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ABSTRACT

Sustainable Development Goal 6 (SDG 6) is developed to ensure the availability and sustainable development of water
sanitation for all by 2030. SDG 6 includes monitoring changes in the extent of water-related ecosystems over time. Water-
related ecosystems provide ecological functions and biodiversity for nature and humans, however, they are at risk from human
activities. Asian Water Development Outlook (AWDO) also considers environmental water security as one of the key dimensions.
It is reported in AWDO 2020 that an effective assessment of aquatic ecosystem health is vital to understanding this key
dimension. The environmental water security in AWDO 2020 assessed the health of rivers, wetlands, and groundwater systems
and measures the progress in restoring aquatic ecosystems to health on a national and regional scale which is divided into
two main indicators which are catchment and aquatic system condition and environmental governance. This study focuses
on catchment conditions, including change in riparian land cover and groundwater depletion that affects water-related
ecosystems on a basin scale. The objective of this study is to analyze changes over 10 years during 2009-2018 of riparian land
cover, groundwater depletion, riverine connectivity, and water quality in Chao Phraya, Tha Chin, and East Coast Gulf River
Basins and the year 2000 is selected as a baseline. The results show that the central region has relatively high pressures from
riparian land cover change particularly tree cover loss, low riverine connectivity, and the water quality index has remained in
poor condition. The impacts from agricultural, livestock, and industrial activities, as well as urbanization in the three river
basins, are prominent. Restoring the ecological system and proper management of water resources to support livelihood and

economic development is very important.
Keywords: water-related ecosystem, environmental water security, land cover, riverine connectivity, groundwater depletion
1. INTRODUCTION health on a national and regional scale.

Water-related  ecosystems  provide  ecological This study focuses on pressures that affect the water-

functions and biodiversity for nature and humans,
however, they are at risk from human activities.
Understanding the linkages between ecosystem and
socio-economic development is crucial for sustainable
development pathways. SDG 6 includes monitoring
changes in the extent of water-related ecosystems over
time. Asian Water Development Outlook (AWDO) also
considers environmental water security as one of the key
dimensions. It was reported in AWDO 2020 [1] that an
effective assessment of aquatic ecosystem health is vital
to understanding this key dimension. The key dimension
of environmental water security assesses pressures on the
health of rivers, wetlands, and groundwater systems and

measures progress in restoring aquatic ecosystems to

related ecosystem and its states based on AWDO 2020
framework. The objective of this study is to analyze
changes over 10 years during 2009-2018 of riparian land
cover, groundwater depletion, riverine connectivity, and
water quality in Chao Phraya, Tha Chin, and East Coast
Gulf River Basins and the year 2000 is selected as a
baseline. The socio-economic development in the three
selected river basins is high. As a result, the health of the
ecosystem has been compromised and potentially

diminish ecosystem services.
2. DATA AND METHODOLOGY

AWDO 2020 [1] proposed a framework to
quantitatively evaluate environmental water security by

assessing pressures on the health of rivers, wetlands, and
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groundwater systems. The indicators proposed in AWDO
2020 [1] consist of Catchment and Aquatic System
Condition Index (CASCl), which includes land cover,
hydrology alteration, groundwater, connectivity, and
water quality, and Environmental Governance Index (EGI),
which includes sustainable nitrogen management,
wastewater treatment, and terrestrial protection by
utilizing available database and satellite data at a national

and regional scale.

The methodology used in this study is based on the
Catchment and Aquatic System Condition Index (CASCI)
proposed by AWDO 2020 [1] to assess the catchment
conditions affecting the water-related ecosystem but this
study investigates only four indicators, namely riparian
land cover change, groundwater depletion, water quality,
and riverine connectivity during 2009 - 2018 as a
preliminary analysis. In addition to local observations,
regional scale data and satellite data are examined to

evaluate the potential applications on a basin scale.
2.1.  RIPARIAN LAND COVER CHANGE

The United States Department of Agriculture (USDA)
defines a riparian zone as an area adjacent to a stream,
lake, or wetland consisting of a mixture of trees, shrubs,
and/or grass planting. The Copernicus (the European
Union's Earth observation programme) considers the
riparian zone as transitional areas occurring along the
watercourse and freshwater ecosystems [2]. Naiman and
Décamps [3] and Naiman et al. [4] define the riparian zone
as the area in between the stream channel and maximum
water extent or the terrestrial landscape toward the
uplands where vegetation may be influenced from the

water table or flood or soil’s ability to retain water.

The land cover in the riparian zone provides multi-
function for the water quality, biodiversity, productive
soils, economic opportunities, etc. It reduces erosion and
runoff of sediment, nutrients, and removes potential
pollutants from water runoff, increases habitat area, and
as well as shades the stream to maintain temperature [5]-
[7]. Losses of riparian land cover indicate conditions of
increasing pressure on the river's health, which have a

negative impact on aquatic ecosystem health. The
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consequence of the changes is various, like physical,
thermal, and chemical, relating to nutrient dynamics [8].
Thus, quantifying land cover changes in the riparian zone
is an alternative way to assess pressure on aquatic

ecosystem health.

The potential riparian zone is defined by using stream
network and surface water extension. The river network in
the Chao Phraya, Tha Chin, and East Coast Gulf river basin
is delineated by using digital elevation models (DEM) with
a resolution of 90 m provided by the Greater Mekong
Subregion (GMS) information portal [9] and Hydrology
Tools in ArcGIS 10.5. The sub-catchment with the
upstream area greater than 100 ha was delineated, and
the Strahler’s stream order, which is greater than or equal
to the 3™ order, was filtered to be stream networks for

this study.

The global surface water extension from Pekel et al.
[10] is used in this study. Pekel et al. [10] quantified
changes in global surface water monthly, seasonally, and
annually with a spatial resolution of 30 m and time
spanning from 1984 to 2019. The dataset comprises
occurrence change, seasonality, recurrence, transitions,

and maximum water extent.

The potential riparian zone in this study is defined as
a buffer of 100 m width along the stream network and
seasonal water extension. The seasonal water extension
is an overlayed dataset between 2009 to 2018, excluding
2011 when severe floods occurred in Thailand. The land
cover in the potential riparian zone of the Tha Chin River

Basin in 2018 is shown in Figure 1 as an example.

Three classes of landcover, including shrublands,
grassland, and forest, are selected to assess the riparian
landcover change in the potential riparian zone based on
AWDO 2020 in the Chao Phraya, Tha Chin, and East Coast
Gulf River Basins. The shrublands and grassland are
obtained from the Regional Land Cover Monitoring System
(RLCMS), which SERVIR-Mekong developed with the U.S.
Forest Service, NASA Applied Science Program, Google, the
University of Maryland, and governments of countries in
the Mekong region (Cambodia, Myanmar, Thailand, and
Vietnam). The land cover from the SERVIR-Mekong has a
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spatial resolution of 30 m from 1987 to 2018, and it is
available through SERVIR-Mekong [11].
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Figure 1 Land cover in the potential riparian zone of

Tha Chin river basin

The forest cover is available and obtained from
Hansen et al. [12]. Hansen et al. [12] identified tree cover
removal across the globe by using remote sensing dataset
from Landsat 5, 7, and 8. The tree cover was defined as
all vegetation greater than 5m in height and may take the
form of natural forest or plantations across canopy
densities. The global forest extent and change had been
characterized from 2001 through 2019 using the forest

cover in 2000 as a baseline.

In this study, the riparian land cover of grassland,
shrubland, and forest is analyzed for changes between

2009-2018 from the baseline of the year 2000.
2.2. GROUNDWATER

Groundwater is an alternative water source for use,
especially during the dry period. Unsustainable
groundwater use resulting long term depletion occurs

when groundwater consumptions exceed replenishment
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rates. This can be significant impacts on surface water and
consequently aquatic ecosystem health, as well as other
groundwater-dependent ecosystems [13]-. In AWDO 2020,
groundwater depletion is a sub-indicators for CASCI. For
groundwater depletion assessed by AWDO 2020, the
Gravity Recovery and Climate Experiment (GRACE) satellite
data [14] and latest NoAh Land Surface Model datasets
were used along with the models [1]. GRACE is a joint
mission between NASA and the German Aerospace Center
(DLR) launched to capture the variability in the earth’s
gravity field near the earth’s surface such as oceanic and
atmospheric circulations, as well as terrestrial water
cycling [14]-[15]. Mass changes cause gravity changes. The
mass Vvariations can be explained as changes in the layer
of water thickness near the earth’s surface [16]. Combining
GRACE data and the latest NoAh Land Surface Model
datasets obtained from land data assimilation systems
(LDAS), the groundwater depletion was estimated for

AWDO 2020.

Li et al. [17] used the Catchment Land Surface Model
(CLSM) to investigate variations in global groundwater
storage. The CLSM does not specifically model variations
in the water table, and groundwater storage can be
calculated by subtracting root zone water storage from
total soil profile storage. This groundwater storage was

confirmed as shallow groundwater [18].

The Global Land Data Assimilation System version 2.2
(GLDAS-2.2) includes a main product from CLSM-F2.5 with
Data Assimilation for the Gravity Recovery and Climate
Experiment (GRACE-DA) from February 2003 to present
[19]. The data assimilation techniques are used to
estimate optimal fields of land surface states (e.g. soil
moisture, snow, surface temperature) and fluxes (e.g.
evapotranspiration, ground heat flux) [20]. The product of
GLDAS-2.2 contains 24 land surface fields (e.g., surface soil
moisture, groundwater storage, terrestrial water storage,
etc.) with the daily temporal resolution and a spatial

resolution of 0.25° which available from GES-DISC [21].

In this study, the daily groundwater storage data used

are from the GLDAS-2.2 dataset between 2009 to 2018

with a spatial resolution of 0.25°. The long-term monthly
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average was removed from monthly groundwater storage
before performing regression analysis during 2009-2018 for
the three river basins. Figure 2 shows the groundwater
storage in mm in the Tha Chin River Basin in June 2018

using data from GLDAS 2.2.
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Figure 2 Groundwater storage detection from GLDAS 2.2
2.3.  RIVERINE CONNECTIVITIES

Free-Flow Rivers (FFRs) status from Grill et al. [22] was
used to define the connectivity status of the rivers in
AWDO 2020. Grill et al. [22] defined FFRs as a river where
ecosystem functions and services are largely unaffected
by changes to the fluvial connectivity, allowing
unobstructed movement and exchange of water, energy,
material, and species within the river system and with

surrounding landscapes.

The FFRs status is determined based on the
Connectivity Status Index (CSI) of the river from five
pressure factors on the river including river fragmentation
(longitudinal), flow regulation (lateral and temporal),
sediment trapping (longitudinal, lateral, and vertical),
water consumption (lateral, temporal, lateral and

temporal), and infrastructure development in riparian
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areas and floodplains (lateral and longitudinal). Rivers with
high levels of connectivity (CSI = 95%) throughout the
entire length are considered FFRs. The value for the CSI,
the dominant pressure factors, and the FFRs status are

available from Gunther and Bernhard [23].

This study uses the CSI from Grill et al. [22] for the

three River Basins to determine the state of the ecosystem.
2.4. SURFACE WATER QUALITY

Surface water quality in Thailand is mainly monitored
by Pollution Control Department (PCD), Ministry of
National ~ Resources and  Environment.  Thailand
categorizes surface water quality and its sources into five
classes according to the usage. The water quality status is
assessed by Water Quality Index (WQI). There are five
parameters used to calculate WQI, including DO, BOD, TCB,
FCB, and NH5. The WQI is calculated as a score that varies
from 0-100. The WQI’s classification is Excellent (91-100),
Good (71-90), Fair (61-70), Poor (31-60), and very poor (0-
30) [24]. PCD reported that the main causes of
deterioration of surface water are wastes from

communities, industries, agriculture, and livestock.
3. RESULTS AND DISCUSSION

The preliminary results using the available local
observations, large scale data and satellite information are

presented and discussed in this section.
3.1. RIPARIAN LAND COVER CHANGE

The loss of vegetation presents changes in the riparian
zone and potentially affect water quality, biodiversity,
productive soils, economic opportunities and reduces
erosion and runoff of sediment and nutrient. The riparian
land cover of grassland, shrubland, and forest is analyzed
for changes between 2009 - 2018 from the baseline of the
year 2000. Figure 3 (a) shows the percentage of riparian
vegetation loss in the Chao Phraya River Basin. The tree
cover in 2000 was 16,949 ha, and the total tree cover loss
from 2009 - 2018 was 1,519 ha. The major vegetation loss
in Chao Phraya River Basin is tree cover loss, but in terms
of percentage loss, grassland has the highest percentage
change. For Tha Chin River Basin, there was no grassland

detected from the SERVIR-Mekong land cover products.
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The tree cover in 2000 was 29,809 ha and the total tree
cover loss from 2009 - 2018 was 2,085 ha. For East Coast
Gulf River Basin, there is no grassland detected. The tree
cover in 2000 was 136,771 ha and the total tree cover loss

from 2009 - 2018 was 44,784 ha.

3.1. GROUNDWATER

The daily data of groundwater storage from GLDAS 2.2
was used in this study, and it represents groundwater
storage in the shallow aquifer [18]. The spatial analysis was
conducted to define the rate of change of groundwater

storage. Figure 4 shows the rate of change in monthly

Riparian vegetation loss in Chao Phraya River Basin
30 1 14

25 1 1.2
Shrubland in 2000 = 111.89 ha 1

g
20 + 2 Hl Shrubland
Grassland in 2000 = 0.90 ha S
) w 08 = Tree

15 1 Tree cover in 2000 = 16,948.69 ha g

Hm Shrubland 0 0.6
£
=

10 + mm Tree § 0.4
5 B Grassland &

Percentage of loss (%)

BEYOND TH= LIMIT

Riparian vegetation loss in Tha Chin River Basin

Shrubland in 2000 = 7.01 ha
Tree cover in 2000 = 29,808.95 ha

23-25 June 2021, Online Conference

groundwater storage in the three river basins. Overall,
shallow groundwater storage does not show a significant
trend. For the upper part of Chao Phraya River Basin,
shallow groundwater has a relatively more decreasing
trend than the lower part of the basin as well as Tha Chin
River Basin. For East Coast Gulf River Basin, the spatial
distribution of groundwater storage trend is highest
decreasing trend at the western part and lower decreasing
trend from the west to the east. However, the data
presented here need to be further validated with

available data from observation wells.
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Figure 4 the rate of change in monthly groundwater storage in (a) Chao Phraya, (b) Tha Chin, (c) East Coast Gulf River Basin
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3.2. RIVERINE CONNECTIVITIES

Riverine connectivity indicates a state of a water-
related ecosystem. The river connectivity status index for
each river reach in the three river basins is shown in Figure
5. The data presented here are from Grill et al. [22]. River
reach with CSI higher than 95% is considered to have good
connectivity status otherwise, it is considered impacted. If
the river's entire length has good connectivity (CSI = 95%),
it is defined to be free-flowing rivers. The main river of
Chao Phraya River Basin, the upper reach of Tha Chin River,

and Rayong River have CSl at a low level.

River Connectivity Status
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3.3. SURFACE WATER QUALITY

The WQI on a provincial scale from Thailand State of
Pollution Reports (PDC) in each river basin during 2009 -
2018 is shown in Figure 6 and Figure 7. In the Chao Phraya
and Tha Chin river basins, the provincial WQI has a higher
score at the upstream and lower score at the downstream
(poor condition) before it flows to the Gulf of Thailand.
Figure 7 (b) shows the WQI of the three provinces in East
Coast Gulf River Basin. The WQI in Rayong is in fair
condition while Chanthaburi and Trat are in good

condition.
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Figure 5 The river connectivity Status Index (CSI) in (a) Chao Phraya, (b) Tha Chin, (c) East Coast Gulf river basin
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Figure 6 The Provincial WQI in Chao Phraya River Basin
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Water Quality Index in Tha Chin River Basin
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4. CONCLUSIONS

This study assesses the catchment conditions affecting
the water-related ecosystem based on the Catchment
and Aquatic System Condition Index (CASCI) proposed by
AWDO 2020 but investigates only four indicators, namely
riparian land cover change, groundwater depletion, water
quality, and riverine connectivity during 2009 - 2018 as a
preliminary analysis. In addition to local observations,
regional scale data and satellite data are examined to

evaluate the potential applications on a basin scale.

It is found that the major riparian land cover change
in the three river basins is tree cover loss. The shallow
groundwater storage does not show a significant trend. For
the state of the water-related ecosystem based on
connectivity status index, it shows that the Chao Phraya
River, the upper reach of Tha Chin River, and Rayong River
have low connectivity status index. The water quality

index (WQJ) in the lower parts of Chao Phraya River Basin
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and Tha Chin River Basin are in poor condition and the
water quality index in Rayong is in fair condition. The four
indicators investigated in this study can be used with other
related indicators, for example, density of cropland,
livestock, residential, industries, pollution loading, and
biotic factors, to identify hotspots and pressures affecting
the water-related ecosystem. The results signify the
restoration of the ecological system and proper
management of water resources to support livelihood and

economic development in these three river basins.
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