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Abstract: The aim of this paper is to examine the socio-ecological vulnerability and the resulting in spatial
pattern on a city scale. The assessment methods for vulnerability-resilience in the social and ecological have
been broadly examined, such as the Environmental Vulnerability Index (EVI) and disaster risk assessment by the
BNPB (Badan Penanggulangan Bencana Nasional). However, in some cases, these methods are suitable only in
disastrous vulnerability and on a larger scale. The assessment method of socio-ecological systems in this paper
has been modif ied to a city-scale and per the data availability. By using spatial data, this paper analyses the
connection between vulnerability-resilience of socio-ecological systems and land coverage pattern. Based on
the case study, the f inding shows that almost 28% of Semarang city areas are socio-ecologically vulnerable. Most
of the land use of the vulnerable areas is currently used for urban built-up area and agriculture. For future
research, this method can be used for vulnerability assessment of the socio-ecological system in other cities and
as a consideration for decision making in spatial planning.
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A. Introduction

The vulnerability and resilience level of the
social and ecological system affects the spatial
pattern and land use, which also become one of
the challenges for spatial planning in a develop-
ing country. Human and the environment are two
components that cannot be separated from each
other. Interactions between human social condi-
tions and the ecology of their environment will
result in some outcomes that will then affect those
interactions all over again (Ostrom 2009). This
cycle is known as a socio-ecological system (SES).

SES framework compiled by Ostrom (2009)
to analyse the connection between social, eco-

nomic and political aspects and how it can be re-
lated to the ecological life. Azizul (2016) argued
that in the ecological system, the dimension of
the place plays a role in changing environmental
values, which then affect the processes, functions,
and ecological patterns. The assessments of physi-
cal, ecological and environmental vulnerability are
still not enough to determine the welfare of the
people who live in a certain area. The socio-eco-
logical system vulnerability is also closely related
to the stakeholders contained in it (De Chazal et
al., 2008). There are many opinions and frame-
works about environmental vulnerability; how-
ever there is still no general agreement on vul-
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nerability indicator guidelines (Beroya-Eitner,
2016). This fact is indicated by the usage of dif-
ferent methods and variables in each study on
environmental vulnerability. Beroya-Eitner (2016)
argued that the specif ic concept of vulnerability
for environmental systems is needed to process
to the socio-ecological system.

The assessment methods for vulnerability-re-
silience in the social and ecological system have
been broadly examined, such as the environmen-
tal vulnerability index (EVI) and disaster risk as-
sessment by the Disaster Management Agency.
EVI is an assessment compiled by the South Pa-
cif ic Applied Geoscience Commission (SOPAC),
the United Nations Environment. According to
the EVI Manual (Pratt et al. 2004), the EVI func-
tion is a guide to determine the level of environ-
mental vulnerability at the national level or in cer-
tain regions.

Badan Nasional Penanggulangan Bencana
(BNPB) in the document of Peraturan Kepala
Badan Nasional Penanggulangan Bencana Nomor
02 Tahun 2012 divides the vulnerability map into
social, economic, physical and ecological/envi-
ronmental. The variables include human life (so-
cial vulnerability), economic territory, physical
structure, and ecological/environmental areas. In
the exposure compositions, the information in-
cludes population density, sex ratio, poverty ra-
tio, the ratio of disabled people and age group
ratio. However, the guideline in this regulation
only encompasses in disastrous vulnerability as-
sessment, not in general socio-ecological vulner-
ability.

Several studies that combine the spatial
method and modified EVI have been conducted
(Choudhary et al. 2018; Zou & Yoshino 2017; Grigio
et al. 2006). The differences in the assessment
methods in each study are influenced by the avail-
ability of data, the situation, and the conditions
of the research location. Some vulnerability as-
sessments in ecology and socio-ecology have sev-
eral characteristics in common, namely depen-
dence on expert judgment, stakeholder involve-
ment, ranking and mapping methods, and quan-
titative methods (De Lange et al. 2010).  The as-

sessment of socio-ecological vulnerability in this
paper has been adjusted for city scale and data
availability for a case study in the city of Semarang.
To analyse the connection between the vulner-
ability of socio-ecological systems and the spatial
pattern, the assessment method uses spatial and
statistical data.

The socio-ecological vulnerability assessment
in this paper is modif ied based on the environ-
mental vulnerability index (Pratt et al. 2004) and
socio-ecological system framework (Ostrom
2009). The variables need to be prepared to do
the socio-ecological vulnerability assessment, and
each of them will be scored. In this assessment,
the scoring will be in the range of one to f ive,
where one is the most vulnerable, and f ive is the
most resilient (f igure 1).

Figure 1. Socio-ecological vulnerability scoring

The vulnerability assessment is divided into
social and ecological. The framework for the
socio-ecological vulnerability assessment can be
seen in f igure 2. After the variables are scored,
the number will be summed up and scored based
on the rank from one to f ive by using the inter-
val method.

Upper-class limit 1: lowest number + inter-
val
Upper-class limit 2: upper-class limit 1 + in-
terval
Upper-class limit 3: upper-class limit 2 + in-
terval
Upper-class limit 4: upper-class limit 3 + in-
terval
Upper-class limit 5: highest number
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Figure 2. Socio-ecological vulnerability assessment
framework

a) Social vulnerability

Social vulnerability is assessed with social and
economic variables. Classif ication in the social and
economic aspects will be assessed by the lower
level of administration to f ind out which district
is the most vulnerable. The variables for social
vulnerability assessment are population density,
dependency ratio, education rate, and economic
condition.
Population Density

Population or population density is also one
of the variables in EVI. Population density plays
an important role by affecting the interaction
number with the environment. The score of popu-
lation density is based on the classif ication of
population density per kilometre stipulated in the
document of Peraturan Kepala Badan Pusat
Statistik Nomor 37 Tahun 2010. Population den-
sity is calculated with the following formula:

Table 1. Population density scoring

Dependency ratio
In the socio-ecological system, a dependency

f igure is affecting the ability of the community to

meet their needs. The more people who depend
on one individual, the greater the dependents
imposed on them. A dependant is someone who
has economic, time and energy burden. These
large dependents indirectly increase the level of
social vulnerability. Dependency ratio is calculated
with the following formula.

Table 2. Dependency ratio scoring

Education rate
Education is one of the variables that affect

the socio-ecological vulnerability. People with a
higher level of education have higher environment
sensitivity and knowledge, so they are better in
processing the environmental risk (Muttarak &
Lutz 2017). The highly educated people are the
people that have graduated from high school,
college and university. The education rate is cal-
culated with the following formula.

Table 3. Education rate scoring

Economic
The economic ability of the community de-

pends on their jobs and incomes. The poor have
a higher vulnerability to changes in their environ-
ment, especially those whose main income comes
from agriculture, livestock and f isheries (UNEP,
2003).

No Density (population/km2) Score

1 <500 5
2 500-1249 4
3 1250-2499 3
4 2500-3000 2
5 >3000 1

No Dependency ratio (%) Score

1 >80 1
2 60-79 2
3 40-59 3
4 20-39 4
5 <20 5

No Education level (%) Score

1 >80 5
2 60-79 4
3 40-59 3
4 20-39 2
5 <20 1
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In this assessment, the economic scoring is
assessed by calculation based on the average in-
come estimation. The labour farmer, f isher, and
construction labour are in the lowest score as this
group is considered to have income below the
average. The industrial labour group is the sec-
ond lowest score with average industrial labour
income is on the minimum wage. The same ap-
plies to the f ield owner-farmers who manage their
agricultural activities without profit sharing. Judg-
ing by the transportation demands and facilities
in most areas of the city, the transportation work-
ers get the medium score (3). Workers in the
business and merchant sectors have higher score
(4) since they are assumed to have the capability
in business and high economic competitiveness.
The highest score belongs to the category of a
civil servant and Indonesian armed forces due to
their consistent salaries, health insurance facili-
ties, and pension costs. The score for each occu-
pation can be seen in the following table.

Table 4. Economic scoring

From the results of this scoring, the average
according to each sub-district will be calculated
using the following formula:

b) Ecological vulnerability

Ecological vulnerability is assessed with physi-
cal and ecological variables. The physical aspects
are included in the assessment because the physi-
cal appearance of the area is considered a cause
of ecological vulnerability. The variables on eco-

logical vulnerability assessment are land use, to-
pography, geology, and climatology.

Land use
Land use types and ecosystem structures are

strongly associated with natural and environmen-
tal vulnerability (Choudhary et al., 2018). In the
concept of vegetation, the loss of green areas will
have an impact on changing the structure and
function of the ecosystem which will then affect
all components in it (Pratt et al., 2004). In this
assessment, the land use will be specif ied into
f ive categories. Each category has the scoring
based on the vulnerability level.

Table 5. Land use scoring

The industrial area is considered as the high-
est vulnerability due to the activities and pollu-
tion that has caused environmental issues. The
second most vulnerable is the urban area, which
includes the settlement, housing, trade, and ser-
vices. Urban areas get 2 for the vulnerability score
because the communities also contribute to
household waste and affect the environment.
While in vacant lands, there is no human activity
that contributes to environmental damage. There-
fore, vacant lands get a medium score of 3. Physi-
cally, agriculture and aquaculture are resilient as
they do not affect the environment negatively.
Agriculture and aquaculture areas are possible to
change due to the high demand for new devel-
opments. The green area, such as mangrove and
city forests, has the highest score as the highest
resilient level is in physical land cover.

Topography
Analysis of topographic variables on vulner-

ability is based on the slope. Areas with steep
slopes have a higher vulnerability to disasters, es-

No Occupation Score

1 Labour farmer 1
2 Fisher 1
3 Construction labour 1
4 Industrial labour 2
5 Field owner-farmer 2
6 Retirement 2
7 Transportation 3

8 Service/etc. 3
9 Business 4
10 Merchant 4

11 Civil servant/Indonesian Armed Forces 5

No Land use Score

1 Industry 1
2 Urban area 2
3 Vacant land 3
4 Agriculture/aquaculture 4
5 Green area 5
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pecially landslides (Badan Nasional Penanggu-
langan Bencana, 2016). The topographic is scored
based on the document of Surat Keputusan
Menteri Pertanian Nomor 837 Tahun 1980.

Table 6. Topography scoring

Geology

Geological information is one of the main data
necessary to assess environmental vulnerability
(Pratt et al., 2004). In geological variables, each
soil types have their level of soil sensitivity to ero-
sion. The scoring for each soil types is based on
the document of Surat Keputusan Menteri
Pertanian Nomor 837 Tahun 1980.

Table 7. Soil type scoring

Climatology

In climatology, the annual rainfall has an im-
portant role in controlling the vulnerability to the
water supply, drought, and flooding risk. The climate
variable is scored based on the EVI manual (Pratt
et al., 2004) for rainfall in wet periods. The score is
modified since the EVI manual is using a 1-7 scale,
while this assessment is only using a 1-5 scale.

Table 8. Average rainfall scoring

B. Spatial pattern analysis

One of the follow-up studies from the socio-eco-
logical vulnerability assessment analysis is to analyse
the correlation with spatial patterns. This phase analy-
ses land use in areas that are considered vulnerable
so that in the future, spatial plan or the provision of
facilities can be focused on these areas. For example,
if an area that has a high vulnerability score is in-
dustrial, it is necessary to consider if industries in
the area are planned to expand.

In this paper, we use the overlay method to
analyse the relationship between socio-ecological
vulnerability and the spatial pattern. The output
is presented in the form of visual data showing
areas that have high vulnerability and the cur-
rent land use. The framework of the socio-eco-
logical vulnerability and spatial pattern analysis
can be seen in f igure 3. 

Figure 3. Socio-ecological vulnerability and the
resulting in spatial pattern framework

C. Semarang city

Semarang is the capital city of Central Java
province. This city is located in the North part of
Java Island and directly borders the Java Sea. The
total areas of Semarang city are 373.70km2, divided
into 16 districts and 177 sub-districts. Four dis-
tricts are directly located next to the Java Sea;
Tugu district, West Semarang district, North
Semarang district and Genuk district; with the
total coastline length is approximately 13.6km. As
a coastal city, Semarang is burdened with envi-
ronmental risk as well as rapid urban growth. In
2016, the total population in Semarang city was
1,729,428 and continued to grow each year.

We chose Semarang city as a case study for
socio-ecological vulnerability assessment since the
city has various social and ecological types. In its

No Slope Score

1 >40% 1
2 25-40% 2
3 15-25% 3
4 2-13% 4
5 0-2% 5

No Slope Score

1 >40% 1
2 25-40% 2
3 15-25% 3
4 2-13% 4
5 0-2% 5

No Average rainfall (mm/year) Score

1 <15.0 1
2 15.0-25.0 2
3 25.0-35.0 3
4 35.0-45.0 4
5 >45.0 5
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development, Semarang city experiences subur-
banisation; where urbanisation development is not
only happening in the city centre (Handayani &
Rudiarto, 2014). Rapid urbanisation is indeed able
to bring benefits to the development and economy
of a city, but there are still consequences of these
activities. In the Southern area of Semarang city,
changes in land use in Gunungpati district have
brought several negative impacts, namely increased
landslide vulnerability, reduced water catchment
areas, and pollution of community water sources
(Kumala Dewi & Rudiarto, 2014). Meanwhile, in
the downtown area (Semarang Tengah district),
the micro climates in some areas are described as
‘uncomfortable’, especially in the middle of the day
due to lack of green vegetation and green open
space (Setyowati, 2008).

The data sources for each variable for socio-eco-
logical vulnerability assessment in Semarang city are
obtained from the Central Bureau of Statistics and
Development Planning Agency. After following the
mapping and scoring phase, the outputs are social
and ecological vulnerability maps (f igure 4). The
final result is the overlay between two outputs: the
socio-ecological vulnerability map (figure 5).

The socio-ecological assessment in Semarang
city shows that one out of 16 districts in is very
vulnerable (Genuk district). From the result in
socio-ecological vulnerability map, it can be seen
that the social vulnerability can increase or de-
crease the vulnerability level of the area. Genuk
district gets the lowest resilience number in so-
cial vulnerability along with Gayamsari, Semarang
Barat and Tembalang district.

Seen from the socio-ecological vulnerability
map, most of the very vulnerable areas are located
in the downtown and coastal areas of the city.
The total vulnerable area in Semarang city is
107.36km2 or 27.94% of Semarang city areas. The
number is counted from the vulnerability score 1
and 2. The spatial pattern analysis also shows that
the highest number of land use is in urban area
and agriculture or aquaculture. The high num-
ber in the urban area explains how the high den-
sity could be a threat to a city. Meanwhile, the
vulnerable area in agriculture or aquaculture faces
social and sustainability problems. The detail
about the land use and vulnerability scores of
Semarang city can be seen in table 9.

Figure 4. (a) Social vulnerability; (b) Ecological vulnerability
 (c) Socio-ecological vulnerability (d) Spatial pattern in vulnerable area
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Table 9. Land use in vulnerability score

D. Conclusion and recommendations

The socio-ecological vulnerability assessment
in this paper is a compilation and modif ication
from previous studies about vulnerability assess-
ment. The method used in this study is consid-
ered to be more suitable to analyse social and eco-
logical vulnerability levels in a city scale compared
to EVI assessment method due to the output of
the data. Using the spatial tools and analysis in
GIS, the output of this study is visualised in a
vulnerability map form. Meanwhile, with EVI
methods, the output is presented in a graphic
form.

As a case study in Semarang city, most of the
vulnerable areas are located in the coastal and
downtown areas of the city. At least 27.94% area
of the city has a vulnerable score of 1 and 2. The
land uses of the vulnerable areas are mostly ur-
ban area and agriculture or aquaculture. Regard-
ing social and ecological factors, these areas are
the most vulnerable due to the high density and
low social resilience.

From the analysis in the assessment process, it
is concluded that the diversity of the output re-
sults depend on the diversity of conditions in the
study area. Thus, there is a possibility that certain
variables have a higher impact on the vulnerabil-
ity score. In other words, the more homogeneous
the region, the less detailed the results are. How-
ever, this study has several limitations. Data nov-

elty affects the accuracy of the assessment out-
put. The data used to analyse socio-ecological
vulnerability in Semarang city are taken in 2011
for physical conditions, and in 2017 for socio-eco-
nomic conditions. Urban physical conditions, in
general, will continue to change following land
requirements as well as demographic, economic
and population density. Therefore, the accuracy
of the assessment can be improved by the pres-
ence of the latest data for the source input.

The variables in the vulnerability assessment
may vary for each city or area. For smaller areas
(e.g. district scale), the variables should be more
detailed for better accuracy in the result. The char-
acteristics of other areas can also make it possible
for the addition of other variables to support the
accuracy of the assessment. For example, the
shoreline erosion variable can be added to an area
with a wide coastline, and the density of road
usage variable can be added to an area with dense
traff ic.

For future research, this assessment can be
useful to analyse the vulnerability level of the
socio-ecological system in other cities as consid-
eration for decision making in spatial planning. It
can also be used to analyse the social adaptation
and living sustainability in the socio-ecological
vulnerable areas. However, the vulnerability and
resilience levels cannot be determined only by the
mapping analysis. This assessment is focused on
the relationship between the human condition
and the environment so that it excludes the pos-
sibility of vulnerability factors originating from
natural disasters or social conflicts. Therefore,
f ield observations are still needed to determine
the details of the problems in the study area.
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Vulnera-bility Land use Area (km2)
Total Area

(km2)
Percen-

tage

Very
vulnerable

Urban area 21.25 34.72 9.04

Agriculture/aquaculture 10.26

Industry 2.8

Vacant land 0.41
Vulnerable Urban area 43.1 72.64 18.90

Agriculture/aquaculture 22.54
Industry 5.51
Vacant land 1.11
Green area 0.38

Less vulnerable Urban area 88.49 163.78 42.62
Agriculture/aquaculture 70.4
Vacant land 2.43

Green area 1.43
Industry 1.03

Resilient Agriculture/aquaculture 46.18 71 18.48
Urban area 15.31
Green area 7.29
Industry 1.61
Vacant land 0.61

Very resilient Agriculture/aquaculture 28.33 42.14 10.97
Green area 11.32

Urban area 2.42
Vacant land 0.07
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