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Observational Method using Kalman Filtering for Land Subsidence Prediction in Bangkok

1. Introduction

Since 1950s groundwater has been used as an important
source of water supply in Bangkok area, the capital of
Thailand, which is located in the Lower Chao Phraya basin. At
present, due to increase in groundwater extraction over the
entire period, Bangkok has been facing the severe problem of
land subsidence, which has intensified a lot of problems such
as flooding and foundation damages (Natalaya and Phienwej,
2001). By considering land subsidence as an urgent issue, the
project of management of groundwater and land subsidence
was initiated by Department of Mineral Resources (DMR) and
now being studied supported by Japan International
(JICA) 1999). The
prediction of land subsidence is one of the important tasks

Cooperation Agency (Ramnarong,
within the project. In this study, the autoregressive model
(AR) is used to represent subsidence process and Kalman
filtering is applied to identify model parameters based on
observed data of land subsidence.
2. Land Subsidence in Bangkok area

The overall groundwater extraction in Bangkok areaisin
critical rate, over 2.0 million m3/day in 1999. The extensive
groundwater pumping since 1970s led to significant
drawdown in piezometric levels of the main aquifers to 50-60
m. Conseguently, land subsidence has continuously occurred,
totally around 0.1-0.9 m up until now. The present rate of land
subsidence is 5-20 mm/year in the central area and 25-45
mm/year around the industrial zone in the suburbs. For
mitigation of land subsidence crisis, groundwater pumping
rate has to be controlled to restore piezometric levels in the
aquifer system. On the other hand, mitigation of prospective
damages from land subsidence must also be taken into
consideration. For such purpose, reliable prediction of land
subsidence is necessary. The Finite Difference (FD) and Finite
Element (FE) analyses are generally applied for land
subsidence simulation. However, the prediction is rather
uncertain due to difficulties in attaining reliable record on
historical piezometric drawdown in the underlying soil layer.
The other simple prediction of subsidence is based on
empirical equations, such as logarithmic equation and linear

equation (Duc, 1999).
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3. Observational Method for Subsidence Prediction

The analytical solution of consolidation equation for
subsidence prediction is not effective under the situation in
which soil properties and conditions are quite uncertain. In
such case, the observation method is considered to have a
great advantage. For one-dimensional consolidation, the AR
equation is demonstrated to be a suitable discrete time model
for subsidence pre(ii ction (Asaoka, 1978).

s, =k, + Y ks, 1)
i=1

where s denotes the settlement at the time t=4t-j and the
coefficients ko and k; (i=1,2,...,n) are unknown parameters for
AR model of order n.

The first and second order models were suggested for
subsidence prediction.
4. Estimation by Kalman Filtering

The following linear system equations denote a field

equation:
X1 = X+ Gw, @)
Yo =HX +V, (3)

where X; is a state vector, w, is a system noise vector, F; is a
state transition matrix, G; is a driving matrix, y; is an
observation vector, v; is an observation noise, H; is an
observation matrix, and w; and v, are assumed as white
Gaussian noises with covariance Q, and R;, respectively.

The best and unbiased estimate at time t and error
covariance after noisy observation can be expressed as

follows:
)’Zt/t = )’Zt/t—l + Kt[yt - Ht)A(t/t—l] 4
P =R —-KHF,, (5

where Xis an estimate, P is an error covariance, and K is
Kalman gain, which can be calculated by the following
equation:

T T -1
Kt = PI/I—lHI [Htpt/t—lHt + R[] (6)
Then, the estimate and error covariance at time t+1 can
be obtained as follows:

)A(t+1/t = Ft)?t/t (7
Poan = Ftpt/tFtT + GtQthT (8)
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5. Identification of Prediction Model Parameters
By considering the subsidence process as stationary, first

order and second order AR models were applied to prediction
of subsidence (n = 1, 2). The state and observation equations
can be expressed as follows:
ko ko
Kk k
o= 4w )
kn t+1 kn t
ko
k1
s=[L s; - s.l{ v
K, J,

Subsidence observation data since 1978 to 1997 at ST.10

(Ramkamhaeng University, Central Bangkok) were used in the

calculation. Initial value of both noises covariance (Q; and R;)
and error covariance (Pgj0) were assumed to be unit matrices.
6. Results and Consideration

From the available data, calculation was set to 18 time

steps. The model parameters obtained at each time step after
filtering are shown in Fig. 1. The model parameter kg
converged at early step while k; in first order model and k; and
k, in second order model converged at late step (after step 15).
The model parameters obtained after convergence were used
for prediction. The prediction results are shown in Fig. 2.
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Fig. 1 Model parameters obtained by Kalman filtering
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Prospective subsidence from 1997 would reach 160 and 208
mm by 2020 according to the prediction by first order and
second order model, respectively.

According to the prediction of 3-D model simulated by
JICA et al (1995), in which several future scenarios of
groundwater use were estimated for input, the subsidence
during 1993-2017 at this area was 200-300 mm in most
scenarios. In this study, the prediction for the same period was
233 and 276 mm by using first order and second order model,
respectively. It is obvious that the results agree well with that
of 3-D model. However, in order to assess the reliability of
prediction, further investigation of noise characteristics and
estimation error is necessary. The application of observational
method using Kalman filtering to other models for subsidence
simulation such as FD and FE model is also recommended.

7. Conclusions

This study presents the prediction of land subsidence by
observational method using AR model and Kalman filtering.
Observed data in Bangkok were used in calculation. Despite
rather simple model, prediction result showed a good
agreement with the result from 3-D model.
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