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Abstract
Pekalongan’s coastal zone has been experiencing pressures from various human activities that
lead to various impacts on the coastal environment and community. Until recent time, the
pressures continue and increase due to lack of proper coastal planning and management in
this zone, which is largely constrained by the lack of information about interaction between
development activities and coastal environment condition. In order to overcome the problem
in this zone, various approaches could be conducted; one of them is by improving the
understanding of both past and ongoing phenomena through observation and monitoring of
coastal processes to predict the future land use changes and their impacts. Scenario-based
approach was examined to support this analysis.
The goal of this research is to demonstrate the utility of scenario-based approach to coastal
land use analysis in order to support strategies of coastal management. In an attempt to come
up with the scenario development, this research performed land use change analysis,
qualitative and quantitative analysis of driving forces of land use change and land use scenario
development by using CLUE-S model. First, land use change analysis was done by using multitemporal analysis of land use in year 1991, 2001 and 2009. The result showed that land use
change is dominated by expansion of urban built-up area with the annual rate of change 4.22%
during 1991-2009 and the increase of ponds area with annual rate of change 0.36% in the
same period.
The second analysis was conducted to determine the relationship between driving factors and
land use change in the area. DPSIR was used as qualitative approach to analyze cause-effect
interrelationship between driving forces, pressures, states, impacts and responses within the
scope of pressures on coastal zone. The quantitative analysis of the relationship between
driving factors and land use change was done by using logistic regression. The results showed
that primary road, secondary road, main river, density of population, elevation, public facilities
and health facilities were significant driving factors for urban built-up area. Secondary road,
main river, density of population, coastline and non-developed area are significant for
agricultural area, and for ponds area, secondary road, minor river, coastline, non-developed
areas and existing urban built-up area have significant values. The goodness of the logistic
regression results was evaluated by ROC method and the results showed the probability of
urban built-up area, agricultural area, mix vegetation and ponds have ROC values 0.903, 0.825,
0.778 and 0.943 respectively, which categorized as very good.
Based on the result of land use change analysis and empirical analysis, scenarios were
examined in the CLUE-S framework to support land use analysis in the area until 2020. Two
land use scenarios were demonstrated to justify the utilization of the model: baseline scenario
and increasing population growth scenario. The results revealed that combination between
empirical analysis, rule-based procedure and cellular automata in CLUE-S framework was
valuable in predicting future land use change and distribution. The validity of this the model
was evaluated by using Kappa and Fuzzy Kappa. The results showed the values of Kappa 75.1%
and Fuzzy Kappa 60.6%, which classified as high agreement. The results justified the capability
of scenario-based land use modelling to support land use change analysis in study area.
Keywords: human activities, land use change, driving factors, scenario-based approach
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The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

I. Introduction
1.1. Background
Coastal areas are regions that provide invaluable ecosystem services for human in direct and
indirect way. These regions have precious environment, which represent a very important
resource base for societal, economic, and cultural activities. They have attracted huge
movements of population and development activities that have imposed pressures on coastal
environment, inducing wide-ranging and rapid changes and often conflicting land uses
(Mimura, 2008).
Coastal zones occupy less than 15% of the earth’s land surface, yet they accommodate more
than 60% of the world’s population (Cleveland, 2007). It is predicted that by 2025 there could
be up to 75% of humanity residing on coastal areas and most of the world coastal ecosystems
potentially threatened by unsustainable development (EEA, 1999). In recent condition, this
threat continues and even accelerates because of the lack of planning and management.
In region of Asia and the Pacific, coastal zones continue to experience tremendous and rapid
changes that driven by various factors, including natural forces, human activities, and
processes controlling the flow of material and energy within coastal ecosystems (Mimura,
2008). The big pressure on coastal environment comes from both natural and anthropogenic
driving forces that interact in various ways (Cetin, 2008). Among the drivers of changes,
pressures of human activities are apparently predominant. However, in some regions, natural
forces become important factors that affect coastal land use changes. Nowadays, impacts of
sea level rise are widespread in the coastal environment, including increased coastal abrasion,
more extensive coastal inundation and higher storm-surge flooding (IPCC WG II, 2001).
Human pressures on coastal regions are diverse and include industry, urban and residential
development, tourism and recreation, transportation, fisheries/aquaculture and agriculture
(Rigg et al., 1997, in Mimura, 2008). The magnitude of each pressure and impact of these
activities to coastal zones and community are different, depend on characteristic of activities
and local condition. The drivers that create pressure on coastal zones are population or
demographic change, socio-economic development, and land use policy or regulation (Yanagi,
2008). Among those, population growth and economic development are indicated as the most
influential causes of pressure on coastal zones. Indonesia is one of typical example of countries
in Asia where the population is centralized on coastal areas. In Indonesia, 65 % people live in
Java Island, on just 7 % of country’s land area and most of them occupy the coastal areas
(Mimura, 2008).
The north coastal region of Java Island, Indonesia, is a region that faces pressure from human
activities development (Dahuri et al., 2004). One of the coastal areas occurs in Pekalongan
City, which experiences in huge coastal degradation caused by various activities that have
lasting for a long time. The increasing of size and spatial distribution of human activities
directly affects land cover condition and expands to the area in the coastal. Land conversion is
far away from the principal of sustainable development and gives pressure to both of
biophysical condition and community that depends on the coastal resources. Because land
uses were not suitable with the land capacity, they cause the degradation of coastal
ecosystems and emerge huge impacts such as abrasion, increased sea level rise, and marine
pollution (Dahuri et al, 2004). Sea level rise is one of impacts that accelerates pressure and
affects coastal destruction. These conditions continue and were aggravated with the lack of
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proper management and regulation that relates to the spatial planning and resources
utilization in the coastal areas.
Increasing the amount of damage on coastal areas and increasing human activities in the area,
indicate a need for coastal zone management that is appropriate to address the problems. To
support the coastal management, the availability of land cover information is very important
(Dahdouh-Guebas, 2002). Land cover becomes important indicator because processes of a
human activity development directly impact to its change condition. Furthermore, land cover
change can be used as an indicator to determine how extent the pressure of human activities
and development on coastal zones, what drivers that affect the change and what type of
management could be done to manage the future condition. Land cover establishes the
baseline to predict and plan the direction of land utilization in coastal area.
Response to the increase of pressure and threats could be done using the understanding of
both past and ongoing phenomena through observation and monitoring of coastal processes
to predict the future changes and their impacts (Mimura, 2006). Because of the complexity of
land use systems, prediction the future of land coastal land use is not easy to be done;
however, this process could be approached by applying scenarios to understand the coastal
processes. A scenario-based approach could be used to summarize the dynamic view of future
by exploring various changes that lead to a broadening range of plausible alternative futures
(Mahmoud et al, 2009). Furthermore, land use scenario allows exploring and evaluating of
feasible future conditions of coastal zones that enables assessment of system vulnerabilities
and possibilities for adaptation measures.
Scenario of future land use could be applied by using a spatial modelling, which is represented
as data sets that describe the spatial and temporal changes to the key variables of interest
(Mahmoud et al., 2009). Model simulations produce quantitative estimates of the
effectiveness of various strategies in different scenarios. These scenarios could determine
development alternatives and selection of the most acceptable land utilization. Furthermore,
with scenario development using integration of model system, the specific location of
potential impacts could be identified to anticipate potential effects of land use changes.

1.2. Problem definition
Coastal areas are regions that have huge potential of resources and environmental services for
human and become place for societal, economic, and cultural activities. The problem is that
human activities and physical development on coastal areas increase without control. They
expand and change the existing coastal ecosystem without considers the suitability and
capacity of coastal land.
Coastal areas of Pekalongan City are subject of human activities and development pressure
that have lasting for a long time. The pressures were accelerated by sea level rise that can be
seen as huge coastal degradation. These conditions pose a threat to the resilience of both
human and environmental coastal systems. One of the impacts can be seen in land cover
change condition in the mainland of coastal areas. Dealing with problems above, this study will
analyze land cover change in the mainland of Pekalongan coastal areas and identify trends of
change.
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Besides land use change, coastal planning and management in Pekalongan is constrained
largely by a lack of information about interaction between development activities and coastal
environment condition. Knowledge relating to drivers of land use change will enable more
careful planning and management in the area. It gives understanding about cause and effect
relationship between interacting components as a complex system, such as social, economic
and environment. By considering pressure condition, states, and impacts on coastal areas,
information about driving factors could be traced. As a part of scenario development, identify
driving factors and analyze interrelationships between land use change and its driving factors
are becoming important to be done.
Furthermore, managing pressures of coastal zones in Pekalongan still faces many problems
because every sector and institution conducts management separately. They also encounter
problems such as regulation, human resources capacity, and the lack of data and information
about coastal condition. Coastal planning process was conducted with a “consensus-building”
that relies on local knowledge and stakeholder preferences to make informed choices about
equitable resource allocation. These conditions result in uncontrolled land utilization.
To address the coastal degradation problems in Pekalongan that are caused by uncontrolled
land utilization, impacts of climate change and improperly planning, coastal management is
urgent to be conducted. Regarding management in the future, scenario-based approach could
be utilized to support land use analysis in coastal areas. Scenarios-based approach by using
spatial modelling could be addressed to investigate how extent the changes of land cover
affected by human activities in the future times. Moreover, by applying different scenarios, the
impacts of human activities could be estimated and anticipated for future development.
Therefore, scenario-based approach will be demonstrated in this study to know the usefulness
for coastal land use analysis in the area.
In modelling land use scenarios, several aspects are considered, including the driving factors of
land cover change, land cover change trends, sea level rise as one of the impacts of climate
change, and location characteristics, such as biophysical and accessibility to the specific
location (Verburg et al, 2002). Dealing with the increase of coastal degradation in study area,
population growth is considered as the most important factor. Therefore, this factor will be
used to create scenario of future land use on coastal areas. In this study, baseline land use
change and increasing population growth will be demonstrated in different conditions to
predict how the impacts on land use changes in the area for the next 20 years. These scenarios
are examined to provide different alternatives of land use condition in study area. Information
resulted from these scenarios could be used as alternative considerations in developing
strategies to minimize coastal degradation.

1.3. Research objectives
The general objective of this study is to demonstrate how a scenario-based approach to
coastal land use analysis could be useful in developing strategies of coastal management.
This aim will be reached through the following objectives:
1. To identify and quantify changes of land use that influence the coastal zone
2. To determine the underlying drivers that affecting the change of land use in the area
3. To demonstrate how scenarios could be utilized to coastal land use analysis in the area
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1.4. Research questions
1. How do the changes of land use in Pekalongan City influence the city’s coastal zone?
a. How has the land use in study area changed during the period of 1991-2001 and
2001-2009?
b. What are the trends of land use change in study area during 1991-2009?
2. What are the underlying drivers that affect land use changes in the area?
a. What are the underlying factors that influence the land use change in study area?
b. Which are the most important driving factors?
c. What is the strength of the relationship between driving factors and land use change?
3. How to demonstrate scenarios-based approach to coastal land use analysis by using spatial
modelling?
a. What are the relevant variables which can be examined in the development scenarios?
b. How can the variables be used for scenario development in study area?
c. What are the policy implications based on scenarios developed in study area?
d. How should deficiencies in data, methods be addressed to improve the utility of the
scenario approach?

1.5. Conceptual framework
Coastal regions are areas that have huge resources. Because of their valuable environment,
they attract people to utilize their resources. The problem emerges when the utilization of
resources increases without any controls. This condition continues and coastal areas face huge
exploitation and pressures. The impacts of these conditions are degradation of resources that
emerges many environmental problems such as sea level rise, abrasion, and coastal flooding.
To address the coastal problems, this study will use qualitative and quantitative approaches to
achieve better understanding about cause-effect of coastal problems. Qualitative approach
considers several aspects, such as driving factors, pressure, the status of coastal condition, the
impacts that caused by the interaction of driving factors and environment and possible
responses to solve these conditions. Quantitative approach is used to determine the
relationship of driving factors and land use change by using empirical analysis. Logistic
regression is chosen as an approach to identify the most important driving factors that affect
the land use change in the area. In this study, response to the coastal problems will be
conducted by applying scenario-based land use modeling by using CLUE-S framework to
provide alternative scenarios of coastal land use configuration in the future. In this research,
the scenarios will consider several components, including future initial land use, land
requirements, land use allocation, and land use specific settings. By considering various
aspects, this approach could provide appropriate land use scenarios in the study area.
Previous studies have applied various approaches to simulate land use change. They used
various components to study urban-rural land use change in regional level with complex
geographical conditions. In the other hands, this study will apply scenario-based approach to
assess the impacts of human activities in relatively small region with less geographical
variations. In building scenarios, the main driving factors of land use change will be examined
to understand the future configuration of land use in the area.
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Land use requirements
based on past land use change trends and
scenario settings

Demand of land and
resources

Coastal
Zone Policy
and
Regulations

Location Characteristics:
Essential location factors
Land cover/use change
causing coastal pressures

Coastal Protection Zones

Land use conversion settings

Degradation of
coastal Zones

Environmental impacts:
Increase pressure from
natural forces
(i.e. sea level rise)

Scenario of future land use:
- Baseline scenario
- Increasing population growth

- Regional planning & policy
implication
- Evaluation & recommendation

Figure1. Conceptual Framework

1.6. Organization of the thesis
The research consists of theory, methodology and application which are divided into six
interrelated chapters. Theory part provides the originality of the research, places the research
in the context and compares some approaches to the research problem. Methodology part
describes the approaches and assumptions used to answer the problem and application part
deals with conceptual model and scenarios application by using the model.
Chapter 1 describes the background and research problem. Objectives and research questions
are used to limit and focus methodology and analysis.
Chapter 2 provides the theoretical background and discussion about the approaches to the
research problem, starting from wider context of coastal characteristics. The interrelation
between human activities and the impacts on coastal zone, the driving factors of land use
change, land use scenario development and modelling approaches are discussed.
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Chapter 3 presents the study area and methodological framework used as approaches to
answer the research problem. It describes the methods of land use analysis, qualitativequantitative analysis of driving factors of land use change, and scenario development
framework.
Chapter 4 focuses on building the conceptual model in which the methods are operationalized
to achieve the results. Detail technical analyses of the methods and parameter settings to
build land use scenarios are described in this chapter.
Chapter 5 presents the results of the research. It is divided into three main parts: results of
land use change analysis, findings of empirical relationship between driving factors land use
change and scenario development results. It continues with discussions and policy implications
related to the findings and the problem context.
Chapter 6 concludes the research by comparing the research objectives and the results and
provides some recommendations for study area and further research direction.
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II. Human Activities and Scenario Modelling on Coastal Zones
2.1. Introduction
Coastal areas have emerged as an important issue in development because these regions
become object of development activities in many part of the world, especially in developing
countries. Some literatures reveal that 50% of world’s total population in year 2003 lives in
urban areas and it is expected to increase until two-third of total population in 2025 (Clark,
2003 in Roy, 2005). Moreover, the important issue is that 90% of total population tends to
locate in developing countries (UNFPA, 2007 in Roy, 2005). In addition, another fact about
population condition is described by Mimura, where half of total population resides in the
Asia-Pacific coastal zone is only 10% of earth’s land (Mimura, 2008).
In Indonesia, the coastal areas are generally highly productive regions with materials derived
from upstream or from the local variety of human activities. They provide natural resources
both as a productive source of food, energy, communication and tourism area; it means that
this area becomes the foundation for the fulfillment of human need in their life. Similar with
the statement, it is stated that about 50 - 70% people live and work in this area, so that it has
to be maintained for its important role for human life (Dahuri et al., 2004). Diversity in coastal
resource wealth makes the region attractive to all stakeholders to use it. In one hand,
utilization of coastal areas and their resources make a significant contribution in the economic
sector, but on the other hand the use of coastal areas which ignores aspects of sustainability
and suitability of land led to pressure in this region.
The interesting issue behind all of facts is how to manage human activities development in the
coastal zones to maintain environmental condition and achieve sustainable coastal
development?. This condition implies the need for integrated coastal management that
considers all relevant aspects. This effort is addressed to provide a feasible alternative to
balance various interests; therefore it requires readiness in all aspects including the available
data on coastal resources and information about the resource conditions in the future.
Data and information about the utilization of coastal resources can be provided in various
forms by using remote sensing and GIS technology, including land use and land use change
map. However, related to the need of decision making process for the future, the provision of
coastal land use information should be improved with well-developed and analytical
capabilities of spatial data. Therefore, the selection and processing of data to generate
meaningful and timely information are important to support the better management of
coastal resources.
The integration of remote sensing and GIS is useful to support coastal management; however,
because of the different processes of coastal development in space and time, it is difficult to
create systematic method that sufficient to explain these processes. One approach that can be
used to understand the complexity of development process is scenario-based land use
modeling, which capable to provide different alternatives of future land use. Based on the
reasons above, in this research, scenario-based modeling will be developed to examine the
usefulness in supporting coastal land use analysis.
This chapter will look at the development issues concerning the coastal zone and then
examines the use of scenario modelling for simulating different land use development options.
The discussion starts from the definition of coastal zone and its characteristics, continues with

7

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

understanding of human activities occurred on coastal zones, land use change as an impact of
human activities pressures, driving factors of land use change on coastal zones, the needs of
model to represent future land use change, and the use of CLUE-S model as one of modelling
approach of land use change in study area.

2.2. Coastal zone definition and characteristics
The coastal zone can be explained in two ways; coastal zone as a physical entity and costal
zones as a management area. As a physical entity, there is no international agreement about
coastal zone definition because of the difficulties in determining a precise boundary around
the landward and seaward. Furthermore, the definitions become broader when coastal zone is
linked to the catchment and marine processes that affect the land and sea boundary.
In European countries, the physical definition of coastal zone is various. The range of spatial
boundary that can be used to restrict the definition of coastal zone is very broad. It lies
between the extending of landward and seaward boundary and the adjacent geomorphologic
features that are directly affected by the sea action. It is difficult to make an agreement about
the extent the landward boundary because of the influence of climate from the sea as well as
the different characteristics of coastal areas. One example of the coastal zone definitions in
European countries comes from Denmark that defines the coastal zone boundary is 3 km
landward from the coast, including 300 m coastal restriction areas. However, there is no
information about what is the reason to define the 3 km distance. Spain defines the coastal
zone based on the natural shores, where the boundaries of coastal zone are up to 200 m from
the landward limit of the shores. The definition in Spain purely uses natural processes as a
consideration. Another example is defined by Great Britain, which considers the distance of
coastal zone is from 300 yards up to 5 mils, including the territory that is affected by the
development of coastal zones (UNESCO, 2009).
In American countries, one of the references about coastal zone definition comes from US
Commission on Marine Science, Engineering and Resources (1969, in EEA, 2009) which states
that coastal zone is: “the part of the land affected by its proximity to the sea, and that part of
the sea affected by its proximity to the land as the extent to which man's land-based activities
have a measurable influence on water chemistry and marine ecology”. Another definition
comes from Coastal Zone Management Act of the USA year 1972 that states: ”coastal zone
consists of littoral water within the territorial waters and land that the utilization of it has
direct influence on that littoral water” (NOAA, 2009). According to these definitions, State of
North Carolina break downs the definition of coastal zone as a landward in which 20 counties
adjoining, adjacent to Atlantic Ocean and a seaward with 3 nm distance from baseline. The
considerations to define this definition are geomorphologic areas of environmental concern
and land use with potential to affect coastal waters.
Similar with European and American countries, there are various definitions of coastal zone
used in Asia-Pacific countries. Some organizations mention about the physical definition of
coastal zones. The International Geosphere-Biosphere Program (IGBP) in Land-Ocean
Interaction in the Coastal Zone Project (LOICZ) defines coastal zone as “extending from the
coastal plains to the outer edge of the continental shelves, approximately matching the region
that has been alternately flooded and exposed during the sea level fluctuations of the late
Quaternary period” (Holligan and De Boois, 1993, in Crossland et al., 2006, p.4). Physically,
IGBP determines 200 m landward and 200 m depth isopleths as a boundary of the coastal
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zone. Some other countries in Asia-Pacific region have different definitions about the coastal
zone. The selected definitions can be seen in the following table.
Table 1: Selected examples of coastal zone boundary definitions in Asia-Pacific countries
Country or State

Landward boundary

Brunei Darussalam

1 km inland from mean height water
(MHWM) & areas inundated by tides any
time of the year

From MHWM to 200 m isobaths

Seaward boundary

Indonesia

Administrative and selected
environmental units

60 m isobaths

Malaysia

District boundaries

Up to 20 km off shore

Philippines

Boundaries of coastal municipalities +
inland municipalities with brackish water
aquaculture

100 isobaths

Singapore

Entire island

Territorial waters and offshore islands

Thailand

District boundaries

Shallow continental shelf

Sri Lanka

300 m from ocean

2 km of ocean and adjoining strip of
land

Source: Lunkapis (2009)

It is argued that the coastal zone definitions in some countries are not practically implemented
because the coastal zones are not only affected by natural coastal processes but also
influenced by human activities processes. Based on this reasons, Organization for Economic
and Development (OECD) suggests the definition of coastal zone should be consider the
problems and objectives of planning and management. This approach is adopted by Australian
Commonwealth Government that considers two approaches in defining the coastal zone,
where the boundaries of the coastal zone are the extent of inland and seaward suitable with
policy objectives and the land-sea interface as a primary focus.
In Indonesia case, there is no standard definition about coastal zone in physical term. The
common definition refers to Soegiarto (1976, in Dahuri et al., 2004), who defines the coastal
zone as the transition zone between sea and land, where the terrestrial environment
influences the marine environment and vice versa. Another approach implemented in
Indonesia is the definition of coastal zone that considers the smallest administrative level. This
definition has been issued in 1999 when Indonesian Government established The Regional
Autonomy Act No. 22/1999. This regulation allows local government to manage coastal
resources in the framework of sustainable coastal development. In the relationship with
regional spatial planning, this act is established to encourage local communities to improve
their participation in decision making. Local government has authority to explore, exploit, and
manage coastal zone with conservation and preservation (Act No. 22/1999). This regulation is
adopted in the Law No.32/2004 about Regional Governance, which also considers the coastal
zone boundary in the lowest administrative level in the upland portion.
According to the literatures above, it can be concluded that there is no exact physical
boundary of coastal zone in Pekalongan City and in management practice; the boundary is the
administrative level or district region. Therefore, in this research, I will combine two
considerations in defining the coastal zone in Pekalongan City, including the administrative
level and land-sea interface as an environmental unit that will be emphasized in the discussion.
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2.3. Human activities and the impacts on coastal zones
Human activities on coastal zones are various and occur extensively, especially in Asia-Pacific
countries. In these regions, the economic activities of many of countries depend on
development in the coastal zones (Mimura, 2008). In one hand, the economic development in
these areas produces many benefits, but in the other hand, the cumulative effect of increasing
economic activities and population concentration causes pressure in the coastal areas (Turner
et al., 1996).
The causes of coastal zone problems in Asian countries are in accordance with the statement
of most national and international institutions in defining population density, tourism,
urbanization, industry, agriculture, aquaculture/fisheries, and maritime transport as the main
pressures on the coastal zones (EEA, 1999). The general pressures and the impacts of human
activities in the costal zones of Asian countries, including Indonesia, Philippines, Malaysia,
Bangladesh, and India can be seen in the following figure.

Figure2. General impacts of human activities on coastal zones
Sources: Rigg et al, (1997, in Mimura, 2008)
According to the figure above, there are various driving factors of activities that cause impacts
in upland of the coastal zones, including industry, population growth, tourism, shipping and
ports, aquaculture, coastal defense and agriculture. It can be seen that all of driving factors in
coastal zones affect the environment state and each activity has different impact level.
According to the number of impacts, the driving factors can be classified into three groups;
major, moderate and minor influences. The major driving factors have the most influence on
coastal zones, including population growth and urbanization, industrial development,
agriculture and tourism. The moderate driving factors include aquaculture, and transport,
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whereas the minor driving factors include coastal defense, energy, shipping and ports, and
capture fisheries. However, related to the habitat loss or degradation in the upland areas of
coastal zones, almost all of driving factors and activities have major impacts. These driving
factors will be discussed in the context of land use change and coastal degradation.
Population growth becomes the main concern because it causes coastal areas to be more
developed. Settlement area tends to increase near the coastal zone and people favor coastal
zone for their living because these areas provide many benefits, including biological
productivity and ecosystem services (Turner et al., 1996). The expansion of urban areas as a
consequence of population growth emerges significant impacts to the environment, including
coastal land cover change and habitat destruction, increasing beach erosion, coastal flooding
and inundation, and pollution. The most affected ecosystems in Asian countries are mangrove
where the annual rate of decrease is 1.4% from 1990-2000 (FAO, 2003, in Mimura, 2008). In
Indonesia, the annual rate of mangrove conversion is 1.9% during that time. The cause of
mangrove conversion is not only settlement development, but also various activities, including
fish/shrimp ponds expansion, ports development, road and infrastructure, agriculture
expansion and industry. Mangrove conversion causes land and water pollution, loss of fisheries
productivity, and increases coastal flooding.
Aquaculture is another driving factor that has big impacts on coastal zones in Asia-Pacific
countries. Fish and shrimp ponds have increased significantly in 1990s and cause mangrove
ecosystem destruction in some countries, including Indonesia, Thailand, Philippines, and
Vietnam. In these countries, over 60% of total mangroves have been converted to aquaculture
(ADB, 2000, in Mimura, 2008). Because many organisms depend on coastal resources,
therefore the degradation of mangrove ecosystem has a big influence to the fisheries
productivity. In accordance with sea water impacts, mangroves also have a significant role as a
filter between land and ocean. The loss of mangrove forests will affect the increase of
pollutant in the sea water. These impacts result in the loss of productivity of fisheries in sea
water and mainland areas that caused threat for coastal communities.
Agriculture is also considered as an important driving factor that causes many impacts on
coastal zone. The impacts vary from habitat degradation, physical changes and pollution.
Similar with shrimp/fish ponds, the change from coastal land use to agricultural land use
causes impacts, including habitat destruction and flora-fauna destruction. Moreover, pollution
in surface water and marine from fertilizer and pesticides, combined with other pollutants
from fish/shrimp ponds and waste disposal causes destruction marine environment.
Related to physical condition of coastal zone, the loss of mangrove and associate ecosystems
by human activities cause many impacts, including beach erosion and sedimentation.
Increasing beach erosion is also affecting coastal ecosystem, discourage beach formation and
increase sediments in other parts of the beach. The increase of sediment loads will hamper the
growth of coral reefs and cover sea grasses and seaweed. It is reported that in South-East Asia,
88% of the coral reefs face a medium to very high threat from the impact of human activities.
Besides the destructive fishing method, coastal development becomes one of the main causes,
followed by sedimentation and pollution (Mimura, 2008).
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2.4. Driving factors of land use change
The interesting issue of coastal zones in the perspective regional planning is how to manage
human activities development in the coastal zones to reduce the impacts of environmental
degradation and achieve sustainable coastal development. In order to acquire a deeper
understanding of the relationship of human activities and coastal environment, the driving
factors of human activities that influence land use change on coastal zones should be clarified.
Land use changes are highly complex in nature and the influence of the factors and their
effects varies with the context and cannot be pre-determined. Hence it becomes difficult to
define a clear trajectory of changes and the influence of the factors causing them. Determining
the influence the factors becomes the greatest challenge for researchers.
Driving factors are used as determinants to model land use changes. Turner et al., 1995 (in
Verburg and Lesschen, 2006) identifies three types of driving factors; bio-physical factor,
socioeconomic, and proximate causes. Brandt, et al (1999, in Burgi et al., 2004) divides five
types of driving factors of land use change, including socioeconomic, political, technological,
natural and cultural. These driving factors have different influences to land use pattern at
different scales. Bio-physical factors relates to physical and biological condition of the area,
such as climate condition, soil, and topography where they usually influence the decision of
land utilization. Social and economic driving factors are various, including the growth of
population, increasing of industry, technological aspect and implementation of policy.
Whereas proximate causes are related to land utilization that considers the proximity to the
valuable phenomena.
In order to determine the driving factors, simplification and theoretical assumptions are
needed. For example, a central business district and public facilities are chosen as the main
factors in urban development because they trigger households to commute. However, in the
models that integrate different land use types, a large set of driving factors are required. The
driving factors affect land use change in different level of spatial and temporal and create a
complex interactions and dependencies (Verburg and Lesschen, 2006). It implies the need of
methods to examine the relevant driving factors of land use changes.
Determining the driving factors of land use changes can be done by using qualitative and
quantitative methods. Qualitative method is useful to identify general relationship between
land use change and their drivers; however it cannot be used to identify the quantity and
direction of the relationship. According to Burgi et al (2004), the DPSIR framework is one of
methods that can be used to examine the causal-relationship between driving factors and land
use changes. This approach has been implemented by European Environment Agency to
demonstrate the interconnectedness between driving factors, pressures, states and impacts
and estimate the effectiveness of responses.
The DPSIR framework is developed by combining all of appropriate indicators of land use
change and identifying the possible pressures and impacts in the environment. The causeeffect relationship can be established in a top-down diagram, starting from driving factors,
pressures, states, impacts and possible responses. By using this diagram, the contribution of
each driving factor on land use change can be explained. Furthermore, this framework can be
used to identify the driving factors that have relevant influence on land use change in
qualitative way.
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Another method to determine the relevant driving factors of land use changes is a quantitative
analysis. One of the approaches is statistical technique that quantifies the relationship
between land use patterns and driving factors. This method becomes an important subject in
land use research field because of its capability to simplify land use change phenomena and
their relationship with determinant factors (Zeng et al., 2008). By using this method, the
contribution of each driving factor can be quantified and compared with other factors to
identify their relevance to the land use change process.
Because of the complexity of land use changes, a specific type of statistical analysis is needed
to be incorporated in the land use change model. One type of statistic analyses is multivariate
analysis that can be use to determine the relationship of land use and various driving factors.
Cheng (2003) states that there are three types of multivariate analyses that are widely used in
pattern modelling; include multivariate regression, log-linear regression and logistic
regression. He found that logistic regression is advantageous in its dependent variable,
explanatory variable and normality assumption compared with linear regression and log-linear
regression methods. Moreover, according to Senol (2006), logistic regression does not assume
that the data is a normal distribution and linearly related, so this model is relatively flexible to
be applied. Other advantages of this analysis are the use of dependent variable and
independent variable that makes it useful in explanatory research (Kok et al., 2001). Practically,
statistical regression is done by choosing samples from independent and dependent factors to
determine the strength of relationship and the influence of each factor involved in the process.
These relationships are used to determine the probability of dependent factors that depicts
the spatial distribution of cells that have potency to be devoted to each land use type.

2.5. Scenario-based land use modelling
The relationship between land use patterns and driving factors is needed to understand the
land use change phenomena, where it provides a picture about the underlying factors that
influence the present land use configuration. The relationship can also be used as basis
information to identify the future land use configuration. However, due to the complexity of
land use change phenomena and the factors involved, assumptions about future land use are
needed. Scenarios become the assumptions that recommended by some researchers to
simplify the future land use (Alcamo et al., 2006).
Land use scenario analysis is an approach to develop, compare, and evaluate the scenarios
that represent the current knowledge and statement about future condition. According to
McCarthy (2001, in Mahmoud, et al., 2009), scenarios can be divided into exploratory and
anticipatory. Exploratory scenarios describe current and past trends and process of change and
project the trends to assess the desired future. Anticipatory scenarios are used to predict the
different desired future visions based on possible actions taken place.
The methods to build scenarios are divided into qualitative, quantitative and combination of
both methods (Alcamo et al., 2006). The qualitative scenarios develop and evaluate possible
future by using a storyline or key assumption about the wide range of subject that can be
formed in outlines, diagram, or narrative texts. This method needs expertise, participation and
collaboration among stakeholders to achieve plausible future. The main limitation of
qualitative scenarios is the lack of numerical analysis to assess environmental issues, where
many environmental problems need empirical explanation in their comprehensive analysis
(EEA, 2001).
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The quantitative scenarios describe future land use by exploring numerical information in the
current condition. Based on the information, the assumptions are built in models that can be
shown in various displays. The advantages of this method are the assumptions can be
systematically formulated in the model equations and coefficients and the subjectivity of the
decision makers can be minimized. Moreover, because of its specific rules in the models, this
method can be applied and modified in other regions that have different interests. However,
according to Alcamo (2006), there are some disadvantages that occur in quantitative
scenarios, including the limited view about the future, the large number of assumptions, the
limited involvement of processes and the need of expertise to understand the scenarios. Too
many assumptions in the models will reduce the future information (EEA, 2001). The types of
models used for computing future land use are explained in the following section.
The most important thing in scenario development related to the environmental impacts of
human activities and natural forces is how to use the scenarios to provide information about
the different states of environment that can be used to support decision making process.
There are some considerations suggested by European Environment Agency to achieve these
goals, including developing scenarios that aware about the important environmental issues
and climate changes (EEA, 2001).

2.6. Development of land use models
There are several models that can be used to support quantitative scenario development. The
models combine several analyses in structured way where it is possible to develop assumption
about the most important issues/variables that can be used to build scenarios. Moreover,
models that consider the combination of spatial and temporal dynamic are suitable for
scenario analysis. These models are not constrained by the range of land use change in which
they are based. The integration of the temporal dynamic, combined with spatial dynamic and
competition between various land use types in one model provide a wide range of scenario
development.
According to the approach used, there are several models that have been developed, including
cellular automata, statistic analysis, agent-based model, spatial interaction, neural network,
and hybrid model (Koomen and Stillwell, 2007; Cheng, 2003). The brief explanation of each
modelling method will be presented below and some advantages and limitations of each
model will be analyzed by considering the use and selection method of driving factors and
possibility to build scenarios of land use change.
2.6.1. Cellular automata
One of methods that widely used in land use modelling is cellular automata (CA) that operates
in grid-based and rule-based system. The components of CA include cells, states,
neighborhood, and rules. The neighborhood, states and rules determine the probability of
each cell to change. With the decision rules, neighborhood cells and characteristics of each cell
will be examined to determine whether cell will change or not. By using mathematical method,
the rules determine the degree of each cell to be changed. This method is simple but very
important as a basic approach in many land use models.
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Besides the advantages, cellular automata have several limitations, including the process that
does not involve the user in the simulation. It means the process in CA model is stationer and
does not provide a mechanism to assign new rules or neighborhood characteristics. Besides
that, the lack of causal-relationship between driving factors and land use patterns can cause a
problem in projecting land use changes where it leads a discontinuity trend of different land
use projections. In the field planning and management, this problem will result in
inappropriate information for decision making (Cheng, 2003). Another weakness of this model
is incapability of the model to address competition between different land use types in the
projection process, therefore the interaction among land uses cannot be identified and the
impacts of increasing one land use type to the other land use types cannot be examined.
2.6.2. Statistic analysis
Statistical analysis has been widely used in land use change and social-economic analysis,
including Markov chain analysis, multiple regression, logistic regression and principal
component analysis. This method supports in calculating the influence of driving factors of
land use change and provides the quantitative information for models calibration. Moreover,
statistical analysis can be used to quantify the information related to spatial dependence of
independent factors which are needed in the transition rules of any models.
The statistical modelling methods are considered easily to be constructed, but they lack of
understanding on simulation process that influencing land use change. Koomen and Stillwell
(2007) indicate the limitation of statistical approach where it is constrained by the relatively
short-time of land use change from the baseline or the continuity of change conditions over
time.
2.6.3. Agent-based model
The agent-base model focuses in the human influence and their interaction in the land use
change analysis. Agents act as decision makers that communicate and interact to determine
the decision about their environment. All of the processes that influence the land use change
can be controlled by the agents to achieve the goals. The elements of agent-based models
include agents as the decision makers, land use as an object, behaviour of land use or
activities, environment as control variables, and communication or interactions of agents.
In the practical application, it is difficult to determine and simulate land use change based on
individual agent and all of agents because of the spatial dependency of land use. All of possible
consequences resulted from the agents’ interactions cannot be addressed and this model
considers applying limited behaviour of the agents. Kanaroglou and Scott (2001, in Verburg
and Lesschen, 2006) states that agent-based models are still far from comprehensive land use
model.
2.6.4. Neural network
The models of Artificial Neural Networks (ANN) are developed to examine the complexity of
land use phenomena and their behaviours related to the spatial and temporal aspects. The
principle of neural network models is similar with neural structure that works with stimuli. The
stimuli can be translated as driving factors that influence to the land use change pattern. By
using the combination of driving factors, the land use patterns can be recognized.
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ANN models are useful to combine various determinants of land use change, include socioeconomic, demographic, transportation, and others. The method used by ANN models is an
exploration of non-linear pattern between all variables involved in the models. This model
simulates land use change based on the interrelationship between one of land use types to
another and recognizes the pattern according to the transition matrix developed. In the
advanced neural network models, the pixel categories can be separated based on the matrix
transition and the filter used. The advanced models are useful to represent complex land use
change. However, ANN models are machine models that have static characteristics. The
process of land use change transition cannot be controlled by the user; therefore the complex
causes of land use changes cannot be easily understood.
2.6.5. Hybrid model
There are several models that integrate any of land use modelling techniques. The
combination of these hybrid models including cellular automata with empirical analysis and
rule-based procedure, cellular automata with economic principle and spatial interaction,
statistical analysis with multi-agent models or economic principle, etc. The hybrid models have
improved their ability to represent spatial change, temporal dynamic and individual
intervention, which make these models are considered more important than previous models
(Lambin, 1994 in Koomen, and Stillwell, 2007).
These hybrid models are developed to improve the understanding of complex land use change
with more integrated, spatially explicit and comprehensive approaches. Examples of models
that integrate several approaches are UrbanSim, SLEUTH, LEAM, METRONAMICA and CLUE-S,
which have each advantages and limitations. Some of these models will be explained in the
following subsections.
 LEAM
LEAM, the Land-use Evolution and impact Assessment Model is developed to simulate the land
use changes and visualize the impacts of policies and decisions on the land use and
environment (Deal and Pallatucheril, 2009). The model can be used to develop an
understanding of relationship between human activities and bio-physical environment. The
combination of cellular automata, rule-based approach, and economic analysis makes this
model useful for land use simulation, especially in urban areas.
The model structure mainly consists of a land use change and impacts assessment, which
describes the causal factors of land use change and analysis of the changes. The causal factors
of land use transformation are examined by quantifying the contribution of each factor to the
changes. These causal factors or drivers are determined by local stakeholders and experts in
various fields as a planning group that have a role in the decision making in the region being
modeled. They determine the contribution of drivers for land use change by adding weight
factor for each driver and using these drivers in the simulation. It implies the understanding of
causal mechanism is a critical component of the model. Furthermore, the open architecture of
the model provides opportunity to the local stakeholders to improve these explanatory factors
of land use change in the future.
The land use change sub-structure of this model determines the potential allocation of each
cell. The allocation of each cell is based on the contribution of drivers that represent the land
use change forces and the drivers can be ranked based on expert behaviour in the specific
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region. This condition indicates that the model needs fundamental understanding of expert
and stakeholders about the relationship of drivers and land use changes in local region. The
assumptions are created from the micro level. Difficulties arise from scaling up these models,
as they have primary been designed to work at the micro-level. When the models are used at
higher aggregation levels, the problem of scale will be found. Furthermore, when many agents
are involved in the decision making, the complex phenomena of landscape are difficult to be
simulated.
 METRONAMICA
The need of models that have ability to represent the complexity and dynamic of urban land
use has emerged METRONAMICA as one of the advanced models. This model can be
categorized as hybrid model because it integrates several modelling methods, including
cellular automata and rule-based procedures. This combination of approaches has been
developed in one framework by Research Institute of Knowledge System (RIKS) Netherlands as
an approach to understand the urban phenomena (RIKS, 2005).
METRONAMICA is mainly based on cellular automata framework, which operates in three
levels; national, regional and local. The demand of land in every level is calculated in macro
model which determines the requirement of land for every time step, appropriates with the
needs of land in local level. The model will calculate the change of land use in each grid cell by
using transition potential, which is identified based on the combination of driving factors. The
driving factors used in this model include suitability, accessibility, and neighborhood, which
can be determined by using weighed factors. The weighed factors or ranking factors are
defined by the planner in model algorithm to represent the urban behaviours. The rules and
parameter defined in the model represent the scenarios that will be achieved for future urban
land use. The method to determine the rules and parameter is trial and error until the suitable
land use scenarios are achieved. It implies the need of understanding about the complexity of
urban areas as well as the knowledge about local urban problems.
One of the limitations is that the model does not consider the feedback mechanism in the
cellular model hence the total demand of land uses/activities tend to excessive the total
capacity of individual cell to be devoted. Moreover, the simulation allows every activity or land
use runs individually and it does not consider any links between land use types in the same
time (Jain, 2009).
 CLUE-S
The model of land use change that combines different modelling approaches and provide the
opportunity to develop scenarios is important to be developed. CLUE-S is one of the models
that try to integrate the different frameworks for land use simulation. It contains statistical
analysis, cellular automata and a rule procedure, which are combined with feedback
mechanism and competitive land use simulation (Verburg and Veldkamp, 2004).
The complex behaviours of land use are incorporated and captured by CLUE-S model to depict
the relationship between underlying factors and land use pattern. It makes this model
different with another approach that only depends on empirical analysis (Pijanowski, 2000, in
Verburg et al, 2002). The advantage of this model is the explicit attention for the functioning of
the land-use system as a whole and the capability to simulate different land use types at the
same time. These make this model different with other models that only focus one land use
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types in one simulation or other models that are not consider the link between land use types
during the simulation.
The CLUE-S model is formed by an analysis of spatial structure of each land use pattern. This
characteristic makes this model is not limited by individual or complex economic behaviours.
Other advantages of CLUE-S model in land use pattern analysis include spatial interaction
mechanism, integration level, and the temporal dynamic can be found in the paper by
Verburg., ‘Agriculture, Climate and Future Land Use Patterns: Potential for a Simulation-based
Exploration’ (Verburg and Lesschen, 2006). Table 2 highlights the differences between the
selected models, considering an application for the research questions as stated in the first
chapter.
Table2. The overview of selected land use change models: LEAM, METRONAMICA, and CLUE-S
Model

Basic
model

Integration
approach

Typical
Land use

Simulation
mode

Allocation
algorithm

Description

LEAM

Multi
Agentbased
model

Integration of
CA, multi
agents & rulebased approach

Multiple
land uses

Multiple land
use iteration,
mainly urban

Constrained
CA

Dynamic simulation model
using expert knowledge to
derive the relation of
urban land use pattern
and driving factors

METRONAMICA

Rulebased
model

Integration of
CA & rulebased approach

Multiple
land
use types

Multiple land
use iteration

Constrained
CA

Dynamic simulation model
using rule-based approach
to derive relation of land
use pattern and driving
factors

CLUE-S

Empirical
statistical
model

Integration of
CA, empirical
statistical, ruleinteraction
method

Multiple
land use
types

Different land
use types are
linked in every
iteration
(competitive)

Regression
model

Dynamic simulation model
using empirically derived
relation between land use
change and driving forces
from cross-sectional
analysis at multiple scales

According to the descriptions about the models above, CLUE-S becomes one of alternatives
that can be applied in this research. CLUE-S is designed to simulate different land use types
with dynamic interaction and empirical analysis for each land use type. The competitive,
dynamic link between one types of land use to another will be useful to understand the land
use change in coastal areas of Pekalongan City.

2.7. Example of applications
 Example in determining driving factors of land use changes
In the field of urban and regional planning, there are some researchers that try to understand
the underlying factors of urban land use pattern. Research by Cheng (Cheng, 2003) shows how
to examine the influence of driving factors to urban pattern change in Wuhan, China by using
statistical analysis. As a method in his research, Cheng explores logistic model to examine the
degree of influence of each driving factor. The author argues that logistic regression method is
more relevant and usable to explore the driving factors of urban land use pattern according to
several reasons, including the flexibility of logistic regression to involve different independent
data types such as continuous and categorical and the use of assumption about normality data
in all of variables.
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In order to determine the relationship of all of variables with urban land use pattern, Cheng
used various driving factors, which are divided into proximity variables (distance to railway
lines, distance to main roads, distance to city center/sub-centers, distance to other roads,
distance to rivers and distance to planned bridges and constructed bridges), neighborhood
variables (density of neighboring waters, density of neighboring areas developed, density of
neighboring industrial areas, and density of neighboring developable areas, nominal variables
(planned areas and sub-district). The findings of the research by Cheng show that the distance
to minor road, distance to major road, distance to city center, distance to bridge construction
has strong negative effect (negative β value result), whereas spatial planning and distance to
water has weak negative effect. In the other hand, distance to railway and population density
has positive effect in probability scale. In density scale, strong negative effect is dominated by
distance to minor and major road, distance to center and population density. The weak effect
is dominated by density of water, density of industrial and developed areas (Cheng, 2003).
 Examples in determining the scenarios of land use change
One of examples of land use scenario modelling in Asia-Pacific region has been done in
Pengyang County, China by using quantitative approach and CLUE-S model to examine and
simulate land use change in period 1993-2005 (Zhu et al., 2010). Logistic regression is
employed to assess the relationship between driving factors and land use patterns and show
the temporal land use change in the area. In this research, the future land use condition is
predicted by using two scenarios: first, scenario ‘change as usual’ or ‘baseline scenario’ 20012005, which is aimed to assess the continuity of change, similar with the trend 1993-2001. The
demand of land for each land use is calculated from the land use change 1993-2001 by using
linear extrapolation. The second scenario is ‘reality change’, where it is assumed that the
influence of driving factors keeps stable during 1993-2001 and land use requirement is similar
with the reality. In this scenario, the annual requirement of each land use type is calculated by
using quadratic smooth method. The results of land requirements are used as inputs in CLUE-S
model.
The study uses various driving factors, including distance to residential, distance to road,
distance to river, density of population, elevation, slope, aspect, and soil type. The relevant
driving factors that affect to land use pattern are estimated by using multivariate explanatory
model. The simulation of land use change is conducted by using CLUE-S model and the results
show that CLUE-S model is appropriate to simulate future land use patterns in the area by
using different scenarios.
Another example of scenario analysis is conducted by European Environment Agency in
European region (EEA, 2007 in Delden, and Hagen-Zanker, 2009). This research is aimed to link
between qualitative storylines and quantitative modelling and to simulate the scenarios by
using METRONAMICA model. The methods consist of six steps; setting the application zones,
calibration of parameters, interpretation of European scenarios, quantification of narrative
storylines, running and analysis the results and feedback to the users.
To build qualitative scenarios, EEA select the regions in Europe that have diversity, contrast
circumstances and facing pressures. Based on the selected regions, two scenarios are created,
including regions with rapid urbanization and decline agriculture and regions with agricultural
growth and urban decline. In these scenarios, climate change is considered as one of main
driving factors of land use changes that cause impacts in the regions, including flooding and
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inundation on coastal zones and river basins. The important findings show that the methods
are useful for linking quantitative and qualitative modelling and the simulation results can be
displayed with their important elements in the scenarios. It is concluded that the types of
information from storylines are important in quantitative scenario modelling using
METRONAMICA and many possibilities could be resulted from these quantification processes.

2.8. Concluding remarks
This chapter has discussed about the coastal zone issues related to the human activities and
their impacts, the driving factors of land use change, land use scenario development and the
development of land use model that relevant with land use change in the study area.
According to the discussion, several conclusions can be drawn related to the analysis of land
use change on coastal zone of Pekalongan City.
There are various driving factors that cause impact on coastal zone that can be divided in to
three influential classes; major, moderate and minor. In the context of coastal land use change
in Pekalongan City, there are two types of driving factors that have significant influences,
including major and moderate factors. The major driving factors consist of population growth,
urban development, and agriculture. The moderate driving factor is aquaculture or fish/shrimp
ponds development. In order to determine the significance of driving factors, there are two
methods that can be used, including qualitative and quantitative methods. The qualitative
approach explains the relationship between driving factors and land use change by using
cause-effect reasoning and the quantitative approach quantifies the relative influence of each
driving factor to the land use patterns by using empirical analysis.
Land use scenario analysis can be developed by using three approaches; qualitative,
quantitative and combination of both methods. The storyline is used in qualitative method
that has a function as key assumptions to build scenarios of future land use. The quantitative
approach uses systematic assumptions to describe the plausible future, including the use of
model to simulate the land use pattern. Combination of both methods will be useful to be
implemented.
The model of land use change has a significant role in structuring the relationship between
driving factors and land use change. In developing the models, there are some approaches that
have been employed in land use analyses. One of the models is hybrid model that combines
several modelling approaches to increase the capability in describing the land use pattern.
Among the hybrid models, CLUE-S model integrates various modelling approaches, including
cellular automata, empirical analysis, and rule-based procedure. This model will be
demonstrated to support the land use change analysis in the study area.

20

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

III. Study Area and Methods
3.1. Study area
The study area of the research is in coastal zones of Pekalongan City, Central Java Province,
which is located on the lowland plain of Northern Java coast. Administratively, the study area
is included in Pekalongan Utara District. Its geographical position stretches between 6051’15” 6052’25” S. and 109037’55” and 109042’19” E. The farthest distance from North to South is
approximately 3 km, while from the West to East is approximately 5 km and approximately the
area is 15 km2. The number of population is 71.753 in year 2007 divided in 34.942 for man and
36.811 for woman. The North Pekalongan District consists of 9 Sub-district. They are: Village of
Panjang Wetan, Kandang Panjang, Kraton Lor, Dukuh, Bandengan, Pabean, Krapyak Lor,
Krapyak Kidul and Degayu. From the those villages, 5 villages have a close position to the seawaters area, incuding Bandengan, Kandang Panjang, Krapyak Lor, Krapyak Kidul and Degayu.
Those five villages are the scope of coastal zone management of Pekalongan City Government.
This area is chosen with several considerations, including the huge of coastal degradation in
the mainland of coastal areas and impacts of natural forces i.e. flooding and sea-level rise.
Coastal degradation could be seen in land cover change in coastal areas and land utilization
that inappropriate with the suitability, such as residential, aquaculture, agriculture and
industrial development. Furthermore, the study area location is appropriate with coastal
management zones done by local government.

MAP OF STUDY AREA BOUNDARY
N

Ledend:
Primary road
Secondary road

Java Sea
Java Sea

Coastline
Landuse:
Shrimp/fish ponds
Mix vegetation
Settlement
Paddy fields
Shrubs
Open land

North Pekalongan

Indonesia
Java Island

Figure3. Study area boundary map
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3.1.1. Economic development
Pekalongan was known as a fishing port town because it has one of the largest fish landing
center in South-East Asia. This city has huge potency in fisheries and agriculture sectors. In
year 2006 this sector was able to absorb labor 10.07% of the total workforce, and contributed
11.78% of Gross Domestic Product of Pekalongan City. This condition shows that fisheries and
agricultural sector in a broad, especially maritime sub-sector have a strategic role in economic
development of Pekalongan City, both in terms of providing jobs as well as in connection with
efforts to encourage the economic growth.
Pekalongan have a big potential in fisheries, including marine and freshwater fisheries. This
potential into the primary sector of fisheries that include activities both through catching fish
production in marine fish resources as well as fish farming on land (pools, ponds, and open
waters) and marine fish farming (aquaculture). Secondary sector related to post-capture
processing fishery aimed at improving the value added of fishery products with various
diversifications. Storage, transportation, and marketing of fishery products are synergized
fostering the development of marine and fisheries Pekalongan City and have a very large
contribution to the welfare of society.
This city has potency and other development opportunities, including business of fish
processing industry, transportation of fishery, textile and tourism. The industry has grown,
especially fish processing. Fisheries product processing industry includes salting, seasoning,
freezing and fumigation. Marine fishery production in 2005 amounted to 43.5159,9 tons and
inland fisheries amounted to 80,685 kg. Export value of fisheries and textile in 2005 reached
US$ 2.023.782.14.

3.2. Materials
The data required to analyze land use change process and build scenario development were
obtained from various sources. The data are derived from multispectral satellite data,
extracted from digital topographic data, and from spatial processing of statistical data.
According to type, data are divided in three: remotely sensed data, digital topographic data
and statistical data. How the data were collected and used will be explained below.

3.2.1. Remotely sensed data
Remotely data used in this study comprises of Landsat images 1991 (30 m), Landsat image
2001 (30 m), SPOT 4 image 2009 (20 m). These data will be used for land use change analysis
and input for trend extrapolation to calculate land use requirements year 2001-2020.
Table3. Remotely data used in analysis land use change and scenario development
Image
Spot 4
Landsat TM
Landsat TM
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Resolution
20 m
30 m
30 m

Data
Acquisition
09-07-2009
28-04-2001
28-04-1991

K/J Scene
Path/Row
290/364
120/065
120/065

Source
National Institute of
Aeronautics and Space
Jakarta
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3.2.2. Topographic data
Data sets used in this study can be seen in the following table.
Table4. Data sets used in analysis land use change and scenario development

Data set

Year and
scale

class

source

Collection
method

Land use

1991, 2001,
2009. Scale
1:50.000

5 classes (See
Table 6 for
detailed land use
classification)

Interpretation
from Landsat TM
and SPOT images

Interpretation using
supervised
classification

Administrative
boundary

2008,
1:25.000

City, district, subdistrict

Topographic map
scale 1:25.000
year 1992

Boundary delineation

Road

2008,
1:50.000

Classified as
primary and
secondary road,
appropriate with
study area

Topographic map
scale 1:50.000
year 1992

Updated from digital
map and build
topology data

River

2008,
1:50.000

Classified as
major river and
minor river
appropriate with
study area

Topographic map
scale 1:50.000
year 1992

Derived from
topographic map and
create topology

Coastline

2008,
1:50.000

Coastline

Topographic map
scale 1:50.000
year 1992

Derived from
topographic map and
create topology

Elevation Data

2008,
1:25.000

Continuous

Digital point
elevation map of
Survey Agency,
Jakarta, scale
1:25.000

Modified and
processed from point
elevation map using
interpolation

Facilities and
public service
distribution

2008,
1:25.000

All of facilities
(education, health
and public service
facilities)

Infrastructure
map of Local
planning agency,
scale 1:25.000

Create and modified
from Infrastructure
distribution map

Minor Central
business
district (CBD)

2008,
1:25.000

Business center
and minor city
center

Infrastructure
map of Local
planning agency,
scale 1:25.000

Create and modified
from Infrastructure
distribution map

Coastal zone
spatial plan

2008,
1:25.000

Production forest,
fisheries industry,
conservation
zones, tourism
area, port area,
residential, fish
pond, agriculture,
river and coastal
buffer zone, green
open land

Coastal zone
spatial plan of
Pekalongan City
from Fisheries
Agency

Re-delineate and
modification in GIS
environment

Data Use
Land uses data are used
for land use change
analysis
and
trends
extrapolation and land
demand input in CLUE-S
Input of study area extent
and unit measurement
(sub-district)
Road map used as driving
factors influencing land
use change and pattern, it
will be processed by using
distance
analysis
to
obtain classes of distance
from road
River map used as driving
factors influencing land
use change. It will be
processed
by
using
proximity analysis to
obtain classes of distance
from river and creeks
Coast line map used as
driving factors. It will be
processed
by
using
proximity analysis to
obtain classes of distance
from coastline
Interpolation
and
rasterizing to
obtain
digital elevation data and
image classification to
obtain elevation class
Facilities and public
service are processed by
using proximity analysis
to obtain distance classes
of facilities
CBDs are processed by
using proximity analysis

Coastal zone plan will be
evaluated by considering
scenario development
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Topographic data sets are obtained from Agency of Survey and Mapping, Jakarta. These data
are digitized from topographic map scale 1:50.000 and are extracted for selected layers,
including river, creeks (small river), primary road, secondary road, coastline and elevation data.
Other topographic data sets were obtained from Local Spatial Planning Agency and Agency of
Marine and Fisheries in Pekalongan City. All of data are digitized from topographic map scale
1:25.000 by local planners. All layer data have been digitalized, including administrative
boundary, infrastructure and facilities, road, river, industries location, hazard mitigation zones
(sea level rise zones), and coastal zone spatial plan.

3.2.3. Socio-economic data
Statistical data in this study consist of population data in district level year 1985, 1991, 1996,
2001, and 2007. Other data socio-economic are regional income of Pekalongan City year 19831986, 1991, 1996, 2001, and 2007.
Table5. Statistical data used in analysis land use change and scenario development
Data set

Year

source

Description

Data Use

Population

1985, 1991,
1996, 2001,
2007

Pekalongan in
Figures from Local
statistic agency

Population data of
Pekalongan City,
District, and subdistric

Population data will be used to
produce density map in sub-district
level as an input of scenario modelling

Regional
income of
Pekalongan

1983-1986,
1991, 1996,
2001, and
2007

Regional income,
from Local
statistic agency

Regional income
of Pekalongan City
from various
sectors (City level)

Regional income data will be
extrapolated to know trends of
economic development in study area.

3.3. Research methods
The focus of this research could be divided in three parts; firstly, it is addressed on identifying
and quantifying land use change in period 1991-2009. Secondly, it focuses on land use driving
forces analysis by using DPSIR framework and determining the relationship of driving factors
and land use change by using logistic regression and finally, it demonstrates the use of
scenarios in CLUE-S environment to achieve future development alternatives of land use in
period 2009-2020. Detailed descriptions of methods used in this study are presented in this
section.

3.3.1. Land cover/use change analysis
3.3.1.1. Method for land cover/use change analysis
Multi-temporal analysis will be done in this study by using Landsat TM images year 1991 and
2001 and SPOT 4 year 2009. To obtain land cover data, each image is classified by using a
maximum likelihood classifier after some processing such as geometric and radiometric
correction. All of images are geo-referenced to UTM map projection. Change detection of land
cover in the study area will be done in three stages, including land cover change identification
year 1991-2001, 2001-2009 and 1991-2009. The results of these steps are calculation of land
cover/use change year 1991-2001, 2001-2009, and 1991-2009.
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Land cover
Map 1991

Land cover
Map 2009

Land cover
Map 2001

GIS overlay

Land cover
change
1991-2001

Land cover
change
2001-2009

Land cover
change
1991-2009

Figure4. Method for land cover/use change analysis

3.3.1.2. Accuracy assessment
Accuracy assessment is conducted by using contingency matrix to measure accurateness of
interpretation result. This assessment is done for interpretation result of Landsat TM year
2009 compared with image from Google earth. The result of classification is compared by using
sampling approach in which a number of class sample are selected and both the classification
result are compared. Comparison is done by creating an error matrix to calculate different
accuracy calculation, which tabulates overall total accuracy and determines the proportion
errors due to omission (producer accuracy) and commission (user accuracy). Overall accuracy
is calculated by dividing the number of correct pixels for a class with the total number of
reference pixels for the class. Omission error relates to the probability of a pixel that correctly
classified in the interpretation while commission error refers to the probability of a pixel
denotes to the appointed class.
In this study, sampling method for accuracy assessment is done by using stratified proportional
random sampling. This sampling method is chosen due to the number classes, the area
covered by a sample unit, and heterogeneity of class. In this study, stratified method is done
based on class, proportional method is based on the extent of each class and for each class,
and samples are selected with random method.

3.3.1.2. Change detection
Estimation of land use change was employed on three independent classification results with
different time, which are classification results of Landsat TM 1991, 2001 and SPOT 2009. The
change estimation technique is used for identifying the ‘from-to’ change of land cover and
quantifying the different rates and magnitude of change. The formula to calculate the annual
change of land use is:
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∆ = ( A2 – A1 x 100) / (T2-T1)
A1
Where: ∆ : Average annual rates of change (%)
A1 : Amount of land cover type in time 1 (T1)
A2 : Amount of land cover type in time 2 (T2)

(1)

3.3.2. DPSIR analysis
In this study, the DPSIR (Driver, Pressure, State, Impact and Response) method is implemented
as an approach to identify the underlying factors influencing land use change. The DPSIR
approach is developed by European Environment Agency (EEA, 1998), which emphasize in a
mechanism for the analysis of environmental problems.

DPSIR approach
Pressure
Human activities in
coastal environment

State
Observable change of
the coastal environment

Driving Factors
Human activities trends
influence on coastal
environment

Impact
Effects of changed
coastal environment
Response
Measurement/response to
overcome the problem

DPSIR reasoning of land use
change relates to pressure
on coastal

Underlying factors
considered in logistic
regression and CLUE-S model

Figure5. DPSIR approach used and its relationship with logistic regression and CLUE-S

DPSIR approach will be used to analyze the cause-effect interrelationships between interacting
components as a complex system, such as economic and environment. Using this method,
interrelationships factors could be presented explicitly and rationally and avoiding too many
parameters, so that this method is powerful to analyze coastal land use condition in study
area. The DPSIR approach does not mention about what kinds of the choices could directly do,
when it should be done, and how such a proper action could be done to anticipate these
situations. Therefore, in this study, DPSIR method will be combined with empirical analysis to
quantify the relationship between driving factors and land use.
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3.3.3. Statistical analysis
Logistic regression is divided in two types, including binomial and multinomial regression.
Binomial regression, which is employed in the research, uses dichotomous value in the
dependent variable, whereas the type of independent variable could be categorical or
continuous. In land use analysis, logistic regression is used to examine the relation between
land use and possible driving factors. The results of this analysis are coefficient values that
show the contribution of each driving factor to land use change. The formula is:

(2)
Where: P is the land use change probability
Xi….n are independent factors
β is coefficient value (Verburg, 2002).
To achieve the validity of land use change estimation, the model should be supported by the
procedure to identify the driving factors that are statistically independent and to determine
the significance of driving factors. One of methods to identify the driving factors that have
significant contribution to land use pattern is the stepwise procedure. In the stepwise
procedure, all of driving factors are involved in one step and eliminated according to their
significance values. A driving factor that has a lower value than the significant threshold will be
excluded from the analysis. In forward procedure, the analysis starts with one factor and
continues to other factors respectively.
ROC (Relative Operating Characteristics) is a method to measure the goodness of the statistical
model. The probability of each land use resulted from logistic regression is compared to the
real land use map to calculate the equal category of each grid cell between those maps.
According to Pontius and Schneider (2001), this method will depict the capability of regression
equation to represent land use characteristics. The range of ROC value is between 0 – 1, where
ROC value below 0,5 is categorized in low or completely random, 0,5 – 0,6 is good, 0,6 – 0.99 is
very good and 1.0 is fit/perfect. The goodness of the logistic regression equation to represent
land use condition indicates the suitability of driving factors as determinant of land use
change.

3.3.4. Land cover/use scenario development by using CLUE-S model
A development scenario of land utilization in this study is addressed to understand the
dynamic of land use change that affects on coastal area. Method to implement land use
scenarios in this study is based on CLUE-S model (Veldkamp, et al., 1996), which emphasizes on
how scenarios can be demonstrated in study area by using simulation of land use change.
CLUE-S model is chosen in this study because of its adaptability to local scale and successful
applications in tropical regions that make it appropriates to be applied in study area. Besides
that, this model is based on an analysis of the spatial structure of land use that it makes the
model is not bounded by the behaviour of individuals or sectors of the economy. In the other
hands, CLUE-S model provides many opportunities to include actor-behaviours and feedbacks
from policy makers. The possibility to simulate different scenarios for various land use types at
the same time makes the model powerful to support land use analysis in study area.
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3.3.4.1. Method of land cover/use scenario modelling
Scenarios of land utilization in this study are based on an allocation model, which is divided
into four components, including land use requirements, location characteristics, land use
specific conversion settings, and area restriction policy. In this study, restriction areas are not
implemented due to the small area, but the parameter is still needed to be involved in the
model. All of components are combined to simulate the land use change by considering
relation between spatial distribution of land use and a series of driving factors, simulating the
competition between land use types for specific location, and a set of decision rules that
restrict land use conversion. The method of land use scenario model can be seen in the
following figure.

Land use change
2001-2009

Extrapolation
2001-2020

Land use requirements 20092020 and scenario settings.
Scenario settings 2009-2020:
- Baseline scenario

Land use requirement
2009-2020

- Increasing population
growth

Allocation procedure in
CLUE-S

Simulation Map
Year 2001 - 2020

Location characteristics /
Essential driving factors
from DPSIR approach

Essential driving factors:
- Density, elevation,
distance to existing land
use, distance to road,

Logistic regression of
essential driving
factors & land use

Land use - field
observation

to allocate land use

scenario

change at locations

&

that best match with
Simulation Map
all criteria
Year 2001 - 2020
Increasing

to river and distance to

Population
growth
Land use change
Probability Maps

Spatial settings
for restriction zones

Land use specific trajectories
settings:
- Land use conversion

Matrix conversion
elasticity of land use

elasticity
- Conversion matrix

Figure6. Method of scenario development using CLUE-S model
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IV. Conceptual Model in Study Area
4.1. Introduction
The conceptual model comprises of several components including existing land use and
demand for specific time, allocation based on land use probability, setting of conversion, land
use trajectories, and scenarios development. Demand of land use is achieved from land use
change analysis, whereas land use conversion setting and trajectories are formulated from
literatures and local knowledge of study areas.
This model will be developed to depict land use change and development in coastal area in
Pekalongan City that facing problem of uncontrolled land utilization. The increasing demand of
land use extends to the coastal area without considers land suitability and future impacts. The
impacts have been perceived in land cover change, coastal habitat destruction and sea level
rise. Land use change and development in study area indicates the dynamic of human activities
condition, including residential, industrial, commercial, fish ponds expansion, and agricultural
development.
Demand calculation of
required land use

Logistic regression
model

Allocation for land use
distribution

Specific rules and
conversion settings

Spatial policy/
restrictions

Figure7. Framework of scenario development model for study area

4.2. Land cover/use classification
Land cover/use maps are derived from classification of Landsat TM images year 1991, 2001,
and SPOT images year 2009. In this study, the images are classified in five classes based on
land use condition in the area.
Table6. Land cover /use classification in study area
Land
cover/use

Code

River

0

Urban built up
area

1

Description
River, including main river and small rivers

Residential area and social-cultural facilities, including houses, road within
residential areas, schools, offices, commercial areas, industrial areas and storage
associates with industry
Agricultural
2
Agricultural areas, agricultural wet land and dry land. In study area, it is more
area
dominated by low level of plants
Mix vegetation
3
Mixed crops, mixed garden, shrub, bushes, vacant land, including open land with
little vegetation
Ponds area
4
Operational and abandoned fish/shrimp ponds, dominated by fish ponds
Source: Fieldwork, 2009 & Analysis, 2010
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4.3. Analysis of land cover/use change by using DPSIR approach
DPSIR framework, which is based on a concept of causality, is used in this research to highlight
the relationships between human activities and coastal environment degradation. The driving
factors are analyzed to trace the changes of land use of coastal zone in the area. In this
research, the flow chart of DPSIR consists of four major steps, including interpretation of
driving factors and pressures, defining the state changes, determine the impacts and
describing the response. This framework is employed as a holistic and comprehensive
approach related to the sustainability management of coastal zone. Because of the shared
cause-effect relationship of DPSIR model and its variations, driving factors and pressures are
determined as the causes of problems on coastal zone in the study area.

4.3.1. Driving factors of land use change
Driving factors determined in this research are the underlying factors influencing of pressure
on coastal zone, including human activities such as economic development, population
growth, demographic growth, infrastructure development policy, and biophysical factors such
as topography and climate change. In this study, the driving factors are determined by
interpreting the interaction between social-economic and ecological system in the area and
their relevance on the coastal degradation.

4.3.1.1. Driving factors of urban built-up area
According to Rongnan (1977), there are some underlying factors influencing the development
of urban built-up area, including natural-physical condition as a basic factor, population growth
as a triggering factor, economic development as a decisive factor, transport-infrastructure
constructions development as directive factors, and policy and planning as controlling factors.
Population is the most important underlying factor because with the population growth there
is the corresponding need for urban land. Because different driving factors determine facets of
residential expansion, the influence of each driving factor to urban built-up area in
Pekalongan’s coastal zone will be described separately in the following discussion.
• Biophysical factors
Related to biophysical condition of Pekalongan’s coastal zone, the early development process
of urban built-up area in this location is influenced by river and coastline pattern, including
Pekalongan River and Banger River. These patterns related to the general livelihood of the
community that has correlation with fisheries and agriculture. River is one of biophysical
driving factors that influences to the pattern of urban built-up area expansion because
fisherman communities use the river for transportation from their house to the sea. It emerges
urban development pattern along the river and coastline. Topography is another factor
influencing urban pattern in the area. In the initial residential development stage, people tend
to build their house in the river embankment to avoid flooding and they use the lower land
(alluvial plain) for agriculture and aquaculture. In the recent urban development, people also
tend to consider sea level rise that inundates the area until 1 kilometer from coastline.
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• Economic growth
Economic development is undoubtedly one of the driving factors of urban development in
coastal zone of Pekalongan City. It changes the need of people and properties of urban and
increases the development of urban, including residential, commercial and industrial.
Economic development of Pekalongan city has strong relationship with the presence of
Nusantara Fishery Port, one of the largest fish landing center in Southeast Asia. There are
three sectors that have significant role in economic development in this area, including
industry, fisheries and agriculture. In fisheries and agricultural sectors, it is indicated that these
sectors were able to absorb labor 10.07% of the total workforce, and contributed 11.78% of
GDP Pekalongan in 2006. This condition shows agricultural and fisheries sectors, including food
crops, livestock, horticulture, fisheries and marine resources, are the strategic sectors of the
economy in Pekalongan City, both in terms of providing jobs as well as in connection with
efforts to encourage economic growth.
Furthermore, Pekalongan has big potential in marine and freshwater fisheries, including
activities both through catching fish production in marine fish resources as well as fish farming
on land and aquaculture. In accordance with urban built up area development, economic
performance of Pekalongan City, especially North Pekalongan District, triggers the increase of
infrastructure and facilities provision and improvement in residential and industrial fields.
Another economic activity occurs along the national road in the south part of coastal zone of
Pekalongan City. This transport corridor connects several big cities, including Jakarta,
Semarang and Surabaya. This road line is important for Pekalongan development because it
emerges urban economic centers in the surrounding of road line.
• Population growth
Population growth has a strong relationship with urban development in Pekalongan City and it
becomes one of major pressures to the environment of coastal zone. The growth of population
increases various human activities in the area, including residential, industrial, and commercial
development and aquaculture development. The human activities tend to occur in north area
or coastal area and influence to the increase of other development, including residential area.
The expansion of residential area could be easily seen in this area because of the small extent
of this city. With the rising demand of residential, industrial and commercial and the limit of
land availability, land use change occurs in this area.
• Industrial development
Development of industrial sector in Pekalongan City is one of driving factors of urban built up
area expansion. It is reasonable that the development of industrial area encourage many
people to build housing in the surrounding industrial area. Moreover, consequence of the
increase of people is the increase demand for land for housing, infrastructure and facilities
development. Two industrial sectors that influence North Pekalongan District are fisheries and
textile industries. Fisheries industry in this area is related to post-capture processing fishery
aimed at improving the value added of fishery products. Other industrial developments that
relate to fisheries sector are handling, storage, transportation, and marketing of fishery
products into the hands of consumers. These three sectors are synergized fostering the
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development of marine and fisheries in Pekalongan City and a very large contribution to the
welfare of society.
• Infrastructure development
In the recent development of Pekalongan City, infrastructure development has a big influence
in the area, mainly residential expansion, industrial and commercial. The improvement in
social and economic facilities and infrastructure public triggers the increase of population and
attracts people to build housing and other buildings near the infrastructure and facilities.
Furthermore, Pekalongan City has experience in increasing residential area caused by
improvement of various public infrastructures. Public transportation, commercial facilities,
education, and health attract people to build housing close to the facilities. Therefore, related
to the spatial planning in infrastructure development, public and social facilities become the
main target in short development goal.

4.3.1.2. Driving factors of agricultural area
Before the implementation of aquaculture development policy in the period 1990s, agriculture
was one of human activities that occur intensively. The biophysical factors are the main drivers
that influence the development of agricultural area in the coastal zone. Because of the
economic demand, coastal zone has been converted to agricultural area without sustainability
consideration. Other driving factors influence the development of agriculture activities in the
area, including population growth and spatial planning policy. Each driving factors will be
discussed separately.
• Bio-physical drivers
Biophysical drivers are the most influencing factors to the agricultural land use development in
Pekalongan’s coastal zone. In this case, agricultural area refers to any kinds of human activities
related to agriculture, for example paddy plant, dry land agriculture, and floral agriculture.
Some of agricultural areas expand close to coastline and occupy most of conservation zone in
the coastal area. Some of them are paddy plant that occurs adjacent with ponds and
residential area. The driving factors include elevation of the area, Pekalongan River and several
small rivers have influenced agricultural land use pattern because of the need of water for
irrigation. Elevation is important because it affects the distribution of irrigation water.
• Economic growth
Agricultural development in study area has a strong relationship with economic development.
It has explained in urban built up area development that combination agriculture and fisheries
has a significant role in economic development in Pekalongan City. This condition shows that
potential of agricultural sector in this area increase along with the development of agriculture
in the area. Besides that, the improvement of economic sector influences the capacity of
government and communities in implementing agricultural technology and supports
agriculture development in the area.
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• Population growth
The increase of population in this area influences land development. Land development is
change from one type of land use to another type of land use with a higher economic value.
For example land development occurs when unutilized land is converted to agricultural land
use. In recent times, agricultural activities tend to expand along the coastline. People utilize
some abandoned ponds to plant dry agriculture that able to adapt sea water.
• Spatial planning policy
Agriculture sector has a significant role in economic development of Pekalongan City and the
presence of agricultural land use has been planned to fulfill the basic need of local and regional
demand. Therefore, the development of agricultural land use has been influenced by spatial
planning of Pekalongan City. The regional planning policy for land use allocation has been
implemented in the period 1993-2003 and 2003-2013, including allocation for agricultural
area.

4.3.1.3. Driving factors of ponds area
Aquaculture has an important role in economic development of Pekalongan City. However,
because of its profit orientation, it increases degradation of coastal zone without any effort to
improve environment condition. Aquaculture in this area is mainly linked to shrimp and fish
production. In recent time, shrimp ponds have been shifted to fish ponds because of sea level
rise effect. The intensive shrimp farms in this area located primarily in the specific distance
from coastal line and are not directly connected to coast water because shrimp and fish are
sensitive to sea water salinity. The following discussion will describe the driving factors of
ponds area development in Pekalongan City.
• Population growth
Population growth results in increasing activities in this area, and one of activities relates to
fisheries and aquaculture. Aquaculture is upland fisheries activities in the area and the main
commodities are fish and shrimp, which become leading products since 1980s. The increase of
population influences the development of ponds area in the initial stage until the demand can
be achieved and no more available land. Besides that, the presence of ponds area shows the
need of labor in this sector and the development of ponds are depend on the availability of
labor. Therefore population becomes one of driving factor of this land use.
• Biophysical factors
Ponds areas are distributed near the coastal area because they need salt water to production
processes. Moreover, distribution of salt water is also influenced by elevation and decision of
ponds development considers the lower land to acquire salt water. In other words, distance to
coastline affects the salt water distribution. Besides distance from coastline, small river has
influence to ponds distribution, where small river provides fresh water to balance the salinity
of water. Fish and shrimp are depending on water with specific salinity to achieve optimal
growth.
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• Economic growth
Aquaculture is one of leading sectors in Pekalongan City. This sector support economic
development of this city and economic demand influence to the development of aquaculture.
The increase of fisheries export influenced by national and international fisheries demand
causes the intensive development of aquaculture in this area. Moreover, the availability of
Nusantara Fisheries Port triggers the fisherman communities to increase their aquaculture
commodity. These conditions affect the improvement of aquaculture development in the area.
• Policy of spatial planning and government regulation
Policy in aquaculture development in Pekalongan’s coastal area has an important role in the
development in this sector. According to the spatial plan, there are several areas that are
considered or allocated for ponds area. Moreover, it was mention before that regulation about
prohibition of shrimp catching by using trawl influences decision about land utilization in the
area. The prohibition policy decreases fish catching activities and increases aquaculture
activities in the area.

4.3.2. Pressures caused by human activities
In this study, pressure is defined as variable that directly causes the changes of coastal zone
condition. It indicates how the driving factors act in the coastal area and changes its
environment. Pressure is divided into three sub-categories, including underlying, indirect and
direct pressures. Underlying pressures include social and demographic forces, technological
change, and policies that stimulate economic activities. Indirect pressures including human
activities intended to benefit human welfare, and direct pressures include actual biophysical
stresses on coastal environment.
According to the driving factors affected to the development in study area, some pressures
emerge in the area that characterized by land cover change in surrounding of coastal area.
Some change of land cover occur in farther distance from coastal zone, however, in the
framework of coastal management, those changes are considered influence to the coastal area
because of their bio-physical relationship. Pressure could be seen in land utilization that does
not consider land suitability and carrying capacity. Some areas that should be developed for
conservation of coastal ecosystem have been changed to other uses such as residential/urban
built-up area, agricultural, and ponds area.

4.3.3. State of ecosystem in coastal area
The pressures in coastal areas can be seen in land use change condition and the result of these
changes forms the state of the coastal ecosystem in the area. The pressures from urban builtup area development, including residential, industrial and commercial, dry land and wet land
agriculture, aquaculture and physical changes have increased significantly and caused the
degradation of the coastal state and led to negative ecological impacts, including abrasion,
coastal flooding, increasing sea level, and habitat loss. According to Ministry of Forestry (2006),
94% of 35,338 hectares mangrove ecosystem in Central Java was damaged, approximately 61%
severely damaged and 33% faces minor damage. The cause of the damage is the conversion of
mangrove forests into housing, ponds, agriculture and coastal resorts. Other damage related
to climate change occurred throughout the northern coastal area. Because of the pressures on
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coastal zone and the critical state of the ecosystem, it is important to develop this region with
better planning and management to achieve sustainable of coastal zone.

4.3.4. Impacts of land use change
In Java Island, the development of activities along the coastal area does not consider the
physical condition of the existing land. Consequently, this island is incapable to accommodate
all of these activities and causing various impacts. Impacts describe the effects of changes in
coastal states on measures of ecosystem function.
In Pekalongan’s coastal zone and many other coastal areas in Java Island, the impacts of these
uncontrolled activities could be seen in recent years, including sea level rise along the North
Coast of Java. In addition, the intensity of flood disaster over the years continues to rise. In the
period 1996 to 1999, there were at least 1289 villages affected by flooding. By late 2003 the
number had increased by over 100% (2823 villages). The degradation of coastal zones is the
main impact of land use conversion that is caused by the pressures in this area. This
phenomenon is mainly caused by land utilization that is incompatible with the capacity and
suitability of land. Along with the degradation of coastal zone, other impacts emerge in study
area, including coastal flooding and decreasing productivity in many sectors such as agriculture
and aquaculture fisheries. In a certain period, it causes socio-economic impact to the coastal
community.

4.3.5. Indicators and DPSIR diagram of coastal land use change
The indicators of land use change and degradation of coastal zone are used as a tool to
support DPSIR framework arrangement. Due to the limitation of data, the indicators are only
used in this study to draw a qualitative relationship between variables of land use change and
its impacts on coastal zone. It will be supported by empirical analysis (logistic regression) in
explaining driving forces behind indicator changes which form the basis for an assessment.
The diagram depicts the indicators of coastal zone processes, classified as the cause of coastal
zone problems, the states of environment and the effect of environmental changes. These
indicators are used to create top-down DPSIR diagram to indicate the underlying causes of
land use change and degradation on coastal zones. The indicators diagram and top-down
DPSIR diagram can be seen in Figure 8 and 9.
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Driving Forces
- Population growth
- Infrastructure
development
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- Sea level rise
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The causes of
problems on coastal
degradation

- Urban built-up area
demand
- Aquaculture demand
- agriculture demand
- Inundation, coastal
flooding
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Land use and resources
information system
and
Scenario-based land use
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States
State
Observable change of
the coastal
environment

- Land cover/use change
- Unsuitable land utilization
- Decreasing ecosystem
function and health
- Decrease ecological quality

Impact
Effects of changed
coastal environment

- Habitat loss/destruction
- Coastal habitat change
- Decreasing productivity

Impacts

Figure8. Indicators of relationship between driving factors and the impacts
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Figure9. Top-down DPSIR diagram of relationship between driving factors, pressures, states
and the impacts
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4.3.6. DPSIR and CLUE-S relationship
The relationship between driving factors in DPSIR framework and CLUE-S framework can be
drawn in a qualitative way. According to the discussion above, DPSIR is able to find out the
driving forces behind the complex system of land use change. The top down diagram shows
the causal-effect between driving factors and pressures, states, impacts and responses and
these relationships are used as a preference in CLUE-S modelling.
The possible underlying factors from DPSIR analysis are translated as GIS variables and
formulated in CLUE-S model. The translation process from underlying factors in DPSIR to the
CLUE-S model in this research is conducted by using logistic regression to measure what
driving factors are essential among these possible forces. These driving factors are translated
from qualitative data and represented as spatial variables in GIS and used as input in CLUE-S
model. Examples of these translations include population growth represented as population
density, infrastructure development represented as primary road, secondary road, public
facilities and health facilities, economic development represented as aquaculture and
agriculture land use and biophysical factors represented as elevation data. Based on these
data, spatial logistic regression is used to achieve the objective of quantitative estimates of
land use drivers.

DPSIR
Framework

Understanding land use
change and pressure
on coastal zones
Scenario
Development

GIS analysis and
logistic regression
Determine the
underlying factors

CLUE-S
Model

Figure10. Relationship between analysis results in DPSIR framework and CLUE-S model
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4.4.

Scenario-based land cover/use development by using CLUE-S model to
support coastal zone management

Various responses of land use change and degradation on coastal zone can be done by
government and society, including conservation, coastal functional zoning, and public
involvement in the management decision-making process that are addressed to mitigate the
pressures. One of the efforts is rational use of coastal zone to maintain the remaining
resources and to manage the existing uses of coastal land. Rational use is proposed to balance
between development and conservation and directed to achieve sustainable development.
In this study, scenario-based land use development is addressed to support future rational use
of coastal zone. In order to provide logical and accurate information about future land use
distribution, the scenarios are built by considering various data, including driving factors of
land use change, future land use requirements an quantitative relationship between land use
and driving factors. The scenarios are built in the CLUE-S model framework.

4.4.1. Data requirements
There are several data that are used in CLUE-S model, including land use, location
characteristics and land use specific conversion settings. CLUE-S model will formulate land use
change according to the demand of land use, the potential location of change and allocation
where the change will occurs. Land use change will be calculated based on logistic regression
of driving factors considered influence to the change.
Data of land use will be used as basic year of land use simulation and land use change will be
used for land requirement for each land use type, according to the annual change. Calculation
for land use requirement is done by using extrapolation of each land use type from 2001 and
2020. The result of extrapolation is required as basic demand for simulation in CLUE-S model.

4.4.2. Location characteristics
Location characteristics are a set of factors that affecting land use changes. The combination of
factors provides preference for a specific type of land use to take place at a specific location.
Preference represents the outcome of interaction among different factors that are resulted in
a spatial land use configuration. Relation between land use and driving factors is calculated by
using logistic regression. The results of regression analysis are used to create probability map
for each land use type. The driving factors used in this study can be seen in Table 7.

4.4.2.1. Representation of driving factors in the CLUE-S model
The underlying factors that achieved from DPSIR approach are used as determinants in logistic
regression. In order to fit the underlying factors in logistic regression, all of determinants will
be adjusted and specified. All factors that considered important as agents of land use change
are provided in the following table.

39

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

Table7. Driving factors included in logistic regression
Driving factors

Representation of
variables

Description

Nature of
variables

Source

Socio-economic
drivers
Population Density

DENSUBS

Person/km2, subdistrict level

Categorical,
converted to floating/
continuous

Local Statistic Agency
and Fisheries Agency
of Pekalongan City

Bio-geophysical
drivers
Elevation

ELEVS

Calculated and
interpolated using
elevation data from
topographic map
scale 1 : 25.000

Continuous

National Agency of
Survey and Mapping,
Indonesia

Proximity drivers
Existing urban area

URBDIS

Distance to existing
residential area
Distance to
agricultural area
Distance to ponds
area
Distance to primary
road

Continuous

Result of images
classification
Result of images
classification
Result of images
classification
Road map from
National Agency of
Survey and Mapping,
Jakarta
Road map from
National Agency of
Survey and Mapping,
Jakarta
Facilities map from
Pekalongan Fisheries
Agency
Education map from
Pekalongan Fisheries
Agency
Health map from
Pekalongan Fisheries
Agency

Existing
agricultural area
Existing Ponds

AGRDIS
PONDS

Continuous
Continuous

Primary road
proximity

RDMAJ

Secondary road
proximity

RDMIN

Distance to secondary
road

Continuous

Public facilities
proximity

PUDIST

Distance to public
facilities

Continuous

Education facilities
proximity

EDUDIS

Distance to education
facilities

Continuous

Health facilities
proximity

HEALT

Distance to health
facilities

Continuous

Central Business
District Accessibility

CBD

Distance to minor city
center/minor CBD

Continuous

Public facilities map
from Pekalongan
Fisheries Agency

Major river
proximity

RVMAJ

Distance to river

Continuous

Minor river
proximity

RVMIN

Distance to river

Continuous

Coastline proximity

COAST

Distance to coast line

Continuous

River map from
National Agency of
Survey and Mapping,
Jakarta
Minor river map from
National Agency of
Survey and Mapping,
Jakarta
Coast line from
National Agency of
Survey and Mapping,
Jakarta

40

Continuous

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

In this research, population density is used to represent the demographic condition. Population
growth increases the level of demand for residential parcels and facilities. As population
expands, cities grow spatially to accommodate more people. Road is classified into two classes
to reduce uncertainty in classification, including primary and secondary road. The determination
of classification is principally based on local knowledge available from spatial plan and local
knowledge.
Proximity is measured by direct access to coastal line, central business district, urban facilities
(categorized as education, health and public facilities), primary and secondary road, and
distance to major and minor river. Proximity of each cell is mainly measured with straight-line
distance to the specific location, where the straight-line is measured by using Euclidean
distance to the target location.
It is predicted that proximity factors become more dominant in this study, because of
relatively smooth topography of the study area. Distance to residential, agricultural, facilities,
and distance to road become important determinants in predicting land use change.
Moreover, distance to river and coastline is also considered as essential factors because some
inhabitants depend on river and coastal area in their life as fisherman. Furthermore, elevation
data is considered important in this area, although it has little variation. Elevation is significant
for farms and agriculture land use area, where it is associated with the distribution of irrigation
water to agricultural crops and brackish water for fish ponds.
Another fact is that the density of population is measured by the relative density, not an
absolute density. Density is calculated based on the number population divided by the district
area. This is not a best fit method to measure the density where density should be measured
in urban area or named absolute density. However, the calculation of the absolute density of
urban areas land use cannot be applied to logistic regression, because it will produce data that
are bias, where the regression calculation applied to the same extent of areas.

4.4.2.2. Data Normalization
The maps used as independent variables are created in raster format. To produce these maps,
vector data are transformed into raster format with a spatial resolution of 30 m. This spatial
resolution is appropriate with image data, which also have a resolution 30 m.
To balance the range of data values, all of variables are normalized into 0 – 1. Normalization is
done by dividing the value of each grid cell with the highest value of cell data to achieve similar
data range. This method is important because of the sensitivity of data transformation in
logistic regression. Moreover, in the multivariate analysis such as logistic regression, the
continuous independent variables should have a similar scale (Nefeslioglu et al, 2008).
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Figure11. Adapted driving factors for coastal zones of Pekalongan City
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Figure12. Adapted driving factors for coastal zones of Pekalongan City (continue)
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4.4.3. Statistical analysis of land use drivers
4.4.4.1. Autocorrelation and spatial sampling procedure
CLUE-S model is based on spatial logistic regression which involves a number of spatial
variables. Different with other data, land use data have the tendency to be dependent, which
known as spatial autocorrelation. This phenomenon is commonly found in land use data that
can be defined as the property of random variables to take values over distance that are more
or less similar than expected for randomly associated pairs of observations, due to geographic
proximity.
Spatial autocorrelation is a method to measure how clustered/dispersed points are in space
with respects to their attribute values (Lee and Wong, 2001). This method is considered
powerful to measure the characteristics location of points. If significantly positive spatial
autocorrelation exists in a point distribution, points with similar characteristics tend to be near
each other. If spatial autocorrelation is weak or nonexistent, adjacent points in a distribution
tend to have different characteristics. Two characteristics that can be seen from the coefficient
of spatial autocorrelation are the proximity of location and the similarity of the characteristics
of these locations. In Moran’I index, the similarity of attribute value is defined as the
difference between each value and the mean of all attribute values in question (Lee and Wong,
2001).
Spatial autocorrelation has been examined in many cases (Overmars et al., 2003; Cheng, 2003),
which found that the regression coefficient and significance of the contribution of individual
variables are sensitive for this phenomenon. Ignoring autocorrelation will lead to unreliable
parameter estimation or inefficient estimates and false conclusions (Cheng, 2003). Therefore,
several steps to reduce spatial autocorrelation should be conducted before executing the
logistic regression. One method for detecting spatial autocorrelation is Moran’ I Index that
measures spatial dependency (Overmars et al., 2003). The degree of dependency is – 1.0 to
1.0, where value near -1 shows dispersion and value near +1.0 indicates the clustering.
To reduce spatial autocorrelation, several methods could be used. One of the methods is
design spatial sampling scheme that consider the stratification of land use data and random
distribution of samples (Cheng, 2003). This method is considered as the simplest way to reduce
autocorrelation that will be used in this study. This method could be done in spatial analysis
module in ArcGIS. In this design, equal sampling for the training dataset will be employed. It
means that the ratio of presence (1) and absence (0) should be equal to 1 in the training
datasets.
In this research, spatial autocorrelation is measured for the independent variables before they
are used in the regression analysis. This method is applied by using Morans’ I in the spatial
statistic tool of ArcGIS. For the first measurement, this method is applied to the total grid cell
of the independent variable, in which the total number of cell is 17,346 grid cells and the
coefficient of Moran’ I is 0,99 or classified as clustered in the Morans’ I classification. In order
to reduce this coefficient, random sampling method is employed by using 10%, 15% and 20%
of total grid cells or 1737, 2602, and 3469 grid cells. These percentage numbers are referred to
several literatures that have employed the similar percentage of samples in order to reduce
spatial autocorrelation, including Cheng (2003); Kok (2004); Nefeslioglu et al (2008).

44

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

Based on the calculation, the autocorrelation coefficient for 10 % and 15 % samples is 0.33 and
for 20% samples is 0.35. These results are considered as random in Morans’ I classification
(below 0.5). Because of the need of enough amounts of data to represent the land use pattern
and driving factors in study area, 20% samples of total grid cells are selected to be used in
logistic regression.

4.4.4.2. Logistic regression for each land use
The inputs of logistic regression are land use patterns and driving factors that used as
independent variables. In this method, the significant land use drivers for each land use type
are selected by using stepwise regression with 0.01 significance criterion for each independent
variable and 0.02 removal coefficients. Multivariate regression is chosen in this study because
it has been used in the field of land use modelling and suitable to quantity the relationship
between driving factors and land use pattern (Veldkamp & Fresco, 1996; Verburg, et al., 2002).
The ROC (Relative Operation Characteristic) is used to evaluate the result of logistic regression,
where it indicates whether the spatial pattern of land use types can be reasonably explained
by the independent variables. ROC value is measured by using probability map of each land
use type and compared with the reality of land use map. The calculation can be conducted by
using cross tabulation in SPSS software. The value of ROC model indicates the completely
random (0.5) and perfect (1.0) for the logistic regression. According to Pontius and Schneider
(2001), ROC value above 0.5 is good and above 0.6 is better and value closer to 1 is categorized
as fit of the logistic regression model and the driving factors are suitable as determinants of
land use change. The result of logistic regression for every land use type and the evaluation by
using ROC method are pointed in the following tables.
Table8. Logistic regression for urban built-up area

Stepwise
Step 7g

Variables
in the
equation

B

S.E.

Wald

df

Sig.

Exp(B)

95.0% C.I.for
EXP(B)
Lower

Upper

rdmaj

1.964

.460

18.240

1

.000

7.127

2.894

17.553

rdmin

-2.393

.510

22.051

1

.000

0.091

.034

.248

rivmaj

-2.346

.404

33.775

1

.000

0.096

.043

.211

densubs

0.865

.288

9.018

1

.003

2.374

1.350

4.174

elevs

1.330

.282

22.298

1

.000

3.780

2.177

6.565

pudist

-17.933

1.075

278.467

1

.000

0.000

.000

.000

health

-5.641

.714

62.372

1

.000

0.004

.001

.014

2.474

.300

67.879

1

.000

11.864

Constant

ROC
0.903
Forward Stepwise procedure
Significant at: < 0.01 entry level and > 0.02 removal
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Table9. Logistic regression for agricultural area

Stepwise
Step 5e

Variables in
the equation

B

S.E.

Wald

df

Sig.

Exp(B)

95.0% C.I.for
EXP(B)
Lower

Upper

rdmin

-3.166

.252

157.643

1

.000

.042

.026

.069

rivmaj

1.454

.220

43.834

1

.000

4.279

2.782

6.580

densubs

-.634

.215

8.726

1

.003

.530

.348

.808

coast

3.803

.199

366.220

1

.000

44.837

30.372

66.190

nondev

3.044

.150

409.717

1

.000

20.979

15.624

28.169

Constant

-3.930

.224

308.159

1

.000

.020

ROC

0.825

Table10. Logistic regression for mix vegetation

Stepwise
Step 6f

Variables
in the
equation

B

S.E.

Wald

df

Sig.

Exp(B)

95.0% C.I.for
EXP(B)
Lower

Upper

rdmaj

-.601

.210

8.176

1

.004

.548

.363

.828

rdmin

-5.558

.518

115.011

1

.000

.004

.001

.011

rvmin

-1.094

.276

15.693

1

.000

.335

.195

.575

elevs

.997

.214

21.621

1

.000

2.709

1.780

4.123

agrdis

2.659

.337

62.091

1

.000

14.279

7.370

27.664

urbdis

-7.714

.493

245.016

1

.000

.000

.000

.001

Constant

1.018

.105

93.555

1

.000

2.766

ROC

0.778

Table11. Logistic regression for ponds area

Stepwise
Step 5e

Variables in
the
equation

S.E.

Wald

df

Sig.

Exp(B)

Lower

Upper

rdmin

7.951

.470

286.057

1

.000

2838.950

1129.779

7133.817

rvmin

-18.728

1.063

310.380

1

.000

.000

.000

.000

coast

-5.526

.323

292.134

1

.000

.004

.002

.008

.899

.321

7.857

1

.005

2.457

1.311

4.608

nondev

-2.690

.334

64.810

1

.000

.068

.035

.131

Constant

1.742

.136

163.441

1

.000

5.706

ROC

0.943

urbdis
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4.4.4. Land use specific conversion setting
Conversion setting for specific land use type is addressed to determine the temporal dynamic
of the simulation by using reversibility of land use changes. This method will be implemented
by using three different decision rules that represent the situation of study area:
1. Some land use types are unlikely to be converted into another land use type after first
conversion. As an example of this simulation, agriculture that has been converted to
residential area is not expected to return to agriculture or mix vegetation.
2. Other land use types are converted more easily. Agriculture, ponds and mix vegetation are
more likely to be converted into another land-use type soon after their initial conversion
without any restrictions.
3. Other remains land use types operate in between those settings, where the conversion will
occur in specific condition. An example is agriculture will be converted to ponds area if
ponds area is more profitable or agriculture has been destructed by sea level rise.
Table12. Land use conversion matrix for study area
Present
land use

Future
land use

River
Urban built up area
Agricultural area
Mix vegetation
Ponds area

River

Urban built
up area

Agriculture

Mix
vegetation

Ponds area

0
0
0
0
0

0
1
0
0
0

0
1
1
1
1

0
1
1
1
1

0
1
1
1
1

1 likely to conversion; 0 unlikely to conversion

This method is one of specific setting to determine temporal dynamic of land use simulation.
Land use with high investment will not easily be converted to other uses. Moreover, because
of the differences of conversion behaviour, dimensionless factor is added to each land use
type. This factor represents elasticity conversion, ranging from 0 (easy conversion) to 1
(irreversible change). Urban built up area is an example of this rule, where the elasticity value
for urban built up area is set 0.9 that shows urban built up area is hard to be converted to
another type of land use. Mix vegetation and ponds area are more easily to be converted and
the value is 0.4. Agriculture is set to more difficult to be converted, so the elasticity value is
0.6. The elasticity of river is 0.9, which shows river is difficult to be converted to another land
use. Value 1 for land use such as river is possible but it will stop the iteration process of the
model when it is run. The justification of the elasticity values of land uses in this study is based
on field observation and local knowledge and adjustment for the model. The range of values
can be seen in following table.
Table13. Settings of conversion elasticities in the study area
Land use

Code

Conversion elasticity

River
Urban built up area
Agricultural area
Mix vegetation
Ponds area

0
1
2
3
4

0.9
0.9
0.6
0.4
0.4

Source: Observation and analysis, 2009
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4.4.5. Land requirements and scenarios setting
Land use requirement is calculated for every land use in the whole of study area. This
requirement becomes a constraint of area needed for simulation. Demand of land use will be
specified in every year by using extrapolation of past land use change trends that have been
quantified before (year 2001-2009). Land use change year 1991-2001 will not be used in this
research, because of the time difference between land use (year 1991) and driving factors
(2001-2009). It is assume that if the driving factors are used for land use change 1991-2001,
the time bias will occur and will increase the potential of error.
The scenarios for future land utilization are based on two considerations:
1. Baseline scenario
In this scenario, population growth is assumed stable and land requirements of 2009-2020
keep linear change based on the trend in the period 2001-2009. According to the baseline
scenario, the demand of land use year 2009-2020 will be extrapolated from the annual
change in the period 2001-2009.
2. The increasing growth of population scenario
The assumption is based on a strong growth of population in study area that affects on an
increase of demand of residential, commercial and industrial land use (urban built up area).
In this scenario, the demand of urban built-up area is assumed to be increased twice from
the demand of urban built-up area in baseline scenario. This scenario reflects the urban and
economic growth of the area as a result of infrastructure development, the increase of
fisheries port capacity, the improvement of transport facilities in the main business district,
which are mentioned in the city general spatial plan (RUTRK) of Pekalongan City.
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V. Result and Discussions
This chapter will mainly discuss the results of overall analysis, including analysis of land use
changes, examination of driving factors in logistic regression and land use scenario
development by using relevant variables in the CLUE-S model. The first section explains the
result of identifying, quantifying and trend analysis of land use change. The second section of
this chapter mainly demonstrates the use of relevant variables from DPSIR and logistic
regression analysis in development scenarios of future land use. The model used will depict
the effect of land use change to the future land use. All of sections of this chapter will be
directly followed by discussion to provide clear explanation about all of the findings of this
research.

5.1. Land use pattern
5.1.1. Land cover/use maps 1991, 2001, 2009
According to the classification processes, there are five land uses that could be identified from
all of images: urban built up area, agricultural area, mix vegetation, ponds area and river.
Description of each land uses are explained in Table 6 and the location and distribution of land
use could be seen in the Figure 13, 14 and 15.

5.1.2. Accuracy assessment of land cover/use classification
Accuracy assessment for land use classification is conducted for land use that is derived from
SPOT image year 2009. This method was done by using 200 sample points from Google earth
that are selected using stratified proportional random sampling. In this method, land
cover/use is used as sampling measurement unit. The result of overall accuracy assessment is
79.50%. The result can be seen in Table 14.
Based on the findings, ponds area has the highest producer accuracy, which is 95.24%,
followed by agriculture and urban built-up area. Land use ‘mix vegetation’ has the least
producer accuracy, which is 47.50%. The accuracy values indicate that ponds area has the
highest probability of a reference site being correctly classified. It is calculated by dividing the
total number of correctly classified pixels for a class by the total number of reference site for
the class. In the user accuracy calculation, ponds area and urban built-up area have similar
value, which are 86.96%, followed by agriculture and mix vegetation respectively. It implies
that a pixel on the map represents that category on the ground. This accuracy is calculated by
dividing the number of correct accuracy sites for a category by the total number of accuracy
assessment sites that were classified in that category.
According to the sum of correct value per category divided to the total number of observation,
the overall accuracy can be achieved, which is 79.50%. This number indicates that 79.50% of
the classification result agrees with the reference data. There is no accuracy assessment for
land use classification year 1991 and 2001 because of the lack of reference data.
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Figure13. Land use map year 1991

Figure14. Land use map year 2001

Figure15. Land use map year 2009
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Table14. Accuracy assessment of land use classification year 2009
Reference image
Classified image
Urban built up
area
Agriculture
Mix vegetation
Ponds Area
Omission error
Producer accuracy
Overall accuracy

Urban
built up
area
40
5
7
1
53
24.53%
75.47%
79.50%

Agriculture

Mix
vegetation

Ponds area

total

1
40
0
3
44
9.09%
90.91%

5
11
19
5
40
52.50%
47.50%

0
0
3
60
63
4.76%
95.24%

46
56
29
69
200

Commission
error

User
accuracy

13.04%
28.57%
34.48%
13.04%

86.96%
71.43%
65.52%
86.96%

5.1.3. Land cover/use change analysis
The land cover/use change patterns from one land cover/use to another are presented in the
following matrices and the maps can be seen in Figure 16, 17 and 18.
Table15. Matrix of land use change year 1991-2001
Land cover/use
River
Urban built up area
Agricultural area
Mix vegetation
Ponds area

land cover/use (ha)
1991
2001
28
200
545
292
496

28
272
492
264
505

Change
1991-2001

Percentage

Average
Annual change

0
72
-53
-28
9

0
36.00%
-9.72%
-9.59%
1.81%

0
3.60%
-0.97%
-0.96%
0.18%

Change
2001-2009

Percentage

Average
Annual change

0
80
-62
-41
23

0
29.41%
-12.60%
-15.53%
4.55%

0
3.68%
-1.58%
-1.94%
0.57%

Change
1991-2009

Percentage

Average
Annual change

0
152
-115
-69
32

0
76.00%
-21.10%
-23.63%
6.45%

0
4.22%
-1.17%
-1.31%
0.36%

Table16. Matrix of land use change year 2001-2009
Land cover/use
iver
Urban built up area
Agricultural area
Mix vegetation
Ponds area

land cover/use (ha)
2001
2009
28
272
492
264
505

28
352
430
223
528

Table17. Matrix of land use change year 1991-2009
Land cover/use
River
Urban built up area
Agricultural area
Mix vegetation
Ponds area

land cover/use (ha)
1991
2009
28
200
545
292
496

28
352
430
223
528
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Figure16. Land use change map year 1991-2001

Figure17. Land use change map year 2001-2009

Figure18. Land use change map year 1991-2009

52

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

Based on the findings about land use changes in year 1991, 2001 and 2009 above, it can be
noted that urban built-up area experienced the most significant development followed by
ponds area. Agricultural area and mix vegetation tend to decrease and river is stable during
the 1991-2009 period.

5.1.4. The trends of land use change during 1991-2009.
According to the change detection for the land use classification year 1991, 2001 and 2009, it
can be seen that urban built area and ponds area are increasing over time, whereas agriculture
and mix vegetation tend to decrease and river remains constant. The trends of land use
changes of the area during 1991-2009 are presented in following table.

Figure19. Trends of land use change year 1991-2001-2009

5.2. Analysis of driving factors of land use changes
5.2.1. Logistic regression results
The results of logistic regression between land use and independent variables are presented in
this section. Each land use has independent variables or driving factors that influence to its
pattern. In logistic regression analysis, five classes of land use are included in the regression
calculation. For the class of land use of the river, the value is assumed to be stable, so that
when it is inserted in the model, the probability of river will not change from year to year.
The selection of the significant and non-significant independent variables is based on a
forward stepwise procedure (see 4.4.4.2). The variables, which have coefficient values below
0.01 significant threshold, are categorized as significant and the variables above 0.02 will be
classified as non-significant and automatically removed in the calculation process. All of
significant variables are automatically selected in the results of forward stepwise procedure
and will be used in the calculation of land use probability. Practically, forward stepwise
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procedure in logistic regression is done by putting each independent variable in the process
one by one until all of variables are involved in the iteration process. The result can be seen in
the Table 18.
Table18. Results of logistic regression between land use pattern and driving factors
Urban builtup area

Agricultural
area

Mix vegetation

Ponds area

7

5

6

5

17.346

17.346

17.346

17.346

3469

3469

3469

3469

3546

3430

3429

3442

rdmaj

1.964

-*

-0.601

-*

rdmin

-2.393

-3.166

-5.558

7.951

rivmaj

-2.346

1.454

-*

**

rivmin

-*

**

-1.094

-18.728

densubs

0.865

-0.634

-*

**

elevs

1.330

**

0.997

-*

coast

-*

3.803

-*

-5.526

nondev

-*

3.044

-*

-2.690

agrdis

-*

-*

2.659

_*

urbdis

-*

-*

-7.714

0.899

pudist

-17.933

-*

-*

-*

educdis

**

-*

-*

-*

health

-5.641

-*

-*

-*

cbd

**

-*

-*

-*

Constant

2.474

-3.930

1.018

1.742

ROC

0.903

0.825

0.778

0.943

Variables
Stepwise
Total number of
observed grid cells
20% sample size
Balanced sample size

Forward Stepwise procedure
Significant at : < 0.01 entry level and > 0.02 removal
**not statistically significant
-*not selected
ROC: Relative Operating Characteristics
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5.2.2. Logistic regression interpretation
The number of driving factors used in this regression analysis is 14 variables. Each driving
factor has a different effect on every type of land use. The effect of each driving factor is
indicated by the coefficient β in logistic regression result, which presents how much variance
from the use of land that can be explained by the driving factors. A large positive β value
indicates a strong positive relationship between the independent and dependant variable
(land use change), while a large negative β value indicates a strong negative correlation with
land use change.
Besides the effect of driving factors, the results of logistic regression can be used to indicate
which driving factor that has the biggest influence to the land use change. How big the
influence of each driving factor is indicated in exponential β value that shows the effect of
increasing one unit of driving factor to the land use change (Borzacchiello, et al 2010, Gyawali
et al, 2004). Based on the findings of exponential β for urban built-up area (Table 8), it can be
interpreted that primary road has the biggest influence to the land use change in the area
compared to the other driving factors. As an example of interpretation, primary road has
coefficient β value 1.964 and exponential β value 7.127, which means the increase of 1 unit
distance of primary road will influence 1.964 unit of urban built-up area to change with the
probability value 7.127. In the other words, 1 unit influence of primary road has 3.628
probability of urban built-up area to change. This interpretation also applies to other driving
factors and other land use types involved in the logistic regression model.
According to the stepwise procedure in the logistic regression for urban built-up area, some
variables have significant values, including distance to primary road (rdmaj) and secondary
road (rdmin), distance to main river (rivmaj), density of population (densubs), elevation (elevs),
and distance to public facilities (pudist) and health facilities (health). In the other hand,
distance to education facilities (educdis) and central business district (CBD) have nonsignificant values and removed from the calculation process. In general, the result of logistic
regression for urban built-up area is appropriate with the pattern of land use change derived
from image interpretation. The pattern of major urban land uses, including residential,
commercial and industrial follows the river curve, primary and secondary road lines, and
distribution of facilities in the area.
Regarding to the relationship, it can be seen that distance to primary road, density of
population and elevation have positive effects to the urban built-up area and distance to
secondary road, distance to main river, distance to public facilities and distance to health
facilities have negative effect to the probability of urban built-up area to change. The
relationship of each driving factor with built-up area change in this research is reasonable for
the relatively small city like Pekalongan because it is still dominated by residential
development. Residential area tends to expand to the near the secondary road and in a
specific distance from primary road to avoid noise and higher land price. Moreover, people
prefer to build their housing close to the public facilities and health facilities to get easier in
reaching the locations. Based on the findings, it can be concluded that the farther the distance
from these facilities, the smaller the probability of urban built-up area to expand or change. In
the other hand, the development of commercial and industrial areas tends to expand along
the primary road to get better access to the road.
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The other interesting findings are the significant relationship between elevation and density of
population and the probability of urban built-up area to change. Pekalongan is one of the
specific cases where the development of urban built-up areas tends to expand in the higher
elevation to avoid sea level rise. It has been noted before that several parts of the coastal zone
of Pekalongan City are prone to sea level rise that follow the tidal fluctuation. Another reason
why people choose the higher elevation is they use the lower area for aquaculture and
agriculture development. Furthermore, related to the density of population, the result shows
that the higher the density of population, the more influence to the probability of built-up area
to change. Some researchers mention that in the urban area, people tend to reside in the less
density of urban (Hu and Lo, 2007; Cheng, 2003). However, in the north area of Pekalongan
City, which still consists of urban and rural area, people prefer to reside near the existing
residential areas and public facilities.
Related to agricultural area, some independent variables have significant values. Based on the
findings, distance to secondary road (rdmin), distance to main river (rivmaj), density of
population (densubs), distance to coastline (coast) and non-developed area (nondev) are
significant for agricultural area, whereas distance to small river and elevation are removed
from the logistic regression calculation because their significant values exceed the limit of
entry level threshold. The results reveal that the change of agricultural area has relationship
with secondary road, which can be interpreted that secondary road is needed for transporting
crops from the agricultural areas to the local market or CBD. The relationship between
agricultural areas with density of population is also justified where the higher the density of
population the lower the probability of agricultural development. This land use is also has
reasonable relationship with the distance from main river and coastline.
Other findings related to ponds area reveal that distance to secondary road (rdmin), distance
to small river (rivmin), distance to coastline (coast), non-developed areas (nondev) and existing
urban built-up area (urbdis) have significant values. The variables that are not significant to
explain agricultural pattern are distance to main river (rivmaj) and density of population
(densubs). The strong relationship with secondary road means that the probability of ponds
area to change is influenced by this driving factor because of the need to transport fish
farming. The relationship with the distance from minor river and coastline is significant
because water from the sea and river is needed for ponds irrigation. Another relationship is
with urban built-up area, where the farther the distance from urban area, the higher
probability of ponds area to change. It is reasonable because if this land use is developed near
residential or industrial areas, it will increase the probability of disturbance from household
waste, industrial waste etc.
Based on the value of the coefficients of these driving factors, the regression equation can be
created to indicate the influence of the driving factors and the overall probability for each land
use change. By using ROC (Relatively Operating Characteristics), the probability of each land
use is evaluated and compared to the existing land use. The comparison is based on the
number of cells that equal between the maps. The percentage of ROC shows how the
regression equation can be used to predict the future land use change based on its probability.
According to the results, the values of ROC for probability of urban built-up area, agricultural
area, mix vegetation and ponds area are 0.903, 0.825, 0.778 and 0.943 respectively. Based on
some literatures, these values are categorized as better (very good). These results are valid,
which is confirmed to the results of some similar studies using logistic regression, including Hu
and Lo (2007) with ROC value 0.72 and 0.85, and Verburg et al (2002) with ROC value 0.822,
0.914, 0.916, 0.936 respectively. The differences are on the direction of the relationship and
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the most influenced driving factors and land use as explained before. Moreover, this result is
reasonable because the influence of driving factors depends on the location and the situation
where the model is applied (Xie et al, 2009).
After measuring the goodness of the logistic regression results for every land use type, it can
be concluded that the model capable to represent the land use changes within the coastal
zone. However there are some considerations that should be reviewed related to data
adequately, data quality, and scale of analysis. The availability of relevant data should placed is
the most important consideration because it reflect dynamic of the area being modelled
(Verburg et al, 2004). The socio-economic data such as preference of society to choose new
urban location with lower price are not used in this research because of unavailability of data.
As these data could improve the understanding of complex land use behaviour, their
availability should be incorporated in further research.
Scale of analysis is another important issue to be discussed because this research is conducted
by using images that have middle scale resolution (30 x 30m). Although this resolution is
categorized as large scale in the CLUE-S model (Verburg et al, 2002), it has possibility to be
improved with higher spatial resolution data to acquire more detailed information about
coastal zone behaviours. The more information could be derived from the data, the more
understanding about land use dynamic in the location (Cheng, 2003). However, it should be
noted that data with large resolution need more capacity for iteration process and when it is
combined with the land use model, the capacity data could excess the processing capability of
the model.
Furthermore, this research indicates that logistic regression analysis is very sensitive in multistages analysis such as data transformation and spatial sampling. According to Cheng (2003),
the logarithmic data transformation and the combination of sampling type could significantly
influence the parameter estimation and model accuracy. Related to sampling method, this
research has employed appropriate sampling method. The method has been discussed in the
conceptual model section, where all of independent variables are normalized to the range 0-1
to create similar range of data and avoid different data dimension. This method is valuable to
overcome the sensitivity of logistic regression calculation to the various variables and the
result is more reliable in examining the influence of driving factors of land use change.
According to the findings and their interpretation above, the conclusion can be drawn about
the usability of statistical analysis by using logistic regression to examine the relationship
between driving factors and land use change in study area. The results give evidence about the
influence of each driving factor on each land use type, the magnitude of its effect and the most
influencing driving factors for each land use type. Regardless the limitation in data, the method
used and the results are satisfactory because they capable to reveal the relationships that
were not known before and provide new insight about land use behaviour in the area, such as
the growth of residential area in the adjacent of secondary road and at a specific distance from
primary road. Moreover, the combination between logistic regression and CLUE-S framework
becomes the solution for the limitation of logistic regression model where it can only be used
to predict the location of land use change probability but it cannot be used to predict when the
change will occur. Based on these reasons, logistic regression model in this research is
combined with CLUE-S framework to predict future land use change in the area.
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5.2.3. Land use probability maps based on logistic regression
The final results of the logistic regression model are used to create probability map of each
land use, including urban built-up area, agricultural area, mix vegetation, ponds area and river.
The value of probability of each land use type is in the range between 0 and 1 except for river
that has constant probability. The probability maps can be seen in Figure 20, which show that
the darker the colour, the higher the probability of land use to change. The range of probability
urban built-up area is 0 – 0.9886, agricultural area is 0.007 – 0.9170, mix vegetation is 0 –
0.9207, ponds area is 0 – 0.0.9970 and probability of river is constant in 0.7310.

Figure20. Land use probability maps resulted from logistic regression

5.3. Scenario-based land use modelling by using CLUE-S model
Scenario-based land use modelling is used in this research to understand the phenomena of
coastal zone dynamic, especially related to land use change in the upland part of this region. In
order to understand the dynamic of land use in recent and future time, the model will be used
as a tool to link between present and future of land use condition and the scenarios will be
built to design different alternative conditions of land use. The important thing that becomes
the main purpose of this research is how to select the relevant variables that can be used to
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represent the future land use and how to design the scenarios of land use in Pekalongan’s
coastal areas by involving those relevant variables?. In order to design the plausible scenarios
of coastal land use in the future, the most important things are the understanding of
relationship between land use and the driving factors and the understanding of pressures that
caused by those driving factors.
Based on land use change analysis, it is indicated that coastal zone of Pekalongan City has been
occupied by various land uses that inappropriate with the suitability of land. Urban built-up
area is one of land use that has the highest changes in the coastal area compared to the other
land uses. This phenomenon indicates that there are many human activities that work in the
coastal area that have direct interrelation with the coastal zones. There are many benefits of
coastal development in the coastal areas; however the increase of human activities without
planning and control mechanism causes many impacts, including land use conversion,
ecosystem degradation and sea level rise. Because there are many problems related to the
increase of human activities in the coastal area, the increase of human population should be
considered as the most important variable in the future land use scenario modelling.
Furthermore, the design of land use scenarios should accommodate the impacts climate
change as recommended by EEA. In Pekalongan coastal areas, one of the significant impacts
that caused by climate change is sea level rise, which increases every year. Sea level rise causes
many problems in environment and in the long period it decreases community economic
condition. To achieve plausible scenario of future land use in the area, sea level rise is
considered as one of modelling variables. However, because of the problem with accuracy of
the data, this variable will not be used in this research. Based on the problems above,
scenarios of land use in this research will accommodate the phenomena of coastal land use
conversion related to population growth. The scenarios are applied in CLUE-S model that has
capability to simulate different alternatives of future land uses. The framework of CLUE-S
model accommodates the relevant variables used in the scenarios development (Figure 21).
In CLUE-S model, the demand of land use is specified on yearly basis before the iteration and
used as direct input for the allocation module. The allocation of land use in this framework is
based on combination between empirical analysis, spatial analysis and dynamic modeling in
raster base iterative procedure. This procedure allows continuous interaction between macroscale demand and local land use suitability as derived from logistic regression. Macro scale
demand or regional demand influence the actual allocation change together with the local
highest probability derived from logistic regression.
Therefore, the total probability (TPROPiu) of each grid cell that is allocated for each land use
type based on suitability (Piu) of each grid cell, conversion elasticity (ELASu) of each land use
that is determined in the scenario settings and iteration variable (ITERu) that indicates the
relative competitive strength of each land use type. This relationship can be formulated in the
equation:
TPROPiu = Piu + ELASu + ITERu

(3)

where: TPROPiu : total probability of each cell
Piu
: land use suitability based on logit model
ELASu : elasticity coefficient of each land use
ITERu : relative competitive strength
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Based on the iteration variable, the preliminary allocation is created by considering conversion
matrix (see Table 12) and the total allocated area is calculated by using land use requirements
from the regional demand. The iteration process is repeated until all of demands are balance
and correctly allocated.
Land use and neighborhood
specific settings
Relevant
variables from
Empirical
analysis

Initial land use
(t0, year 2001)

Land use influence
on neighborhood

Land use types
and elasticity to
change

Decision rules for
the land use
trajectory

Land use
Change

Land
Requirements

Land use probability
Map

Devote land use with
highest possibility

Yes
No

Possibility for
allocation

Yes
No

Competition of land use
allocation

Scenarios Development
- Baseline scenario
- Increasing population
growth scenario

Land use type conversion
matrix

Demand and allocation
balance

Future land use with
scenario development
(tn, year 2020)

Figure21. Framework of land use change and scenario development in study area
(Adapted from Verburg & Overmars, 2007, p. 325)

In this research, two combinations of land use change are designed. These scenarios have
been explained in the section 4.4.6, including baseline scenario and increasing population
growth scenario. These scenarios are demonstrated to verify the usability of scenario based
modeling to support land use analysis in Pekalongan’s coastal zone. Each scenario and the
results will be explained in the following section.
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5.3.1. Baseline scenario
In this scenario, it is assumed that land use change in future is the continuity of land use
change in the past time. Land use change in the past time has been calculated in the land use
change section. The baseline scenario does not consider land use plan or regulations as well as
environmental condition such as sea level rise phenomenon. In this model, the initial land use
is land use map year 2001 created from image interpretation. The demand of land use in the
future (until the year 2020) is the continuity of the demand of land use change 2001-2009.
Simulated maps for selected years 2002, 2005, 2009, 2015 and 2020 can be seen in the
following figure.

Figure22. Simulated land use maps with baseline scenario
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5.3.1.1. Model validation
In order to achieve a valid land use simulation, the validity of this model is examined by using
the observed land use map year 2009, which has been created from image interpretation.
Land use map year 2009 resulted from the simulation is compared to the observed land use
map year 2009 to measure the number of equal grid cells in both of maps and the similarity of
land use pattern. Similar with the method done by Zhu et al, (2009), this approach results a
Kappa coefficient which indicate the degree of similarity between those two maps and Fuzzy
Kappa that depicts the degree of pattern similarity. According to Landis and Koch (1977),
Kappa coefficient is useful to calculate the agreement of two maps. It is stated that Kappa
values > 80% is categorized as fit, 60% – 80% is high agreement, 40% – 60% is moderate and
<40% is poor. The weakness of Kappa in the implementation of cellular automata model is that
coincidence matrix cannot evaluate pattern of land use and small displacements are calculated
as discordances (White et al., 1997; Torrens and O’Sullivan, 2001 in Zhu et al, 2009). Therefore
Fuzzy Kappa is used in this research to measure pattern similarity.
After comparing both maps, the results show that Kappa coefficient and Fuzzy Kappa for land
use simulation year 2009 is 75.1 % and 60.6 % or categorized as high agreement. It indicates
that the driving factors have a good capability to explain land use pattern in study area and it
can be used to predict future land use pattern. Furthermore, related to the uncertainty of land
use pattern in the future, 75.1 % Kappa and 60.6% Fuzzy Kappa values show that all of driving
factors capable to reduce the uncertainty because they capable to describe the land use
behaviour that will shape the future land use condition. The results are confirmed to the
statement of Pontius and Neeti (2009) where high agreement resulted from validation process
indicates that the processes of land use change during the calculation are stable trough the
interval of validation and suitable to be used in simulation process. The result of Kappa
measurement can be seen in the Table 19 and 20.

Figure23. Land use map based on interpretation result year 2009
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Figure24. Land use map based on simulation results year 2009
Table19. Kappa agreement between simulated land use year 2009 and observer land use year 2009

Kappa

0.751

Fraction correct

0.816

Kloc

0.759

Khisto

0.989

Category

River

Urban built-up
area
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area

Mix
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area

Kappa

1

0.787

0.731

0.543

0.838

Kloc

1

0.790

0.741

0.549

0.850

Khisto

1

0.997

0.987

0.989

0.985

Table20. Matrix contingency of simulation map year 2009 and observed map year 2009
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0
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0
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0
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0

11

3880

403
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0

4859

3

0

541

359

1516

100

0

2516

4

0

107

312

152

5182

0
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0

0

0

0

0

0

14622

Sum Map 2
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5866
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Map 1 :
Map 2 :

Simulated map year 2009
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5.3.2. Increasing population growth scenario
In this scenario, the increase of population growth is used as assumption to assess the future
land use configuration until 2020. The increase of population influences the demand of urban
built-up areas, including residential, commercial and industrial. It is assumed that the demand
of urban built-up area will increase twice from the demand of future urban built-up area in
baseline scenario. It is justified by the improvement of infrastructure development in the city
master plans (RUTRK/RDTRK) that indicate the improvement of transport infrastructures in the
main business districts, improvement of fisheries port capacity and services, and other
economic facilities. These development programs are assumed to be the main factors of the
increase of population growth in this area. Simulated maps based on this scenario in selected
years 2002, 2005, 2009, 2015 and 2020 can be seen in the following figure.

Figure25. Simulated land use maps with increasing population growth scenario
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5.3.3. Land use scenario modelling interpretation
Based on the results of land use scenario modeling using CLUE-S framework, it can be seen
that the combination between empirical analysis, rule-based modelling and cellular automata
is valuable in depicting future land use distribution and can be use to answer how does the
future land use ‘might be’ occurs in the study area. It means that it can provide possibilities of
future land use configuration before it happens. However, due to the uncertainty in the future
and the complexity of land use and the drivers, this scenario-based modeling is not only
addressed to make predictions but more in improving understanding about land use behaviour
on coastal zones based on the influencing factors and what might happen in the future based
on these known underlying factors. In the planning process, the understanding about land use
behaviour as well as future land use distribution is important for planners and managers to
justify a spatial planning decision and avoid inappropriate decision (Pontius and Neeti, 2009).
Therefore, in order to provide an appropriate explanation, the critical discussion in this
research will be conducted by considering the findings and its appropriateness with some
literatures.
From the results of baseline scenario in Figure 22, most of the change occurs in the adjacent of
existing urban built-up area in the middle of coastal zone from 2001 and 2020. In the north
part of this zone, the intensive expansion of urban built-up areas mostly located near
Pekalongan Nusantara Port (located near the main river edge), near the existing residential
and in the right part of main river estuary. In the surrounding of these areas, urban built-up
area and ponds area also tend to expand to the northern part of this zone. Pekalongan
Nusantara Fisheries Port has an important role in urban development in the area because it
becomes center of economic development and has a big contribution for fisheries export in
Indonesia. It will trigger urban development related to fisheries sector, including fisheries
industries and residential areas. Some of driving factors contribute in influencing urban builtup area expansion in these locations, including the availability of public facilities (especially
fisheries facilities), main river as one of transport infrastructure and road network that
connects port with national road in the middle part of Pekalongan City. In accordance with
coastal degradation, these developments lead pressures to the coastal environment because
the decision making of these developments is mainly profit-oriented without consider
environmental sustainability. These findings are agree with some literatures in the Sub-chapter
2.3, which explain that urban built-up area development is one of human activities that
causing pressures on coastal zone (EEA, 1999).
Other urban built-up area expansions occur in right side of the Pekalongan River and in the left
side of existing urban areas. In the right side of river, the initial urban area is a housing built by
government to distribute the population density in this area. The availability of adequate
infrastructure and facilities influences the development of urban built-up area in this location.
In the left side of existing urban areas, the expansion of urban built-up area is mainly
influenced by the availability of primary and secondary road and distribution of public facilities.
In this location, agricultural and mix vegetation are intensively converted to urban land use.
This expansion pattern is appropriate to the result of logistic regression where primary road,
secondary road and public facilities have significant contribution to urban built-up area
change.
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Related to ponds area development, it can be seen that ponds area expands in the adjacent of
agricultural area in the northern part of the coastal zone. It tends to change near the coastline
and occupies some dry agricultural areas and keeps on expanding until 2020. This future
expansion pattern is reasonable because these areas are subject to direct sea level rise that
affecting agricultural land. Some of agricultural plants that sensitive to the effect of sea level
rise are damaged and changed to shrimp/fish farming that are more resistant to the sea water.
Although there is a small amount of conversion, the process continues to the right side of
areas. These findings are appropriate with some literatures where aquaculture development in
Asian countries tends to expand on coastal zones without any control mechanisms and
generate pressures on the ecosystems (ADB, 2000, in Mimura, 2008).
According to the land use maps derived from increasing population growth scenario in the
Figure 25, the pattern of land use development is relatively similar to baseline scenario. Most
of built-up area change occurs in the adjacent location of existing ones and causes
densification. Besides that, a more intensively change occurs in several areas, including
residential development in left side of Pekalongan River estuary and housing in the right side
of Pekalongan River. The development of industrial and residential land use in the right side of
Pekalongan River estuary occurs intensively in the period 2015-2020. Visually, the densification
process of built-up area occurs from period 2005 and increases intensively until 2020. In this
scenario, mix vegetation is more converted to built-up area than agricultural area and ponds
area. Agricultural areas near the coastline are relatively less converted to ponds area;
however, they tend to be converted to urban built-up area in the period 2015-2020.
Until recent time, coastal zone ecosystems within this coastal zone are affected by human
activities that have been mentioned above. Ministry of Forestry (2006) states that most parts
of mangrove and other ecosystems have been converted to land uses related to human
activities, including agriculture, aquaculture, residential, industrial and commercial. Many
problems caused by these activities occur in this zone and even accelerate because there is no
concern of local government. Some programs to response the situation have been initiated by
central government in collaboration with local government, including GERHAN (Gerakan
Rehabilitasi Hutan dan Lahan) or Forest and Land Rehabilitation Action from 2003 by
replanting mangrove forests in five sub-districts: Bandengan, Kandangpanjang, Panjangwetan,
Degayu and Krapyak Lor. Another response comes from Coastal and Fisheries Agency with
arrangement of coastal management strategic plan in 2008 and continues with preparation of
coastal spatial plan (discussed in sub-chapter 5.4).
In general, the results of these scenarios indicate that the combination of statistical analysis
and CLUE-S model is valuable in representing land use behaviour on coastal zone and it has
capacity to explain the causal factors in a complete process model. All of the significant
variables derived from logistic regression can be accommodated in this model and used as a
preference of scenario development. The only use of significant variables in the model with
known cause-effects relationship between driving factors and land use change is one of
advantages of CLUE-S model (Pijanowski et al, 2000). By involving significant factors, the model
could avoid spurious relationship and subjective human intervention. Moreover, in this
research, the cause-effect relationship is not only proved by logistic regression results but also
reinforced by DPSIR analysis (discussed in sub-chapter 4.3) to improve the understanding of
underlying factors.

66

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

Besides the facts above, several important issues emerge in this modelling process, including
validity of the model results, data used and analysis scale. Validity is one of important issues in
land use modelling because it describes the evidence to explain complex spatial behaviour
behind the process. Based on the validation processing steps (described in sub-chapter
5.3.1.1.), the result of validation is 75,1% and categorized as high agreement. This value
ensures that the result of this study is agree with the result of some literatures, including
Verburg, et al (1999) who simulates land use scenario by using CLUE-S in Ecuador and obtains
an accuracy range of 71 – 90% and Li and Yeh (2002), who predicts future land use change by
using integration of neural network and cellular automata and achieves 83% validity. Pontius
et al (2004) states that if the driving factors are appropriate chosen, the simulation leads to a
high agreement between the simulated land use and the reality. Pontius also assures that
modeling validation by using Kappa is appropriate to represent the agreement and capable to
explain the causality and consequence between land-use changes and driving factors.
The issue about data constraint is also found in this research. Although the model has involved
many variables in the processing and capable in depicting future land use distribution, there
are some data that were not included in the analysis such as land price. However, if the data is
available, it might be has high correlation with other variables in this model. Some researchers
argue that the shortage of data can lead an error estimation of causative effects of driving
factors related to the land use. However, involving many variables without knowing the
significance of the data will produce inaccurate model. It implies that too many variables is not
necessarily in the land use model and when there are many data available, empirical analysis
can support the selection of factors that relevant in study area. Furthermore, Verburg (2004)
states that the extent and characteristics of study area influences the number of involved
factor, where the large area requires a larger variety of driving factors to explain its behaviour,
whereas a few variables are needed in relatively small area, for example in this study area.
Related to the analysis scale, Verburg and Veldkamp (2004) states that land use change
modeling assessment is not restricted by specific scale and no single optimal scale is more
important than others. According to this statement, it can be concluded that the scale analysis
in this research (30 x 30 m raster grid resolution) is relevant and appropriate for land use
assessment in the area. However, the application at a more detailed scale provides more
possibilities to accommodate more detailed land use class and explore more specific location
factor. The advantage is that the research enables a more detailed simulation of the spatial
and temporal dynamics and it provides more detailed information needed by stakeholders. For
example urban built-area is possible to be divided into more detailed land use classification
such as industrial, commercial, and residential. The behaviours of these land uses can be
examined in the model. Moreover, it improves the possibility in understanding the specific
problem in the area, for example to study specific factors and processes in critical areas of
coastal zone. For planners and managers, more specific information could support in
evaluating spatial policies and management strategies.
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There are also several limitations related to the method and findings of this research, including
justification in parameter settings and land use conversion elasticity that only based on local
knowledge and interview with local community. In the sub-chapter 4.4.4, it can be seen that in
order to determine the temporal dynamic of the simulation by using reversibility of land use
changes, three different decision rules are used. To produce equal conversion behaviour, the
coefficient of elasticity is set in dimensionless range 0-1 to determine level of reversibility. The
elasticity of river and urban build up area is 0.9, ponds area is 0.6, and mix vegetation and
agricultural area is 0.4. Since there is no exact method in determining the elasticity level,
empirical assessment of land use behaviour and multitemporal observation then will be a
major contribution in the improvement of the model.
Another issue is related to the reliability of driving factors involved in this model. The implicit
assumption in such an approach is that the driving factors are stable during the modeling time
period and influence the dynamic of land use in the area. This assumption ignores the
possibility of driving factors to change and their effects to the land use change. For example
the development of local road and additional facilities that may respond to changes in land
use. The CLUE-S framework is capable in involving dynamic driving factors as additional
variables to assess future land use pattern, therefore, if data about new dynamic driving
factors are available, it could therefore be useful to improve the utility of scenarios.

5.4. Policy implication of the impact of human activities on coastal zones in regional
and local planning context
This research is conducted to examine the relationship between land use change on coastal
zone and the driving factors that underlie the changes and use these relationships to assess
future land use configuration in the coastal zone of Pekalongan City. Information about land
use change and the driving factors is particularly important to understand the behaviour of
land uses related to human activities in the study area. Moreover, information of future land
use change and distribution obtained from this research can be used in supporting the
arrangement of coastal zone management plan, charting future activities and guiding the steps
required to achieve coastal planning aims. Appropriate coastal land use planning to attain a
desired future is important in Pekalongan’s coastal zone because the region still encounters
several problems, including the implementation of regulations and the arrangement process of
coastal management plan.
Related to the regional spatial planning of Pekalongan City, there are some regulations that
have been implemented since 1990s. Before the time, coastal planning and management was
conducted by central government and local government following central government’s plan.
After decentralization era, there are various regulations addressed to spatial planning in the
coastal zones. The regulations include Act No. 24/1992 about National Spatial Plan System, Act
No. 22/1999 about Regional Autonomy, Ministerial decree No.10/Men/2003 about Guide of
Integrated Coastal Zone Management, Act No. 26/2007 about Spatial Planning and Act No.
27/2007 about Coastal Zones and Small Islands Management. These acts regulate the
authority of local government to manage coastal resources in the framework of sustainable
coastal development.
In the local context, there are several regulations that have relationship with coastal zone
planning and management, include Local Government’s Rule No. 5/2003 about Regional
Spatial Plan 2003 – 2013, Local Government’s Rule No. 6/2005 about License of The Use of City
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Space, and Local Government’s Rule Year 2007 about Mid Term Development Plan of
Pekalongan Region. Furthermore, the response to the degradation on coastal zone was started
in 2008 through the arrangement of coastal management strategic plan, which is used as a
basic reference of coastal zoning plan, coastal management plan and coastal action plan.
However, some problems occur in the arrangement process because of limitation in coastal
resources data, the lack of GIS and remote sensing expertise and methods, and the lack of
proper planning process that makes the planning product cannot be integrated with regional
spatial plan of Pekalongan City.
Based on the problems above, the limitation coastal zone planning process should be
improved by using integrated approach that involves various sectors. One of approaches is by
providing spatial information system containing current and future land use information of the
area. The information is derived from several methods and tools combined to assess the
dynamic of land use in the area that cannot be provided by local expertise in this time. The
advantages the findings of this research are the use of combination methodology in assessing
land use dynamic and capability to estimate future land use pattern that can be used to
support justification on land use allocation. According to Guhathakurta (2002), to support land
use land use planning strategies and policy formulation, the information from the models
should be able to be easily-translated for planners and decision makers. In order to articulate
the findings of this research and communicate the contribution of the new research’s findings
for regional planning practice in Pekalongan City, the following description will discuss the
implication of the results of this research to support planning process.
The findings about land use change, direction and trend in three years (1991, 2001, and 2009)
indicate the general change of land use in the area, which is dominated by urban expansion.
Related to the spatial planning on coastal zone, information of land use change is important
because it indicates the extent the pressure of human activities, the direction of change and
the trend of dominant land use in the area. In current spatial planning of Pekalongan City,
planners and coastal managers rarely try to anticipate the direction of urban expansion on
coastal zones that causes pressure on coastal environment. The findings of this research reveal
that in order to eliminate the negative impacts of human activities on coastal zone, urban
expansion and other land use changes issues should be considered in the decision making
process.
According to the analysis of driving factors by using DPSIR and empirical analysis, it can be seen
that there are some indirect and direct driving factors that influence to the land use change in
the area. The magnitude and the direction of influence of each driving factor can be seen in
the logistic regression results (sub-chapter 5.2.1) and the visualization of land use change can
be seen spatially in the CLUE-S modelling results (sub-chapter 5.3.1 and 5.3.2).
In the regional planning context, there are several indirect driving factors that affecting land
use change, include economic growth, population growth and infrastructure development. In
the economic development point of view, the factors causing land use change are the high
economic activities in the national road line that across the south part of the coastal zone and
the existence of Pekalongan Nusantara Fisheries Port as a prime-mover of economic
development in this region. These factors significantly affect the development of urban land
use in the area. Furthermore, the increase of population and infrastructure development has a
significant role in the land use change, especially urban development. Planners and managers
should consider these development trends and their consequences in spatial planning
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arrangement, for example to anticipate urban built-up area development near the critical
coastal zone.
The impacts caused by indirect driving factors have emerged in the area, including the
centralization of economic activities around the national road and in the surroundings of
fisheries port that cause land use change, especially urban built-up area. The conversion of
land use from non-urban to urban built-up area increases the density of population around the
center of economic activity. In economic sector, it provides benefit for some stakeholders,
however in the social and environmental sector; the uncontrolled land utilization will affect to
the pressure and decrease the quality of coastal ecosystems.
Related to the direct driving factors that have been discussed in logistic regression results, it
can be seen that primary road has an important role as a driving factors of urban land use
change in the future as well as secondary road. It implies that road infrastructure has played a
crucial role in stimulating and guiding new development in the area. Besides primary and
secondary road, other direct driving factors that affect land use change include population
density, elevation, proximity to big river and small river, proximity to coastline, proximity to
public facilities distance and proximity to health facilities. The important challenge to be
addressed is what are the implications of the land use change and its driving factors to the
decision-making process in the context of regional planning? and what are the effects to the
arrangement of regional spatial planning in Pekalongan City (RTRW/RUTRK)?
Information about land use change and driving factors can be used by planners to anticipate
the impacts of urban land use development around the critical areas. For example, related to
the road network development policy; as one of the major development plans in Pekalongan
City, there are some considerations that should be reviewed. As primary road and secondary
road are the main driving factors of land use change and urban development in the area, the
improvement of road infrastructure will increase the change of land use around the road
networks, especially urban built-up area such as residential, settlement, and commercial. In
the coastal planning point of view, the development of road infrastructure near the coastal
zone will provide negative effect where it will increase land use change and increase the
pressure on coastal zone. Based on the research’s findings, it suggest that coastal
environment, as important ecological entities, should be more carefully considered in the
regional transport planning in RUTRK as well as in RDTRK to anticipate pressure coastal areas in
the future. The allocation of road development on coastal should be allocated based on
coastal carrying capacity and their appropriate allocation.
Similar with road development policy, social facility development has an important role in the
coastal land use change in the context of regional planning. According to the RUTRK of
Pekalongan city, the development of social facility is based on the need to the specific facility
by considering the level of demand to all of the facilities. It means that the need to the
facilities that influence to the city development will be improved appropriate to the direction
of city’s growth. This policy has a strong relationship with the findings of this research, where
public facilities or social facilities have a strong correlation with urban land use change in the
area as well as health facilities. In the context of regional planning, it implies that planning for
the future land utilization should consider public facility, mainly the distribution of new public
facilities development in the future. For example the region with less density or less growth
could be proposed to place new facilities to distribute the population concentration.
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In the context of coastal development and planning, information about land use change
condition, driving factors of land use changes and prediction about future land use are very
useful for the arrangement of policy about coastal zone management. One of the most
important issues of coastal management that has been identified by stakeholders in
Pekalongan is the unavailability of coastal management plan that can be used as preference
for future coastal management. Coastal management plan could be used as zoning control
where the allowable land can be managed, as restriction area from construction, as references
for the ecosystem rehabilitation, to minimize urban-built up sprawl on critical coastal zone,
and evaluation of future land use change. By using information of land use change and future
land use patterns, planners and decision makers could determine what strategic management
and policy should be prioritized as an input in the arrangement of coastal management plan.
Finally, it is suggested that coastal zone, as important ecological entities, should be more
carefully considered both at strategic level (i.e. regional planning/RUTRK/RDTRK) and at local
action level (i.e. coastal zone management plan). In the strategic planning level, the
consideration about sustainability of future coastal zone could be used to anticipate the
continuity of degradation and in coastal zone management and planning level; it can be used
as strategies to eliminate the impacts that have occurred. For example by establishing the
scheme of planning and zoning within coastal zone that can better govern the coastal
environment and structure.

5.5. Addressed deficiencies of data, methods to improve the utility of the scenario
approach
Data and methods is the main concern in the land use scenario analysis because it leads to
consistent statement of current condition to develop, compare and evaluate the future
scenarios. In the other hands, land use scenarios should provide appropriate information
about alternative configurations of land use as inputs for decision makers. To improve the
utilities of scenarios in the data, methods deficiencies condition, the data and methods should
be appropriately and clearly applied. In the case of data used, the inconsistent and
inappropriate variables should be reduced.
Burgi (2004) states that land use change modelling is an essential step in monitoring land use
change. It provides information about past land use trends, existing land use process and
assists the identification of driving forces. Existing and past land use information is the main
requirements in the scenario building to build assumptions. Gaucherel and Houet (2009) clarify
that scenario modelling should reveal the interaction between socio-economic and ecological
process that affects land use change. It implies the more land use information about land use
can be acquired, the more capable the scenarios unravel the process. This statement is
strengthened by Hu and Lo (2007, who states some factors can be used in all scales but some
others only can be derived from detailed scales. In accordance to the land use data employed
in this research, conclusion can be drawn that detailed land use data provide possibilities to
explore more land use interactions. Therefore, the more detailed land use data could be
incorporated to improve the utility of land use scenarios.
Another approach to improve the usefulness of scenarios is by reducing uncertainties of data
classification. In this research, the approach has been applied to the driving factors road, river,
developed areas, where only two classes (major and minor) are used to identify their impacts
on land use change. For example primary road and secondary road, main river and small/minor
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river and develop and undeveloped areas. By implementing clear definition and classification
of driving factors, the uncertainty of data could be reduced and their influence can be clearly
identified to improve scenarios quality.
Related to the method used to improve scenarios building, the important aspect that emerges
in accordance with the results of this research is the combination between qualitative and
quantitative method to assess relevant driving factors of land use changes. In this research, the
combination between DPSIR and empirical analysis were used to strengthen the analysis of
underlying factors. DPSIR approach has been applied to assess the underlying factors in
qualitative way by considering driving forces, pressures, states, impacts and responses (Burgi
et al, 2004). The result of this method was the relationship between all of aspects mentioned
above and the reasoning about the underlying drivers. The results of this qualitative analysis
were used as basic consideration in selecting driving factors using empirical analysis. In this
method, all of driving factors were quantified to indicate their influence to land use change.
Although the relationship between DPSIR and empirical analysis is in a form of reasoning, this
combination method could improve the selection process of driving factors and could
contribute in improving the utilities of scenarios. Moreover, to enhance the accuracy of the
model, improvement could be made in the driving factors selection before they are employed
in the logistic regression. All of driving factors that are estimated to affect land use change
should be selected appropriately by using proper methods and avoid subjective preference. In
this step, the selection of driving factor data by using expert knowledge approach could help in
a better estimation and becomes a major contribution in the improvement of the scenarios
(Verburg et al, 2004).
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VI. Conclusions
This chapter concludes the research based on the analysis and results obtained and provides
an insight about the research objectives. It consists of four sections: the conclusive remarks on
the main findings for each sub objective, specific conclusions of the analysis and findings, study
area recommendation and possible directions for further research development based on the
findings and limitations of this study.

6.1. Introduction
This study concerns with analysis the impacts of human activities on coastal zone and tries to
examine the utilization of scenarios approach to support land use analysis using Pekalongan as
a case study. The general objective of this research is to demonstrate the utilization of
scenario-based approach to support land use analysis in developing strategies of coastal
development. It focuses on understanding of interaction between human activities and coastal
environment and its impacts and demonstrates the relationship to simulate future land use. To
achieve the objective, several approaches are combined, including land use change analysis,
DPSIR framework, empirical analysis, and CLUE-S framework. To achieve the main objective,
three specific objectives were set up along with number of research questions.

6.2. General conclusions
- Review of identification and quantification land use changes that influence coastal zone
It was found that land use changes in this area were mainly dominated by expansion of urban
built-up area with the annual rate of change 4.22% during 1991-2009 and the increase of
ponds area with annual rate of change 0.36% in the same period. The annual rate of urban
built-up area change was 3.6% in 1991-2001 and 3.68% in 2001-2009. Agricultural and mix
vegetation are decrease in period 1991-2009 with annual rate of change 1.17% is 1.31%
respectively. The trend of land use change in 1991-2009 showed this coastal zone faces the
expansion of urban built-up area and ponds area and the decrease of agricultural area and mix
vegetation. Based on the findings, it can be concluded that urban built-up area, including
residential, commercial and industrial and ponds area were significantly increase during the
period 1991-2009 and causing the pressures on coastal zone in the study area.
- Review of underlying drivers identification that affecting land use changes in the area
The selection of driving factors that has significant effect to land use change was conducted by
using DPSIR framework and logistic regression analysis. The result of DPSIR analysis revealed
that population growth, economic development, infrastructure development, bio-physical
factors and policy intervention were identified as the indirect drivers that influence to the land
use change in the area. The quantitative analysis of driving factors of land use change by using
logistic regression showed that the driving factors that significantly influence urban built-up
area were distance to primary road, distance to secondary road, distance to main river, density
of population, elevation, distance to public facilities and distance to health facilities. Based on
the calculation results, it can be concluded that the most significant driving factor of urban
built-up area was distance to primary road and followed by elevation and density of
population. The relationship between driving factors and land use change showed that
distance to primary road, density of population and elevation have positive effect to urban
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built-up area change to change which means that the higher the value of these factors, the
higher the probability of land use to change. In contrast, distance to secondary road, distance
to main river, distance to public facilities and distance to health facilities have negative effect
which implies that the higher the value of these factors, the decrease the probability of land
use to change.
The result of statistical analysis for agricultural area showed that distance to secondary road,
distance to main river, density of population, distance to coastline and non-developed area
were seen to be the significant driving factors and distance to coastline has the biggest
influence to the land use to change. Among these factors, distance to main river, nondeveloped area and distance to coastline were positively related to land use change and
distance to secondary road, density of population have negative relationship. Furthermore, the
findings related to ponds area revealed that distance to secondary road, distance to minor
river, distance to coastline, non-developed areas and distance to urban area have significant
values. Among these factors, distance to secondary road and distance to urban area are
positively related to ponds area to change, whereas distance to minor river, distance to
coastline and non-developed area has negative effects. The result showed that distance to
secondary road was the most significant factor of ponds area to change.
The goodness of the statistical measurement revealed that ROC values for urban built-up area,
agricultural area, mix vegetation and ponds area were 0.903, 0.825, 0.778 and 0.943, which
indicated that the probability of land uses built from these models were capable to represent
land use changes and empirical analysis by using logistic regression method was satisfactory to
examine the relationship between driving factors and land use change in study area.
- Review of demonstrate scenario-based analysis to support land use analysis in study area
The CLUE-S model was used to link between present and future of land use condition based on
combination between empirical analysis, spatial analysis and dynamic modeling in raster base
iterative procedure and the scenarios were demonstrated to design different alternative
conditions of land use.
In the scenario development, all of significant driving factors of land use were used and
examined to determine the suitability of each cell in the scenario modeling. These suitability
variables together with conversion elasticity of each land use and iteration variables were used
in determining total probability of land use in each cell. The results of total probability were
combined with land use requirements to allocate the regional demand of each land use. Land
use requirement was used to represent each land use scenario in this research, including
baseline and the increasing population growth scenario. The relevant variables were used and
examined in the CLUE-S model framework to build land use scenarios until 2020. The
modelling framework could be seen in Figure 21. The results of baseline and increasing
population growth scenarios indicated that scenario-based approach could be utilized to
coastal land use analysis in the area.
In the regional panning context, information about land use change condition, driving factors
of land use changes and future land use achieved from scenario approach are useful for the
arrangement of policy about coastal zone management. By using the information, planners
and decision makers could determine what strategic management and policy should be
prioritized as an input in the arrangement of coastal management plan.
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In order to improve the utility of scenario regarding to the deficiency of data and methods, this
research has conducted several approaches, includes reducing the uncertainty of data
classification and combining qualitative and quantitative approach in driving factors selection.

6.3. Reflection of the methods
Specific conclusions could be drawn by considering the findings and approaches used in the
research:
- Land use change analysis is an essential step in the scenario development that provides
information about change of land use, trends of change and the impacts and assists the
identification of driving factors of changes.
- DPSIR framework is a suitable approach in determining the underlying drivers of land
use change. In the combination with empirical analysis, it provides qualitative
information about relationship between driving factors and land use change to support
the selection of relevant driving factors in the logistic regression analysis.
- Logistic regression analysis has proved successful in quantifying the influence of each
factor to land use change and provides essential information to determine the
significant factor, the relationship between driving factors and land use change, the
direction of relationship and the most important factors that affecting land use change.
The information of significant driving factors is crucial in the development of land use
scenarios.
- By using integration between logistic regression logistic regression, rule-based
procedure and cellular automata, CLUE-S model becomes a proper tool in analyzing land
use change in the study area and predicting when the change occurs in the future based
on the known driving factors. This integrated approach becomes one of the advantages
of this model.
- BY considering various aspects such as all relevant driving factors from logistic
regression, land use conversion elasticity, iteration variables, and land use requirements,
CLUE-S framework could accommodate different scenarios of land use. This capability
gives justification in this research that scenario-based land use modelling could be
utilized to support land use analysis in the study area.

6.4. Study area recommendation
Information about land use change, driving factors and prediction about future land use can be
used by planners and coastal managers to anticipate the impacts of urban land use
development around the critical area of coastal zone in the future. In order to achieve this
objective, the sustainability aspect of coastal environment should be considered from the
initial stage of planning before more negative impacts occur. The objective can be addressed in
the arrangement of city general spatial plan and city detailed spatial plan of Pekalongan City
(RUTRK/RDTRK), in which some major development agendas have been planned until 2027. In
this step, coastal protection should be considered in each major policy, including land use
development, road development, and social facility development policy.

75

The Impact of Human Activities on Coastal Zones and Strategies towards Sustainable Development:
A Case Study in Pekalongan, Indonesia

6.5. Further Research Directions
By considering some limitations that are discussed before and possible improvement of the
applicability of scenario-based approach to support land use analysis, further development of
this research would be interesting to consider some factors:
- Further research could be implemented in cooperation with planners and decision
makers in Pekalongan City. By implementing the methodology in practice, some benefits
can be obtained, including the results of this research could be effectively
communicated with local managers, improvement of the applicability of the model and
the methods, could involve more data in the analysis and more relevant policy could be
put into practice.
- This research was completely done, however further research could apply scenariobased approach in the larger scale by using higher spatial resolution data. CLUE-S model
framework gives possibility to accommodate more detailed scale data and level of
analysis. The advantage is that the research could explore more information from the
specific locations and improve the understanding about a specific problem on coastal
zone.
- Follows up could be done by applying the combination of DPSIR, empirical analysis and
CULE-S framework in other coastal areas in Indonesia by involving more relevant driving
factors, including dynamic driving factors. This research is useful to examine the stability
of this hybrid model to predict future land use change.
- Improvement of the model could be made in the driving factors selection before they
are incorporated in the logistic regression. All of influencing variables could be examined
by using expert knowledge approach to improve the selection process and reduce
subjective preference.
- Conduct the similar research and emphasize the analysis of land use conversion
elasticity. Investigation of land use conversion elasticity could be conducted by using
empirical assessment and multi-temporal observation to determine the temporal
dynamic of the simulation. Investigation of reversibility level of land use could improve
the prediction accuracy of land use scenarios.
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Appendices:
Appendix A: Administrative boundary of North Pekalongan

Figure26. Administrative boundary map of North Pekalongan Area, Pekalongan City

Appendix B: Logistic regression result as inputs in CLUE-S model
Table21. Setting of logistic regression results in CLUE-S model
Format
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Description

1
2

0,1,2,3,4
ß0

Number code for each land use type
Constant of regression equation for land use type

3

1,2,3…..

Number of explanatory factors) in the regression equation for that land use type

4

ß1, ß2,….

On each line the beta coefficients for the explanatory factor and the number code
of the explanatory factor.
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Format of logistic regression result in CLUE-S based on the table above:
0
1
1
0

2

1
1.895
7
1.924
-2.288
-2.592
1.540
2.110
-17.672
-6.127

0
1
2
5
6
15
16

2
-3.930
5
-3.166
1.454
-0.634
3.803
3.044

1
2
5
7
1

3
1.018
6
-0.601
-5.558
-1.094
0.997
2.659
-7.714

0
1
3
6
12
13

4
1.742
5
7.951
-18.728
-5.526
-2.690
0.899

1
3
7
10
13
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Appendix C: Parameter settings on CLUE-S model

Table22. Parameter settings for all of variables in the CLUE-S
Line

84

Codes

Format

Description

1
2

5
1

Integer
Integer

Number of land use types
Number of regions

3

8

Integer

Maximum number of independent variables in a regression
equation

4

17

Integer

Total number of driving factors

5

148

Integer

Number of rows

6

216

Integer

Number of columns

7

0.09

Float

Cell area (ha) of the grid cells

8

351500

Float

X-coordinate of the lower left corner

9

9237983

Float

X-coordinate of the lower left corner

10

0 1 2 3 4

Integer

Number coding of the land use types

11

0.9 0.9 0.6 0.4 0.4

Float

Codes for conversion elasticities

12

0 0.3 0 3

Float

Iteration variables for output

13

2001 2020

Integer

Start and end year of simulation

14

0

Integer

Number and coding of explanatory factors that change
every year/dynamic driving factors

15

1

1, 0, -2 or 2

Output/input file – ArcView (1)

16

0

0, 1 or 2

Region specific regression choice, no different regressions
for different regions (0)

17

1 5

0, 1 or 2

Initialization of land use history, A random number will be
assigned to all pixels to represent the number of years that
the current land use is already found at that location
according to the standard seed for the random number
generator

18

0

0, 1 or 2

Neighbourhood calculation choice-optional

19

0

Integer

Location specific preference addition-optional

20

0.04

Float

Optional iteration parameter-optional, The value of this
parameter should be between 0.001 and 0.1. With a
somewhat higher value (e.g. 0.06) the iteration is more
stabile and more likely to find a solution. A lower value (e.g.
0.01) will give a faster convergence although instability is
more likely.
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Appendix D: Logistic regression using forward stepwise method for urban built-up area
Table23. Variables in the logistic regression equation for urban-built up area

Stepwise
a

Step 1 health
Constant
b

Step 2 pudist
health
Constant
c

Step 3 rivmaj
pudist
health

B

S.E.

Wald

df Sig.

Exp(B)

-12.840

.472

740.388

1

.000

.000

2.315

.084

760.012

1

.000

10.128

-19.526 1.013

371.561

1

.000

95.0% C.I.
Lower Upper
.000

.000

.000

.000

.000

.001

.006

-6.199

.562

121.622

1

.000

.002

3.169

.111

809.189

1

.000

23.793

-1.209

.221

29.979

1

.000

.298

.194

.460

-18.078 1.044

299.948

1

.000

.000

.000

.000

.001

.005

-6.430

.570

127.251

1

.000

.002

3.383

.120

791.065

1

.000

29.450

Step 4 rdmaj

2.287

.423

29.231

1

.000

9.842

4.296

22.547

rivmaj

-2.887

.381

57.436

1

.000

.056

.026

.118

-18.896 1.070

311.918

1

.000

.000

.000

.000

.000

.002

Constant
d

pudist
health

-7.474

.618

146.304

1

.000

.001

3.736

.142

687.608

1

.000

41.948

Step 5 rdmaj

2.048

.426

23.082

1

.000

7.755

3.363

17.885

rivmaj

-2.924

.383

58.235

1

.000

.054

.025

.114

.973

.271

12.920

1

.000

2.645

1.556

4.495

-18.781 1.064

311.595

1

.000

.000

.000

.000

.000

.005

Constant
e

elevs
pudist
health

-6.613

.653

102.620

1

.000

.001

3.239

.195

276.770

1

.000

25.518

Step 6 rdmaj

1.585

.442

12.858

1

.000

4.878

2.051

11.598

rdmin

-2.091

.498

17.642

1

.000

.124

.047

.328

rivmaj

-2.503

.399

39.414

1

.000

.082

.037

.179

elevs

1.223

.280

19.112

1

.000

3.398

1.964

5.880

-18.009 1.078

279.015

1

.000

.000

.000

.000

.000

.005

Constant
f

pudist
health

-6.515

.658

97.933

1

.000

.001

3.167

.197

258.727

1

.000

23.725

Step 7 rdmaj

1.964

.460

18.240

1

.000

7.127

2.894

17.553

rdmin

-2.393

.510

22.051

1

.000

.091

.034

.248

rivmaj

-2.346

.404

33.775

1

.000

.096

.043

.211

.865

.288

9.018

1

.003

2.374

1.350

4.174

1.330

.282

22.298

1

.000

3.780

2.177

6.565

-17.933 1.075

278.467

1

.000

.000

.000

.000

62.372

1

.000

.004

.001

.014

Constant
2.474 .300
67.879 1
The Result Variable(s): Predicted Probability: .903 (ROC)

.000

11.864

Constant
g

densubs
elevs
pudist
health

-5.641

.714
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Appendix E: Logistic regression using forward stepwise method for agricultural area
Table24. Variables in the logistic regression equation for agricultural area
Stepwise
a

Step 1 nondev

B

S.E.

Wald

df

Sig.

Exp(B)

2.250

.123

334.217

1

.000

9.486

-1.917

.117

268.983

1

.000

.147

3.479

.182

363.431

1

nondev

2.892

.136

450.145

Constant

-3.858

.166

Step 3 rdmin

-2.046

coast

95.0% C.I.
Lower

Upper

7.453

12.074

.000 32.423

22.674

46.365

1

.000 18.038

13.808

23.563

541.753

1

.000

.021

.213

92.677

1

.000

.129

.085

.196

3.885

.192

408.477

1

.000 48.689

33.404

70.970

nondev

3.225

.143

509.958

1

.000 25.162

19.018

33.291

Constant

-3.947

.168

550.489

1

.000

.019

Step 4 rdmin

-3.046

.249

150.146

1

.000

.048

.029

.077

rivmaj

1.735

.198

76.837

1

.000

5.666

3.845

8.351

coast

3.719

.197

357.487

1

.000 41.206

28.025

60.586

nondev

3.121

.149

440.193

1

.000 22.677

16.942

30.355

Constant

-4.324

.184

554.661

1

.000

.013

Step 5 rdmin

-3.166

.252

157.643

1

.000

.042

.026

.069

rivmaj

1.454

.220

43.834

1

.000

4.279

2.782

6.580

densubs

-.634

.215

8.726

1

.003

.530

.348

.808

coast

3.803

.199

366.220

1

.000 44.837

30.372

66.190

nondev

3.044

.150

409.717

1

.000 20.979

15.624

28.169

Constant
b

Step 2 coast

c

d

e

Constant
-3.930 .224
308.159 1
.000
The Result Variable(s): Predicted Probability: .825 (ROC)
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Appendix F: Logistic regression using forward stepwise method for mix vegetation
Table25. Variables in the logistic regression equation for mix vegetation
Stepwise
a

Step 1 urbdis

B

S.E.

Wald

df

Sig.

Exp(B)

-9.852

.445

490.463

1

.000

.000

1.129

.054

435.567

1

.000

3.091

Step 2 rdmin

-4.177

.498

70.269

1

.000

urbdis

-8.569

.471

330.410

1

1.378

.064

462.599

Step 3 rdmin

-5.079

.502

agrdis

1.972

urbdis

95.0% C.I.
Lower

Upper

.000

.000

.015

.006

.041

.000

.000

.000

.000

1

.000

3.968

102.403

1

.000

.006

.002

.017

.287

47.090

1

.000

7.182

4.090

12.613

-8.092

.459

310.274

1

.000

.000

.000

.001

1.127

.071

249.037

1

.000

3.088

-5.443

.516

111.173

1

.000

.004

.002

.012

elevs

.486

.175

7.705

1

.006

1.625

1.153

2.290

agrdis

2.182

.299

53.226

1

.000

8.860

4.931

15.920

urbdis

-7.693

.471

266.576

1

.000

.000

.000

.001

.921

.102

81.400

1

.000

2.512

Step 5 rdmin

-5.564

.517

115.964

1

.000

.004

.001

.011

rvmin

-.881

.265

11.018

1

.001

.414

.246

.697

elevs

.852

.208

16.774

1

.000

2.344

1.559

3.524

agrdis

2.697

.336

64.460

1

.000

14.836

7.680

28.659

urbdis

-8.031

.483

276.095

1

.000

.000

.000

.001

.945

.102

86.042

1

.000

2.573

Step 6 rdmaj

-.601

.210

8.176

1

.004

.548

.363

.828

rdmin

-5.558

.518

115.011

1

.000

.004

.001

.011

rvmin

-1.094

.276

15.693

1

.000

.335

.195

.575

elevs

.997

.214

21.621

1

.000

2.709

1.780

4.123

agrdis

2.659

.337

62.091

1

.000

14.279

7.370

27.664

urbdis

-7.714

.493

245.016

1

.000

.000

.000

.001

Constant
1.018
.105
93.555
1
The Result Variable(s): Predicted Probability: .778 (ROC)

.000

2.766

Constant
b

Constant
c

Constant
d

Step 4 rdmin

Constant
e

Constant
f
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Appendix G: Logistic regression using forward stepwise method for ponds area
Table26. Variables in the logistic regression equation for ponds area

Stepwise
a

Step 1

b

Step 2

urbdis

Step 3

d

Step 4

Step 5

Wald

df

Sig.

Exp(B)

.231

767.229

1

.000

596.862

Constant

-1.534

.064

578.394

1

.000

.216

coast

-5.011

.237

447.313

1

.000

urbdis

6.331

.262

584.936

1

.161

.096

2.806

rvmin

-14.688

.855

coast

-3.250

urbdis

95.0% C.I.
Lower

Upper

379.712

938.197

.007

.004

.011

.000

561.779

336.313

938.398

1

.094

1.174

295.443

1

.000

.000

.000

.000

.251

167.386

1

.000

.039

.024

.063

5.138

.288

319.039

1

.000

170.424

96.976

299.501

Constant

1.049

.115

82.795

1

.000

2.855

rdmin

8.077

.468

298.401

1

.000 3218.004 1287.096

8045.670

-19.856 1.059

351.452

1

.000

.000

.000

.000

rvmin

e

S.E.

6.392

Constant
c

B

coast

-5.158

.308

281.035

1

.000

.006

.003

.011

urbdis

1.856

.310

35.785

1

.000

6.401

3.484

11.759

Constant

1.274

.121

110.429

1

.000

3.575

rdmin

7.951

.470

286.057

1

.000 2838.950 1129.779

7133.817

-18.728 1.063

310.380

1

.000

.000

.000

.000

rvmin
coast

-5.526

.323

292.134

1

.000

.004

.002

.008

.899

.321

7.857

1

.005

2.457

1.311

4.608

-2.690

.334

64.810

1

.000

.068

.035

.131

Constant
1.742 .136 163.441
1 .000
The Result Variable(s): Predicted Probability: .943 (ROC)

5.706

urbdis
nondev
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