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Any model of flood hazard assessment must account for the 
dynamic nature of floodplains related to the current states of 
topography. This article proposes a model of the spatial-
temporal variability of land subsidence for predicting the land 
subsidence prone areas based on the concept of linear 
reservoir. The model is formulated based on analysis on data 
gathered from Hobo loggers plated along Sumatra deltas. It 
includes the soil characteristics, the differences in soil 
temperatures and the change of the groundwater level to factors 
that cause the land subsidence and effects of the subsidence on 
the floodplain facies. The validation of this model showed that 
the spatial-temporal variability of future land subsidence could 
be quantified, the future inundation depth of floodplains could be 
predicted, and the model could be applied on any peat land area 
with potential land subsidence problem.
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1. Introduction 

The study of modern rivers and their associated 
Quaternary deposits has provided knowledge into the 
functioning of floodplains e.g. (Schumm and Brakenridge 
1987; Asselman and Middelkoop 1995; Blum and 
Torngvist 2000; Schumm et al., 2002). The knowledge 
have allowed for the development of floodplain facies 
models on the response of floodplains to climate and sea 
level change (Blum and Tornvist, 2000). These models 
define “the floodplain” as the relatively flat area 
surrounding the active river channel that floods during 
high discharge events – every year to every few years. 
Overflow and channel breaches can be caused by (Smith 
and Ward, 1998): (1) overtopping due to floods, 
extraordinary tidal fluctuations, and waves; and (2) mass 

failure of levee foundations as aided by subsidence, 
seepage, erosion, earthquake liquefaction and burrowing 
animals. The floods in the floodplains and their coastal 
deltas may also due to intense rainfall and backwater of 
sea level rise (Blum and Tornvist, 2000; Junk et al., 2013; 
Musa et al., 2014). The rainfall generates both runoff and 
standing pools of water on the surface of the floodplains, 
coincided with the tide rises.   

Floodplain area varies with the height and duration of 
the flood wave. In the case of a levee breach, this 
depends on the surrounding topography. In the peat 
lands, the land subsidence rates range from less than 1 
cm/year (Nieuwenhuis and Schokking, 1987) to more 
than 10 cm/year (Wosten et al., 1997). Peat can act like 
water reservoir that absorbs rainfall and allows it to filter 
gradually into soil, thereby reducing the speed and 
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volume of runoff entering streams and rivers. However, 
the artificial drainage of peat lands, i.e. illegal logging, 
agriculture and land reclamation, industrial development, 
over-pumping groundwater resources, deforestation and 
fires (Armentano and Verhoeven 1988; Wosten, Hooijer 
et al. 2006), creates drainage channels that convey 
surface runoff to streams and rivers more quickly. 
Moreover, the shrinkage and erosion of dry peat creates 
numerous and wider sub-surfaces routes for water and 
flood wave to flow through. In the tropical areas, the 
process is very fast due to high temperatures. Overall, 
this results in increasing flood risks (Deverel and 
Rojstaczer, 1996) 

Many studies have been done on investigating the 
effects of long-term land subsidence on the flood profile 
(Gambolati et al., 2003). However, little attempt has been 
conducted on developing a model of flood hazard 
assessment that considers the effect of the spatial-
temporal variability of land subsidence (Potok, 1991; 
Burkett et al., 2002; Marfai and King, 2008). The present 
article aims at modeling the measurement of the spatial-
temporal variability of future land subsidence therefore 
the future inundation depth of floodplains on any coastal 
area with potential land subsidence problem can be 
predicted. 

Using the analogy of the peat soil as a rainfall 
catchment area, we propose a model of the land 
subsidence based on the linear reservoir concept. The 
model is able to calculate the conversion of the water 
input in the surface discharge (subsidence). The 
difference of the model to other approaches into the 
measurement of land subsidence rate, this model adapts 
to the characteristics of the soil, the different temperature 
and the groundwater level over time as three additional 
factors that strongly affect to the rate of subsidence.  

Although the proposed model aims at the subsidence 
measurement in any area in the world, we take concrete 
data from the peat lands in the Sumatra areas. It was 
recorded by FAO in 1982 that Sumatra had 7 million 
hectares of peat swamp forests. However, by 1988, over 
93% of the remaining swamp forest in Sumatra had been 
heavily degraded (Silvius and Giesen, 1992). According 
to local government (Much effort has been for 
implementing flood prevention measurements since 1996, 
nevertheless floods happen everywhere and even more 
severe (Bappeda, 2005). 

This article is organized as follows. Based on 
literatures, in section 2, we explore the state of art of 
approaches from amount of references which resembles 
to the land characteristics into land subsidence in the 
peat land areas and its measurement. The analysis of 
these approaches leads to the design of the adaptive 
land subsidence model based on the linear reservoir 

concept that is described in section 3. The section 
includes the description of the data that is gathered from 
Sumatra deltas and the validation of the model. Finally, in 
section 4 we conclude our contributions.  

2. State of the art 
 
2.1 Cause of land subsidence 

Research by Schothorst (1977) in the Netherlands 
found that 35% land subsidence could be due to physical 
process, while the rests were caused by a result of 
biochemical process. These processes mainly depend on 
type of peat, decomposition rate, density and thickness of 
the peat layer, the depth of drainage, and climate 
(Schothorst, 1977; Schothorst, 1982; Reddy et al., 2007;
Leifeld et al., 2011). Once organic soils have been 
drained, the irreversible process of subsidence starts 
(Stephens et al., 1984), which can only be blocked by re-
saturating the peat (salmah et al., 1991).  

 The physical process on land subsidence or so-
called consolidation is a permanent compaction on 
saturated peat layer that lies below the ground water 
level. Drained depth, peat thickness and density of soil 
can influence the consolidation. This process occurs 
rapidly in the first 5 to 10 years. A study in Malaysia by 
Wosten et al. (2003) found that the initial subsidence 
rates ranged between 2 to 4.6 cm per year. The worst 
could be as high as 20 – 50 cm per year (Welch and Nor, 
1989), as it happened to the soils under pasture in New 
Zealand (Armentano and Menges, 1986). The 
consolidation rate can be calculated using the change in 
bulk density (Salmah et al., 1994). The change is 
approached using the following equation:  

x = 0.005665y – 3.52       [1]

Where x is the depth below ground level and y is the 
bulk density 

Two types of the biochemical process that can cause 
land subsidence are: 1. Oxidation and 2. Shrinkage, 
Oxidation occurs due to the influence of oxygen on the 
physical layer of peat. The increase of the level of 
decomposition results in loss of organic matter. At least 
75% of long-term subsidence is estimated due to this 
type of the biochemical process (Stephens and Speir, 
1970). Shrinkage is the reduction in volume due to drying 
peat. Desiccation and the evaporation of water result in 
the shrinkage of peat layer upon the groundwater table. 

Due to their dry circumstances, oxidation is a major 
cause peat soil subsidence in both tropical and 
subtropical regions (Andriesse 1988; Deverel and 
Rojstaczer, 1996; Fornasiero et al., 2003). It is expected 
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that this process in the equator areas, because of their 
latitude, will exceed the percentage over the other parts 
of the world. Meanwhile, nearly 70% of the world’s 
tropical peat lands are located the Southeast Asia at 
altitude from 0 to about 50 m above seak-level with their 
thickness varying from 0.3 m to 20 m (Anderson, 1983; 
Wosten et al., 2008); an example of these tropical peat 
lands is located in Sumatra, Indonesia. 

The total land subsidence is usually described as a 
series of phases. It starts with the consolidation, followed 
by the slower process of oxidation and shrinkage. 
However, a study on the land subsidence over 21 years 
has found that such a linear subsidence model provided 
a poor prediction of subsidence over time (Wosten et al., 
2008). Doels (1995) improved the model by approaching 
the three subsidence factors (i.e. consolidation, oxidation 
and shrinkage) individually. Other research has included 
other significant factors that influence land subsidence 
besides the three factors mentioned above, such as fire 
(Maltby and Imirzi, 1993), excessive groundwater 
withdrawal and intensification of agriculture (Wosten et al. 
1997; Dradjad et al., 2003). The latest caused 30 cm of 
peat land subsidence (cumulated in the period of 1960-
1997) in Peninsular Malaysia due to the large-scale 
agriculture reclamation of tropical peat in tidal 
swamplands areas through the installation of irrigation-
drainage system.  

Fig. 1. The peat subsidence process influenced by fire, 
groundwater extraction, oxidation, shrinkage and decomposition. 

Figure 1 illustrates the land subsidence condition 
during the peat subsidence process. Peat layer can be 
loss quickly by fires and slowly by the oxidation, 
shrinkage, and decomposition without rewetting all peat 
layers above drainage base on river level. Different 
attempts have been done in minimizing the subsidence. 
For example, by maintaining ideal conditions for a 
particular crop yet minimizing oxidation (Berglund, 1995; 
Morris et al., 2014). 

2.2 Land subsidence measurement methods 

Current approaches into the land subsidence 
measurement fall into two categories: (a) technical 

measurement, comprising mainly using Global 
Positioning System surveys, subsidence poles and 
leveling surveys; and (b) empirical modeling, such as 
Arrhenius law, linear regression, and Stephen equation.

Arrhenius law views that oxidation and densification 
are a consequence of draining peat soils. Alternatively 
when the density of peat soils is increased, this results in 
compaction, desiccation and loss of groundwater buoyant 
force. The subsidence can be realized in the short and 
long term since densification leads to subsidence within a 
short duration; while the biochemical oxidation causes 
the long-term subsidence. The law uses the Q10 concept 
where each reaction has a Q10 value that range between 
1.5 and 2.5 and averages approximately 2.0. A study in 
Everglades had used this law to calculate a continuation 
of their organic soil subsidence, which was recognized by 
as the lowering of the ground water level.  

The law also recognizes temperature as a key factor 
in determining whether or not there will be a continuation 
of subsidence on peat soils. The higher temperature, the 
higher is the chemical reaction by the peat soils. The 
consequence of the temperature level is expressed by 
the term Q10, i.e. with every change of 10o C there is a 
subsequence chemical reaction:  

x)10Q(1S2S                                                             [2]

S1 is the known the oxidative subsidence rate at a 
known soil temperature T1, S2 is the corresponding 
oxidative subsidence rate at a soil temperature T2. Q10

represents the change on the reaction rate for each 10o C
temperature changes: 

 
 2 1T T Tx

10 10          
[3]

The linear regression method was developed to 
measure the long-term effect of land subsidence with 
limited data using the following equation:  

Subsidence rate = 0.04 * GW_level                       [4]

Where the Subsidence rate is calculated as cm/year 
and the groundwater level is cm. According to Wösten et 
al. (1997, 2008), the increasing of the land subsidence 
rate at the initial phase was 0.9 cm per year and 
experienced a decrease to 0.4 cm per year. The 
Equation [2] was admitted as the best prediction for long-
term effect of groundwater level changes as the 
consequences of the land use change in Malaysia 
Peninsular. To validate the model, Wosten et al. (2008) 
used the data of Stephens and Stewart (1976) and 
Schothorst (1977). Climate related differences in 
environmental parameters, i.e. soil temperature and 
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seasonal periodicity resulted in the different the 
differences seen between the Florida’s and Malay’s soils, 
described in this study and compared with Indiana and 
the Netherlands (Hoogland et al., 2012). 

Stephens and Stewart (1976) used the Arrhenius law 
to evaluate the biochemical subsidence rate for low moor 
organic soul at each location using the annual average 
soil temperature at the 10 cm depth. The basic 
subsidence formula of the Stephen Equation is: 

  o(T T )/10
T 10S (a bD)Q                                            [5] 

ST is the biochemical subsidence rate at temperature 
T, D is the depth of the water table, T is the annual 
average soil temperature at the 10 cm depth, T0 is the 
base soil temperature, and a and b are constants. Q10

refers to the equation [2], which represents the change 
on reaction rate for each 10oC temperature change. 
Stephen and Steward (1976) assumed that the 
biochemical reactions responsible for the decomposition 
of peat had a Q10 value of 2.0 and the base temperature 
T0 at which decomposition become significant was 5oC. 
Therefore, based on this assumption, the equation [5] is 
written as: 

10/)5Tx(
T )2)(bDa(S                                                [6]

In the case of the Lullymore Experimental Station in the 
Irish Republic (Stephens and Stewart, 1976), the 
Equation [3] has been used to estimate the annual 
subsidence rate for the arable low more soils with T is 
8.5oC and D is held at 90 cm. Thus, the Equation [5] for 
this region is: 

10/)55.8()2)(90*0169.01035.0(LS                   [7] 

Stephen and Steward (1976) argued that for a similar 
type of peat soils in the tropical countries, which have 
degree temperatures around 30oC. They adjusted the 
Equation [5] to be: 

10/)530()2)(90*0169.01035.0(xS                    [8] 

Hence, to measure the land subsidence rate in Florida, 
(Stephens and Stewart, 1976) used the following formula: 

10/)5T(2*)1035.0D0169.0(xS                             [9]

Meanwhile, the formula applied for measuring the land 
subsidence rate in Malaysia (Wosten et al., 1997; Wosten 
et al., 2008) is the following: 

10/)5T(2*)GL*00524.0093.0(xS              [10]

The Equations [5] to [10] have been applied in the areas 
that are positioned on different latitudes. We found the 
similarity of the assumptions taken: the T0 is equal to 5oC, 
and the Q10 is equal to 2. These values were used to 
measure their land subsidence rate without taking into 
account the difference of the climate and the type of peat 
soils of the respected areas. 

3. Adaptive land subsidence measurement 
  

The previous overview from literatures shows that 
oxidation is the major cause of peat soil subsidence in 
many countries in the world. The overview also shows 
that other factors besides extreme rainfall, such as the 
latitude of the area, the soil temperature rate and the 
groundwater level, affect greatly on the long-term 
subsidence rates from one climatic region to the other. 
However, we found that the current approaches into the 
measurement of land subsidence rates do not take into 
account these factors. Here, we aim to develop a model 
of land subsidence that adapts to the type of peat soils, 
the soil temperature and the changes of groundwater 
level. 

The linear reservoir concept is used to design the 
proposed model. We consider the concept mainly 
because it takes into account parameters used in the 
Arrhenius law, linear regression and the Stephen 
equation. To develop the model we followed the following 
procedures. Firstly, we designed the adaptive land 
subsidence model based on the linear reservoir concept. 
This step results a formula to measure the land 
subsidence, which takes into account the characteristics 
of the soils, the different of the temperature soils, and the 
change of the groundwater level. Here, we also identified 
necessary parameters that were needed to be collected 
from the field.  

Secondly, we used the satellite imaginary maps for 
selecting locations where the monitoring devices were 
placed.  

Thirdly, we conducted a set of field measurements on 
the selected locations within a year following the two 
seasons that occurred in the area. This activity measured 
the identified necessary parameters, i.e. the temperature 
soils and the groundwater level. During this field 
measurement, we also monitored the land subsidence 
from the selected locations within a year. These data 
were used to compare the results of the measurement 
using the adaptive land subsidence model with the actual 
data.  
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Finally, we simulated the land subsidence in the 
selected location by plotting the parameters into the 
adaptive land subsidence model. Then, we compared the 
simulation with the results for the field monitoring. Based 
on this comparison, we presented the validation and the 
analysis of the proposed model. 

The following subsections describe the design of the 
model: the proposed model, the data acquisition work 
and the validation of the model.  

3.1 Linear Reservoir for measuring land subsidence rate 

The linear reservoir concept is based on analysis of 
the recession limbs of the drainage hydrographs, and has 
already been used extensively for description of 
catchment responses (Linsley et al., 1988; Hornberger et 
al., 1991; Dingman, 1994; Sivapalan et al., 2002; 
Buytaert et al., 2004). We use the analogy to this concept 
to model the peat soil subsidence. Here, the water and 
peat soils are considered as one volume.  The concept 
can be described as: 

S kD                                                                        [11] 

 
dSI O
dT                                                                 

[12] 

I is the inflow, O is the outflow, S is the stored amount 
of the water and peat soils, T is the soil temperature and 
k is a rate constant. We consider that the groundwater 
level at the soil temperature T is D(T), which can be 
described as: 


S(T)D(T) k                                                                

[13] 

Where S(T) is the land subsidence at the soil 
temperature T. 

Figure 2 the water balance concept shows the 
change of volume due to the input I, the output O and the 
annual rate subsidence S. The volume of the 
combination of the water and peat soils can shrink as a 
result of water evaporation and peat oxidation. 

If we ignore the inflow, the Equation [12] becomes: 
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With T0 as the initial soil temperature and by 

considering the change of temperature T – T0, S(T) can be 
determined by: 

    (T) o
1 lnS T T C
k

    (T) olnS k T T C

    ok T T C
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The initial land subsidence at the initial soil temperature 
T0 is: 

 
    o o

o
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TS e e

Based on the Arrhenius law, i.e. the Equation [2], the 
land subsidence at the soil temperature T becomes: 

  ok T TC
(T)S e .e or  

  o

o

k T T
(T) TS S .e

Here, we consider the initial land subsidence as 
function of the groundwater level D that is written as: 

)bDa(oTS 
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Fig. 2. The water balance concept.
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Where a and b are constants. Therefore, the land 
subsidence at the soil temperature T can be combined in: 


 

k[T T]oS (a bD).e(T)                                           [14] 

Where S(T) is the annual rate subsidence (cm) at the 
soil temperature T (oC) and groundwater level D (cm).  

T = To-T is taken from the difference between the 
highest and lowest hourly soil temperature data at 10 cm 
depth for a year and the coefficient k is adjusted from 
Table 1, a and b are constants. 

Furthermore, to take into account of the different 
characteristics of peat soils, we take the values of k from 
the research of Ho and McKay (2000). The values of k in
Table 1 are listed for certain peat soil doses (gram/liter). 

3.2 Data acquisition 

The data of the present study was gathered from the 
middle of the Sumatra delta, i.e. on 100º28’ - 102º 12’ 
East longitudes and 0º20’ - 1º16’ North latitude. The area 
was covered by tropical rainforests and approximately 
40% of these rainforests grew up at lowland forests (see 
Fig. 3).

These forests are mostly located on the eastern coast 
of Sumatra. 56.6% of the areas are layered with peat 
soils. 30 % of these layers have more than 4 m depth.

In natural conditions, the swamp areas of the eastern 
cost of Sumatra function as a retention area by absorbing 
floodwater. Thereby, they prevent or mitigate flood in 
downstream area. The areas along the rivers in the area 
of interest serve as overflow areas during flood periods in 
the wet season, while in the dry season the stored water 
is slowly released. 

Figure 3 shows that Histosols are used around the 
eastern coast of Sumatra for crop production and forestry, 
as well as wildlife and recreation. The organic material 
can be harvested for horticultural potting soil and for 
heating and electricity. If the soils are used for crop 
production, extensive drainage is required. As a rule of 
thumb, the subsidence should have occurred at a rate of 
1 inch of soil per year. However, the drainage leads to a 
more rapid subsidence due to the oxidation biochemical 
process and the drained Histosols are vulnerable to fires. 

We conducted a set of field measurements using 
Hobo loggers located on the middle stream areas of the 
river. 

The measurement aimed at collecting data about the 
groundwater level and the soil temperature. The data 
was gathered within one and half year, from 10th of June 
2009 until 28th of December 2010. The measurements 
were carried out on two conditions: during dry and wet 
periods. According to Fig. 4, based on the results of 

monitoring in the field, soil temperature varies inversely 
with groundwater level. The soil temperature increase at 
the time of level the groundwater level down, and 
increasing groundwater level have the potential to the soil 
temperature declined.  

The process of the rise and down of soil temperature 
and groundwater level led to a decline of land surface. 
The rate of declining depends on the characteristics of 
peat soil. We also took into account three different peat 
soil characteristics. These characteristics were based on 
the first three of the peat soil doses in Table 1, i.e. 4 gr/lt, 
8 gr/lt, and 16 gr/lt. 

Table 1. The effect of peat dose on lead ion sorption data        
(Ho and McKay, 2000).

Peat 
Soil 

Doses 
(g/lt)

Correlation 
Coefficient

Metal Ion 
Removal 

Capacity at 
Equilibrium 

(mg/g)

k(g/mg*mi
n)

Initial 
Sorption Rate     

(mg/g*min)

4 1.00 24.9 8.88 x 10-3 5.13
8 1.00 12.2 6.82 x 10-2 10.2
16 1.00 6.15 0.359 13.6
24 1.00 4.09 1.03 17.2
32 1.00 3.07 2.17 20.4

Fig. 3. The peat thickness around the eastern coast of Sumatra 
(Riau Forestry Management and Research, 2008).

Fig. 4. The soil temperature, groundwater level and in situ 
settlement gauge measurement were under observation for 18 
months.
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3.3 Validation of the model 

The 18-month-field measurement resulted in and the 
equation [14] based on the linear reservoir concept were 
employed to validate the model. Equation [14] was used 
to estimate the rate of land subsidence by taking into 
account three different reaction rate constants k of the 
peat soil. The difference between the highest and lowest 
soil temperature in the area of interest is 20oC. Using 
these numbers, Equation [14] can be derived as follows: 

St = 1.092a+1.092bD

Trend field measurements in Fig. 5 were generated 
by assuming; with St = 10 cm/year, D=80 cm and k1 
=8.88 x 10-3 (see table 1), equation [14] resulted in 
1.092a+95.4b=10.  Whereas with St = 5 cm/year, D=40 
cm and k1= 8.88 x 10-3, the equation above mentioned 
will resulted in 1.092a+47.7b=5. By substituting the first 
equation into the second equation, the variables a and b 
can be obtained being -0.42 and 0.105 respectively. The 
similar procedure was also applied for k2, k3, k4 and k5 
values. However as representation of Sumatra, it was 
decided to apply k1, k2 dan k3 only. Having these values, 
the relation between the subsidence rate and the 
average of the groundwater depth can be developed and 
shown in Fig. 5. The results of the field monitoring are 
presented in the following figure. Linear regressions 
relationships were applied to show the correlation 
between the rates of subsidence and the ground water 
table changes. The monitoring had been carried out for 
18 months, and these measurement results were 
compared and used to validate the result of modeling. 
Based on the variation of different peat soil composition, 
for k1 value of 8.88 x 10-3 then acquired land decreasing 
trend as depicted by brown dots (k1 marked). For 
instance, when the groundwater depth is 80 cm, the 
potential impairment of land (land subsidence) would be 
9.5 cm per year. Modeling results using k2 of 6.82 x 10-2,
are showed in green points (k2 marked). The potential of 
land subsidence for groundwater at a depth of about 80 
cm is obtained by the potential decrease of 8 cm per year. 
The red dots (k3 marked) show a potential reduction of 
land of k3 with a value of 0.359. 

With a depth of groundwater 80 cm, the acquiring 
land reduction potential value for k3 is 3.5 cm per year. 

The difference of the soil temperature in a year is in 
the range of 20 to 40oC. With the groundwater level D 
equal to 20, 30, 40, 50, 60, 70, and 80 cm, we can 
simulate the annual subsidence rate of the organic soils 
using the Equation [14]. Figure 6 shows the results of 
this simulation. 

This Fig. 6 shows that for D equal to 80 cm, which 
usually occurs during the dry season based on the  

proposed model, the annual subsidence rate in Sumatra 
peat areas is more than 10 cm/year. In the dry season, 
the soil temperature of the areas can be higher than 40oC. 
During this season, the dryness can cause fire and the 
fire results to the rapid land subsidence. 

This model can be used for any location worldwide 
with the adjustment of parameters; T and k. Calibration 
need to be performed on other regions, among others; 
measurement of land surface temperatures (high and 
low) and adjustment of the gram per liter content of the 
peat soils. Regarding the soil characteristic, land 
subsidence of peat tends to be linear. This model is 
suitable to predict land subsidence of an area which has 
few monitoring data. 

Fig. 5. The annual subsidence rate calculated based on the 
Adaptive Land Subsidence Model for three different values 
of k.

Fig. 6. The Annual subsidence rate of organic soil Sumatra 
peat areas based on the Adaptive Land Subsidence Model 
at different soil temperatures and the groundwater levels.
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4. Conclusion  
 

To strengthen the evidence supporting the hypothesis 
about the correlation between land subsiding and the 
high occurrence of floods in the Sumatra regions, 
besides the rainfall-runoff modeling, the research has 
collected measurement data of ground level, 
groundwater level, and soil temperature during both dry 
and wet session with distinctive peat soil characteristics. 
Using the data, an adaptive land subsidence model has 
been developed. The model takes an assumption that 
water component and peat soil are integrated in a volume 
and the both of them will react to evaporation and 
oxidation due to year-round temperature change.  

Using an analogy of water reservoir for the integration 
of water and peat soils, the adaptive land subsidence 
model applies the linear reservoir concept adopted from 
the field of hydrology for calculating the capacity rate of 
peat soils in wetland. In this case, the peat soils act as a 
vast water reservoir. The concept follows the water 
balance concept for assessing the current status and 
trends in water resource availability in a reservoir over a 
specific period of time. To illustrate this concept, consider 
a reservoir with the water inflow (input) for this reservoir 
is precipitation and the water outflow (output) is 
evaporation outflow, any exploitation of water resource 
from the reservoir will change in the water volume in the 
reservoir. The model applies a similar approach for 
wetlands, where the inflow is rainfall and stream flow, and 
the outflow is evaporation, groundwater extraction and 
oxidation. The evaporation and the groundwater 
extraction are factors that cause the initial groundwater 
level reduction, while the oxidation causes the 
subsidence of peat soils.  

To see the correlation between the groundwater level 
reduction and the temperature, the present research has 
compared and analyzed the model using conditions: 
evaporation and oxidation are treated as one parameter. 
The results show that the lower groundwater level and 
the higher temperature will create the higher annual 
amount of the subsidence rate (see Figs. 5 and 6).  

The variant of peat soils is also a key factor that 
causes rapid subsidence of peat soils. The deeper 
groundwater resources from the surface discharge and 
the higher soil temperature will accelerate the annual rate 
of land subsidence. The present research projects the 
annual rate of land subsidence along East Sumatra’s 
deltas, which will be 12.5 cm per year (see Fig. 3). The 
proposed adaptive land subsidence model can be 
applied in all areas by entering the relevant variables, 
namely: (a) the lowest and the highest temperature 
values in a year, (b) the soil sample, and (c) the soil 
characteristic, i.e. chemical reaction of peat. Based on 

the simulation result of the model, to avoid the rapid 
acceleration of land subsidence, it is recommended to 
maintain the groundwater level about 10 cm deep from
the soil surface.  
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