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Abstract

The rapid urbanization from special economic zones (SEZs) in Asia poses a risk on water
crisis. This paper identifies water body change trend and its driving force of change in
Chonburi province; the most urbanized area in the Eastern Economic Corridor (EEC) of
Thailand, in order to analyse the root cause of water shortage in the area. Land use maps
from 2006 to 2019 were used to evaluate the changing trend in water bodies using land use
transition matrix and land use dynamic degree. Panel data from 364 observations in the
Chonburi sub-district was used to assess the driving forces of water body change using panel
data analysis. The study reveals that the water bodies are experiencing an increasing trend at
the annual rate of 10.72%. The most predominant factor of change is the type of governance,
followed by agricultural land use, climate change and population respectively. The results
highlight the increasing trend of human-made urban water bodies, the importance of the local
authority and the need of international collaboration. Therefore, the government should
consider to strengthen measures and policy relative to water body change in the area in order
to induce significant impact on future urban water supply.
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Introduction

The urban stream syndrome refers to the
consistently observed ecological degradation of
streams draining urban land [1]. The symptoms
include a more impressive hydrograph, raised
concentrations of nutrients and contaminants,
altered channel morphology, artificial floods,
extremely low flows and decreased biodiversity
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with increased dominance towards tolerant
species [2-3]. Many studies reveal that a
deterioration in urban water bodies is associated
with land use change resulting from increased
urbanization [4—10]. Urbanization has profoundly
affected landscape characteristics, especially
the development of impervious surface areas
[11], leading to an increase in surface runoff,
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outflow and stream discharge, lower evapo-
transpiration, infiltration rate and induce
water-retention losses [12—15]. Evidence from
Srinivasan et al. [16] showed that compact
and dense urbanisation increased vulnerability
to water stress while Oudin et al. [17] also found
that urban area fragmentation can help to
mitigate the impacts of urbanisation on water
bodies. An increase in urbanization has been
found to decrease the average groundwater level
[18] while the surface water quality determined
by the level of urbanization could be improved
by strengthening environmental policies and
water management [19].

The water bodies in urban areas are essential
for providing ecosystem services to their in-
habitants in term of provisioning, regulation and
maintenance and cultural services [20]. Huang
et al. [21] indicated that different water body
types have different effects for urban ecology
and environment. There are five classes of water
body in urban area (River and canal, lake and
lagoon, reservoir, farm pond and irrigation canal).
Rivers play an important role in providing
domestic water, regulating climate, and
transportation; lakes and lagoon are mainly
used for conserving water; farm ponds provide
places for fishery and planting aquatic products;
reservoir and irrigation canal supply water to
the agricultural areas and prevent flood risk.
Urban growth increases water demand, driven
by rises in the population, and therefore,
understanding the change in urban water bodies
and its driving forces of change could help in
making decisions for future urban water body
plans.

Many factors cause water body change.
Agriculture land use has modified global
hydrological cycle in terms of water quality and
quantity as it takes 70% of freshwater withdrawals
from rivers and groundwater [22]. Climate
change induced alterations in temperature and
precipitation affect the distribution of water
bodies by changing hydrological and biochemical
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cycles [23]. The development of urban popu-
lations, economy, technology and culture either
promote or block change in water bodies as
economic growth and populations increases
per-capital water use which lead to increased
water withdrawals and wastewater discharges
[24]. The increase in total municipal water
demand causes cities to search for new water
sources, leading to the construction of urban
water infrastructure [25], therefore the capacity
of the local authority who is responsible for
providing water for the city and the water
infrastructure also induced the urban water
body change.

Several studies focus on the driving factors
of urban water body change. The United Nations
Educational, Scientific and Cultural Organization
(UNESCO) conducted qualitative research on
the driving factors of change in water bodies
and concluded that ten drivers induce such
change: agriculture, climate change, demography,
economics, ethics, governance and institution,
infrastructure, politics, technology and water
resources [26]. The UN also reported on the
driving forces of change in water bodies with a
discussion, review and expert consultation,
concluding that in 30 years’ time, the factors
driving water body change are likely to be a rise
in population, increasing consumption of food
and industrial goods produced using water
and trade policy [27]. In China, Jiang et al. [28]
found that the driving forces of water body
change were identified as annual rainfall, eva-
poration, quantity of inflow water, volume of
groundwater available, urbanization rate and
daily average discharge of wastewater. According
to Li et al. [29], human activities and terrain
conditions had a negative effect on the water
body area in the Jing-Jin-Ji region while climate
and soil properties had a positive effect. Li et al.
[30] also revealed that from 1980-2016, there
was a drastic loss of marshland (65.7%) due
to rapid paddy field expansion in the Sanjiang
Plain, Northeast China, influenced mainly by
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biophysical, socio-economic and land manage-
ment factors. Wu et al. [31] reported a decreasing
trend in water bodies and an increasing trend
in built-up area at Longfeng Wetland Natural
Reserve in Daqing city. Exhibiting the greatest
effect on water body change were human
factors (GDP, population and environmental
policy) and natural factors (temperatures, annual
precipitation, evaporation and groundwater)
respectively. Zhang et al. [32] also found a
drastic decrease in the natural water body area
and a rapid increase in human-made water
bodies in Beijing-Tianjin-Hebei region and its
driving factors were gross farm production,
total aquatic products and irrigated area. In
India, Malik and Rai [33] revealed a reduction
in wetland due to the agricultural expansion in
Pong Dam wetland in the Western Himalaya,
Himachal Pradesh. The main drivers of change
were human and livestock activities. These
researchers suggested minimizing agricultural
activities and instead, encouraging agroforestry
activities in the area.

Many Asian countries are creating special
economic zones (SEZs) and these are estimated
to represent 5% of the total 20,000 economic zones
in the world [34]. With massive industrialization,
urban land use in Asia has increased rapidly as
economies shift from agriculture to manufacturing
and services, encouraging large numbers of
people to move to cities. Wolfgang et al. [23]
indicated that none of the Asian countries have
an exclusive national policy on water body pro-
tection, including Malaysia, Vietnam, Bangladesh,
Cambodia, China, Indonesia, Pakistan, the
Philippines and Thailand. At some point, these
urban areas will face a water supply shortage
resulting in the eventual slow-down of in-
dustrial and economic development [35].

Located in Southeast Asia, as of 2010,
Thailand had the sixth largest urban land area in
the region. Its urban areas have seen an average
annual growth rate of 1.4%, with Bangkok,
Chonburi and Chiang Mai as its top three most
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urbanised areas [36]. As Thailand’s capital city,
Bangkok became urbanised over several decades
while for Chiang Mai and Chonburi, urban
development has occurred in just over ten years.
Among these big urban cities, only Chonburi
Province is strategically located in the special
economic zone of Thailand, namely the Eastern
Economic Corridor (EEC). The project focused
on the 3 Eastern provinces, namely Rayong,
Chonburi, and Chachoengsao. It commenced in
1981 under the Eastern Seaboard Development
Program (ESDP), a special economic zone
(SEZ). After the 2014 military coup, the National
Council for Peace and Order (NCPO) an-
nounced the revitalization of the ESDP with a
budget of 15 trillion Baht (US$43 billion) under
the scheme Thailand 4.0 with a five-year plan
(2017-2022), renaming it the EEC. The Thai
government aims to develop the EEC area
into a regional gateway for trade, investment
and services for the ASEAN. During the
establishment of the EEC, the government
planned to develop the water bodies in the area
due to its geology consisting mainly of granite.
However, due to its hardness and lack of water-
retention qualities, the use of groundwater was
not a good alternative. Desalinated seawater
was also discussed but discounted due to the
expense involved. Therefore, the plan was to
use surface water only as the source. The
Strategy and Area Development Planning
Department, Office of the National Economic
and Social Development Council reported
that the water situation in the EEC during
2015-2016 was very well-managed, with plenty
of residual water in each reservoir to support the
area’s activities especially in Chonburi Pro-
vince [37]. However, when a drought occurred
in 2015, caused by the impact of El Nino, all
three provinces in the EEC had to divert water
from other provinces to support the demand in
the area [38].

The root cause of the water shortage in the
EEC is due to insufficient knowledge on the
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actual indicators of the water body change in the
area. This research aims to fill in this gap by
analyzing water body change trend and its
driving force of change in Chonburi Province;
the most urbanized area in Thailand’s EEC.

Study area and data
1) Study area

Chonburi Province lies in the east of
Thailand (Figure 1). It is approximately 80 km
from Bangkok, covering an area of 4,507.81
km?. It is the most urbanized area among the
three provinces (Chonburi, Rayong, and Cha-
choengsao) designated for development along
the EEC [36].

Chonburi Province is home to the country’s
largest seaport, Laem Chabang; an important
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hub for Thailand’s industry. The registered
population as of 31 December 2019 was 1.509
million, excluding 511,356 non-registered persons
[39]. The province consists of 11 districts:
Mueang Chonburi, Sri Racha, Bang Lamung,
Ko Chan, Nong Yai, Ban Bueng, Panusnikom,
Phan Thong, Bo Thong, Ko Sichang and
Sattahip. Mueang Chonburi is Chonburi’s city
centre. Industrial estates are located in Sri
Racha and Bang Lamung while agricultural
areas are situated in Ko Chan, Nong Yai, Ban
Bueng, Panusnikom, Phan Thong and Bo Thong
Districts. Famous beaches and sea views can
be found in Ko Sichang and Sattahip. There
are a total of 114 sub-districts in Chonburi.
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Figure 1 Location of the study area.
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2) Data

Land use maps in ArcGIS vector format for
the years 2006, 2010, 2013, 2016 and 2019
were obtained from the Land Development
Department of Thailand (LDD). These land use
maps with a scale of 1: 25,000 were classified
from Landsat-5 TM combined with a field
survey. Assessment of the land use change trend
in water bodies uses data only for 2006 and
2019. There are 108 land use types in the 2006
land use map and 185 for 2019. These have
been reclassified into six land use classes based
on the theory by Barlowe [40]. These land use
classes are agricultural, forest, marsh and swamp,
rangeland, urban and built-up area and water
bodies, as described in Table 1. The land use
data was verified using 600 field data points,
with an overall accuracy of 87.33% for year
2006 and 89.33% for year 2019.

Panel data on Chonburi’s sub-districts for
the years 2006, 2010, 2013, 2016 and 2019 is
used to analyze the driving factors of water
body change. Chonburi consists of 114 sub-
districts, 23 of which are islands with forest
cover and no movement in land use during the
study period. Therefore, these 23 island sub-
districts have been omitted from this study. A
total of 91 sub-districts are observed every four
years (2006, 2010, 2013, 2016 and 2019). The
dependent variable is land use change in water
bodies (CWB), so this figure is subtracted from
the data available from the previous year. The
process resulted in 364 panel data observations.
The driving factors for land use change in water
bodies are selected based on the UNESCO [26]
and UN [27] reports as these factors mostly
focus on human activities which caused urban
expansion. Some researcher such as Bolca et al.
[41] found that these human activities are the
most influential factors attributed to water body
loss in urban area. The selected factors include
agricultural land use area (AG), average annual
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rainfall (PRECIP), forest land area (FR), sub-
district tax revenue (TAX), industrial land use
area (IND), number of new businesses esta-
blished (BUSI), type of local government
(MUNI), commercial land use area (COM)
and population (POP).

The AG variables represent the agricultural
factor while PRECIP and FR wvariables
represent the climate change factor since
rainfall and forest have a direct and indirect
effect on the temperature in the region. The
TAX, IND and BUSI variables represent the
economic factor. The TAX variable is a proxy
for individual income in the sub-district.
Normally, Gross Provincial Product (GPP) best
represents individual income but the GPP data
is available only at the district level. Numerous
studies such as those conducted by King and
Rebelo [42] and Jones et al. [43] found that tax
revenue is an indicator of economic growth in
each area; therefore, the sub-district tax
revenue is used as a proxy for GPP. The IND
and BUSI variables represent the capital and
investment in the area; therefore, these are used
as an indicator of its economic level. The MUNI
variable represents the type of governance and
institutional factors. There are two types of local
government in Chonburi Province: municipalities
and sub-district administration organizations
(SAOs). In the event that the population size is
greater than 50,000 with the local revenue
exceeding 12 million baht, the area is
considered to be a municipality while an area
with a population size of 6,000 or lower is
categorized as an SAQO. Municipalities and
SAOs are responsible for urban public services
such as land management, infrastructure, public
transport, water and sewers, waste management
and other related public services in the sub-
district. Consequently, they have a direct impact
on every type of land use change. The COM
variable represents the infrastructure factor.
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Table 1 Land Use Classification

App. Envi. Res. 44(3) (2022): 59-75

Land cover classes

Description

Agricultural (AG) Paddy field, field crop, perennial, orchard, horticulture, swidden
cultivation, farmhouse, aquatic plants, aquacultural land, integrated farms,
diversified farms

Forest (FR) Evergreen, deciduous, mangrove forest, plantation, agroforestry

Marsh and swamp (MS) Marshes and swamps, pits

Rangeland (RL) Rangeland, pasture, abandoned fields

Urban and built-up area  Industrial estates, factories, cities, towns, commercial, villages,

(UB) institutional land, transportation, communication and utilities,
recreational, golf courses, cemeteries, refugee camps

Water bodies (WB) Natural water bodies, reservoirs

Although the report by UNESCO indicates
that infrastructure relates to water such as water-
ways for transport, irrigation and dams built for
hydropower, this research defines infrastructure
as a commercial territory with high concentrations
of buildings and roads and a water pipe struct-
ure. The demography of the area is represented
by population (POP). The ethical aspect and the
increasing consumption of food and industrial
goods produced using water are not included in
the model due to the limitations of data coll-
ection. Despite the availability of political and
trade policy data, this is not suitable for inclusion
in the model since it refers to the country level
only, rather than differing across sub-districts.
Therefore, neither of these variables are in-
cluded in the model.

Data on the population, tax revenue, and
number of new businesses established was
obtained from the Chonburi Statistics Office.
The Chonburi Meteorological Department
supplied the average annual rainfall data while
area data on agriculture, forest, commercial and
industrial land use area has been taken from the
LDD land use map. The type of local govern-
ment is the dummy variable. In the event that
Liq

L12 Lln

Lij =

Lnl an

Lnn

,Jdiandj = 1,2,3,...,n

the sub-district is under municipal management,
the value will be one and zero otherwise.

Methods

The land use transition matrix and land use
dynamic degree model were used to analyse the
impact of the changing trend in land use on
water bodies while the driving factor of water
body change was assessed using panel data
analysis.

1) Land use transition matrix model

The changes in land use type between the
two study periods were analysed using the land
use transition matrix model [44]. The model
detects the change information for each land use
type. The formula for the land use transition
matrix applied in this study is shown in Eq. 1.

2) Land use dynamic degree model

The annual rate of land use change was
assessed using the land use dynamic degree
model [45] with the value expressed as a
percentage of the spatial extent. Values above
and below zero indicate gains and losses
respectively. The formula is shown in Eq. 2.

(Eq. 1)

Where; L is the area, i and j are the land use types before and after transition, respectively.
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_L—-L4
==

LD X % X 100% (Eq. 2)

Where; LD is the dynamic degree of land use
or the annual rate of change in land use type
during a certain period, L1 is the number of land
use changes at the beginning of the study
period, L2 is the number of land use changes at
the end of the study period and T is the duration

of the study period.

3) Panel data analysis

Panel data provides space as well as time
dimensions, meaning individuals are observed
at several points in time. It contains a time-
invariant variable which differs among subjects
but remains constant over time for a given
subject. This variable is not directly observable
so its contribution to the function cannot be
measured. This study includes several time-
invariant geophysical factors and climatic
variables which are not different across sub-
districts, namely slope and average temperature.
Therefore, the pooled ordinary least square
model is not appropriate for analysis since these

Vie = PiXie + oi + pir, t=

1,...Tandi=1,... N
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unobserved individual-specific effects will cause
serial correlation and heteroskedasticity problems.
To deal with the time-invariant variable, it is
necessary to decide between fixed effect (FE)
and random effect (RE) models.

3.1) Fixed effect model (FE)

The extent of the true effect is assumed to be
identical in all studies, varying in accordance
with the sampling error. Therefore, the sum-
mary effect of this common occurrence is
estimated in this study. The linear unobserved
effects model for N observations and T time
periods is considered in Eq. 3.

3.2) Random effect model (RE)

The extent of the true effect can be
assumed to vary in each study. Therefore, one
true effect is not estimated but the mean of
several effects. The RE model includes an
additional assumption in that the random
effects o; are uncorrelated with X. Beginning
with the same unobserved effects model as
before, shown in Eq. 6.

(Eq.3)

Where; yi is the dependent variable observed for individual 7 at time ¢, X; is the vector of time-

variant independent variables, f; is the vector of parameters, ai is the unobserved time-invariant
variable and y;; is the error term. Since a; is not observable, it cannot be directly controlled. The FE

model removes o; by demeaning the variables used within the transformation as depicted in Eq. 4.
Vie- Vi = B(Xi - Xi) + (- @) + (tie - 1) (Eq. 4)

s 1 _ 1 . . — .
Where X; :;Zle Xirand {1 = - ;Zle Uit, Since o; 1s constant, @i = a;, the effect is removed.

Eq. 2 then becomes Eq. 5.

Yie = BiXie + i (Eq. 5)
The FE estimator f3 is obtained by the ordinary least squares (OLS) method.
Vie = oui + f1Xnie + oot PrXoie T i (Eq. 6)

Instead of treating a; as fixed, it can be assumed to be a random variable with a mean value
of a; (without subscript ) and the error term (&;) with a mean value of zero and variance of 6.
expressed as Eq. 7.
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oni=oar+&,1=1...1

Substituting (Eq. 5) into (Eq. 4),

Yie = a1+ PiXrie T oot PuXic + &0 + i
=a;+ BiXiit + ...t PuXnic + it

Where
it = & + Uit
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(Eq. 7)

(Eq. 8)

(Eq. 9)

The composite error term w;; consists of two components, & is the cross-section or
individual-specific error and w;; is the combined time series and cross-section error. The
assumption of the composite error term w;; is expressed as Eq. 10.

&~ N(0, o)
Mit~ N(Oa lel2)

E(eipi) = 0; E(eig)) = 0 (i £ )

(Eq. 10)

E(pie pis) = E(uij ig) = E(uic js) = 0 (i £j; t £5)

Therefore, if E(.)) = 0, then the var(wif) = 6:> + 6,> . The RE estimator /3 is obtained by the

generalised least squares (GLS) method.

3.3) Hausman’s specification test

Hausman’s specification test [46] is used
when choosing between FE and RE models by
testing for orthogonality in the random effects
and regressors. The test is based on the null
hypothesis of no correlation, when the OLS in
the FE model and GLS is consistent, but the
OLS is inefficient when the alternative hypo-
thesis states that the OLS is consistent while
GLS is not [47].

Results and discussion
1) Land use transition matrix

The land use transition matrix was used to
analyze the changing trend in water bodies from
2006-2019. Table 2 shows that the increase in
water bodies was 87.60 km? in 2019, of which
58.88 km? (67.22%) and 13.22 km? (15.09%)
were converted from agricultural land and
rangeland, respectively. The area of water
bodies in 2006 reduced by 13.72 km? of which
5.23 km? (38.11%) was converted into urban

and built-up areas in 2019. Another dominant
conversion was the transformation of water
bodies into 3.85 km? (28.10%) of agricultural
land and 2.56 km? (18.67%) into rangeland.
These findings indicate that water body loss was
mainly caused by urban and built-up and
agricultural reclamations while water body gain
emanated mainly from agricultural land.

The data on new business establishments in
each period indicated that around 40% com-
prised traditional and modern trade such as
convenience stores, supermarkets, specialty
stores, department stores, hypermarkets and
cash and carry. The second highest type of
business establishment was accommodation
and activities relating to food and beverage
services (20%) [39]. Typically, these business
types need to be located in prime positions
involving a dynamic change in economic
activities and land development. It is therefore
possible that land reclamations from water
bodies existed in these prime zones.
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2) Land use dynamic degree

The dynamic degree of land use from 2006
—2019 in Chonburi Province was calculated
using the results from the land use transition
matrix (Table 3). Water bodies were respons-
ible for the highest dynamic degree of land
use change (10.72%), followed by urban and
built-up area (3.00%), rangeland (2.14%) and
agricultural land (-1.29%) respectively. This
indicates that water body land use, urban and
built-up and rangeland developed rapidly from

67

2006-2019, while the rate of change for
agricultural land experienced a significant
decline. The overall variation in the land use
dynamic degree in Chonburi Province from
2006-2019 was 14.36%, with water bodies
and urban and built-up areas exhibiting the
largest increase. As a whole, during this ten-
year period, the land use status in Chonburi
Province was active due to rapid economic
development and urbanization.

Table 2 Transition matrix of land use in Chonburi from 2006 to 2016 (km?)

Land use type 2019 Total
2006 AG FR MS RL UB WB (2006)
AG 2,252.41 22.79 58.17 149.55 272.18 58.88 2,813.98
FR 17.26 459.09 0.80 3.43 13.86 1.16 495.60
MS 23.05 6.30 47.43 16.62 30.32 7.04 130.77
RL 62.59 15.85 11.71 58.43 59.52 13.22 221.32
UB 91.83 6.46 4.44 38.16 629.03 7.29 777.21
WB 3.85 0.68 1.39 2.56 5.23 55.21 68.93
Total (2019) 2,451.00 511.18 123.95 268.75 1,010.13 142.80 4,507.81

Table 3 Dynamic degree of land use in Chonburi Province from 2006 to 2019

Land use type Year 2006-2019
Change area (km?) Dynamic degree
Agricultural area -362.99 -1.29
Forest area 15.57 0.31
Marsh and swamp -6.82 -0.52
Rangeland 47.44 2.14
Urban and built-up areas 232.92 3.00
Water bodies 73.88 10.72
Total 14.36

3) Panel data analysis

The descriptive statistics presented in Table
4 show an average water body change in the
91 sub-districts of Chonburi Province during
the study period of 0.520 km? with a maxi-
mum positive change of 23.643 km? and a
maximum negative change of -5.699 km?. On
average, around 669 businesses have been
established with the maximum number reach-
ing 18,295 in these sub-districts. The average
number of population is 11,643. The average

tax revenue for the sub-districts in Chonburi
Province is 53.576 million baht with the
maximum equating to 918 and the minimum
0.102 million baht.

The panel unit root test proposed by Levin
et al. [48] shows that all variables are sta-
tionary at level except the sub-district tax
revenue variable which is stationary at the
first difference. Therefore, the tax variable is
used at the first difference and the other
variables at level for the analysis.
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Table 5 presents the results of the Pooled,
FE, and RE estimations. In the FE model,
local authority has the greatest effect on water
body change with a higher R? than the Pooled
OLS and RE model estimations, indicating an

App. Envi. Res. 44(3) (2022): 59-75

improvement in the goodness of fit model.
The Hausman test shows that the null
hypothesis cannot be accepted. Therefore, this

study focuses on the results obtained from the

FE model.

Table 4 Descriptive statistics of the variable fixed effect model

Variables Mean S.D. Maximum Minimum
Land use change in water bodies: CWB (km?) 0.520 2.365 23.643 -5.699
Business and industrial establishment number: 668.743 1,615.420 18,295.000 8.000
BUSI (number)
Sub-district tax revenue: Tax (Million Baht) 53.576 109.000 918.000 0.102
Population: POP (number) 11,642.970 12,196.800 76,504.000 1,153.000
Type of local government: MUNI 0.132 0.339 1.000 0.000
(municipality = 1, otherwise = 0)
Agricultural area: AG (km?) 41.608 53.884 367.945 0.000
Forest land area: FR (km?) 19.374 93.967 1,721.699 0.000
Commercial area: COM (km?) 52.605 24.306 229.162 0.792
Industrial area: IND (km?) 2.771 4.906 33.610 0.000
Rainfall PRECIP (mm) 91.553 41.865 289.600 3.600

Table 5 Panel data analysis using pooled OLS, fixed effect and random effect methods

Panel data variable

Pooled OLS coefficient

Fixed effect coefficient

Random effect coefficient

Intercept 1.020%** 2.089%** 1.016***
(0.394) (0.893) (0.393)
POP -3.350°° -1.0204#* -3.66°
(1.4907) (5.240°) (1.500°)
TAX -1.3407° -1.060° -1.370°°
(1.2907) (2.0107) (1.2807)
BUSI 5.010° 3.6807° 5.100°
(1.070%) (3.890%) (1.070%)
AG 0.012%** -9.4743% 0.012%**
(0.002) (0.011) (0.002)
IND -0.025 0.077 -0.025
(0.027) (0.061) (0.027)
CcoM -0.010* 0.002 -0.010*
(0.006) (0.012) (0.006)
FR -5.420* 0.002 -4.900
(0.001) (0.002) (0.001)
PRECIP -0.004 6.2173% -0.004
(0.003) (0.003) (0.003)
MUNI 0.997** 1.903*** L.O17***
(0.397) (0.565) (0.394)
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Table S Panel data analysis using pooled OLS, fixed effect and random effect methods (continued)

Panel data variable Pooled OLS Fixed effect Random effect
coefficient coefficient coefficient
R-squared 0.083 0.341 0.081
Adjusted R-square 0.060 0.293 0.058
S.D. of dependent variable 2.365 2.365 2.347
Durbin-Watson statistic 1.523 2.004 1.541
F-statistic 3.582 1.377 3.481
Prob F-statistic 0.000 0.023 0.000

Note: *** ** * — gtatistically significant at the 0.01, 0.05 and 0.10 levels with 364 observations; standard

errors are in parentheses

The results from the FE model indicate that
the type of local government has the greatest
effect on water body change, followed by agri-
cultural land use, climate change and population,
respectively. All signs for the significant variables
were as expected. When the sub-district is a
municipality, it results in an additional 1.903
km? change in water bodies. Municipalities and
SAOs are responsible for the management of
water, land and related resources to balance the
economic, social welfare and ecosystem envi-
ronment. Since municipalities have the ability
to generate more local revenue, they are better
able to manage the water demand in the area
under their responsibility. The finding implies
water demand projection in the territory. It is
consistent with the works of Srinivasan et al.
[16], Zhang et al. [32] and Wu et al. [31] in that
the establishment of capable local government
authorities and policies have a huge impact on
water security and wetland protection.

When looking deeper into the water body
type in Chonburi (Table 6), it is obvious that the
increased water bodies in the study area are
human-made. In 2006, from a total water body
area of 68.932 km?, natural water bodies ac-
counted for 46.504 km? (67.463%) and human-
made 22.429 km? (32.537%). Whereas in 2019,
from a total water body area of 142.804 km?,
35.247 km® (24.682%) were natural water
bodies and 107.557 km? (75.318%) human-made.
In terms of net area, natural water bodies in

Chonburi Province have slightly decreased but
in terms of percentage change, the proportion is
quite high. This increasing trend of human-made
water bodies is also consistent with the work of
Zhang et al. [32] although due to different causes.
In the Beijing-Tianjin-Hebei region, the increase
was driven by agricultural and grassland ex-
pansion while in the case of Chonburi, it was
due to industrial and urban development.
Regarding the AG variables, an increase in
agricultural land of 1 km? will result in a 9.474
km? (or 9,474 m?) reduction in water bodies.
This result is consistent with that of the FAO
[49], indicating that grassland and cropland have
a negative effect on the availability and quality
of water resources. Gordon et al. [50] also pointed
out that agriculture drives land use and land
cover change and has made substantial modifi-
cations to the global hydrological cycle in terms
of water quality and quantity. Furthermore,
Chaves et al. [51] found that agricultural and
pastureland intensity contributed to a significant
decrease in the base flow discharge responsible
for the maintenance of streamflow. Agricultural
water represents 70% of the total water withdrawn
for human use while industry and municipal
water account for 20% and 10% of water use
respectively [22]. Although the AG effect in the
study area is quite low compared to MUNI
variables, it is likely to have a significant impact
on water bodies since it covers a large area of
change. Malik and Rai [33] and Zhang et al.
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[32] suggested the minimization of agricultural
expansion to reduce the negative impact of
agriculture on water bodies. The top five crops
grown in Chonburi during 2019 were rubber,
palm oil, cassava, sugarcane and rice [52]. Rice
is the most water-consuming crop and mini-
mization rice growing in the area should help to
mitigate the negative impact on water body
change. Furthermore, there is no charge for
irrigation water in Thailand while the system
cannot be accessed equally by all farmers. Tariffs
on irrigation water can be part of the solution
as it will encourage efficient use of water in
this sector. Water rights transfer should also
applied for parcels converted from agricultural
to municipal use in these area. In addition, the
promotion of other water source options such as
rainwater harvesting, underground water tank
or private wells to meet part of their own
demand should also help to reduce the water
stress in agricultural use in the area.

The PRECIP variable exhibited a positive
impact on water body change, aligning with the
findings of the UNESCO [26] and Li et al. [29],
indicating that climate change has the positive
impact on water body. Our results indicated that
an increase in rainfall of 1 mm will result in an
additional 6.2173 km? (or 6,217 m?) change in
water bodies. The impact from El Nino in 2015
and 2019 in the EEC is the empirical evidence
that support the result from our model. When
the drought occur, all three provinces in the
EEC had to divert water from other provinces to
support the demand in the area. The issue is
beyond the capability of one nation to deal with,
therefore the government need to be coordinated
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at the international level to develop a plan to
solve the global warming problem.

An increase in population will result in a
reduction 1.020* km? (or 102 m?) of water
bodies. This result is consistent with the reports
by Wu et al. [31], Li et al. [30], UN [27], Li et
al. [29] and the WWAP [53]. The WWAP [53]
reported that population growth has led to a
tripling of water withdrawal over the last 50
years while the UN [27] also indicated that the
population influences water resource change
due to the wide range of human needs, include-
ing food production, industrial development
and domestic demand. Population growth puts
extra pressure on freshwater resources through
the increased need for water. There has been a
huge investment in the water supply in the EEC
but augmentation of water supply via keep
creating new sources cannot be sustainable in
the long run. Higher tariffs with spatial price
discrimination should be applied in the EEC as
the current water price does not include the water
delivering costs. A higher tariff based on location
would help to reduce water demand and improve
efficiency in water use. Currently, Thailand em-
ploys the Increasing Block Tarift (IBT); two-part
tariff for all user types (residential, government
agencies, small businesses, state enterprises and
large businesses) while Boland and Whittington
[54] argued that the IBT is not widely used in
developed countries due to its ineffectiveness.
A survey of urban water utilities in Asia found
that the majority of utilities in the sample used
an IBT pricing scheme [55], therefore water
price policy reform needs to be initiated not
only in Thailand but throughout Asia.

Table 6 Water body types in 2006 and 2019 (km?)

Water body type 2006 % 2019 %
Artificial water body 22.429 32.537 107.557 75.318
Natural water body 46.504 67.463 35.247 24.682
Total 68.933 100.000 142.804 100.000
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The relatively low adjusted R? of the models
implying moderate explanatory power. One of
the reasons for this shortcoming is likely the
lack of variation in selected driving force. The
model developed in this study focus on human
activities which cause urban expansion. Data on
soil properties, which had been found by
Baoshan et al. [56] and Meng et al. [57] to be
the key predictors in the water body change were
not included in the model. More detailed data,
especially the topographic might be necessary
to improve the model’s performance as it has
been found that most water body change occurs
on flat slope [58]. Finally, the climatic data, such
as the annual average temperature and humidity
were homogeneous not different across sub-
districts, making it unsuitable to include in the
model. Therefore, they remain unexplored.

Model validity test: Heteroscedasticity and
non-normality are critical in the panel setting.
The bias-corrected scaled LM proposed by
Baltagi et al. [59] was used to test the hetero-
scedasticity and no inefficiency problem was
identified in the panel setting. The histogram
normality plot and the Jarque-Bera statistic were
used to test the non-normality problem. The
findings of the test revealed that the residuals
were not normally distributed, indicating that
the panel setting remains biased. However,
Baltagi [60] suggested that the F-test is robust
against non-normality. In addition, the result is
based on the FE model where the intercept for
each observation is different, therefore the mean
of'the effect does not represent the mean of each
observation, making normality less critical in
this case.

Conclusion

This study attempts to draw conclusions
regarding the impact of urbanisation on the
water body change trend and the driving forces
of such change in the EEC of Thailand. The
findings reveal that water bodies are experience-
ing an increasing trend. The annual rate of
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change is the highest (10.72%) among all land
use types, followed by urban and built-up area
(3.00%), rangeland (2.14%) and agricultural
land (-1.29%) respectively. The increase in water
bodies during 2019 was mainly due to the
transformation of agricultural land (67.22%)
and rangeland (15.09%) while water body loss
mainly resulted from the conversion of water
bodies into urban and built-up areas (38.11%)
and agricultural use (28.10%). This implies that
the water body gain was mainly from agri-
cultural land while the loss was mainly caused
by the reclamation of urban and built-up areas
and agriculture. The results also suggest that
urban water bodies in the study area are planned
and managed by local authorities, under central
government delegation because the increased
water bodies are mainly human-made. In 2006,
human-made water bodies account for 32.537%
of the total water bodies in Chonburi while this
figure was 75.318% in 2019.

In the final panel model, the selected deter-
minants were generally weak predictors of water
body change. However, they are suitable for the
analysis in term of water pressure in urban area
as they mostly focus on anthropogenic activities
which are the most influential factors attributed
to the water body loss from urban development.
The results revealed striking effects of type of
governance, agricultural land use, climate change
and population on water body change. The posi-
tive effects arise from the type of governance
and climate change, while the negative effect is
from the agriculture and population factor.
Although the negative impact of agricultural
land use on water bodies is expected to decrease
in the future as it is exhibiting a decreasing trend,
diversifying towards crops that use less water
than rice could be part of the solution. In addi-
tion, irrigation tariffs should induce more effi-
ciency in water use in agriculture sector. The
water tariff based on location should also be
applied to reduce the negative impact from the
population growth. The location based tariff
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will help to reduce water demand as well as the
immigration pressure to the urban area. Among
the potential variables, climate change is the
factor that needs an international collaboration
network while the rest are manageable locally.
Therefore, the role of central government in the
future management of urban water is particu-
larly crucial.
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