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Cases
CCRAA: Ministry of Environment, 2012 
 Greater Malang case in East Java Province

CCRAA: Ministry of Agrarian and Spatial Planning, 
2015 
 Bengawan Solo Watershed case in East Java Prov.
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Framework of Climate Change Risk and Adaptation Asssessment
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(Atmospheric & Oceanic Climate)

Baseline Period
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Source: CCC-ITB & ATR Indonesia, 2015



Climate Projection and Climate-
related Hazard Assessments:

#1 Greater Malang
Case Study of Climate Change Risk Assessment:
East Java Province



“Malang has wet or very wet tropical 
type with monsoonal rainfall type (type
A) with once peak of rainfall period”

(Rainfall in Southeast Asia 
Map of early 1900s, Broek, 1944)

Aldrian and Susanto (2003)

Regional Climate

Source: Ministry of Environment (2012)



Monthly Rainfall Pattern

Monthly Average Temperature

Temperature Increase in Greater Malang

• Based on global data, there are 
increases trend on temperature over 
last 100 years

• It indicates the effect of global 
warming with global increases trend 
are about 0.7° C in last 25 years

Regional Climate

Source: Ministry of Environment (2012)



Climate Variability in Greater Malang
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Based on SPI 6-month analysis:
Malang is sensitive toward 
drought hazard due to ENSO (El 
Nino and La Nina) as well as IOD 
(Dipole Mode (+) and (-)), esp. for 
June-July-Augst and September-
October-November

El NinoLa Nina

DM +DM -

Inter-annual Rainfall 
Variability

Source: Ministry of Environment (2012)



Climate Variability in Greater Malang

Probability of long dry days :
• Increase in transitional period
• But decrease in dry season
Increase of intra-seasonal var.
Consistent: Aldrian & Djamil (2006)

Dry Days Frequency 
Variability

Source: Ministry of Environment (2012)



Rainfall and Temperature Projections 
in Greater Malang

Rainfall Projection Temperature Projection

Source: Ministry of Environment (2012)



Science Basis – Climate Projection for 
Climate-related Hazard Assessment:

#2 Bengawan Solo Watershed
Case Study of Climate Change Risk Assessment:
East Java Province



RAW Model IPCC Projection

Projections between 
RCP s in 2050 do 

not differ much

Historical Simulation is 
not too realistic

Increasing temperature by 
1°C in 60 years

RCP 4.5The relationship between RCP 
and rain projection is not linear 
 Rain projection is not showing 
clear pattern

RCP 4.5

Seasonal rain 
pattern is not 

much changing

Sample of IPCC model (MIROC5) projection in one grid point MIROC5

The size of grid within IPCC 
models vary slightly. However, 

Bengawan Solo Watershed 
and Jeneberang Watershed 

are generally presented by one 
or two grids

Downscaling
Source: Ministry of Agrarian and Spatial Planning (2015)



Temperature Projection Resulted from 
Downscaling in Bengawan Solo Watershed

Average changing of temperature toward mean value in 1991-
2000 period.

Significant spatial variations in Bengawan Solo Watershed: 
different trend between upstream and downstream of 
Bengawan Solo

• 2011-2020  increasing 
temperature in upstream 
and downstream area 
~0.1 – 0.4° C

• 2021-2030  The 
temperature not much 
changing, tend to 
decrease

• 2031-2040  significant 
temperatur increasing , 
particularly in the mid 
section and downstream 
of Bengawan Solo 
Watershed

The temperature is increasing by 
0.68 ° C in 30 years, but there is 
no significant change between 

2021-2030

Source: Ministry of Agrarian and Spatial Planning (2015)



Rainfall Projection Resulted from 
Downscaling in Bengawan Solo Watershed

RCP 4.5

Raw Model 
(mean area)

Dynamical downscaling lag: 
probably duer to WRF runs 
evey year (discontinous run)

Downscaling 
Proces can fix 

seasonal pattern 
of rain

Thin distribution of 
ensemble  Low 

Uncertainty

• Rain projection tend to 
underestimate

• Almost no trend in ensemble 
mean  normal

Statistical downscaling
10 ensemble members per model (2 

predictors x 5 windows)

Dynamical downscaling (one model & one RCP) 
 have no probability information

Source: Ministry of Agrarian and Spatial Planning (2015)



Drought Hazard Index (DHI) 

DHI Map of Bengawan Solo 
in Baseline Period 

• The probability (chance) of increasing DHI, 
at least one level from baseline, is analyzed 
from statistical downscaling result

The Map of probability of increasing DHI 
over Bengawan Solo Watershed 

• Drought Hazard Index (DHI) summarize the characteristic of 
drought hazard : severity, frequency, and drought duration

• The indicators that are used to formulate DHI are :
1. Dryspell of 15 days or longer that occurred in wet season (Des-Jan-

Feb)

2. SPI-3 with the value of <= -1.5 that happened in 4 months in a row

3. SPI-6 with the value of <= -1.5 that happened in 4 months in a row

Source: Ministry of Agrarian and Spatial Planning (2015)



Landslide Hazard Index (LHI) 

LANDSLIDE 
HAZARD 
INDEX

CONDITION

TRIGGERING 
FACTOR

SLOPE ANGLE

GEOLOGY

LANDUSE

RAINFALL

0.8

Weighted factor Condition
0.5 Slope
0.2 Land use
0.3 Geology Setting

0.2

Weighted factor Triggering Factor

1 : in the baseline map

0.5 : in the projection map

Frequency of rainfall threshold 
occurrence in the  Baseline 

period

0.0 : in the baseline map

0.5 : in the projection map

Percentage of the increasing of 
rainfall threshold frequency 
generated in the projection 

model

Landslide hazard assessment
(adopted from Abella and Westen, 2007) Rainfall Threshold

LHI Map of Bengawan Solo in Baseline Period 

Source: Ministry of Agrarian and Spatial Planning (2015)



Climate Change Informed Flood Hazard

Return Period 5 10 25 50 100 

Magnitude 42% 34% 20% 4% 0% 

Probability 60% 27% 10% 7% 0% 

Source: Ministry of Agrarian and Spatial Planning (2015)



Assessment of Climate Change 
Risk 

Case Study of Climate Change Risk Assessment:
East Java Province



Concept of Risk Assessment

CLIMATE CHANGE STIMULI

Climate
RISK

Climate 
HAZARD VULNERABILITY

PHYSICAL

SOCIAL

ECONOMY

ENVIRONMENT

RISK HAZARD VULNERABILITY

Psedo Equation (Wisner, et.al, 2004)

TEMPERATURE 
INCREASE

CLIMATE EXTREME 
EVENTS

PRECIPITATION 
CHANGE SEA LEVEL RISE

Source: Ministry of Agrarian and Spatial Planning (2015)



Sectorial Climate Risk Assessment: Case Study Greater Malang 
(Ministry of Environment, 2012)

1. WATER 
SECTOR

1.A  FLOOD RISK

1.B  LANDSLIDE RISK

1.C  WATER SHORTAGE RISK

2. 

SECTOR

2. 
AGRICULTURE 

SECTOR

2.A  AGRICULTURE PRODUCTIVITY RISK

2.B  WETLAND RISK

2.C  DRYLAND RISK

2.D  AGRICULTURE PRODUCTION RISK

3. HEALTH 
SECTOR

3.A  DIARRHEA RISK

3.B  DHF RISK

3.C  MALARIA RISK



Flood Risk Assessment

BASELINE PROJECTION

HAZARD 
ASSSESSMENT

RISK 
ASSSESSMENT

MALANG CITY

GREATER MALANG

MALANG CITY

Source: Ministry of Environment(2012)



Water Shortage Risk Assessment

BASELINE

PROJECTION

BASELINE

PROJECTION

HAZARD ASSSESSMENT RISK ASSSESSMENT

Source: Ministry of Environment(2012)



Landslide Risk Assessment

BASELINE

PROYEKSI
Source: Ministry of Environment(2012)



Sectorial Climate Risk Assessment: Case Study Greater Malang 
(Ministry of Environment, 2012)
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ASUMPTIONS:
• Temperature increase would 

shorten plant growth 
decrease biomass 
accumulation  decrease 
harvest results

• Changes in rainfall affect 
water availabilities (flood/ 
drought)  results in harvest 
failures

Risk Assessment of the Decrease on 
Agriculture Productivity

Source: Ministry of Environment(2012)



WETLAND PRODUCTIVITY 2010 DRYLAND PRODUCTIVITY 2010

RISK OF THE DECREASE ON WETLAND PRODUCTIVITY 2030 RISK OF THE DECREASE ON DRYLAND PRODUCTIVITY 2030

Source: Ministry of Environment(2012)



Sectorial Climate Risk Assessment: Case Study Greater Malang 
(Ministry of Environment, 2012)
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Kedung kandang 
Sukun 
Klojen
Blimbing 
Lowok Waru

Kedung kandang 
Sukun 
Klojen
Blimbing 
Lowok Waru

DHF Risk Map in Malang City

Source: Ministry of Environment(2012)



High:
Ngantang 
Kasembon
Sumberpucung
Donomulyo 
Bantur 
Ampelgading

Moderate & High:
Ngantang 
Sumberpucung
Donomulyo 
Ampelgading

Malaria Risk Map in Malang City

Source: Ministry of Environment(2012)



Moderate & High
Sukun
Blimbing

High:
Blimbing

Diarrhea Risk Map in Malang City

Source: Ministry of Environment(2012)



The Study of Integrating Climate Change Adaptation into Spatial Planning Policies 
(Ministry of Agrarian and Spatial Planning, 2014/2015)

BENGAWAN SOLO 
WATERSHED

FLOOD RISK

DROUGHT RISK

LANDSLIDE RISK



Flood Risk Assessment

BASELINE

PROJECTION

HAZARD ASSSESSMENT RISK ASSSESSMENT

Source: Ministry of Agrarian and Spatial Planning (2015)



Drought Risk Assessment

BASELINE
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HAZARD ASSSESSMENT RISK ASSSESSMENT

Source: Ministry of Agrarian and Spatial Planning (2015)



Landslide Risk Assessment

BASELINE

PROJECTION

BASELINE

PROJECTION

HAZARD ASSSESSMENT RISK ASSSESSMENT

Source: Ministry of Agrarian and Spatial Planning (2015)



Climate Change Adaptation 
Recommendation

Case Study of Climate Change Risk Assessment:
East Java Province



Recommendation of Sectorial Adaptation 
(Agriculture Sector)

Hazard
Dominant Factor
of Vulnerability

Priority Sub-districts Adaptation Strategies

Decrease on 
Agriculture
Commodity 
Productivity
(paddy and 
corn)

Sensitivity (lack
of irrigation 
facilities, lot of 
agriculture land 
are located in 
lowland, low 
level of farmers 
welfare)

 Dampit, Turen, 
Kepanjen, 
Singosari, and 
Pagelaran
(Wetland Paddy )
 Dampit (Dry land 

Paddy)
 Wajak (Corn)

1. The usage of high quality seeds
2. Improvement on cultivation 

technique through intensification 
(for example: SRI)

3. Optimize the use of unproductive 
land through reclamation and 
new land opening

4. Revitalization on irrigation 
network

5. Training for improving the 
capability of the farmers to adapt 
to climate change, for example 
through SLI (Sekolah Lapang 
Iklim/Climate Field School).

Reforestation to increase 
water shortage

Source: Ministry of Environment(2012)



Recommendation on Adaptation Policy and 
Strategy for Drought Risk

Recommendations
Policies Strategies Programs

Enhance region’s 
resilience to the risk 
of drought

 Improve the water harvesting 
efforts in agricultural and 
plantation area

 Construction of water reservoirs, embankments, ponds, etc.

 Maximise the function of 
irrigation facitilities and 
infrastructures to support 
agricultural and plantation 
activities

• Improve quality of irrigation facilities 
• Expand irrigation system to unserved plantations 

 Improve land conservation 
efforts in agricultural and 
plantation areas

Improve structural aspects of land conservation:
• Crop rotation
• Contoured rowcrops
• Terracing
• Tillage practices
• Erosion-control structures
• Windbreaks and shelterbelts 

Enhance the 
communities' 
resilience

Improve the community 
preparedness toward drought 
risk

 Socialization related to drought risk
 Community Education
 Development of early warning system
 Detail assessment on the impact of meteorological drought



Greater Malang Leading Program 
Leading/

Integrated 
Program

Related Sector Program and Activity of Related Sector Ministry/Relat
ed Agency

Climate Risk 
Anticipation

Dominant Factor of 
Vulnerability

Water Resources 
Conservation 
Program of 
Upstream 
Brantas
Watershed

Water Sector;
Agriculture
Sector

Recovery/Land Rehabilitation Program:
• Reforestation
• Agro-forestry 
• Hutan rakyat murni

Kemen-Hut 
DJBPDAS-PS
KLH

• Decrease on 
water supply

• Flood
• Landslide
• Decrease on 

agriculture
production due 
to the reduction 
of agriculture 
land

Forest land conversion 
to settlements, tourism, 
and agriculture area in 
the Upstream Brantas
Watershed

Water Resources Development Program:
Construction of water reservoir (ponds)

Kemen-PU 
DJSDA

Health Sector Recovery/Land Rehabilitation Program:
• The addition of mammals in the 

forest

Kemen-Hut • Malaria Disease Lack of mammals as
diversion target of 
Malaria mosquitoes

Drainage Construction Program 
Integrated with Health Environment 
Development Program:
• Improvement on drainage channels
• Rain water drainage
• Water containers

Kemen-PU 
DJCK dan
Kemen-kes 
DJP2PL;
KLH

• DHF Disease
• Malaria Disease
• Diarrhea Disease

Lot of drainage 
channels, rain water 
drainage, and water 
container do not meet 
the standard of 
environmental health

Source: Ministry of Environment(2012)



Baseline Risk Projection Risk

Spatial PlanLand Use

ZONE 1 :
• Kab. Gresik: Kec. 

Ujungpangkah, Sidayu, 
Bungah Manyar, Dukun

• Kab. Lamongan: kec. 
Kalitengah, Karangbinangun, 
Glagar

Hazard

Adaptation Options 
on Spatial Pattern

Pattern Adaptation Option

Agriculture 
land

• Development of Early Warning System
• Development of water inundation proof rice seed
• Development of river dike
• Development of ponds and dams

Settlement

• Controlling settlements in inundation areas
• Flood-proofing on housing

Combination of structural and vegetation protection
Development of settlements out of inundation areas

Structure Adaptation Option
Primary Arteri Road Flood Proofing on the road part
Primary Collector 
Road Flood Proofing on the road part

Highway Flood Proofingon the road part

Adaptation Options on 
Spatial Structure

An Example of Risk based Adaptation on 
Spatial Planning (Bengawan Solo Watershed)

Source: Ministry of Agrarian and Spatial Planning (2015)



RISK ZONE MAP
FOR VERY HIGH AND HIGH LEVELS

Zone 2 
• Kab. Bojonegoro : Kec. Kepohbaru
• Kab. Lamongan : Kec. Buluk, Modo, 

Babat

Zone 1 
Kab. Lamongan :
Kec. Glagah, Dudukusampeyan, 
Karangbinangun, Deket, Tikung Lamongan, 
Turi , Kalitnegah, Karangeneng, Kembangbahu

Source: Ministry of Agrarian and Spatial Planning (2015)



Spatial Pattern Adaptation Options

Dry and Wet Agriculture 
Areas

 Ponds for rain water harvesting
 Intensification and diversification  of planting system
 Drought information for farmers as early warning
 Climate forecasting
 Vegetation planting

Settlement Areas
• Water conservation for suply such as (a) artificial water absorption areas, (b) green roof 

development, and (c) city drainage maintenance
• Artificial pond for natural water absorption

ZONE 1 Kab. Lamongan : Kec. Glagah, Dudukusampeyan, Karangbinangun, Deket, Tikung, Lamongan, Turi , 
Kalitnegah, Karangeneng, Kembangbahu

Adaptation 
Options for Spatial 
Pattern

Baseline Risk Projected Risk Land Use Spatial Plan

Source: Ministry of Agrarian and Spatial Planning (2015)



Source: Ministry of Agrarian and Spatial Planning (2015)Source: Ministry of Environment (2012)
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