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Abstract

The land-use patterns in watershed areas in the Chorakhe Hin Sub-district, Khon Buri District, Nakhon Ratchasima Province,
Thailand, have been found to change from forest areas. Different agricultural areas cause variations in the amount of water that
flows from the stream into the reservoir, potentially leading to future water shortages. This study was conducted to explore the
effects of land-use change on the volume of water flow into the Mun Bon Reservoir, Chorakhe Hin Sub-district, Khon Buri Dis-
trict, Nakhon Ratchasima Province, Thailand. The model analysis techniques, namely Markovs Chain CLUES and SWAT, were
employed to predict the effects of land-use patterns in the area of the upper Mun River on the volume of water flow into the Mun
Bon reservoir. According to the predictions obtained based on the land-use models, forest areas may be converted into cassava
plantations by 2029. When the comparative effects were considered, the normal volume of water flowing into the Mun Bon res-
ervoir was found to be equivalent to 96 million cubic meter per year. The predicted volume before Christ (A.D.) 2029 is 30 mi-
lion cubic meter. Accordingly, the water volume in the Mun Bon reservoir would be lower than that derived from the usual land-

use patterns.
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INTRODUCTION

The Mun River is located in northeastern Thailand and is
one of the largest branches of the Mekong River. This
river lies between latitude 14° and 16° and longitude 101°
30" and 105°30’, with a length and basin area of approxi-
mately 800 km and 71,060 km? respectively (Meyer et al.,
2019; Chotpantarat and Boonkaewans, 2018). Individuals
that earn money through agricultural activities and reside
in the area of flow of the Mun River and river branch usu-
ally rely on the water from the river and river branches for
farming and agricultural purposes. This reliance is particu-
larly true for Chorakhe Hin Sub-district, Khon Buri Dis-
trict, Nakhon Ratchasima Province, which is the area in
the upper part of the Mun River. Water from the river
flows into the Mun Bon reservoir, a medium-sized res-
ervoir that can store up to 122.63 million cubic meter
water volume. Mun Bon reservoir supplies water for
72.23 square kilometers of irrigation areas covering
four districts, namely Khon Buri, Chokchai, Muang Na-
khon Ratchasima, and Chalermprakiat in Nakhon

Ratchasima province in northeastern Thailand. In the
drought season, when no rainfall occurs to nurture agri-
cultural produce, the Mun River and river branches that
flow into the Mun Bon reservoir are considered im-
portant for these agricultural areas. Economic crops in
these areas include hemp, sugarcane, and cassava
(Jamshidi and Tajrisky, 2010), with cassava as the best
crop in these areas in Thailand. Cassava is transferred
to a processing plant as a primary material for cassava
flour, pellet pet food, and ethanol. Accordingly, the
trend of expanding cassava plantations has been in-
creasing each year (Boonrawd et al., 2012). In this ex-
pansion, forest areas, including natural forests and
community forests, have been converted into cassava
plantations (Phangam et al., 2020). Such circumstanc-
es result in changes in land use at the macro level,
which affects the ecological system, natural resources,
and the local community economy (Phanurak and Su-
wanwaree, 2013). As a result, the water demand has
increased following the expansion of cassava planta-
tions. The increasing demand has resulted in a lack of
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water supply, competition for water in the drought sea-
son, and changes in land utilization.

Land-use changes (LUC) remarkably influence hydro-
logical components, such as evapotranspiration, soil
infiltration, subsurface water injection, surface runoff, and
precipitation (Praweenwongwuthi et al., 2017). According-
ly, LUC is regarded as significant information for determin-
ing water resources in water sources, including rivers
(Dessu and Melesse, 2012). In the context of changes,
LUC reflects dynamic changes in the study area at pre-
sent and in the future. Changes in land use or LUC occur
in the Chorakhe Hin Sub-district, Khon Buri District,
Nakhon Ratchasima Province, Thailand, which is the
area in the upper part of the Mun River. In fact, the vol-
ume of water flowing into the river has continuously
decreased. Therefore, relevant agencies must seek
information on the effects of land-use change on the
water volume flowing into the reservoir from before
Christ (A.D.) 2019 to A.D. 2029. The potential effects
were predicted using the CA-Markov model based on
the database of land-use change. Notably, the effects
of water volume flowing into the reservoir can be evalu-
ated (Gassman et al., 2007). Accordingly, the above
model has been widely adopted, especially in water
current flow simulation and dietary nutrients under the
influence of changing environments, along with chang-
es in climate and LUC at the river basin level, particu-
larly in the Southeast Asia region (Li and Fang, 2021).
However, these data can only be used for past and re-
cent assessments. Therefore, the construction of future
simulation models must rely on additional applications
of the conversion of land use and its effects modeling
framework (CLUEs) model. The CLUEs model is a flexi-
ble, generic land-use modeling framework that allows
scale and context-specific specification for regional ap-
plications. The CLUE model has been applied world-
wide in many different environments. Typical applica-
tions include the simulation of deforestation, land deg-
radation, urbanization, land abandonment, and integrat-
ed assessment of land cover change. Accordingly,
changes in LUC can be predicted in line with the geo-
graphical, economic, and social influences on each type
of LUC (Harylenko et al., 2016). The CLUEs model has
been widely used to develop changes in future LUC
situations in several regions (Dessu and Melesse,
2012; Barker and Miller, 2013; Rode et al., 2009). One
method of data collection is prediction based on hydro-
logical simulation (Praweenwongwuthi et al., 2017),
which consistently requires physical data to predict the
effects of land use on water flow and agricultural man-
agement (Dessu and Melesse, 2012; Gassman et al.,
2007). All data were integrated into the Soil and Water
Assessment Tool (SWAT), which offers a land use sim-
ulation, considering the agricultural activities that impact
the volume of water flowing into the Mun Bon reservoir
(Li and Fang, 2021). By utilizing data in various dimen-

sions, including socioeconomic aspects and the envi-
ronment, to simulate the effects on the volume of water,
water flow simulation can be employed as a guideline
for land use that responds to the demand of the majori-
ty of the area and emphasizes the fragility of natural
resource use to enable sustainable management of
land use (Wang et al., 2016). The purpose of this study
was to predict the impact of land-use change in up-
stream areas on the amount of water that flows into the
Mun Bon Reservoir from B. E. 2019-2029 to use the
data in water resource management for the community.

MATERIALS AND METHODS

Study area and land-use selection

The study area covered four zones: 14° 30' 16.23'N,
102° 6' 29.17'E (North of Mun Bon Resorvior); 14° 28'
49.79'N, 102° 4' 9.57'E (East of Mun Bon Resorvior);
14° 26' 52.52'N, 102° 2' 33.80'E (West of Mun Bon
Resorvior ); and 14° 24' 50.02'N, 102° 5' 39.47'E (South
of Mun Bon Resorvior ). The areas covered were Moo
5 of Bann Taling Chan, Moo 7 of Bann Mun Bon, Moo 9
of Bann Taling Chan (the basin through which the Mun
River flows), Moo 10 of Bann Taling Chan, Moo 11 of
Bann Jom Thong, and some areas in Tublan National
Park, through which the Mun River and its branches
flow. There were of 16 types of land-use. The total area
is 63.36 square kilometers. Most of the area is forest
area in Tublan National Park, with a geographical fea-
ture of complex mountain ranges and tropical rain for-
ests. The remaining area is 0.14 square kilometers and
lies outside the national park. The total population of
the Chorakhe Hin sub-district is 12,248 people (Fig. 1).

The effect of land use on the volume of water flowing
into the Mun Bon reservoir was conducted in an area
that covered 63.36 square kilometers. The study com-
prised Chorakhe Hin sub-district and villages, where
the Mun River and its branches flow, and included Moo
5 of Bann Taling Chan, Moo 7 of Bann Mun Bon, Moo 9
of Bann Taling Chan, Moo 10 of Bann Taling Chan,
Moo 11 of Bann Jom Thong, and some areas in Tublan
National Park, in which the farmers were granted rights
to conduct rice farming, as outlined by the red line in
Fig. 2, except the Mun Bon reservoir and the villages
located behind the upper part of the reservoir. The oth-
er zones are represented by [ in Fig. 2.

Methodology

A land-use database was developed using a geograph-
ic information system (GIS) to calculate the area of
each type of land use. The changes were analyzed
using union overlay operation techniques for land-use
data. Cross tabulation was then adopted in the change
analysis to determine the proportion of land use that
might increase or decrease (Hua et al, 2015). The
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change matrix of land use between A.D. (Anno Domini)
2011 and A.D. 2018 was analyzed. Further, future land
use was predicted, and the change matrix between
A.D. 2019 and A.D. 2029 was analyzed by determining
transitional areas and the probability of change in each
type of land use. Data were analyzed through a CA-
Markov simulation to predict the land-use patterns from
A.D. 2019 to A.D. 2029. The relationship between the
areas of consideration and the neighboring areas was a
major factor, and Markov simulations were used to ex-
plain changes in the proportion of each type of land
use. In this study, there were 16 types of land use: 1)
corn, 2) paddy fields, 3) abandoned paddy fields, 4)
cassava, 5) sugarcane, 6) rubber, 7) eucalyptus, 8)
abandoned field, 9) mixed fruit, 10) bamboo for com-
mercial purposes, 11) government offices and insti-
tutes, 12) community, 13) planted forest, 14) natural
forest, 15) grassland alternated with shrub/grove, and
16) river source. Bayes’ probability theorem was used,
as illustrated in Equations 1 and 2 (Sang et al., 2011).
The matrix was then calculated in combination with
spatial driving variables, and CA was applied to deter-
mine the spatial patterns of the lands where land-use
prediction was made (Yagoub and BiZreh, 2014), as
shown in Equation 1.

St+1) =rF;Xs(t) Eq. 1

Topograpy
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Fig. 1. Topography of Chorakhe Hin Sub district and
neighborhood

For S(t+1), S(t) is the status at time t or t+1,
The probability matrix of change calculated from the
equation

P11 Plz -.-Pln
1
P Pyy . P Eq. 2
when

0= P” < 1uas E?:lpij = 1([,_} = 1,2, Tl)

The appropriateness of each type of land use and the
eight factors affecting land use were the height from
the seal level, slope, aspect, rain amount, effective soil
depth, distance from water sources, distance from
roads, and distance from communities. The values ob-
tained from the regression were then used as input to
the CLUE-S model. The model was tested for accuracy
using the relative operating characteristic (ROC) meth-
od, in which the value must lie between 0 and 1
(Verburg et al., 2002). The prediction of land-use
change in B. E. 2029 relied on the CLUE-S model us-
ing the land use in the areas around the Mun River and
branches flowing into the Mun Bon reservoir in the
Chorakhe Hin Sub-district, Khon Buri District, Nakhon
Ratchasima in A.D. 2019 as an input; this was referred

Map of the Study Area Around the Mun Watershed Chorakhe Hin Subdistrict,

Khon Buri District, Nakhon Ratchsima Province
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to as the initial data, along with data on land-use driving
factors, coefficients from logistic regression, and data
on the flexibility of land-use change. The results from
the model were spatial patterns, and the land-use
changes in A.D. 2029 were analyzed. The volume of
water flowing into the reservoir was analyzed using the
Soil and Water Assessment Tool (SWAT) model. The
factors that influence the volume of water flowing into
the reservoir were compiled for the model, and included
the digital elevation model (DEM), land use, soil series,
and climate data, such as rainfall amount, the highest
and lowest temperature, relative humidity, sun ray, ve-
locity, and volume of water flow (Hua et al., 2015; Sang
et al., 2011; Yagoub and Bizreh, 2014), and the reser-
voir from the Mun Bon reservoir gauging station based
on an assessment of the volume of water flowing into
the reservoir at the Mun River basin and its branches.
The SWAT model was applied with inputs of the DEM,
land use, and soil series. Hydrological response units
(HRUS) were determined based on the types of land
use, soil, and soil slopes. The volume of water flowing
into the reservoir was assessed, and SWAT Calibration
and Uncertainty Procedures (SWAT-CUP) were used
to analyze the sensitivity of the variables that influ-
enced the volume of water flowing into the reservoir
(Zhang et al., 2021), which was represented in the
Global Sensitivity Analysis. Adjusted coefficients were
used as the criteria for model selection.

2_ ¥, (0;-0)(2;-B)
R2=| 2=lOFON) Eq. 3
|ZF(0;=0) jTiL (;-P)?
— 1 _ Z?:l(oi_Pi)z
NSE = 1 - B co.4
_wn (0Oj-Py
PBIAS = XL, ¢ 05 x100 £q.5

in which n = number of samples used in the simulation
model

0; = values obtained from real measurements

P; =estimated values from the SWAT model

P = mean of data from the model

(0 = mean of the total data from the measurement

RESULTS AND DISCUSSION

Effects of land-use change

To determine the effects of land-use change on the
volume of water flowing into the Mun Bon reservoir, the
Markov's change technique was applied between A. D.

2019 and A.D. 2029 to predict each type of land-use
change that occurs each year and indicate whether the
change will affect the volume of water flowing into the
Mun Bon reservoir in the Chorakhe Hin Sub-district,
Khon Buri District, Nakhon Ratchasima Province, as
demonstrated in Table 1. The SWAT model was ap-
plied to determine the relationship between the rainfall
amount, flow, and topography of the area and the ef-
fects of long-term land use on the volume of water flow-
ing into the Mun Bon reservoir (Elsadele et al., 2019;
Chotchaiwong and Wijithosum, 2019; Wijikosum and
Sriburi, 2008; Gyawali et al., 2013). Fig. 3 shows land
use in the study area in the Mun River basin (Juan et
al., 2013; Kim and Choi, 2020), Chorakhe Hin Sub-
district, Khon Buri District, Nakhon Ratchasima Prov-
ince. In A.D. 2019, most of the areas were forest areas,
represented by a vast green segment in the study area,
followed by cassava cultivations areas, as represented
by the red segment scattered across the study area,
with concentration around the water sources in the up-
per part of the Mun River in Moo 9, Bann Taling Chan,
and possible expansion into the green segment of Tub-
lan National Park in the east. Some cassava cultivation
areas were scattered across Lum Huai Hin Tom and
Lum Huai Nok Ko Ro in the northeast and other water
sources in the southwest in Moo5 and Klong Saphan
Hin. Sugarcane areas were located in Moo5, Moo10,
and Moo11. Other areas were used for other activities.

Fig. 4 shows the pattern of land use in the study area in
Mun River basin, Chorakhe Hin Sub-district, Khon Buri
District, Nakhon Ratchasima Province in A.D. 2029.
Based on this figure, land use would change from that
in A.D. 2019 due to the expansion of cassava cultiva-
tion areas (red areas) into forest areas (green areas)
along the Mun River including the Mun River itself, Huai
Hin Tom, Huai Nok Ko Ro. In Moo 9, the forest areas
would be converted into areas for other purposes. Nota-
bly, more than half of the forest areas were converted
into cassava and sugarcane cultivation areas, with
slightly increasing and decreasing changes.

Based on the prediction of land use in the study area in
the Mun River basin and its branches in Chorakhe Hin
Sub-district, Khon Buri District, Nakhon Ratchasima
Province, among the 16 types of land use from A.D.
2019 to A.D. 2029 depicted in Table 1, Fig. 3, and Fig.
4, cassava cultivation areas had the highest increase of
11.23 km?. Sugarcane cultivation areas had the second
highest increase of 1.49 km? and abundant forest areas
had the least increase of 0.003 km?. Besides, in the
study area, forest area was the type of land use with
the greatest decrease (i.e., 13.50 km?). The paddy are-
as had the second highest decrease of 0.38 km?. Mixed
fruit areas had the least decrease of only 0.0001 km?.
LUC change is one of the main contributing factors af-
fecting discharge and water quality in watersheds due
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to anthropogenic activities, such as increasing popula-
tion and urbanization, encroachment of forests by agri-
culture and urban areas, and the degradation of forest
resources (Konkul et al., 2014; Waiyasusri et al., 2016).
Such changes can result in a decrease in infiltration
and, in turn, an increase in the rate and volume of sur-
face runoff (Chotpantarat and Chanyotha, 2003; Fitz-

patrick, 2005; Klongvessa et al., 2017), and have a neg-
ative impact on water quality, which is a major concern

in terms of drinking water supplies (Buda and DeWalle,
2009; Oeurng et al., 2010).

Volume of water flowing into the Mun Bon reservoir
The volume of water flowing into the Mun Bon Reser-
voir with respect to the results of land use in the study
area in Chorakhe Hin Sub-district, Khon Buri District,
Nakhon Ratchasima Province in A.D. 2019 and A.D.
2029 is outlined in Table 2.

Table 2 presents the prediction results for the volume
of water flowing into the Mun Bon reservoir based on
the land use in the upper Mun River, which served as
the base area for predicting the types of land use af-
fecting the volume of water flowing into the Mun Bon
reservoir. In A.D. 2019, or the starting year, the aver-
age volume of water flowing into the reservoir per year
was equivalent to 96 million cubic meter. The cumula-
tive volume from January to December 2019 was 85.76

Land use map in the study area Chorakhe Hin Subdistrict, Khon Buri District, Nakhon Ratchsima Province
the Year 2019.
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Fig 3. Land-use map for the study areas, Chorakhe Hin
Sub-District, Khon Buri District, Nakhon Ratchasima Prov-
ince in 2019.

million cubic meters or 83.34% relative to the average.
In the subsequent 10 years (A.D. 2029) with the usual
patterns of land use in the upper Mun River and its
branches, the average volume of water flowing into the
Mun Bon reservoir would be equivalent to 100 million
cubic meter. The volume of water flowing into the reser-
voir from January 1 to December 31, A.D. 2029 would
be 43.76 million cubic meter or 43.76% of the average.
The flow into the reservoir was lower than that in A.D.
2019. Such a finding might be due to the reduction in
forest areas, which function as natural reservoirs, de-
laying the flow of natural water. Accordingly, water ab-
sorption in the soil decreases.

The land use/cover in a river basin dynamically chang-
es with the evolution of the regional population, climate
change, and local policies. Further, the changes in land
use serve as a contributing factor in regional or global
environmental changes. Therefore, runoff responses to
land-use change the regional water flow conditions and
available water resources. Many studies have reported
that land use plays an important role in streamflow vari-
ation (Han, 2018). If the soil infiltration characteristics
do not change when the vegetation cover decreases,
the base flow increases (Bruijnzeel, 2004). However,
this situation is not favorable for regional sustainability
development as the soil texture will be compacted.
Bonell et al. (2010) revealed that The reduction of land

Land use map in the study area Chorakhe Hin Subdistrict, Khon Buri District, Nakhon Ratchsima Province
the Year 2029.
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Fig. 4. Land-use map for the study areas, Chorakhe Hin
Sub-District, Khon Buri District, Nakhon Ratchasima Prov-
ince in 2029.
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Table 2. Volume of water flowing into the Mun Bon Dam Reservoir from the land utilization results of the study area at
Mun Upstream Chorakhe Hin Sub-district, Khon Buri District, Nakhon Ratchasima Province, 2019 and 2029.

Average total year

Accumulated from 1 Jan. — 31 Dec. of each year

Land use (million cubic meters) Volume of water (million % compared to the annual aver-
cubic meters) age

Year 2019 96 85.76 89.34

Year 2029 100 43.76 43.76

cover when changing the original land-use. It induces a
decrease in infiltrated water and affects groundwater
recharge. Bradshaw et al. (2007) assessed the relation-
ship between floods and forest area changes, and
found that afforestation is helpful in the reduction of the
frequency and severity of floods. Guo et al. (2008) ex-
amined the deforestation of natural forests over Poyang
Lake in the Yangtze River basin and observed an in-
crease in monthly and seasonal streamflow during the
flooding season, and a decrease in these values during
the dry season. According to Li et al. (2007), the con-
version of farmland to forest and grassland caused the
Daging River to exhibit a decreasing trend in stream-
flow.

Volume of water in branch canals in each period

Fig. 5 represents the prediction of the average volume
of water flowing into the Mun Bon reservoir over 12
months (A.D. 2019) based on land use in the areas of
the upper Mun River and its branches. In January-
early May 2019, the water volume was less than 0.5
million cubic meters. This is the least amount of water
flows into the dung reservoir of the year. In mid-May,
the volume of water flowing into the Mun Bon reservoir
increased by 1 million cubic meter, decreased from
June to mid-July, and then increased from late July to
mid-October, with more than 2 million cubic meter of

2
2

2

1

million m3

e

T T T T T T T T T |
1Jan 3 Feb 8Mar  10Apr 13May 15Jun 18Jul 20Aug 22Sep 250ct 27Nov 31Dec
Day

@ 2019
Fig. 5. Volume of water flowing into the Upper Mun Reservoir
based on the results of land use for the Mun Mun watershed
area, Chorakhe Hin Sub-district, Khon Buri District ~ Nakhon
Ratchasima Province in 2019.

water flowing into the Mun Bon reservoir. The volume
of water flowing into the reservoir began to decrease in
mid-October and continued to decrease until the end of
the year.

Fig. 5 depicts the volume of water flowing into the Mun
Bon reservoir based on the usual patterns of land use
in A.D. 2029. According to the prediction of the model,
the volume of water from the upstream and branches
flowing into the Mun Bon reservoir from January to the
end of September, A.D. 2029 would be less than 1 mil-
lion cubic meters nearly every month. In fact, the vol-
ume of water will markedly increase to 3.5 million cubic
meters from late September to the end of October and
sharply decrease from November to December 2029.
Remarkable water flow into the reservoir from late Sep-
tember to late October might occur due to water flowing
from the upstream forest directly to the reservoir with-
out resting in the upstream area owing to the conver-
sion of the area into agricultural areas for crops, such
as cassava, sugarcane, and corn.

A previous study (Niu and Sivakumar, 2014) revealed
that possible land-use changes may have more evident
impacts on low flow; therefore, understanding the
streamflow responses (especially the extreme flow) to
land-use changes is necessary for the region. Further,
assessing the streamflow responses to land-use
changes is an important step for forecasting reservoir
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Fig. 6. Volume of water flowing into the Upper Mun Reser-
voir based on the results of land use for the Mun Mun water-
shed area, Chorakhe Hin Sub-district, Khon Buri District, Na-
khon Ratchasima Province in 2029.
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Fig. 7. Volume of water flowing into the Mun Bon Reser-
voir that accumulates owing to land use in the Mun Up-
stream area, Chorakae Hin Sub-district, Khon Buri District,
Nakhon Ratchasima Province, the year 2019.

inflow, and will be useful for promoting sustainable so-
cio-economic development of the Zhanghe agricultural
irrigation district.

The average annual surface runoff will affect Evapo-
transpiration (ET). Surface runoff and impacts on water
yield (WY) were identified to decrease over an 18-year
period. In contrast, ET and the base current increased.
This increase was partly due to an increase in forest
and water resources. An increase in forest cover in-
creases the rates of infiltration and transpiration, result-
ing in increased basal and ET flows. In addition, the
decrease of forest areas resulted in an increase in ET
and a reduction in WY the stream fell (Bi et al., 2009).

Volume accumulation of water flowing into the Mun
Bon reservoir

The volume of water flowing into the Mun Bon reservoir
accumulated based on the land use of the study area in
the upper Mun River, Chorakhe Hin Sub-district, Khon
Buri District, Nakhon Ratchasima Province in A.D. 2019
and A.D. 2029 is depicted in Fig. 7.

The volume of water flowing into the Mun Bon reser-
voir that accumulated from land use in the upper Mun
River, Chorakhe Hin Sub-district, Khon Buri District,
and Nakhon Ratchasima Province in A.D. 2019 is
shown in Fig. 7. Water flowed into the Mun Bon reser-

T T T T T T T T T T T
1.Jan 3Feb 8 Mar 10Apr  13May  15Jun 18 Jul 20Aug  22Sep  250at 27 Nov 31 Dec

@ Cumulative Average Inflow @ 2029

Fig. 8. Volume of Water Flowing into the Mun Bon Reser-
voir that accumulates owing to land use in the Mun Up-
stream area, Chorakae Hin Sub-district, Khon Buri District,
Nakhon Ratchasima Province, the year 2029

voir on January 1, 2019. The line representing the wa-
ter that accumulated in the reservoir remained straight
with similar slopes, indicating that the flow of water into
the reservoir remained consistent, except from late
September to late October, when the slope increased
as the volume of water increased during the monsoon.
Subsequently, the slope declined in November and
remained unchanged until December. The Soil Water
Assessment Tool (SWAT), a physically based, continu-
ous time model, which is computationally efficient, uses
readily available inputs and enables long-term impacts.
SWAT has been successfully utilized by many re-
searchers (Neitsch et al., 2011).

The volume of water flowing into the Mun Bon reservoir
that accumulated from land use in the upper Mun River,
Chorakhe Hin Sub-district, Khon Buri District, and Na-
khon Ratchasima Province in A.D. 2029 is shown in
Fig. 8. Water flowed into the reservoir from January 1,
A.D. 2029. The line representing the water that accu-
mulated in the reservoir remained straight with similar
slopes, indicating that water flow into the reservoir re-
mained consistent. After late September, the slope
sharply decreased until late October as the volume of
water flowing into the reservoir markedly increased
during the monsoon. This result differs from that of A.D.
2019, in which the slope gradually increased. The dif-
ference might be attributed to a reduction in areas that

Table 3. Volume of water in Mun Bon Reservoir based on land-use patterns in the Mun watershed area in Chorakae Hin
Sub-district, Khon Buri District, Nakhon Ratchasima Province, 2019 and 2029

Volume of water in the reservoir that is

Volume of water in the reservoir

practical
Land use
Volume of water % compared to the Volume of water % When compared to
(million m?) water level (million mv) the water level
Year 2019 70 50 62.95 45
Year 2029 49 35 42.00 30
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Fig. 9. Volume of the Mun Bon reservoir based on types of
land use at the upper Mun River, Chorakhe Hin Sub-
district, Khon Buri District, Nakhon Ratchasima Province in

A.D. 2019

delay and absorb water flow, causing the water to flow
abruptly into the reservoir. In late October, the slope
markedly decreased and remained unchanged until
December.

Volume of water storage in Mun Bon

Construction of the Mun Bon reservoir began in 1980
and was completed in 1997. The Mun Bon reservoir
can store 350 million cubic meter of water. Under typi-
cal conditions, the reservoir stores 141 million cubic
meter. The lowest amount of water stored by the reser-
voir was 7 million cubic meter. The soil reservoir is 32.7
meters high; the reservoir crest level was +230.70 me-
ters; the reservoir crest height was 880 m; the reservoir
crest width was 8.00 meters; the total area of the pro-
ject 77.28 square kilometers; and the irrigation area
was 72.21 square kilometers. The Mun Bon dam reser-
voir has an ungated service spillway, 10 m wide x 10 m
long, with two slots and a +221 m spillway crest
(compared with the level of stored water). The highest
rate of water discharge was 960 million cubic meters
per second. The river outlet had two gate panels; its
diameter is 2.45 x 2.45 meters. The reinforced concrete
square pipe was 1.50 meters in length. The left was a rein-
forced concrete square pipe for the canal outlet, with a di-
ameter of 2.45 x 2.85 meters and the highest rate of water
discharge of 11.2 million cubic meters per second and +
204.5 meter invert elevation (compared with the level of
stored water). In contrast, the right is a reinforced con-
crete square pipe, with a diameter of 1.15 x 1.15 me-
ters and the highest water discharge of 1.37 million
cubic meters per second.

The water storage results based on land use in the
study area at the upper Mun River, Chorakhe Hin Sub-
district, Khon Buri District, Nakhon Ratchasima Prov-
ince in A.D. 2019 and A.D. 2029 are outlined in Table
3.

Table 3 presents the volume of water at the Mun Bon

500

Max water retention 350 million m3

Normal watef retention 141 million m3

__‘_“_“—-_

Min water retention7mittionm3._____
o4
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Fig. 10. Volume of the Mun Bon reservoir based on types of
land use at the upper Mun River, Chorakhe Hin Sub-district,
Khon Buri District, Nakhon Ratchasima Province in A.D. 2029

reservoir based on the types of land use in the study
area at the upper Mun River, Chorakhe Hin Sub-
district, Khon Buri District, and Nakhon Ratchasima
Province. In A.D. 2019, the volume of water was equiv-
alent to 70 million cubic meter, which accounted for
only 50% of the stored water. The actual volume of
water use was 62.95 million cubic meter, which was
lower than the usual water volume and accounted for
45% of the volume of water in the Mun Bon reservoir
based on the land-use model for the study area at the
upper Mun River, Chorakhe Hin Sub-district, Khon Buri
District, Nakhon Ratchasima Province in A.D. 2019.
LUC is a major factor that alters flow regimes.
Many studies have evaluated the impact of LUC on the
flow regime (Kashaigili, 2008; Kashaigili and Majali-
wa,2013; Khoi and Suetsugi, 2014). Understanding the
influence of LUC on river flow regimes is important for
sustainable catchment management. LUC can change
flood frequency, flood severity, base flow, and annual
mean discharge (Liu et al., 2003). Deforestation and
conversion to arable land or grassland are usually ac-
companied by an increase in surface runoff or total dis-
charge (Chang, J.H., 1993; Lal, R., 1993).
Fig. 9. presents the volume of the Mun Bon dam reser-
voir based on the types of land use in the upper Mun
River, Chorakhe Hin Sub-district, Khon Buri District,
and Nakhon Ratchasima Province in A.D. 2019. The
average volume of water flowing into the Mun Bon dam
reservoir was less than 100 million cubic meter, which
is 45% lower than the usual storage of 141 million cubic
meter. Forest areas have been transformed into agri-
cultural areas. Consequently, water seepage through
the soil surface and water retention in the soil were
reduced. As a result, most of the rainfall to become
runoff flowing into the river, resulting in an increase in
annual runoff volume, consistent with the findings of
Tangtham and Yuwananont, who studied the impact of
land use change and runoff characteristics in the water-
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shed This resulted in an increase in water flow and in-
tensified causing flooding problems in the area near the
Mun Bon reservoir (Tangtham and Yuwananont, 1996).
By decreasing forest area, the amount of runoff in-
creased. Baiku used models to study the relationship
and describe the change trend in land use from forests
to agricultural areas, community areas, and natural
environments. As a result, hydrological processes in
the watershed were found to be changed. The rainfall
was found to lead to less seepage in to the soil. Ac-
cordingly, surface runoff increases, leading to a higher
amount of runoff at the end of the rainy season (Baiku
etal., 2021) .

Fig. 10 shows the volume of the Mun Bon reservoir
based on the types of land use in the upper Mun River,
Chorakhe Hin Sub-district, Khon Buri District, and Na-
khon Ratchasima Province in A.D. 2029. The average
volume of water flowing into the Mun Bon reservoir was
30 million cubic meter, a value lower than that in A.D.
2019.

The volume of water in the Mun Bon reservoir based on
the types of land use in the upper Mun River, Chorakhe
Hin Sub-district, Khon Buri District, and Nakhon
Ratchasima Province would be lower in A.D. 2029 rela-
tive to A.D. 2019. Fig. 9 shows the volume of water in
the Mun Bon reservoir based on the types of sustaina-
ble land use in the Chorakhe Hin Sub-district, Khon
Buri District, Nakhon Ratchasima Province in A.D.
2029. The average volume of water in the dam reser-
voir based on usual land use in the upper Moon River
study area would be as high as 102.16 million cubic
meters or 72%, leading to a higher storage level in A.D.
2029.

Conclusion

The model predicting the volume of water flowing into
the Mun Bon reservoir from the Mun River and branch-
es revealed 16 types of land use: 1) corn, 2) paddy
field, 3) abandoned paddy field, 4) cassava, 5) sugar-
cane, 6) rubber, 7) eucalyptus, 8) abandoned field, 9)
mixed fruit, 10) bamboo for commercial purposes, 11)
government offices and institutes, 12) community, 13)
planted forest, 14) natural forest, 15) grassland land
alternated with shrub/grove, and 16) river source. The
Markov chain technique was used to determine the rate
of change for each type of land use from A.D. 2019 to
A.D. 2029 to predict land use results. Many factors
have been found to induce remarkable changes in the
last ten years. Compared with other purposes of land
use, the highest conversion of land would occur to ex-
pand cassava cultivation areas, with 11.23 square kilo-
meters. The second highest land conversion would
occur to expand sugarcane cultivation areas, with 1.49
square kilometers. Notably, the forest areas and paddy

fields decreased by 13.50 square kilometers and 0.38
square kilometers, respectively. As the simulation of
the volume of water flowing into the Mun Bon reservoir
based on CLUES and SWAT models was considered,
the patterns of land use had an average of 96 million
cubic meter per year and the actual water volume in the
reservoir was 42 million cubic meter.
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