field visits connected with this study, main local government players did not yet seem aware of the 
reforms and the new institutions. As long as this lack of familiarity exists, nothing much can be expected. 
In principle, much of the enforcement power could come from local governments, and the fact that water-
related departments are part of the district administration is potentia lly helpful. Yet the links between the 
two domains—water management and general administration—still need to be strengthened. If this does 
not happen, the risk is large that new institutions such as the Balai will, in the end, busy themselves with 
data collection, becoming, at best, planning bodies at basin level. In the meantime, operational water 
management (at the districts, in the sectors)—where many of the problems play out—will not be covered 
and will be left to struggle with inadequate budgets, lack of knowledge, and lack of political support for 
improved resource management. 

The third concern is financing. This appears to be the biggest immediate challenge. Underfunding of basic 
water services remains paramount. International funding is now used to pay for maintenance as well as 
for some of the new organizations. This is clearly pie in the sky, not a route to sustainable governance. 
Decentralization has major implications for the public budgeting process (Varley 1998). Some of the key 
points are given in box 11. Basically, decentralization offers opportunities for local governments to 
develop their local tax base, develop new financing modalities such as equities and bank loans, and make 
it easier to establish public or semipublic enterprises. The know-how and the opportunities for this may 
vary considerably between districts, with remote, underdeveloped districts less likely to tap into these 
opportunities. The risk is that those district governments will continue to depend on central government 
subsidy or will capitalize on their natural resource base. As responsibilities for the districts have 
multiplied under decentralization, it is not unlikely that operation and maintenance of irrigation and, even 
more, drainage will take a financial back-seat. 

Box 11 Decentralization and financing 

§ Twenty-five percent of government revenue is directly assigned to provincial and district governments, as well 
additional increased shares of resource tax and specific investment funds. 

§ Local government will be able to access funds from the foreign and domestic private sector and from the local 
revenue base—in addition to funds from the national budget and international donor funding. 

§ Provincial and district governments will be free to allocate these funds and their own revenues.  
§ Provincial and district governments may hand over responsibilities to local government enterprises, private 

enterprises, or public-private partnerships. 

Source: Varley 1998. 

For larger river basins state-owned corporations may be set up, modeled on the PJT Brantas. These 
corporations, it has been argued, should have clear authority to raise funds—from user charges, pollution 
fees, fines, and services (Varley 1998). This model may be too heavy for the outer islands, but it may 
work well in densely populated areas such as Java. For smaller basins, Varley (1998) suggests joint 
ventures or local government financing. In all these scenarios, a major reorientation and retraining effort 
will be required. 
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5. Conclusions: Drainage in Times of Transition and Reform 

Drainage management in times of general transition and water sector reform in Indonesia has been the 
main theme of this study. The economic downturn and political transition have had a major impact on the 
way resources are managed. The centralist state came to an end, to be replaced by decentralized 
governance. This decentralized governance still has to fall into place, however. In the water sector, central 
organizations, in particular the Public Works Department, were dismantled, and increased responsibilities 
were vested in the districts. Economic hardships and decreased law and order of the turbulent past years 
have been associated with accelerated pressure on natural resources, in particular damage to the upper 
catchments in both inner and outer islands, encroachment on flood plains and retention areas on Java, and 
opening of lowland forest reserves in the outer islands.  

The transition also provided the window for the water sector reforms program, sponsored by the 
WATSAL loan. The central theme of these reforms was the introduction of an institutional framework for 
integrated water resources management in Indonesia. Integrated water resources management has been 
defined as “a process which promotes the coordinated development and management of water, land and 
related resources, in order to maximize the resultant economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems” (GWP 2000:15). The question is where 
does drainage stand in this “coordinated development and management of water, land and related 
resources” and how do the new institutions relate to it—in Indonesia’s many, diverse water resources 
management contexts.  

On the inner islands—in particular Java—drainage is an integral part of flood management. Its main 
function is to safeguard human settlement and reduce flooding of agricultural crops. The increased 
pressure on land—with natural drainage paths blocked and flood plains converted into farmland—makes 
this an increasingly difficult challenge. Moreover, natural drainage is increasingly affected by 
sedimentation of riverbeds—which is related to the erosion of the uplands. One strand in water sector 
reform has been the integration of water resources planning and spatial planning through river basin 
organizations. In the WATSAL package, this is proposed as an agenda item for the National Water 
Resources Policy. In river basin management, flood mitigation and drainage seems an obvious 
convergence point for integrating water resources management and spatial planning.  

One nagging problem with flood management systems—including drainage works—has been 
underfunding of maintenance. With construction budget cuts, and O&M budget allocations on Java only 
half of what is required to operate water resources infrastructure, construction, cleaning, and repair of 
drainage canals receive low priority. Farmers have generally responded to longer inundations by adjusting 
cropping patterns rather than maintaining drains. Under the new participatory approach, water user 
associations are authorized to carry out construction works with local government budgets as well as with 
resources of their own. This appears to have improved the quality of works—but the impression during 
the field visits for this study was that many drainage systems have been abandoned. The big question is 
whether this will improve—as river basin management is introduced as the main vehicle for water 
resources management on Java. In principle, flood management and drainage could get higher priority. In 
practice, the pecking order of immediate priorities could persist. It is far too early to tell however, as new 
river basin organizations are just being established, and funding and budgeting processes still have to fall 
into place. 
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The situation on the outer islands, particularly Sumatra and Kalimantan, is entirely different. Lowland 
development there has driven regional development, as shown by the conversion of tidal lowlands by 
spontaneous settlers, government-sponsored programs, and private sector investment. Planning failures in 
the early years (repeated more recently in the One Million Hectare project), budget limitations, and the 
current focus on irrigation sector improvement and reform have caused the loss of political support for the 
lowland development program. Also in the WATSAL package, lowland development received scant 
attention. 

Agricultural drainage in the context of lowland development cannot, however, be neglected. It is likely to 
play an important part in national policy—in increasing food production, creating employment 
opportunities, and alleviating poverty. A balance must be struck between conservation and development. 
New development should be considered only in areas with potential for agriculture and with manageable 
impact on the environment. However obvious this may sound, this balance and care have not always been 
observed in the past. A different situation is encountered in the swamp reclamation schemes, where 
second-stage interventions can achieve substantial improvements. The negative environmental impact of 
such interventions is negligible, but the impact on livelihoods can be substantial, and several first-stage 
swamp projects have turned into islands of poverty. A framework for swamp development should 
displace the current hands-off attitude that invites missed opportunities and ecological damage. 

A policy for lowland water resources management must be formulated in addition to the National Water 
Resources Policy. First, the place of lowland development within national policy should be clearly 
defined in a way that answers questions about priorities in agricultural development; preferences in 
regional development, and poverty reduction, including the settlement of outsiders; and the role of private 
parties and smallholders. The context of lowland development is completely different now. Responsibility 
for planning, developing, and managing has been decentralized to the districts, which generally lack the 
framework and capacity to implement viable lowland development in the absence of a national strategy. 
What the districts will do and what the provincial government will do and how they will be supported 
must be defined. 

Swamp development must be placed within an integrated water resources management context for several 
reasons. First swamp development has potential to do much harm, if not done right. Tidal swampland is 
one of Indonesia’s major resources, economically and environmentally. In its natural state, it supports rich 
productive swamp and mangrove forests and abundant and varied aquatic life. But tidal swampland also 
has great potential as a source of food and cash crops and as a livelihood for a growing population. 
Repeating the earlier definition of integrated water resources management—lowland development 
requires a coordinating mechanism to “maximize the economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems.” Many of the swamp forests are no longer in 
pristine condition, however, having been degraded through earlier reclamation, unsustainable logging, 
and forest fires. This fact calls for careful planning of transport in the lowland systems. New roads built as 
part of lowland development can easily open new frontiers and disturb precious habitats. Here again, a 
river basin perspective is helpful. As on Java, drainage is badly affected by riverbed sedimentation. The 
case study on Southern Sumatra, undertaken as part of this study, showed how sedimentation of the Musi 
riverbed gave rise to more severe floods and distorted drainage patterns, turning swamps into inland 
lakes.  

What would integrated lowland development mean in reality—how will it be done and who will do it? 
Water resources management in a tidal lowland system requires informed micro-planning, not a blueprint 
approach. Tailor-made interventions (small dikes, drains, plugs) in the water resources systems have to be 
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identified, and the different stages lowland systems go through have to be understood. Swamp 
development is a long-term process, requiring more than the typical five- to six-year project timeframe. It 
is precisely this capacity to micro-plan that is scarce—not just in remote districts in Indonesia but 
everywhere.  

During the field study, we observed that decentralization had resulted in a withdrawal of technical staff—
from districts and provinces back to central government organizations. The knowledge base about 
lowland development has been severely eroded, starting with the dismantling of the Directorate of 
Swamps. There are no general guidelines on intensive shallow drainage or on immediate and medium-
term management to help the people now in charge. The district governments in the driver’s seat are 
generally not well equipped to handle the management of the lowland drainage systems. There are many 
blind spots in the capacity to support swamp development, both new and second stage.  

Beyond planning, there are many other blind spots in drainage management and operation in tidal 
lowlands. Lowland systems—particularly those without tidal irrigation, as in most government-sponsored 
systems of the past—are far more sensitive to adequate operation than other water resources systems—
due to the release of acidity and toxicants by soil development and in the absence of tidal flooding for 
leaching. It is important to get these basics right without being naïve and keep in mind the funding and 
personnel problems of swamp system operations. The review of second-stage swamp programs 
suggests—not surprisingly—that local user management should receive greater emphasis in lowland 
systems, but user management requires a well-prepared introduction. Earlier experience showed that 
irrigation copycat water user associations at tertiary level are not useful institutional assets. Lowland 
drainage will need its own institutional models. Improved management of the entire system is required—
by users and by district level service providers.  

Finally, this case study on drainage in Indonesia brings out a number of themes that resemble agricultural 
drainage development in other parts of the world, as documented in the other case studies:  

• The need for a long-term perspective. Soils, especially in swamps, develop over time, and it takes 
time for settler groups to become cohesive.  

• The need for adequate drainage management at a primary and secondary level, where the 
operation of the drainage infrastructure is no longer the challenge but the management of the 
local water resources system. Yet there is still little hard evidence on how this will work. 

• The difficulty of financing O&M, although multilateral loans plug some of the gaps 

• The contribution of drainage to raising yields from agricultural water systems. This potential, 
though not easily captured in the popular “more crop per drop” thrust, is nonetheless relevant.  

• The need to put drainage in an active context of integrated water resources management. This 
should be done not only to deal with “negative externalities” (potential damage) of a piecemeal 
approach but also to make sure all issues are being addressed, including, for example, flood 
mitigation and riverbed sedimentation 

• The importance of structured knowledge management, particularly in an area as specialized as 
tidal lowland drainage. Indonesia, in contrast to Egypt and Pakistan, for example, has no research 
and information center on drainage development and monitoring.  



 

 

Appendix A Field Visit Program  

Date  Location Purpose Location/agency Contact Function 
Jul 1-02 Jakarta Meeting Commission of the European 

Communities, Jakarta 
Ir. Willem van Diest Program Officer Sustainable 

Development/Environment  
Jul 2-02 Jakarta Meeting World Bank Indonesia Country 

Office, Jakarta 
Ilham Abla Operations Officer Rural Development Sector Unit 

Jul 3-02 Jakarta Meeting Consultant, Sriwijaya University 
(UNSRI), Palembang 

Dr. Ir. Robiyanto Hendro Susanto, 
M. Agr. Sc. 

Research Center for Land and Water Management 

Jul 4-02 Jakarta Meeting Consultant Ir. Aart van Nes TL Java Irrigation Improvement and Water Resources 
Management Project (JIWMP) 

Jul 5-02 Jakarta Meeting Consultant Ir. Aart van Nes TL Java Irrigation Improvement and Water Resources 
Management Project (JIWMP) 

Jul 12-02 Jakarta Meeting World Bank Indonesia Country 
Office, Jakarta 

Ilham Abla Operations Officer Rural Development Sector Unit 

Jul 15-02 Jakarta Meeting Ministry of Settlement and 
Regional Infrastructure 

Ir. Sukrasno Sastrohardjono, Dipl. 
HE 

Chief Sub-Directorate Wilayah Barat III, DGWR, 
Directorate Water Resources, Western Region 

Jul 15-02 Jakarta Meeting Ministry of Settlement and 
Regional Infrastructure 

Ir. Irama Aboesoemono Dipl. HE Chief Sub-Directorate Policy and Strategy, 
Preparation, DGWR, Directorate Technical Guidance 

Jul 15-02 Jakarta Meeting Ministry of Settlement and 
Regional Infrastructure 

Drs. Pakpahan Loan Coordinator Integrated Swamp Development 
Project (ISDP) 

Jul 16-02 Jakarta Meeting Royal Netherlands Embassy Jaco Mebius First Secretary Water Resources Management 
Jul 17-02 Jakarta Meeting Ministry of Agriculture Dr. Effendi Pasandaran Sr. Researcher Agency for Agricultural Research and 

Development (AARD) 
Jul 18-02 Jakarta Meeting World Bank Indonesia Country 

Office, Jakarta 
Ilham Abla Operations Officer Rural Development Sector Unit 

Jul 19-02 Jakarta Meeting Commission of the European 
Communities 

Ir. Willem van Diest Program Officer Sustainable 
Development/Environment  

Jul 20-02 Jakarta Meeting Consultant R. Mahendrarajah, BSc. MICE 
MIE 

Staff Java Irrigation Improvement and Water 
Resources Management Project (JIWMP) 

Jul 20-02 Jakarta Meeting World Bank Indonesia Country 
Office, Jakarta 

Guy Alaerts Sr Water Resources Specialist Rural Development 
Sector Unit 

Jul 21-02 Jakarta Meeting Consultant Ir. Mestika Djoeachir Dipl. HE Water Resources Development Expert 
      
Aug 7-02 Semarang Meeting Dinas PSDA, Central Java Irt. Nidhom Ashari, Dipl. HE Chie f of Provincial Water Resources Service, Central 



 

 

Date  Location Purpose Location/agency Contact Function 
Java 

    Ir. Dyah Supriyo Provincial Design Unit 
    Ir. Sarwoko ME Chief of SubDinas Oandmillion 
    Ir. M. Alif Consultant Irrigation Development and Turn Over 

(IDTO) 
Aug 16-02 Semarang Meeting Balai PSDA Jragung-Tuntang 

(Jratun), Central Java 
Ir. Tri Widodo Chief of Jratun River Basin Management Unit (Balai) 

      
Aug 18-02   Travel Departure Amsterdam, the 

Netherlands 
  

Aug 19-02   Travel Arrival Jakarta, Indonesia   
Aug 20-02   Travel Jakarta—Semarang, Central Java   
Aug 20-02 Semarang Meeting Dinas PSDA, Central Java Irt. Nidhom Ashari, Dipl. HE Chief of Provincial Water Resources Service, Central 

Java 
    Ir. M. Ghozi, Dipl. HE Chief of SubDinas Program 
    Ir. Harsono Chief of SubDinas Cooperation and Institutions 
    Ir. Ketut A. Indrawatara Staff of Section Inter Departmental Cooperation 
Aug 20-02 Semarang Meeting Balai PSDA Jragung-Tuntang 

(Jratun), Central Java 
Ir. Bambang Sutedjo cs Staff of Jratun River Basin Management Unit (Balai) 

Aug 20-02 Semarang Meeting Consultants BWRMP and IDTO, 
Central Java 

Ir. Asep Teguh Sukmono Basin Water Resources Management and Planning 
(BWRMP) Project 

    Ir. M. Alif Irrigation Development and Turn Over (IDTO) 
Project 

Aug 21-02 Field Meeting Tegowanu District, Central Java Pudji Hadiwiyono District Head 
    Setyo Budi Tajemsari Village Head/Chairman of WUA 
    Winarno Tajemsari Village Secretary 
    Sugianto NGO IFC Grobongan Regency 
    Supanto Tajemsari Village WUA member 
    Sugito Tajemsari BPD 
Aug 21-02 Kudus Meeting Balai PSDA Serang, Lusi, Juana 

(Seluna), Central Java 
Zaenal Achmad cs Staff of Seluna River Basin Management Unit (Balai)  

Aug 21-02 Field Meeting Ranting Tenggeles Cendono  Head of Ranting  
     Chairman WUA Tirta Jaya 
     Chairman WUAF 
Aug 22-02 Semarang Meeting Diponegoro University (UNDIP), 

Semarang, Central Java 
DR. Ir. Robert J. Kodoatie, M.Eng Lecturer Civil Engineering, Technical Faculty, 

Hydraulic Group 



 

 

Date  Location Purpose Location/agency Contact Function 
    Ir. Pranoto Dipl. HE Lecturer Civil Engineering, Technical Faculty, 

Hydraulic Group 
    Ir. Hargono Lecturer Civil Engineering, Technical Faculty, 

Hydraulic Group 
    Ir. Al Fallah Lecturer Civil Engineering, Technical Faculty, 

Hydraulic Group 
Aug 22-02 Semarang Meeting Ir. Imam Wahyudi Chairman, Sultan Agung Islamic University, 

UNISSULA Semarang 
   

Consortium University-NGOs to 
assist PSDA Central Java 
in empowerment of farmers and 
WUAs ] 

Ir. Fauzi Fachrudin Sultan Agung Islamic University, UNISSULA 
Semarang 

    Ir. Sugiharjo Sebelas Maret University, Solo 
    Krisdiono NGO Bina Swadaya Boyolali 
    Yuni Pristiwati NGO Persepsi, Klaten 
    Sri Wiji Astuti NGO LSK Bina Bakat, Surakarta 
Aug 22-02 Semarang Meeting Proyek Induk PPWS Jratunseluna Ir. Djendam Gurusinga Dipl. HE General Manager 
    Ir. Bambang Subiandono Dipl. HE Project Manager Flood Control 
    Ir. Sri Ediningsih Dipl. HE Chief of Staff Planning and Design 
Aug 23-02   Travel Semarang-Jogyakarta, Central Java   
Aug 23-02 Jogyakarta Meeting Gajah Mada University (UGM), 

Jogyakarta, Central Java 
Ir. Darmanto Dipl. HE, M.Sc Dean of Civil Engineering Faculty 

    DR. Ir.Sigit Supadmo, M.Eng, 
Ph.D 

Dean of Agricultural Engineering Faculty 

    DR. Ir. Mochammad Maksum, 
M.Sc. 

Director of Rural Study Center 

Aug 23-02  Travel Jogyakarta-Jakarta   
Aug 24-02 Jakarta     
Aug 25-02  Travel Jakarta-Palembang, South Sumatra   
Aug 26-02 Palembang Meeting Bappeda Tk. I, South Sumatra Ir. Yohannes Hasiholan Toruan, 

M.Sc. 
Chief of Regional Planning 

Aug 26-02 Palembang Meeting Dinas Pengairan, South Sumatra Ir. H. Anwar Arifin Chief of Water Resources Department PU 
    Ir. H. Kusnadi Bachrudin Dipl. HE Chief of Musi River Basin Management Unit (Balai) 
    Ir. H. Wahab Umar Spl Chief of Sugihan River Basin Management Unit 

(Balai) 
Aug 26-02 Palembang Meeting P2DR Ir. M. Sapri, Dipl. HE Project Manager Swamp Development project 
Aug 26-02 Palembang Meeting Consultant Keiji Sasabe, P.E.Jp TL Comprehensive Planning Musi River Basin Study, 

JICA 



 

 

Date  Location Purpose Location/agency Contact Function 
        Kenichiro Kondo, P.E.Jp Staff Comprehensive Planning Musi River Basin 

Study, JICA 
Aug 27-02 Field Meeting Terusan Tenggah Village, 

Kampung 2, Delta Telang 
Jemir, Syamsuddin, Husin, Suai Farmers traditional spontaneous settlement, tidal 

swamp  
Aug 27-02 Field Meeting Sumber Mulya Village, P6, Delta 

Telang 
  Farmers government transmigrant settlement, tidal 

swamp  
Aug 27-02 Field Meeting Sungai Pinang Village, Rambutan 

Sub-District 
  Farmers traditional spontaneous settlement, nontidal 

swamp (lebak) 
Aug 28-02 Palembang meeting Badan Ketahanan Pangan, South 

Sumatra 
Ir. H. Trisbani Arief Chief of Badan Ketahanan Pangan 

Aug 28-02 Palembang meeting Centre for Data and Information 
Lowland-Wetland 

 Staff 

Aug 28-02   Travel Palembang-Jakarta   
Aug 29-02 Jakarta     
Aug 30-02 Jakarta     
Aug 31-02 Jakarta Meeting World Bank Indonesia Country 

Office 
Guy Alaerts Sr Water Resources Specialist Rural Development 

Sector Unit 
    Ilham Abla Operations Officer Rural Development Sector Unit 
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Appendix B Lowland Development Techniques 

Swampland reclamation in Indonesia has important long- and short-term advantages over the 
development of remaining uplands. Such upland soils are usually less fertile than land developed earlier, 
and they are located in critical watershed and catchment areas that are susceptible to environmental 
degradation that may affect the downstream hydrology. The lack of water and low fertility of the uplands 
will require heavy investment in infrastructure and inputs for their successful agricultural development.  

Tidal swampland is considered more fertile than uplands, when given sufficient time to improve the soils 
through reclamation and ripening. Tidal fluctuations in rivers allow for gravity drainage during the daily 
low tide, using simple and cheap technology. The abundance of water in the swamp areas is another 
important factor for sustainable long-term development. Constraints to swamp development include initial 
physical characteristics and the time and repeated interventions required for reclamation. 

Reclamation of tidal swampland for agriculture will have to create an environment suitable for agriculture 
and for settlement. In its natural state, swampland is not suitable for intensive agriculture and large-scale 
habitation, but it is not entirely uninhabited. Local settlers have used swamp resources for gathering forest 
produce and hunting, and often claim the land by customary law. For centuries, people have come to these 
areas and settled along the coasts and riverbanks, where they earned their livelihoods from trade, 
fisheries, and agriculture. Forests, coastal fisheries, and wildlife are precious resources, so any lowland 
development has to be balanced with sound conservation measures to protect national interests. 

Swampland is usually subdivided into:  

• Tidal swampland in the coastal area and lower reaches of rivers, where river levels are dominated 
by daily tidal fluctuations. These areas include a zone of mangrove followed by extensive 
freshwater swamps characterized by shallow inundations in the wet season caused by stagnant 
rain water. The daily low tide in the rivers offers good opportunities for drainage of excess water 
through simple and low-cost facilities. 

• Nontidal swampland in the near-coastal zone, beyond the tidal swampland [lebak]. River water 
levels are dominated by seasonal fluctuations rather then daily tides, which causes deep 
inundation of the land in the wet season and makes drainage difficult and expensive in the 
absence of daily low river water levels. 

• Inland swampland, separated from the other swampland by surrounding uplands. These swamps 
cover relatively small and isolated parts of noncoastal areas. 

Most agricultural development has taken place in the tidal swampland due to its accessibility along the 
coast and major rivers and the relatively simple and low-cost drainage technologies involved. This is 
particularly true for many of the traditional and spontaneous settlements with small-scale and selective 
development and, to a lesser extent, for the large-scale and less selective government developments of the 
1970s and 1980s 

Tidal lands are formed by mineral sediments carried by river and sea. These sediments are deposited 
along the river and river mouth, and often contain clayey and acid sulphate soils. Once land levels are 
built up above average high tidal water levels, the marine influence diminishes, and freshwater (rainfall) 
conditions become prevalent. This may lead to the formation of peat soils overlaying the mineral deposits. 
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Deep peat layers may not sustain agricultural development in the long term due to low fertility or high 
subsidence upon drainage. 

Typical of the tidal lands environment is the high diversity in physical characteristics. These will change 
even more as a result of and during reclamation. While the slope of the tidal lands shows a very small 
gradient and conditions are seemingly homogenous, micro-differences at field level of land elevation and 
soil and hydrological properties are all-important with respect to tidal irrigation potential (flooding during 
high tide), drainage, and other agronomic aspects. 

Swampland most suitable for agricultural development has shallow peat layers and little acidity. It is 
especially important to consider future land levels in relation to drainage at low tide after reclamation and 
subsidence has taken place. Much swampland is not suitable because its future drainage potential is 
insufficient. Soils in the tidal lands show a wide range of suitability. Only well-selected areas will be 
suitable for sustainable development. 

Large areas of acid sulphate soils are found in the coastal plains of Sumatra, Kalimantan, and Irian Jaya. 
Acid sulphate soils have a favorable topography for irrigated agriculture and are also often located near 
densely populated areas, with pressure on land resources. This would make acid sulphate soils the logical 
solution to the problem of land shortage. Nevertheless, these soils are problem soils. Upon exposure to the 
air, pyrite in the soil profile oxidizes to form sulphuric acid, which may render the soil unsuitable for 
agriculture. Still, large areas of acid sulphate soils have been successfully developed for agriculture in 
various countries in the region. 

Acid sulphate soils are formed in marine or brackish sediments. During sedimentation, sulphate (SO4
2-) 

from the seawater is reduced in the presence of organic matter to form pyrite (FeS2). As long as the pyrite 
has not oxidized, these soils are waterlogged and unripe, resulting in low bearing capacity, poor 
accessibility, and poor construction properties. 

To be developed for agriculture, these soils have to be drained to some extent. Care should be taken with 
the reclamation of acid sulphate soils to avoid excessive drainage of pyrite layers and the burning of peat 
layers and, hence, the exposure of underlying pyrite soil.  

Upon drainage and subsequent exposure to air, pyrite oxidizes to sulphuric acid (H2SO4). Related to 
acidification are chemical, biological, and physical problems caused by aluminum, and ferric iron 
toxicity, nutrient deficiencies, arrested soil ripening, and corrosion of metal and concrete structures. If 
acid and toxic elements are released, they may adversely affect the quality of ground and surfacewater in 
and outside the reclamation area.  

One of the government’s main objectives for opening up new agricultural lands was to increase rice 
production. However, flooding acid soils for rice cultivation induces toxic levels of aluminum, ferrous 
iron, hydrogen sulphide, and carbon dioxide. The submergence of organic soils may also cause the 
formation of organic acids, which are harmful to plant life.  

Initially, all swamps were considered suitable for wetland rice. As a result, infrastructure design and water 
management sought minimal drainage to maintain proper soil and water conditions for rice growing. It is 
now realized that these assumptions cannot be generalized. 

The reclamation of tidal swampland involves the construction of drainage canals in the swamp interior, 
which connect to the tidal rivers. The land can then be drained through gravity flow during the daily low 
tide in the rivers and canals, as the land is located above or at average high-water levels. Following the 
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construction of the canals, land is cleared, and basic infrastructure is built (e.g., housing, minor roads, and 
public facilities). 

The objective of drainage here is first of all to reclaim and develop the land to avoid ponding and 
evacuate excess rainfall, to ripen the soils, and to evacuate acidic and toxic residues of soil processes. Not 
only is this necessary for (future) agriculture, but the land must also be consolidated to allow construction 
and settlement. Water management is needed to maintain appropriate water levels in the field for each 
crop. However, especially during reclamation, conflicting interests in drainage will occur especially in 
wetland rice areas. The drainage system in most cases also has an important function for navigation, since 
land transportation is not well developed in these coastal areas.  

Some canal systems are gradually developed from the river into the interior, as is often the case in 
spontaneous settlements. The early settlers have the opportunity to select the best lands and hydrological 
conditions for their farming. Land near the river, with a strong tidal influence, can be drained freely and, 
during the same daily tidal cycle, flooded (irrigated) at high water. In the government schemes, which 
entail the conversion of large areas at one time, construction of the drainage system is often rigid and less 
adapted to the micro-diversity of the tidal lands. Only a small part of the swampland can be irrigated at 
high tide. The farther away from the river, the less pronounced is the tidal movement, and hence the more 
limited the drainage and irrigation potential. Tidal irrigation is an enormous advantage, because it 
contributes to the leaching and flushing of toxic elements and acidity, especially in the critical root zone 
of the topsoil. In other areas, the only choice is to practice controlled drainage so as to minimize 
acidification while maintaining lower groundwater levels to allow leaching of the topsoil through rainfall. 

Water retention, and for that matter poorly maintained drainage systems, often leads to stagnant water 
conditions and accumulation of acidity and toxicities. Rice yields under these circumstances often range 
from 0.5 to 1.5 t/ha. In schemes with adequate drainage, rice yields often soar to levels comparable to 
irrigated areas, 3.0 to 6.0 t/ha. 

There is now some consensus that (controlled) drainage is the key to the reclamation and management of 
(acid sulphate) tidal land soils. Excess drainage should be avoided, although this may prove difficult, or 
impossible, during extremely long dry seasons such as El Niño. It is thus essential that the drainage 
system be designed for the evacuation of acidity and toxicities. 

Farmers, who often originate on Java and are unfamiliar with the specific reclamation type of water 
management needed, tend to grow rice and hence to maintain higher water levels in the field. Over the 
years, farmers have been moving toward crops, including tree crops, more suitable for local conditions. 
Crop diversity also offers better income security. In schemes where drainage has been improved, the 
impact has been considerable. One of the main issues is to reach the stage where soil ripening allows 
mechanized land preparation, often with hand tractors. From that moment on, agricultural development 
really takes off. 

Initially the schemes were constructed without water control structures. The low bearing capacity of the 
soils would hamper construction as would the future subsidence of the highly organic soils. The water 
control structures later installed now function only partly. Structures should be built only after the soil is 
consolidated. Experience from the One Million Hectare project in Kalimantan and other projects shows 
that building structures on unconsolidated soils in the early stages of reclamation meets with severe 
difficulties.  
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It is nowadays also realized that dead-ended canal systems hamper water circulation and flushing of the 
canals. Modern design would require canals to be double -connected to rivers and main canals. The land 
must be developed gradually.  

In developing tidal swampland for agriculture, the government has opted for an approach in stages to 
allow initial development of large areas at limited cost to satisfy resettlement targets, to allow time for the 
gradual development of drainage and soils, and to collect experience before designing later stages of 
development. 

Swamp development in stages anticipates returning interventions to consolidate and increase the levels of 
agricultural production achieved under previous development stages. As time is essential for swamp 
projects to reach maturity, the government designed development in project cycles of up to several 
decades. 

Crucial steps in swamp development include planning and selection. In the past many, mistakes were 
made due to the scale of development and under political pressure. The One Million Hectare project is the 
most recent example. Next it is important to maintain support to see swamp development through all its 
intended phases. An essential shortcoming in the swamp development program has been the lack of 
continuous involvement and support and the lack of monitoring and research for sufficiently long periods. 
Barely any data series are available, and none goes back all the way to the start of the swamp 
development program. Hence, although much know-how has been obtained, there is still much room for 
the discussion of major concepts in the absence of reliable data. In addition, the ongoing decentralization 
has added to the dispersion of the unique swamp development expertise. 

A clear distinction must be made between the new development of tidal lands and the further 
development of existing settlements such as the spontaneous settlements and the large government 
settlements in Kalimantan and Sumatra. In the first instance, development would drastically change the 
landscape and environment and therefore requires sufficient deliberation and balancing of environmental 
and national concerns. The second case of development would be aimed at increased production and 
welfare to a large group of settlers with minimal disturbance and inputs. 



 

Appendix C Environmental Impact of Lowland Development  

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
 
Forest conversion and 
removal of vegetation 
 

 
§ Physical loss of 

vegetation cover 

 
§ Displacement of 

fauna populations, 
overcrowding, 
habitat/survival, 
and protected area 
management 
implications 

 
§ Barrier to wildlife 

movement and 
protected area 
management 
implications 

 
§ Affects basin water 

flows (flooding, 
dry season flow) 
and riverine, 
estuarine, and 
marine water 
quality (erosion , 
silt, estuarine 
salinity)  

 
§ Affects water 

transport 
 
§ Affects drinking 

water supplies 
 
§ Increases flooding 

 
§ Loss of terrestrial 

and freshwater 
biodiversity, 
habitats and 
ecosystems (peat 
swamp, fresh water 
swamp, and 
lowland rainforest) 

 
§ Loss of natural 

landscape 
 
§ Damage to 

catchment 
hydrological 
function 

 

§ Loss of natural 
timber and non 
timber resources; 

 

§ Loss of traditional 
freshwater fishery 
resources  

 

§ Degradation of 
near-shore and 
marine fisheries 

 
 

  
§ Loss of floral 

biodiversity and 
vegetation type 

 
§ Loss of fauna 

biodiversity, 
habitat, and refuge 
sites 

 
§ Barrier to wildlife 

movement 
 

 
§ Biodiversity and 

genetic impacts on 
adjacent 
ecosystems and 
protected areas 
(decreased genetic 
dispersal and 
exchange) 

 
§ Biodiversity and 

genetic impacts on 
downstream 
freshwater 
ecosystems and 
protected areas 
(decreased genetic 
dispersal and 
exchange) 

 

 
§ Degradation of 

catchment water 
quality 

§ Damage or loss of 
estuarine and 
marine habitats, 
ecosystems, and 
biodiversity 
(mangroves, 
estuaries, seagrass 
beds, coral reefs, 
and near-shore 
ecosystems) 

§ Loss of tourism and 
recreational 
resources  

 
§ Loss of genetic 

resources  
§ Displacement or 

loss of traditional 
communities, 
cultures, 
residence/resource 
use rights, and 
systems of resource 
management 



 

 

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
 § Degradation of 

peatlands (water 
table, hydrology, 
and water quality 
impact) 

§ Degradation of 
adjacent peatlands, 
forests and 
protected areas 
(water table 
impacts) 

§ Affects basin water 
flows and riverine, 
estuarine, and 
marine water 
quality (erosion and 
silt) 

§ Affects water 
transport 

§ Affects drinking 
water supplies 

§ Knock-on effects 
via food chain 
support to other 
more distant 
ecosystems  

 

§ Destruction or 
disruption of 
previously existing 
local economies 
and livelihoods 

 
 
 

 
§ Site (forest and 

peat) burning 
 
 
 
§ Destruction of 

natural ecosystem 
 
§ Destruction of 

natural landscape 
 
 
 

 
§ Degradation of all 

adjacent habitats 
(especially peat 
forest) and 
protected areas  

§ Destruction or 
disturbance of 
adjacent 
ecosystems and 
natural landscapes  

 
§ Destruction or 

disturbance of 
downstream 
freshwater, 
lacustrian, 
estuarine, coastal, 
and marine 
ecosystems  

 
§ Damage or loss of 

coastal protection 
functions of 
mangroves and 
seagrass beds 

§ Negative 
implications for 
global carbon 
balance, climate 
change, and 
biogeochemical 
cycling due to 
forest and peatland 
loss 

§ Loss of natural 
landscapes, genetic 
resource, 
conservation, 
heritage, and 
scientific values  

 

 

 
Site drainage and use 
of problematic soils 
 
Peat soils and 
acid sulphate soils  

 
Peat soils 
§ Rapid and 

irreversible 
physical changes in 
soil properties due 

 
 
 
 
 
 

 
§ Changed catchment 

flow regime due to 
loss of flood season 
water storage and 
flood buffering 

 
§ Damage to 

catchment 
hydrological 
function 

 

 

 

§ Loss of natural 
timber and non- 



 

 

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
 
 

to degradation, 
oxidation, 
subsidence, and 
compression of 
peat soil layers 
upon drainage 

 
§ Rapid lowering of 

natural (raised) 
groundwater tables 
with loss of peat 
layers (up to 50cm 
or more in first. 
year; several cm a 
year after that) 

 
§ Much increased 

risk of on-site fires 
caused by dying 
out of peat layers. 

 
 
 
 
 
§ Multiple impacts 

on soil water 
quality within on-
site drainage lines 
due to peat layer 
degradation 
(nutrient export; 
toxic leachate 
release (e.g., Al, 
Fe); organic 
pollutant release; 
and eutrophication) 

 
 
 
§ Degradation or 

destruction of 
adjacent peatlands, 
forests, ecosystems, 
protected areas and 
natural landscapes 
due to changed 
water tables, 
hydrology changes, 
drying out of site, 
increased fire risk 
(particularly peat), 
and increased 
incidence of fires 
spreading from 
adjacent projects 

 
§ Loss of biodiversity 

in adjacent 
ecosystems and 
protected areas due 
to fire damage and 
hydrology change 

 
 
 
§ See Land suitability 

impact  
 
 
 
 
 
 

capacity of peat 
layers; and 
consequent 
increase in 
downstream 
flooding and 
decrease in dry 
season flows 

 
§ Increased 

downstream 
flooding and loss of 
catchment flood 
buffering function 
leading to increased 
erosion, silt inputs, 
silt movement, and 
flood discharge 
rates, all with 
potentially serious 
negative impacts on 
estuarine 
(mangrove), near-
shore (seagrass and 
coral) and marine 
ecosystems  

§ Decreased dry 
season flows and 
risk of estuarine 
and near-coastal 
ecosystem changes 

 
§ Changed and 

degraded 
freshwater (stream, 
river and lake) and 
possibly estuarine 

§ Degradation of 
catchment water 
quality 

 
Damage or loss of 
estuarine and marine 
habitats, ecosystems 
and biodiversity 
(mangroves, estuaries, 
seagrass beds, coral 
reefs, and nearshore 
ecosystems) 
 
§ Knock-on effects 

via food chain 
support to other 
more distant 
ecosystems 

 
§ Damage or loss of 

coastal protection 
functions of 
mangroves and 
seagrass beds 

 
§ Negative 

implications for 
global carbon 
balance, climate 
change, and 
biogeochemical 
cycling due to 
peatland loss and 
peatland and 
adjacent forest 
burning 

 

timber resources 
and genetic 
resources within 
burnt area adjacent 
to peat reclamation 
schemes 

 

§ Loss of traditional 
freshwater fishery 
resources and 
degradation of 
near-shore and 
marine fisheries 
downstream of 
peatland areas 

 

§ Possible loss of 
coastal and marine 
tourism and 
recreational 
potential due to 
marine ecosystem 
and water quality 
changes induced by 
degraded 
catchment function 
and water quality 

 

§ Destruction or 
disruption of 
previously existing 
local economies 
and livelihoods 
caused by fire, 



 

 

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
 
§ Physical difficulties 

of soil subsidence 
(e.g. damage to 
infrastructure; 
unstable soils for 
tree crops; peat 
domes “collapsing” 
to below water 
level) 

 
§ Agronomic 

problems of soils 
(excessive topsoil 
drainage; excessive 
lateral and impeded 
vertical drainage in 
subsoils following 
subsidence, 
extreme soil 
infertility and low 
pH—4.0 or less) 

 
Acid sulphate soils  
§ If exposed, major 

acidification impact 
on on-site 
groundwater (pH 
2.0–2.5) and on 
run-off/drainage 
water (pH 2.5); also 
involving toxic 
leachate release (Al 
and Fe) 

 
§ See Land suitability 

impact 
 
 

water quality and 
ecosystems due to 
peat degradation, 
nutrient and 
leachate inputs 
combined with 
water flow 
changes. Plus 
possible 
biodiversity loss, 
disruption of fish 
migration, 
eutrophication and 
water weed spread 
(causing further 
ecosystem 
degradation) 

 
 
 
 
 
 
 
§ Definite water 

quality degradation, 
plus biodiversity 
and ecosystem 
impacts, due to acid 
drainage water 
(rivers definitely; 
estuaries and 
marine probably) 

§ Loss of terrestrial 
and freshwater 
biodiversity, 
habitats, 
ecosystems, and 
natural landscapes 
(peat swamp, fresh 
water swamp and 
lowland rainforest) 
due to peatland 
drainage, loss, 
adjacent water table 
changes and 
induced forest and 
habitat destruction 
by fire 

 
 
 

water quality, and 
catchment 
function–related 
impacts of peatland 
loss 

 

 
 
Land suitability and 

 
 
Land suitability  

 
 
§ Difficult 

 
 
§ Failed or failing 

 
 
§ Loss of terrestrial 

 



 

 

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
problematic site 
conditions 
 
Peat soils, acid sulphate 
soils, and saline water 
conditions 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

§ Very questionable 
land suitability of 
problematic soils 
for most crops due 
to low land 
capability and poor 
crop tolerances 

 
§ Very questionable 

economic 
feasibility due to 
cost of site 
development, high 
cost of needed 
agricultural inputs 
(fertilizer, lime, 
micro -nutrients, 
other soil 
conditioners, 
transport costs) and 
generally very low 
crop yields per area 
developed 

 
§ Very questionable 

social feasibility of 
employing 
inexperienced , 
nonlocal, farmers 
(e.g., upland 
farmers off nontidal 
mineral soils), to 
farm very difficult 
and infertile soils 
under difficult 
water management 
conditions, in 

conditions, 
inexperienced 
farmers, high 
incidence of crop 
failure, economic 
and social hardship, 
leading to poverty 
and full or partial 
scheme failure. 
Poor, displaced, or 
failed settlers, 
lacking knowledge 
and respect for 
local resource 
management 
systems, resource 
use rights, 
traditional laws and 
local customs 
supplementing 
income by 
“poaching” 
wildlife, timber, 
rattan, non timber 
forest products or 
fish from adjacent 
forests and 
protected areas. 
Possible “informal 
expansion” 
activities (e.g., 
slash and burn 
agriculture, 
brackish pond 
aquaculture, 
destructive fishery 
production, or gold 

schemes; plus 
displaced and 
destructive new 
settlers; leading to 
increased 
vegetation loss and 
damage (fires, 
clearing, and illegal 
logging); and 
induced impacts on 
water quality (e.g. 
poison fishing, gold 
mining, mangrove 
clearing, prawn and 
fish pond 
operation)  

 
§ All leading to 

further degradation 
of catchment 
hydrologic 
function, change in 
natural water flows, 
water quality, and 
coastal protection 
(e.g., mangroves) 

 
§ Leading to negative 

impacts on 
freshwater, 
estuarine, and 
marine 
biodiversity, 
habitats, 
ecosystems, and 
natural landscapes 
downstream (or 

and freshwater 
biodiversity, 
habitats, 
ecosystems , and 
natural landscapes 
(peat swamp, 
freshwater swamp 
and lowland 
rainforest) due to 
expansion of forest 
clearing, burning, 
and overharvesting 
or destructive 
harvesting 
activities of failed 
and displaced 
settlers  

 
§ Damage to 

catchment 
hydrological 
function and 
degradation of 
catchment water 
quality 

 
§ Damage or loss of 

coastal protection , 
due to mangrove 
clearing (timber 
and charcoal 
harvest and prawn 
and fish ponds) 

 
§ Damage to 

estuarine and 
marine habitats, 

 

§ Loss of timber 
resources caused by 
expansion of 
informal settlement 
and settler activities 

 

§ Increased 
competition for, 
and harvesting 
pressure upon, 
timber and non-
timber resources; 
freshwater , near-
shore marine 
fishery resource; 
and wildlife 
resources, by 
displaced settlers 
encroaching into 
local community 
harvesting areas  

 

§ Possible loss of 
coastal , marine, 
and forest area 
tourism and 
recreational 
potential due to 
damage caused by 
expansion of 
informal settlement 
and settler activities 



 

 

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
remote areas, with 
expensive and 
possibly infrequent 
supply of 
agricultural inputs 
and limited 
technical and social 
back-up 

 
 
 
 
 
 

mining) beyond 
scheme boundaries  

 
§ Further degradation 

and destruction of 
adjacent peatlands, 
forests, 
biodiversity, 
habitats, 
ecosystems, 
protected areas and 
natural landscapes 
due to “informal” 
land clearing, 
burning, poaching, 
destructive short-
term economic 
activities, and 
increased human 
impacts on already 
occupied lands 

adjacent) ecosystems and 
biodiversity 
(mangroves, 
estuaries, seagrass 
beds, coral reefs, 
and nearshore 
ecosystems) 

 
§ Further negative 

implications for 
global carbon 
balance, climate 
change, and 
biogeochemical 
cycling due to more 
peatland and 
adjacent forest 
burning by failed 
settlers 

 

§ Destruction or 
disruption of 
previously existing 
local economies, 
livelihoods, and 
cultures. Expansion 
of informal 
settlement and 
settler activities  

New settlements and 
infrastructure 
development 

 

 
§ Increased 

settlements and 
human populations 

 
§ Increased roads and 

road access to, 
within, and around 
site. 

 
§ Development of 

dikes and 
causeways in 
previously 
inaccessible swamp 
and mangrove areas 

 
§ Dramatically 

increased human 
presence; resource 
use pressures, and 
increased site 
access to 
previously remote 
and inaccessible 
areas 

 
§ Leading to 

dramatic increases 
in degradation and 
destruction of 
adjacent peatlands, 

 
§ Dramatic increases 

in degradation of 
catchment function 
and water quality 
and all downstream 
freshwater, 
estuarine and near 
shore marine 
ecosystems; caused 
by catchment and 
coastal destruction 
from human 
presence and 
activities 
(previously noted) 

 
§ As above but much 

more extensive and 
serious damage 
caused both by 
“newcomers,” new 
corporate activity 
as well as failed 
settlers. 

 
§ As above but much 

more extensive and 
serious damage 
caused both by 
“newcomers,” new 
corporate activity, 
and failed settlers 



 

 

Activity/issue On-site impact Adjacency impact Downstream impact 
Broad environmental 

implications 
Broad socioeconomic 

implications 
 
§ Clearing and 

drainage of 
previously 
inaccessible and 
impassable 
swampland 

 

forests, habitats, 
biodiversity, 
ecosystems, 
protected areas, and 
natural landscapes 
due to increased 
environmental 
disturbances (fires, 
clearing, hunting, 
pet trade, poison 
use, mining, 
aquaculture, timber 
harvest, and human 
and boat traffic) 

and improved 
catchment access 
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