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ABSTRACT

The thesis examines this question: What are the relative effects of changes in land
use and climate on the quantity and variability of river flows in Indonesia in
relation to land use and water use planning and management for sustainable
development? The contribution of this thesis is to provide a method and tool for

shedding light on this important research question.

A new integrated model system INDOCLIM has been developed for policymakers
and planners as a tool for examining the possible impacts of changes in land use
patterns and climate on the river flows, as part of an effort to support
environmentally sustainable development in a country such as Indonesia. This is a
trial model that consists of three components (land use, climate and hydrology).
The land use component is used to generate land use change patterns based on
four policy-related scenarios: business-as-usual; ecological concern; pro-
industrialisation; and pro-agriculture. These scenarios were constructed in a time-
series between 2000 and 2100, with 1990 as the baseline. The land use change
pattern is created by using a GIS, based on the cellular automata principal. The
climate component is used to generate time dependent climate scenarios, based on
the global temperature change under IPCC SRES GHG emission scenarios and
downscaled GCM patterns. The land use patterns are translated into a set of
hydrological parameters and, together with the climate variables, are used for
calculating the monthly discharge on a cell-by-cell basis. The runoff is totalled
from all cells in the basin area. The model is: very specific in purpose; user
oriented; designed for sensitivity analysis to answer ‘what if’ questions; designed

for a catchment scale; and transportable.
The model has been implemented in the Upper Citarum river system, Bandung
basin, Indonesia for a preliminary assessment. The results from the model show

that: both land use change and climate change have impacts on the annual yield,
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monthly discharge, and changes in seasonal variations of river flows; climate
change has a greater possible impact on the change of the annual yield, and on
monthly discharge variations, than the land use change; the superimposed effects
of land use change and climate change can exacerbate or reduce the impacts; the
land use change has a more significant impact on local scale variation than the
climate change. The findings suggest that land use management as part of an

integrated management programme for sustainable development is very relevant.

Characteristics of this integrated model and some feedbacks from potential users

have been identified for further development and improvement of the model.

This thesis contributes to the need for an integrated assessment for examining the
possible changes in the quantity and variability of river flows as the result of
changes in land use and climate. It specifically contributes by: developing the
integrated system for this specific purpose; developing the methodology for
transferring land use information to monthly water consumption as required by
the hydrological model; and developing procedures to create land use change
scenarios. Overall, the integrated model framework, as developed, tested and
applied in the Bandung basin of Indonesia, is potentially transferable to other
basins and countries in Southeast Asia where similar issues of climate change,
land use change and water resource management are key elements of sustainable

development.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND AND PROBLEMS

This thesis is about the development of an integrated model for assessing the
quantity and variability of river flow as the result of changes in land use patterns

and climate.

The background of this thesis comes from some observations on the condition of
many watersheds in Indonesia that have declined as the result of uncontrolled
logging activities. Particularly in Java, the degradation is mainly caused by
population pressure and unsuitable farming systems (Soeseno, 1998; Purwadirdja,
1982). People have moved onto higher and steeper slopes in their search for new
agricultural land, and forested lands have been cleared and planted with food
crops with little attention being paid to problems of erosion and water
conservation. Irrigated paddy-fields, small lakes and other vegetation-covered
lands have changed to become residential areas. The immediate impact of this
land use change is in the form of flooding and deterioration of water sources. In
the longer term this can increase the seasonal variability of river flow. The
Brantas River basin in east Java, for example, suffers a shortage of water or very
low flow during the dry season as well as very high flows during the rainy

season.! Some river basins in the southern parts of central Java, such as the

! This river basin has not suffered from flooding since flood prevention designs were built from the 1960s to
1980s, but flooding is still a threat. In fact, an early warning system to forecast flooding, FFWS (Flood
Forecasting and Warning System), was set up in 1991. The recent high flows reached approximately 70 to
80% of the present design flood discharge in March 1984 and March 1992 (Nippon Koei and Nikken
Consultants, 1997).
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Wawar River basin, recently suffered from enhanced dryness or low runoff during
the dry season and flooding during the rainy season. Furthermore, deterioration of
many catchment areas has created disturbances in river basin development, silting
up the riverbeds, increasing flood intensity, diminishing the effective capacity of
reservoirs, and increasing the need to maintain the irrigation schemes (Muryadi,
1982).

In many parts of the world, this kind of phenomenon has also been observed.
Some examples are: Peachtree Creek watershed in Atlanta, U.S. (Ferguson and
Suckling, 1990); a watershed in Zimbabwe (Lgrup et al., 1998); in southwest
Western Australia (Taniguchi and Bari, 1997); Carnation Creek, Canada
(Hetherington, 1987); and in one catchment in Malaysia (Bruijnzeel, 1988).

A major issue concerns the causes of the apparent changes in the seasonal
variability of river flow. In addition to land use conversion, a change in climate
can also cause a change in the hydrology of a river basin as have been reported by
many authors; for example, changes in river baseflow and groundwater storage in
Central Africa (Orange et al., 1997) and in North China (Chun-Zhen, 1991). A
simple case of a change in climatic variation can have dramatic consequences. An
increase in rainfall intensity, for example, can exacerbate flooding, while a

prolonged dry season can reduce low flows.

The apparent increases in flooding and droughts observed in east and central Java
during the rainy season and dry season, as mentioned above, raise the following
questions:

e Is the increase in river flow variability the result of climate change (for
example, causing prolonged dry season with increased precipitation intensity
in the rainy season)?

Or,
o Is it the result of land use changes?

These questions lie at the heart of this thesis.
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1.2 STREAMFLOW VARIABILITY RELATED TO LAND USE
CHANGE AND CLIMATE CHANGE

Land use change

Many researchers have studied the effects of land use changes on streamflow (or
river flow). It is now widely accepted that changes in land use can cause
hydrological variations, for example, an increase in urbanisation and a reduction
in forested areas can cause an increase in major peak flows of a stream (Booth,
1990; Moscrip and Montgomery, 1997) and an increase in total runoff in wet
years (Ferguson and Suckling, 1990). This is because cutting the trees reduces the
interception of water by the forest canopy and reduces the evapotranspiration by
the trees (Pereira, 1973; Pearce et al., 1987, Calder et al., 1986; Asdak et al.,
1998). It is also shown by Cheng et al. (1987) that a forest with lower vegetation
density has lower evapotranspiration loss and therefore produces higher
streamflows. Deforestation can shorten the time lag of hydrographical units
(James et al., 1987) and can cause an increase in the annual runoff (Lgrup et al.,
1998; Johnson and Black, 1997). Conversely, reforestation can reduce annual
runoff (Pearce et al., 1987; Johnson and Black, 1997) by increasing the

evapotranspiration and interception loss.

The hydrological processes involved are complex and sometimes produce effects
that may appear contradictory. Ferguson and Suckling (1990) reported that a land
use change from forested land to urbanised land decreased the low flows as the
result of an increase in impervious areas, while Johnson and Black (1997)
reported that a decrease in the low flows had been caused by reforestation and
afforestation. Bruijnzeel (1988; 1993) demonstrated how these seemingly
conflicting results could actually be resolved by taking into account the net effect
of changes in infiltration opportunities and evapotranspiration associated with the

respective land use types. In particular, soil characteristics, including textures,
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structures and degree of compaction that affect the infiltration capability, as well
as vegetation types, should be considered in the system. An understanding of such
mechanisms and parameters that drive the wet season and dry season flows and
their correlation with the land uses is potentially important in managing

streamflows through land use management.

There are several reasons for attempting to keep the magnitude and the
performance of the dry season flows in a certain favourable condition. One reason
is to maintain the quality of the river water. In the Brantas River of East Java, low
dry season flows not only require restrictions in irrigation water use, but also
cause pollutants to concentrate in the river. This pollution concentration in the
river water, as measured by the values of SS (Solid in Suspension) and BOD
(Biological Oxygen Demand), reaches its peak at the beginning of the rainy
season (Nippon Koei and Nikken Consultants, 1997). This is what is called the
washout effect. Other than improving the water quality, the benefits of keeping
adequate dry season flows are; cleaner riparian areas, increased channel and bank
stability, decreased erosion and sediment transport, enhanced fish and wildlife
habitat, lower stream temperatures, and improved stream aesthetics (Ponce and

Lindquist, 1990).

Floods are both beneficial and detrimental. Catastrophic floods cause loss of
property and life and are obviously undesirable. However, floods are also
necessary as part of natural processes that control biota. As reported by
Goubersville (1997), the winter floods in Germany are important for the flora and
the reproduction of birds and fish, while maintaining the high summer flows is
necessary for preserving boggy soils. The ecology of the flood plain is commonly
linked to, and forms an integrated ecology with, the river channel in a concept
described as the flood pulse concept (Junk et al., 1989). This link depends on the
strength of the link between the channel and the flood plain. Without this flood
pulse, animal biomass production within this hydrosystem is reduced which may

change the community composition and energy pathways (Petts and Maddock,

4
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1996). Bayley (1991) showed that annual yields from multi-species fish depended
on the flood pulse and particularly on the rate of hydrograph rise. Nevertheless,
extreme floods can have adverse effects on biota, and a quick rise of hydrographs

is certainly unfavourable to fish yield.

In summary, controlling the peaks of high (flood) and low (drought) flows can

have many advantages for both people and ecosystems.

Climate change

There have been numerous studies (Mimikou et al., 1991; Murdiyarso, 1996;
Orange et al., 1997; Georgiadi, 1991; Amell, 1997; Watts, 1997; Wilkie et al.,
1999; Arnell and Liu, 2001) that show how climate change and climate variability
can affect the hydrology of a river basin. One example, is that reported by Chun-
Zen (1991) who noted a significant change in hydrology by the reduction of
rainfall and the inflow runoff in North China from the 1950s to 1980s and
concluded that this was jointly contributed by drier climate (climate change) and
by human activities involving an over-exploitation of groundwater. A prolonged
drought can significantly lower water-tables and can therefore reduce baseflows

that contribute to lower dry season flows (Orange et al., 1997).

A trend of increasing global-mean surface temperatures has been revealed in the
global climate data, part of which is likely to be due to increasing atmospheric
concentrations of greenhouse gases particularly since 1950 (Houghton et al.,
2001). This phenomenon is expected to have significant effects on hydrological
regimes. Global warming is likely to change precipitation and evapotranspiration
in many tropical island areas, resulting in a change in the water resource base
(Watts, 1997). Change in precipitation and evaporation regimes may cause
changes in the magnitude of runoff and its seasonal distribution (Georgiadi,

1991). Murdiyarso (1996) simulated the impact of a scenario of climate change on
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water resources and found that the water yield potential for irrigation in West
Java, Indonesia, could increase but there could be concurrent problems of erosion

and sedimentation as well.

In summary, climate change and variability could work hand-in-hand with

changes in land use to affect streamflows.

1.3 LAND USE MANAGEMENT FOR ENVIRONMENTALLY
SUSTAINABLE DEVELOPMENT

Land use management

It is apparent that both land use changes and climate changes can contribute to the

hydrological change of a watershed. Many changes in land use can decrease low

season flows and increase the occurrence of flooding. Lgrup et al. (1998) note:
Furthermore, land mismanagement may have inadvertent negative effects on the

hydrological regime, such as increasing occurrence of floods and decreasing dry

season flows (p.147).

This also implies that land management can potentially improve the performance
of streamflows. Essentially, the objective of management is the ability to produce
an orderly flow rather than a raging torrent and to minimise losses by evaporation
(Pereira, 1973). In contrast to management through structural measures, such as
reservoirs and flood protection works that commonly have specific objectives,
management through land use can often be more cost effective (Krecmer and

Perina, 1987).
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In managing land, land use managers or planners must also consider the interests
of all land users or people that live in the area. More importantly, with the
increasing human pressure, such as increasing population or demand for
agricultural land, the sustainability of the land use has to be taken into account.
Therefore, it is important to raise the issue of sustainable land use management.
Merkel (1998) defined sustainable land use as permanently preserving the natural
fertility of soil in the production of food stuffs and regenerative raw materials,
including attention to protective natural functions of the soil for other areas of
environment, waters, atmosphere and biological diversity whenever human beings
use or transform terrestrial ecosystems. However, as human beings seek to
improve the quality of life through development, this should be included in the

concept of sustainable land use management.

Fleischhauer and Eger (1998) put forward a concept of environmentally
sustainable development, which is defined as an interdependent triangle
framework that demonstrates the close ecological, economic and social
interactions as prerequisites for sustainable development. This framework is
dynamic, and ideally its equilibrium is maintained. However, from those three
major groups of prerequisites, only a small number of ecological prerequisites
have been formulated precisely enough for them to be used as an operational tool
for implementing sustainable development. There is, therefore, a need to be able
to formulate precisely a sufficient number of prerequisites within the framework
for them to be used as an operational tool for implementing sustainable
development. Naturally, this framework cannot be formulated easily as advances
in technology such as cropping technology, mechanised farming, etc. can quickly

shift the intensity or use capacity of the land.
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Better streamflows through land use management

The concept of environmentally sustainable development forwarded by
Fleischhauer and Eger (1998) is a general framework within which land use
management for better performance of streamflows can be applied. A derivative

framework is diagrammatically shown in Figure 1.

Interaction
ECOLOGY > SOCIO-ECONOMICS
“Natural systems” | << “Human systems”
Including natural resources (economic activities such
(land, water, etc.) and as farming, industries,

natural hazards LAND USE including population
(earthquake, vulcanism, And A increase, etc.)
etc.)

U

Problems
- Limited resources
- Environmental problems
- Geohazards and resource
degradation induced by
human activities.

v
MODEL

(a tool for achieving optimum
use of land)

OPTIMUM USE
Y Ensuring environmentally o ——

sustainable development.

Figure 1.1: Concept of environmentally sustainable development.

Outlined in Figure 1.1 is a conceptual framework that shows the conditions in the
field, including general problems, and how optimum use of land can be

approached. Ecological aspects are part of natural systems that interact with socio-
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economic aspects, which are part of human systems, including economic activities
such as, farming and industries, and pressures resulting from population growth.
The shaded zone in Figure 1.1 shows interaction relationships between these
socio-economic aspects and ecological aspects in the forms of various kinds of
land uses. In turn, these interactions create problems, such as: limited natural
resources to support people’s requirements for living; environmental problems;
and geohazards and resources degradation caused by human activities, such as
flooding, dryness, soil erosion, and degradation of soil fertility and water
resources. Optimum use of the land can be achieved if potential conflicting
interests can be resolved or traded-off. Resolving conflicts can include, for
example, preservation of the environment from economic activities, such as
enhancing food production using intensive inputs while also controlling soil
degradation and water pollution. However, in dealing with land use management,
there is a need to specify an objective as the main priority that needs to be
achieved. For this research, the main priority of land use management is to
achieve the optimum quantity and quality (in terms of seasonal variability) of

river flows.

To achieve this objective requires holistic and integrated management for one
catchment as a whole that should cover the land use management and water use.
The land use management includes forest management, control on agricultural
activities, and management of urban areas (including control on urbanisation).
Water use management should include river water use management, control on

the river water quality and quantity, and control on groundwater use.
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1.4 APOLICY-RELEVANT MODEL FOR SUPPORTING
SUSTAINABLE DEVELOPMENT

As a decision support tool, a model would be useful for land use planners to
examine possible changes in land use and how these changes would affect the
streamflows. This would lead to more awareness of the results of the changes on
streamflows and better guidance in designing and managing the land use. It would
also be useful tool for better co-ordination of all government bodies and

stakeholders dealing with the development in the river basin area.

This research, therefore, focuses on the development of an integrated model for
catchment management that incorporates land use, climate, and hydrological
system components. The proposed model should fit with, and support, the concept
of environmentally sustainable development as described earlier. It has a specific
target, that is, to assess the relative changes in the quantity and seasonal
variability of streamflows (i.e. sensitivity analysis) as a consequence of changes in
land use and climate. Therefore, the model must have the capability to
demonstrate a strong link between land use patterns and hydrology, particularly

runoff.

The model should generally be; simple, accommodative and transportable, and the
outcome easily visualised. Simple means that the model should not be data
demanding and computationally demanding, and can be used by decision-makers
and policymakers. Accommodative means that it can accept a broad range of
inputs from various stakeholders or other users (participants) and therefore, can
provide a means for co-ordination among multi-agencies. This is especially useful
when considering the resolution of conflicting interests in land management.
Transportable means that the model can also be applied in other catchments.
Accommodative and transportable characteristics are required since every

catchment has its own specific problems and solutions.

10
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r— Scenarios of changes j

Landuse  (<------------> Climate system

Hydrological
=P system

!

Streamflows

Figure 1.2: The structure of the integrated model system.

The conceptual structure of the proposed model is shown in Figure 1.2. The input
to the model is a set of scenarios of changes in land use patterns and climate
driven by human factors such as population, choices of economic activities,
green-house gas emissions, etc. The land use and climate component act as
separate processors that transfer the given input for each component into a series
of hydrological variable and parameters that will be used by the hydrological
component in producing the streamflow as output. The links between the land use
component and the hydrological component and between the climate component
and the hydrological component are in the form of cause and effect relationships
as indicated in Figure 1.2 by solid arrows. Dynamic feedback relationships
between those components are recognised as indicated by dashed arrows (e.g.
Bonan, 1997; Scharpenseel and Pfeiffer, 1998; and Wasson, 1996), but to model

this integrated interactive-dynamic relationship is beyond the scope of this thesis.

11



Chapter 1: Introduction

1.5 RESEARCH GOAL, OBJECTIVES AND TASKS

The ultimate goal that this thesis hopes is to promote better management of land
use patterns for optimum quantity and variability of river flow in order to
support environmentally sustainable development. This goal means developing
an integrated conceptual framework of land use management that aims at ensuring
environmentally sustainable development as described earlier. The thesis intends
to make a contribution towards some part of this framework, that is, through water
resources management. Its particular aim is: to produce a policy-relevant,
integrated model system for examining the effects of changes in land use
patterns, as well as climate, on the quantity and variability of streamflow.
This model will be implemented on an Indonesian catchment as an example test

for this thesis.

In order to achieve the goal of the thesis, three research objectives have been
identified. These are to produce an integrated model; to implement the integrated

model for an Indonesian river basin; and to evaluate the use of the model.

Objective 1: To produce an integrated model for the purpose of assessing the
possible effects of possible future changes in the spatial patterns of land use, as
well as climate change, on streamflow, in order to improve water resource

management in Indonesia through land use planning and policy, by:

Task 1: Developing the structure of a model system, employing a spatial
information system at a relevant scale and resolution, for the purpose of

integrating land use, climate and hydrological components.

Task 2: Developing and incorporating the land use component of the
integrated model system, including:
e identifying and developing an appropriate approach and methods for

creating scenarios of future changes in land use patterns;

12
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identifying current land use types and grouping them based on their

hydrological characteristics;
collecting land use data and constructing the baseline in the form of
spatial information;

developing the functional relationships between the various land uses

and hydrological parameters.

Task 3: Developing and incorporating the climate component of the

integrated model system, including:

reviewing the various methods for generating climate change scenarios
and evaluating them in relation to the Indonesian context;

adapting an existing climate change scenario generator from an existing
integrated assessment model;

identifying and collecting the climate data required as input to the

hydrological component.

Task 4: Developing and incorporating the hydrological component of the

integrated model system, including:

reviewing existing hydrological models and evaluating them in relation
to the Indonesian context;

developing an appropriate hydrological model as part of the integrated
model system taking into account the scale, objective and simplicity
required for its practical use as a tool for development of policy;
constructing the baseline streamflow quantity and variability from river

discharge and runoff data.

Objective 2: To implement the integrated model for an Indonesian river

catchment, in order to test the behaviour of the model for applications to real

world conditions, by:

13
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Task S: Identifying a suitable catchment for modelling based on available

data, size, spatial representation or other criteria.

Task 6: Incorporating the current baseline data for the catchment area, such as
land use and hydrological data, at the required spatial and temporal resolutions

using appropriate methods of interpolation where necessary.

Task 7: Conducting a range of sensitivity analyses to test whether the model

behaves in a sensible manner in relation to observational data.

Objective 3: To evaluate the use of the model in making a preliminary
assessment of the effects of future scenarios of changes in land use and climate

on streamflow quantity and variability, by:

Task 8: Conducting an evaluation of the integrated model based on its use in

the preliminary assessment.

In meeting Objective 1, that is, producing the integrated model, there is a need to
keep in mind the requirements for the model: it should be simple, accommodative
and transportable. The form of the model, including its structure and complexity,
should also be guided by the aim of the research and the end-users of the model.
The characteristics of catchments in Indonesia, as well as data availability, should
also be considered. These requirements and considerations should be taken into

account in developing each component of the model.

A spatial information system (SIS) is needed in order to handle and process
spatial information and integrate land use, climate and hydrological components
as one system. The link between this system and hydrological models can be
made in several ways (Brilly et al., 1993). One way is to use a SIS to derive
required hydrological parameters or to develop hydrological parameters from

basic data sets for existing hydrological models such as the US Soil Conservation

14



Chapter 1: Introduction

Service’s model (U.S. Soil Conservation Service, 1975; Stuebe and Johnston,
1990) and the PRMS (Precipitation-Runoff Modelling System) (Leavesley et al.,
1983; Colby, 1996). Another way is by embedding the hydrological model into a
SIS, so that it becomes an integrated part of the SIS. The latter requires the
hydrological model to use the computing language of the host SIS to perform

hydrological analysis. Such methodological issues will be carefully assessed later.

The land use component is a major part of the integrated model. Two different
aspects need to be developed. One aspect is assessing and grouping land use types
in terms of their hydrological characteristics, and relating them to hydrological
parameters through functions as required by the hydrological component. Where
land use - hydrological functions are not available from the scientific literature,
notional relationships will be developed from local expertise. The other aspect is
developing a method for generating scenarios of land use pattern changes. This
will entail the identification of key drivers of land use change in Indonesia (e.g.
population growth, urban-rural migration) as well as the specification of the

effects of such drivers on land use decisions.

For the climate component, a model is required for generating scenarios of
climate change and variability. The thesis will adapt existing components that
have been developed for integrated assessment models for New Zealand (e.g.
Kenny et al., 1995; Warrick et al., 1996), based on methods commonly used in
other parts of the world (e.g. Hulme et al., 1995; Carter et al., 1994). For this
component, climate data, as dictated by the required inputs to the hydrological
model will also need to be collected and interpolated over the catchment selected

for the study.

The hydrological component serves as a tool to produce output (streamflow). It
needs to be developed by selecting and adapting the appropriate hydrological
model in order to meet the requirements of the integrated model. Simplicity and

practicality of use are important requirements. There are many hydrological
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models already published and used by researchers that attempt to analyse the
impacts of land use change and climate change on hydrology. (A review of
hydrological models is given in Chapter 4, Section 4.5 of this thesis.) The
appropriate model for this research is the one that can simulate the relative
changes in streamflow (output) from scenarios of changes in land use patterns and
climate (inputs) on the decade to century time scale. By developing model
components that produce such scenarios, the users can ask ‘what if’ questions in
regard to the drivers of land use and climate change and their consequences for
streamflow. Understanding the influence of land covers on the hydrology and how

they affect streamflow is, therefore, crucial in developing the overall model.

The purpose of Objective 2 is to implement the model and to test its behaviour. In
meeting this objective, a suitable catchment that represents catchments in
Indonesia needs to be identified, taking into account the availability of data, size
and spatial representation of the area. Physical characteristics of the catchment,
such as soil type, slopes, land use, climate, and other baseline data will be
collected and incorporated, and sensitivity analyses will be conducted in order to

examine the behaviour of the model.

In Objective 3, the use of the model as a preliminary assessment for the modelled
catchment is evaluated. The evaluation is made on the potential effectiveness of
the model in helping the users in conducting analysis of the impacts of ‘what if’

question based scenarios.

1.6 OUTPUTS AND POSSIBLE APPLICATIONS OF THE
RESEARCH

The main output of the research will be an integrated trial model for examining

the effects of changes in land use patterns and climate on the quantity and
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variability of river flow, as part of the concept of integrated land use management
in support of sustainable development. The focus is on the sustainable use of
water resources and improved variability of river flow that will reduce seasonal

flooding and drought occurrences.

The proposed model is designed to be simple and policy-relevant. The model will
be a tool to help policymakers and decision-makers in long-term planning and
designing land use patterns. The model may also open possibilities for
participation of land users and stakeholders in managing the land and it may also
provide a means of co-ordination among them. It may also provide an opportunity
to include environmental aspects (such as aesthetic aspects of the river, pollution

management and flora / fauna habitat conservation) as part of land management.

1.7 ORIGINALITY

This thesis promises to be an original contribution to knowledge for a

combination of the following reasons:

e The model is an integration of a land use component, climate component
and hydrological component. There are many existing models that integrate
a hydrological model with a land use component in order to assess the effect
of land use change on the hydrological regime (e.g. Ott et al., 1991; Eeles
and Blackie, 1993; He et al., 1997; etc.), and models that integrate a
hydrological model with a climate change component (e.g. Bardossy and
Caspary, 1991; Dunn and MacKay, 1995; Boysen, 2000; etc.). Vorosmarty
et al. (1991) produced a model that integrates a land use and a climate
component with a hydrological model. However, the change in land use is

arbitrary and not in a time-series, nor is it policy-oriented.
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e The integrated model is applicable to a mesoscale catchment'?. In many
hydrological studies that integrate the climate change component, the
catchment is very large (macroscale) (e.g. Bardossy and Caspary, 1991; Ott
et al., 1991; Vorosmarty et al, 1991). This was because the spatial
resolution of the global climate models (GCM), which are commonly used
to generate climate change scenarios, are very coarse (Mimikou et al.,
1991). Since early 1990s, methods used to downscale the GCM outputs
have become available which allow these downscaled climate scenarios to
be used for impact assessment application (Hewitson and Crane, 1996). A
model that integrates the three hydrological models with the land use change
and climate change components for a mesoscale catchment is not yet

available.

e The proposed integrated model is specifically user-oriented. It is designed

for policymakers and planners.

o The integrated model is developed for an Indonesian catchment. It takes into
account conditions which are commonly found in Indonesia, in particular,
the availability of climate and socio-economic data, the physiographical
conditions, as well as the socio-economic conditions. Therefore, this model
would be appropriate to any countries with similar conditions to

Indonesia, such as the southeast Asian countries.

e This integrated model is the first of its kind to be applied to an
Indonesian catchment. There have been no such studies using similar

integrated systems in Indonesia.

12 Schultz et al., (1995) classify the catchment size as follows: macroscale, a catchment with an area > 10°
km? mesoscale (upper transition) 10° - 10* km? mesoscale10 - 10° km® mesoscale (lower transition) 10™ -
10 km?; and microscale < 10 km”.
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1.8 THESIS OUTLINE

The remaining chapters of this thesis are briefly reviewed as follows:

e Chapter 2: This chapter describes the general conditions of Indonesian
catchments. It includes physical conditions, socio-economics, land use, etc.,

and general trend of conversion in land use;

e Chapter 3: It describes in more detail the conditions of the selected
catchment, including physical and socio-economic conditions, availability

of data, agricultural practices, etc.;

e Chapter 4: This chapter describes the structures of the model. It includes a
detailed description of each component of the model, and how every
component is linked into the model system and how each component is
developed. It also contains literature reviews of the existing methods and

models, and selection of methods and models to be adapted;

e Chapter 5: This chapter specifically describes the nature of the
hydrological component, and how this component is developed, including

the calibration and validation of the model;

e Chapter 6: This chapter specifically describes the nature of the land use

component, and how it is developed including the assumptions used;

e Chapter 7: This chapter specifically describes the nature of the climate

component, and how it is developed and includes the assumptions used,;

o Chapter 8: This chapter describes the implementation of the model on a

catchment in Indonesia, and how sensitivity analyses are performed based
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on various inputs of climate change and land use change scenarios. It also

includes discussion of results and an assessment on the model,

¢ Chapter 9: This chapter contains a summary and conclusions of the study.
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CHAPTER 2

GENERAL CONDITIONS OF INDONESIAN RIVER BASINS

2.1 INTRODUCTION

Indonesia is a large archipelago country consisting of more than 17,000 islands. It
extends some 4,800 kms from Aceh, on the northern tip of the island of Sumatra
in the west, to the border of West Papua with Papua New Guinea on the island of
New Guinea in the east (Figure 2.1). Its land area covers some 1.9 million square
kms, together with sea area and its exclusive economic zone covers a total area of

approximately 9.8 million square kms (Department of Information, 1995)*".

This country has the fourth largest population in the world after China, India and
the United States. The 2000 census showed that the total population was 203.5
million, with a growth rate of 1.35% for the 1990-2000 period (Kompas, 2001).
However, the distribution of this large population throughout the country is
uneven as it is influenced by topography, terrain, climate and natural resources
(Cobban, 1996). About 60% of the population live in Java, which make this island

one of the most densely populated islands in the world.

! Indonesia adopted the International Convention of the Law of the Sea in 1983 that includes a 12-mile
territorial sea and 200-mile exclusive economic zone. The international boundary is determined based on this
convention.
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Figure 2.1: Map of Indonesia. (Source: On-line at http://www.lib.utexas.edu/maps/middle_east_and_asia/indonesia.gif.)
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In general, the country is still predominantly rural. In 1993, the rural residents
comprised about 75% of the total population of the country, but urbanisation was
expected to increase at a rate of 5% a year. It had been estimated that in the year
2000, the population of people living in cities was about 40% of the total
population (Struyk et al., 1990).

The cities of Indonesia exist as dense enclaves and most of the urban population is
in Java. In other islands, the enclave nature of the towns and cities is even more
pronounced. Major cities with large populations over two million are in the island
of Java. The five major cities in Indonesia are Jakarta (population approximately
over 11 million), Surabaya (over 2 million), Bandung (2 million), Semarang (2
million) and Medan (2 million). The first four cities are in the island of Java and

the last is in Sumatra.

It is very common in the history of the world that urbanisation develops and
concentrates by major rivers. This also happens in Indonesia. For example,
Jakarta, which is the capital city of Indonesia, is a region on the coastal plain of
north Java that is cut by the Ciliwung River. Surabaya, the second largest city in

Indonesia, is bisected by the Brantas River.

The impacts of urbanisation are land use conversion, increasing pollution and
other environmental impacts, including deterioration of water resources (Cobban,
1996). Excessive pumping of groundwater to provide water for industries has
lowered the water table. This groundwater extraction has been suggested as the
cause of salt-water intrusion into the Jakarta mainland. Industrial and domestic
wastes, as well as overuse of pesticides and fertilisers in agriculture have caused
increased pollution in the river. Land conversion is discussed specifically later in

this chapter.

The purpose of this chapter is to describe the general conditions of Indonesian

river basins. However, some descriptions of the physical characteristic,
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demography and socio-economics of the country are also described as they

contribute to the problems in Indonesian catchments.

2.2 GENERAL PHYSICAL CONDITIONS OF INDONESIA

Physiography

The Indonesian archipelago lies in a latitude between 6° north and 11° south, and
between 95° and 141° eastern longitude. Hence, it is located in the equatorial
zone. This archipelago forms the central part of the great archipelago, which
extends between Southeast Asia and Australia, and between the Pacific and the
Indian Oceans that includes the Philippine Islands, Malaysian Borneo, Brunei, and
Papua New Guinea (van Bemmelen, 1949). Therefore, physiographically

Indonesia is related to this great archipelago.

According to van Bemmelen (1949), this great archipelago is the most intricate
part of the earth’s surface because it contains very diverse forms and geological
structures. It forms the border area where the continent of Asia of the northern
hemisphere and the great Gondwanaland of the southern hemisphere meet. This
border is the area where the active process of mountain building occurs. The more
or less stable portion of the Sunda Platform area in the northwest and that of the
Sahul Platform in the southeast are shown in Figure 2.2. Active structure lines are
located between those stable parts of the platforms which represent the highly
unstable portions of the earth’s crust. The active portions geographically form a
series of island arcs that extend from New Guinea and the Philippines through
Indonesia and the Nicobar and the Andaman Islands groups in the Indian Ocean.
The Sunda Mountain system, which is part of the Circum-Sunda System that has a
length of about 700 kms, is traceable from the Banda Arcs, north of Timor island,
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Figure 2.2: Geological structures of Indonesia (Source: van Bemmelen, 1949).

along the Lesser Sunda Islands, Java, Sumatra, Andaman, to Arakan in Burma
where it meets the Himalayan System. This mountain belt consists of two parallel
belts of mountain arcs, island-festoons and submarine ridges (van Bemmelen,
1949). The inner arc is volcanic in nature; the outer is non-volcanic. Another
mountain arc, namely Circum-Australian System, extends along the central axis of
New Guinea, and farther along the archipelagos situated east of Australia, to New
Zealand. An indistinct branch of the median threshold in the Indian Ocean extends
northeastward, via the Cocos Islands to Christmas Island, South of Java. The
segment between the Christmas Island and New Guinea is overlapped by
trendlines of the Sunda Mountain System. Another mountain system stretches

from Halmahera group via the northern part of New Guinea to the New Britain

group.

Volcanic activity is very strong along the inner arcs of the mountain building
system and has been occurring in all stages of the geological evolution of this

region. Major peaks in this country are in the form of volcanoes such as Mt.
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Merapi in central Java (2,911m), Mt. Semeru in eastern Java (3,676m), and Mt.
Marapi (2,891m) and Mt. Kerinci (3,800m) both in central Sumatra. The
lowlands, such as in the northern coastal plain of Java, western Papua, and eastern

Sumatra, are the products of alluvial deposits.

In conclusion, this region between Asia and Australia has undergone strong

endogenic activities from its early evolution to the present time.

Climate

Because of its position on the earth’s surface, which is in the tropics between two
continents (Asia and Australia), and two oceans (Indian and Pacific), this
archipelago country experiences a generally tropical climate of high temperatures
and very high humidity. Based on data from CIA (1999) and BPS (2000), the
average annual temperature at sea level is around 26-27°C. The average sunshine
in the coastal plain is about 50-70% and the mean humidity is 80%. The
temperature and the relative humidity are more or less constant and uniform
throughout the year because this country is continually surrounded by warm ocean

water. The variation in the temperature occurs mostly due to the influence of

topography.

Indonesia is influenced by the monsoonal winds. These are reversal of wind
regime that, in many parts of the world, cause most of precipitation to occur
during a relatively small fraction of the year (Smith, 1993). The monsoonal winds
cause Indonesia to experience two main seasons, namely dry season and rainy or
wet season. The dry season generally occurs in the months of June to September
and the rainy season occurs in the months of December to March, whilst the rest
of the months in between the two seasons are known as transition months. The dry
season is driven by winter anticyclone in the southern hemisphere that causes dry

southeasterly wind from the Australian continent over the Indonesian region.
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Oppositely, during winter in the northern hemisphere, the northwesterly wind
brings the humid air from the South China Sea and the western Java Sea to a large

part of Indonesia that causes the rainy season in Indonesia.

Despite having monsoon characteristics, no month has less than 51 mm (2
inches)z'2 of rainfall in most parts of Indonesia. Therefore, the dry season does not
exist, and the term dry season is only used as comparative term in the yearly
balance (Noble, 1996). The annual precipitation of Indonesia is generally more
than 2,000mm. The rain is generally torrential but short in duration. In the
southern part of the country, in particular Nusa Tenggara, the climate is drier with
an annual rainfall of ranging from about 700mm to 1000mm. During the dry
season, this part of Indonesia, as well the adjacent areas such as southern
Sulawesi, eastern Java, southern Papua and other islands between these three
extremes experience drier months than the rest parts of Indonesia because of their

proximity to the winter anticyclone in Australia (Noble, 1996).

Indonesia also experiences inter-annual climate variations of extreme events such
as El Nifio and La Nifia that can have significant impacts on biological and
hydrological processes. El Nifio is a large scale oceanic warming that affects most
of the tropical Pacific (e.g. Nicholls, 1993; Henson and Trenberth, 1998). Its
meteorological effects may extend throughout the Pacific Rim and to eastern
Africa. This event is normally accompanied by a change in atmospheric
circulation called the Southern Oscillation, which is indicated by an inverse
relationship between surface air pressure at Darwin, Australia and the island of
Tahiti in South Pacific, and together they form a climatic phenomena called
ENSO (EI Nifio-Southern Oscillation).

The ENSO has important implications for the climate of tropical regions including

Indonesia because it causes severe drought in Indonesia, Australia, southern

*2 The value of 2 inches (51 mm) is taken as the limit separating the dry months from wet as an
environmental condition of importance for human utilisation (Noble, 1999).
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Africa and northeastern Brazil, and heavy rainfall in the other parts the tropics
(central Pacific, Peru, Ecuador, and the southern U.S.A.). The other extreme, La
Nifia (the opposite of El Nifio), causes unusually heavy rainfall in Indonesia,
Australia, southern Africa and northeastern Brazil and drought in the other parts
of the tropics. In Indonesia, the El Nifio has a potential impact in reducing food
crops harvested area that disturbs the national food security (Irawan, 2002). The
food crops harvested area dropped by about 1.25 million ha in 1982 and 1.18
million in 1997, or by 8.6% and 6.4% respectively, during the El Nifio event. In
the event of La Nifia, severe flooding is expected that can also threaten the
national food security and other flood risk disasters because many structural
measures to protect from flood were designed to anticipate normal flood and not
for an extreme of this kind. It is expected that about 31,600 ha of paddy fields to
be inundated, and about 160,000 ha are at risk of inundation in 16 provinces of
Indonesia (Caturhadi, 1998). Postponing the planting time may avoid this risk, but
this could endanger the production of rice since after the La Nifia, there is a

possibility of El Nifio (dryness) to occur (Republika, 1998).

More details on the predictability of the ENSO will be discussed in Chapter 7.

Demography

As has been mentioned earlier, Indonesia is the fourth largest country in the world
in terms of population. The total population for the year in July 1999 was
estimated at over 216 million with a growth rate of 1.46%. About 65% of the
population are in their productive ages (15-64 years) (Table 2.1). The ratio of
male to female is nearly 1 (99.6%), but there are more males than females at birth
(Table 2.2). Based on the census data in 1990, about 35% of the population were
below the age of twenty, which may indicate high population growth in the future.
However, the estimated growth rates have fallen from 1.98% for years 1980-1990
to 1.46% for the year 1999.
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Table 2.1: Population based on age structures, 1999 estimation.

Age %-age of total Number of Number of
population males females
0-14 years 30 % 33,367,287 32,411,786
15 - 64 years 65 % 70,541,893 70,866,972
65 years and over 5% 3,936,415 4,983,992

Source: (CIA, 1999)

The distribution of the population is uneven. The islands of Java, Madura and Bali
are very densely populated. The 1990 census shows that the population of Java
and Madura constituted 58% of the total population even though their total land
area is only 6.7% of the country. The population density in Java was 811 per sq.
km and Bali was 500 per sq. km. These figures were much higher than for
Sumatra, the second most densely populated island of the five largest islands in
Indonesia, with a density of 77.1 per sq. km. They are also higher than the
national figure, which was 93 per sq. km (BPS, 2000). As shown in Table 2.3,
Sumatra with a population density of 77.1 per sq. km and West Papua, which was
the lowest density of 3.9 per sq. km comprises 24.7% and 22% of the total area of
the country respectively. In comparison, Java comprises 6.7% of the total area of

the country.

Table 2.2: Sex ratio of male to female, 1999 estimation.

Age Male/Female
at birth 1.05
under 15 years 1.03
15 - 64 years 1
65 years and over 0.79
Total population 1

Source: (CIA, 1999)
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Table 2.3: Population statistics for the five major islands and smaller islands of the same
provinces based on the 1990 census.

Island Area Population Density
(sq. km) (x 1000) (per sq. km)
Sumatra:
including islands of Riau, Nias, Mentawai and other 473,481 36,507.1 771
islands that belong to provinces in Sumatra.
Java:
including Madura and other small islands that belongto | 129,017 104,668.1 811.3

provinces in Java.

Kalimantan (Borneo):
including small islands that belong to provinces in 548,005 9,099.7 16.61
Kalimantan.

Sulawesi (Celebes):
including Butung, Baubau, Selayar, and other islands 189,216 12,520.6 66.71
that belong to provinces in Sulawesi.

West Papua province:
including Biak and other islands that belong to the 421,981 1,648.7 3.9
West Papua province.

Source: (BPS, 2000)

Even though, in general, the country is still dominantly rural, it had been
estimated that in the year 2000, 40% of the population would live in cities (Struyk
et al., 1990). In particular, in the island of Java with its very dense population,
urbanisation has been expected to increase rapidly. The main force that drives
urbanisation is the attractiveness of the towns or cities in providing opportunities
for the people to gain better incomes. In addition, towns also provide better
educational opportunities to attract young people and families with children to

live there.

The increasing population in Java causes changes in land use. In particular,
urbanisation is expected to invade most of agricultural area. In large cities, paddy
fields provide places for houses, industries and road construction. In the rural area
of some villages in Central Java, gardens have been used for house building.
There have been few changes from paddy fields to become housing sites (Preston,

1989). The trend of land use change will be discussed in a greater depth later.
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It can be seen that the island of Java is the area where demands on land are the
highest due to its high population density. Hence resource problems are much
more prominent in this island than in other islands and, in particular, the pressure
for land use conversion is greatest. Water is one of the resources which is at risk
as one result of these changes which can lead to reduced water to infiltration of
the soil (Bruijnzeel, 1988).

Socio-economics

It has been known that socio-economics is also a driving force for the land use
changes (Turner et al., 1993; Skole and Tucker, 1993). Recently, Indonesia had
undergone a set-back in its economy because of the collapse of its local currency
(rupiah) in late 1997 and early 1998 that caused the GDP (Gross Domestic
Product) to contract by 13.7% (CIA, 1999) and the inflation rate for 1999 reach
77%. In terms of the labour force, the agriculture is still the major sector in this
country (see Table 2.4). The rate of open unemployment for the year 1998 was
estimated about 15 — 20%.

However, even though agriculture is still a dominant occupation, the attitude of

many households in Java towards this occupation has changed. There is a trend

that agriculture is becoming a less important occupation, especially in areas close

Table 2.4: Labour force by occupation, 1997 estimates.

Occupation Proportion to total labour forces
agriculture 41%

trade, restaurant, hotel 19.8%

manufacturing 14%

construction 4.8%

transport and communication 4.75%

other 15.65%

Source: (CIA, 1999)
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to cities or towns where a wider range of jobs are available and access from rural
areas to towns is easy (Preston, 1989). Young households prefer to be involved in
business dealing directly with money (e.g. construction projects, services and
helping with a carriage or delivery), office work and government employment. As
a result of this trend of finding jobs in urban areas, the relative importance of
rural-based activities has decreased. The increasing educational status of young

people has also partly influenced this trend of change (Preston, 1988).

Land uses

Forests and woodlands are still a dominant land cover in Indonesia (over 60%, see
Table 2.5). However, as stated by the Ministry of Forestry, the forests and
woodlands in Java are much smaller in proportion (now only about 19%) to total
land area (Republika, 1998). Based on 1993 estimates, arable land was only about
10% of the total area of the country and about 24% of this arable land was

irrigated.

Below are brief descriptions of common land uses in Indonesia.

Forest and woodland

The forests of Indonesia grow in diverse ecological systems that can be classified
into ten groups, based on their vegetation characteristics (Ministry of Forestry and
Food and Agriculture Organisation of the United Nations, 1990, cited in
Kartasubrata, 1993). They are: coastal forest, tidal forest, heath forest associated
with sandy infertile soils, peat forest, swamp forests, evergreen forests, forests on
basic rocks, mountain forest at elevation over 2,000 m, bamboo forest, and
savannah forest. However, based on the designation of the forest land use by

consensus (Tata Guna Hutan Kesepakatan (TGHK)/Forest Land Use by
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Table 2.5: Land uses in Indonesia, based on 1993 estimation.

Land use type Proportion to total area
Arable land 10%
Permanent crops 7%
Permanent pastures 7%

Forests and woodland 62%

Other 14%

Source: (CIA, 1999)

Consensus), it can be classified into four types (Kartasubrata, 1993; cited in:
Ministry of Forestry and Food and Agriculture Organisation of the United
Nations, 1990). They are:
e Protection forests, these are forests with slopes of more than 45% intended
to maintain watersheds;
e Nature reserve and conservation areas in which all of the contents of the
forest are protected;
e (Conversion forests, these are forest lands that can be cleared for
agriculture; and
¢ Production forests which can be exploited. These production forests are
grouped further into limited production and full production. The limited
production type of forest has a restriction on the logging, while the full

production forest can be fully exploited and cleared for tree plantations.

Irrigated paddy-field

The Indonesian Department of Agriculture defines an irrigated paddy-field as a
technically irrigated paddy-field and has classified it into two types based on the
distribution of its water. One type is called a fully technical irrigated paddy-field
and the other one is a semi-technical irrigated paddy-field (see for example,

Directorate of Food Crop Production, 1994). An irrigated paddy-field is classified
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as fully technical if the paddy-field receives irrigated water in which the intake
canal is separate from the outlet so that the supply and distribution of water can be
easily controlled and measured. The irrigation of this type usually consists of a
primary canal, and some secondary and tertiary canals. An irrigated paddy-field is
considered semi-technical if the paddy-field receives irrigated water, but the
government authorised body manages only the intake in order to control and
measure the input supply of water. The government has no control over the rest of
the irrigation network. Most irrigated rice fields enable farmers to plant paddy

three times in a year.

Rainfed paddy-field

This paddy field gets water only from rain. A canal system to distribute water may
exist, but during the dry season the canals may also become dry. This rainfed
paddy-field can usually produce a rice crop once or twice in a year, depending on
the amount of water normally available, and is followed by a dry season crop

(secondary crop/palawija).

Gardens (kebun)

Gardens are used to produce a wide variety of food crops. In general, the crops are
annual or perennial, but sometimes seasonal crops are also found in gardens.
Usually, the households plant taro, cassava, pineapple, clove; and fruit trees such
as bananas, mangoes, rambutans, coconuts, jackfruit, breadfruit, oranges, papayas,
etc. in the gardens. Many geographers distinguish gardens from dry land (tegalan)
by associating the location of this land with its environment (Supriyanto, personal
communication, January 2000). Most of gardens are in villages or kampongs and
among houses. (This in contrast to dryland which is usually located at high

altitude, very often far from villages or groups of houses.)
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Dryland or hillside land (tegalan)

This is basically dry land cultivated for seasonal crops such as dryland paddy,
secondary crops such as maize, cassava, peanuts, soybeans, and sweet potatoes.
This land is separate from the house garden and is usually in a relatively high

altitude.

Horticulture or vegetable garden

Horticultural land is very similar to the dryland in its characteristics. The
difference is mainly in the types of crops that grow on this dry land. Very often
these crops are found planted next to each other. The horticultural crops consist
mainly of vegetables such as cabbages, lettuces, carrots, onions, tomatoes,

chillies, long beans.

Estate crops

Estate crops are agricultural commodities, which are usually exported. Many
estates are owned by the government but some estates are privately owned.
Common estate crops are tea, coffee, sugar, indigo, rubber, oil palm, cocoa,

tobacco, cloves and cotton.

Urban areas

Urban areas are often shown on the basic topographic map as villages, towns or
cities. An area is classified urbanised if human activity, in particular economic

activity, is considerably high, or the density of houses is relatively high
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(Supriyanto, personal communication, January 2000). Hence, an area of land with

some isolated houses is not considered an urban area.

2.3 WATER USES AND CATCHMENT MANAGEMENT

The use of water varies depending on demand. In an area with an agricultural
basis, such as a rural area or village, the demand for irrigation is highest. The
domestic demand is normally low as villagers usually extract groundwater to fulfil
their needs or get the water from a stream. In the urban areas, such as in a city, the

industrial and domestic demand is higher.

The management of river basins in Indonesia has been conducted by the
government since about 1974, as part of water resource management. However,
the implementation of this management has not been satisfactory (Muryadi,
1982). This is particularly because components of the management programmes
are conducted fragmentarily by various government bodies (see Table 2.6). The
Department of Agriculture and Public Works, for example, is responsible for the
management of surface water, while the Department of Mines and Energy is

responsible for groundwater. On the other hand, land use which is considered an

Table 2.6: Government bodies responsible for management of water resources
programme components.

Programme component Responsible bodies

Water policies for agricultural uses and irrigation | Department of Agriculture

Forest management Department of Forestry

Land use management and control Department of Home Affairs, extended to
local government offices.

River water quality and quantity Department of Public Works

Groundwater uses / exploitation Department of Mines and Energy
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important aspect in water resources management, is managed by the Department

of Home Affairs, while forests are managed by the Department of Forestry.

The total integrated management of one river basin or catchment has become
difficult because each body has its own specific objective in managing the basin
area and conflicting interests among these bodies often occur. The land use is also
managed by various government bodies. In particular, the general land use is
managed by the Department of Home Affairs, which is extended to local
government offices, while the Department of Forestry is concerned specifically
with conservation and exploitation management of forests. The management is
more difficult particularly when a catchment area is shared administratively by
two or more local governments, which are under the Department of Home Affairs,
and each local government is responsible only for its working area. Therefore,
there is a need for co-ordination among these government bodies in order to

manage the water resources in Indonesia effectively.

2.4 GENERAL TREND OF LAND USE CHANGES AND
POSSIBLE DRIVING FORCES

As mentioned earlier, changes in land uses are related to socio-economical factors
and pressure from population growth. Purwadirdja (1982) argued that clear-
cutting the forest in order to create land for food crop plantation was conducted as
a result of an increasing demand for cultivation, and this therefore reduced the
proportion of forest-land. This is also supported by Cobban (1996), Syam et al.
(1997) and Imbernon (1999) who argued that conversion of forest to agricultural
land should occur through a transition of shifting cultivation. Further, Cobban
(1996) also argued that the permanent agricultural land may convert to paddy-
fields in lowland areas and terraced slopes, and may convert to dry land farming

uses such as vegetable gardens, if the land is too cold for growing paddy. Syam et
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al. (1997) and Imbernon (1999) reported that transmigration programmes and the
development of agro-industries are the main causes of the rapid land use
conversion in some parts of Indonesia. However, they also pointed out that these

are local cases, and not a general case for Indonesia.

In many rural areas in Java, the expansion of house gardens onto dry hillside land
is very prominent in a limited extent (Preston, 1989). The conversion of rice fields
to house gardens is undesirable. The extension of house gardens is a logical
consequence of increasing population and non-irrigated land should be the first

choice for conversion to house gardens.

In more urbanised areas, the increasing socio-economic development of
households has resulted in the decreasing relative importance of village-based
activities. As a result, many house gardens that used to be used for cultivation of
annual and perennial food crops as well as seasonal plants such as bananas,
cassava, pineapple and vegetables, have become sites for of new houses or places

of business.

However, in highly urbanised areas such as large cities, the function of cultivated
land is converted in order to fulfil the needs of land for houses, industries and

other constructions such as roads.

It is clear that the population growth and increasing socio-economics drive the
changes in land use. These changes can be generalised into a pattern:

¢ In non-urbanised areas, forest changes to hillside dry cultivated land;

e In slightly urbanised areas with increasing population pressure, the dry non-
irrigated land changes to become house gardens, while irrigated land where
possible remains unchanged;

e In more urbanised areas, gardens become sites for housing or businesses;

e In highly urbanised areas, cultivated land and paddy fields are often used as

places for housing, industries and other construction.
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2.5 CONCLUSION

From the discussion above, the physical and socio-economic conditions of
Indonesia in summary are as follows:

e It is geologically complex, rich with histories of mountain building and
volcanic activity;

e The climate is typically tropical monsoon, high in humidity and annual
precipitation. The dry season occurs in the months of June to September and
the rainy season from December to March, whilst the rest of the months in
between the two seasons are the transition months. The temperature is
relatively high (an average of 27°C at the coastline) with variation due to
elevation. Indonesia also experiences the ENSO phenomena that have
significant impacts on the national food crops production and other flood
risk disasters;

e The population is unevenly distributed, with the island of Java having the
highest in density and therefore demanding the greatest area for settlement;

e Land use conversions are mainly due to increasing population and socio-

economics, and they follow a general pattern.
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CHAPTER 3

SELECTED STUDY AREA

3.1 INTRODUCTION

Several factors need to be taken into account in selecting the appropriate area.
One main factor is that the study area should be physically a general
representative of Indonesian catchments, which means that it includes some major
and common land use types (as described in Chapter 2), has common
physiography and common soil formation types. The second main factor is that
the area must contain major actual problems that exist in some Indonesian
catchments such as land use conversion, increasing population pressure,
increasing urbanisation, etc. In addition, technical factors such as availability of

data, size and spatial representation are also taken into account.

Bandung basin in west Java is one of several catchments in Indonesia which is
well qualified to represent general catchments in Indonesia for this study. The
area contains common land use types, is surrounded by volcanoes, and highly
populated and therefore actual problems such as land use conversion, increasing
population, and resource degradation (particularly of water resources), do exist. In
fact, the changes in land use are quite observable within a short period of five
years, particularly in the development of new residential areas in the east and west
of Bandung City, and the industrial development as well as settlement in the south
of the city. In terms of hydrology, this area has also been studied for many years.
Citarum, the major river that flows across this basin, is the main source of water
for three hydropower plants that exist along this river, namely Saguling, Cirata

and Jatiluhur that produce power for Java, and particularly for the capital city,
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Jakarta. A relatively recent hydrological study was conducted by Iwaco-Waseco
(Iwaco-Waseco, 1991).

This chapter describes in some detail the physical and socio-economic conditions
of the selected catchment, the nature of the data collected from several
government bodies’” and information collected during a field observation

conducted in January 2000. The specific purpose of the field observation was to

observe land use variation.

3.2 PHYSICAL CONDITIONS OF THE AREA

General physiography and geology

Bandung basin is located in west Java, Indonesia with a geographical position of
about 6°43’ - 7°04° southern latitude and 107°15° - 107°55’ eastern longitude. It
covers an area of approximately 2,200 km® and is surrounded by volcanic
mountains in the north and in the south, known as an intramontane depression
area (van Bemmelen, 1949; Dam, 1994) (Figure 3.1, see also the 3-D view in
Figure 3.2). Both the southern and northern mountains reach high peaks of over
2,000m above mean sea level (amsl).>? The centre is relatively flat and consists of
two flat plains, the large Bandung plain and small Batujajar plain, bordered by
small hills of andesite intrusions. The elevation of the flat plains is approximately
650m — 675m amsl. The north border of the Bandung Zone is capped by a series
of young volcanoes, including the Sunda Complex with peaks over 2,000m

amsl.>?® The south border is marked by a series of volcanoes with peaks also over

31 Central Bureau of Statistics, BMG (Meteorological and Geophysical Agency), Research Institute for Water
Resources, and Local Office of Agriculture Department.

*2 In the south; Malabar (2,321 m), Patuha (2,434 m), and in the north; Tangkuban Perahu (2,076m), Bukit
Tunggul (2,209 m).

33 Burangrang (2,064m amsl.) and Tangkuban Perahu (2,076m amsl.)
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2,000m amsl.>* The geological evolution that formed the Bandung basin is

discussed in detail by Van Bemmelen (1949) and Dam (1994).>5

The geology of the Bandung Zone is partly young volcanic, mainly at the upper
mountain region, and alluvial deposits, partly at the lower part of the mountain
slopes (alluvial fan) and at the centre of the basin (Figure 3.3). In particular, the
Bandung plain is filled by alluvial lacustrine and swamp deposit. Tertiary rock of
andesitic type can also be found occasionally in this area in the form of hills and

ridges.

This geological variation has an important influence on the hydrology of the

Bandung basin, which will be discussed in some detail later.

34 Tilu (2,040m amsl.), Patuha (2,429m amsl.), Malabar (2,321m amsl.) and Papandayan (2,622m amsl.)

35 The geological evolution of Bandung basin is as follows: The Bandung basin formation is part of the
endogenic and volcanic processes that formed west Java. The basin is formed as a result of the uplift of
Southern Mountains region in the Middle Miocene and a second uplift located at about 60km North of the
Miocene geanticline. The break downs along the longitudinal slip faults and flexures caused the Bandung
section subsided northward and formed a lake and swamp, in which black clays, tuffaceous sandstones and
peat-layers were formed. Two major fault zones were formed between the Southern Mountains and the
Bandung Zone. After this block faulting of the Bandung Zone, volcanic activity began along the fault lines,
building up the basalto-andesitic and older structures in the south. The Bogor anticline, north of Bandung,
was also pierced by basalto-andesitic magma, and the Sunda volcano-complex was formed. After the
accumulation of volcanic deposit, this volcano-complex collapsed and formed the Lembang fault, just north
of Bandung, and the arcuate Sunda rift.
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Bandung Basin
Base map

N

25000 m

Figure 3.1: The base map of the Bandung Basin. Approximately less than 3% of the southern part of the basin is outside the map boundary.
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3D View of
the Bandung Basin

Legend:

B Residential area

Industries
B L ake

— River
— Mainroad

Grey shaded area is the Municipality of Bandung

Figure 3.2: Three-dimensional view of the Bandung Basin in a direction of 310° from North.
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Geology of the Bandung Basin

N

25000m

[ QHa Alluvial and colluvial deposits Il QPIV Volcanic products, undifferentiated
L QHs Fluvial sand deposits Bl TPV Volcanic products, sandstone, conglomerate, undifferentiated
B QHI Lake deposits Bl TPA Andesit

QPut Sandy tuff, ashfall Il TPB Basal

QPuf Alluvial and volcaniclastic fan deposits B TPD Dasit
B QPuv Volcanic products, undifferentiated Bl T™Mu Pumiceous tuff breccia, tuffaceous sandstone
Bl QPuL Lava flows, predominantly = }TgTVSar;tdstone. marl, claystone, limestone, breccia

imestone

Bl QPmV Volcanic Eroducts. undifferentiated
Bl v Volcanic vent filing (only in profile)

Figure 3.3: Geological map of the Bandung Basin (redrawn from Dam e al., 1993). 52
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Climatological setting

As commonly experienced by most parts of Indonesia (Chapter 2, Section 2.6), in
general the climate of west Java can be classified as humid tropical and is
characterised by a dry season from June to September and a rainy season from
December to March, with the transition months in between the two seasons. The
annual precipitation and the relative humidity are relatively high. The weather
conditions are largely determined by three factors (Dam, 1994): 1) the monsoonal
circulation that causes seasonal climate variation in the Bandung basin area; 2) the
regional topography of west Java; and 3) the topographic elevation of the
Bandung plain. The monsoonal circulation of the wind regimes over the
Indonesian region is determined by the position of the Intertropical Convergence
Zone (ITCZ) that shifts from a northern hemisphere position during the northern:
summer to a southern position during the northern winter. The shift of this
convergence zone over Java brings substantial rainfall particularly around the
beginning and the end of the rainy season, and therefore two peak-months of high
precipitation are commonly found in the climate records. The regional topography
of west Java has an effect on the weather in Bandung that causes this city to
undergo one or two months of low rainfall under 60mm, which is a characteristic
of an intramontane basin such as Bandung, and the relatively low rainfall in the
dry season in the basin with respect to the continuously wet in the highland (Dam,
1994). The rainfall probability, based on 70 years data from the Meteorological
and Geophysical Agency in Bandung, estimates a drop in the annual average of

the precipitation by 25% in 1 out of 10 years (i.e. decadal variation).

The seasonal variation of sunshine is related to the monthly variation of rain-days,
and so is the variation of evaporation. Monthly variations of average temperature
and relative humidity are less pronounced than rainfall variations. Daily
temperature variations in Bandung are quite high with a range between around

15°C in early morning and 29°C in the afternoon (Dam, 1994).
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Altitude variation strongly affects the temperature. A temperature gradient of
-0.6°C for every 100m increase in altitude is commonly adopted (Dam, 1994;
Mock, 1973; Pulawski and @bro, 1976).

Bandung basin is also affected by the inter-annual climate variations of extreme
events such as El Nifio and La Nifia. These climate variations have significant
impacts on the hydrology of the Bandung basin. The El Nifio causes drought that
affects water supply for domestic use, irrigation and the operation of the Saguling
hydropower plant, and two other plants downstream of the Citarum river. The
other extreme, La Nifia, causes heavy rainfall that intensifies the flooding in the

central Bandung basin.

Hydrological setting

The Citarum river system is the only one that flows over the Bandung basin. It is a
large system of which the river originates at the eastern slope of Mt. Malabar and
ends at the north coast of west Java, east of Jakarta. However, the Bandung basin
forms the major part of the upper Citarum River system. Together with many
tributaries, the river flows to the west and leaves the basin system at the Saguling
hydropower plant. The river network showing the main river and its tributaries is

diagrammatically shown in Figure 3.4.

Discharge varies considerably throughout the year. Dam (1994) reported that for
all rivers a clear correlation between discharge and monthly rainfall exists and, in
general, surface runoff could be determined primarily by rainfall Deep
groundwater outflow is considered negligible. For a sub-catchment, however, a
study by Delinom and Suriadarma (1993) revealed a significant influence of
geological structures on the discharge, in particular the Lembang fault north of
Bandung city that acts as a barrier to the groundwater flow. This fault reduces the
discharge of the Cikapundung River, which is one of tributaries of the Citarum

River system.
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Figure 3.4: Diagram of Bandung basin river system. The arrows indicate the direction of flow.
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A study showed that the foothills of the volcanoes along the margin of the plain
contain important groundwater resources (Iwaco-Waseco, 1991), which is a
common feature in volcanic terrain (e.g. Santoso et al., 1992). The Bandung-
Cimahi alluvial fan of volcani-clastic product in the northern foothills, slightly
west of Bandung city, is an excellent source of groundwater where artesian wells
with yields of up to 20 litres per second used to be common. The southern margin,
however, is associated with undifferentiated volcanic products that have moderate
to low transmissivity, and therefore the productivity is limited. Alluvial deposits
in the Bandung plain are generally regarded as acquicludes or having low
productivity (Dam, 1994), which also suggests that recharge by rainfall in the
Bandung plain is very low, and therefore recharge mainly takes place in the
uplands. About 30 — 50% of the net rainfall reaches shallow and deeper aquifers
(Iwaco-Waseco, 1991; Pulawski and @bro, 1976).

3.3 LAND USES

This section describes variation of land use types based on the land use map
published by the Directorate of Environmental Geology (Suhendar, 1989) and as
observed during a field visit in the months of January and February 2000. The
land use map is given in Figure 3.5>® and the description is classified into main
groups that have distinct hydrological characteristics. The distribution

characteristics of each land use will be discussed in detail in Chapter 6.

36 Approximately less than 3% of the basin in the south is missing from the map. The field observation
revealed that most of the missing area is covered with approximately equal proportions of tea plantation and
forest.
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Forest

This type of land cover is mainly located in the upland. It covers an area of
approximately 419.24 km® (based on the 1989/1990 digitised map Figure 3.5). As
seen on the map, the forest can be classified further into three types. The first type
is a natural forest (primary forest) that contains a mix of tropical forest trees. The
second type is a replanted forest (reforested) that contains single or limited types
of trees such as pine. The other type is the secondary forest, which is mainly the
regrowth forest containing bush and new trees. The reforested type of forest
covers the largest in proportion (48%) and is located mainly in the southwest of
the basin and fragmentarily in the north. The next largest in proportion is the

primary forest (41.5%), and the remainder is the secondary forest.

Irrigated paddy-fields

This is a major land cover in the central part of Bandung basin, covering most low
land area from south Bandung city to the gentle slopes in the southern upland, and
from the east the Bandung basin to some parts of the Batujajar plain in the west.
The irrigated paddy-fields usually can be identified by the presence of check dams
or weirs (Supriyanto, personal communication, January 2000). The irrigated
paddy-fields are found on flat plain (Plate 3.1) and on gentle slopes, forming
terraces (Plate 3.2). In total, the irrigated-paddy fields cover an area of

approximately 807.63 km® (1989 data).
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Landuse / Land Cover of
the Bandung Basin (1989-1990)
N

26000 m

Legend:

Il Reforested
Primary forest

I Secondary forest
Dryland
Mixed garden
Vegetable

Irrigated paddy

] Rainfed paddy
Chinin plant

Bl Tea plant

I Lake

Bl Residential area
Industries

Figure 3.5: The land use map of the Bandung Basin (after: Suhendar, 1989).
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Rainfed paddy-fields

Rainfed paddy fields are paddy-fields where the source of water is rain and during
the dry season they normally receive less water. Some kind of low-technical
irrigation method, such as small canals, may be used to extend the distribution of
water, but these canals are mainly dry during the dry season. Depending on the
availa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>