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The Mekong River delta, the world’s third largest delta and the most important to the food security
of Southeast Asia, has been increasingly affected by largescale shoreline erosion and land loss due
to a decrease in sediment supplies. To mitigate and respond to the shoreline changes and loss of
coastal ecosystems in the Mekong River Delta, understanding the trends in suspended sediments
in sub-Mekong River Basins and implementing effective sediment management strategies are
needed. The Chi-Mun River Basin, situated in North Eastern Thailand, is the largest tributary on
the right bank of the Mekong River. However, dynamics of suspended sediment in the Chi-Mun
River basin has not been fully understood. This study aims to estimate suspended sediments and
investigate their trends in the Chi-Mun River Basin. In delivering the aims, suspended sediments
were estimated from Landsat 5 (TM) and Landsat 8 OLI acquired between 1992-2017 using
empirical equations derived from significant relations of 26 field-measured water spectra and
measured suspended sediment [R’°=0.92]. The estimated suspended sediments from remote
sensing were validated using 16 field measured suspended sediments, which the estimated values
closely followed the tendency of measured values [R°=(.74]. The variations of estimated
suspended sediment level in the Chi-Mun River basin are related to seasonal changes. An increase
in suspended sediment level was observed in rainy season (May-Oct), while a decrease in
suspended sediment level was observed in dry season (Nov-Apr). However, increase in suspended
sediment can be found during dry months as a result of urban sediments supply to the river coupled
with dam draining. Overall trend of suspended sediment level in this river basin gradually declines
corresponding with declining in overall annual precipitation pattern. In addition, the water
abstraction along the Mun River also play a key role in trapping of suspended sediment resulting
in decrease amount of suspended sediments flow into the Mekong River. Remote sensing
technology is a great tool provides more understanding of suspended sediment dynamics and their
response to climate changes and anthropogenic activities in the Chi-Mun River basin. The
information obtained from the technology can be used to help establish sediment management
strategies in response and mitigation to changes in coastal ecosystem at the Mekong River delta.

1. INTRODUCTION

Suspended sediment plays an important role in aquatic environment (Newcombe and MacDonald,
1991). It is not only an important factor in determining water quality, it also a critical factor causing
riverine and coastal ecosystem changes (Hauer et al., 2018). A large amount of suspended sediment
in the river can cause decrease in light penetration resulting in low biological productivity. As



nutrients are carried by the fine fraction in sediments, increase in suspended sediment in the river
also aggravates eutrophication and occurrence of harmful algal blooms in aquatic ecosystem
(Bilotta and Brazier, 2008, Hauer et al., 2018). In addition, excessive sedimentation in river
channels causes change in flow pattern and water drainage capacity leading to flood risk (Happ,
1944). Sedimentation also reduces invertebrate drift and fish mobility which impacts on human
life along the river (Bilotta and Brazier, 2008). In contrast to the river ecosystem, increase in a net
transport of suspended sediment towards a river delta is necessarily required as it can help protect
coastal erosion from high energy waves during storm events (Temmerman et al., 2013).
Furthermore, suspended sediment is necessary for mangrove forest, nurseries for many fish
species, to build soils in which to grow (Furukawa and Wolanski, 1996). The Mekong River delta
is one of river deltas where has been increasingly affected by largescale shoreline erosion and land
loss due to a decrease in sediment supplies (Anthony et al., 2015). To mitigate and respond to the
shoreline changes and loss of coastal ecosystems, comprehension of dynamics of suspended
sediment in the region and establishing sediment management strategies to balance quantity of
sediments is crucial and needs an effective tool which can eliminate limitations of in situ
measurement techniques which time-consuming and costly (Spalding et al., 2014). Remote sensing
technology can provide regular temporal observations of changes over a wide spatial area, making
use of the technology to improve the spatial and temporal coverage of in situ sediment
measurements is advantageous (Cracknell, 1999). There are several suspended sediment studies in
the Mekong River basin (Lu and Siew, 2006, Walling, 2008, Wang et al., 2011); however,
dynamics of suspended sediment in the Chi-Mun River basin, the largest sub-Mekong River basin
on the right bank contributing the largest annual runoff has not been fully understood.
Understanding dynamics of suspended sediment in the Chi-Mun River basin could increase better
comprehension in the whole situation of suspended sediment in the Mekong River basin.

2. OBJECTIVES

- To quantify suspended sediments dynamics in the Chi-Mun River basin using remote
sensing data from 1992 - 2017 (25 years)

- To understand effect of climate change and anthropogenic activities on suspended
sediments dynamics in the Chi-Mun River basin

3. STUDY AREA

The Chi-Mun river basin is a right-
hand tributary of the Mekong River,
located in  northeast  Thailand
(Figurel). The drainage area of the Chi
- Mun River basin covers 120,000 km?.
The basin has the two major rivers (the
Mun and the Chi Rivers) flowing west
to east and to the Mekong River (Floch
and Molle, 2009). The basin comprises
of hills, rolling lands, floodplains and
e » » w | levees. The weather in the basin
| influences by tropical monsoon. A wet
season start from May to October and a

Figure 1: Map of the Chi-Mun River Basin showing location of dams
along the rivers



dry season starts from November to April. The rainfall reaches the highest peaks in June to August
and decreases continually from November to March. The highest amount of annual rainfall is
found in the east while the west has the lowest (Chaleeraktrakoon and Punlum, 2010). Although
the annual rainfall varies from year to year, annual rainfall in the basin is distinctly different
between wet and dry periods (Floch and Molle, 2009). Soils in the basin are mostly sandy with
high rates of percolation and low organic matter and soil fertility. Among the cultivated
agricultural crops, paddy rice is dominant in the basin (Kuntiyawichai, 2012). There are nine dams
constructed in the basin to supply water for municipal service, agriculture and hydro power-
generating facilities. The six of which located in the Mun River basin while three of which located
in Chi River basin (Figurel).

4. DATA SOURCES

778 Landsat -5 TM images and 167 Landsat-8 OLI images acquired from 1992 to 2017 with a
maximum 20% of cloud coverage were downloaded from the Earth Explorer user interface to use
in this study. Monthly suspended sediment measured at 4 stations along the Mun River from 2011-
2016 by the Royal Irrigation Department, Thailand were also used in this study.

5. METHODS
5.1 Collection of field data and Total Suspended Sediment (TSS) retrieval model

The measurements of water spectra and 42 water sampling from the top 30 cm of the water column
along the Mun Rivers were undertaken during dry season 30" March to 2" April 2018. All of the
water sampling location were located in the main river channel to reduce the impact reflectance of
river bank (Figure2).
Spectral reflectance from
the water surface was
measured at 1 nm
intervals between 350
and 2500 nm at each of
the 26 field sites along
the Mun River using the
ASD FieldSpec®?3
Spectrometer for fitting
the model. A white

‘ e T D reference measurement
Figure 2: 42 water sampling points along the Mun River (A); 12 water sampling ~ was also carried out at
points at Rasrisalai dam (B); 12 water sampling points at Ubonrachathani city  each  location before
(C); 18 water sampling points at Pakmun dam (D) collecting water surface

reflectance to reduce changes in lighting conditions between sites (Figure3). Three water spectra
measurements were obtained and then averaged to get one water spectral value per wavelength per
site. In addition, the in-situ measurements of temperature (°C), turbidity (NTU), and specific
conductivity (uS/cm) were carried out at the locations. The 42 water samples were filtered onto
pre-weighed 1.2 um Millipore cellulose filters using a vacuum filtration system. The filters were
then dried in an oven at 100 °C for 30 min and then reweighed on a high precision balance to
determine the weight of TSS (Michaud, 1994, Swift, 2002). 26 pairs of TSS and water spectral




data were used for model fitting and 16 pairs
of measured TSS and estimated TSS from
satellite images were used for model
validation. TSS values were also transformed
using square root transformation to minimize
non-linear effects on the fitted models due to
TSS saturation. The model for TSS retrieval
from green band was used in this study based
on the level of coefficients of determination
[R? = 0.92] and the verification results /R’ =
0.74] with statistically strong and significant
relations (p < 0.001). The model to retrieve
temporal TSS variation for different years and
months in the Chi-Mun River basin
developed in this study. The model equation

Figure 3: White balance measurement (4); water spectra  1s given as follows;
measurement (B, D), surface water sampling (C)

1SS = 0.0031x - 0.6636

where TSS denotes the total suspended sediment measured in mg/L and x is green band represent
water spectral reflectance at 490 nm.

5.2 Satellite image processing

In order to quantify estimated TSS from satellite images, three steps were implemented. Firstly,
all of the downloaded images were projected to the UTM 48N. Then the images were corrected
for atmospheric distortions by converting Digital Numbers (DNs) to radiance and converting the
radiance to Top of Atmospheric (ToA) reflectance using FLAASH (Fast Line of sight Atmospheric
Analysis of Spectral Hypercubes). The FLAASH module retrieves sensor's gain and offset, as well
as geometric information from metadata of those images. After performing FLAASH, the
influence of the atmosphere was removed and the images present top of atmosphere spectral
reflectance values (Cooley et al., 2002). In the final step, NDWI (Normalised Difference Water
Index) was used to identify flooding extent (Gao, 1996). The NDWI images were then converted
to binary inundation maps in which the value 1 is used for inundation and 0O for not. The binary
inundation maps were then used as masks to generate inundation maps containing reflectance
values from the corrected Landsat-5, 8 images.

6. RESULT AND DISCUSSION

The temporal and spatial variations of estimated TSS level in the Chi-Mun River basin from
1992—-2017 observed at 15 observation points (3 sites in the Chi River and 12 sites in the Mun
River) (Figure4) along with sediment load data measured by RID, Thailand from 2011 -2017 can
be described as follows;

6.1 Temporal variations
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The TSS level in the Chi-Mun River
basin varies seasonally. The level
goes down during dry months and
rises continuously again in rainy
season. The level mostly reaches at

peak in July, August, September, and
October (Figure 5A, 6); however, the
high peak during dry months
(January 1993, February 1995,
Yoy March 1998 and 2006, and April
1993 can be observed (Figure 6A-D).
Although the TSS level varies year
from year, the seasonal variation of
TSS appears constant. The overall
TSS level decreases gradually from
1993 to 2015 corresponding to
decrease in rainfall in the same
period (Figure 6). As the annual
rainfall in this basin tends to decrease
(Figure 5B), the TSS level in the
basin could continue to decline
except there are high frequency of
extreme rainfall events to elevate the
TSS level (Schulz, 2001, Defersha
and Melesse, 2012). These suggest
changes in amount of rainfall impact
on the TSS level in this river basin.
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Figure 4: All observation points along the Chi-Mun Rivers (A);
observation points upper-lower Rasrisalai dam (B); observation point
upper-lower Huana dam (C); observation point upper-lower Pakmun dam
(D), observation point near Ubonrachthani city (E)

6.2 Spatial variations

The estimated TSS level in the Chi River was less than the level in the Mun River. The TSS level
in the Chi River exhibited low at the upstream site (Chil) but became higher at downstream site
(Chi3) close by the confluence. This spatial pattern of the TSS level in the Chi River remains
constant from 1993-2015 which reflects persistent decline in the river flow speed at the confluence.
Increase TSS level was mostly found regardless of seasonal change at the sites located near
municipalities (Mun8) (Figure 4E) suggesting urban sediments supply to the Mun River (Taylor
and Owens, 2009, Walker et al., 1999). In addition, overall spatial distribution of TSS level at the
upper dam sites close by Huana dam and Pakmun dam (Mun5, 10) exhibited higher TSS level
compared with the lower dam sites (Mun6, 11) (Figure7A-C, 1, J) (Figure 8B-C). These indicate
that the dams play a key role in retaining suspended sediments resulting in rising of TSS level
(Brune, 1953, Kondolf et al., 2014, Kummu and Varis, 2007). However, this spatial pattern cannot
be seen at the upper and lower Rasrisalai dam sites (Mun2, 3). On the contrary, the TSS level at
this lower dam site (Mun3) near by the Rasrisalai town was greater than its upper site (Mun2)



(Figure 8A), indicating the impact of urban sediment on the TSS level. Although, this pattern can
also be found at lower Huana dam site (Mun6) in July and at lower Pakmun site in Mar (Mun11)
(Figure 8B, C), the increase TSS level could result from either regular dam draining or the draining
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Figure 6: TSS in 1993 (A); TSS in 1995 (B); TSS in 1998 (C); TSS in 2006 (D);

7SS in 2009 (E); TSS in 2015 (F)




to prevent overflow during rainy season (Boyd and Gross, 2000) rather than the influence of the
urban sediments. Furthermore, given that the location of Mun 11 was close to the Mekong River
confluence, this observation point was not only influenced by regular draining but also from
suspended sediment transported from the Mekong River (Figure7D-F, K). The trapped suspended
sediments can also be seen in lower dam area near by the Mekong River confluence (Figure7G, L)
which reflects slow river flow speed in this area.
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Figure 7: Spatial distribution of TSS level at upper Pakmun dam and lower Pakmun dam from 1996 — 2015 showing high
accumulated suspended sediments at the upper dam and lower accumulation at the lower dam (A-C, I, J); the influence of sediments
transported from the Mekong River to the lower dam area (D-F, K); trapped suspended sediment at lower dam areas



7) CONCLUSION

Monthly average of TSS at upper and lower Rasrisalai dam (2003-2011)
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The variations of estimated suspended
sediment level in the Chi-Mun River basin
are related to seasonal changes. An
- increase in suspended sediment level was
observed in rainy season (May-Oct), while
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and lower Huana dam (B); Comparison of TSS level between information obtained from the technology
upper and lower Pakmun dam (C) can be used to help establish sediment

management strategies in response and

mitigation to changes in coastal ecosystem at the Mekong River delta.

s Lower dam

eI \ 200

W —— e Rainfall

150

TSS (mg/L)
N
&

ww) jjejurey

o
o

o
@

0.0
L |

~
]
S

20

TSS (mg/L)
I
n
=
Q
3
(wiw) jjegurey

-

)
=
15}
3

o
@

o
o

< ey
8 8

Apr
May
u
Aug
Sep
Oct
Nov
Dec

Mar

150

TSS (mg/L)
n
n

(ww) leurey

o
15}
s}

«
o

o

5 w >
ER- 3
<< =

|
>
T
=

Apr |

=

Jun

Month

8) ACKNOWLEDGEMENT

This work would not be possible without financial support from Geo-Informatics and Space Technology
Development Agency (GISTDA) and the free availability of Landsat images by NASA. The authors are
grateful for invaluable comments and suggestions by Dr. Jiaguo Qi, Professor at Michigan State
University’s Department of Geography and a Project Scientist for NASA’s MAIRS (Monsoon Asia
Integrated Regional Studies) program. We also greatly appreciate support and help of many individuals and
organizations. We would like to extend sincere thanks to all of them. Our thanks and appreciations also go
to our colleague (Patiwet Chalermphong, Chirakorn Saengprong, and Jirawit Wongchan-Uma) who have
willingly helped out with their abilities during fieldworks.

9) REFERENCES

ANTHONY, E. J., BRUNIER, G., BESSET, M., GOICHOT, M., DUSSOUILLEZ, P. & NGUYEN, V. L. 2015. Linking rapid
erosion of the Mekong River delta to human activities. Scientific reports, 5, 14745.

BILOTTA, G. & BRAZIER, R. 2008. Understanding the influence of suspended solids on water quality and aquatic biota. Water
research, 42, 2849-2861.



BOYD, C. E. & GROSS, A. 2000. Water use and conservation for inland aquaculture ponds. Fisheries management and Ecology,
7, 55-63.

BRUNE, G. M. 1953. Trap efficiency of reservoirs. Fos, Transactions American Geophysical Union, 34, 407-418.

CHALEERAKTRAKOON, C. & PUNLUM, P. 2010. Statistical analysis and downscaling for the minimum, average, and
maximum daily-temperatures of the Chi and Mun River Basins. Science & Technology Asia, 64-81.

COOLEY, T., ANDERSON, G. P, FELDE, G. W., HOKE, M. L., RATKOWSKI, A. J., CHETWYND, J. H., GARDNER, J. A,
ADLER-GOLDEN, S. M., MATTHEW, M. W. & BERK, A. FLAASH, a MODTRAN4-based atmospheric correction
algorithm, its application and validation. IEEE International Geoscience and Remote Sensing Symposium, 2002. IEEE,
1414-1418.

CRACKNELL, A. 1999. Remote sensing techniques in estuaries and coastal zones an update. International Journal of Remote
Sensing, 20, 485-496.

DEFERSHA, M. B. & MELESSE, A. M. 2012. Effect of rainfall intensity, slope and antecedent moisture content on sediment
concentration and sediment enrichment ratio. Catena, 90, 47-52.

FLOCH, P. & MOLLE, F. 2009. Water Traps: The Elusive Quest for Water Storage in the Chi-Mun River Basin, Thailand. Mekong
Program on Water, Environment and Resilience Working Paper. Chiang Mai, Thailand, Mekong Program on Water.

FURUKAWA, K. & WOLANSKI, E. 1996. Sedimentation in mangrove forests. Mangroves and salt marshes, 1, 3-10.

GAO, B.-C. 1996. NDWI—A normalized difference water index for remote sensing of vegetation liquid water from space. Remote
sensing of environment, 58, 257-266.

HAPP, S. C. 1944. Effect of Sedimentation on Floods in the Kickapoo Valley, Wisconsin. The Journal of Geology, 52, 53-68.

HAUER, C., LEITNER, P., UNFER, G., PULG, U., HABERSACK, H. & GRAF, W. 2018. The Role of Sediment and Sediment
Dynamics in the Aquatic Environment. /n: SCHMUTZ, S. & SENDZIMIR, J. (eds.) Riverine Ecosystem Management:
Science for Governing Towards a Sustainable Future. Cham: Springer International Publishing.

KONDOLF, G., RUBIN, Z. & MINEAR, J. 2014. Dams on the Mekong: Cumulative sediment starvation. Water Resources
Research, 50, 5158-5169.

KUMMU, M. & VARIS, O. 2007. Sediment-related impacts due to upstream reservoir trapping, the Lower Mekong River.
Geomorphology, 85,275-293.

KUNTIYAWICHAL K. 2012. Interactions between land use and flood management in the Chi River Basin.

LU, X. & SIEW, R. 2006. Water discharge and sediment flux changes over the past decades in the Lower Mekong River: possible
impacts of the Chinese dams. Hydrology and Earth System Sciences Discussions, 10, 181-195.

MICHAUD, J. P. 1994. Measuring Total Suspended Solids and Turbidity in lakes and streams. 4 Citizen's Guide to Understanding
and Monitoring Lakes and Streams. State of Washington, Department of Ecology.

NEWCOMBE, C. P. & MACDONALD, D. D. 1991. Effects of suspended sediments on aquatic ecosystems. North American
Jjournal of fisheries management, 11, 72-82.

SCHULZ, R. 2001. Rainfall-induced sediment and pesticide input from orchards into the Lourens River, Western Cape, South
Africa: importance of a single event. Water Research, 35, 1869-1876.

SPALDING, M. D., RUFFO, S., LACAMBRA, C., MELIANE, 1., HALE, L. Z., SHEPARD, C. C. & BECK, M. W. 2014. The
role of ecosystems in coastal protection: Adapting to climate change and coastal hazards. Ocean & Coastal Management,
90, 50-57.

SWIFT, D. A. 2002. Provenance of suspended sediment in subglacial drainage systems. University of Glasgow.

TAYLOR, K. G. & OWENS, P. N. 2009. Sediments in urban river basins: a review of sediment—contaminant dynamics in an
environmental system conditioned by human activities. Journal of Soils and Sediments, 9, 281-303.

TEMMERMAN, S., MEIRE, P., BOUMA, T. J., HERMAN, P. M., YSEBAERT, T. & DE VRIEND, H. J. 2013. Ecosystem-based
coastal defence in the face of global change. Nature, 504, 79.

WALKER, W. J., MCNUTT, R. P. & MASLANKA, C. K. 1999. The potential contribution of urban runoff to surface sediments
of the Passaic River: sources and chemical characteristics. Chemosphere, 38, 363-377.

WALLING, D. E. 2008. The changing sediment load of the Mekong River. AMBIO: A Journal of the Human Environment, 37,
150-158.

WANG, J.J.,, LU, X. & KUMMU, M. 2011. Sediment load estimates and variations in the Lower Mekong River. River Research
and Applications, 27, 33-46.





