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Executive summary
There is strong scientific evidence to support a warming
world with potential changes in regional climate system
in the future. Climate affects many aspects of life,
including water availability, and therefore it is necessary
to understand the current and future climate variability,
and their impacts on water resources, so the government
and the community can plan for change.
The Climate Adaptation Through Sustainable Urban
Development (SUD) project facilitated understanding
of (i) future urban water scenarios that Makassar City,
Indonesia needs to consider and (ii) some adaptation
options that will be most helpful in the face of these
scenarios. The aim was to inform policy development
to improve access to clean water and to manage the
impacts of development and climate change in Makassar
City. Undertaken over two years from September 2010
to 2012, the project engaged local policymakers, urban
managers, donor agencies and researchers.
The climate change assessment was undertaken using
a combination of top-down (projections) and bottomup (observations) approaches. The identification of
adaptation options was performed by utilising Integrated
Urban Water Management (IUWM) principles that
consider the overall water cycle in the management of
water supply, stormwater and wastewater. This approach
allows for assessment of a diverse range of water service
options as well as consideration of criteria, such as
adaptability, to anticipated climate change impacts.
This report summarises achievements, major findings
and future recommendations. More detailed information
can be found in the respective project publications listed
in the end of this report.
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Achievements
Over the two years, the project has:
• enhanced understanding of Makassar’s
current and future water services
and challenges
• developed new knowledge of climate and
urban development impacts on raw water
supply in the greater MAMMINASATA region
and on the sustainability of piped water
supply in Makassar City
• identified adaptation options to improve the
future water security of the City
• enhanced the capacity of the regional/local
key players to conduct research on climate
change, impacts, and adaptation in the
water sector
• facilitated learning on integrated urban
water management principles, its benefits
and challenges
• fostered collaborative learning through
interactive participation in program
activities, and partnership among research
providers, government departments, water
utilities and community members.

Major findings
1. Understanding of Makassar’s urban water
services and challenges
Access to water. Surface water from Maros and
Jeneberang rivers is treated and distributed by the
municipal water utility (PDAM), while groundwater
extraction is mostly unregulated. Challenges to the
water supply system include flow seasonality of
the Lekopancing canal in Maros river, high turbidity
(caused by landslide and soil erosion) of the Jeneberang
river, water losses and deterioration during the
distribution, and dependency on groundwater and other
sources particularly for the low income segment of
the community.
Sanitation covers 85 percent of Makassar. It consists
of blackwater discharged to septic tanks and pits on
individual properties, and greywater discharged untreated
to stormwater drains. Increasing population density and
limited land availability are placing constraints on the
system in a number of suburbs. The risk of contamination
of shallow wells and stormwater drains can pose a threat
to public health if not properly managed particularly
during flood events. Areas without septic tanks or
communal latrines resort to open defecation over
waterways or land, posing a risk to public health.
Drainage and municipal solid waste. The water
drainage system consists of open drains that transport
both untreated greywater and stormwater into
canals and waterways. Drainage capacity is reduced
by sedimentation and solid waste disposal practices.
The latter also aggravates spillage and flooding related
risks, causes deterioration in the water quality in
drainage structures and waterways, and possibly
provides opportunities for mosquito breeding due to
stagnant water.
Future pressures. Population is projected to increase by
20 percent by 2020, whereas water demand is expected
to increase by more than 120 percent. This will outstrip
the current PDAM water supply capacity and thus increase
groundwater extraction. Increasing stresses will also be
placed on: (i) the existing drainage infrastructure due
to the growing volume of greywater discharges and
stormwater runoff (ii) the environment and groundwater
quality due to the larger pollution loads from wastewater
and waste generation and (iii) groundwater reserves – all

of which will potentially reduce the quality of living in
Makassar. Climate change is increasingly recognised as a
potential threat to many regions in the world and may also
add another pressure to Makassar. Previously information
on climate change specific to Makassar was unavailable:
the SUD project has helped with this knowledge gap.

2. Understanding of current and future
climate, and its potential impacts
• Available data since 1981 in Makassar indicates an
increase in mean annual temperature at a rate of
0.27oC per decade. Rainfall data since 1950 shows a
decreasing rainfall trend for the dry season.
• All respondents believe climate change is happening
in the region, with 14 percent of them think that this
is due to natural fluctuation while others think it is
caused by human influence.
• Regional climate model simulations over South
Sulawesi indicate that Makassar’s annual mean
temperature will increase around 0.29-0.39oC per
decade. There is uncertainty in the rainfall projections
but the majority of the models suggest a decrease
in rainfall over the Makassar area. The wet season
onset is unchanged but its retreat is expected to occur
earlier, with the length of the wet monsoon expected
to shorten by 12 days. Potential evaporation is
projected to increase by around 12 percent. Intensity
of extremely high rainfall in Makassar is projected to
decrease slightly.
• Simulation using two rainfall-runoff models and
future local climate scenarios suggests a reduction
of 18 percent in the mean streamflow for the Maros
catchment near the Lekopancing weir in 2020-2040
relative to the period 1980-1999. The number of days
with low flow may increase up to 20 percent. The
inflows to Bili-Bili dam are projected to decrease for
most of the year, with a slight increase for periods
between October to November.
• Magnitude of soil erosion in the future is projected to
decrease by around 35 percent, but the overall rates
will be similar to the present for most of the regions.
This suggests that the current issue of high turbidity
of the raw water supply – due to high sedimentation
induced by soil erosion over the MAMMINASATA
region – will likely persist in the future.
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3. Understanding of future water supply for
Makassar City
The project has developed an assessment framework
that considers key factors affecting the water supply
demand balance for the City including: population,
water use patterns, infrastructure capacity and leakage,
operation rules and hydroclimatology.
Results indicate that problems related with seasonality
will still occur in the future. It was also found that the
population and infrastructure will be the dominant
factors affecting the sustainability of water supply for
Makassar City. Importantly:
• if future infrastructure conditions were the same as
in 2010, water shortages would be common from
2020 onwards for the areas supplied by the two major
water treatment plants (Somba Opu and Pannaikang).
• if the Masterplan (including infrastructure upgrade
and renewal, as well as changes to water treatment
plant service zone) is implemented, by 2030 the
Makassar PDAM water treatment plants will be able to
supply around 70-85 pecent of the demand. However,
demand in the area serviced by Somba Opu can be
fulfilled until 2044, by when supply augmentation will
need to be considered.
These mean that the infrastructure upgrades will only
provide short term security of supply and need further
investment either from 2020 or 2044. Hence alternatives
other than upgrade of water treatment plants alone, such
as demand management, need to be considered.
Drainage and wastewater challenges have not been
assessed at this stage due to data availability and
project scope.

4. Adaptation options to improve water
security for the City
Options were identified through (i) a review of literature
and case studies on adaptation experiences in Makassar
and around the world, and (ii) a stakeholder workshop.
The options are categorised as “soft” tools, aimed at
eliciting social and behavioural change, and “hard” tools,
comprised of technological and engineering solutions.
Past experiences suggest that technological solutions
alone are not sustainable.
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Examples of current adaptation option implementation
include a communal wastewater treatment plant and
community education on wastewater management in
low income areas in Makassar; community participation
in local solid waste management programs through
campaigns such as ‘Reuse, Reduce and Recycle’ (3R)
in Makassar; and the increased water use efficiency
through a combination of leakage reduction, community
education, infrastructure planning, legislation, and
collaborative partnerships with industry and commerce
in Sydney, Australia.
Options identified through the stakeholder workshop
include absorption wells (Biopori) for groundwater
recharge at each house; upgrade of water treatment
plant storage and reuse to increase supply capacity
by seven percent; awareness program to educate
decision-makers and community on value of water and
environmental impacts; and alternative water supplies
from greywater treatment in the long term.

5. Stakeholder engagement, partnership, and
capacity building
Stakeholder engagement and participation played a
pivotal role in the project. More than 250 employees of
municipal, provincial and national government agencies,
national and international NGOs and universities, had an
opportunity to be engaged with the project over the last
two years.
Results of the evaluation suggest that engagement
of direct and indirect stakeholders was perceived as
excellent overall. All stakeholders affirmed that the
project is extremely relevant to their work/functions;
that the information developed is very useful,
important, and new to them; and that both technical
and process‑related learnings occurred throughout
the project.
The project implementation provided ample
opportunities for informal capacity building processes.
Additionally, two formal training workshops for the
Indonesian stakeholders have been conducted in
Melbourne Australia.

Key messages and future
recommendations
The overall project findings suggest that (i) the current
challenges related to the raw water supply availability
and quality in MAMMINASATA region will persist in the
future, and (ii) Makassar City will have insecurity in water
supply in the next few decades, unless consideration
is given to alternatives other than upgrading water
treatment plants alone.
The project has identified some alternatives that may be
helpful to address this issue via technological solutions
for new sources, management of existing sources,
operation and maintenance of existing infrastructure,
and programs to promote mindset change. However,
due to its scope, the project did not undertake a
comprehensive scientific assessment to understand the
gaps and the viability of the options.

regional climate simulations provided by this project
are available to support such studies.
4. Collect, storage and share data strategically
The project has found that data on the status of
the environment, particularly on the groundwater
resources and extractions, are currently limited.
These data are required to enable continuous
monitoring and assessment of water supply (surface
and groundwater) sustainability. There is a need to
strategically identify knowledge and/or necessary
data for such a purpose, and then undertake
continuous data collection. Ensuring that required
environmental data is strategically collected, stored
and shared across urban decision makers would
support sustainable decision making based on the
best available data.
5. Analyse wastewater and stormwater generation
and impacts

Our future recommendations are to:

Such analyses are essential. Experience shows
that successful adaptation needs to consider
many components (water supply, stormwater and
wastewater) in the urban water cycle.

1. Undertake further study on the viability of the
options identified
This is to allow for objective comparison of various
proposed options, for example, through use of
economic, environmental, and social costs and
benefits analysis.

6. Undertake community campaigns to raise awareness
of sustainability and climate adaptation across the
wider community
Experiences suggest integrated water management
solutions using combination of community
awareness and participation, and technology will
provide sustainable solutions rather than reliance on
technological solutions alone.

2. Extend the future water security assessment to the
greater MAMMINASATA region
The project has assessed future water supply
security for Makassar City only. Given the common
dependency of the various municipalities in
MAMMINASATA on the river supply systems, an
extension of the study to the MAMMINASATA
region would facilitate greater water security
for the city and broader region. It would also
allow for an integrated water resources analysis
that would address some of the knowledge
gaps across catchments and administrative
(municipality) boundaries.
3. Undertake climate change impacts assessment
on other sectors
The project focussed on urban water sector. There is
still a need to explore impacts on other sectors due
to the inter-relationship between various sectors
(such as water, food, and energy). Outputs from the

7.

Disseminate the project results to a wider
community including industry, environmental
groups, power generators, developers, etc.
This awareness-raising is to support efforts aimed at
behavioural change by the community.

8. Ensure project findings are incorporated into future
planning efforts
The next generation of the Makassar water supply
Masterplan is currently being developed and is
expected to be ready by the end of 2012. It is
recommended that the scientific information
generated from this project be used as one of the
aspect of considerations in this exercise.
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The Climate Adaptation through Sustainable
Urban Development Project (SUD)
The aim of the SUD project was to support decision making to improve access to clean
water, and to manage the impacts of development and climate change, through
application of sustainable urban water practices in Makassar, Indonesia.

Background
Well known as the “gateway to Eastern Indonesia”,
Makassar is the capital city of the South Sulawesi
Province (Figure 1). It is the largest and most urbanised
city in eastern Indonesia and is a major economic,
government and educational centre for the province.
The City, which has an area of around 176 km2, hosted
1.27 million inhabitants in 2009. Regionally, the City is
part of the greater metropolitan MAMMINASATA which
consists of Makassar, Gowa, Maros and Takalar regencies.

The risks of climate change and its potential impact on
Makassar’s water resources were unknown, and the SUD
project was undertaken to address this knowledge gap.

The climate is warm and tropical characterised by
high humidity and a mean temperature that varies
little throughout the year. The rainfall is dominated
by the Asian monsoon, so that it has a distinct wet
(around November-May) and dry season. The potential
evaporation commonly exceeds rainfall between June
and October.
Three rivers (Jeneberang, Tallo and Maros) are important
for the water supply and drainage of Makassar City.
The Maros and the Jeneberang rivers, in particular,
are the main sources of water for Makassar and for
MAMMINASATA, with around 80 percent of the current
water supply to the City provided by the Jeneberang
River through the Bili-Bili dam. Ground water is also
a major water source for most of the population and
economic activities.
The Makassar municipal water company (PDAM)
supplies around 62 percent of the population, and the
City’s Millenium Development Goal target is to increase
this coverage to 78 percent by 2015. Some existing
problems often decrease the supply capacity by the
PDAM. For instance, surface water resource availability
is very sensitive to the occurrence of droughts; and the
Jeneberang River is prone to high sedimentation due to
soil erosion and the landslides of Mount Bawakaraeng.
On top of this, the City will experience an increased
pressure from urbanisation, population growth, limited
economic resources, and any potential climate change.
6

Figure 1 Makassar City.

The SUD project
The project development was initiated through a two day
stakeholder workshop held in Makassar in April 2010,
followed by some further stakeholder consultations.
The objectives of the project were:
1. to assess climate change and its impacts on the
sustainability of clean water supplies for Makassar
2. to establish alternatives for Makassar urban
water services that are adapted to climate and
population change
3. to build capacity among the country
partner organizations in climate change and
adaptation assessment.

The research has been a collaborative effort by the
Commonwealth Scientific and Industrial Research
Organisation (CSIRO) and Indonesian institutions,
i.e. Hasanuddin University (UNHAS), State Ministry
of Environment – the Ecoregion Management Center
for SUMAPAPUA (PPE), Bureau of Meteorology,
Climatology and Geophysics (BMKG), Makassar’s
PDAM, the Makassar Public Work Agency (DPU) and
Environmental Agency (BLHD), with financial support
from the CSIRO-AusAID Research for Development
Alliance (www.rfdalliance.com.au).
The climate change assessment was conducted using a
combination of top-down (projections) and bottom-up
(observations) approaches. Since the focus of the SUD
project was on climate adaptation, in the context of
provision of water and wastewater services, we applied
integrated urban water management (IUWM) principles
that consider the overall water cycle in the management
of water supply, stormwater and wastewater. The project
also considered some principles of successful governance
of natural resources, i.e. all concerned should be
involved, it should build consensus of ideas, and it should
learn from the outcomes and from adapting. For this and
other reasons, stakeholder engagement and participation
were essential elements of the project.
The overall research framework involved seven main
components (Figure 2) - that were grouped into four
research themes:
• Theme 1 focused on the understanding of the current
and future water service provision context. Research
in this theme included (i) a review of background
information on the urban water context and its water
resources which underpinned the analysis of the water
management strategy and (ii) a stakeholder workshop
to identify water needs at both the catchment and the
urban scales. Along with Theme 4, it also investigated
commonalities in stakeholders’ views.
• Theme 2 focused on the understanding of climate
change, and its impacts on water resources in
MAMMINASATA and on piped water supply in
Makassar. This research involved the use of global
and regional climate models, and related modelling

techniques, to develop information on projections
of the climate and hydrological conditions over the
coming few decades.
• Theme 3 focused on the identification of options
for a climate adapted urban water development.
This research involved (i) an extensive review of
integrated water management initiatives worldwide
that have been adopted to increase resilience to
climate change, and (ii) a stakeholder workshop to
collectively brainstorm potential adaptation options
that may benefit Makassar.
• Theme 4 focused on the stakeholder engagement
and communication processes of the research.
This also included (i) the monitoring and evaluation
of the project and engagement process, as well
as the documentation of lessons learnt, and (ii)
research on stakeholder network and perceptions of
climate change.
Major findings and achievements for each of the four
research themes are detailed in the following sections of
the report.

Theme 1
1. Understanding current context and future plan
2. Identifying stakeholder objectives and priorities
3. Understanding commonalities in
stakeholders’ views
Theme 2
4. Understanding impact of climate and other
drivers on sustainability of clean water supply

Theme 3
5. Identifying adaptation options

Theme 4
6. Stakeholder engagement, partnership,
capacity building
7. Monitoring, evaluation, learning

Figure 2 The overall framework of the project.

A synthesis of findings from Climate Adaptation through Sustainable Urban Development Research Project (SUD)

7

Theme 1: Understanding water service
provision context
Research in Theme 1 contributed to a better understanding of context and challenges
in water and wastewater services for Makassar, as well as an understanding of
stakeholders’ objectives and priorities. Such information is essential to underpin analysis
of climate risks and water management strategies conducted in research Themes 2 and 3.

Current and future water
service provision
Understanding of Makassar’s current and future water
provision has been developed through extensive review
of literature and data availability (Barkey et al. 2012, and
Tjandraatmadja et al. 2012a).

Current services
Water supply
Piped water from PDAM is the main source of water
for the majority of users, particularly for drinking and
cooking. In Makassar the piped water network covers
72 percent of the City’s area and 62 percent of the
population (Barkey et al. 2012), thus alternative water
sources are widely used. The 2010 piped water average
consumption is 117 Lp-1day-1 (the national consumption
average adopted for planning is 190 Lp-1day-1). This figure,
however, does not reflect the actual water needs per
capita as groundwater is widely used by households
(Figure 3). Industrial and commercial customers typically
also use both bore water and piped water.
With regard to the raw water supply, flow in the
Maros River can be reduced by as much as 60 percent,
decreasing supply to the Lekopancing weir in the dry
season (KRI International Corp. and Nippon Koei Co.
Ltd. 2006). As a result additional extraction and transfer
from the Jeneberang River to the water treatment plant
8

at Pannaikang is required, but is constrained by the
current capacity of the transfer pipe which is 500 L/s.
The Jeneberang River provides a reliable source of water
supply due to the regulated flows from the Bili-Bili Dam.
However, upstream landslides in 2004 increased the
water turbidity to levels up to 1000 NTU and increased
the cost of water treatment at the water treatment
plants. In addition, distribution zones of water are
currently restricted for each individual water treatment
plant and will require expansion.

100
Share of households (%)

The project applied Integrated Urban Water
Management (IUWM) principles that consider the
overall water cycle in the management of water supply,
stormwater and wastewater. This section describes
key findings related to (i) the current and future
challenges for each component of this water cycle and
(ii) stakeholders’ objectives and priorities related to
water services.

80
60
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0
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PDAM

Well

Other

Figure 3 Water sources adopted by households
in Mamajang, Tallo, Ujung Tanah and Makassar
(Source: Selintung et al. Undated).

Sanitation
Domestic wastewater represents the bulk pollution
load in Makassar and impacts the health of waterways
and groundwater. Sanitation is estimated to cover 85
percent of Makassar’s area. The system consists of
blackwater (toilet water) discharged to septic tanks and
pits on individual properties and greywater (wastewater
from bathroom, kitchen, and laundry) discharged to a
network of open stormwater drains. The condition of the
septic systems is unknown in many areas and leakage to
groundwater is suspected. High population density and

limited land availability are constraining the effectiveness
of the system in a number of suburbs. As urban
population grows the pollution load from greywater
discharge to stormwater drains will also increase.
Trade waste
Wastewater from KIMA, the industrial zone, is treated
effectively by a localised treatment plant. On-site
treatment is mandatory for trade waste generators and
commercial dischargers located outside of the industrial
zone. Trade waste dischargers outside of KIMA are
expected to conduct on-site treatment prior to discharge.
However, monitoring of wastewater discharge quality
and enforcement at individual on-site treatment plants,
as well as overall water quality at waterways, is limited
by economic constraints. A number of hotels also reuse
the effluent produced on-site for irrigation.

Stormwater drainage
Disposal of garbage to stormwater drains or to land is a
common practice. This impacts the health of canals and
waterways (Figure 4), reduces the drainage capacity and
may cause blockages. As a consequence, overflow of the
drains and flooding during high rainfall intensity events is
common and compounds the risk of water contamination
and overall public health risks.

Future services
The Masterplan for Makassar and the MAMMINASATA
area recommends the construction of new dams and
water storage, upgrade of the production capacity of the
treatment plants and of the distribution system coverage
in the next 30 years. The Plan assumes that mains water
consumption will increase from 120 Lp-1 day-1 to the

Figure 4 Pollution and solid waste in the main drainage canals of Makassar City (Adapted from Barkey et al. 2012
in Tjandraatmadja et al. 2012a).
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equivalent national level of 190 Lp-1day-1 with increased
urbanisation by 2030. Yet this value is arbitrary as the
real water requirements for Makassar are not known
due to the use of other water sources (Tjandraatmadja
et al. 2012a) that are not metered or measured in a
reliable way.
Municipal authorities recognise that the current on‑site
sanitation system will become unsustainable in the
future as urbanisation and densification occur. Hence, for
Makassar city, a three tiered sanitation system is planned
(Matt MacDonald 2011). In high density areas blackwater
will be collected via a sewerage system and directed
to two treatment plants. In medium density areas
communal treatment systems will be implemented, while
in low density areas the septic system will be maintained
to reduce environmental pollution and contamination
of groundwater.
Climate change impacts are currently not included in the
assessment of future services. Prior to the SUD project,
no climate projections and their subsequent potential
impacts to the water supplies have been available
for MAMMINASATA.

Stakeholders’ perceptions of key
water issues
In addition to the literature review described above,
to gain a greater understanding of the priorities and
issues facing Makassar, institutional stakeholders
were consulted through two workshops conducted
in October 2010 and January 2011. These pieces of
information were essential for setting the direction of
the research project and in ensuring project outputs
were useful for local needs. At the same time, the
workshops provided stakeholders with opportunities to
develop a common understanding of the challenges and
alternative solutions.
A multitude of localised issues and concerns were
identified (Alexander et al. 2012; Tjandraatmadja et al.
2012a). At catchment level, the key issues were:
• Lack of information on the environmental health of
the three main rivers
• Lack of control of land use and development.
Urbanisation and deforestation were identified
as risks to the integrity of the catchments, and to
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ecosystems and groundwater sensitive areas (such
as mangrove, karst, swamps, and floodplains). As the
catchments pass via multiple municipalities within
MAMMINASATA, institutional collaboration was
deemed essential, but was not fully effective among
the agencies operating within the three catchments.
At the City level, the key issues were (see also Figure 5):
• Makassar has a diverse range of water needs
(industrial, residential, recreational)
• Water supply pipes do not yet cover large sections
in the northern part of the City; in coastal area
infrastructure is ageing and in need of replacement;
and in the south is in need of improved water supply
• Drainage is an issue in the north and south of the
City, and is linked to flooding; and lack of wastewater
infrastructure for the small islands
• Groundwater is under threat of seawater intrusion and
salinisation, and intensive extraction. Groundwater
resources are poorly understood and regulated, and
could become unsustainable in the future.

Summary
Overall, the workshops endorsed and provided further
details on the issues highlighted in the literature review.
This indicated the development of a clear consensus and
common awareness of the problems facing the region
and the City by institutional stakeholders.
With so many issues described above, stakeholders
identified the most pressing objectives shown in Table 1
(Larson et al. 2010; Tjandraatmadja et al. 2012a).
To achieve those objectives and prioritise issues,
stakeholders identified some aspects that need to
be considered (Alexander et al. 2012). For instance,
the aspects for sustainable catchments management
are water availability, health of waterways, water
infrastructure, land use and water requirements, and
institutional collaboration in water management.
Meanwhile for the sustainable urban water management
the aspects include water use and needs, environmental
health (of canals, rivers and sea), infrastructure
availability, groundwater and alternative water supplies,
sources of pollution (waste and wastewater), and
institutional arrangements.
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Need wwtp for
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outside of
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Drainage
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Figure 5 Water security and environmental challenges in Makassar city in 2011 according to stakeholders
(Tjandraatmadja et al. 2012a).

Table 1 Stakeholders’ objectives and priorities. Colours represent different themes of objectives.

Now

Next 15 Years

30 years or more

Conservation of water catchment area

Conservation of water catchment area

Reduce wastes/pollution from
domestic, industry and agriculture use
to waterbodies

Better management of water resources

Reduce wastes/pollution from
domestic, industry and agriculture use
to waterbodies

Increase piped water supply to 100%

Leakage of the water company’s water
supply of 40%

Start operation of new waste water
treatment plants

Raw water supply are 100% available

Reduce wastes to water bodies

Pipe greywater and stormwater
for recycling

Stakeholders also discussed the data required to quantify
these aspects and whether or not there are gaps in
data availability.
Findings of the research in Theme 1, along with the
consultation processes, have helped identify the focus
for research in Theme 2. They included the development

of climate change projections for MAMMINASATA,
the assessment for impact of climate change on the
streamflow and soil erosion in the three main rivers
(Jeneberang, Tallo and Maros), and the assessment on
future bulk water supply-demand in the City as described
in the following section.
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Theme 2: Understanding of climate
change and its potential impacts on the
sustainability of clean water supply
Research in Theme 2 has developed projections for climate, streamflow and soil
erosion for MAMMINASATA region in the 2030s. For the first time, an assessment was
developed of the current and future water supply-demand balance for the City in light
of changes in climate, population, and infrastructure. All of these provide important
information to help people and the government plan for change.

Current and future climate
Annual mean temperature data since 1981 for Makassar
indicate an increase of 0.27oC per decade. This increase
is consistent with the global pattern of warming, and a
0.3oC increase observed across the Indonesian region
(Hulme and Sheard, 1999). Analysis of rainfall data since
1950 shows no clear trend for the wet season, but a
decrease trend of around 36 percent relative to the
long term mean for the dry season rainfall (Figure 6).
Rainfall variability is closely linked to the El Niño Southern
Oscillation phenomena (Figure 6), and analysis suggests
a slight increase in the interannual rainfall variability.
The results of the survey, conducted at institutional level
in Makassar, are consistent with these observed changes.
The survey suggests that 100 percent of respondents
believe climate change is happening (Larson et al. 2012a;
Stone-Jovicich et al. 2012). Furthermore, 14 percent of
respondents think that this is a natural fluctuation, while
others think that it is caused by human activity.
For projecting future climate, scientists from the SUD
Project used the Conformal Cubic Atmospheric Model
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(CCAM) to dynamically downscale output from five
global climate models, run using the IPCC-A2 emission
scenario, to simulate the climate over the eastern part of
Indonesia for the 1970-2100 period (Kirono et al. 2010;
Kirono et al. 2012). The simulation data has around 14 km
spatial resolution and a six hourly temporal resolution,
and includes many climate variables such as rainfall,
temperature, solar radiation, etc. The key results are listed.
• The annual mean temperature will continue to
increase at 0.29 to 0.39oC per decade
• There is uncertainty in the rainfall projections but the
majority of the models suggest a decrease in rainfall
over the Makassar area (Figure 7).
• The wet season onset is unchanged but its retreat is
expected to occur earlier, and the length of the wet
monsoon will be shortened by 12 days.
• Potential evaporation is projected to increase by
around 12 percent (Figure 7).
• Intensity of extremely high rainfall in Makassar is
projected to slightly decrease.

Figure 6 Dry and wet seasons rainfall for Hasanuddin station, Makassar. Light blue bars indicate El Niño years, dark blue bars indicate
La Niña years and the grey bars indicate neutral years. Black line represents the linear trend.

Dry Season

Wet Season

Rainfall

Annual

Potential evaporation

%

%
Figure 7 Projected rainfall and potential evaporation changes for the 2030s
relative to the 1990s for the South Sulawesi region (indicated as the median
of five regional climate simulations).
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Future projections for streamflow
A statistical method has been used to relate climate
projections to the local rainfall and potential
evaporation, and these local climate variables were
used as inputs for two rainfall-runoff models, SIMHYD
and Sacramento. These two models, used to estimate
streamflow, were calibrated for two of the three studied
rivers (Puca gauge in the Maros river, and Patalikang
gauge in the Jeneberang River) each using two objective
functions, the Nash Sutcliffe Efficiency (NSE) and the
logNSE (only results based on the NSE are shown here).
More details can be found in Neumann et al. (2012).
The results for the Maros catchment near the
Lekopancing weir (Figure 8) for the period 2020-2040
suggest a potential reduction in mean annual flows of
around 18 percent relative to the period 1980-1999. The
number of days with low flow (< 2 m3/s, which is the low
flow expected for intake proposed in the Masterplan)
may increase up to 20 percent. Both models also show a
decrease in extremely high streamflow volume although
with a high degree of uncertainty.

The inflows to Bili-Bili dam are projected to decrease for
the period February to October with a slight increase
for periods between November and January (Figure 9).
The extremely high streamflow volume is also projected
to decrease (not shown here).

Figure 9 Modelled daily average flow into Bili-Bili dam for
period 2020-2040, compared to 1980-1999, based on the
SIMHYD hydrological model. The black line represents
modelled inflows using historical rainfall. The blue line
represents the best estimate (50th percentile of five climate
models), while shaded corresponds to the range (10th and
90th percentiles).

Future projections for soil erosion

Figure 8 Projected changes in some streamflow characteristics
for the Puca gauge for the period 2020‑2040 relative to the
period 1980-1999. Colour symbols correspond to the best
estimate (50th percentile of five climate models), while error
bars represent the range (10th and 90th percentiles). Red
and blue symbols correspond to SIMHYD and Sacramento
hydrological models’ results respectively.
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UNHAS research partners have estimated current and
future soil erosion rate over the three catchments
affecting Makassar City and MAMMINASATA region.
The combination of the widely used Universal Soil
Loss Equation (USLE), remote sensing technique, and
Geographical Information System (GIS) have been
applied (Achmad et al. 2012). Estimation indicates that
the overall soil erosion over each of the catchments
will decrease by around 35 percent (Table 2). However,
the erosion will still occur at relatively similar rate to
that of the present for most of the areas within the
catchments (Figure 10). This suggests that the current
issue of high turbidity of the raw water supply – due
to high sedimentation induced by soil erosion over the
MAMMINASATA region – will likely persist in the future.

Table 2 Estimated annual soil erosion over the catchments of three main rivers, Lekopancing weir and Bili-Bili dam.
The 2030s values are the median of the modelling based on five climate scenarios.

Catchment

Area (ha)

2010 (tonne/ha)

2030s (tonne/ha)

Change (%)

Maros

69,489

31,614

19,278

-39

Tallo

21,232

3,054

1,985

-35

104,877

46,912

32,105

-32

Lekopancing weir

28,199

31,066

19,140

-38

Bili-Bili dam

37,783

27,278

17,981

-34

Jeneberang

Figure 10 Estimates of soil erosion rate in 2010 (top) and in 2030s (bottom). The future estimates were based on five climate
change scenarios.
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Assessing future water security

The analyses show that future water security will be
mostly impacted by the predicted increase in population
and the associated increase in water demand. However,
issue related to the seasonality of river flows will continue
(Figure 13), consistent with the projected climate impact
on streamflow (Figure 9), even after implementation of
the infrastructure upgrade as outlined in the Masterplan.
Figure 13 also suggests that urban demand and rural needs
will drawdown water storages during the dry season, thus
negotiation and planning of water abstraction involving the
variety of water users will be needed.

The SUD project scientists introduced a methodology
for assessment of the bulk water supply and demand
for Makassar for surface water (shown in Figure 11)
using the REsource Allocation and Modelling (REALM)
software. The assessment framework integrates climate,
hydrology, population, infrastructure characteristics and
operating rules, and can be used to assess Makassar’s
water security under a range of possible scenarios for
2020 to 2050 (Figure 12).

2010
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Lekopancing weir

320-2350L/s

Q
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2
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P
3
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8 Tompoballang (TPB)
9 Padang-Padang (PAN)
10 Parangloe (PAR)
11 Pattalasang (PTL)
12 Borongloe
13 Limbung
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21 New Barombong
Takalar
14 Bontomatene (BON)
15 Sanrobone(SAN)
16 Galesong (GAL)
17 IKK
18 IKK

Jeneberang river
21

Makassar
1 Ratulangi (RAT)
2 Panaikang (PKG)
3 Antang (ANT)
4 Maccini sombala (MAC)
5 Somba Opu (SOP)

15
14

16

17

18

Future WTP

Figure 11 Representation of Makassar’s Bulk water supply system in 2010 from the Maros and Jeneberang rivers, and
planned infrastructure upgrade for 2020 (in grey) (Tjandratmadja et al. 2012b).

Climate

Figure 12 Framework for
evaluation of future water
security for Makassar city
(Tjandraatmadja et al. 2012b).
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Operation
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Ratio (inﬂow-demand)/mean inﬂow
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Figure 13 Ratio between the inflow and demand which depicts seasonality effect on the capacity of water supply system to fulfil
urban water demand and irrigation demand, from 2020 after infrastructure development as outlined in the Masterplan.

Infrastructure 2010

These results indicate that infrastructure upgrades
will only provide short term security of supply. There
is still a need for further investment either from 2020
(if the Masterplan has not been implemented) or 2044
(if the Masterplan is implemented), particularly for the
Pannaikang water treatment plant which is still subject
to seasonality from the supply from Lekopancing weir.
Therefore, alternatives other than upgrade of water
treatment plants alone need to be considered.
With piped water supply unable to fulfil demand
there is expected to be extended groundwater
use and increasing of risk of unsustainable
groundwater extraction.

Infrastructure 2020
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40000
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Shortage (ML/year)

80000
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2028
2024
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2032
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2056
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0

2044
2041
2038
2035
2032
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2023
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2047
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2056

2059

0

Shortage (ML/year)

Under infrastructure conditions of 2010, water shortages
would be common from 2020 onwards for the areas
supplied by the two major treatment plants (Somba Opu and
Pannaikang). If the water supply Masterplan is implemented,
demand in the area serviced by Somba Opu can be fulfilled
until 2044, before supply augmentation will need to be
considered (Figure 14). Impacts on the other water treatment
plants are less marked due to the limited size of their service
zones. It is worth noting that the water supply Masterplan
developed in consultation with PDAM Makassar – as part of
the larger MAMMINASATA Masterplan – proposes a range
of activities including: infrastructure upgrade and renewal
(leakage reduction and capacity upgrade) and changes to
water treatment plants service zones.

MAC

Figure 14 Impact of climate change projections and infrastructure upgrades on future supply capacity of each of the 5 water
treatment plants. Left figure considers the 2010 infrastructure scenario, while the right one uses the 2020 infrastructure scenario.
Water treatment plants symbols are: PAK (Pannaikang), SOP (Somba Opu), ANT (Antang), RAT (Ratulangi), and MAC (Maccini Sombala).
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Theme 3: Identification of options for a
climate adapted urban water development
Based on the experience of adaptation in both emerging and old economies, the
research in Theme 3 found that reliance on technological solutions alone is not
sustainable. Instead, more effective in the long term will be integrated water
management solutions that use a combination of community awareness and
participation and technology to deliver solutions appropriate to the local context.
Results from Theme 1 and 2 have provided a better
understanding of future challenges and scenarios to
which Makassar needs to adapt. Research in Theme 3
subsequently identified potential adaptation options
that may improve resilience to these changes. The
identification was conducted through (i) a review of the
literature and case studies on adaptation experiences in
Makassar and around the world, and (ii) a stakeholder
workshop (see Tjandraatmadja et al. 2012c and
Tjandraatmadja et al. 2012d for further information).
The options are categorised as “soft” tools, aimed at
eliciting social and behavioural change, and “hard” tools,
comprised of technological and engineering solutions.

Experiences from overseas
and Makassar
In addressing future sustainability, experiences from
around the world show that reliance on technology
alone is unlikely to lead to sustainable solutions. Instead
both soft tools (change of mindset) and technology
are required. The purpose, effectiveness and viability
of the adaptation options, the timing and sequence of
implementation of multiple tools are typically context
dependent and need to be tailored to the opportunities
and challenges of each application area (Table 3).
Local case studies showcasing examples of adaptation
implementation and lessons include a communal
wastewater treatment plant and community education
on wastewater management in low income areas in
Makassar (Box 1); and community participation in local
solid waste management programs through campaigns
such as ‘Reuse, Reduce and Recycle’ (3R) in Makassar
(Box 2). An example from overseas is the increased
water use efficiency through a combination of leakage
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Table 3 Factors that influence the sustainability of tools for
adaptation thus need to be considered in selecting options
(Tjandraatmadja et al. 2012d).

Factors impacting selection
Hard tool

Soft Tool

• Climate

• Targeted population

• Topography

• Scale

• Lot size and density

• Culture

• Occupancy and
water use

• Resources required
versus available

• Storage and
water availability

• Urgency of the
water problem

• Implementation of
management strategy

• Matching of water
problem with human
source of the problem

• Legislation and
enforcement
• Appropriateness

reduction, community education, infrastructure
planning, legislation, and collaborative partnerships with
industry and commerce in Sydney, Australia (Box 3).
The experience of adaptation in both emerging and old
economies is that reliance on technological solutions
alone is often associated with escalating costs of
infrastructure upgrade and maintenance into the future.
In the developed countries there has been a resurgence
in the adoption of integrated water management
solutions that use the combination of community
awareness and participation and technology to deliver
solutions appropriate to local context. Case studies
and experiences from overseas show that there are
significant water efficiencies that can be gained from
community education and collaboration between
government, industry and other stakeholders.

In addition, adaptation needs to consider urban water
cycle intervention and impacts in its entirety and to
integrate both centralised and decentralised solutions
(Maheepala et al. 2010) (see also Figure 15). Adaptation
strategies may include:
• Increased water efficiency/increased utility from
existing resources/less waste
• Better use of existing resources and consideration
of all resources available: piped water, groundwater,
rainwater, etc
• Reduction of waste and pollution for preservation of
existing water resources
• Use of alternative water resources where access to
central supply is not cost effective
• Education of the community and the involvement
in adaptation
• Long-term investment that considers the life costs and
maintenance needs
• Holistic (in view of cost/hygiene/amenity and quality
of life/equity, etc).
Climate

Climate

Rainwater use
Evaporation

Water
treatment

Local reuse

Wastewater
treatment

Ingress

Dam
abstractions

Catchment
runoﬀ
Enviromental
ﬂows

River
abstractions

River
abstractions

Leakage

End use
consumption

Evaporation

Greywater
and
surface
ﬂows

Discharge to
receiving
water body

Leakage &
overﬂow
Ground
water

Discharge
to river

Surface
ﬂows
Sub surface ﬂows

Discharge to
receiving water body

Figure 15 How the various elements in the urban water cycle influence each other (Tjandraatmadja et al. 2012c).
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Box 1 Communal treatment of residential wastewater
(IPAL communal), Makassar
Background
The communal wastewater treatment plant was built to treat household wastewater in vulnerable areas with
poor sanitation before discharge into drainage canals. This is to reduce harmful bacteria and pollutants that
damage the aquatic environment and impact public health.

Tools

Project Collaborators

• Residential wastewater collection from 40-100 houses and
treatment at communal wastewater treatment unit

• Dinas Pekerjaan Umum
(Seksi Sanitasi)

• Education of residents on wastewater disposal

• Team Fasilitator Masyarakat
(Koordinator, Tim Teknis, Tim
Penyehatan Masyarakat)

Results
• Capital cost Rp. 500 to 600 million/100 households
• Operation and Monitoring Household fee Rp. 5,000 to Rp 10,000
• Treated effluent complies with National standard
• Better hygiene

• Team Kelompok Kerja Air Minum
dan Penyehatan Lingkungan (AMPL)
• Camat/Lurah
(Pemerintah setempat)
• Ikatan Ahli Teknik Penyehatan
Lingkungan Indonesia (IATPLI)

• Less pollution

Lessons
• Changing community behaviour was the biggest challenge
in the development of the communal wastewater treatment
plant. Behaviour changes required a long period of education
and advocacy
• Land availability: it is difficult to find free land that meets
the necessary technical requirements in high density
urban settlements

• Badan Keswadayaan Masyarakat
(BKM) / Kelompok Swadaya
Masyarakat (KSM)

Further information
Dinas Pekerjaan Umum (Seksi Sanitasi)

• Land morphology: Flat land, with shallow ground water, easily
affected by high tides, prevent construction of gravity based
pipeline network in many areas.

Distribution of IPAL communal
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Pipe systems

Wastewater collection
and treatment

Box 2 Waste management: Recycle, Reuse and Reduce (3R)
at Karang Anyar, Makassar
Background
Public littering impacts public amenity,
causes pollution of the environment
(waterways and GHG emissions)
and affects other basic services (e.g.
drainage). A program aimed at changing
community behaviour in waste disposal
to promote beneficial reuse was trialled
at Kelurahan Karang Anyar - inhabited
by approximately 5000 people.
Skill training on making household products from recycled materials and tools
adopted to promote greening and composting (Source: PPLH Sumapapua, 2007).

Tools
• Detailed implementation plan: site and baseline assessment

Lessons

• Community and leadership engagement via workshops

• Buy-in and participation of
the community from the
start increased buy-in and
acceptance of the program
by community

• Education on waste management and training on beneficial reuse:
waste segregation, organic composting and reuse, craft from recycled
materials and recovery and sale of recyclable items (e.g. metal, plastic)
• Workshop on Quality Improvement of Waste Management in
the village
• Financial investment/seed money for recycling centre managed by
community, equipment (sewing machines, seeds, compost bins)
• Development of knowledge transfer to other villages by residents.

Results
• Improved amenity: streets in the neighbourhood became
cleaner and greener as the community applied the 4R principles
(Reduce, Reuse, Recycle and Recover) jointly with the PST
• The community began to separate the compostable and
non‑compostable garbage, and to use the compost to
plant vegetation
• Residents made handicrafts using discarded materials, such as bags,
tissue holders, slippers, purses and other items that had a sale value

• Need for collaboration of
various parties/stakeholders:
government agencies, NGOs,
community leaders and the
mass media, etc
• To achieve the purposes
defined targets and timeline for
implementation was required
• Lack of space prevented
adoption of composters in
some households
• Finding a market for the craft
products is still a challenge.

Project Collaborators

• The project received recognition and publicity. Karang Anyar has
been visited by government officials, other villages, by business
leaders and school groups and has received a number of awards
(RW 04 champion and RW03 Runner up in the Makassar Clean
Green and Clean (MGC) Award 2008)

• Unilever Foundation, PT. Media
and NGO Care, municipal and
State government agencies

• Solid waste volume reduced, also contributed to the less waste
discharge to waterways.

PPE Sumapapua (Maluku, Sulawesi
and Papua). Dinas PU

Further information
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Box 3 Sydney water reduction strategy
Background
Historical water demand patterns revealed that water shortages would occur in the future, as a result the
State of New South Wales instructed that Sydney had to reduce raw water usage by 25%.

Tools

Lessons

• Leak reduction program

• Complex strategy execution only possible
by collaboration of multiple government
agencies: water utility, state planning
authorities, municipal government,
national standard authorities,
community, among others

• Water efficiency programs: Partnerships with industry for
water efficiency maximisation, community campaigns on
water efficiency, promotion of low water use appliances
• Regulatory measures
• Recycled water
• Implementation, monitoring and review: during the
implementation process, programs were reviewed
annually and priorities re-evaluated to direct investment.

Results
• Total water consumption reduced by 25% despite increase
in population (see Figure)
• The largest savings came from programs that optimised
operation – such as the leak reduction program which was
responsible for ¼ of the total water savings.

• Multiple tools adopted: a mix of soft and
hard tools intended to promote short,
medium and long timeframe results
• Long term strategy (15 years) used
long-term planning with programs
implemented in stages. Regular
monitoring, comparison with objectives
and reviewed to increase effectiveness
and direct investment
• Policy development and schemes were
coordinated with wider national/state
policy and initiatives (e.g. Basix, WELS –
water efficiency labelling scheme)
• The water utility developed partnerships
with multiple customers and
stakeholders, such as industry (small and
large), residents, schools and community
buildings to address specific stakeholder
needs.

Further information
Sydney Water ( 2011) Water conservation and recycling
implementation Report 2009-10, Sydney Water Corporation.
http://www.sydneywater.com.au/Publications/Reports/
AnnualReport/2009/docs/compliance/2008-09_WCRIR_Report_
FINAL.pdf, accessed 26 July 2012.
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Sydney Water Corporation
(SydneyWater.com.au)

Stakeholder’s perspectives
On 24 April 2012, a workshop was conducted in
Makassar to discuss climate change scenarios and
its impacts on Makassar’s future water supply, and
to develop adaptation options that may increase
future water security in view of urban development
and climate change projections. The event was
attended by 46 representatives from regional and local
government officials, water utilities from three regional
cities, private operators in charge of the two largest
water treatment plants in the area, academics, and
non‑government organisations.
Workshop participants were given a series of
presentations that explained the current challenges in
provision of water and wastewater services in Makassar,
future climate change projections for MAMMINASATA
and examples of adaptation strategies from Makassar
and from Australia. This was followed by a participatory
workshop, where participants were asked to brainstorm

potential adaptation options that would improve water
and wastewater security in Makassar, as well as identify
barriers and enablers to adaptation. This then culminated
with the selection of the preferred options and the
development of a strategy for their implementation.
Tools identified in the workshop include (also see
Table 4):
• Groundwater recharge using Biopori - a low and
simple technology
• “Sosialisasi” – education and promotion of water issue
among decision-makers, industry and community to
generate long-term change
• Upgrade of water treatment plant storage and reuse
via recovery tanks to increase supply capacity by
seven percent
• Alternative water supplies, e.g. use of treated
greywater in the long-term time frame.
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Some of these proposed adaptation tools were new
while others were already in a planning or in the
implementation pathway as described below.
Biopori is an ingenious technology which requires
simple tools for construction of an absorption well.
The purpose of this tool is to add recharge to the
groundwater. Its long-term performance requires
maintenance by householder and property owners.
A legislative framework for implementation of Biopori
has been developed with some funding being managed
by the State Ministry of Environment – The Ecoregion
Management Centre for Sulawesi, Maluku and Papua
(PPE). The system is also being trialled in other parts
on Indonesia. However, the performance of the system
for the soil conditions in Makassar and its long term
infiltration capacity, in view of maintenance and
operation practices by the public, will still need to be
verified and thus monitored trials are recommended.
Likewise investment will be required to educate
and incentivise residents to maintain the Biopori in
the long‑term.

The “sosialisasi” (or community campaigns to raise
awareness) program aims at a change of mindset. Since
change in mindset can influence how people think about
their impact and dependency on the environment,
such a program can subsequently trigger a ripple effect
that leads to significant changes in many aspects in
a long-term time frame. For instance, it will help in
promoting water use efficiency and in discouragement
of solid waste disposal as this can impact amenity of
water ways, contaminate surface and wells, etc. For its
implementation, there is need for definition of clear
objectives, target audiences and the message of such
program and the need to investigate the potential
implementation strategy and measures of success.
Target audiences for the program may start with key
decision-makers and then filter through to the public.
The feasibility of recovery tanks is currently under
evaluation by PT Traya Tirta, the company operating
Pannaikang and Somba Opu water treatment plant.
The company estimates that recovery tanks will allow
it to achieve an additional seven percent increase in
current production at each of the plants (Tjandraatmadja
et al. 2012d). Implementation of this technological
solution and its operation would be under the hands of
PT Titra, which is a specialised service operator.
As mentioned previously, multiple options and multiple
tools may be required to ensure future sustainability:
hence the scope should not be limited to a single tool
alone. The timing and sequence of tool implementation
is likely to be determined by multiple factors, such as
the barriers and enablers identified in the workshop.
It is noteworthy that the identification of these
potential options is a first and essential step, as this
allow for the initiation of the gap-analysis. The process
should continue with a more comprehensive scientific
assessment to better understand the gaps and to study
the viability of the options.
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Table 4 Examples of water supply adaptation options developed in a stakeholder workshop (Tjandraatmadja et al. 2012d)

Category

Tool

Details

Purpose

Enabler

Managing existing
sources

Absorption well
(Biopori) at each
house

Installation of small
absorption wells (10cm
diameter) filled with
organic matter across
every lot in Makassar

Recharge of
groundwater and flood
management

• Low cost technology
• Legislation and
funding for
implementation
available
• Motivation: People
are aware of water
shortage in dry
season

Soft tools

Adult awareness
program (‘sosialisasi’)

Dissemination of the
water/environment
related facts to
decision-makers,
industry and
community

Change of mindset
and attitude towards
nature as precious and
needs to be ‘looked
after’

• Needs detailed and
long-term plan,
with defined and
measurable goals
• Facilitator at DESA
level
• Needs real
examples or
demonstrations
• Target audience:
community and
private sector

New sources

Recovery tank at each
IPA (water treatment
plant)

Construction of tank
for treatment and
storage of process
water from IPA
(currently discarded)

Additional water
supply (+7% IPA
capacity)

• IPA operators
are conducting
feasibility analysis

New sources

Greywater collection
and treatment

Collection and
treatment of bulk
greywater discharge

Pollution reduction
and possible new
water resource

• Needs greater
understanding
of greywater
characteristics and
volumes.

Operation and
Maintenance

Canal dredging

Removal of sediment
and solids from canals

Reinstate drainage
capacity

• Heavy machinery
• Education to change
littering behaviour
and reduce amount
of waste disposal
into canal
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Theme 4: Stakeholder engagement,
partnership and capacity building
Engagement and partnering with stakeholders were key elements to this Project.
Theme 4 developed and maintained an effective two-way participation and engagement
throughout the life of the project. The Theme, along with Theme 1, also investigated the
stakeholder network and perceptions of climate change in order to better understand
the commonalities in views and potential conflict between varying interest.

Stakeholder engagement strategy
and implementation
The SUD project required an effective and strong
involvement of the stakeholders. To facilitate such a task,
the scientists developed a “Stakeholder Engagement
Plan” (Larson et al. 2012a) at the start of the project.
The plan was designed as a “living document” that has
been continuously updated with records of engagement
progress and outputs. The plan also describes five
approaches for conducting monitoring and evaluation of
the engagement.
Identification of key stakeholder groups was conducted
at the start of the project through a number of methods
including stakeholder workshops, review of government
documents and interviews with representatives of some
government organisations (Alexander et al. 2012; Larson
et al. 2012a). Direct stakeholders, most pertinent to
the issue of water management under climate change
pressure - such as the water utility (PDAM) and the
watershed area management office (BPDAS), were
engaged throughout the project on the regular basis;
while indirect stakeholders such as the Makassar Health
Agency (DINKES) were engaged only in major activities
such as workshops and the Symposium.
Information about the social networks among the
key stakeholders, which may determine the system’s
potential capacity to adapt, was obtained through a
social network analysis (Larson et al. 2012b). The results
suggest that the informal social network is much more
extensive than is formally required, creating a potentially
more robust and adaptive water management system
than one required by formal institutional arrangements.
Of particular importance in the informal networks were
the roles of UNHAS and the national and international
non-governmental organisations (NGOs), and aid
agencies. The research also found that overall there is a
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good awareness of issues related to climate change and
Makassar water system and there is a strong consensus
about this issue among the stakeholders (Box 4)
(Stone‑Jovicich et al. 2012). The combination between
such a good awareness of issues and good collaboration
between water-related stakeholders indicated a
very robust governance system with a solid potential
for adaptations.
The engagement process was built around the four foci:
to engage with all stakeholders in an exemplary manner;
to build awareness of stakeholders on potential climate
change impacts; to build capacity of key stakeholders
using principles of integrated urban water management
approach; and to build awareness and capacity of direct
stakeholders by better understanding the local water
service provision and potential adaptation options.
Engagement activities, conducted with a wide range of
partners and stakeholders, provided an opportunity for
more than 250 people to be engaged with the project.
Major activities included six workshops, one symposium
and six mini symposia, one seminar, and the regular
distribution of the project newsletter via the project
stakeholders’ mailing list.

Figure 16 Participants of October 2010 workshop identifying
and prioritising issues to be addressed for water and
wastewater services in Makassar, for now and in the future.

Evaluation of stakeholder
engagement, the project and
the learnings
The main purpose of the evaluation was to measure
whether the project implemented its stakeholder
engagement plan and to record social learning that
took place throughout the project. Overall, engagement
of direct and indirect stakeholders was perceived
as excellent, with all activities planned successfully
completed (Larson et al. 2012a). All stakeholders
indicated that the information produced by the project is
useful, important, and new to them. The project was also
perceived as extremely relevant to stakeholders work/
functions. In particular, the stakeholders recognised
and appreciated the fact that the project “listened to”
and “addressed” their needs and concerns. Further,
in response to stakeholders’ identified needs and
suggestions, the main focus of the project shifted from
accent on city water system and its improvements using
the IUWM principles towards the accent on impacts
of climate change on the City’s water system and the
identification of potential adaptation options.
The SUD project is fundamentally about learning how
to enhance Makassar’s adaptation to climate change
impacts through sustainable urban development. It
is a platform that brings together diverse groups of
people (government representatives, scientists, etc.)
each of whom holds or has access to different bodies of
knowledge, beliefs, and experiences. Different activities
in the project (e.g. initial engagement, meetings,
workshops, interviews, etc.) provided opportunities
for participants to exchange and share knowledge,
beliefs, and experiences about Makassar’s urban water
system’s vulnerability to climate change (and other)
impacts and to collectively design strategies to address
and reduce this vulnerability. An example of learning
that occurred among the stakeholders group was
that by the end of the project there was a common
understanding of the problem which did not exist at
the start of the project. During the life of the project
there was also a significant shift in defining the problem
and in the process of searching for solutions – i.e. from
an original scientific conceptualisation to an inclusive
stakeholder‑driven conceptualisation.

Capacity building
The project implementation was undertaken in such
a way as to provide ample opportunities for informal
capacity building processes. Additionally, two formal
training workshops were conducted in Melbourne,
Australia. The first was a training course on “Modelling
climate change” held during 1-13 November 2010.
Fourteen participants attended the workshop to learn
how to run CCAM, how to use data manipulation routines
and display packages, and how to use output of the
simulations for some common analyses.
The second training workshop, “Sustainable Water
Services: Adaptation of Urban Water Management,
lessons from Cities in Australia”, was conducted during
3-13 July 2012. Seven participants from Makassar
(academics, managers from local government and
environmental ministry) participated to learn the use
of “REALM” for modelling water demand and supply
balance over a region. They also had an opportunity
to learn from the Australian experience in planning
and implementation of the integrated urban water
management towards sustainable urban adaptation
via study tours and interactions with the Australian
scientists, government agencies, and practitioners.

Figure 17 Participants at the “Sustainable Water Services”
training workshop discussing sustainability assessment criteria
for the adaptation options identified for Makassar.
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Box 4 Understanding Stakeholders’ views, values and beliefs

Theme 4 conducted a study to understand the
stakeholders’ perceptions of climate change,
consensus of views on climate change, and
perceptions of challenges of climate change for
Makassar water system.
The research applied the Consensus Analysis (CA)
– a technique used in association with the cultural
consensus model in anthropology. The CA can be
conducted through one or more phases of data
collection and analysis (see table).
Phase Event
1
October 2010, a three-day
workshop, followed by
one-on-one interviews
with government agency
representatives who
were unable to attend
the workshop
2
January 2011, a two-day
workshop
3
November 2012, a
one‑day Symposium

Participants
34 (workshop)

Most of respondents mentioned “shortage of
water” (see Figure). Over time, i.e. in November
2011, opinions changed and some different impacts
(such as “higher costs”) have emerged while others
(such “flooding” were perceived less likely than
initially thought.
2.90
2.85
2.80
2.75
2.70
2.65
2.60
2.55

25
37

Results regarding perception of
climate change
• The majority of concerns were related to biophysical terms (such as “erosion”, “drought”,
and “landslides”), followed by social dimensions
(such as “disease”, “famine”, and “impacts on
people and communities”), economic issues
(e.g. “negative economic impacts”), and other
abstract concepts (such as “uncertainty” and
“vulnerability”)
• The five most frequently mentioned were
“flooding”, “unpredictable weather/climate/
rainfall”, “hotter”, “drought” and “sea level rise”.
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Results regarding perception
of climate change impacts on
the urban water system of
Makassar city

Rank

Background

Perceptions of climate change impacts on the urban
water system of Makassar City

Regarding commonalities of view,
overall:
• Good awareness of issues related to climate
change and Makassar water system
• There is strong consensus about types of climate
change impacts and about the likelihood of these
impacts to occur in Makassar.

Further information
Stone-Jovicich et al. 2012

Reflections and future recommendations
The SUD project has developed a detailed understanding
of climate change and potential impacts on raw
water supply in MAMMINASATA region and on the
sustainability of water supply for the Makassar City for
the next few decades. The overall results suggest that (i)
the current challenges related to the raw water supply
availability and quality will persist in the future, and (ii)
Makassar will have insecurity in water supply in the next
few decades, unless other alternatives than upgrading
water treatment plants alone are considered.
Subsequently, the project identified some options that
may be helpful to address this issue via technological
solutions for new sources, management of existing
sources, operation and maintenance of existing
infrastructure, and programs to promote mindset
change. However, due to its scope, the project has not
undertaken a comprehensive scientific assessment to
understand the gaps and the viability of the options.
Our recommendations are to:
1. Undertake further study on the viability of the
options suggested (including those that have
been implemented)
Such a study should include scientific analysis that
would allow for objective comparison of various
proposed options, for example, through the use of
a multi-criteria approach that considers the status
of the knowledge, or economic, environmental and
social costs and benefits analysis.
2. Extend the future water security assessment to the
greater MAMMINASATA region
The project has developed framework and assessed
future water supply and demand for Makassar
City. Considering the common dependency of the
various municipalities in MAMMINASATA on the river
supply systems, an extension of the study to the
MAMMINASATA region would facilitate greater water
security for the City and broader region. It would
also allow for an integrated water resources analysis
that would address some of the knowledge gaps
across catchments and administrative (municipality)
boundaries. Because of the participatory nature
and capacity building activities of the project, it is
anticipated that these future research needs can also
be provided by in-country partner organizations to
some extent.

3. Undertook climate change impacts assessment on
other sectors
The project focussed on urban water sector. There is
still a need to explore impacts on other sectors due
to the inter-relationship between various sectors
(such as water, food, and energy). Outputs from the
regional climate simulations provided by this project
are available to support such studies.
4. Collect, storage and share data strategically
The project has found that there is currently limited
data on the status of the environment, particularly
on the groundwater resources and extractions.
These data are required to enable continuous
monitoring and assessment of water supply (surface
and groundwater) sustainability. Therefore, there
is a need to strategically identify knowledge and/or
necessary data for such a purpose, then undertake
continuous data collection. Ensuring that required
environmental data is strategically collected, stored
and shared across urban decision makers would
support sustainable decision making based on
the best available data. The sharing process could
be done by having a central repository at the city
offices or university and data sharing agreements
between users.
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5. Analyse wastewater and stormwater generation
and impacts
Due to its scope, the project has undertaken impact
assessment only on Makassar’s water supply.
Experiences indicates that successful adaptation
needs to consider the various components (water
supply, stormwater and wastewater) in the
urban water cycle, thus analysis of wastewater
and stormwater generation and impacts are
highly recommended.
6. Undertake “Sosialisasi” (community campaigns)
to raise awareness of sustainability and climate
adaptation across the wider community
The literature review undertook in this project
suggests integrated water management solutions
using combination of community awareness
and participation, and technology will provide
sustainable solutions rather than reliance on
technological solutions alone.
7.
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Disseminate the project results to a wider
community including industry, environmental
groups, power generators, developers, etc. The
purpose of such awareness-raising is to support or
foreshadow efforts aimed at behavioural change by
the community.

8. Ensure project findings are incorporated into future
planning efforts.
Water resources are vulnerable to climate variability
and climate change. Water managers commonly use
long historical climate and water data to characterise
hydroclimatic variability and to guide their water
resources planning. Considering an increasing body
of research that supports a picture of a warming
world with potential changes in regional climate
in decades to come (IPCC 2007) and considering
results from this project, it is advisable to start
taking into account future climate risks in any water
management strategy and planning. In this context,
the MAMMINASATA Masterplan custodian (i.e. Dinas
TARKIM) suggested that “climate change information
from this project needs to be considered in every
Masterplan” (Larson et al. 2012b). Indeed, adapting
to the impacts of climate change is a new challenge
for many cities in the world, including Makassar.
It will take time to build the skills and knowledge
needed to manage climate change impacts, and to
mainstream this knowledge into planning processes.
Projects like this one provide a good starting point,
ideally, creating co-benefits and synergies with other
projects and policy development areas.

Reports and publications from the
SUD Projects
The following reports and publications were produced from the project and cited in the
text. A number of scientific journal papers will also be produced as the project concludes.
Achmad A, Barkey RA, Iman MN, Rezkyani R. 2012.
Studi dampak perubahan iklim pada erosi tanah
di DAS Maros, Tallo dan Jeneberang di wilayah
MAMMINASATA. Pusat Penanggulangan Dampak
Perubahan Iklim Wilayah Indonesia Timur, Universitas
Hasanuddin. Sebuah Laporan sebagai bagian penelitian
“Climate Adaptation Through Sustainable Urban
Development – Case Study of Urban Water System
in Makassar Indonesia”, Kerjasama antara UNHAS,
Indonesia dan CSIRO, Australia
Alexander KS, Moglia M, Tjandraatmadja G, Nguyen
M, Larson S, Trung NH, Barkey RA. 2011. Evaluation of
Water Needs Index Case Studies. In Chan, F., Marinova,
D. and Anderssen, R.S. (eds) MODSIM2011, 19th
International Congress on Modelling and Simulation.
Modelling and Simulation Society of Australia and New
Zealand, December 2011, pp. 2866-2877. ISBN: 978-09872143-1-7. http://www.mssanz.org.au/modsim2011/
G3/alexander.pdf
Alexander KS, Tjandraatmadja G, Neumann LE, Kirono
D, Larson S, Djalante R, Barkey RA, Achmad A, Yudono
A, Darwaman S, Kaimuddin K, Selintung M, Primiantoro
T. 2012. Climate adaptation through sustainable urban
development in Makassar, Indonesia. Water Needs
Index. A report submitted to the CSIRO-AusAID Research
for Development Alliance, Australia.
Barkey RA, Achmad A, Kaimuddin, Selintung M, Yudono
A, Darmawan S. 2011. Review on water service provision
in Makassar City, Indonesia. Research Centre for Climate
Change Impacts in Eastern Indonesia, Hasanuddin
University, Makassar, Indonesia. A report submitted to
CSIRO, Australia.
Inman M, Meharg S, Kirono DGC, Nguyen M, Trung NH,
Barkey RA. 2012. Building Capacity for Integrated Urban
Water Management – case studies from Indonesia and
Vietnam. Planet Under Pressure Conference, London,
March 2012.

Inman M, Meharg S, Kirono DGC, Nguyen M, Trung NH,
Barkey RA. 2012. Adapting Under pressure. Progress and
Parallels from two rapidly developing Cities in South
East Asia. Planet Under Pressure Conference, London,
March 2012.
Kirono DGC, McGregor J, Nguyen K, Katzfey J, Kent D.
2010. Regional climate change simulation and training
workshop on climate change over eastern Indonesia
and Vietnam. A Report to the CSIRO-AusAID Research for
development Alliance, Australia.
Kirono DGC and Project Team. 2012. Climate Adaptation
through Sustainable Urban Development: Water System
in Makassar, Indonesia. International Workshop on
“Urban Sustainability: Adapting to change”, Can Tho,
Vietnam, 13-15 March 2012.
Kirono DGC, Kent D, Nguyen K, Djatmiko H, Kaimuddin
M. 2012. Projected rainfall characteristics for South
Sulawesi, Indonesia. In Prep.
KLH. 2012. CSIRO-AusAID Climate Adaptation Through
Sustainable Urban Development (SUD) Project. Riset
Kolaboratif Manajemen dan Infrastruktur Sumber
Daya Air untuk Adaptasi Perubahan Iklim. Dalam
Sinergi Hijau. Media Komunikasi Lingkungan Sulawesi
Maluku Papua. Pusat Pengelolaan Ekoregion Sulawesi
Maluku Papua. Kementrian Lingkungan Hidup. Juni 2011,
halaman 8-10.
Larson S, Alexander K, Djalante R, Tjandraatmadja
G, Barkey R and Kirono D. 2010. Climate Adaptation
Through Sustainable Urban Development in Makassar,
Indonesia: October 2010 Stakeholder Workshop Report.
Unpublished report as part of the Project on Climate
Adaptation through Sustainable Urban Development in
Makassar, Indonesia.
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social networks in an adaptive capacity assessment:
Explorations in the context of urban water management
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Water Resources Management.
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of modelling methodology on the estimation of
climate change impacts on streamflows in the Maros
catchment, Indonesia. In prep.
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for Makassar city. A Report. CSIRO AusAID Alliance
and Climate Adaptation Flagship, Melbourne, Australia.
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A. 2012c. Tools for urban water management and
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