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ABSTRACT: Cities in developing countries are facing the challenge of increasing demand for urban services
especially water supply and sanitation (WSS). This challenge can be more significant particularly in urban
coastal area under climate-related disasters, such as sea level rise, seawater intrusion, drought, high intensity
of flood and extreme temperature change. Population growth and climate change phenomenon affect to high
vulnerability and risk to water resource. This situation will influence significantly to the changing of
economic, social and environmental aspects. Water resource sector is one of vital sectors influencing the
quality of life of the people. This study investigates the perceptions and actions of coastal community under
climate-related disasters and urban development in Tanjung Mas Village, where is located in the northern of
Semarang City, Indonesia. Combination of climate-related disasters such as sea level rise and extreme
precipitation events, and land-subsidence due to groundwater extraction and development has been
increasing flood risks. Field observation, key informant interviews, and structured household survey were
conducted. The survey was conducted among 106 residents, using random sampling method. The results
show that people know the importance of water for quality of life and impact of urban development in
reducing the quality and quantity of water resource but have not completely understood the correlation
between climate-related disaster and water resource. They have perceived there is no significance matter
related to water resource, even though they live in prone area. However, they are unaware of increasing of
flood trends, land-subsidence disaster and the related potential risks to the supply of water needs and the
quality of water. The performance of their current adaptation measures is only ably to cope with the impacts
in the short term period. Public awareness campaign and education at community is necessary for reducing
the low perception of potential risks posed by climate change impact and natural disaster related to water
sector. Moreover, specific government policy, program and practice oriented solutions on climate change and
urban development issues needs to be considered.
KEYWORDS: climate-related disaster, coastal community, Semarang City, vulnerability, water supply and
sanitation
1. INTRODUCTION

proportion of population in urban area is predicted to

United Nations (2014) states that currently 54

increase to 66 percent by 2050. The negative effect

percent of the world’s population lives in cities. The

of rapid urbanization process is the increase of
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vulnerability to disasters as a result of the

since many big cities are located in the coastal area,

concentration of people and assets in prone areas,

such as Jakarta, Surabaya, Makassar, Balikpapan,

since many urbanized areas are situated along major

Denpasar, Bandar Lampung, Banjarmasin, etc. The

bodies of water such as low-lying areas near the

coastal cities have similar characteristics in term of

mouths of major rivers, coastal and delta area (IPCC,

physical and socio-economic settings. Many urban

2007). This challenge can be more significant under

poor people are normally living in coastal areas

climate-related disasters. Population growth and

working as fishermen and labors of port and industry

climate

high

located along the coast. Physically, the cities are

vulnerability and risk to water resource. This

relatively affected by coastal inundation and high

situation will affect significantly to the changing of

tidal that affecting to water sector.

change

phenomenon

affect

to

economic, social and environmental aspects. Water
resource is one of important resources influencing
the quality of life of the people.

Our study has two objectives, which are to
assess of the awareness and responses of the coastal
communities under climate-related disasters focusing

Without a well managed of urban planning,

on water sector, as well as to offer a brief

urbanization process and climate change impacts in

recommendation of the affected communities’

coastal city areas are likely to bring increasingly

vulnerabilities. This article is divided into five

serious problems to people’s livelihoods, property,

sections. After the introduction, Section 2 clarifies

environmental quality and future prosperity. Coastal

some conceptual issues regarding to relationship

zones are particularly vulnerable and risk to climate

between climate change and urban development and

change effects (UN-Habitat, 2007). The impacts of

water sector. Section 3 and 4 provide information on

climate change along the coastline have given more

the study area and the methodology. In Section 5, it

vulnerability and risks to human settlement in

provides a discussion of the study results, while the

coastal area regarding to urban management.

final section provides recommendation for the
possibility improvement of community capacity in

Ten percent of the world's population lives in

water sector to deal with climate change impacts.

close proximity to the coastal area (McGranahan, et
al., 2007). Since they have continually been exposed

2. CONCEPTUAL CONSIDERATIONS

to natural hazards, climate change has made coastal

Urbanization process in the coastal areas by its major

urban areas hotspots of vulnerability. The largest

urban areas makes the people living near or along

threat that coastal settlements are facing is sea-level

these areas are exposed to climate related hazards

rise and thus flooding. Increased salinity in estuaries

such as flooding, sea level rise, coastal erosion and

and coastal aquifers as well as coastal erosion has

sea water intrusion, which not only affects their

also contributed to degraded coastal zones around

national economies but also their people’s life.

urban areas along the shoreline (IPCC, 2007;
UN-Habitat, 2011).

The Fifth Assessment of Intergovernmental
Panel on Climate Change (IPCC, 2014) noted the

This study is particularly important for Indonesia

following summaries with high confidence that
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“coastal

systems

and

low-lying

areas

will

the IPCC (2007) predicts that the sea level in

increasingly experience submergence, flooding and

Indonesia will rise 100 centimeter due to increased

erosion in the coming decades, due to sea-level rise.

sea water temperature from 1.3 to 4.6 degree Celsius

The population and assets projected to be exposed to

in the year 2100.

coastal risks as well as human pressures on coastal
ecosystems will increase significantly due to

Adding uncertainty, climate change will increase

population growth, economic development, and

the complexity of urban management. These are

urbanization. In urban areas, climate change is

displeased

projected to increase risks for people, assets,

development shall confront with. Sustainable urban

economies and ecosystems. These risks will be

development requires three principles, namely

amplified for those lacking essential infrastructure

economic development, social justice and ecological

and services or living in exposed areas”.

responsibility (Munasinghe, 1993; Haughton and

facts

in

which

sustainable

urban

Hunter, 1994). Despites parasitic roles, the cities
For any city, the scale of the risk from these

offer various potential advantages toward sustainable

extreme events is also much influenced by the

urban development (Satterthwaite, 1999; Haughton,

quality of housing and infrastructure in and the level

1999). With current discourse on cities as parasites

of preparedness among the city’s population and key

in the use of resources, the term of sustainable urban

emergency services (Satterthwaite, 2007). The

development has become another catch-phrase since

impacts of climate change have had severe

cities are major consumers and distributors of goods

ecological

and services.

and

large-scale

processes

in

socio-economic consequences (Adger, et al., 2005).
On the other hand, mitigation efforts are absolutely

Water sector is an important component in urban

critical to limit these impacts, adaptation and

management. Water sector is heavily affected by

response measures will be required under this

climate change impacts since the changing are

disaster (Schmitz, 2015). Wijaya (2015) stated that

particularly on rainfall pattern, sea level increase and

the need to understand on the performance of climate

weather extreme. It is extremely important since

change adaptation at the local level is very essential

water scarcity severely impairs food security and

in order to reduce the impacts.

economic prosperity in many countries nowadays
(Schewe, et al., 2014).

Indonesia

is

among

the

most

vulnerable

countries to climate change due to its coastlines,

3. THE STUDY AREA

high concentration of population and economic

Rapid development to meet the socio-economic

activity in coastal areas. Nowadays, Semarang as

needs of big cities in developing countries is usually

one of coastal areas in Indonesia is already a subject

carried out without adequate consideration of the

to coastal hazard due to tidal inundation and land

hydrological environment. It is characterized by

subsidence. The impacts of the inundation are

inadequate spatial planning in their socio-economic

predicted to be even more severe with the scenario

structures,

of sea level rise (Marfai, 2008). Global estimation of

infrastructure, poor planning process, and weak

few

new

investments

in

physical
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political and economic bases.

and the density of 9,458 people per kilometers
square. It is categorized as a very high-density area.

Fig.1 Urban development in Semarang (Source:
Bappeda Semarang, 2005)

Fig.2 Flood-prone area in the northern of Semarang
City (Note: a red box is the study area)

Figure 1 is a map of Semarang showing the
city’s growth from 1992 to 2005. The city has a

The northern part of this area is the Java Sea.

relatively large land area with a very diverse and

The community in this area has experienced with the

fast-growing population. Thus, normal urbanization

impacts of climate change and related disasters such

pressures and modern development forces have

as tidal flood and sea level rise.

resulted in the city expanding to nearby suburbs.

area is sited on land that is highly prone to

However, the concentration of population is still

subsidence because of increasing of water demand of

located at the northern area of Semarang City. This

groundwater consumption.

In addition, this

makes the city more vulnerable. The average
population density of Semarang is approximately
4,206 populations per square kilometer in 2013. This
high population density in the northern of the city
has implications for flood disasters in terms of the
number of people who would be directly affected
(see Figure 2). Moreover, sea level rise increased
dramatically from 1985 until 2008. During that
periods the seal level was increased about 58.2
centimeters, with an average annual sea level rise at
4.47 centimeter per year (DKP, 2008)
Fig.3 Study area of Tanjung Mas Village (Source:
The

selected

coastal

community

has

a

adapted from Arbriyakto and Kardyanto, 2002)

characteristic with the vulnerable area, inappropriate
condition, and limitation access to water resources.

To maintain road accessibility, the community

The study area is in urban village (kelurahan) of

continues to elevate the road, a task which is

Tanjung Mas. Tanjung Mas has an area of 3.24

generally performed by the households themselves.

kilometers square with the population 30,643 people

As this area is highly exposed to a severe but slow
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onset of natural hazards, the community of Tanjung
Mas is also burdened by a decrease in the market
value of their lands, which is far cheaper compare to
other lands in the city.
Tanjung Mas has experienced of the disasters
such as sea level rise and extreme precipitation
events, and land-subsidence due to groundwater
extraction and development has been increasing
flood risks. The maximum height of topography in
Tanjung Mas is 0.5 meter above sea level while the
average of inundation is between 0.4 to 0.6 meter
above sea level (Arbriyakti and Kardyanto, 2002).
Local government can only serve 64 percent of the
water needs through local water agency. The water
source is from the river and groundwater. An average
rate of water consumption in the city is increasing
from 108 to 152 liter/day in last 5 years (Bappeda,
2014).

Fig.4 Flooding (upper) and water infrastructure
(bottom) in Tanjung Mas Village (Source: field

In Semarang City, the government already

observation in August, 2015)

provided some strategies for each type of disasters:
tidal

flood,

abrasion,

flood,

typhoon,

and

Potential impacts in this area can be identified

landslide/ground movement (World Bank, 2013). For

from previous studies such as climate-related

those areas, urban spatial plan document (RTRW)

disasters: sea level rise, heavy precipitation and

provides general zoning requirements, consisting of

drought. These affects to urban environment

the locations (at subdistrict level of detail), the

(physical/infrastructure), social (quality of life) and

allowable land use activities, and building codes.

economy of urban residents in coastal areas.

Therefore, urban spatial plan documentcan be a basic
document to guide stakeholdersin mainstraiming

4. METHODOLOGY

disaster and climate risks in the development

The data for this study is from primary and

planning process (World Bank, 2013).

secondary data. The primary data is obtained from a
direct questionnaire survey of 106 households in

This area has an international seaport called

Tanjung Mas Village. The survey is conducted in

Tanjung mas Seaport and industrial area. The

August 2015. Questionnaire survey is selected for

presence of these areas added with multiplier effect

this study since the unit of analysis is at household

for instance the workers who live nearby the study

level which needs direct information from the

area that consume and exploit water resources.

households.
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about the issues at hand.
The survey questionnaire elicited information on the
respondents’ socio economic characteristics, their

Large household sized (69.8% respondents have 3-5

awareness of and responses to them. In addition,

household members) have implications for disaster

information was asked regarding the sources of

impacts in the sense that when a disaster strikes,

information, the neighborhood characteristics, and

large numbers of people per household are likely to

the characteristics of building in which the

be affected. The rather large household size and the

respondent reside. These are important indicators of

large number of children have implications for

the level of vulnerability to flood disasters. Beside

disaster risk in that high absolute numbers of

questionnaire survey, observation to the study area

causalities during disasters may be compounded by

was conducted to get understanding and data about

an increased need for disaster relief for survivors.

relevant information related to water vulnerability.

This large household size is also lacking capacity for

Relevant

from

adaptation and knowledge absorption since many of

published and unpublished material, including the

their education level is primary school of below.

internet, to complement the primary data. Field

Therefore, in term of understanding knowledge

observation,

particularly

secondary

key

data

was

informant

obtained

interviews,

and

more

complex,

such

as

water

structured household survey were conducted. The

infrastructure, would be limited. Table 1 shows the

survey was conducted among 106 residents, using

socio-economic characteristics of respondents in the

random sampling method. The data collected from

study area.

the questionnaire survey was analyzed using
Statistical Package for the Social Sciences (SPSS)

Table1 Socio-economic characteristics (analysis of

using descriptive statistics.

author, 2015)
Variable

Frequency

%

5. RESULTS AND DISCUSSIONS

Sex:

The following section presents the study results and

Male

57

55.0

a

Female

49

45.0

discussion

of

the

vulnerable

community’s

awareness levels and responses to the climate-related

Age:

disasters in particular to water sector.

16 – 25

2

1.9

26 – 35

14

13.2

5.1 Socio-economic Characteristics

36 – 45

23

21.7

The high percentage of males (55%) is indicative of

46 – 55

27

25.5

the interviews targeting the heads of households

55 – 65

33

31.1

(usually males). In addition, the high number of

> 65

7

6.6

Not graduate

13

12.3

Elementary School

44

41.5

Primary School

22

20.8

High School

22

20.8

adults

and

old

people and

their

reasonable

educational attainment (44% respondents are in
elementary school level) are considered bad for a
study of this nature, because the respondents are old
enough and sufficiently educated to be well informed

Level of education:
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University

4

3.8

function for residence place in the study area

Other

1

0.9

(86.8%). In addition, the condition of residence place
is in permanent condition (92.5%) and mostly they

Main occupation:
Civil servant

own their land (81.1%). Table 2 shows the building

6

5.4

13

12.3

8

7.5

Housewife

38

35.8

Table2 Building characteristics (analysis of author,

Farmer/fisherman

12

11.3

2015)

Entrepreneur

14

13.2

Variable

Unemployed

15

14.2

Residential function:

Private employee
Factory worker

Household members (people):
<2

characteristics in the study area.

Frequency

%

Residence place only

92

86.8

Residence and business places

14

13.2

99

92.5

Semi-permanent

6

5.7

Non-permanent

1

0.9

86

81.1

8

7.5

3–5

74

69.8

Residential condition:

>6

24

22.6

Permanent

Monthly income (IDR):
< 500,000

7

6.6

500,001 – 1 million

17

16.0

Residential status:

1,000,001 – 1.5 million

17

16.0

Landlord

1,500,001 – 2 million

30

28.3

Tenant

2

1.9

2,000,001 – 2.5 million

14

13.2

Others

18

17.0

2,500,001 – 3 million

9

8.5

Distance of building from coast

3,000,001 – 3.5 million

8

7.5

(km):

> 3,5 million

4

3.8

< 0.5

7

6.6

0.6 – 1

23

21.7

From the survey, it can be found that mostly the

1–2

50

47.1

respondents have the monthly income between IDR

2–3

26

24.5

500,000 – 2 million (USD 1 is equaled with IDR
14,000). An individual’s income largely determines

5.3 Characteristics of Water Supply

his or her capability to cope with and recover from

In term of water infrastructure in the study area, the

disasters. Poverty makes urban residents vulnerable

water source is mostly from local water company

to natural disasters such as flooding and drought due

(PDAM) (59.4%). 23.6% of respondent’s answers

to lack of financial capacity for implementing some

that they get the source form the well artesian. In

measures, such as raising house floors, providing

general, the water supply in this area is available and

household

in good quality according to respondents’ answers.

infrastructure

and

alternatives

for

relocation.
Table3

Characteristics

of

Water

5.2 Building Characteristics

Community (analysis of author, 2015)

Most building place of respondents has only the

Variables

Supply

Frequency

in

%
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The perception of the community to the condition of

Water source:
5

4.7

sanitation in this area is quite good (43.4%) and

Local water company

63

59.4

medium (35.8%). The facility of wastewater is

Artesian

27

23.6

mostly using septic tank (73.3%) and in good

Bottled/refilled water

11

10.4

condition (44.8). It can be concluded that even

Rain water

1

0.9

though this area is vulnerable to climate-related

Other (purified water)

1

0.9

disasters, but the community is still not threaten with

Well

the impacts. Although the evidences of the impacts

Quality of water:
Very good

40

37.7

could be perceived in last decades. The community

Good

34

32.1

prefers to have an experience of sea level rise than

Medium

29

27.4

lack of water resource. Some of the households’ still

3

2.8

Bad

discharge the waste water facility to the river and to
the ground. Therefore it causes pollutant which

Availability status of water:
Very adequate

35

33.0

Adequate

38

35.8

Medium

33

31.1

affects their area.
5.4 Perception on Climate Change
Regarding to perception on climate change, it can be

Availability of drainage system:

found that most respondents are not aware and do

Yes

86

81.0

No

20

19.0

7

6.6

Good

46

43.4

Medium

38

35.8

Bad

11

10.4

4

3.8

Septic tank

78

73.3

Nonetheless, their willingness and intention to move

Discharge to river

23

21.9

to other places are limited by their financial access

Discharge to ground

1

1.0

considering over 95% of the respondents are low

Other (public toilet)

4

3.8

income people (less than IDR 3.5 million a month).

Sanitation condition in this area:
Very good

Very bad

impacts. It can be an indication that although the
water and sanitation are available, but they still don’t

Waste water facility in the house:

have a good awareness and understanding. This little
understanding on the climate change indicates that
they do not have a clear plan on what to prepare and
to do in the future if impacts of climate change is
getting worsen. On the other hand, they have a
willingness to move to better environment (64.2%).

Waste water facility condition:
Very good

not understand on climate change phenomenon and

They also are dependent to the place of workslocated
7

6.7

near North Semarang which would add more

Good

48

44.8

transportation cost if they were to move to other

Medium

25

23.8

places.

Bad

13

12.4

Very bad

13

12.4

Table4 Perception on Climate Change (analysis of
author, 2015)
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I don’t know
Variable

Frequency

4

3.8

%

Understanding on Climate change

6. CONCLUSION AND RECOMMENDATION

impact

The

study

findings

show

that

the

affected

Yes

40

37.7

communities are very vulnerable to flood disasters.

No

66

62.3

The location of the buildings and the state of

This area is vulnerable to climate

available

infrastructural

change impact

communities

contributed

facilities
immensely

in
to

these
their

Yes

40

37.7

vulnerability to climate-related disasters, such as

No

66

62.3

excessive ground water use by residents and also
industries in North Semarang.

Water resource may be influenced
by climate change
Yes

30

28.3

This study provides influential evidences that

No

76

71.7

coastal community has ability to adapt the situation

Willing to move if the environment

created by climate-related disasters to generate

is better

sustained social-ecological enhancement, despite the

Yes

68

64.2

community’s

vulnerability.

However,

the

No

38

35.8

performance of their current adaptation measures is
only able to cope with the impacts in the short term
period. It recommends that in long term intervention,

5.5 Response to Climate Change Impacts
The response of respondent related to the impacts on
water sector, most respondent has measures to reduce
the impacts, such as cleaning waterway (68.4%),
improving community awareness (14%), and adding

the need of encouragement for local government to
aware for climate-related disaster risk reduction and
enhancing the coastal community to be able to
manage the related current situation.

sanitation infrastructure (9%).

The results also show that people know the
Table5 Response of respondents on Water Sector

importance of water for quality of life and impact of
urban development in reducing the quality and

(analysis of author, 2015)
Variable

Frequency

%

quantity of water resource but have not completely
understood the correlation between climate-related

Effort that should be done to

disaster and water resource. They have perceived

minimize the impacts of CC to the

there is no significance matter related to water

water sector
Cleaning waterway

73

68.4

4

3.8

Adding sanitation infrastructure

10

9.0

Improving community awareness

14

12.8

Making dam

2

1.5

Arranging land use

1

0.8

Renewing sanitation infrastructure

resource, even though they live in prone area.
However, they are unaware of increasing of flood
trends, land-subsidence disaster and the related
potential risks to the supply of water needs and the
quality of water.
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Community’s knowledge to climate change

use is important through regulation and monitoring.

impacts, awareness in climate change relation to
water

sector

is

limited.

Thus,

the

affected

At the city scale, government needs to

communities’ responses to the climate change

mainstream the vulnerability to water sector into

impacts were poor, thereby endearing people

urban planningstrategy and urban water provision

vulnerable to flood disasters. Based on these findings, planning particularly for their residents in North
we make the following recommendations: (1) An

Semarang. This should also be supported by

urgent need for the government to provide advocacy

allocated budget and some interventions to reduce

campaigns, (2) The government should enforce

impacts to water sources.

building regulation to ensure people do not build on
the flood plains, (3) In term of water infrastructure, it
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