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ABSTRACT: The majority of regions in Indonesia are considered to be vulnerable to potential impact of
climate change, due to its geographical and socio-economic circumstance. In order to prioritize, design
and implement intervention to adapt to climate change, it is essential to adopt a coherent set of approach,
framework and method for examining vulnerability and adaptive capacity. To effectively formulate
adaptation strategy at the local/cities (kabupaten-kota) level, it is proposed to apply “micro level-multi
sectoral approach” which means assessing vulnerability at the micro-level but considering the multi
sectoral impacts of climate change i.e. water and infrastructure sectoral. This study is present a
framework and conceptual model to develop urban infrastructure vulnerability index.

Keywords: climate change, vulnerability, urban infrastructure, index

1. INTRODUCTION

Climate is a key factor determining different characteristics and distributions of natural
and managed systems, including the cryosphere, hydrology and water resources, marine
and freshwater biological systems, terrestrial biological systems, agriculture and
forestry (IPCC 2007) I,

Climate changg.is defined as long process and contain high complexity that ver?/
unpredictable, although using strictly mitigation. From"@%‘?@l
climate change is forecasted to bring gradual changes in weather pa 5 changes
in the variability of extreme events to broad geographic regions. Climate change may
increase the risk of structural damage to buildings, especially damage resulting from
strong wind, flood associated with more intense tropical cyclone and storms.

The current knowledge about climate change and forecasted impacts upon infrastructure
are based on broad regional analysis. The IPCC has outlined representative examples of
projected infrastructure impacts of extreme climate phenomena (IPCC 2001a) (o],
Identifying the impact of climate change on infrastructure as distinct from other
influences on our need to maintain, repair, and replace infrastructure, benefits from
explicit attention to a conceptual model for impact assessment.

Therefore, to effort adaptation for climate change have to do. For that reason,
Vulnerability assessment and risk assessment will be necessary. Vulnerability
assessment and climate change impact can used to sector that have potential impacts
to climate change such as water resources, coastal area, agriculture, forestry, health and
infrastructure.

An inevitable result of the increased damages to infrastructure from climate change will
be dramatic increase in resources needed to restore infrastructure and assist the poor. If
infrastructure vulnerability to climate-related events is currently a cause for concern, it
will become even more so in the future. The section first examines the relationship
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between changes in the magnitude of extreme events and losses to infrastructure (P.
Freeman et al, 2001)[9].

Variability in climate extremes has contributed to the rising trend in total direct
damage. The density of infrastructure, the sheer number of people living in riskier areas,
and the increasing disparities in wealth and socioeconomic status increase the potential
for greater human losses to hazard in the future (Mileti, 1999)131,

In vulnerability urban infrastructure and water resource sector assessment,
determination of vulnerability level based on type of infrastructure that directly
deceived climate change impacts. The variable classified to based on the variability of
infrastructure. Climate change impacts for urban infrastructure will occur to physically.

The majority of regions in Indonesia are considered to be vulnerable to potential impact
of climate change, due to its geographical and socio-economic circumstance. In order to
prioritize, design and implement intervention to adapt to climate change, it is essential
to adopt a coherent set of approach, framework and method for examining vulnerability
and adaptive capacity.

The purpose of this study is to develop local/cities (kabupaten-kota) level indicator of
vulnerability and capacity to adapt to climate hazard. Published studies of local or
region level vulnerability to date generally have been characterized by indicators chosen
subjectively by the authors, based on assumption about the factor and processes leading
to vulnerability (Brooks, N., et.al, 2005)%.

This paper uses a conceptual model and frame work of vulnerability that incorporates
water resources and infrastructure indicators to provide an all climate hazard assessment
of vulnerability at the local/cities (kabupaten-kota) level. Based on better research at a
local specific level, planning for the impact of climate change is essential for future
infrastructure lending policy.

2. LITERATURE REVIEW

The understanding of vulnerability is very broad and current literature encompasses
many different definitions, concepts and methods to systemize vulnerability (Birkmann,
2007!"); Cutter, 2003, Villagran de Leon (2006)[23] defines vulnerability as the
predisposition of an element or a system to be affected or susceptible to damage. A very
similar definition, but with particular focus on the social susceptibility, is given by
Borden, et.al, (2007)?.

Vulnerability is defined by IPCC TAR as: The degree to which a system is susceptible
to, or unable to cope with, adverse effects of climate change, including climate
variability and extremes. Vulnerability is a function of the character, magnitude, and
rate of climate variation to which a system is exposed, its sensitivity, and its adaptive
capacity. Levina, E. and D. Tirpak (2006)“3], found very different interpretations for
vulnerability: one interpretation views vulnerability as a residual of climate change
impacts minus adaptation, whilst another views vulnerability as a general characteristic
or state generated by multiple factors and processes, but exacerbated by climate change.
Five approaches to Climate Change Impact, Adaptation and Vulnerability (CCIAV)
assessment have so far been classified. The Four are classified as conventional research
approaches: impact assessment, adaptation assessment, vulnerability assessment and
integrated assessment. The fifth approach is adopting risk assessment framework which
can be considered as an emerging approach of CCIAV studies. The fifth approach has
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startecg,1 l’c]o be applied in mainstreaming adaptation option into policy-making (IPCC,
2007)" .

The 1egional approach in climate vulnerability studies is a useful approach because
many practical adaptation strategies will be applied at a regional rather than sectoral
scale and climate change impacts vary from region to region.

Many vulnerabilities studies while effective in making awareness to the possible effect
of climate change, have limited effectiveness in providing local scale guidance in
adaptation. Method and tools for supporting the process of building adaptive capacity at
the local level are different from the ones used for assessing impacts, vulnerability and
adaptation on national and global scales (sec Table 1)

Table 1: Different Level of Vulnerability Studies

Data Size of study Expenditure
Scale Level needs/analysis - Planning level | Accuracy per area
. ; Adaptation
Macro Qualitative National policy Low Low
Combination of :
Meso qualitative ~ and | Regional ‘S‘dap‘a.“"“ Middle | Middle
G trategies
quantitative
; i Adaptation . ;
Micro Quantitative Local = : High High

Source: modified from Messner, 20054,

Vulnerability variables were identified as many as 46 variables that representing generic
vulnerability, representing economic well-being and inequality, health and nutritional
status, education, physical infrastructure, governance, geographic and demographic
factors, agriculture, ecosystems and technological capacity. Proxy data representing
each variable were acquired from a variety of sources, including the World Bank,
UNDP (Human Development Index), UNEP and CIESIN (N. Brooks et al. 2005)",

The methods and frameworks for assessing vulnerability must also address the
determinants of adaptive capacity in order to examine the potential responses of a
system to climate variability and change (TPCC,2007)™'1.

Adaptive capacity is defined in the glossary of the IPCC (2001, p. 982)!"% TAR as ““The
ability of a system to adjust to climate change (including climate variability and
extremes), to moderate potential damages, to take advantage of opportunities, or to cope
with the consequences.”” Because adaptation does not occur instantaneously, the
relationship between adaptive capacity and vulnerability depends crucially on the
timescales and hazards with which we are concerned. The vulnerability, or potential
vulnerability, of a system to climate change that is associated with anticipated hazards
in the medium- to long-term will depend on that system’s ability to adapt appropriately
in anticipation of those hazards. However, vulnerability to hazards associated with
climate variability that may occur in the immediate future will be related to a system’s
existing short-term coping capaciq rather than its ability to pursue long-term adaptation
strategies (N. Brooks et al. 2005)™.

The Government of New Zealand '®) as an attempt to build adaptive capacity at Local
Government Level, provides A Guidance Manual for Assessing Climate Change
Impacts. The procedures used are Risk Assessment Framework (see Figure 1).
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Source: New Zealand Climate Change Office, 2004
Figurel. Risk Assessment Framework

Adaptive capacity has been analyzed in various ways, including via thresholds and
““coping ranges’’, defined by the conditions that a system can deal with, accommodate,
adapt to, and recover from (de Loe and Kreutzwiser, 20007%; Jones, 2001"'; Smit et al.,
2000%); Smit and Pilifosova, 2001?%, 2003™). Some authors apply *‘coping ability”
to shorter term capacity or the ability to just survive, and employ ‘‘adaptive capacity’’
for longer term or more sustainable adjustments (Vogel, 1998)?*. Watts and Bohle
(1993)% use “‘adaptability’” for the shorter term coping and ‘‘potentiality’” for the
longer term capacity.

The Government of Indonesia ® also provides A Guidance Vulnerability And Climate
Change Impacts Assessment for local government (see Figure 2).

2 Identify sector and critical Infrastructure vulnerable to —> Public
climate change impact consultation

!

Identify Climate Change Hazard : Sea Level Rise, Run off,
Extreme Climate Event, High Temperature.

.

4———.[ Analyze sectors vulnerability to climate change impact ]

v

v

<—>l Analyze and Evaluate of Risk |
Public
1—’1 Formulating adaptation strategy base on risk J<——b Consultation Final

!

Integration Adaptation Strategy to Development Policy :
RPJM, RPJJ, RTRW, Local Policy

Participation, monitoring and evaluation

A
A 4

Source: Environmental Ministry Republic of Indonesia, 2009
Figure2. Vulnerability Assessment Framework (adopted from A Guidance Vulnerability and
Climate Change Impacts Assessment for local government)
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The risk assessment offers a framework for policy measures that focus on social
aspects, including poverty alleviation reduction, diversification of food, protection of
infrastructures and building of collective action.

The degree of risk also showed different types of infrastructure face notably different
risk from changes in climate variability. It suggests that flooding and windstorms have
the most widespread impacts on infrastructure such as buildings, bridges, roads, and
water systems. Droughts appear to impact infrastructure to a milder degree, but have a
heavy impact on agricultural sectors (P. Freeman et al, 2001) ©°!,

Small changes in climate variability correlate with large increases in infrastructure
damage. Affeltranger, et al. (cited from D. Suroso,ct.al.2009) '* presents Risk Notation
(see Figure 3). He defines Risk as an overlay between Hazards and Vulnerability.

Risk (R) = | Hazard (H) x | Vulnerability (V)
] A |
Increasing | Coastal Zone
> temperatur
Change in the rain | Agriculture
> fall pattern

p Water resources

Increasing frequency
> and intensity of
extreme climate events | p| Forestry

“» Sea Level Rise L] Health

Figure3. Risk Notation
3. METHODOLOGY

The study of vulnerability assessment of infrastructure is a process initialization
framework vulnerability assessment of infrastructure to determine vulnerability
infrastructure index.
Following definition of risk and based on Risk Assessment Framework in Figure 2 and
Figure 3, the process as follows.
a. Define sector and critical infrastructure vulnerable to climate change impact
Climate change impact affected many sector and infrastructure like socioeconomic,
water resources, coastal area, agriculture, forestry, health and infrastructure (urban and
rural) include utilities that are essential to community functioning. In this research will
be focus to water resources sector and urban infrastructure.
b. Identify Climate Change Hazard
The type of climate change hazard that occurs based on characteristic location. It means
hazard in tropic zone must be different with sub-tropic zone. Identification of character,
magnitude and rate of hazards based on current and historical information, and
projections of future climate change.
¢. Identify Vulnerability
Vulnerability (V) is a function of Exposure (E), Sensitivity (S) and Adaptive Capacity
(AC). Following definition of vulnerability,
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-the first phase in this step is to identify main indicator for exposure, sensitivity and adaptive
capacity variable.

-Identify proxy for variable that have adaptive capacity indicator

-Collecting data based on proxy

-Analyzing data per sector that affected climate change.

-To get Infrastructure Vulnerability Index (IVI)

d. Analyze and Evaluate of Risk
Variable of risk related with vulnerability. Base on Risk assessment formula
R=HXx V .cvvvvrnnnnn. )
Determination level of risk using GIS tool that is overlay hazard map and vulnerability Index

e. Formulating adaptation strategy based on risk
Based on step a — d should be got information about level of risk and which area or zone
that have risks. Then how to assess, these risks should be responded to, and treat the
risk.

f Integration Adaptation Strategy to Development Policy
The result of vulnerability and risk assessment should be used as guidance for
sustainable local/cities (kabupaten — kota) development policy.

4. RESULT AND DISCUSSION

The main of this study is to define framework of vulnerability assessment and determine
Infrastructure Vulnerability Index. The process of defining framework of vulnerability
assessment has five main steps.

STEP1 Collecting data that influencing vulnerability duc to climate change impacts and
the study area (riverine area). Climate change impacts are hydrometeorology disasters,
based on it’s the collected data’s are triggering data (run off, sea lcvel rise),
environment data (watershed, slope, topography, drainage), infrastructure data (type of
infrastructure, wide, age, user and distance from riverine area). Also preparing attribute
data for data spatial analyze like administrative map, topography map, land use map,
infrastructure map, flood and sea level rise map, and watershed map.

STEP 2 Define hazard type and determination Infrastructure Vulnerability Index

The TPCC TAR (2001)"'" has reporting the impacts of climate change on human
settlements that infrastructurc of coastal/riverine areas has the largest impacts from
flooding and sea level rise. And the most definite risk of urban infrastructure type is
building infrastructure.

The step for determination infrastructure vulnerability index:

a. Collect variables of vulnerability to climate hazard :
Exposure, sensitivity, adaptive capacity

b. Collect vulnerability indicators of urban infrastructure to climate hazard. The
collecting data based on type of hazard and infrastructure.

c. Examine the resulting component on a) and b) how they influence Infrastructure
Vulnerability Index (IVI).

d. Produce total score

[VI=IVIto bazard 1 +1VIto hazard2 + ... + [VIto hazardn ............. )
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STEP 3 Weighting of hazard and Infrastructure vulnerability index .
The aim of this step is leveling degree of vulnerability. Based on it, scenario for
vulnerability assessment can determine adaptation strategies (see Table 2)

Table 2: Scenario of Vulnerability Assessment

Climate Change Variable

Building Infrastructure Variable

durat
ion depth

flood | inunda
(/yea | nut(cm)
1)

vulner sea
ability | IV | level
level rise
(cm)

runoff
(mm)

age
(year
)

type

total
floor
area
(m2)

amo
unt
of
user

distance
from the
coast/rive
rine area

adaptation strategies

>20 | >3 > 60 > 500

B =

High

>20

residen
tial

>1000

>950

<1km

preventing
development in areas
near the coast/river

07 | 10

Moder 200< x

15 | 59 <60 <500

IAIA
~N
w
iR
#

15

INIA

20

Public
buildin

g

600 <x
<1000

N -
A
>
IA

forestation

modification of land
use

monitoring  building
development with
standard building
codes

advance planning to
avoid worst impact

strict regulation of
hazard zones

hazard insurance

0=
Low 07 | <10 |1 <30 <200

<15

High
buildin
g

<600

>2 km

Protecting the building
with leeve or
floodwalls

repairing infrastructure
drainage

build tidal barriers and
floodgate across
riverside

Modiﬁed1 Bijlsma, et al, V996 (cited from Ricard JT Klein, et.al. 1997) —3 w0 - \8 ]

STEP 4 Data Spatial Analyze with GIS tool JLWIS)
1. Before starting the actual analysis, it is important to have an idea of input data, such
as administrative map, inundant/flood map, topographic map, infrastructure map,

river/DAS map, SLR map.

2. Creating the weighting hazard map

- assigning weight values to the classes of the parameter maps.
- renumbering the parameter maps to weight maps.

- combining the weight maps into one single hazard map.

- classifying the combined weight map into a final hazard map.

3. Creating a vulnerability map

A vulnerability classification can be carried out in the same way as the method used
in the creation of the hazard map.

. Creating The Risk Map

Relation between hazard and vulnerability will make a qualitative risk map. The
combination will be done using a two-dimensional table (hazard and vulnerability
table). The 2-dimensional table will contain undefined values for all combinations,
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for example: when the hazard very low, it doesn’t matter whether the vulnerability is
low or high; the risk will be low in all cases. When the vulnerability is very low
(meaning that the area doesn’t contain any important elements at risk), the risk is
always low.

5. Overlay the administrative map and risk map, and create a Cross table.

STEP 5 The city map with the degree of risk

Output from data spatial analyze is a city map with the degree of risk. The result can
determine adaptation strategies or technologies and use as a guidance policy makers in
local/cities government.

1
ISTEP I i
: Environment Infrastructure ngliic:irs:’r;g::y- :

Data: Data: ’
: Watcrshed, Type, wide, age, g’fg’a"hy’ ol
i Triggering Data: il"pe’ " ?rs: ;‘ :,liljt:rn - infrastructurc, I
: Runoff, sea level D?‘E'o grapay, flood, SLR, !
. rise, etc. 1nage watershed :
1 ]
1 —l I
|———-—-- ——————————— - e ww wm wm wem e (mm em e ws = s wm e S S |
1 b % ]
I | Hazard: Variable of vulnerability: Vulnerability !
1| Flood, Exposure, Sensitivity, indicators of !
: Sea Level Adaptive Capacity infrastructure :
i Rise, ]
1 Dt;ought, I | 1
1 etc. i
1 ¢ I
1 Infrastructure Vulnerability Index (IVD) = i
1 IVI to hazard 1 +IV1 to hazard 2+ ... +IVIto i
1 hazard n !
ISTEP 1T 1
L e o 1
i ~ :
S Weighting/Prioritization of 1
1 | Weighting Infrastructurc Vulnerability 1
: of Hazard Index :
(O ]
P i o oo s g o S S - o o=
i 3 |
: Data Spatial . :
Analyze

ISTEP IV = !
b e = = - - - = - s e o
1 1
:STEP A\ A 1
| Risk = Hazard x Vulnerability :
1 (overlay) i

]

Figured4. Vulnerability assessment of urban infrastructure framework
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Climate change is defined as a long

unpredictable. This study is current
data. It could be predicted the future
vulnerability and projection data. Then in

climate change impacts (see Table 3).
Table 3: Scenario Future Vulnerability

Pembangunan Ekonomi Nasional

process and high complexity that very
vulnerability assessment because using existing
of vulnerability by using the degree of current

the future can preventing adaptation to

Vu(li::::i:i 5 Climate Type of Future Vulnerability Level
Level Variable Infrastructure 2015 2035 2060
High Residential Very High Extreme Extreme
-Increase
extreme daily ol
Moderate rainfall i High Very High Extreme

-Increase sca Building

Low Aeveliiae High Building |  Moderate High Very High

Modifiod from CSIRO Australia, 20067

5. CONCLUSION

This study is a micro level vulnerability studies that developing from meso-level study
in Lombok Island®!. The vulnerability study in local level has high accuracy. This is
because using characteristic topography, climate and environment local. The process in
vulnerability assessment as follows:

STEP 1 would be resulted the type of locally climate hazard and the most vulnerable of
urban infrastructure (in this study is building infrastructure).

STEP 2 would be resulted Infrastructure Vulnerability Index

STEP 3 would be resulted thc degree of Hazard and Vulnerability, then it could be to
predict of adaptation strategies for current vulnerability.

STEP 4 would be resulted hazard, vulnerability and risk map.
STEP 5 would be resulted the degree of risk for the city level.

Based on thosc resulting, it could be cxplain that a framework of vulnerability
assessment of urban infrastructure is usable for the local/cities.
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