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Nomenclature and abbreviations
ANT

Antang water treatment plant

BAN

Bantimurung water treatment plant

BOD

Biological oxygen demand

BON

Bontomatene water treatment plant

DPU

Municipal Public works (Dinas Pekerjaan Umum)

EC

Electrical conductivity

GAL

Galesong water treatment plant

GOW

Gowa

IKK

Deep well

KIMA

Makassar industrial complex (Kawasan Industri
Makassar)

Lps

Litre per second

MAC

Maccini Sombala water treatment plant

MKS

Makassar

MAR

Maros

NBAN

New Bantimurung water treatment plant

NPTL

New Pattalasang water treatment plant

PAN

Padang -Padang water treatment plant

PAR

Parangloe water treatment plant

PDAM

Municipal Water Company (Perusahaan Daerah Air
Minum)

PET

Potential evapotranspiration

PKG

Panaikang water treatment plant

PKLH

Ministry of Environment Regional Centre (Pendidikan
Kependudukan dan Lingkungan Hidup)

PTL

Pattalasang water treatment plant

PTT

Pattontongan water treatment plant

Q

Flow rate

RAT

Ratulangi water treatment plant

REALM

Resource Allocation model

SOP

Somba Opu water treatment plant

TP

Total phosphorus

TPB

Tompoballang water treatment plant

TSS

Total suspended solids

WTP

Water treatment plant

WWTP

Wastewater treatment plant

Executive summary
The Climate Adaptation through Sustainable Urban Development: Urban Planning; Makassar, Indonesia
project, commissioned by the CSIRO-AusAID Research for Development Alliance aims to develop research
products and provide a scientific basis that will enhance the efficiency and effectiveness of future AusAID
and Indonesian partners investment strategies (CSIRO 2010).
In order to assess the impact of future climate change, a conceptual model of the current water cycle for
the city of Makassar is required. This document describes the reasoning, methodology and the
development steps undertaken for the creation of a water supply and demand model and scenarios for
evaluation of the water supply and demand balance for Makassar city.
The water supply and demand model was a simplified description of the overall water supply and demand
balance for the city of Makassar and its links to the catchments of the rivers Maros and Jeneberang, which
are the main supplies of river water to the city. It incorporated infrastructure, population and surface water
availability information and their influence on the urban water supply.
The model was used to assess the impact of climate change on water resources and their impact on
Makassar and can be used to assess scenarios of adaptation to climate change using integrated urban
water management concepts. The software package Resource Allocation Model (REALM) was adopted as
the key tool for the development of the model. At present the model addresses only surface water
supplies, as information on groundwater was not available.
This document sets the framework, methodology and actions adopted for development of the “Supply and
Demand” model. It also outlines recommendations for further development of the model into an
integrated model that better reflects the water needs of Makassar.
This document describes:
(a)

The reasoning adopted for the development of the Makassar supply-demand model;

(b)

Information and data inputs required for preparation of the Makassar supply-demand model;

(c)

The methodology that was adopted for preparation of the model;

(d)
The preliminary results from the model under selected climate and infrastructure scenarios for the
future period of 2030 to 2039.
The document is intended to provide the context for model set-up and evaluation and thus assist readers
who may be interested in further development of the model.
To illustrate the application of the model a range of preliminary scenarios were evaluated for the period
from 2020 to 2039 incorporating the following variations: (a) Infrastructure as in 2010 and infrastructure as
planned in the Mamminasata Masterplan for 2020; (b) Population projection as outline d in the
Masterplan; and (c) Three climate scenarios .
Population growth, climate change and infrastructure all impact the urban water availability and have to be
considered simultaneously in any analysis of future supply and demand. The preliminary assessment
indicates that climate change is likely to change water flows in the Jeneberang and the Maros rivers.
Seasonality issues and available storage are likely to continue playing a part on supply potential into the
future. However, the ability to fulfil the water demand will be determined mainly by infrastructure and
demand requirements from a growing population.
Overtime the Lekopancing weir will have a decreasing contribution to the overall water supply for the
Makassar, and reliance on the supply from the Jeneberang River will increase under the current Masterplan

infrastructure development scenarios. Adaptation strategies into the future will need to consider future
water resource availability.
The model requires further refinement and calibration if it is to be used for analysis of future scenarios.
Recommendations have been given on data requirements that can be used to accomplish such refinements
and to improve the assumptions for the model.
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Introduction

Climate Adaptation through Sustainable Urban Development: Urban Planning; Makassar, Indonesia project,
Activity 3, component 8, was commissioned by the CSIRO-AusAID Research for Development Alliance. The
Alliance partnership has been established to develop research products and provide a scientific basis that
will enhance the efficiency and effectiveness of future AusAID investment strategies.
A water needs assessment is a valuable tool to support decisions for water and wastewater infrastructure
investment in coastal cities such as Makassar, in light of anticipated impacts of climate change, population
growth, etc. The use of a transparent, valid decision-making process will deliver a variety of potential
applications for AusAID and Indonesian partners including access to reliable data sources and information,
knowledge management and encouragement of collaborative efforts with researchers and water managers
in partner countries.
The project focus is on climate change modelling, impact assessment, and integrated urban water
management to assess urban development principles that respond to multiple drivers such as climate
change, population growth and rising demand on regional water resources.
The project seeks to understand how water and wastewater supply will be impacted by climate change and
to develop adaptive urban planning responses for Makassar, Indonesia. It also aims to support decision
making for water and wastewater infrastructure investment in coastal cities such as Makassar that reflects
and responds to the anticipated impacts of climate change as well as other key drivers for demand growth
such as population.
Population projections suggest that current Makassar’s population (1.29 million people) will increase by
38% by 2030 and double by 2050, increasing demand on water supplies and also increasing the volume of
wastewater generated (Nihon Suido, Nippon Koei Co. Ltd and KRI international 2011a, Tjandraatmadja et al
2012).
Studies on climate data for Indonesia have shown a decreasing rainfall trend (Hulme and Sheard, 1999;
Kirono, 2002 in Tjandraatmadja et al 2012), delays in wet and dry season onset (Nasrullah, 2011) and
increase in temperature (Nasrullah, 2011) for Indonesia. Based on coarse to medium resolution spatial
models, the IPCC (2007) report suggests the following as possible future climatic changes: (i) increases in
annual temperature for south Sulawesi of +0.5o to +1.0o and +1.5o to +2.0oC for 30 years centred on 2020
and 2050, respectively; (ii) increase in mean annual rainfall for the period 2080-2099 relative to 1980-1999
are around 0 to +5%.; and (iii) increase in potential evaporation of 0.5 to 1 mm/day for 2081-2100 relative
to 1970-2000 is (Katzfey et al., 2010 in Tjandraatmadja et al 2012). Such changes could impact the future
water supply availability, groundwater recharge potential and water demand.
To evaluate the impact of climate change on the future water supply and demand context of Makassar a
model for the water supply and demand for Makassar, the Water Balance , is required. The Water Balance
model the urban water balance (supply and demand) for Makassar city in view of existing and future
infrastructure, population and surface water availability. This document sets the framework, methodology
and actions adopted for development of the water balance and for assessment scenarios. The document is
intended to provide the context for the model set-up and evaluation and thus assist readers who may be
interested in further use and development of the model.

2

Objectives

This document aims to:
•

Introduce the concepts used for the development of a water balance model;

•

Specify the inputs required for the water balance development and refinement;

•

Provide step-by-step guidance on the water balance development process;

•

Demonstrate the application of the model through development of future scenarios; and

•
Recommend project tasks and milestones to project partners for further verification and
refinement of the model and its application in scenario assessment.
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Background

Makassar city relies on three main sources of water supply, the Jeneberang River via Bili-Bili dam, the
Maros River via the Lekopancing weir and groundwater extracted from various locations across the city.
The Maros and the Jeneberang rivers are also the main sources of surface water supply for the regencies of
Maros and Gowa, respectively as shown in Figure 2 (CTI Engineering Co Ltd, PT Virama Karya and PT DCC
Consultants, 2001).
Wastewater from residential, commercial, industrial, agriculture and aquaculture sources are discharged to
the Tallo, Maros and Jeneberang rivers via canals and travel to the sea.
For Makassar city, pollution is generated from wastewater from residential, commercial, industrial,
agriculture and aquaculture sources and from stormwater runoff. In addition part of the municipal solid
waste generated in the city will also be discharged into canals and waterways. The rivers also contain
pollutant loads derived from upstream activities, such as agriculture, forestry and other land uses (Barkey
et al, 2011).
The water cycle for the city of Makassar is represented in the diagram in Figure 1. The figure illustrates the
interdependency between water supplies, constructed environment and natural environment for
Makassar.. Although municipal solid waste is not actually part of the water cycle, it is included in the figure
due to the significant role it has as a pollutant of waterways in Makassar. In coastal areas in Makassar there
is an equilibrium between groundwater and sea water, and excessive groundwater extraction could lead to
sea water infiltration, increasing salinity in groundwater and thus its viability as a supply for human
consumption (Barkey et al, 2011). Surface water is treated and distributed to water users by PDAM, the
municipal water authorities (Nihon Suido Consultants Co. Ltd et al 2011a). Surface water and groundwater
are considered as complementary sources, i.e. water users with inadequate access to piped water resort to
groundwater use (Selintung et al, undated).
An integrated water balance model would include water supply and wastewater disposal as two interrelated models: (A) Water Supply and (B) Wastewater Disposal (see Appendix A ); and would also include all
sources of water supply such as groundwater, piped water, recycled water, etc. However, as exploitation of
rainwater harvesting is only adopted in isolated cases, as limited information is available on the status of
groundwater in Makassar and as water reuse is only practised by a few hotels (Tjandraatmadja et al, 2012),
this document focuses mainly on the development of a model that represents the water supply and
demand allocation based on surface water use alone. Groundwater dependency and wastewater modelling
were left for future development, however recommendations on the data requirements for future
development of such models are provided in the Appendix B .

Maros river

Tallo river

Jeneberang river

Figure 1: Path of the three major rivers across the regencies of Makassar, Gowa, Maros and Takalar (Source:
Adapted from Mamminasata masterplan in KRI International Corp and Nippon Koei Co. Ltd. , 2006)

Figure 2: Interdependency of streams in the water cycle for Makassar
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Methodology

4.1

Framework for development of the water balance

The water balance is a model that represents the bulk water supply and demand balance for Makassar City.
The water balance was developed using the framework outlined in Figure 2. It consists of:
(a)

Development of a conceptual model for water supply and demand;

(b)

Specification of data requirements;

(c)

Data collection and population of a conceptual model with existing and new inputs; and

(d)

Water Balance model construction using REALM.

Figure 3: Methodology for development of water balance.

4.2

Resource allocation model

The software Resource and Water Allocation model (REALM) was adopted as the platform for the
representation and evaluation of the water balance of Makassar . REALM uses a linear network
programming algorithm to optimise the allocation of water within a network according to user defined time
steps and rules (Perera and James 2003). REALM is a non-spatial platform, i.e. it does not consider
geographical position and physical dimensions of assets, e.g. pipelines.
REALM represents a water supply system, including its catchments and its entire infrastructure, as a
network of nodes and water carriers (Appendix A). All water inputs and demands in the system are
identified and provided as respective inputs and outputs into the model.

Water supply is considered a function of surface water availability, water treatment, storage and
distribution infrastructure capacity and the operating rules for water allocation in catchments. Water
demand is determined by population numbers, water consumption patterns and access to water.
The water balance model incorporates the direct impact of climate change parameters such as rainfall,
temperature and evapo-transpiration rate on water reservoir storages; and in addition, the indirect impact
of climate change through its influence on surface river flows.

4.3

Case study boundaries

The system boundaries for the Water Balance model are defined as the area of the three catchments that
supply water to the greater Mamminasata region to the end disposal at sea. The flowchart for
characterisation of the Water Supply Model (A) is presented in Appendix A.
This includes all the major water supply inputs and demand outputs within the catchments of the three
major rivers that service Makassar. The elements include:
(a)

The Jeneberang, Maros and Tallo rivers and major water intakes;

(b)

Water extraction for urban water supply along each major river;

(c)
Each PDAM water treatment plant, their river intake, production capability, rules for river water
intake and water distribution destinations to sub-districts (Kecamatan) in each regency.
Water demands were defined as urban water demand in the Water Balance , as these are generally
prioritised over other demand allocations (agricultural, industrial and environmental flows). However, the
model can easily be modified to incorporate non-urban demands as information becomes available in the
future.

4.4

Model inputs

To conduct a water supply and demand balance a range of data inputs are required. The data requirements
for the Water Balance model will include river flows, water demand, water infrastructure characteristics for
each regency over the selected evaluation period. The model will also need experimental data for
verification and calibration.
The data requirements include:
(a) Water demand requirements and piped water supply characteristics for each sub-district
(Kecamatan) per user classification for the regencies of Makassar, Gowa and Maros.
(b) Current water supply and distribution infrastructure characteristics and supply rules;
(c) Climate files (rainfall, potential evapotranspiration (PET), temperature).
For evaluation of future scenarios data requirements also include:
(d) Estimates of population growth and urban development projections from Makassar city references
(CTI Engineering Co Ltd, 2001; KRI International Corp and Nippon Koei Co Ltd, 2010; Nihon Suido
Consultants Co Ltd et al, 2011a and b)

(e) Run-off models developed from climate downscaling (Kirono et al, in preparation; Neumann et al,
in preparation); and
(f) Climate projections files (rainfall, PET, temperature);
A detailed list of input data requirements is outlined in Table 1 and Table 2. These tables capture
infrastructure details, i.e. water treatment plant capacity for supply (design and actual capacity), operating
rules for plant operation and supply allocation; water demand and supply volumes for each sub-district
(kecamatan). Environmental flows required for each river can also be specified. A number of potential data
sources were identified in the Water Needs Index workshop conducted on January 17 to 21, 2011
(Alexander et al, 2011).
Data inputs for REALM were defined as a time series using a monthly time step for the selected study
period.
Table 1: Catchment data
Item

Data on Catchments

1

Average Flow rate for rivers in catchments as time series for each month in the year or for dry
and wet season.

2

Water Storages (e.g. Lekopancing, Bili-Bili , direct) which supply water to the water treatment
plants (WTP)

3

Capacity of water treatment plants and supply operation (e.g. 24h/day, 18h/day, etc) for each
month for 2010 and 2020.

4

Any supply constraints for each WTP or water source as in minimum condition for supply in
terms of flow rates or minimum height of water in river (if minimum height of river water is
specified, we need a cross section or state discharge curve for the location). For example,
WTP A can only abstract water from river b if the river depth is higher than 2m, when water
cannot be collected from river A, water is collected from river B at the rate of 100L/s.This
occurs usually in January.

5

Environmental flows (also called “river maintenance flow” ) (CTI report mentions “minimum
flows”– Jeneberang (100lps), Maros (100lps), Tallo’s value unknown)

6

Water demand and metered water use for each catchment for 2010 and projections for 2020.

7

Agricultural and Aquaculture water needs in each catchment for each month of the year or for
the dry and wet season for current year and 2020 projections.

8

Urban water needs for each catchment for 2010 and 2020.

9

Identification of any other inter-basin transfer not highlighted in the diagram

10

Monthly energy use for each WTP and transfer pump stations located across Makassar for water
distribution.

11

Water quality data in rivers as points if available (BOD,TSS, EC, turbidity,TP)

12

Water quality (physical, chemical and biological) compliance requirements from PP82/2001,
SNI 6989.57/ 2008, Kepmen 115/2003, Kepmen 37/2003 (BLH Kab. Kota and BLH Prov)

Table 2: Sub-district information

Item

Data on water needs in urban areas for each sub-district

1

Pipes network for Makassar represented by lines with pipe material, condition, dimensions and water
treatment plant source.
Water distribution pipe network characteristics as GIS layers or data as MapINFO (.tab) or ArcGIS (.shp)
alsoif available in CAD.

2

Water demand, number, and type of water customers (industry, restaurant, commerce, hospital,
household, school, agriculture, aquaculture, etc) for each sub-district (PDAM).

3

Water supply coverage zones for each WTP preferably in GIS layers for 2010 and 2020.
Total number or percentage of total population connected to PDAM for each sub-district and number of
households connected to PDAM and number of households waiting for connection to PDAM per subdistrict (Kecamatan).

4

Water supply coverage for commerce customers: number and percentage of total commerce customers
connected to PDAM (PDAM) for each sub-district (Kecamatan).

6

Water usage for industrial customers connected to PDAM and volume of water used on a monthly basis or
in dry and wet season, number of industrial customers waiting for connection to PDAM based on 2010.
Projected water industrial water demand per sub-district for 2020.

7

Average volume of water required in wet and dry season required for industrial and commercial customers
per type for each sub-district (Kecamatan).

8

Water losses expected through pipes from WTP to each sub-district as average leakage rate for
distribution network in each sub-district (L/month in dry and wet season or as % water supplied) (PDAM).

9

Typical water distribution pressure zones for each sub- district (in GIS layers if available or MapINFO (.tab)
or ArcGIS (.shp).

10

Population projections per sub-district for 2020 and 2050.

11

Projections for industry and commerce growth or rate of growth for each sub-district for 2020 and 2050.

12

Number of households per sub-district as parcel, point or CENSUS layer if available.

4.5

Model outputs

The REALM Water Balance model generates as outputs:
(a) For streams and pipe carriers: flow rates and carriage capacity;
(b) For demand centres: demand requirements, volume of water supplied and shortages; and
(c) For water reservoirs: inflows, outflows, storage volume and levels and spills.

4.6

Data availability

Discussion with stakeholders revealed that a number of the data requirements were unavailable or were
not continuous, or required further verification (Alexander et al 2011).
Data uncertainty was a particular issue for understanding groundwater systems. Hence, groundwater
whilst widely adopted in Makassar has not been included in the Water Balance due to lack of information
on volumes of groundwater adopted within the city. Thus the Water Balance was based on the assumption

that all water needs are provided by surface water alone.
The Water Balance was used to perform a supply and demand analysis of the water quantity alone,
however, if adequate data became available in the future the Water Balance can also be expanded to
model quality parameters such as conductivity and turbidity.

Existing data inputs
Some of the data inputs needed were available, in this case they were added to the tables directly and
references annotated in the file.
New data inputs
Other data inputs were not available and were either estimated using existing models or theory, or will
need to be measured or collected through further experimental work or surveys.
For data inputs that were estimated, the assumptions, model or theory adopted in the calculation are
described or referred to in this report for documentation and future reference.
For data inputs that will need to be measured, a note was made, and an experimental examination
strategy was recommended to project partners.
Data verification
Data tables were filled by CSIRO based on available information. These inputs were submitted to UNHAS to
check for information accuracy. Some of these inputs were also verified in consultation with other
stakeholders such as PDAM, DPU, PKLH, etc.

4.7

Assumptions

The assumptions made for the model are outlined in this section.

4.7.1 Surface water availability
Unrestricted river flows were estimated using climate projections from historical observations and two
climate models (MK35, gfdlm20) and hydrological modelling for the catchments of the Jeneberang river at
Bili-Bili dam and the Lekopancing weir (Kirono et al, unpublished; Neumann et al unpublished). The
historical climate option assumes an equivalent climate pattern as observed from 1980 to 1999. Water
quality and water availability restrictions were not considered at this stage, but are likely to apply to
releases from Bili-Bili dam.

4.7.2 Water supply infrastructure
The bulk water supply infrastructure for the Mamminasata region is outlined in Figure 4 and serves as the
basis for the Water Balance model in REALM. The water balances were conducted for the Jeneberang and
Maros rivers. The case study area boundaries are outlined in Figure 3. These cover the Maros river water
supply zone from the Lekopancing canal to Makassar and the Jeneberang River from the Bili-Bili dam to
Long Storage dam. Extraction from the Pallenko river was not considered. Infrastructure capacity details
adopted are given in Table 3, these included the key water treatment plants and their intakes as adopted
in the model . The Pannaikang water treatment plant (2) is the only treatment plant that sources water
from both rivers. The prefered source of water supply for Pannaikang is the Lekopancing canal, and the

deficit is obtained from the Jeneberang river.
Prioritisation of supply for the various treatment plants was conducted by allocating a system of penalties
in REALM, which are shown in Table 9 in Appendix C .
It was assumed that full capacity was available for reservoir storages, which were assumed as 340 million
m3 for the Bili Bili dam and 560 000 m3 -for the Lekopancing canal. No release targets or restrictions were
considered due to lack of data. Each water treatment plant was assumed to operate at full design capacity
as outlined in the water supply masterplan (KRI International Corp and Nippon Koei Co. Ltd.,2006).
Infrastructure characteristics and water distribution coverage were assumed to follow those outlined in
the Mamminasata Masterplan (Nihon Suido Consultants Co Ltd et al, 2011a and b ) .

Figure 4: Diagram of bulk water supply

Table 3: Restrictions to WTP supply (current and future) (Nihon Suido Consultants Co Ltd et al, 2011a)
Plant

Supply capacity (L/s)

Intake of raw
water

WTP

2010

2012

2020

Antang

85 (wet/dry)

125 (wet/dry)

125

Panaikang

1000 (Design)

1200

Reference
(Nihon Suido
et al 2011 ,
chapter 5)

p.5-56
200-1000
(Mallengkeri) or
WTP*1.1
capacity – (LEK
supply)

1057 (Apr.Aug)

300-1200
(Lekopancing)
or 100%LEK
capacity
Ratulangi

50

50

50

Maccini
Sombala

200

200

200

Somba Opu

1000

2000

3000

Pattontongan

50

165

280

Bonto Matene

40

60

280

Sanrobone

20

50

110

Galesong

20

80

140

New
Bantimurung

0

200

200

New
Barombong

0

20

260

New
Pattalassang

0

p.5-57

520(2022)
0

620 (2022)

4.7.3 Water Demand
Present and future water demand was estimated using population projections extrapolated from existing
methodology (Nihon Suido Consultants Co Ltd et al, 2011a and b) and urban development assumptions
including service coverage.
Population growth was assumed to continue into 2050 at the growth rates projected for 2025. The
number of inhabitants in each zone was estimated by overlaying the water demand zones from PDAM

over the kecamatan boundaries of Makassar in GIS. It was assumed that the population of each kecamatan
was evenly distributed over the kecamatan area and hence the population numbers for each supply zones
were estimated in proportion to the area of kecamatan within the supply zones.
Industrial water demand was assumed to maintain the same ratio to residential water supply applicable in
2010, while access to water services was assumed to be distributed evenly across the whole of Makassar
for the simulation exercise.
Water demand for Makassar was comprised of the aggregated demand for all water treatment plants
(wtps) as outlined for the water distribution zones in the Water Supply Masterplan (Nihon Suido
Consultants Co Ltd et al, 2011a and b) .
The water demand for each plant was represented as a demand input file in REALM. These were calculated
based on the population serviced by the water distribution coverage zones for each water treatment plant.
The water distribution in 2010 is outlined in Figure 5 for the water treatment plants of (1) Ratulangi, (2)
Pannaikang, (3) Antang, (4) Maccini Sombala and (5) Somba Opu. Each water treatment plant has a predetermined service coverage area.
According to the city Masterplan, by 2025, some of the distribution zones between WTP Pannaikang and
Somba Opu will be altered. The new coverage zones are described in Nihon Suido, Nippon Koei Co. Ltd and
KRI International (2011a). Somba Opu will cover distribution to the south of Makassar and will also supply
four kecamatans in Gowa; whilst Pannaikang WTP will supply the northern part of Makassar city. A
detailed description of the methodology for demand estimation is given in the Appendices.
The water demand for the Maros and Gowa regencies was assumed as the total water demand for each
regency minus the supply from other sources (wtp and groundwater bores) outside of the boundaries of
the study area (Nihon Suido Consultants Co Ltd et al, 2011a). Additional water demand assumptions are
outlined in Table 7 in the appendix C.2.

Figure 5: Water distribution zones across Makassar

4.8 Scenario assessment
Water availability is influenced by surface water availability, infrastructure capacity and operation, climate
and population growth. Figure 6 explains the framework adopted for the evaluation of future scenarios
using the model.
The water balance model allows the analysis of a range of alternative scenarios for climate, population
growth, water consumption patterns, infrastructure characteristics and rules for water allocation to assess
their impact on the security of water supply.
As previously mentioned, surface water availability was determined as a function of climate using a
hydrological model package. Future water demand was estimated from population projections and water
use patterns. Piped water generation capacity was defined by the capacity of water intake and treatment
of water treatment plants and distribution infrastructure.
To illustrate this application the scenarios shown in Table 4 were used for evaluation of future water
supply security.
The scenarios 1G, 1H and 1M assume the 2010 infrastructure (no upgrade) and increasing water demand
requirements under three alternative climate scenarios.
The scenarios 2G, 2H and 2M assume that the infrastructure upgrades for water treatment plant,
expansion of distribution infrastructure and leakage reduction will have been implemented as described in
the Masterplan (Nihon Suido Co Ltd, et al, 2011a and b).
The scenarios do not however consider the construction of the Botto Sunggu dam at the Maros river as the
project was still in the feasibility assessment stage at the time of our evaluation.

Figure 6: Framework for analysis of bulk water availability.

Table 4: Scenarios for analysis

Scenario
1H
1M
1G
2H
2M
2G

4.9

Infrastructure
As per 2010

Population
As in Masterplan

As per 2020
Masterplan

As in Masterplan

Climate
Historical
MK35
Gfdlm20
Historical
MK35
Gfdlm20

Simulation period

Three key milestone years have been selected for evaluation of scenarios using the Water Balance: 2010,
2020 and 2050.
The year 2010, represents the status quo and the conditions of Makassar and Mamminasata today, so
existing data can be used.
The year 2020 considers the infrastructure planning strategy timeframe for Makassar and Mamminasata. .
The year 2050 was chosen to show the impact of climate change into the future (see chapter 1).
Population projection and urban development and other data needs were extrapolated from 2020
estimates to develop the 2050 scenario.

5

Results and Discussion

In 2040, the projected population for Makassar, Gowa and Maros will be respectively 2 million, 815,000
and 450,000 inhabitants, and the bulk water demand required for Makassar will be on average
142 ML/month (Tjandraatmadja et al 2012).
Bulk water supply and demand is determined by a range of factors: climate, river inflows, infrastructure for
water treatment, storage and capture and water demand requirements. To understand the impact of
climate two climate change scenarios (mk35 (M) and gfdlm20 (G))were evaluated against the historical (H)
scenario.

5.1

Water Demand

Figure 6 shows the recorded PDAM water supplied to Makassar from 2009 to 2011. During that period the
years of 2009 and 2011 experienced a marked increase (up to thirty percent in monthly water demand for
the months of May to September during the dry season.
However the trend has not been consistent over time, as the increase was only ten percent larger than the
monthly average for the year and within two standard deviations for the even years of 2008 and 2010.
Hence, whilst the data indicates that there could be a seasonality change in the amount of water supplied
during the dry season, it is not possible to ascertain the trend or an estimate of the expected value based
on the limited data supplied.
In the water balance model the seasonality factor for the dry season was assumed as ten percent over the
monthly average.
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Figure 7: Historical monthly variability in PDAM Makassar water supply from 2008 to 2011 (PDAM Makassar, 2011).

Water consumption per inhabitant and the leakage rate during distribution are also significant factors
impacting the water demand.

Evaluation of the water demand sensitivity to (i) water consumption per capita (120 to 190 L/s) and (ii)
Losses in distribution (10 to 30%) with water consumption of 160L/p/d are shown in Figure 8 and Figure 9
respectively.
The average water consumption in Makassar in 2010 was 117 L/p/day. However, into the future the
demand is expected to gradually increase to the Indonesian National average of 190L/p/day by 2030.
Figure 6 shows the impact that the various water use patterns would have on the demand if all other
parameters were remained equal. If the per capita demand is curbed at 160L/cap/day it is possible to delay
additional augmentation by +10years approximately.
Leakage during distribution can also have a similar impact. Assuming a water consumption of 160L/p/d
under various leakage rates, if the leakage rate in 2025 remained at the current level of 30% it would have
the same impact as increasing the individual demand to 190L/p/d. Hence if the gradual leakage reduction
from 30 to 15 percent as planned in the Water supply masterplan is not implemented, a more rapid
increase in demand would be expected.

Figure 8: Impact of water demand per capita on the total water demand in Makassar.

Figure 9: Impact of leakage in distribution on the overall water demand for Makassar

5.2

Supply capacity

Figure 7 compares the relative monthly water deficit (or surplus) to Makassar water reservoirs from 2020
onwards under the three climate scenarios 2H, 2G and 2M respectively designated in the graph as: (a)
HIST(2020), (b) GFDLM (2020) and (c) MK35 (2020).
Evaluation of the total inflows into the Lekopancing weir and the Bili-Bili dam in relation to the water
demand suggest that in the wet season sufficient water supply will be available during the study period and
that inflows will suffice to satisfy urban demand the three scenarios. However if irrigation demand is
considered as per 2010 allocations, the water deficit will increase over time particularly in the dry season
resulting in draw down of reservoirs (as shown in Figure 7 for MK35 and HIST).
Figure 8 and Figure 9 show the annual yield of the Lekopancing canal and the Jeneberang River. The mean
yield index is the ratio of the annual supply yield to the average historic 10-year yield under scenario 2H.
Whilst Bili-Bili receives enough inflows to replenish it to capacity (Figure 8), Lekopancing is subject to
continuous drawdown due to lack of storage and increasing demand needs (Figure 7). The figures show a
reduction in the mean yield index for the Lekopancing and increase in the mean yield index for the
Jeneberang in the decade from 2030 to 2039, which reflects the increased reliance on the Jeneberang River
for water supply. This reflects the increase in use of water from Bili-Bili, although it should be noted that
inflows to the dam are predicted to decrease over the period.
As a result increasing water supply is required from Bili-Bili over time as it becomes the most used supply
source.
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Figure 10: Ratio of river inflows and demand relative to inflows for historical climate scenario in 2020.
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Figure 11: Index of yearly water supply for Lekopancing canal to 2039.
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Figure 12 : Index of yearly water supply for Jeneberang river to 2039.

5.3

Demand requirements

Figure 9 shows that on average for the period between 2020-2039, over 90% of the water demand can be
met by the majority of the planned Makassar treatment plants under the three scenarios (2H, 2G and 2M),
with the exception of Pannaikang (PKG), which will only be able to supply approximately 70% of its
demand due to seasonality constraints. For Gowa and Maros regencies less than 60% of the demand is
supplied. Demand shortages will vary from year to year and across seasons. The timing and intensity of the
drawdown on reservoirs will also vary over time. Note however, that a detailed assessment of water supply
from other water sources besides the Jeneberang and Maros for Gowa and Maros has not been conducted.
In comparison, in scenario 1H which does not include the upgrade in WTP infrastructure, water shortages
would be more severe, particularly for Somba Opu (SOP), Ratulangi (RAT) and Gowa (GOW).
The current model has not accessed the impact of climate change on water consumption, but this could be
verified if historical data became available (Tjandraatmadja et al, 2012).

Figure 13: Yearly supply to major demand zones for 2020 to 2039.

5.4

Climate change

In Figure 7 the impact of climate change in Makassar is observed on a seasonal basis, altering the duration
and distribution of water availability from the major rivers.
For Makassar and the Mamminasata regions, climate change will alter the availability of water across the
year. Mk35 represents an alternative climate change scenario for the region. Under Mk35 there is potential
for larger seasonal fluctuation in total annual yield along each year (Figure 6). MK35 predicts worse troughs
during the dry season over time and more interannual variation, particularly between 2039 to 2044.
However such seasonal impacts are less evident when only annual yields are examined as in Figure 8 and
Figure 9.
Results up to now indicate that under the assumed scenarios sufficient inflow for urban water allocation
alone will be available (Figure 7). For urban supply, infrastructure constraints and population growth will be
the main variables impacting bulk water supply balance. However, demand will exceed inflows when nonurban water uses are considered.
Seasonal issues associated with water allocation have not been incorporated in the preliminary evaluation,
nor has irrigation water demands been evaluated for the year 2020 onwards, however when considering
the irrigation demand for year 2010 the indication is that inclusion of irrigation into the evaluation will
exacerbate the drawdown of water supplies in the dry season. The analysis also needs to be further refined
to include additional operational rules and scientific information on water uses, release and seasonality
factors for both urban and rural demand.

5.5

Infrastructure

Evaluation of the impact of infrastructure capacity on supply and demand under the climate scenario
gfdlm20 is shown in Figure 10 (a) and (b) for the respective infrastructure as per 2010 and 2020, i.e.,
respective scenarios 1G and 2G. Thus the figure shows the impact of infrastructure upgrade under the

Masterplan on the capacity of treatment plant water supply. This scenario assumes that fixed distribution
zones as per the Masterplan apply to both scenarios. Each treatment plant has distinct supply areas.
Demand shortages are seen particularly at WTP Pannaikang from 2022 and then in SOP from 2044 under
scenario 2G. However, in the absence of wtp upgrades (scenario 1G) shortages are much more severe and
occur much earlier (since 2020).
(a)

(b)

Figure 14: Impact of infrastructure on water treatment plant supply (a) Infrastructure in 2010 (1H) and (b)
Infrastructure in 2020 (2H).

5.6

Limitations and recommendations for future development

The results shown here need to be considered in the context of the model assumptions and its limitations.
In particular, the role of alternative sources including groundwater has not been considered in the analysis
although it is an important water source for water users in Makassar. In addition, refinement of the model
is also required regarding seasonality of demand, storage capacity and evaporation from dams which were
not considered in the development of the base case and the alternative scenarios .
Recommendations for further development include the investigation of water demand changes from the
dry to the wet season. Anecdotal evidence suggests higher mains water consumption in the dry season
compared to wet season due to drying of shallow wells (Alexander et al 2011). This was also observed in
the analysis of historical water supply by PDAM from 2008 to August 2011, when water usage in the dry
season increased between 5 - 30% compared to the wet season. However, it was not possible to ascertain
from the data the causes of the variability from one year to another (Tjandraatmadja et al 2012).
Dam operating rules and capacity have not been verified, however it is likely that the storage capacity of
Bili-Bili is lower than the design capacity adopted here due to the sedimentation episodes observed in
recent years, particularly since the collapse of Mount Bawakaerang. Furthermore evapotranspiration of the
dam was also not included in the model but may further reduce water availability.
Verification of the model has also not been conducted as data availability has been limited. In the future as
more information becomes available refinement of the model is suggested.
Overall, the base case functions as tool for exploration of alternative scenarios and will require some
further refinement if it is employed in future scenario analysis. It can also be further expanded to more
closely resemble the operation of the catchments.

6

Conclusions

A methodology was developed for the estimation of the impact of climate change, population growth and
infrastructure development on bulk water supply. This methodology is adopted for the Base Case model
which allows the evaluation of bulk water supply and demand for Makassar city in view of infrastructure,
population growth and surface water availability.
A preliminary assessment for Makassar using the methodology indicates that climate change will alter the
intensity and duration of water flows from the Jeneberang and the Maros rivers. Seasonality issues and
storage are likely to continue playing a part on supply potential into the future. However, the ability to fulfil
the water demand will be determined mainly by infrastructure capacity and demand needs driven by
population.
Overtime the Lekopancing canal will have a decreasing contribution to the overall water supply and
reliance on the Jeneberang River will increase under the Masterplan scenario Population growth, climate
change and infrastructure all impact the urban water availability and have to be considered simultaneously
in any analysis of future supply and demand.
Adaptation strategies into the future will need to consider future water resource availability, and further
refinement of the model can be achieved with introduction of operating rules that more accurately reflect
water treatment and distribution operation and releases from Bili-Bili dam. Additionally, as information
becomes available on the feasibility assessment for upgrade of supply to the Lekopancing, its impact on
water security could also be analysed with the model.
The model can be further developed to explore alternative scenarios and also expanded to consider the
larger Mamminasata region if information becomes available.
.
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Appendix A : Water Supply and wastewater collection balances for Makassar

Figure 15: Water Supply model

Figure 16: Wastewater network model

Appendix B : Data requirements for expansion of
the Base case for groundwater and wastewater
Wastewater Disposal (B)
The model shows all the major wastewater inputs and outputs within the catchments of the three major
rivers. These include:
(a)
The three major rivers that receive wastewater discharge from each regency (Jeneberang, Tallo and
Maros);
(b)
Wastewater treatment options available in each catchment, classified as (1) Untreated, (2) On-site
(or septic system at each house), (3) Communal treatment plant, and (4) Wastewater treatment plant. It is
assumed that the all discharges are distributed across the 4 treatment options;
(c)

Rivers that receive the wastewater treatment output from each Wastewater treatment option.

Additional properties for the water supply model are captured using data tables which are shown in the
following pages. At present Makassar only has one treatment plant in the KIMA district, however the city
masterplan includes future development of a wastewater collection and treatment system. Wastewater
data recommended for developing a wastewater model are outlined in Table 5. In addition groundwater
data recommended for evaluation of an integrated water supply system are outlined in Table 6.

Table 5: Wastewater catchment characteristics
Item

Data on wastewater/greywater discharge in urban areas for each sub-district

1

Wastewater service plans and coverage projections for 2010 and 2020 for each sub-district ()

2

Sanitation/septic service maps or locations per district (location of communal service, type of services,
discharge characteristics) for 2010 and 2030 preferably as GIS layers, MapINFO (.tab) or ArcGIS (.shp)
(possibly from DPU)

3

Trade waste discharges type and number of customers per sub-district and characteristics of trade waste
discharge (BOD, Suspended solids, average flow rate, total nitrogen and total phosphorus if available) (PU
Pk.Imbang/Dinas Kebersihan)

5

Number and type of industrial customers connected to KIMA WWTP or in each sub-district and average
monthly wastewater flows rate per sub-district.
Typical wastewater characteristics per discharger (BOD, Suspended solids, nitrogen and phosphorus) if not
connected to KIMA

6

Number and type of industrial customers (not connected to KIMA) and average monthly wastewater flow
discharged per sub-district.
Typical wastewater characteristics per discharger (BOD, Suspended solids, nitrogen and phosphorus) if not
connected to KIMA

7

Number of home based small home industry per type with no on-site treatment (Rumah makan, tempeh
maker, Abbatoir, etc) per sub-district, average monthly volume and characteristics of wastewater
discharge per sub-district (PU Pk.Imbang/Dinas Kebersihan)

8

Number of trade waste (business) customers with on-site wastewater treatment, average monthly volume
of wastewater and characteristics of discharge per sub-district (PU Pk.Imbang/Dinas Kebersihan).

9

Maximum wastewater discharge compliance requirements for business, industrial and residential
dischargers as set by regulation for BOD, TSS, Oil and grease, nitrogen, phosphorus, volume, pH, etc(BKLH,
DPU)

10

Number or percentage of total residential households in a sub-district (Kecamatan) and percentage with
no sanitation, connected to septic system, connected to communal septic system and to wastewater
treatment plant) for each sub-district (Kecamatan) .

Table 6: Groundwater data requirements

Item

Data on groundwater and flood in urban areas

1

Inundation or flood area represented as polygon and meta-data explaining to how this layer was derived
and when, for example from modelling, from aerial photography, etc.

2

Groundwater maps and location of bores in gis layers , MapINFO (.tab) or ArcGIS (.shp) if available

3

Location of shallow and deep water wells per district/sub-district in Makassar regency in GIS if available
(Dinas Health, Dept.Mines and energy)
Location of Bore/Well represented as point attributes for GIS (Dinas Health)
Bore/well water level of wells in wet/dry season as point attributes.
BoreWell water analysis quality in wet and dry season represented as point attributes including BOD, TDS,
electrical conductivity, e.coli, TO, suspended solids (Dinas Health)
Minimum acceptable groundwater water quality guidelines for consumption in Makassar regency as per
electrical conductivity, TDS, E.coli, T.coliforms, pH, etc (Dinas Health)

Appendix C :Demand input files for REALM
The water for each zone in Makassar is estimated using the projected water demand (as determined by
JICA) for each kecamatan based on the population in each zone. For example:
Water demand Zone “A” = ∑ (water demand kecamatan “i” *Area of kecamatan “i” belonging to Zone “A)
Where: DXXX = Water demand Zone “A” (ML/month)
D(kec_i) = Total water demand in kecamatan “i” based on population (ML/month)
A(kec_i)= Area of kecamatan “i” belonging to Zone “A (% area of kecamatan “I”)
The water demand per kecamatan is obtained by multiplying the water demand per capita by the number
of people in the area with access to water, a water loss correction factor and a seasonal factor (+10% for
the dry months) using the parameters outlined in Table 7.

C.1

Assumptions

The population is distributed uniformly across the area of each kecamatan.
The water demand in each zone is comprised of the water demand for the corresponding kecamatan area.
The non-domestic demand is distributed uniformly across all kecamatans (i.e. industrial estates are not
considered to be localised, whilst they are in reality). This is due to the lack of information on the industrial
water use distribution per geography and zones.

C.2

Data sources

Water demand per kecamatan is estimated using the method described in JICA Chapter 4 (KRI International
Corp and Nippon Koei Co. Ltd.(2006).
Area of zones in each Kecamatan is determined with GIS analysis based on the urban land use classification
(Barkey et al, 2011) .
Demand for other regencies is estimated as the total demand of the population minus the water supplied
by other treatment plants in the regency (Table 8).
Parameters used in the model development include penalty factors for prioritisation of water allocations (
Table 9). The nodes and carriers adopted for development of the water supply system in REALM are
outlined in Table 10.

Table 7: Parameters for water demand estimation (as per Mamminasata Masterplan in KRI International Corp and
Nippon Koei Co. Ltd., 2006)
Parameter

2010

2015

2020

2025

2030

Population with access to water supply
(% pop)

72 (MKS)
19 (MAR)
12.7 (GOW)

76.3
32.8
28.3

80.7
46.4
44.1

85
60
60

85
65
60

Real water losses (%)

30 (MKS)
25 (MAR)
30 (GOW)

25
21
25

20
18
20

15
15
15

Water consumption (L/cap/day)

115 (MKS) 105(MAR)
115 (GOW)

140
120
133

165
135
152

190
150
170

190
170
170

Residential consumption (%Total)

84 (MKS) 75(MAR)
80 (GOW)

84
75
80

84
75
80

84
75
80

84
75
80

Peak factor (%)

10

10

10

10

10

Table 8: Water demand for Maros and Gowa
Daily Q (L/s)
Regency

(L/s)

2010

2016

2020

2025

Maros

Demand

130

261

431

643.6

Other supply

80

300

300

330

D-S

60

-39

-131

312.6

Demand

151.3

394

713.8

112.2

Other supply

70

80

80

50

D-S

85.3

314

633.8

62.2

Gowa

Table 9: Penalty factors used for REALM model
Connector

Penalty

Loss

Group

RLK1 TO ST1

1000

RBB1 TO ST2

1000

RLK1 TO WPAT7

10

RLK1 TO WANT3

50

RLK1 TO WPAK3

70

RBB1 TO WNPTL20

5

RBB1 TO W11_12

10

RBB1 TO CON1

20

RBB1 TO WTPB8

25

1

RBB1 TO WPAN9

25

1

RBB1 TO WSOP5

30

1

CON1 TO W14-15-16

35

CON1TO WLIM13

40

CON1 TO WTPB8

45

30%

CON1 TO WRAT1

50

30%

CON1 TO WPAN9

55

30%

CON1 TO WPAK2

60

30%

CON1 TO WNBRG21

65

30%

CON1 TO WMAC4

70

30%

W### TO Z###

If multiple, priority (0),
secondary (10)

30%

WSOP5 TO Z###

15, 19, 21,20,23A,
23B,28

1

30%

Table 10: Input streamflow and demand files for model
Item

Code

Linked files (Type)

Lekopancing Weir

RLK1

STRM1 (inflow data)

Billi-Billi dam

RBB1

STRM2 (inflow data)

Jenelata river and upstream catchments RJL1
Confluence after Billi-billi weir with
Jenelata river

CON1

Item

Code

Linked files (Type)

Ratulangi

WRAT1

Junction Node

Pannaikang

WPAN2

Node

Antang

WANT3

Node

Maccini Sombala

WMAC4

Node

Somba Opu

WSOP5

Node

Pattontongan(Maros)

WPAT7

Node

Tompobollang (Gowa)

WTPB8

Node

Padang-Padang (Gowa)

WPAN9

Node

Pattalassang+Borongloe (Gowa)

W11_12

Node

New Pattalasang (Gowa)

WNPTL20

Node

New Barombong (Gowa)

WNBRG21

Node

Limbung (Gowa)

WLIM13

Node

Bontomatene+Saranbone+Galesong
(Takalar)

W14_15_16

Node

3A - 43

Z03A –Z043

Demand centre

Gowa Regency

ZGOW

Demand centre

Maros Regency

ZMAR

Demand centre

Takalar Regency

ZTAK

Demand centre

Spill from reservoir RLK1

ST1

Stream terminator

Spill from reservoir RBB1

ST2

Stream terminator

Spill from reservoir RJL1

ST3

Stream terminator

JLK1

Pipe junction

WTP

Demand zones
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