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Abstract

Land subsidence can have a considerable impact on the socio-economic via-
bility of areas. In urban areas, land subsidence tends to damage buildings and
infrastructures gradually, while in rural peat land it slowly destroys vegetation.
The damages will worsen since climate change has further implications for the
areas affected by land subsidence. In Indonesia, the response to land subsi-
dence varies in different areas in terms of awareness, urgency and action on
the part of both public authorities and land users. This paper systematically
investigates these varied responses in urban and rural peat land areas. Inter-
views with experts and surveys of 330 land users in selected sub-districts were
conducted and further supplemented by focus group discussions. We found
that both the public authorities as well as the land users’ responses were con-
sidered as of limited value to contest land subsidence. We suggest that the
endorsement of land users’ response into governmental policies would make a
significant difference in improving land subsidence management.
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1. Introduction

Land subsidence is a gradual settling or sudden sinking of the earth’s surface due
to movement of earth materials [1] or an abrupt depression of local ground sur-
face [2]. The relation between land subsidence and urban or rural areas is two-
fold: first, if land subsidence occurs on urban land, it can severely damage or
even lead to the collapse of buildings and damage plantations in rural land.

Therefore, these areas are particularly vulnerable to land subsidence. Second, the
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natural consolidation of sediments can be increased by the weight of construc-
tion on top of the land [3] [4]. Agricultural expansion and a failure in the plan-
tation system might also worsen the subsidence. Therefore, land subsidence is
directly linked with urban and rural development. Addressing this issue is cru-
cial in these areas, particularly in delta and peat land areas.

The Indonesian urban areas of Jakarta and Semarang City suffer from land
subsidence at a high level. Not only are they densely settled areas, but the effects
of land subsidence are also extreme. Some areas of Jakarta sink about 1 - 15 cen-
timeter per year, while other areas sink up to 20 - 28 centimeter per year [4]. In
addition, the rapid population growth in Jakarta of about 136 thousand people
per year triggers additional groundwater extraction, which in turn increases land
subsidence [3] [4]. Semarang City experiences land subsidence of about 8 - 11
centimeter per year [5], caused by a combination of alluvium soil consolidation,
massive groundwater extraction and a heavy construction load [6] [7]. In both
cases, the intensive growth of industrial areas, settlements and population, leads
to increased demand for clean water extracted with confined aquifers, and acce-
lerates land subsidence [3] [8]. In addition, the combination of the land subsi-
dence and sea level rise in the coastal area further increases the area’s exposure
to land subsidence, since the rise of the sea level renders coastal areas more un-
stable. Besides the urban areas, the rural peat land of Indragiri Hilir also suffers
from land subsidence at a speed of about 4 - 6 centimeter per year. The land
subsidence on the peat land area is caused by desiccation, consolidation, water
erosion and bio-chemical oxidation [9] [10]. An intensive expansion of infra-
structures and farming on the peat land also accelerates the subsidence in Indra-
giri Hilir. The subsidence further worsens due to intensive drainage on peat
land. The use of an intensive drainage system during agricultural activities has
led to large carbon losses due to the oxidation of peat, which has triggered sub-
sidence [10] [11] [12]. Population growth and their activities create a higher
demand for space. Many environmental problems depend on the population
distribution [13]. Since the capacity is limited and the population growth is con-
stant, the land subsidence seems to be getting worse. These three cases illustrate
the need to address land subsidence.

In order to reduce and prevent land subsidence, adaptation and mitigation are
potential options for public authorities and land users. McGranahan et al. [14]
argue that, in order to reduce disaster risk related to climate, the approaches of
adaptation and mitigation might be combined. Similar to climate change, a
long-term process of land subsidence might require a consideration of the actors
involved. Hartmann and Spit [15] argue that the understanding of climate prob-
lems might support the implementation of adaptation strategies. Since this is a
process of a considerable time frame, the climate issue at its root receives too lit-
tle attention from local decision makers. Proper choice of adaptation should re-
duce consequences [16]. The public authorities should design policies that can
alleviate problems, such as reducing groundwater extraction, artificially re-

charging aquifer systems and designing spatial zoning regulations to prevent
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future problems. Ye et al [17] showed that, by controlling groundwater with-
drawal, land subsidence in Shanghai decreased to an average speed of 5.5 milli-
meter per year. Therefore, these detailed water-related policies must be accom-
modated in urban planning policies in order to increase the capacity of the
adaptation [18].

How do actors in urban and rural peat land areas address land subsidence? In
this paper, our main goal is to assess actors’ responses to land subsidence. In
particular, we focus on the responses of public authorities and affected land us-
ers in urban and rural peat land areas. Using the different characteristics of ur-
ban and rural peat land, land subsidence management in these different areas
can be explored and compared. We assessed to what extent these actors are
aware of the risk of land subsidence (awareness), to what extent they perceive an
urgency to act (urgency) and what they actually do (action). This three-stage
model of awareness, urgency and action has previously been used to show indi-
cators in responding to changing environmental conditions, such as climate
change [15]. This scheme is used to depict the status of public policies with re-
spect to land subsidence.

We will start by describing the response in Disaster Risk Management phases,
analytical thinking and indicators used in assessing the response to land subsi-
dence, and status of land subsidence to prove the importance of addressing the
issue. Next, we will explain the response of public authorities and land users to

land subsidence in each case study area.

2. Response to Land Subsidence in Disaster Risk
Management

Disaster Risk Management (DRM) refers to a framework of reducing disaster
risk by including management perspectives that combine prevention and prepa-
redness along with the response. Its purpose is to reduce possible risk factors
and to prepare a response to them [19]. It includes actions taken before (pre-
disaster), during (disaster) and after a disaster (post-disaster) as a cycle.

Regarding land subsidence, most of the responses and efforts are taken in a
pre-disaster phase while some of them happened in the post-disaster phase. The
pre-disaster phase includes risk identification and mitigation as well as prepa-
redness [20]. Its aim is to strengthen households’ capacity and resilience in pro-
tecting their livelihoods [19]. The role of public authorities in this phase is to
respond to and mitigate the risk. Political will and updated plans are required
during this phase [20]. On the other hand, households’ capacity to protect
themselves by avoiding and mitigating hazards must be increased, and strategies
to cope with the problems must be realized [19]. In the post-disaster phase, the
focus is on recovery and rehabilitation of damages.

In land subsidence management, the response of actors, especially during risk
identification, is crucial. Relevant actors must have knowledge about current and
forthcoming conditions to respond to a disaster successfully [21]. The response

should be pursued by public authorities and affected land users. The land users’
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ability to respond is important since they are a prime component in the disaster
mitigation process due to their knowledge of recent problems.

Response includes three stages: awareness, urgency and action [15]. Aware-
ness is the knowledge gathered from interactions between people and the envi-
ronment, which must be updated for different situations. Awareness is crucial
for success in disaster management [22] because it is used to assess the degree to
which public authorities and land users recognize existing problems. It can be
identified from government’s initiative to design subsidence-related plans [23].
There are four components they must be aware of: the riskiness of the area they
live in, the status of the land subsidence, different ways to solve problems and
action to prevent upcoming problems.

The land subsidence issue must be brought to the awareness of public author-
ities and land users with a sense of urgency to emphasize its importance and
make sure actions taken reach the policy level. To deal with disaster phenomena,
Blaikie et al [24] argued that the phenomena must be included in the making of
mainstream policy and practice. To reflect a sense of urgency, public authorities
must accommodate the phenomena of land subsidence in their policies. Political
limitations need to be modified to allow people who are not formal authorities to
be involved in designing the policy and in implementing it.

Realizing action from awareness and urgency policies is challenging in land
subsidence management, as it has complex procedures. Tang et al [25] argued
that any actions should consider a comprehensive awareness, complete an analy-
sis, and adopt concrete action policies to reduce the problems. Gaillard and
Mercer [26] argued that the action must integrate an assessment of risk based on
scientific and local knowledge, and must establish dialogue between outside and
inside actors. Action determined by multilevel actors and sectors will help in-

crease resilience in a disaster [27] [28].

3. Empirical Evidence from Three Case Study Areas

This paper explores three case study areas in Indonesia: the urban areas of Ja-
karta and Semarang City and the rural peat land of Indragiri Hilir (Figure 1).
The case studies all experience land subsidence issues, but public authorities
(local governments) and land users respond to it differently. The responses differ
in the measures undertaken by land users and in terms of policy actions.

In this research, several empirical research methods were combined. To reveal
responses to land subsidence in the case study areas, governmental and non-
governmental reports have been analyzed and complemented by interviews with
officers and academics. To analyse land users’ responses to land subsidence,
surveys of 330 land users in twelve selected sub-districts (kecamatan) of affected
areas have been conducted; all this was further complemented by focus group
discussions. Respondents to the survey were selected based on a combination of
three considerations: highest speed of land subsidence, area characteristics (ur-
ban and peat land areas) and land use (settlements, industrial or plantation

area). Focus group discussions were conducted with community leaders from
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Figure 1. Location of case study area.

affected and surrounding areas to determine the community’s knowledge of land

subsidence.

4. Analytical Thinking and Indicators

The awareness of land subsidence is linked to individual people’s personal expe-
riences facing the problem. These experiences cause each individual to perceive
the problem in a different way and influence people’s perception regarding the
urgency of the problem. However, the sense of urgency depends on people’s
perspective on the problem [29]. Problems that are perceived as a threat to daily
life lead people to action. On the contrary, if the problems seem manageable, the
affected persons’ concern tends to wane. Therefore, action is comprised of a
combination of individual awareness and sense of urgency. There is no sense of
urgency when people are unaware of the problem, and there is no action if the
problem seems non-essential to solve. This concept will guide our analysis of
public authorities’ and land users’ response to land subsidence as found with the
help of the above described research tools.

We assessed the response of public authorities and land users in different
ways. Public authorities’ response is assessed according to the response phases
laid out by Hartman and Spit [15]. We develop indicators to assess the response
qualitatively (see Table 1). The awareness of the public authorities contains
knowledge of land subsidence, ie., triggers, speed and impacts. A number of le-
galized policies related to land subsidence, such as water usage, spatial and dis-
aster management planning and land use information, indicate the urgency. Fi-
nally, the action is assessed by looking at adaptation and mitigation actions and
their effectiveness. The land users’ awareness is assessed in terms of their know-
ledge of the terms, triggers and speed of land subsidence on their land. We then
built an urgency indicator measured by the range of time taken to respond. We

presume that the more time land users take to respond to land subsidence, the
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Table 1. Response indicators.

Response level

Awareness

Urgency

Action

Public authority

Knowledge of land subsidence (term, trigger, and speed)
Distribution and designed map identification

Water-related policies
Spatial and disaster management plans
Land use information

Adaptation

Land user

Knowledge of land subsidence (term, trigger, and speed)

Range of time to respond after awareness

Adaptation

Mitigation

Mitigation

less urgent the problem in their perception. Lastly, the action is assessed by ex-
amining ways and means of self-adaptation and mitigation of upcoming subsi-

dence.

5. Causes and Impacts of Land Subsidence

Land subsidence in the case study areas was not only naturally-induced, but also
was caused by human-induced processes. For instance, wrong policies and hu-
man activities in some of the affected areas stimulated the land subsidence. The
land subsidence in the urban coastal area of Jakarta and Semarang City was also
triggered by coastal reclamation, according to community representatives. The
reclamation increased the surface material load and then accelerated the subsi-
dence. In the rural peat land, Indragiri Hilir suffers from land subsidence caused
by rapid expansion of coconut tree and oil palm plantations. Jaenicke ef al [12]
showed that the expansion of plantation areas has released large amounts of
carbon into the atmosphere that have triggered peat subsidence. If the oxidation
is happened constantly, it will also trigger peat fires and then will contribute to
the process of global climate change [30].

Aside from the direct impacts, such as the damage of infrastructure and con-
struction [31] [32], land subsidence has other negative impacts, such as saliniza-
tion of coastal areas [33] [34], degradation of groundwater and changes to the
water system [35]. Land subsidence triggers direct economic loss and external
cost incurred in the effort to rehabilitate damaged construction, infrastructure
and farmland [36] [37]. Hu et al [38] revealed that land subsidence in coastal
areas caused a huge economic loss. In the peat land, we found that land subsi-
dence at a traditional canal system destroyed cultivated areas. If the damage is
continuously happened, it will cause a loss of economic activity and damage
natural resources. If the government is not aware of the impacts and approves
the plantation investment by cultivating peat land, this might trigger wider land
subsidence. Therefore, land subsidence affects the environment in various ways.

Our surveys identified six physical-environmental impacts of land subsidence
in urban areas (see Table 2). The table displays the impact percentages, which
shows a heavy impact regarding damage to houses and infrastructures or facili-
ties and expansion of the flooding area. According to the table, the land subsi-

dence predominantly affected houses, which comprised more than one-third of
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the total impact in each area. The damages are dominated by the subsided and
skewed-houses (see Figure 2). At the same time, combined with the rise of the
sea level and climate change, the land subsidence in Semarang City has enlarged
the flooded area, threatened coastal settlements and triggered large-scale damage
of infrastructures. The Department of Marine and Fisheries of Semarang City cla-
rified that land subsidence stimulated coastal inundation to the extent of a strip
between 0.738 kilometers and 5.475 kilometers wide. Along with the inundation,
land subsidence initiated coastal erosion from 101 meters to 2540 meters in
length.

Land subsidence not only affected the urban areas, but also the rural peat
land. Our surveys of peat land in Indragiri Hilir found that land subsidence
ruined houses and infrastructures (see Table 3). Mostly, the damage led to lean-
ing houses in capital cities and rural areas. The subsidence also destroyed planta-
tions, such as coconut tree, oil palm and timber (see Figure 3). Local farmers in-
dicated that almost half of total coconut tree plantations were damaged. Another
notable impact is the expansion of the flooded area. In a high rain season, such
as December, sinking areas will be exposed to a higher level of annual tidal in-
undation (local name: pasangkeling). Along with the subsidence, this leads to
further damage to houses, infrastructures, facilities and coconut tree plantations.

Table 2. Physical-environmental impacts of land subsidence in urban areas.

Jakarta Semarang city
Impacts
Number of cases Percentage Number of cases Percentage

Damage to infrastructures/facilities 54 29.8% 72 30.6%
Damage to houses 73 40.3% 87 37.0%
Cracks in permanent constructions 3 1.7% 17 7.2%
Expansion of flooding area 45 24.9% 56 23.8%
Lowered groundwater elevation 4 2.2% 0 0%

Increased inland seawater intrusion 2 1.1% 3 1.3%
Total 181 100% 235 100%

Source: questionnaire analysis (2016).

(b)

Figure 2. Physical-environmental impacts of land subsidence in urban areas (2016). (a) Inundated settlement (Jakarta); (b) Sub-
sided school (Semarang City); (c) Subsided house (Semarang City).
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Table 3. Physical-environmental impacts of land subsidence in rural peat land.

Indragiri Hilir
Impacts
Number of cases Percentage
Damage to infrastructures/facilities 39 19.0%
Damage to houses 75 36.6%
Cracks in permanent constructions 1 0.5%
Expansion of flooding area 9 4.4%
Damage to coconut plantations 46 22.4%
Damage to timber plantations 6 2.9%
Damage to oil palm plantations 29 14.1%
Total 205 100%

Source: questionnaire analysis (2016).

()

(b) (0

Figure 3. Physical-environmental impacts of land subsidence in rural peat land (2016); (a) Damaged plantation (Indragiri Hilir);
(b) Flooded environment (Indragiri Hilir); (c) Damaged infrastructure (Indragiri Hilir).

Since subsidence is a serious problem in several locations, the public authori-
ties and land users must be knowledgeable concerning causes and impacts. The
awareness of public authorities is clearly important in designing proper policies.
On the other hand, the land users’ awareness is necessary for their own protec-
tion. Awareness of predictable hazards might effectively increase peoples’ par-
ticipation in disaster management [39] and their safety [40]. Thus, awareness in

managing land subsidence will lead to a sense of urgency and action.

6. Public Authorities’ Response on Land Subsidence

Public authorities’ responses to land subsidence vary depending on their wil-
lingness and capacity to acknowledge problems and to respond. Correct actions
are still not often taken in both urban and rural peat land areas because response

types have been too varied.

6.1. Jakarta

6.1.1. Awareness
The Jakarta Government gathered information regarding the status of land sub-

sidence from academics, researchers and non-governmental organizations, as
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well as through self-measurement. As a part of this awareness, the government
designed and evaluated maps of land subsidence distribution. The government’s
awareness was also reflected in Spatial Master Plan Regulation, Article 77, where

information of the affected areas had already been published.

6.1.2. Urgency

Water-related policies and Spatial Planning are seen as indirect policies that can
manage the land subsidence. Regarding water-related policies, the Jakarta Gov-
ernment legalized DKI Jakarta Regulation No. 8/2007 and No. 17/2010. Regula-
tion No. 8/2007, Article 23, Section 1 and Section 2, state that every extraction
activity of groundwater and surface-water for commercial purpose must be
based on governor permits. Moreover, the regulation No. 17/2010 regulates a
higher tax for groundwater usage in order to limit instances of exploitation. The
government then launched the “zero deep well” program to limit groundwater
usage by industry and households and move toward a piped water system.

The government also released DKI Jakarta Regulation No. 1/2012 about Spa-
tial Master Plan and No. 1/2014 about the Spatial Detail Plan and Zoning Regu-
lation. These policies indicate that all of the areas have already been shaped on
certain activities and intensity. The Spatial Master Plan indicates that Jakarta will
decrease disaster risk through adaptation and mitigation activities (Article 6,
Section 8). In Article 42, land subsidence is pointed out as a consideration that
led to an effort to conserve water resources. Then, Article 77 details areas im-
pacted by land subsidence. Section 4 of Article 44 regulates zero delta develop-
ment and expanded dike development in areas prone to flooding. Zoning Regu-
lations of Jakarta were designed based on carrying capacity of the zones. Every
zone contains regulations, such as incentive mechanism, prohibited develop-
ment areas and prerequisites to develop the zones. However, this regulation still
contains an ambiguous plan. For instance, Kamal Muara was designed as a me-
tro area, but it was also designated as a special area where resources to prevent

inundation and flooding will be allocated.

6.1.3. Action

In order to adapt to land subsidence, the Jakarta Government launched pro-
grams to limit land users’ vulnerability by maintaining drainage, lifting up
houses and settlement infrastructures and providing water pumps in inundated
areas. The government seems more focused on mitigating: building giant sea
walls, converting the use of groundwater into piped water for industries, con-
structing injection wells, monitoring the subsidence and planting “biopori
holes”. One of the mitigation efforts to deal with flooding due to land subsidence
and the rise of sea levels is a mega project of National Capital Integrated Coastal
Development (NCICD). However, the government must consider that this
project might increase the water level in drainage systems because of the boun-
daries in its downstream area. They must also consider possible rejection from
people living in the coastal settlements as the project widens the inundation

areas.
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To limit the use of groundwater, the government restricts industries from ex-
tracting unconfined aquifers of groundwater, but people are allowed to extract it
in a limited amount. Regarding land utilization, zoning regulations are used to
prevent activities that might accelerate the subsidence in affected areas. The
government collected peoples’ needs and delivered plans using electronic or
printed media, public discussion (Musrenbang), workshops and focus group
discussions. For land users, the government developed a website containing spa-
tial detail plans and zoning regulations that can be accessed by anyone. The gov-
ernment disseminates land allocation and development rules by revealing this

information to the public.

6.2. Semarang City

6.2.1. Awareness

The Semarang City government has already determined land subsidence status
in affected areas and related distribution, triggers, and impacts. Affected areas,
such as the Tanjung Mas area, have already been prioritized in spatial planning
as protected areas, especially in the coastal areas that are influenced by daily tidal

inundation.

6.2.2. Urgency

The government has designed policies and planning documents based on the
status of the land subsidence in certain areas. Regarding water-related policy, the
government released Semarang City Regulation No. 8/2011, which decrees a
twenty per cent tax for groundwater extraction. The government also released
Semarang City Regulation No. 2/2013 about Groundwater Management, which
inventories and manages groundwater in the groundwater basin of Semarang
City. Article 19 of this regulation states that groundwater conservation is con-
trolled by monitoring and production of wells. Moreover, in Article 22, Section
4, the government bans people from extracting groundwater in critical zones, for
recovery purposes. The government has also legalized Semarang City Regulation
No. 14/2011 about the Spatial Master Plan, which designs rules and activities in
both protected and previously-built areas. Section 4 of Article 7 requires the
erection of coastal dikes and rehabilitation of coastal green areas to protect
coastal and inundated settlements. However, in the same article, the government
also allocates the coastal areas as reclamation areas, which—according to the lo-
cal community—caused subsidence due to the increased material load. This reg-
ulation also allocates some strategic areas for economic growth in the affected
areas. However, it seems that land subsidence is not a strategic issue in planning

policies since it is not a priority in any policies in Semarang City.

6.2.3. Action

Land subsidence is considered a part of coastal erosion and inundation prob-
lems. The government adapts to land subsidence by renovating damaged houses
and streets, providing water pumps and lifting up local streets. In 2014, order to

reduce flooding, improve the drainage system and deal with clear water problems,
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the government allowed a national project called Integrated Water Resources
and Flood Management Project for Semarang. In 2014, Semarang City priori-
tized projects such as rainwater harvesting and mangrove planting to increase
the land users’ resilience in the face of land subsidence and other environmental
problems. It is expected that by providing clean water for those people, the amount
of groundwater extraction could be reduced. However, the influence of these
projects on reducing land subsidence is still limited and debatable.

Preventative activities were also put into place by the government, such as
building dikes to prevent inundation, minimizing construction load by recon-
structing damaged houses using light materials, conserving mangrove ecosys-
tems, designing communal wells and limiting groundwater extraction in affected
areas. The government planted mangroves as a sea wall in 2002 that reclaimed
half of 1.96 square kilometer of lost fishponds by 2014. In order to disseminate
land use information, the government uses electronic and printed media, as well
as interactive education gaming to raise awareness and inform people of the

government’s plans.

6.3. Indragiri Hilir

6.3.1. Awareness

The government of Indragiri Hilir finds itself only at the beginning of raising
such awareness since as they are still in the process of establishing details related
to land subsidence. Although the government is aware of the problem in general,

distribution maps showing land subsidence are still absent.

6.3.2. Urgency

The government instated Indragiri Hilir Regency Regulation No. 21/2010, which
regulates a twenty per cent of tax for groundwater usage. However, in Indragiri
Hilir where land subsidence is predominantly triggered by the natural consoli-
dation of soil, construction load and plantation activities, this regulation does
not really result in decreased land subsidence. People already prefer to use rain-
water over groundwater for their daily needs since the quality of groundwater in
this area is poor.

Spatial planning policy in Indragiri Hilir depends on spatial planning of the
Riau Province. Since the spatial planning of Riau Province has been postponed,
we analysed two spatially related policies: the spatial detail plan of Tembilahan
(capital city of Indragiri Hilir Regency) and the fast-growing strategic area plan.
Article 14 of the Indragiri Hilir Regency Regulation No. 28/2005 about the Spa-
tial Detail Plan of Tembilahan establishes Tembilahan as an area for multi-acti-
vity development (ie., for trading and service, government offices and settle-
ment). In addition, Article 2 of the Indragiri Hilir Regent Regulation No.
55/2014 about the Fast-Growing Strategic Area of Indragiri Hilir declares some
areas that are affected by land subsidence to be fast-growing strategic areas.
Since the land subsidence in peat land area of Indragiri is also caused by the
physical development, allocating the peat land as regional growth area seems

problematic and might increase the subsidence.
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6.3.3. Action

Even though the government has not yet legalized policies related to land subsi-
dence, they have already taken action to adapt to the problem such as recon-
structing damaged streets, but the changes are still limited. In order to prevent
inundation, an indirect result of land subsidence, the government has built and
rehabilitated gullies around settlements.

Comparing responses between local governments is important in order to de-
sign or redesign proper policies based on the level of their response. We found
that local governments have already responded to land subsidence, but to vary-
ing degrees (see Table 4). The level of awareness on this issue is higher in urban
governments than in rural peat land areas, which is reasonable since urban areas
are more planned in terms of infrastructure and usually receive more attention
in terms of improvements. Land subsidence is not the main concern of govern-
ments and is often perceived as a “sleeping disaster”, which may explain some of
the ignorance concerning this problem. We did not find a single policy released
by governments that is solely focused on land subsidence. Ignoring land subsi-
dence as a strategic issue in environmental policies has multiple impacts: gov-
ernments have less knowledge of land subsidence status, a lowered sense of ur-
gency and an unstructured action plan. Although they have already designed
and regulated numerous policies and were supported by the people’s involve-
ment, the degree of response is still low and varied (see Figure 4).

Problems concerning response are stipulated. The difference in responses in
Jakarta vs. Semarang City is also influenced by their different level autonomy,
even though they are in the same area (ie., urban coastal). Jakarta as a provincial
government has autonomy to legalize policies with the only possibility of inter-
vention being from the central government; meanwhile, Semarang City also has
autonomy, but must consider the possibility of intervention from both central
and provincial governments. Even with the same level of autonomy, the re-
sponse level between Semarang City and Indragiri Hilir is dissimilar because of
factors such as different land utilization (urban and rural peat land) and the re-
spective government’s willingness to cope with the problem. In many situations,
responding to land subsidence requires a coherence among different govern-
mental bodies that is unfortunately lacking. As a result, proper policies have not

been designed or implemented correctly, or are not implemented at all.

7. Land Users’ Response on Land Subsidence

The degree of awareness among land users regarding land subsidence in urban

Table 4. Level of local government’s response to land subsidence.

Local government Awareness Urgency Action
Jakarta ++++ +++++ +4++
Semarang City ++++ +++ ++
Indragiri Hilir + + +

Source: Data analyses (2016).

12

K2
o5
“2:0

Scientific Research Publishing



E. Saputra et al.

and rural peat land area is more or less similar (Figure 5). According to the fig-
ure below, more than eighty per cent of all land users could explain what land
subsidence is. However, even though knowledge is increasing, we found that
some of the land users do not ascribe much importance to land subsidence and
its impacts. Knowledge about triggers and speed is not as prevalent as an under-
standing of the basic term land subsidence. In Jakarta and Semarang City alike,
land users are even less knowledgeable about the speed of subsidence than about
the triggers because they can usually observe the triggers during their daily ac-
tivities but cannot measure the exact speed of land subsidence. Land users need
to pay more attention to the triggers and subsidence speed as this knowledge will
greatly affect how well they adapt to and mitigate the effects of land subsidence.
Figure 4 shows that percentage of land users taking action regarding land

subsidence in case study areas is quite varied. According to the figure, urban

75.6%

Percentage

] 6.0%
oo | oo% =
Jakarta (urban) Semarang City Indragiri Hilir
(urban) (rural-peatland)
(3 Adaptation 8 Mitigation

Figure 4. Land users’ action on land subsidence.

95.6%

87.1%

62.9% 62.9%
AN

Percentage

Jakarta (urban) Semarang City Indragiri Hilir
(urban) (rural-peatland)
# Term I Trigger N Speed

Figure 5. Land users’ awareness of land subsidence.
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land users are better adapted than in a rural peat land area but not necessarily
better at mitigating the problems. More than three-quarters in Jakarta and al-
most half of total affected land users in Jakarta and Semarang City have taken
various steps toward adapting land subsidence. Meanwhile, in Indragiri Hilir,
only about one third of all affected land users have adapted to land subsidence in
any way. Comparatively, impacts in urban areas are greater in scale and intensity
than in the rural areas and tendencies of how people adapt to the problems are
vastly different also. However, only in the rural areas have land users taken
pre-emptive steps to mitigate impending problems, though this applies to only
six per cent of them. Land users in the urban area have not taken such steps be-
cause the local governments have already taken some actions. The government
in rural peat land areas have not yet sprang into action.

We also found that the affected land users could potentially contribute and
support local governments in solving the problem through self-adaptation and
mitigation (see Table 5). The land users in several locations in the urban areas
utilized light materials such as wood and batten to rehabilitate the damaged
houses in order to reduce the weight—the same method used by governments.
Even though the land users in Semarang City did not individually mitigate land
subsidence, as a group, they operate communal wells to restrict groundwater ex-
ploitation by land users. Land users in rural peat land areas must address some
concerns because almost two-thirds of them have not adapted to the current
problem. However, from a small group of the land users, we found best practices
for mitigation methods. In peat land, the land users utilize wooden pillars in the
house foundation to prevent the houses from leaning. They also built houses on
stilts (rumahpanggung) to prevent construction loads and cracked floors caused
by land creep during the subsidence. Almost all of the affected land users in ur-
ban and rural peat land areas are still focusing their efforts on adapting to cur-
rent problems rather than trying to prevent forthcoming problems.

According to the table, it seems that land users have improperly adapted to
land subsidence. Some forms of adaptation might increase the problem if they
strengthen the triggers. For instance, in the coastal areas of Jakarta and Sema-

rang City, the land users elevate the house floor to avoid one effect of subsidence,

Table 5. Land users’ action to cope with land subsidence.

Action

Case study area

Lifting up houses, occupying water pumps during inundation,

Adaptation Mitigation

akart: Usi al wells and bath:

Jakarta and using light materials to rehabilitate damaged houses sing communal wells and bathrooms (as a group)

Lifti h d streets, i t

. ! %ng Tlp oquzs ands ree‘ s o.ccupylng Wa er pumps. . Using communal wells and bathrooms, replanting
Semarang City during inundation, and using light materials to rehabilitate L
mangroves, and constructing dikes (as a group)

damaged houses

Constructing gullies around plantation areas to dry out water Constructing and rehabilitating dikes, replanting
Indragiri Hilir from the land, rehabilitating damaged houses and floors, mangroves, utilizing wooden pillars in house

and replanting the damaged plantations foundations, and using light material to build houses

Source: Field surveys (2016).
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Public authorities

No response

Indragiri Hilir

(Starting to be aware of land
subsidence distribution and triggers)

Land users
Indragiri Hilir

Term B
Awareness  Trigger

Speed
gy B

Adaptation |1 307
Actions
Mitigation 6.0

Awareness

which is inundation. In the short term, this seems to solve the problem, but, in
fact, the practice increases the load of surface materials, which leads to subsi-
dence. Another example comes from land users in Indragiri Hilir who construct
gullies around plantation areas; this could worsen subsidence due to loss of car-
bon dioxide in the drained gullies. Therefore, the land users must be given pre-
cise information regarding the status of land subsidence and proper options to

deal with the problems wisely.

8. Matching the Responses of Public Authorities and Land
Users

The response of the public authorities and land users must be consistent
throughout the process from awareness to action. The heightened awareness
must be followed up with proper and sufficient action. We found that each local
government responded to land subsidence in a different manner (see Figure 6).
These disparities could be remedied by learning from other areas with similar
problems. Semarang City Government should adopt the Jakarta method of allo-
cating zones in spatial detail plans and in strengthening control for groundwater
extraction by raising disincentives for development, especially in the coastal
area. These measures should be simple to adopt since both cities are located in
urban coastal areas. The Jakarta government must strengthen the implementa-
tion of zoning regulation to limit land subsidence triggers as well as to select
proper zones for economic growth, especially in critical areas. The Indragiri Hi-

lir government must hurry to raise awareness for this problem by recognizing

Total response to
land subsidence

Action

Jakarta

(Recognized the status, designed
policies and zoning regulations for
detail spatial planning, but took
limited actions)

Urgency

Semarang City J

(Recognized the status, adopted
the issue for some areas but lacks
zoning regulations, designed
groundwater zoning, took limited
actions)

Semarang City Jakarta
87.1 i 84.7 i 95.6
62.9 78.2 733
62.9 54.0 433
84.5 | 83.9 395
| 45.2 75.6
0 0

% 0 20 40

©UU GEO-C&M 9187

60 80 100 0 20 40 60 80

Figure 6. Responses of public authorities and land users on land subsidence.
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the status of land subsidence, recognizing about the urgency of the problem and
then letting this urgency inspire action. Although the characteristics of the area
of Indragiri Hilir are different from the other two areas, some efforts to increase
awareness can be adopted. However, the governments must also consider the
response of land users to improve the governments’ response.

Figure 6 also indicates an inconsistency among land users in taking action af-
ter acknowledging the problem and establishing urgency. According to the fig-
ure, four fifths of land users are aware of the term land subsidence. More than
three-quarters of land users recognized triggers. However, in urban areas, less
than three-quarters of them are familiar with the rate at which it can occur. The
high degree of awareness is followed by a similarly high sense of urgency among
land users in Semarang City, but not in Jakarta. In the rural peat land of Indragi-
ri Hilir, although land subsidence is the slowest here and its effect on daily activ-
ities is less substantial than in urban areas, the sense of urgency is the highest
among the three locations. We found that the urgency is neither related to the
speed of land subsidence in their neighbourhood nor to the effects of land sub-
sidence on daily activities. So, what is the main factor affecting the land users’
sense of urgency? Is it the land user’s wealth? Is it land status? Or other factors?
Regarding action, land users lack the means to mitigate land subsidence al-
though they have already recognized the triggers and speed of land subsidence in
their environments. Downs [41] stated that enormous struggles and costly ef-
forts to solve the problems discouraged people from taking action, even though
they understood that it was urgent.

Matching the responses of the public authorities and land users, we identified
three types of responses to land subsidence: 1) high degree of response from
public authorities, but low response of land users, 2) low response of public au-
thorities, but high response of land users and 3) moderate response of both pub-
lic authorities as well as land users. Since the degree of response between actors
is dissimilar, it seems that the public authorities must provide the ability to in-
crease land user’s awareness [42]. The actors must also collaborate to solve land
subsidence and prevent future problems by raising the sense of urgency, im-
proving policies and action or boosting the self-initiative of affected land users.
In urban areas, where land subsidence is mostly caused by groundwater extrac-
tion, the government could force groundwater regulations to all groundwater
users [43]. In addition, in rural peat land areas, the public authorities must raise
the response by strengthening awareness since land users have already started
taking action. Based on these conditions, the actors should consider their readi-

ness to respond to land subsidence by starting to give attention to the problem.

9, Conclusions

In current Disaster Risk Management, the response of actors in the disaster
management cycle is crucial to reduce disaster impact. Baas et a/ [19] and Ku-
sumasari ef al. [42] show that response during pre-disaster periods will lead pub-

lic authorities to design proper policies and action, as well as will increase
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people’s awareness of potential problems and possible future losses. However,
with regard to land subsidence management, the DRM cycle, which was de-
signed for a single shock disaster, appeared less suitable adoption. This is be-
cause land subsidence is characterized as a sleeping, or silent, disaster [6], which
continuously happens over a long period and beyond a single phase of disaster
management. As the impacts of the land subsidence are serious and will be wor-
sening by the combination with climate change [44] [45], the public authorities
and land users must select proper means to increase their capacity to adapt to
the land subsidence.

In this paper, we find that the response of public authorities and land users to
land subsidence varies widely, as is also shown by Holzer [46] and Endo [43].
Our research shows that this could be due to three aspects: the government level,
land use association and actors” knowledge of this problem. For the first aspect,
we argued that the lower government level shows the lowest response to land
subsidence, due to its lack of power to make decisions. Madan [47] shows that
this might be expected because of the lack of local government’s authority to
take immediate decisions on the complex structure of governments. The policy
from lower level governments was mainly derived from the higher level govern-
ment including disaster management, spatial planning and zoning regulation,
which highlighted the dependency of local governments within the Indonesian
context [48] [49]. The second aspect, the governments’ response, seems to be in-
fluenced by the intensity of the development and activities, both in urban and
rural peat land areas. The response is higher in areas that are more dynamic and
denser in residence. The different responses can be seen from international ex-
periences [50] [51]. The need of space for development has been forcing gov-
ernments to allocate areas to meet fundamental needs such as housing, industry
and agriculture, but at the same time, also trying to minimize the impact of land
subsidence. Similar governmental reactions can be found in Hu et a/ [52]. The
third aspect influencing governmental response to the land subsidence problem
concerns their knowledge. We found that a profound lack of knowledge has
caused a sort of “ignorance” to land subsidence problems in all case study areas.
Land subsidence appears to not be a high priority for public authorities. Since
land subsidence is not prioritized, there are no necessary programs and strate-
gies to deal with its impact. Furthermore, we found that the adaptation and mi-
tigation programs to land subsidence were not fully integrated with development
policies. This is common as literatures [44] [53] show that in many cities, the
governments do not pay much attention to the land subsidence issue.

Based on our analysis of government responses, we argued that governments
might benefit from more coherence among the various levels of government.
Yet, in their responses to land subsidence, governments could also take benefit if
they involved land users in the government agenda to improve the hazard miti-
gation, as mentioned by Pearce [54].

The typology mentioned requires different interventions and strategies for each

type to successfully combat the costs of land subsidence. It has many practical
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applications to create effective forms of land subsidence management, in which
both public authorities and land users collaborate. Researchers [28] [42] [54]
suggest integrating this into single forms of management, which can be trans-
lated into programs that accommodate all interests and diminish limitations. In
addition, the quality of the programs will be improved if the involved actors are
selected based on their capacities [55].

As land subsidence occurs continuously, the condition of the affected areas
can only get worse. In the end, the longer the governments and the land users
ignore to the land subsidence, the longer the area and people suffer from the

problem, causing the areas to no longer be habitable.
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