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Abstract

Land subsidence has severe physical and economic implications for both
areas and people. Numerous scholars have shown that land subsidence has
had massive impacts at global, national and regional levels, and that the im-
pacts were usually responded to by the government. However, little attention
has been paid to what land subsidence means to people’s daily lives and how
much it costs them. To fill that gap, this article draws on empirical research
carried out in three areas in Indonesia to provide a better understanding of
what land subsidence means to households, and how they respond to the
consequences and how much it costs them to do so. An analysis of a survey of
330 households shows that they have been suffering from various severities of
impacts of land subsidence for an extended period. Whereas some of the
households respond to the impacts by making small preparations or adapting
to the damages, others can do nothing due to a lack of money and their con-
tinuously declining earning capacity. Thus, the affected households are effec-
tively throwing money into a bottomless pit. We argue that these households
must escape the vicious circle caused by land subsidence by increasing their
income capacity or even abandoning the affected areas.
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1. Introduction

Land subsidence is a gradual settling or sudden sinking of the earth’s surface due
to the movement of earth materials [1]. It occurs gradually and has many im-

pacts on both urban and rural areas. It destroys houses and facilities [2] [3] [4],
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damages plantations and their drainage infrastructure [5] and enlarges inun-
dated areas [6] [7]. These impacts cause direct economic losses [4] [8].

The reported economic cost of long-term land subsidence is enormous. For
instance, Warren et al. [8] showed that in just 30 years (1943-73), total land sub-
sidence-related costs in Texas (USA) amounted to about US$ 113.6 million. In
Tianjin (China), land subsidence in 2007 led to severe economic losses,
amounting to as much as US$ 18.19 billion [9]. A recent assessment showed that
in Arizona (USA), land subsidence had led to a fall in the prices of properties in
affected areas [10]. At the household level, land subsidence impacts both direct-
ly—in the form of damage to houses, buildings and infrastructures—and indi-
rectly, namely on people’s environmental, economic and social status, as the
secondary consequences of land subsidence [11].

As land subsidence is massive, affected people should respond to it with all
their capacity. People’s ability to deal with the impacts is positively correlated
with their responses and ability to adapt [12] [13]. The fact that land subsidence
happens and affects people for an extended period of time necessitates a proper
response and sufficient capacity to adapt. The question then is: can affected
households deal with the consequences of land subsidence? The answer to this
question is particularly needed, since research on people’s responses to and the
impacts of land subsidence at the household level is limited. To date, most such
assessments have been at a national and regional level or as part of physical im-
pact analyses (e.g. see [14] [15] [16] [17]).

Therefore, this article presents a bottom-up assessment of what land subsi-
dence means to households, how they respond to the consequences and how
much they spend on dealing with the impacts. Understanding the impact of land
subsidence on the income of affected households is crucial, because a compre-
hensive analysis of the economic loss can help to improve risk mitigation and
reduction or enhance pre-impact prediction [18] [19]. Furthermore, under-
standing the responses of affected people will reveal their readiness to reduce
impacts and their exposure [20]. This article shows how widespread the prob-
lems are in three areas of Indonesia that have been suffering unceasingly from
land subsidence due to numerous triggers, leading to severe physical and so-
cioeconomic impacts on both the areas and their populations [2] [7] [15] [21]
[22] [23] [24] [25].

This article is structured as follows. The following section discusses the con-
cepts of adaptation and adaptive capacity. Section 3 details the research location
and research methods. The results are presented in Section 4. The article con-

cludes with a discussion (Section 5) and the conclusions (Section 6).

2. Adaptation and Adaptive Capacity to Disasters

People are socially vulnerable if they are exposed to natural hazards but cannot
respond to or recover from them [26]. Their vulnerability is also influenced by

their inability to cope with pressure on their livelihoods or wellbeing [27]. Thus,
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socioeconomic status is one of the leading factors affecting social vulnerability
[28]: the less income affected people have, the more vulnerable they are [29].

The question is, how can such people deal with their vulnerable status? Brooks
[13] explains that vulnerability can be reduced through adaptation, which refers
to changes in processes and practices to limit potential damage [12]. Reuveny
[30] argues that whereas some people adapt to problems by reducing impacts or
repairing the damage as a short-term solution, others do nothing. Yet others re-
spond to catastrophes by moving away [31]. However, for reasons related to
economic and social relationships, most affected people are reluctant to move
[32] [33]. Thus, our research focus was on households that wanted or needed to
stay in these areas and thus did not consider relocation.

The responses of affected people who remain in an affected area should be di-
rected towards reducing their vulnerability. Adger et al [20] explain that an
adaptation will be valuable if it reduces impacts and exposure. However, some
affected households cannot minimize the impact of disasters because of their li-
mited adaptive capacity, namely their limited ability to adapt to changes [34].
Smit and Wandel [35] and Shaw et al [34] assert that the adaptive capacity of
affected people influences their response. The socioeconomic status of affected
people is one of the adaptive capacities that is positively correlated with their
ability to decrease their vulnerability [29] [36] [37].

Without neglecting other factors, household income is the focus of this article
in representing socioeconomic status. Income determines a household’s ability
to access money directly when it is needed. The availability of income increases
the number of potential responses, which reduces a household’s vulnerability
[38] [39] [40]. Even though other external resources (e.g. social capital from the
extended family or neighbours) are needed, this income, as well as its sustaina-
bility, is crucial to covering the recurring costs because it can be accessed when

required.

3. Research Location and Methods

3.1. Study Areas

Data were collected from urban, coastal and peatland areas in Indonesia, namely
Jakarta, Semarang City and Indragiri Hilir, respectively (see Figure 1). Various
urban, coastal and peatland areas of Indonesia suffer from continuous land sub-
sidence, which will become worse since the activities in these areas are increas-
ing. These case study areas are the areas that experience the highest speed of and
most damage from land subsidence, which was determined through a literature
study [2] [3] [21] [41], official reports from public authorities and conversations
with key persons from local government offices. The different characteristics of
the areas promoted the understanding of the various consequences and res-
ponses of land subsidence for households.

Urban and coastal areas of Jakarta and Semarang City have long suffered from

land subsidence [2] [7] [41]. Groundwater exploitation and construction load
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due to rapid urban development have accelerated land subsidence and increased
its impacts [2] [3]. The Indonesia Climate Change Sectoral Roadmap (ICCSR)
report shows that due to land subsidence combined with sea level rise and higher
tides, by 2100 most of the coastal areas in Jakarta and Semarang will be under 5 m
of seawater, while the coastline will have receded by up to 10 km [42]. Further-
more, rural peatland areas, such as Indragiri Hilir, are being overexploited for
large-scale oil and coconut palm plantations, which leads to an influx of more
people [43]. The peatland conversion for plantations, followed by drainage, has
increased carbon dioxide emissions [44], which lead to peat subsidence [21]

[24]. Table 1 shows how severely these areas are affected by land subsidence.
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Figure 1. The study areas: Jakarta, Semarang City and Indragiri Hilir.
Table 1. Land subsidence in the case study areas.
Land
- Sampling area No. of Land Land K
Case study area Characteristics L2 K . . subsidence
(sub-districts) respondents  subsidence rate subsidence triggers .
impacts
Cracking of
One of th 1d° t
ne o‘ . e world’s Groundwater Permanen
megacities Cengkaren 1-15 cm/year; extraction infrastructure,
Jakarta (urban  Population density: g K & . yean ? expansion of
> Penjaringan, 920 in some areas 25 - 28 construction load, i
and coastal area) 15,052 people/km g . L inundated areas,
. Tanjung Priok cm/year [3] natural consolidation | L.
Annual population 3] increasing inland
growth: 1.11% seawater intrusion
(3]
Located on an alluvial
plain Genuk Groundwater Damage to urban
Semarang City Population density: 4373 oo 8 - 13.5 cm/year extraction, alluvium  infrastructures,
) Semarang Utara, 124 . S . :
(coastal area)  people/km K [7] [40] soil consolidation, coastal inundation
. Tanjung Mas, Tugu .
Annual population construction load [2] [2]
growth: 1.71%
Intensive expansion of
oil and coconut palms  Enok, Tembilahan, i X
R . i . Intensive agricultural Damage to houses,
Indragiri Hilir Population density: 60 Tembilahan Hulu, . . .
) 116 4 -6 cm/year [20]  activities—mainly oil infrastructures and
(peatland area) people/km Batang Tuaka, .
. . and coconut palm [23] plantation areas [20]
Annual population Tempuling
growth: 1.92%
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3.2. Data Collection and Presentation

This survey research combines a qualitative and a quantitative approach, known
as mixed-method research [45]. In this method, the two approaches complement
each other by minimizing inaccurate findings [46]. This article combines the use
of qualitative and quantitative data and methods to answer the research ques-
tions.

Data were collected through surveys over a three-month period in 2015. Dur-
ing the surveys, in-depth interviews with respondents were carried out. A two-stage
sampling method was used to select the respondents. In the first stage, three
areas that represent urban, coastal and peatland were chosen. Then, in the
second stage, random sampling was used to select households in the three areas
to be interviewed and to complete the questionnaire. In these surveys, the
household was the analyses unit, and its head was the respondent (or, if the latter
was absent, the spouse of the head of household). Before selecting the respon-
dents, local community leaders in the case study areas were interviewed to dis-
cuss the proposed respondents, that is, who were most prone to and affected by
land subsidence, and ways to interact with them. In all, 330 respondents in 12
sub-districts from all case study areas were selected as the respondents. This led
to 90, 124 and 116 households in Jakarta, Semarang City, and Indragiri Hilir,
respectively, being interviewed for between 30 and 45 minutes. The respondents
were asked about what land subsidence means to households, how they respond
to the consequences and how much they spend on dealing with the impacts.

Land subsidence has both direct and indirect physical impacts on households
[11]. These impacts were adopted and combined to define the impacts of land
subsidence on affected households in the case study areas. Impacts were catego-
rized as either single types of impact or multiple types of impact. The multiple
types of impact were seen as the stronger impacts, since they were caused not
only by land subsidence but also by other hazards. Some households suffered
from a single type of impact whereas others suffered from multiple types.

Furthermore, the responses of the affected households to the impacts were
classified according to the response categories established by Reuveny [30]: 1)
stay put and do nothing, accepting the cost; 2) stay put and mitigate the changes;
or 3) leave the area. A modification was made by dividing the mitigation part
into two, namely repairing and adapting to the damage. The survey collected
households’ responses from the first time that they had experienced land subsi-
dence.

In addition, to define the cost of dealing with the impacts incurred by affected
households, we used and modified the classification of the cost of disaster de-
veloped by Mechler and Bouwer [47], which divides the cost into damage costs
or losses, adaptation costs and residual costs. The adaptation costs and damage
costs (or the decrease in earning capacity) were used in this article. Adaptation
costs were determined from the costs of the adjustments, while the decrease in

earning capacity was derived from the consequences for household’s sources of
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income, such as ponds, oil and coconut palm plantations, and fishing grounds.
The household income was used to represent the socioeconomic capacity of the
affected household to deal with the impacts of land subsidence.

Data were analysed using quantitative and qualitative methods. The quantita-
tive data were processed using SPSS Statistics software to reveal the distribution
of the severity of impacts of land subsidence on affected households, the cost of
their responses to land subsidence, and their loss of income due to land subsi-
dence. Furthermore, the qualitative data were manually grouped into their the-
matic analyses, which were used to support the quantitative analyses. Some of

the data were presented in the form of respondents’ quotations.

4. Results

This section first presents the impact of land subsidence on households and then
discusses the range of responses to the impacts and their loss of income, which

was influenced by land subsidence.

4.1. Impacts of Land Subsidence on Households

Of the 330 surveyed households, 291 (88%) had been suffering from various di-
rect and indirect impacts of land subsidence for various lengths of time. The di-
rect impacts were in the form of damage to houses, plantations, ponds, man-
groves and land (Figures 2(a) and Figure 2(c)). Damage to houses was mainly
in the form of the subsiding, tilting or cracking of walls and floors, and the infil-
tration of water from beneath floors. In addition, numerous pond owners in
coastal areas had suffered damage to their ponds, leading to the escape of fish,
crabs and prawns. The indirect impacts were on the environment and social sta-
tus, such as the expansion of daily inundation (Figure 2(b)), the worsening of
annual flooding impacts in rural peatland areas, the lowering of the groundwater
level and a decrease in the value of properties. Other indirect consequences were
health and psychological problems, which were the effects of the daily inunda-
tion and unhealthy houses. The impacts had become worse the longer people
had been affected by subsidence. One respondent in Semarang City said: “We
have been experiencing sinking for years. Our house was damaged; the seawater
floods our house every day. It is becoming deeper year after year. The longer we
live here, the more severe the flooding”.

The severity of the impact of land subsidence on households was diverse. Al-
though some households had suffered only a single type of impact, most had
suffered multiple impacts (see Table 2). For instance, the subsided settlement in
the coastal area had also suffered from permanent inundation, since the area is
also affected by the rise in sea level. Using this logic in our case study areas, the
households in the coastal areas of Semarang and Jakarta had suffered from a
strong impact because the households were also prone to other hazards, such as
tidal inundation and sea level rise. The combination of these hazards with land

subsidence had caused households to suffer from the enlarged inundated area.
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This finding supports those of Wang et al. [6] and Warren et al [8], who showed
that the combination of coastal flooding, sea level rise and land subsidence had
caused a permanent inundation.

Our finding showed that in different geographical areas, the impacts of land
subsidence were also different. Their association with activities in such areas and

the existence of other hazards also influenced the variation of the impacts.

(b) (c)

Figure 2. Impacts of land subsidence (2015): (a) Subsided house (Tanjung Mas,
Semarang City); (b) Daily inundation (Penjaringan, Jakarta); (c) Damaged plantation
(Enok, Indragiri Hilir).

Table 2. Percentage of affected households based on the severity of impacts.

i i Number of
. Rate of land Severity of and the most common impact(s)
Location . affected
subsidence . . . .
Single type of impact Multiple types of impact households
79.8%; damage to the house,
20.2%; expansion . J o i
1-28 o K expansion of daily inundation,
Jakarta of daily inundation/ 89
cm/year damage to ponds/garden/paddy

flooding feld

96%; damage to the house, expansion

Semarang 8- 13.5 14%; damage to the  of daily inundation, damage to ponds/ 121

City cm/year  house plantation, damage to mangrove,
health problems
. 71.6%; mostly 28.4%; damage to the house,
Indragiri 4-6 R gt
. damage to the expansion of inundated area, 81
Hilir cm/year . .
house or plantation ~ damage to plantation
Total 32% 68% 291

Source: questionnaire analyses (2015).
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4.1.1. Impacts of Land Subsidence on Households in Urban Areas:
Jakarta

In urban and coastal areas of Jakarta, most of the affected households had been
experiencing subsidence for 15 - 25 years. Most of the properties and land of the
households had sunk about 100 - 150 cm, and some had sunk as much 200 cm.

Of all of the affected households, about two fifths had suffered a single type of
impact, namely the expansion of either flooding or the daily inundation. In some
areas of Jakarta that were far from the coast but close to the river, the affected
households suffered mostly from damage to the house (Ze. subsided) or the dee-
pening of flooding from the river surrounding the area or runoff from the rain.
The affected households in the coastal area had experienced the expansion of the
daily inundation.

Furthermore, the rest (Ze. more than three fifths) had suffered multiple types
of impact (Table 2). The impacts were a combination of direct and indirect im-
pacts, which were mainly damaging to houses, followed by the expansion of the
inundated or flooded area. It was mostly the affected households in the two
sub-districts of Tanjung Priok and Penjaringan that experienced these impacts.
In addition, about 7% of affected households in Cengkareng had suffered dam-
age to their houses and plantations (Z.e. garden or paddy field).

4.1.2. Impacts of Land Subsidence on Households in Coastal Areas:
Semarang City

The households in Semarang City had suffered the most since most households
had been experiencing subsidence for about 25 years. Of the affected households,
just less than one fifth had experienced a single type of impact; the rest had suf-
fered multiple types (Table 2).

The impacts of land subsidence in coastal areas are the most severe, since such
impacts are aggravated by coastal erosion and the rise in sea level. This is why in
Semarang we found that land subsidence had drowned a vast number of ponds
and mangrove ecosystems, which had been sources of income for many of the
affected people. In addition, the combination of those hazards had also increased
the frequency, volume and depth of inundation. Worsened by the unsanitary
condition of their houses and the drainage around the settlement, the inunda-
tion had caused health problems for 47 households. The inundation was always
followed by rubbish flowing from the sea into the settlement. Most members of
the households, mainly the children, suffered from skin diseases, diarrhoea and
breathing problems. A respondent in Tanjung Mas told us: “Land subsidence
causes our house to be flooded by seawaterevery day. The water is dirty. My
children get itchy”.

At the sub-district level, households in Genuk, Tanjung Mas and Tugu had
suffered even more because most of them had experienced very severe impacts,
namely damage to houses, followed by the expansion of the daily inundation,
damage to ponds and health problems. To make the impacts more complicated,
in Tanjung Mas and Genuk almost all affected households have two inundations

a day, as a result of land subsidence combined with sea level rise and coastal ero-

DOI: 10.4236/jep.2019.101001

8 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.101001

E. Saputra et al.

sion. The respondents indicated that inundation is becoming more severe, more
extensive and deeper due to the continual sinking of their houses. Thus, the oth-

er hazards have made the impacts of land subsidence bigger and more serious.

4.1.3. Impacts of Land Subsidence on Households in Peatland Area:
Indragiri Hilir

Households in the rural peatlands of Indragiri Hilir had mainly suffered from a
single type of impact, namely damage to their houses or plantations (Table 2).
The damage to the houses was mostly in the form of the houses and their piles
sinking or tilting. Most of the sinking houses were located in the plantations that
were surrounded by drainage channels. Because most of the affected households
had been suffering from land subsidence for only 5 years and most of their
houses and plantations had sunk only about 40 cm, land subsidence had had a
minimal impact, compared with other areas. Thus, the low level of the severity
of the impacts was influenced by the short duration and slow rate of land subsi-
dence.

The damage to plantations and the expansion of inundated areas also had a
severe impact on the households. Almost all of the plantation areas around the
river of Indragiri suffer from the highest annual flood (the pasangkeling). Our
interviews revealed that the inundated and flooded areas around the plantations
were expanding year by year, triggered by the gradual sinking of the plantations.
Regarding the damage to plantations, a peasant in Enok stated: “The land on my
plantation is sinking. The roots of the coconut palms are exposed higher above
the ground than when I planted them”. In addition, peat subsidence in the plan-
tation had also caused the coconut and oil palms to lean and die off, and the
drainage channels were breached. Therefore, in peatland areas, land subsidence
had seriously damaged not only houses but also plantations, which are the

source of income of many affected households.

4.2. Responses of Affected Households to the Impacts of Land
Subsidence

Considering the repeated and severe impacts of land subsidence on the affected
households over an extended period of time, we expected that all of them (291
households) would have responded to the impacts effectively. However, we
found that just a little over half of them (55.3%) had taken measures. Thus, in
responding to the impacts of land subsidence, the affected households were ca-
tegorized into 1) those who either did nothing or made small repairs and 2)

those who adapted to the damages.

4.2.1. Do Nothing or Repair the Damage

The households that regarded the impacts as severe but did not have enough
money to take adaptation measures and those that regarded the impacts as not
yet important enough to be responded to (Ze. they intended to make some ad-
justments after more significant impacts occur), had decided to do nothing or to

make small repairs.
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Of the affected households, about 44.7% (130 households) had not responded
to the impacts as they lacked the money to do so. A respondent in Semarang
City told us: “My house is sinking every year. About 15 years ago, I couldn’t
touch my rooftop, but now I can! I don’t have enough money to raise the roof.
I’ll wait for several years, and then see what I can do”. Furthermore, households
that had suffered multiple types of impact were not inclined to adapt to the
problems. Our research indicated that of the households that had not responded,
60% had suffered from strong impacts.

However, about 9.3% of the affected households (27) had repaired the damage
to their assets. The house was always given priority. When they repaired their
houses, most had used the same materials that were used when their houses were
first built. For instance, those whose houses are permanent had repaired the
damage using similar materials (ie. concrete), which were brought in from out-
side the area or reused from the ruins of abandoned houses. Those who lived in
wooden stilt houses had replaced broken piles with the same kind of pile. They
also changed their floors gradually. To minimize the cost, some households in
Tembilahan Hulu and Tempuling collected wood from the surrounding forest to
modify their floors and piles.

Fixing the damaged plantation was also the concern of the affected households
that lived in peatland areas. They repaired the damaged drainage channels and
restored the damaged oil and coconut palms. The repair of the drainage chan-
nels had mainly been a matter of plugging the leaks, whereas the restoration of
the palms was focused on supporting them. A peasant in Enok stated: “Some
parts of the channels have been damaged. It was even worse when the highest
annual flooding occurred. I used to rebuild the channels after the flood ended.

My friends used to help me”.

4.2.2. Adapt to Damage

The households that responded to the impacts also invested in some adaptation
measures, such as elevating or modifying their houses and optimizing the plan-
tation channels. The 134 affected households that had taken some structural
measures to adapt to the damage had chosen measures to prevent worse conse-
quences in the coming 5 to 10 years. Most of those who had adjusted their hous-
es were households whose houses had already sunk 100 - 250 cm. They had also
been experiencing annual floods and daily inundations for years.

To adapt to the damage to houses, all had raised or modified their floors, walls
and/or roofs. To raise their houses, some households had brought in sand from
outside the area, while others had used rubble from abandoned houses. In addi-
tion, some households whose houses had already sunk 250 - 450 cm also raised
their walls and roofs. This measure had to be done because the houses had be-
come uninhabitable. A respondent in Genuk told us: “As our house wall had
cracked badly and the house had been very low, we raised not only the floor but
also the roof and wall”. Raising the walls and roof was the last resort after a

house was no longer habitable.
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Figure 3 shows an example of a new house built on the former roof, which is
now the foundation of the house. The house was built on the former roof be-
cause the original house had been destroyed. It was rebuilt to prevent seawater
from the daily inundation entering the house. Figure 4 shows the wall and roof
that had been raised because the original house had become too low and thus
uninhabitable.

Furthermore, in a limited number of cases, affected households in rural peat-
land areas of Indragiri Hilir had modified their houses by using stronger wooden
piles together with cement inside the buildings’ foundations. This minimizes
fissures in the foundations due to land creep during subsidence and increases
their elasticity. In addition, due to an unstable peatland condition and land creep
during land subsidence process, almost all affected households that lived in stilt
houses replaced some of the house piles. This happens almost every year. To
avoid having to do so, some households used a stronger wood (ironwood).

Still, in peatland areas, the affected households tried to adapt to damage to the
plantations by optimizing the drainage. A limited number of them had dug gul-
lies and elevated the dams in the channels to prevent water from flooding the
plantations; a few others had dredged sediment from the channels. Even though
some adaptation measures had been taken to protect plantations, our survey
found that the problems remain.

Figure 4. Raised wall and roof of a previously damaged house.
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4.3. Impact of Land Subsidence on Households’ Income

Most of the measures discussed above cost money. We expected that the income
of the affected households would be enough to cover the cost of the measures.
However, we found that the income of some affected households was even lower
due to the increase in the expenditure as the cost of responses and the decrease

of earning capacity.

4.3.1. The Increase in Expenditure

Of the affected households, 120 had spent money on repairing and adapting to
the damage. In 2015, each household spent on average about US$ 107 on repair-
ing the damage—which was about a quarter (28%) of their average total annual
expenditure (US$ 382) (see Table 3). This table also shows that the households
in the coastal areas of Semarang had spent more on repairs than those in rural
peatland areas of Indragiri Hilir, namely an average of US$ 113 (40% of average
total expenditure) vs US$ 105 (26%). This high percentage is a result of the more
severe impacts in coastal areas and of the combination of land subsidence and
other coastal hazards, such as sea level rise and coastal erosion. The amount of
money spent by the households differed according to the type and degree of
damage, the materials used and the availability of money.

To adapt to the damage, every household had spent on average about US$ 172
(32% of their average total expenditure). Households in the rural peatlands of
Indragiri Hilir spent more than those in other areas, namely about 49% of their
average total annual expenditure (US$ 308) (see Table 3). Households in coastal
and urban areas had also had spent a significant portion of their total expendi-
ture on adaptations, namely about 43% in Semarang City and 20% in Jakarta.
Thus, the affected households had allocated at least one fifth of their entire ex-
penditure to adapting to the impacts of subsidence.

To summarize, the affected households that had responded had spent an
enormous amount of money doing so, especially compared to the total amount
of money they spend over their lifetimes. Responding to the damage caused by
land subsidence might not solve the problem, however, as affected households

will have to continue spending money on various measures.

Table 3. Cost of response to impacts of land subsidence in 2015.

Type of response
Repair the damage Adapt to the damage
Location Average repair Average total ~ Avg. repair costsasa  Average adaptation Average total Avg. adaptation costs
costs per expenditure per percentage of avg. total cost per household expenditure per  as a percentage of avg.
household (US$)  household (US$) expenditure (US$) household (US$) total expenditure
Jakarta - - - US$ 110 US$ 537 20%
Semarang City US$ 113 US$ 283 40% US$ 232 US$ 536 43%
Indragiri Hilir US$ 105 US$ 405 26% US$ 308 US$ 630 49%
Total US$ 107 USS 382 28% US$ 172 USS 541 32%
(N = 120) 0 0
Source: questionnaire analyses (2015).
DOI: 10.4236/jep.2019.101001 12 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.101001

E. Saputra et al.

4.3.2. The Decrease in Income Earning Capacity
Of the 291 affected households, the capacity of 110 households to earn income
had been reduced due to damage to their sources of income. Land subsidence
had ruined their primary sources of income, such as ponds, oil and coconut
palms, and fishing grounds. It had also undermined the secondary sources of
income of some affected households, especially those whose primary work was
related to the affected area, such as pond owners and peasants. Even households
whose primary jobs were not affected, such as civil servants, entrepreneurs and
employees, had been affected by land subsidence as it decreased their income
from secondary jobs as, for example, farm workers or fishermen. For those rea-
sons, the average loss of income in 2015 was about US$ 113 per household, or
5.3% of their average total income (US$ 2152) (see Table 4). Thus, the decrease
in earning capacity of the affected households had limited their choice of res-
ponses.

The decrease in income earning capacity of households in Jakarta

In urban and coastal areas of Jakarta, every affected household had lost an av-
erage of about US$ 59 of its income (in 2015), which is less than the amount lost
by households in other areas. Of the 36 affected households, eight had lost in-
come from their main jobs and 28 others had lost income from their secondary
jobs. A respondent in Penjaringan whose secondary job was assisting fishermen
told us: “We used to catch a lot of fish around the mangroves. Now, many man-
groves have been damaged. Land subsidence damaged their roots. There are only
a few fish left”. As the income of the fishermen dropped, so did that of this res-
pondent.

The decrease in income earning capacity of households in Semarang City

The affected households in coastal areas of Semarang City had suffered the
most significant average loss of income compared to those in other areas, name-
ly US$ 151 or 9.7% of average total incomes. One of the triggers of this signifi-
cant number is that almost half (30 out of 62) of the affected households in these
areas depend on fishing. Fishing is one of the jobs most prone to land subsi-
dence, as subsidence directly affects fishermen through the decrease in their

production. A fisherman in Tugu told us that:

Table 4. Affected households’ loss of income due to land subsidence in 2015.

Number of Average loss of Average total ~ Avg. loss of income as
Location households that income per income per a percentage of avg.
lost income household (US$) household (US$) total income
Jakarta 36 US$ 59 US$ 2869 2.1%
Semarang City 62 US$ 151 US$ 1553 9.7%
Indragiri Hilir 12 Us$ 79 US$ 3098 2.6%
Total 110 US$ 113 US$ 2152 5.3%

Source: questionnaire analyses (2015).
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“The mangrove forest was destroyed by land subsidence and coastal erosion.
We hardly find any fish or crabs near the damaged mangroves”. The damage to
mangroves caused by land subsidence was indicated as the main factor that re-
duced the quantity of fish caught. In coastal areas of Semarang City, the impacts
of land subsidence on mangroves were accelerated by coastal erosion.

Pond owners had also lost income as a result of damage to their ponds. A
pond owner in Genuktold us: “Our ponds always inundate a couple of times a
year. Many fish and prawns escape from the ponds when the seawater covers it.
We believe land subsidence worsens the problem”.

An important remark is that in coastal areas, it is difficult to separate the costs
caused purely by land subsidence from the costs caused by other coastal hazards.
The costs of land subsidence are always accompanied by the costs of the impact
of sea level rise, coastal erosion and/or coastal flooding. However, as mentioned
in the impact section, land subsidence itself directly costs the affected house-
holds or indirectly increases the costs of indirect impacts. In short, land subsi-
dence often increases the costs by strengthening the impacts of other coastal ha-
zards.

The decrease in income earning capacity of households in Indragiri Hilir

In the rural peatlands of Indragiri Hilir, each household had suffered a loss of
income of about US$ 79, on average. This resulted from damage to their sources
of income, such as oil and coconut palms. Some palms were leaning due to the
sinking and unstable ground, which had reduced production. The income not
only of peasant farmers but also of farm workers was affected, because the de-
crease in the productivity of coconut or oil palm led to a decrease in the working
hours of the farm workers. Thus, due to the high dependence of the peasants and
farm workers on the plantations, the continual damage to plantations will make

it difficult to save money to deal with the problems.

5. Discussion

Land subsidence had affected almost all of the households in various ways,
ranging from physical damage to their land and properties, to environmental
and socioeconomic problems, for example the undermining of their income.
Many had suffered from multiple types of impact. The affected households con-
sistently stated that their assets are continuously sinking, and increasingly so. In
the future, the affected households in coastal areas will suffer the most because
they also experience other coastal hazards. The combination of land subsidence
with other hazards, such as tidal flooding and sea level rise, exacerbates the im-
pacts of land subsidence [2] [32]. A study by Bappenas [42] also shows that a
combination of coastal hazards—in their case, receding coastlines and expand-
ing inundated areas—exacerbates problems for households.

In the urban and coastal areas studied, the land subsidence problems may well
continue to worsen, as the populations and physical developments in those areas

are growing rapidly [48] [49]. Furthermore, land subsidence in rural peatland
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areas will accelerate, since the utilization of peatland for agricultural activities is
continuing. Thus, the affected households will remain vulnerable to land subsi-
dence.

To deal with their vulnerable status, the affected households must make an
adequate response. However, almost half of them have not done so, despite the
severe damage they have suffered. Why did they not respond? According to
Yohe and Tol [40], whether affected people take measures to reduce their vulne-
rability depends on their access to funds. In our case, we found that the lack of
income was one of the factors behind their failure to respond. The head of a
household in Tanjung Mas told us: “My house sinks severely every year. About
15 years ago, I couldn’t touch my rooftop, but now I can! But, I don’t have
enough money to raise the roof”. Many scholars argue that the availability of and
access to money are vital to reduce vulnerability to the risks and to determine
the success of adaptations [29] [36] [37] [38] [39] [50].

Other households had not responded because they were waiting for more sig-
nificant damage to their properties before responding in a particular way. Both
households that had been subject to a slow rate of light subsidence and those
that had been subject to a fast rate of severe subsidence gave this reason. The
main reason for ignoring the impacts differed from household to household, but
it depended on the severity of the impacts and the rate of land subsidence. For
instance, the head of a household in the coastal area of Tugu (Semarang), whose
house had sunk about 50 cm, said that he had not yet taken any action because
he believed that damage that is more significant would occur in the next couple
of years. Instead of repairing it repeatedly, he preferred to respond to the dam-
age in one go, namely after more significant damage occurs. Another respondent
in coastal Tanjung Mas (Semarang), whose house had sunk about 100 cm but
had done nothing, said that he will wait till his present house has been destroyed
and then build a new one. Therefore, the affected households that delayed taking
measures perceived land subsidence as a bottomless pit.

A little over half (55.3%) of the affected households had responded to the im-
pacts of subsidence, not only by repairing the damage but also by adapting to it.
This finding supports Reuveny [30], by adding that in responding to a long-term
disaster, households not only prevent impacts by adapting to the damage but al-
so take a small and immediate measure: they repair the damage. A significant
difference between these two responses is that repairing is a reactive activity
while adapting is a proactive strategy to prevent future] impacts. This finding
concurs with Paavola and Adger [51] and Fiissel [52], who found similar types of
responses by affected people in the face of climate change.

The affected households believe that by responding to the damage, the prob-
lem can be solved. However, we found that this type of measure was ineffective.
Many households had attempted to adapt to future damage, but their responses
had somehow been of no use. Most households had taken measures to repair or
adapt their houses, and only limited measures to repair the damage to their

sources of income, namely plantations or ponds. In addition, the wrong choice
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of building materials when repairing the damage had also made their measures
ineffective. For instance, when raising their houses, only a few households in
coastal areas had used lighter materials, such as wooden planks or corrugated
roofing sheets. Most had used ceramic tiles for their floors, bricks and cement
for their walls, and roof tiles for their roofs. Since in coastal areas the construc-
tion load is one of the triggers of land subsidence [2] [3], this decision is un-
doubtedly wrong.

Finally, the incorrect responses are not the only issue: households are unable
to deal with the impacts of land subsidence due to their lack of money. Land
subsidence is a continuous process and it has a long-term effect on income.
However, the income capacity of some of the affected households—especially
fishermen, farmers and farmworkers—was diminishing. Land subsidence had
destroyed their sources of income, which further eroded their ability to cover the
adaptation costs. Their lack of capacity to effectively respond to the impacts will
leave them vulnerable to land subsidence, and responding to the damage will be
a never-ending activity. Therefore, since their responses cannot prevent future
impacts and/or their income cannot cover the costly and ineffective adaptation
measures, households must consider increasing their income capacity leaving

the affected areas.

6. Conclusions

Unlike single shock disasters, land subsidence has a gradual, and long-term im-
pact on households, which suffer severe and repeated damage. This study shows
that land subsidence affects extensive areas and has different consequences for
almost all households. For many households, land subsidence has both direct
and indirect impacts. In many cases, the direct impacts trigger indirect impacts
in the form of social and economic problems. The combination of these types of
impacts means that households suffer from impacts of varying severity. Almost
three quarters of the affected households in this study had suffered from mul-
tiple types of impact. Such households are the most vulnerable to huge potential
impacts because they are also vulnerable to other hazards, such as sea level rise,
flooding, peat fires and coastal erosion, which are interrelated [11] [24] [32] [42]
[53].

Nevertheless, only just over half (55.3%) of the affected households in this
study had taken measures to reduce their vulnerability to land subsidence. This
shows that the response of people to land subsidence is different from that to
single-shock disasters. Because immediate responses are not required, affected
households can take the measures that their economic capacities allow. The
availability of money, knowledge of land subsidence, information about ways to
reduce their vulnerability and the perception of the impacts, fundamentally in-
fluence a household’s response to land subsidence. This article confirms that
households with less income will suffer more [29] [32] [40] [54] [55].

This article also argues that responses must be accompanied by a stable and
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sufficient economic capacity. Although some of the affected households had
been able to take measures, namely short-term solutions and adaptations, the
situation will remain problematic especially for about the one third of the af-
fected households whose sources of income have also been ruined. As land sub-
sidence has reduced the households’ earning capacity, their ability to pay for
measures has also been weakened. It supports the studies by Alwang et al. [37],
Cutter et al. [36] and Siagian et a/ [28] that show the economic capacity of af-
fected households is vital to increase their ability to take measures. The case of
land subsidence as a long-term disaster shows that economic capacity is even
more critical since the affected households must keep spending money over a
long period of time.

To conclude, the fact that land subsidence costs a lot of time and money can-
not be ignored, and repeated measures need to be taken over a long period of
time. This research shows that even though the affected households have re-
sponded to the impacts using their economic capacity, the problems remain.
Therefore, to avoid more severe consequences, households must consider in-
creasing their income from other sources or taking adaptive measures based on a
proper understanding of the characteristics and impacts of land subsidence.
However, this article strongly suggests that proper measures need to be consi-
dered by the affected households to avoid the bottomless pit of land subsidence.
To do so, they must consider increasing their income capacity, taking more pre-

ventive measures or even leaving the affected areas.
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