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Highlights
On the 24th April 2012, a workshop was conducted in Makassar to explore how climate change scenarios
might impact Makassar’s water supply in the future, and to identify adaptation options that might improve
water security for the city under a future climate.
The workshop was attended by 46 participants and included government officials from the province of
South Sulawesi (including EPA, Dept. of Natural Resources, Catchment Management ), water utilities from
three regional cities, private operators (in charge of the two largest water treatment plants in the area),
Local government officials , academics and postgraduate students from the two largest universities in South
Sulawesi and non-government organisations.
The workshop started with the presentation of recently developed research outputs:
1. Climate change projections for Mamminasata;
2.

Impact of climate change on hydrology of key rivers in Mamminasata;

3.

Map of Erosion risk for Mamminasata region based on climate projections;

4.

Analysis of future water availability for Makassar in view of climate change, urban growth and
infrastructure investment.

This was followed by presentations on the status of the water and wastewater system and examples of
initiatives adopted in Makassar and in Australia for urban adaptation by PDAM Makassar, UNHAS, Local
government (DPU) and CSIRO.
Following the presentations, workshop participants were invited to consider the information provided, to
brainstorm and propose adaptation options for Makassar. They were also asked to consider barriers and
enablers for implementation of each option and to identify, in consensus, their preferred options on the
basis on their perception of sustainability and appropriateness for Makassar in the long term.
(A) Adaptation options
Participants proposed adaptation options in four key areas: (1) New water sources, (2) Protecting existing
water sources, (3) Operation and maintenance, and (4) Soft tools. These were:
(1) New sources
a. Absorption well (Biopori™ ) at each house
b. Recovery tank at each water treatment plant (IPA)
c. Grey water collection and treatment using technology
d. Grey water collection and wetland treatment
e. Manmade water retention pools
f. New large dam (Pamukkulu Dam)
(2) Protecting existing sources
g. Reforestation of the catchment areas
(3) Operation and maintenance
h. Channel (kanal) dredging
i. River normalisation (river dredging) for rivers providing raw water supply

(4) Soft tools
j. Water/environment-related curriculum for schools (Prep, primary school, secondary
school)
k. Popularisation of the water shortage issue (through media, etc)
l. Adult awareness program (‘sosialisation’): dissemination of the water/environment related
facts; attitude towards nature as precious and in need to be ‘looked after’
m. Demonstration (pilot project) of the use of treated wastewater
(B) Barriers
Potential barriers to implementation of those options in Makassar city were identified as:
a.
b.
c.
d.
e.
f.

Coordination and regulation
Limited budget
Biophysical condition
Infrastructure and technology limitations
Human resources
Mindset

(C) Preferred options
Recovery tanks/IPA, Biopori™ and Adult awareness programs (“Socialization”) were identified as the top
three preferred adaptation options for Makassar. These three options are distinct in scope of application,
impact and also on their dependency on social factors. Greywater treatment and reuse was also highly
ranked among the preferences.
The path to implementation and the effectiveness of such measures will require further detailed
investigation, however workshop participants have proposed initial ideas for the implementation of each
option.
Recovery tanks
The feasibility of the recovery tanks is currently being evaluated by PT Traya Tirta, the company operating
Pannaikang water treatment plants. PT Traya Tirta estimates that the tanks will allow it to achieve an
additional 7% increase in current production at each of the plants by recycling of backwash water used
during treatment. Implementation of the tanks (technological solution) and their operation would be
under the hands of PT Tirta, which is a specialised service operator.
Whilst the volume of water generated is increased by 7%, the actual volume of water that will be delivered
to consumers will be lowered by losses in distribution, if these are not addressed.
Biopori™
Biopori™ is a groundwater recharge technology which requires simple tools for construction. It is designed
to aid water infiltration and treatment using organic matter in man-made small diameter pits and hence
could aid in increasing water recharge into soil and reduce water ponding or flooding. Its long-term
performance requires simple maintenance by householder and property owners. A legislative framework
for implementation of Biopori™ has been developed with funding being managed by the Pusat PPE
Kementerian Lingkungan Hidup (PPE). The system is currently being trialled in other parts on Indonesia (e.g.
Bogor). 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 need to be verified and thus
monitored trials are recommended. Likewise investment will be required to educate and incentivise
residents to maintain the Biopori™ systems in the long-term.

Socialisation
The socialisation program aims to change of mindset of the community and as such can be a catalyst that
leads to significant change in multiple areas and has long-lasting impact. For its implementation, there is
need to define clear objectives, the target audiences and the message of such program. The program will
also need to develop a clear implementation strategy and measures of success. Recommended target
audiences for socialisation are key decision-makers at first, followed by specific segments of the public
(industry, community). Each group will require a specific tailored program for message dissemination. This
project is currently developing scientific based material that can be used for dissemination among key
stakeholders and government institutions, however for long-term effectiveness further dissemination of
the information to society will be needed.
Biopori™ and Recovery tanks are options which are currently being considered by authorities in Makassar
and which have potential for implementation in a near future (within 5 years). Plans for socialization have
not yet been developed, however workshop stakeholders recognise that there is urgency and need for such
program if effective adaptation will be achieved in the future.
Recommendations
In addressing future sustainability, Makassar has a wide range of challenges that need to be addressed
(water access and security, sanitation, environmental preservation and social well being). Therefore it is
unlikely that a single tool alone can solve all problems, instead a number of tools, including the three tools
proposed could be employed. The tools identified could potentially be applicable in other cities in
Indonesia besides Makassar, and how Makassar implements them is likely to be of interest to other
municipalities.
The timing and sequence of their implementation will be determined by multiple factors, such as the
barriers identified in the workshop. To objectively compare the options suggested a more detailed analysis
of the status of knowledge, costs and benefits (economic, environmental, social) for each of the various
options proposed will be required.
The process adopted in this workshop, in which stakeholders were exposed to the challenges and
projections of climate change impact and to adaptation examples served to set a common context for
stakeholders to initiate their brainstorm. The development of options by participants allows the initial
identification of gaps in knowledge, barriers and opportunities to implementation. Thus this creates an
opportunity to initiate a process to address these gaps with scientific facts.
It is recommended that a detailed examination of the priority options to elucidate knowledge gaps
(technical feasibility), barriers identified, costs and benefits associated with each option be conducted.
This could be undertaken as a research project by the University for instance. This will then allow better
understanding of the feasibility and effectiveness of each option.
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Introduction

Climate Adaptation through Sustainable Urban Development in Makassar, Indonesia, a project jointly
funded by CSIRO Alliance and the Climate Adaptation Flagship, covers the geographical area of the City of
Makassar and the three relevant catchments (Maros, Tallo and Jeneberang) essential to the city (Figure 1).
The project area is located in a low-laying floodplain and is thus deemed as potentially vulnerable to
climate change.

Figure 1: Geographic areas of interest to the Climate Adaptation through Sustainable Urban Development in
Makassar, Indonesia project (Source: Barkey et al 2011)

The three main objectives of this project are:
1. To assess the risks of climate change to affect the sustainability of fresh water supplies.
2. To establish future scenarios and planning and design alternatives for management of an
integrated urban water system for the city that is adapted to climate and population change.
3. To build capacity among the country partner organisations to assess risks of climate change and
develop climate adaptation strategies for sustaining and enhancing the urban water system.
Projects objectives two and three employ a multi-stakeholder approach that allows for participation and
engagement. A number of collaborative project activities and workshops have been organised throughout
the project lifetime, including a one week visit to Makassar between April 20 and 26th, 2012. This visit
comprised the following activities:
Date

Activity

20-22 April

Pre-workshop preparation in collaboration with UNHAS
1

Date

Activity

Monday 23st April

Scientific Symposium

Tuesday 24nd April

Workshop on Climate change adaptation options

Wednesday 25th April

Meetings with UNHAS

Wednesday 25th April

Meetings with EPA

th

Thursday 26 April

Meetings with Heads of departments of UNHAS faculties potentially relevant
for future collaborations

The purpose of this document is to report on activities conducted by the CSIRO team during this visit to
Makassar and is presented in the next section. The report structure is:
•
•
•
•
•
•

Section 1 – Introduction
Section 2 – Overview of activities and methodology
Section 3 – Climate adaption options for Makassar
Section 4 – Conclusions
Section 5 –References
Appendices

In particular, the report concentrates on the findings of the Climate change adaptation options workshop
held on April 24th, which are reported separately in Section 3.
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2

Overview of Activities

2.1

Pre-workshop preparation in collaboration with UNHAS

Preparatory meetings with UNHAS lecturers and workshop organizers were held between 20 and 22 of
April. The main objectives of the meetings were to review the progress of preparations for the two
upcoming workshops; to review the materials for the presentations; and to have an opportunity for
preparatory discussions with presenters. In addition, Prof. Salman (UNHAS), who was going to facilitate the
’climate change adaptation options’ workshop, was trained for this task by Dr. Silva Larson.

2.2

Scientific Symposium

The scientific symposium aimed to disseminate the climate simulation findings from the project, introduce
the REALM tool, to obtain feedback and to evaluate the interest of researchers in Makassar on the
adoption of the tool, i.e. if they had interest in using REALM to contribute to their current or future
research.
It concentrated on the presentation of up-to-date research results and the tool used for analysis of the
urban water system (Resource Allocation Model - REALM) to the academics from two leading universities
in Makassar, UNHAS and Muslim University. The symposium agenda and the full list of attendees are
presented in Appendix A.
What is REALM?
Resource Allocation model (REALM) is a Windows based computer program that can simulate the
allocation of rural and urban water supply systems (DSE 2012). The software allows analysis of water
supply and demand scenarios in view of in infrastructure, allocation, demand, operating rules, climate,
new water sources and combinations thereof. The program is adopted for water resource planning by
a number of water utilities, natural resource management authorities and as a teaching tool in
universities in Australia. One of the main advantages for using REALM is that it is freeware.
The program uses a linear program algorithm to optimise the distribution of water in a network
according to user selected time steps. The program also has the capability to model a limited set of
water quality parameters, e.g. conductivity and turbidity.
The program allows the representation of rivers and pipes, the specification of operating rules for
water supply (e.g. operation of dams, water restrictions, prioritisation of supply, etc). Inputs and
outputs to the stream are introduced as ascii files. Inputs and output files can be generated from other
models or desktop analysis. Examples of the inputs include river stream flows developed using
hydrological models. Outputs can be analysed using processing facilities in REALM or exported and
analysed with statistical software packages.
In this project, the tool has been used to model the urban water allocation for Makassar city from 2020
to 2039 based on population projections, alternative climate scenarios and infrastructure development
as proposed in Makassar’s water supply masterplan. This is detailed in Tjandraatmadja et al (2012).
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The workshop participants discussed science gaps and research opportunities based on the current
research being conducted at their universities. REALM was seen as useful for understanding the impact of
bulk water sharing across the four regencies in Mamminasata as they rely on common catchments. Whilst
there was some interest in REALM, there was recognition that there is also great interest in the
development of a research program for monitoring groundwater. A PhD candidate from UNHAS is
currently working on development of groundwater monitoring research.
Lack of knowledge on groundwater use and recharge is one of the key science gaps in Makassar
(Tjandraatmadja et al 2012). If the data became available it would greatly assist planners to understand the
water resource context in Makassar. In addition groundwater could also be incorporated into the REALM
modelling.

2.3

Adaptation workshop

The purpose of the adaptation workshop was:
• To expose stakeholders to the status and range of challenges that Makassar faces in the water and
wastewater context with and without climate change (via presentations from PDAM and UNHAS based
on recent JICA and CSIRO collaborations),
• To expose stakeholders to some of the adaptation strategies being trialled in Makassar by PDAM and
DPU for improving water and wastewater services, and around the world, via examples of how Australia
is dealing with their urban water services and climate change challenges;
• To use the stakeholders’ know-how to collectively brainstorm potential adaptation options that may
benefit Makassar, based on their existing knowledge and on the knowledge they were exposed to.

2.3.1

Methodology

The methodology and outcomes of the workshop are briefly summarised here. A more detailed description
is provided in section 3. Workshop participants were exposed to the a series of talks 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 operating in plenary and as four groups of at least 10
people each, 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
culminated with the selection of the preferred options by the groups and the development of a strategy for
their implementation. The methodology for analysis of preferences between the groups is described in
appendix F.
Workshop participants selected as preferred adaptation options for Makassar in no particular order: (i)
Campaigns to increase environmental and climate change awareness (socialisation), (ii) Biopori™ (a
groundwater recharge technology developed in Indonesia and currently adopted in Central Java), (ii)
Construction of storage and recycling of process water at the treatment plants (potential for 10% additional
water recovery) and (iv) Greywater recovery. A detailed description of the process, outcomes and further
discussion of science gaps for implementation are outlined in section 3.

2.4

Meetings with UNHAS

A debriefing meeting was held following the Scientific Symposium and the Climate adaptation options
workshop, and was attended by all CSIRO and UNHAS contributors, including UNHAS students.
In addition to debriefing, the agenda of the meeting also included an update on overall project status,
progress towards the contractual milestones, and a planning session for the future milestones.
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2.5

Meetings with PPE

Separate meetings were held with the Head of PPE Sumapapua (PPE ) (equivalent to the Environmental
Protection Agency) and with the PPE Communications unit to discuss collaboration opportunities between
the project team and the EPA. In summary:
• The PPE asked for permission to reproduce results from the CSIRO project in the “State of Environment
Report for Mamminasata Region”, which is under compilation.
• PPE and City of Makassar agreed to co-author jointly with CSIRO a publication: Guide on climate
adaptation tools- a collaborative review of adaptation tools among project partners as part of the
project.

2.6

Meetings with Heads of Departments of UNHAS faculties
potentially relevant for future collaborations

Heads of Departments and academics from three UNHAS faculties, Civil Engineering, Agronomy and
Agriculture, and Chemistry, were visited by the CSIRO team. The purpose of these visits was to introduce
the current project and the planned activities to the staff of these faculties as well as to further CSIRO’s
understanding of staff research interests and research capabilities.
The Faculty of Agronomy expressed interest in using the climate change projections developed by this
project for verification of flood risk in the current irrigation canals, in view of the future climate change.
This work could also lead towards examination of the need for alternative irrigation canal design standards
in the future. In addition, members of the staff and post-graduate students are currently modelling
groundwater recharge and extraction for rural and coastal areas in Jeneponto, and the methodology and
findings of this project could be very beneficial in that respect as well.
The Faculty of Science research strengths lie in the area of water quality testing. The faculty is currently
working on the identification of heavy metals and the development of treatment methods for their
immobilization; and is also conducting research on poly aromatic hydrocarbons (PAHs) and their removal
and immobilization. The Faculty staff also undertakes consultancy for various organizations and regularly
monitors the water quality at the mouth of the rivers and in the proximity of the Port. The Faculty is also
responsible for the analysis of point-source pollution and trade waste analysis upon request. Nonetheless
to this date there has not been a comprehensive analysis of the trade waste status of Makassar, which our
project has conducted and could contribute (Tjandraatmadja et al 2012).
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3

Climate change adaptation options for
Makassar workshop

3.1

Overview of the workshop

This one-day workshop was attended by 46 delegates from all stakeholder organisations relevant to the
management of the Makassar urban water system, including but not limited to the representatives of
(please refer to Appendix B for a full list of participants and their affiliations) :
• Water utilities from the provinces of Makassar, Gowa and Takalar, including the manager for Strategic
development;
• Several provincial-level agencies, such as South Sulawesi EPA, including the attendance of the Head of
the EPA; and the Department of Natural Resources;
• A number of local government representatives, including those from the departments of infrastructure,
construction, environment and planning;
• Private operators (in charge of operation of the two largest water treatment plants in Makassar);
• Two major universities of Makassar (UNHAS and Muslim University of Makassar), including the
departments of Forestry, Agronomy/Agricultural, Engineering and Civil Engineering.
The workshop was opened by Mr. Darhamsyah, Head of the PPE for South Sulawesi, Moluccas and Papua. A
number of presentations aiming at bringing participants up to speed with the latest project findings were
presented by both UNHAS and CSIRO researchers.
Trends in climate change adaptation in urban areas and a number of case studies on climate change
adaptation in cities were then presented by both UNHAS and CSIRO researchers as well as representatives
from the PDAM - Makassar City Water Utility Company, and Dinas PU - Makassar City Public Works Unit
(please refer to the Appendix B for the agenda of the day). Key messages conveyed by presenters included:
• Climate change projections and potential impacts on water resources (Dr.R.A.Barkey): “The simulations
indicate a drier climate in the future, especially in the western part of the region, and potential future
reductions of 6 to 22 percent in mean streamflow relative to the present”.
• Water infrastructure and the role of catchment management (Prof.M.Selitung): “We cannot always rely
or focus on infrastructure all the time because they are costly. We need to start thinking about the
integration among water supply, wastewater and storm water” (Prof.M. Selitung).
• Principles and strategies for adaptation (G.Tjandraatmadja): “Adaptation strategies around the world
require a mix of soft and hard tools. Soft tools are required to change people’s mindset – if you cannot
change people’s mindset, technology solutions will not be enough. Adaptation is also focused on getting
more out of less – use resources more efficiently, reuse multiple times if possible”.
• Case study 1: Use of Maros river for PDAM’s water treatment plant (P. Suryo, PDAM Makassar)
• Case study 2: Pro-environmental programs in Makassar (I.Muryanto, DPU Makassar)
• Case study 3: Examples of water related adaptation in cities in Australia (G.Tjandraatmadja, CSIRO)
including demand management, environmental awareness campaigns, managed aquifer recharge,
rainwater harvesting, stormwater, greywater and recycled water treatment and reuse.
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Figure 2. Main objectives of the Climate change adaptation options for Makassar workshop

These presentations were employed as a lead-up to the discussions of the day, which concentrated on the
four objectives presented in Figure 2. Outcomes of the workshop for each of the objectives are described in
the following sections.

3.2

Adaptation options suitable for Makassar

During the presentation sessions, participants were introduced to some of the adaptation options
implemented in Indonesia and internationally. Also, many of the participants have heard about examples of
adaptation in their line of work. In this session, participants were asked to (1) reflect on all the examples
and ideas of adaptation they were aware of and (2) discuss options that might be applicable to Makassar.
The participants were further instructed to take the Integrated Urban Water Management approach, i.e. to
think about water supply, wastewater, catchment protection, to think about changes coming due to
climate, population increase, land use change; and also to think about characteristics of the current water
system in Makassar. They were encouraged to discuss the ideas that, in their view, would create a more
integrated and resilient system, that would improve supply security of the system and that would lead
towards greater sustainability of the Makassar water system.
This session was organized as an open plenary discussion in Bahasa Indonesia, with a list of adaptation
options identified by participants recorded on the board visible to the audience (see Appendix B). The
thirteen urban water adaptation options agreed upon by participants as suitable for Makassar are
summarized in Table 1 (original list in Bahasa is presented in Appendix C). These include four categories of
tools: new sources, protection of existing sources, operation and maintenance and soft tools for mindset
change. Each option presented provides its own benefits and challenges on implementation, some of which
are outlined in Table 1.
Table 1. List of adaptation options identified by workshop participants as potentially suitable for

Makassar

Category
New sources

Adaptation option

Benefits

Recovery tank at each IPA (water
treatment plant)

Increases water treatment plant production
capacity by 7%.
7

Category

Adaptation option

Benefits

Grey water collection, then
treatment using technology

Reduces greywater discharge and pollution into
environment and provides new water source,
which is not impacted by seasonality.

Grey water collection, wetland
treatment
Man-made water retention pools

Increase in storage capacity.

New dam (Pamukkulu Dam)

New river water supply storage.

Absorption well (Biopori™ ) at each
house

Improves water infiltration into soil.

Protecting
existing sources

Reforestation of the catchment areas

Reduces soil erosion and sedimentation into
waterways.

Operation and
maintenance

Channel (kanal) dredging

Removes sediment and debris from canals and
rivers , increasing their depth and flow capacity.

Soft tools

Water/environment-related
curriculum for schools (Prep, primary
school, secondary school)

River normalisation (river dredging)
for rivers providing raw water supply

Popularisation of the water shortage
issue (through media, etc)

Creates awareness in population of water issues.

Adult awareness program
(‘socialisation’): dissemination of the
water/environment related facts;
attitude towards nature as precious
and needs to be ‘looked after’

Creates awareness in population of water and
environmental issues and educates on what can
be done.

Demonstration (pilot project) on the
use of treated wastewater

3.3

Educates next generation on environmental
awareness.

Shows in a concrete manner how alternative
water supply can be achieved, i.e., that it is
possible.

Potential barriers to adaptation

This objective was achieved through a mix of individual and group activities. First, participants were asked
to think about potential barriers that might stand in the way of implementing adaptation options in
Makassar; and to use sticky notes available on the tables to write down barriers to adaptation in Makassar
that they could think of. They were instructed to write one idea/ barrier per note, and to write as many
notes as they wanted.
As a second part of this activity, participants were asked to bring their sticky notes to butcher’s sheets on
the side of the room and to attempt to group them into meaningful themes. This activity took some time as
participants mingled and discussed the merit of individual barriers being grouped into the various themes
(Figure 3 and Figure 4)
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Figure 3. Barriers to adaptation: Participants placing their sticky notes

Figure 4. Barriers to adaptation: Participants discussing the groupings of the barriers to adaptation

Finally, a group discussion was held to give participants an opportunity to agree on the final grouping of
barriers and to name each group/theme. The final output of this session, a list of the potential barriers to
the adaptation in Makassar, grouped in themes, is presented in Table 2 (with the original wording in
Bahasa available in Appendix D). The barriers were grouped by participants in six key categories: (1)
Coordination and regulation; (2) Budget or financial constraints; (3) Biophysical condition; (4)Infrastructure
and technology; (5) Human resources; and (6) Mindset.
Table 2. Potential barriers to adaptation options, as identified and grouped in six themes by workshop

participants, numbers in brackets indicate the number of times an issue was selected by participants.
NO.

THEME

BARRIER

9

NO.

THEME

1

Coordination
and regulation

BARRIER

•
•
•
•

•
•
•
•
•
•
•
•
•

Weak law enforcement
Lack of policy makers’ commitment (local leaders)
Politics of the government
Conflict of interests among stakeholders with jurisdiction over the same
resources, for instance the Forestry sector wishes to reserve the forest in the
catchment area while the Agricultural sector requires expansion of agricultural
land
Lack of a good mindset of members in the house of representatives
Program and policy are not integrated
Lack of clarity regarding role and responsibilities of institutions responsible for
implementation
Inconsistent implementation
Limited commitment of regional/city government and private sector
Gap and/or overlap of programs
Regulation: lack of implementation of regulation or program is not covered by any
regulation
Weak surveillance/monitoring from the government on program implementation
Disconnection between program outcomes and community needs

2

Budget

• Insufficient budget for implementation (7)
• Limited budget (4)

3

Biophysical
condition

•
•
•
•

4

Infrastructure
and technology

• Lack of infrastructure (3) and technology (e.g. not enough main drainage)
• Technology limitations (2) (Simple technology used for wastewater treatment,
limited equipment for dredging)
• Water distribution to costumer is not even
• Infrastructure built is substandard
• Increase in untreated wastewater quantity overwhelming existing infrastructure
• Limited data records and infrastructure systems

5

Human
resources

• Human resources cannot support the program (2)
• Human resources are not ready for new programs/innovations
• Low education level

6

Mindset

• Community’s ego – people’s resistance to innovation, people do not support
program implementation, community think conservatively, they do not want to
change (3)
• Mind set/behaviour
• Community’s decision
• Community’s knowledge/education level is low (2), low awareness (2), public lacks
environmental awareness
• Apathy (4)
• Dissemination methodology does not reach the target audience
• Social culture
• People’s culture is to not comply with regulation
• Rotten society
• Individuals will do something just for self-benefit (e.g. to win something)

High building coverage coefficient (high density of constructed environment)
Lack of land availability (e.g. lack of space for wetlands) (2)
Salt water intrusion around the beach settlement areas
Limited ground water availability
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3.4

Development of a matrix of suitable options versus barriers

The adaptation options were assessed against the potential barriers. As the number of adaptation options
identified in the morning session was rather large, participants were divided in two streams. Each stream
had a different set of adaptation options to assess, but the assessment was against the same set of barriers
identified in the previous session.
The format used for this session was a break-out group discussion, consisting of a total of four groups, with
two groups discussing each of the two streams of adaptation options identified (Figure 5). Each group was
presented with a large A0 sheet on which they created a table with, on the top, the options identified; and
at the side, all barriers identified (Figure 6). The participants were instructed to go through each adaptation
option, and assess it for all the barriers that potentially applied to it, by placing a tick next to each barrier
applicable to that option. The output of this activity is presented in Appendix E.

Figure 5: Development of a matrix of suitable options versus barriers identified

The perception of ‘mindset’ as a barrier differed among the groups. For group 1 mindset was a barrier for
all options except Pamukkulu dam. Group 2 believed that in addition to the dam pools for water retention
and channel dredging would not have a mindset barrier.
Groups 3 and 4 believed that greywater treatment and the recovery tank at the water treatment plant
would not have mindset as a barrier either. Group 3 also believed river normalization would be accepted
based on the current mindset.
Budget was a common barrier to most options, with a few exceptions. Only group 2 perceived that budget
would not be a barrier for implementation of Biopori™ , as PPE funding was available, nor for the
development of the water issue (socialization).
Availability of infrastructure and technology were not considered a barrier for socialization and Biopori™
by groups 1 and 2. Neither for the development of the water scarcity issue, water retention pool and
reforestation for group 2. For groups 3 and 4, infrastructure and technology was a barrier for most options,
only curriculum development was not constrained by it.
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Figure 6 . Participants assessed barriers for each adaptation options

Next, each group was asked to rank all the options they had just assessed. When ranking the options, the
participants were not to think just about barriers to implementation, but to also think about what would be
the best and most beneficial options for Makassar, which would lead towards greater sustainability and
greater reliability of Makassar’s water system. When making decisions, participants were asked to also
consider changes that are likely to occur in the future, such as changes in population, pollution and future
development. These changes would be expected to address some of the original challenges explored in the
Water Needs Index workshop conducted in Makassar in January 2011 during the early stages of the project
(Alexander et al 2011) in which participants identified key challenges for Makassar city regarding water
supply needs, groundwater, the environment, infrastructure, pollution and institutional set-up.
The ranking was performed as a group activity in a break-out format, with the same four groups that had
created matrices of options versus barriers. The results of the ranking activity are presented in Table 3.
Ranking of the options from the four groups based on the combined scores gives as the preferred options
in no particular order: recovery tank, Biopori™ , water retention pools, socialisation , and greywater
treatment by wetland.
Table 3. Ranking of the preferred adaptation options for Makassar
GROUP 1

RANK

GROUP 2

Biopori™

1

Socialisation: Adult awareness programs

Water retention pools

2

Biopori™

Channel dredging

3

Water retention pools

Popularisation of the water shortage

4

Catchment reforestation

Adult awareness programs

5

Canal dredging

Catchment reforestation

6

Popularisation of the water shortage issue

Pamukkulu dam

7

Pamukkulu dam

GROUP 3

RANK

GROUP 4

Recovery tanks / IPA

1

Recovery tanks / IPA

Grey water reuse - wetlands

2

Grey water reuse – technology

River dredging

3

Demonstration sites for use of treated
wastewater

4

School curriculum

5

River dredging
Grey water reuse - wetlands
Demonstration sites for use of treated wastewater
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GROUP 3

RANK

Grey water reuse – technology

6

GROUP 4

School curriculum

Analysis of the agreement between options was conducted by examining the variance between the ranking
provided by each set of two groups examining common options, where lower numbers indicate agreement
and larger numbers discrepancy in ranking (Table 4). The methodology for the analysis is described in
Appendix F.
The analysis indicates good agreement in the selection of Biopori™ as a highly preferred option and the
dam construction as the least preferred option for Groups 1 and 2, but very different preferences between
groups on Socialization, which was ranked as the most preferred option by group 2, but one of the least
preferred options by group 1.
For groups 3 and 4 there was complete agreement of the recovery tanks as the most preferred option and
river dredging among their top 3 options. However, there were differences in the preferences for the
adoption of other adaptation options. Interestingly groups 3 and 4 strongly agreed on greywater treatment
and recovery as both ranked it as the second most preferred option, but the groups strongly disagreed on
the method of treatment that should be adopted, with one group preferring technology and the other
natural treatment.
Table 4. Preference agreement between groups conducting ranking of same options
OPTIONS FOR GROUP 1 + 2

AGREEMENT BETWEEN GROUPS
1+2 (AS VARIANCE OF SCORE
DIFFERENCE)

OPTIONS FOR GROUPS 3 + 4

Biopori™

1.7

Recovery tank/IPA

Water retention pools

2.2

Grey Water wetland

3.5

Socialisation (Popularisation
of the water shortage)

4.9

Grey water reuse – technology

5.7

Pengembangan Isu

4.5

River dredging

0

DAM Pamukkulu

0

School curriculum

3.3

Catchment reforestation

4.5

Demonstration sites for use of
treated wastewater

3

Channel dredging

4

2

AGREEMENT BETWEEN GROUPS
3 + 4 (AS VARIANCE OF SCORE
DIFFERENCE)

0

Note: 1 A score of zero indicates complete agreement on rank; a large score indicates disagreement. 2Grey water treatment means as large scale
treatment of grey water, not on-site systems per dwelling.

The initial barriers identified for the top four preferred options by each group (Appendix E) were:
(a) Socialisation: groups 1 and 2 saw budget, human resources and mindset as barriers. In addition,
group 1 also believed that lack of coordination and regulation was a barrier to implementation.
(b) Recovery tank: groups 3 and 4 saw budget, infrastructure and technology and human resources as
barriers. Group 4 also considered biophysical condition and ‘coordination and regulation” as
barriers.
(c) Biopori™ : groups 1 and 2 identified the barriers as human resources, mindset and ‘coordination
and regulation’. However, group 1 also added biophysical condition and budget as barriers.
(d) Greywater treatment: groups 3 and 4 agreed that biophysical condition, budget, infrastructure and
technology and coordination and regulation were barriers to greywater treatment and reuse.
Group 4 also added lack of human resources to the barriers. Interestingly, mindset was not
perceived to be a barrier. The groups 3 and 4 considered that the same barriers applied whether
the greywater was treated by technology or by natural systems. However, when it came to final
preferences, one group preferred technology for its lower land requirements and efficacy, whilst
the other group preferred natural systems due to lower cost.
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3.5

Preferred adaptation options for Makassar

In plenary, Recovery tanks/IPA, Biopori™ and Adult awareness programs (“Socialization”) were selected as
the three preferred adaptation options by workshop participants.
• Recovery tanks/IPA: consist of large tanks for collection and treatment of wash water at the two
largest treatment plants for reuse. Currently the wash water is used once and disposed to the river.
However the operators responsible for the treatment plants plan to construct the recovery tanks in
the future to allow reuse of the wash water. The current amount of wash water discarded is
equivalent to 10% of the volume of treated water supplied by the plant, the operators estimate
that the recovery tank would allow the recovery of 7% of the back wash water.
•

Biopori™ : is a water absorbing pit filled with organic material aimed to improve water infiltration
and absorption into the ground, thus aiding water infiltration and flood management. It was
developed by the Faculty of Agriculture in the Institute of Technology of Bogor, Indonesia (Tim
Biopori™ ITB 2012). Each Biopori™ is 80cm deep and can range in diameter from 10 to 30cm. It is
reported to absorb 3 liters of water per minute (Jakarta Post 25/01/2010). Organic matter (garden
waste and organic domestic waste) is added to the Biopori™ for composting and is removed
periodically. Further information can be found at the website from Tim Biopori™ ITB (2012)
(http://www.Biopori™ .com).

•

Socialisation: is the dissemination of information to educate the general public and other societal
segments (e.g. industry) on the scarcity of water resources, climate change impacts and to increase
environmental awareness.
The last session of the workshop concentrated on discussions of the potential future for those three
options in Makassar. The discussion was held as an open plenary session. The participants were instructed
to consider the feasibility of implementing the top three options (Biopori™ , socialization and recovery
tank). In particular they were asked to address:
• Enablers to overcome barriers: looking at barriers identified for each option, what would be way of
overcoming such barrier? What would be likely ways to implementation?
• How “feasible” are the preferred options?
• The scale (spatial and temporal) are appropriate for each option
The preliminary implementation strategies developed by stakeholders for each of the top three options
are:
(a) Biopori™
(a.1) Factors that can enable uptake:
•
It is cheap technology and regulation is already in place to allow implementation;
•
Simple technology: it can be easily implemented by citizens;
•
Community is aware of water shortage in dry season (i.e. people have motivation for increasing
recharge)
(a.2) Implementation strategy:
•
Implementation should start with government offices, schools and other public buildings.
•
The tool required for construction of the Biopori™ is inexpensive. However, one potential barrier
perceived was limited supply of the equipment/infrastructure for the Biopori™ or lack of resources to
purchase the tool. This is being addressed at present by PPE which has the tools and also funding for
implementation, for which interested parties can apply.
(a.3) Criteria or measures for determining implementation success:
•
People are aware of Biopori™ ;
•
People adopt the technology;
•
Groundwater is replenished and people get enough groundwater in dry season.
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(b) Recovery tank
(b.1) Factors that can enable uptake:
•
IPA Panaikang already has a plan to construct a recovery tank for storage and recovery of process
water which will be implemented this year (2012). The target is to save approximately 7% of the normally
wasted water so that it can be reused.
•
However, as different water treatment plants in Makassar (IPAs) have different treatment systems,
the recovery technique will be different for each plant.
(b.2) Implementation strategy:
•
The implementation is being investigated by a private entity and hence implementation will
proceed based on the entity’s assessment and criteria, independent.
(b.3) Criteria or measures for determining implementation success:
•
These were considered self-evident: implementation of recovery tank.
(c) Socialisation
(c.1)Factors that can enable uptake:
• Need for change
(c.2) Implementation strategy:
•
Requires someone with a good knowledge and experience;
•
Requires a facilitator at the ‘Desa’ level for socialisation and a ‘buddy’ scheme was also suggested.
•
Dissemination of the message needs to be carried to both community and to private sectors.
•
Requires an example of application and demonstration tools - as concrete examples are more
powerful than conceptual examples to help people understand issues.
•
Needs careful planning: definition of that steps need to be taken, creation of targets that are
specific, well defined and measurable, etc.
(c.3) Criteria or measures for determining implementation success:
•
Water-saving behaviour changes/ perubahan perilaku hemat air (increase in people’s awareness
and social norms)
•
Formation of ULC/Forum that cares ( Terbentuk klp/forum yg peduli )
•
Less expenditure on water (economy) (due to increase in access to water (quality, quantity, time)
and infrastructure that is reliable)
•
Participation of the community (Partisipasi dari masyarakat) (due to increased awareness and selfinterest i.e. awareness of benefits for community)
•
Reduction in pollution load (environmental outcome) (improved in water flow, hygiene standards
are maintained, less use of resources and environmentally friendly)
•
Reduction in water related diseases (due to increase in hygiene level and reduction in number of
vectors and their habitats).
Among the three preferred options selected by stakeholders, two, Biopori™ and recovery tank, are already
in the process of being considered by existing agencies and hence an implementation strategy is under
development, such strategy had not considered future climate resilience. The third strategy, socialization,
requires further thought and is also more complex as it requires education and a change in mindset of the
general population and decision-makers. The two groups that selected socialization were very clear on the
urgency to start such a process so that in the future Makassar will be able to implement adaptation
strategies.

15

The feasibility of options is also plagued by uncertainties which will require elucidation. This is explored in
the next section.

3.6

Discussion

In a previous workshop held in 2011 stakeholders from Makassar identified a range of challenges that
Makassar faces in the area of water resource management (Alexander et al 2011). The key challenges,
reproduced in Figure 7, included:
• Lack of PDAM water in the north of Makassar city due to lack of distribution infrastructure;
• Salinity intrusion in coastal areas;
• Flooding along the banks of water ways and poor drainage in high population density areas;
• Ageing infrastructure and leakage during distribution;
• Limitations of existing wastewater management infrastructure; and
• A number of point and diffuse pollution sources that needed to be addressed.
The options identified could contribute in addressing some of these identified issues. However, given the
wide number and different nature of the multiple challenges in figure 7, it is unlikely that a single option
alone will be able to address them all. Instead, it is likely that multiple options will require implementation
and that different solutions will be required in different parts of the city. Detailed analysis of options,
including technical viability, followed by economic, environmental and social costs and benefits analysis
would be required for characterization of the options.
A preliminary high-level examination of some of the preferred options selected in the workshop is
conducted in this section.
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Figure 7: Map of water system constraints in Makassar city in 2011 (Adapted from Alexander et al 2011).
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3.6.1

Biopori™

Adoption of Biopori™ is currently being proposed for every single property in Makassar to address the
challenge of improving stormwater infiltration, reducing water ponding and flooding by PPE . If successfully
adopted it offers a cheap and simple solution to improve drainage in the city and also has potential to assist
with groundwater recharge in built areas which have a high impervious surface coverage.
However, for the scheme to be effective uptake of multiple Biopori™ wells is required for drainage
improvement.
Hence, any implementation strategy for Biopori™ would require a verification of the effectiveness of the
infiltration capacity (litres per hole per time) for the various soil conditions and stormwater flow conditions
around Makassar, which may vary in soil absorption capacity compared to trials in other areas.
Investigation will also be required to determine the optimum number of wells that should to be
implemented based on the stormwater run-off conditions and to develop guidelines to assist householders
on where to place such systems in a property to achieve proper drainage. Implementation could be
conducted initially in public buildings and schools as suggested by stakeholders in the workshop. This
progressive implementation would allow the opportunity to address the question of how many Biopori™
holes and what locations could be targeted would be required to achieve optimal drainage. Or what level of
drainage improvement would be expected for Makassar?
Another question that would require verification is how effective is the system in the wet season when the
soil is saturated or when run-off sediment content may be high and prone to cause blockage of the
Biopori™ based on Makassar’s climatic and run-off conditions. How does the system perform in the wet
season under flooding conditions?
In addition, as simple maintenance is required to be performed by householders for Biopori™ ’s operation
(e.g. periodic filling of holes with organic matter), the long –term robustness of the scheme will need to be
tested in regards to the persistence of residents to maintain the Biopori™ holes. For instance, will the
system still be effective if not maintained by householders? What incentives or measures are required to
ensure that householders will adequately maintain the Biopori™ in 5 or 10 or 15 years?

3.6.2

Retention tank

The water retention tank at the water treatment plants will increase the supply from the two largest
treatment plants ( Somba Opu and Pannaikang) by 7% (or 140 L/s) by treating and recovering process wash
water which is currently disposed. The tank is planned to be designed, constructed and operated by
qualified operators (PT Titra in Pannaikang) which have the capacity to conduct adequate operation and
maintenance of the asset. Due to water losses in the distribution system, the actual increase in water
distributed to customers would be expected to increase by 5.6% (112 L/s) assuming the best case scenario
of 20% losses during distribution (Tjandraatmadja et al 2012). For comparison, PDAM water demand has
increased by 3.4% since 2006 (Tjandraatmadja et al 2012) and projections of future water requirements for
2015 require 30% additional capacity (503L/s) compared to 2010, assuming an increase in water
consumption to 140L per person per day by 2015 (Nihon Suido, Nippon Koei Co. Ltd and KRI International
2011). Hence additional measures, besides the tanks, will be required to fulfill the projected water demand.
The potential benefit from the tanks to the city is likely to be diminished if the distribution network is not
improved through leakage reduction. In addition areas that currently do not have access to PDAM water
due to lack of distribution infrastructure would not benefit from an increase in supply capacity unless
distribution capacity is also expanded.
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3.6.3

Socialisation

Socialisation can be an effective way of improving the overall water and wastewater management, social
and environmental health of Makassar if successful. Socialisation aims at a change of mindset and can be a
powerful catalyst that leads to significant change in multiple fields and has long-term impact on the city.
For its implementation, there is the need for definition of clear objectives, target audiences and a clear
message to be promoted by any program. There is also the need to investigate the potential
implementation strategy and measures of success. Target audiences for socialisation usually start with key
decision-makers and then need to filter through to the public and other segments (e.g. industry) through
targeted campaigns.
For instance, campaigns aimed at reducing littering have potential for also reducing pollution in drainage
canals and water ways. Likewise, awareness of water resource scarcity and links between pollution and
environment could improve the overall willingness of various sectors and the population in improving
water conservation practices and to reduce water wastage. However, to achieve such outcomes extensive
work is required and campaigns aimed at mindset change typically require a long implementation (> 5-10
years) and evaluation period and need to be individually tailored to each segment of society that is
targeted.

3.6.4

Greywater treatment

Greywater is the wastewater discharged by dwellings minus the toilet wastewater. Greywater is discharged
to open stormwater drains which discharge to drainage canals. In some locations, such as large size hotels,
treated wastewater is reused for on-site irrigation. One of the advantages of greywater as a supply source
is that it is not dependent on seasonality.
Treatment and reuse of greywater for non-drinking purposes is adopted in a number of countries as an
alternative water supply for non-drinking purposes. However, treatment viability and costs would have to
be considered. Treatment options can range from natural systems to technological solutions. Treatment
requirements would depend on the composition and quantity of greywater generated. Hence, any
evaluation of greywater feasibility will require further research into the characteristics of the greywater
generated in Makassar.
The viability of reuse of the effluent generated by the KIMA wastewater
treatment plant could also be considered for further evaluation.
The viability of the treatment system would need to be investigated on a case by case basis, as
technological treatment solutions can vary in cost and complexity, but are often more compact; whilst
natural systems such as lagoons are low cost, but have often larger land requirements.
In addition, reuse of greywater also requires investigation of social acceptance and development of means
to ensure that end uses and treatment are adequately managed.

3.6.5

River dredging/canal dredging

River or canal dredging has the potential to remove sediment and deepen the flow path of a water source.
They are typically used for drainage improvement. However, such works also have associated
environmental impacts, such as disturbance of river ecosystems which have to be evaluated, and can, if not
properly managed, increase the river bank instability. River or canal dredging are typically maintenance
measures of temporary effectiveness if the sources of sedimentation or debris are not controlled. Soil
erosion attributed to land clearing in catchments is a key factor impacting sedimentation of rivers, whilst in
urban areas there is evidence that waste and debris are commonly discarded into water ways by the
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population impacting canal water quality. Reforestation of catchments is a commonly adopted tactic for
catchment protection and sedimentation reduction. Economic, environmental and social costs and
benefits from such activities need to be determined on a case by case basis to determine the viability of
dredging.

3.6.6

Application

Analysis of the context in Makassar has shown that financial and capacity constraints are key challenges for
the implementation of any adaptation options in Makassar. Therefore there is a preference for adaptation
options that are financially sustainable and also effective long-term. Historically, water resources and clean
water supply have relied on construction of large infrastructure (e.g. dams), whilst dam construction
provides a large increase in bulk water it also requires extremely large capital investment, tying up financial
resources, and does not address other problems identified. Other key challenges for Makassar are that
the capacity of existing infrastructure is being overwhelmed by urban growth and under-investment in
maintenance and expansion of infrastructure services for water supply distribution, sanitation and
drainage due to limited financial resources. Thus, it is important to assess the cost- benefit of options over
the lifetime of each intervention.
Climate change projections suggest the likelihood of intensification of climate seasonality (reduction of
rainfall in dry season, changes in onset and intensity of rainfall in wet season and increased evaporation)
(Kirono et al in press, Tjandraatmadja et al 2012). The change in rainfall suggests that it will be important
to maximize groundwater recharge during the wet season.
Furthermore if access to clean water is not increased, the reliance on groundwater extraction in the city is
likely to increase. The recovery tank can provide some additional clean water supply capacity, but its effect
will be limited particularly if there is no upgrade in distribution infrastructure. It will also become necessary
to monitor groundwater more closely.
Biopori™ if properly implemented has potential to address two key issues: reduction in stormwater runoff, which overwhelms drainage and improvement in stormwater infiltration into the soil which could aid
with recharge of groundwater. It is attractive in its simplicity, low cost and ease of operation. However, to
determine how the technology can be utilized effectively and also optimized to assist drainage will require
further verification and adoption of demonstration projects is suggested, particularly as part of a long term
strategy. Development of a trial is strongly recommended and outcomes are likely to be interest not only
to Makassar, but potentially to other cities that face similar challenges in South East Asia.
Pollution is another important factor that requires consideration when it comes to the management of
stormwater as it can impact both surface water availability, public health and groundwater quality.
Greywater management is one potential avenue for addressing pollution and also recovery of water,
however it will require more research before it can implemented in Makassar, e.g. characteristics of
greywater, discharged quantity.
The other options suggested could also be explored in further detail, but at present the priority focus will
be on the top preferred options.
In addition to technological options, mindset options were strongly advocated by the workshop groups,
particularly those coming from an engineering/ technical background. Whilst not considered easy to
implement, socialization was deemed important to achieve sustainable adaptation and also key to support
any future initiatives. This is aligned with findings observed in other parts of the world, i.e. that reliance on
technology alone has limitations, but that technological impact can be enhanced by wider societal mindset
change when it comes to climate adaptation.
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Combining both local knowledge and adaptation examples from around the world aimed to expose
participants to a wide array of adaptation options, increase awareness of adaptation strategies and to
promote new ideas.
The discussion generated during the workshop on the justification of options and also the interaction
between participants were strong positive factors that reinforced the collective learning exercise and
increased transparency in assessment and the option selection process.
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4

Conclusions

Adopting a participatory approach, key institutional agencies from the Makassar City and Mamminasata
areas, brainstormed and examined thirteen options that could help improve the sustainability of water and
wastewater services in Makassar in view of urban development and climate change. Through this process
stakeholders were exposed to climate projections, climate impact on water supply availability and
examples of adaptation to climate and urban growth challenges from Makassar and from other parts of the
world, such as Australia. They were able to share their knowledge and discuss their perceptions of the
advantages and challenges of the various options.
The range of options proposed included technological solutions for new water sources, management of
existing sources, operation and maintenance of existing infrastructure and adoption of soft tools to
promote mindset change. The most popular options among the participants were Biopori™ , retention tank
at the water treatment plant and increasing public awareness on the water, climate and environment
challenges.
Participants also considered some of the barriers and enablers that could impact the options proposed.
Barriers identified included lack of financial resources, lack of human resources and technological capacity,
resistance to change, lack of community and decision-maker support and poor implementation.
In addressing future sustainability it is likely that multiple options and multiple tools will be required. Hence
one should not assume that a single tool alone can be adopted. The purpose, effectiveness and viability of
the options suggested vary. The timing and sequence of their implementation will be determined by
multiple factors such as the barriers identified in the workshop and the current enablers available at
present. For instance, socialisation, whilst requiring development of a strategy for implementation, is a
process that can be initiated based on existing knowledge. Greywater treatment and reuse still has a large
number of scientific gaps that need to be elucidated.
The initial step of identifying options as conducted in the workshop needs to be followed with an
assessment of knowledge gaps and the likely viability of options. This in turn allows the identification of
opportunities for research that may assist in addressing some of the knowledge gaps with scientific facts.
The workshop proposed some ideas for validation relevant to the top preferred options.
There is still need for further analysis of the viability of the options suggested. To objectively compare the
options suggested a more detailed analysis of the status of knowledge, costs and benefits ( economic,
environmental, social) for each of the various options proposed would be required. This could be
investigated for instance by the University in collaboration with key stakeholders.
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Appendix A: Scientific Symposium agenda and
the list of participants
Scientific Symposium organsied by UNHAS and CSIRO and held on Monday 23rd of April at
Hotel Mercure in Makassar, entitled
“Water supply-demand modeling: introduction and exploration of potential use for
MAMINASATA’s sustainable development”
Objectives: to present the latest research findings and introduce and seek feedback on the water
balance modeling developed by CSIRO-AusAID-UNHAS research project
Agenda
Time
Topic/activity
09.00-10.30 Opening address/overview (Dr. Roland Barkey, MSc), 10 min
Presentations:
1. Modeling climate change and potential impacts on water (Dr. Dewi
Kirono, MSc), 15 min
2. Modeling present and future erosion and flood in MAMINASATA (Prof.
Dr. Ir. Amran Ahmad, MSc), 15 min
3. Question/Clarification, 20 min
10.30-11.00 Morning tea
11.00-12.30 4. Water supply-demand modeling for Makassar (Grace Tjandraatmadja,
B.Eng, MEng, MBA), 30 min
Demonstration of the water supply-demand software (Grace Tjandraatmadja,
B.Eng, MEng, MBA), 90 min
− How to use it
− What it may be used for – examples & scenarios
(If there is a demand, I may also demonstrate the rainfall-runoff model)
12.30-14.00 Lunch
14.00-16.00 Discussion
− Is there interest for implementation in UNHAS/Makassar
− What would be a value of learning about this model?
− How to implement it in UNHAS/Makassar
− What kind of training required
− Identification of potential use for future research and/or for addressing
Makassar stakeholder
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Appendix B: Workshop on climate change
adaptation options - agenda and the list of
participants
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Appendix C: Adaptation suggestions for City of
Makassar
1. Sumber baru
a. Sumur resapan untuk setiap rumah
b. Biophori
c. Recovery tank IPA
d. Greywater dikumpulkan + disalinisasi
e. Kolam untuk penampungan sementara
f. Evaluasi air tanah
g. Membuat wetland untuk grey water
h. DAM baru (di pamukkulu)
i.
2. Soft tols
a.
b. Pengembangan issue (media, dst)
c. Sistem kurikulum
d. Sosialisasi ke masyarakat tentang pentingnya air dan konservasi
3. Mempertahankan kondisi yang ada
a. Mempertahankan hutan (Maros & Gowa)
b. Percontohan pemanfaatan air yang sudah di treatment
c. Sumur pantau
d. Sumur uji
e. Uji sumur secara priodik
f. Pengerukan di saluran air baku (normalisasi sungai)
g. Program kanal bersih secara teratur
h. Pengerukan sedimentasi di kanal
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Appendix D: Potential barriers to adaptation
options as identified and grouped by workshop
participants
1. Koordinasi dan Regulasi
a. Adanya aturan PERDA yang mengatur penegakan disiplin dalam menjalankan program
b. Ragulasi dan penegakan hukum lemah
c. Komitmen pengambil kebijakan (pimpinan daerah)
d. Politikal pemerintah
e. Tumpang tindih keprentingan antara stakeholder, contoh : kehutanan ingin
mempertahankan kawasan hutan, tapi pertanian ingin memperluas daerah pertanian.
f. LACK MIDSET OF HOUSE PRESENTATIF
g. Pendukung/dana, prilaku pemerintah menyadari ketergantungan terhadap wilayah baru
yang ditetapkan dalam APBN spy dgn di dalam pelaksanaan.
h. Tidak terintegrasinya program dan kebijakan
i. No one or institusion facitated
j. Tidak konsisten dalam pelaksanaannya
k. Komitmen PEMDA Prov./Kab./kota dan dunia usaha
l. GAP/ overlap program
m. Regulasi : kurangnya implementasi dari regulasi tersebut
n. Kesamaan persepsi stakeholder masyarakat
o. Regulasi (payung hukum )
p. Rendahnya pengawasan pemerintah
2. Anggaran
a. Masalah dana dalam merealisasikan
b. Budget untuk pembiayaan
c. Anggaran/biaya
d. Keterbatasan dana
e. Keterbatasan dana
f. Anggaran pemerintah yang terbatas
g. Perlu dukungan dalam program tersebut
h. Penangguhan DAS memerlukan biaya cukup , fungsi = DAM terbatas
i. Pola negara perda yang sebagai acuan masyarakat
j. Dana dan sumber dana
k. Terbatasnya dana, banyak masyarakat yang belum mengetahui masalah.
l. Pembiayaan (dana)
m. Untuk efektifnya pelayanan air ke masyarakat perlu di dukung bantuan dana dari
pemerintah
3. Kondisi Biofisik
a. Lahan kosong untuk wetland sulit
b. Koefisian penutupan bangunan yang tinggi
c. Masalah lahan
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d.
e.
f.
g.

Terbatas lahan
Intrusi air asin di perumahan dekat pantai
Penyesuaian curah hujan
Keterbatasab air bawah tanah

4. Infrasruktur dan teknologi
a. Sarana dan prasarana, serta teknologi
b. Teknologi yang terbatas
c. Pendistribusian air pada pelanggan tidak merata
d. Sarana dan prasarana
e. Rendahn ya dalam pembuatan sarana air yang sudah dibayar
f. Water balance DAS yang berdekatan kemungkinan terganggu
g. Meningkat limbah cair yang tidak diolah
h. Main drain kota kurang banyak
i. Penguasaan teknologi w.tretment rendah
j. Data base dan sistem infrastruktur yang minim
k. Terbatasnya peralatan pengerukan
5. Sumber daya manusia
a. Sumber daya manusia tidak mendukung pelaksanaan program
b. Sumber daya manusia belum siap menerima program /inovasi baru
c. Sumber daya manusia (SDM)
d. Tingkat pendidikan rendah
6. Pola pikir
a. Ego masyarakat yang sulit menerti inovasi baru
b. Keputusan masyarakat
c. Pengetahuan msyarakat yang masih rendah
d. Pengetahuan masyarakat rendah
e. Pola pikir masyarakat/prilaku
f. Rendahnya kesadaran masyarakat
g. Untuk menteri MA program sulit di dapat.
h. Masyarakat tidak mendorong pelaksanaan program , masih berfikir konservatis(kolot),
tidak mau berubah
i. Latar belakang pendidikan masyarakat
j. Masyarakat kurang peduli
k. Metode sosialisasi terkadang tidak mencapai tujuan
l. Budaya masyarakat kurang tertib
m. Pola pikir dan prilaku masyarakat
n. Ketidak perdulian
o. Sosial budaya
p. Masyarakat dalam menerima perubahan yang diinginkan
q. Kesadaran masyarakat yang rendah
r. I don’t care
s. Apathism person
t. Pola rehabilitasi yang tidak menyentuh masyarakat
u. Tingkat komitmen rendah
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v.
w.
x.
y.
z.

Masyarakat terlalu dimanjakan
Pengaruh dari kondisi polotisi bangsa (program tidak prioritas)
Sikap dan prilaku masyarakat dirubah
Just win the competition
Kurangnya kesadaran masyarakat terhadap lingkungan
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Appendix E: Matrix of adaptation options versus
barriers to change
Table 1
Barriers

Development of issuesDAM Pamukkulu
Rank
4
7
Biophysical condition
v
Budget
v
v
Infrastructure and Technolog
v
v
Human Resources
v
v
mind set
v
Coordination and regulation
v
v

Socialisation
5
v
v
v
v

Program
Pools for water retentiChannel dredging Biophore
2
3
1
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Socialisation
1
v
v
v
-

Program
Pools for water retentiChannel dredging Biophore
3
5
2
v
v
v
v
v
v
v
v
v

Reforestation
6
v
v
v
v
v
v

Table 2
Barriers

Development of issuesDAM Pamukkulu
Rank
6
7
Biophysical condition
v
Budget
v
Infrastructure and Technolog
v
Human Resources
v
mind set
v
Coordination and regulation
v
v

Reforestation
4
v
v
v
v

Table 3
Barriers

Curriculum
Rank
5
Biophysical condition
Budget
v
Infrastructure and Technolog
Human Resources
v
mind set
v
Coordination and regulation
v

Program
Demonstraion of use Grey Water wetland River normalisation
4
2
3
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Recovery tank IPA Grey Water Tecnology
1
6
v
v
v
v
v
v
v

Program
Demonstraion of use Grey Water wetland River normalisation
5
4
3
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Recovery tank IPA Grey Water Tecnology
1
2
v
v
v
v
v
v
v
v
v
v

Table 4
Barriers

Curriculum
Rank
6
Biophysical condition
Budget
v
Infrastructure and Technolog
Human Resources
v
mind set
v
Coordination and regulation
v
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Appendix F: Analysis of prioritisation
The priority scores given by each table were compared and used to determine an agreement score. The
agreement score (A) was estimated for each option as:
A = √(𝑥 2 − 𝑦 2 );
Where: A =agreement between scores;
x = score given by group i;
y = score given by group j.
When the two groups provided similar scores, the value of “A” tends to zero. When the scores provided by
two groups differ markedly the value of “A” increases.
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