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Chapter 1

Chapter 1

I mportance of floodplains on aquatic ecosystem and present statusin the world
1.1 Introduction

1.1.1 What isfloodplain?

A floodplain is the flat or nearly flat land whiaindergoes occasional flooding, and is the landforeated
and maintained by flood dynamics. Floodplains contaundation area of midstream valley plain, aifliyan,
downstream alluvial plain, and delta (Fig. 1.1)efiéhare many kinds of wetlands in floodplain sushrmoxbow
lake, side arm, side pool, backswamp and so onWeétéands in floodplains are formed in two majoryaa
one is meanders grow, and the other is naturaélémenation.

Meanders are windings and bends occur in the miadielower stream. Meanders eventually grow through
sediment deposits and erosion of stream. When meesugdow large and increase sinuosity meandersbwill
cut off from mainstream. The cut off waterbody edlan oxbow lake (Fig. 1.2). Also a secondary ftaused
by a small scale cut off inside river bank in thenge way called a side arm.

Anatural levee is a slightly elevated land formagahg the area adjacent to stream. Natural levetagrgdually
higher whenever floods overflow it, through repdagediment deposits of mud and silt transportefidnds
(Fig. 1.3). A backswamp formed behind a naturakéewhere landside water is poorly drained. The iphl/s
characteristics of backswamps are variety of sclpth, velocity, and frequency of flooding, andmectivity
from streams, according to positions in floodplaamal detailed land features which created by seatiime
deposits by floods (Brinson 1993).
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Fig. 1.1 Floodplain landforms. the figure is adapted from
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32

Fig. 1.2 Oxbow lake formation. (the figure is adapted frondiana University Bloomington,

http://www.indiana.edu/~g105lab/images/gaia_chagiéfmeander_formation.htm)

(a) Before flood ~

Flaod-s:age water |evel
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(c) After many ﬂoods

Fig. 1.3 Natural levee formation. (the figure is adaptednfr Indiana University Bloomington,
http://www.indiana.edu/~g105lab/images/gaia_chagiéfmeander_formation.htm)

1.1.2 Importance of floodplains and floods on aquatic ecosystem
The importance of floodplains and floods on aquatosystem is well known. Some of the effects of
floodplains and floods on aquatic ecosystem inctheefollowing:
1. Occasional floods inundate the vast extent of $tnig habitats and consequently overflows providge
input of nutrients. The exchange of organic matted inorganic nutrients drive floodplain ecosystem

2



Chapter 1

(Amoros and Bornette 2002).

2. Heterogeneity of wetland habitats in floodplain results primarily from: (1) the distance from the floodplain
wetlands to main streams; (2) the existence of permanent or temporary connections to main streams; and
(3) the size and shape of waterbodies (length, width, depth and sinuosity) (Fig. 1.4). Large floods are
important events for forming and maintaining the geographical features of floodplains. The heterogeneity
of floodplain wetlands contributes to high biodiversity (Amoros and Bornette 2002).

3. The waterbodies of floodplain with lower current velocity and higher temperature may serve as suitable
nursery habitats for some fish species (Agostinho et al. 2001, Pease et al. 2006). Floods provide reef litters
and terrestrial plants to aquatic ecosystem, and invertebrate or vertebrate grazers may increase (Matthews
1998), result in enhance the growth of larval fishes (Gehrke 1992). Moreover, the waterbodies of floodplain
with low Dissolved oxygen and shallow water prevent the intrusion of predators. (Anjos et al. 2008,
Yamamoto et al. 2014).

4. Larval and nursery fishes may avoid displacement by floods by taking migratory behaviors into some
waterbodies of floodplains. The same applies to relatively large aquatic orgasms, particularly in not complex
habitats or in vulnerable habitat to flood disturbance (e.g. floating vegetation, sand sediment, water surface)
(Heggenes 1988, Matthews et al. 1994, Inaguma et al. 2012). Namely, waterbodies of floodplains contribute
to recovery of the floodplain ecosystem.

5. Ecological community in flood plain undergoes flood disturbances, and this annual changes prevent

competitive species from dominance and allow the community to keep high biodiversity (Imanishi 2010).

Fig. 1.4 Wetlands in the floodplain around Nakhon Sawan, Thailand (Aerial photos are adapted from Google
Earth)

1.2 Biodiversity and present status of floodplains in the world

1.2.1 Biodiversity of floodplains in the world
There are many species utilize unique function of floodplain previously mentioned in their life cycles. Fig. 1.5

shows the number of floodplain-dependent freshwater fish species among continents. The figure was created basing

3
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on The TUCN Red List of Threatened Species (Version 2015-3, http://www.iucnredlist.org). The species type
“floodplain-dependent” for each fish species was distinguished by the IUCN Red List in which described as utilize
following habitats: seasonal/intermittent/irregular rivers/streams/creeks, and seasonal/intermittent freshwater lakes,
seasonal/intermittent freshwater marshes pools. Of all described 5214 freshwater fish species in the world, 1662
species (24%) were floodplain-dependent species. 251 species of 1662 floodplain dependent species were endangered
species (critical endangered (CR) + endangered (EN) + Vulnerable (VU)). It should be noted that 1279 species of all
2854 freshwater fish species (45%) in Sub-saharan Africa were floodplain dependent species. The region which
estimated second largest species number of floodplain-dependent species was South and Southeast Asia, 258
freshwater fish species were floodplain-dependent. The total number of freshwater fish species in Sub-saharan Africa

and Southeast Asia occupied 91.6% (1524 species) of all floodplain-dependent species in the world.

B Floodplain-dependent Sp. 0
J

m Other Sp. @

World

Floodplain-
dependent Sp.,
1662
24%

Fig. 1.5 Comparison of freshwater fish species number among continents. Species number and floodplain-dependent
for each fish species is based on The [IUCN Red List of Threatened Species (2015). The background map is adapted
from the major waterbodies map made by Lehner and D61l (2004).

1.2.2 Present status and threats to floodplain in the world

The global area of wetlands was estimated 12.8 X 10km? (Finlayson and Davidson 1999) and the estimated global
area of floodplains vary from 0.8 X 10°km? (Aselmann and Crutzen 1989) to 1.65 X 10°km? (Constanza et al.
1997) to 2.2 X 10°km? (Ramsar and IUCN 1999), due to the difficulty of determining the extent of permanent and
seasonal waterbodies. Despite the likelihood that floodplains cover less than 1.5 % of the earth's land surface and
occupy less than 17% of the wetlands, quarter of freshwater fish diversity depends on floodplains.

Many of the large Asian, African and South American floodplains are disappearing or are being transformed at an
accelerating rate as a result of water cycle change (Tockner and Stanford 2002). Although South and Southeast
Asian and Sub-Saharan African floodplains boasts the highest biological biodiverse ecosystem in the world, the

greatest decline in biodiversity is expected to occur in the freshwaters of the region in tandem with the reduction of

4
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floodplains (Dudgeon 2002).

Since 1900, more than half the world’s wetlands have disappeared (Moser et al. 1996) In North America, up to 90%
of floodplains are already cultivated and therefore functionally extinct (Erwin 2009). Floodplain is one of the most
altered landscape worldwide and it continue to disappear at an accelerating rate, since development pressure for
reclamation of floodplains is much higher than other landscapes due to the facility to irrigation (Vitousek et al. 1997,
Olson and Dinerstein 1998, Ravenga et al. 2000).

A large scale dam drastically changes water cycle in floodplain. Fig. 1.6 shows the discharge patterns of Nile river
at Aswan. Aswan Dam is the largest storage capacity dam in Nile River. Aswan High Dam was opened in 1970. After
Aswan High Dam was opened flood peak decreased drastically and low water discharge increased (Tockner and
Stanford 2002). And the timing of the flood peak shifted in a several months. These changes may reduce the area of
floodplains and disturb the life cycle of floodplain-dependent species, because floods drive and maintain floodplain

landforms and floodplain ecosystem.

(a) Nile (Aswan)
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Fig. 1.6 Discharge patterns of Nile River below the Aswan dam. The figure is adapted from Tockner and Stanford
(2002).

1.3 Biodiversity and present status of floodplains in Southeast Asia, and Thailand

1.3.1 Biodiversity of floodplains in Thailand

The fauna of the freshwater ecosystem of Southeast Asia is extremely diverse. Zakaria-Ismail (1994) pointed
a recent estimate of about 1000 species is probably an understatement. The Chao Praya River is one of major
rivers in Southeast Asia, and the basin of the river have vast floodplain system. The floodplains are maintained
by a regular and long period floods, and many fish species of the basin utilize these predictable and prolonged
floods in their life cycle (Rainboth 1996). More than 690 freshwater fish species have been recorded and it is
estimated 10% of all freshwater fish species are still undescribed (Rainboth 1996, Kottelat and Whitten 1996).
In the region, around 30 endemic species were described (Vidthayanon 2005). For example, some Schistura

species such as S. maejotigrina, S. sirindhornae, S. deansmarti, S. dubia, S. menanensis, S. pridii, and S. spilota
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are endemic to the Chao Phraya basin (Suvarnar&kdlfa Suvarnaraksha 2015).

Inland fisheries have long been a part of Thaiuwaliand are an important source of protein, eslheda
rural populations. The Thailand inland fishery ratkl13th in the world based on catch expect for fish
cultivations (222500 tons), and the Thailand inldighery ranked 6th based on catch per population
(3.3kg/person/year) in the world in 2012 (MoffitidaCajas-Cano 2014, UN Population Division 2015).

The Chao Phraya freshwater fish biodiversity ardkanism is among the highest in the world. Regartlieg
high biodiversity of floodplain and the threatsdevelopment the floodplains (described later sagtiGhao
Phraya River is one of Major global hotspots fessfrwater fish biodiversity (“Indo-Burma hot spdityers et
al. 2000). However, it is pointed that freshwatetspots receive less attention than their teredstaunterparts
(Myers et al. 2000).

1.3.2 Problems and present status of floodplainsin Thailand
Land-use transformation

Fig. 1.7 shows the relationship of developed areagrtions on the plains between riparian areaveinole
catchment in the major basin in Southeast Asia Bast Asia. Developed area was defined as interysivel
impacted land-use by human activities, and the gntagn was calculated as the total area of lancectype
“Croplands” and “Urban and Built-Up” in 0.5 km MOBibased Global Land Cover Climatology (Broxton et
al. 2014). The riparian area was defined as the Vaithin 5 km of major streams. Land cover “Waterds
eliminated from “riparian area” and “whole catchriearea, in order to avoid the underestimation lod t
developed area proportion of the areas in whichatye proportion of land cover occupied by watelsbareas
(For example, Biwa Lake in Yodo River Basin). Thads within 5 degrees of the slope were classidsgolains.
The major basins were defined as the basins witateas was larger than 100Gkand stream lengths was
longer than 100km based on Global Drainage Bastatizae (GDBD) (Masutomi et al. 2009). Digital eleva
model was derived from SRTM 90m Digital ElevatioatBbase v4.1 (Jarvis et al. 2008). Southeast Asidn
East Asian riverine floodplains are severely therat by land-use development than whole catchnreasa
(Fig. 1.7), particularly in East Asia. The reswdtgpported higlilevelopment pressure on floodplaingoagvious
studies have pointe@¥itousek et al. 1997, Olson and Dinerstein 19&yenga et al. 2000)

The most impacted riparian areas in the respeofivend-use development were found in China anédap
Dagu River (China), where is known for water patatfrom land-based sources such as urban, indlstri
sewage, and cultivation (Jin et al. 2014, Liangle2014), showed the highest impact on ripariaasuof all
rivers investigated. In Thailand, the threats panian areas by land-use development are alsogstham that
of whole basins (Fig. 1.7). However, the developtmatios of the all basins of the country were lowean
40 %. The development ratio of Chao Phraya basisn 3%a4% for the riparian area, 21.9% for the whole
catchment.
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Fig. 1.7 The relationship of developed area proportiongherplains between riparian area and whole basin in
the major basin in Southeast Asia and East Asia

Fig. 1.8 shows the relationship between developed proportions and population densities in thargm
plain areas of major basins in Southeast Asia asd &Asia.

Population density was derived from 2010 GriddeduPation of the World, Version 3 (GPWv3) (CIESINdan
CIAT 2005). Basin and major stream data was derifrech Global Drainage Basin Database (GDBD)
(Masutomi et al. 2009).

There are positive logarithmic relationships betwlaman population density and land use of therigpa
zone for East Asian and Southeast Asia ((East As&015*In(x)-15.301, R=0.39,p<0.001, Southeast Asia:
7.226*In(x)-19.456, R=0.54,p<0.001; Fig. 1.8). East Asian riparian areas have the terydé show higher
land-use development ratios at a low level of papoih density than Southeast Asian riparian aretieeasame
level of population density. Present analyses @atluand cover type “Cropland/Natural Vegetationsisio”
in developed area. For example, in Southeast Aki)and cover type corresponds to rain-fed crop lands.
Relatively low land-use development against pojutain Southeast Asia can be explained by the ticawdl
and extensive farm land-use around riparian areasrder to improve the production of crops, byingk
measures against floods and constructing irrigagy@temyeclamation of floodplainfor intensive agriculture
has been occurring in Southeast Asia (Tockner aaf&@d 2002).

The calculations of present analyses were condunstédcGIS ver. 10.2 (ESRI Japan, Tokyo, Japan).
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Large scale dams and water discharge change in the Chao Phraya Basin

There are two major large scale dams in the Chao Phraya Basin (Fig. 1.8). Bhumibol Dam was opened in 1963,
Shirikit Dam was opened in 1974. Tebakari et al. (2005) mentioned that the reduction of flood peak is the result of
coordinated operation between Bhumibol Dam and Shirikit Dam. Total capacities of the dams are 1350 MCM for
Bhumibol Dam and 950 MCM for Shirikit Dam, and are respectively equivalent to the inflow discharges for 2 years
and 1.5 years (Tamada et al. 2013). The catchments of two dams cover 15% of whole Chao Phraya basin. The river
discharge pattern of The Chao Phraya River has been dramatically transformed by the dams. Fig. 1.9 shows Monthly
runoff at Nakhon Sawan C.2 runoff station (Tebakari et al. 2005). From 1963 to the late 1970s, monthly low water
discharge gradually increased in dry season. From 1980s, flood peaks notably decreased. Mateo et al. (2014)
investigated the impact of the operation of the dams since the 2011 Thailand flood and found that the inundated

area in the Chao Phraya River Basin was reduced by 40%.

Shirikit Dam

93]
=
=
3
O
O
Q
Nan River

C.2 Water Level Station

Fig. 1.9 Location of Bhumibol Dam and Shirikit Dam
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Fig. 1.10 Monthly runoff and rainfall at Nakhon Sawan C.2 runoff station (modified from Tebakari et al. 2005)

1.4 The state of flood control policies of Thailand Government

1.4.1 2011 Thailand floods

In Thailand, during the rainy season, floods generally occur from September to October. In 2011, heavy rains
due to the rainy season caused severe disasters in Thailand, Cambodia, Bangladesh, the Philippines and India.
A severe flood disaster, called 2011 Thailand floods, struck middle and downstream basin of the Chao Phraya
River. The floods submerged approximately 17.3% of the Chao Phraya basin (Fig. 1.11), causing 813 deaths
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and 9.5 million victims (Centre for Research on the Epidemiology of Disasters (GREC) 2012).

The total economic damages and losses from the floods were estimated 1,425 billion baht, and reduced GDP
growth in 2011 by 1.1 % (World Bank 2012). Compared to the 2011 Thailand government revenue, the damage
account for 59% of the revenue. The flood directly impacted Thailand manufacturing, and the items for which
Thailand manufacturing occupied large proportion of the world’s supply of components such as computer hard

disk drive (HDD), and automotive parts. The economic losses spread to other countries as global supply

shortages.

10



Chapter 1

0 50100 200
- e km

e

Fig. 1.11 Inundation area of 2011 Thailand flood. The inuiwte area is derived from GISTDA
(http://flood.gistda.or.th)/

1.4.2 Flood control policies of Thailand Gover nment
Considering the extensive damages and losses df ZQailand floods, Strategic Committee for Water
Resource Management (SCWRM) was set up by Yingtaiknet in 2011. In 2012, SCWRM established
“Master Plan on Water Resource Management” for fmmgn water resource management and against future
drought and flood. The Master Plan consists of sma&ork plans and 2 action plans. The descriptiangut
principles of future flood control are summarizedfa@lows:
The upper stream of the river basin: The upper stream of the river basin focused owislp down the
velocity of the flood current and on cutting thekelischarge of floods. The plan of upper streactuaed
construction of suitable reservoirs in Ping, YonanNSkaekurng and Pasak rivers, and the improveameht
conservation of soil in the upper river basin biprestation and rehabilitation of water catchmenéét area.
Themiddle stream of theriver basin: The middle stream of the river basin focused aioration of flood
water. In order to mitigate flood impacts on Bangkmd its vicinity, the assigning of temporary ftbo
retention areas and recovery of remaining reterdr@as in middle stream of the basin were propoEeel.
plan also included creating measures for compeansé&tithose flood retention areas.
The downstream of theriver basin: The downstream of the river basin focused on dgerof flood water.
In order to efficiently deviate waters from the GHzhraya River and Pa Sak River, the constructidioad
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ways or drainage canals, and improvement of watenage and remaining water gateway were claimed.
The plan of downstream also included the improvenaénmemaining dikes and preventive dikes for key
economic areas.

The master plan was developed based on His MdilestiKing’s initiatives after 1995 Thailand floodbat
referred to flood control principles such as th&aetion of riparian retention areas called Monkbgek, the
construction of King’s Dike to protect central B&o§ against floodwater from upstream, and the impnoent
of flood way which flows on the east side of Banigkbhe master plan has described that the work8dod
mitigation in the river basin begun in 2012 onwasdth total amount of the budget at 300 billion bakowever,
Yingluck cabinet was replaced by a Thailand’s railtin 2014 in the process of carrying out the erastan.

In January 2015, Thailand's military governmeninaéd guiding principle for water management. Acaogd
to the principle, the government intends to budggtroximately 900 billion baht (more the twice thalget of
Yingluck master plan) over the next decade, anthenfirst two years will mainly cover feasibilityuslies,
designs and environmental impact assessments. kBlariRpst 2015). In March 2015, Prime Minister Ptayu
Chan-o-cha stated at the Third United Nations W@ohference that the government will push forwamd a
integrated water management system including legrfrom His Majesty the King'’s initiatives (Permare
Mission of Thailand to the United Nations 2015).

The previous master plan of Yingluck cabinet arglriew principle are same in terms of learning fidi
Majesty the King's initiatives. The flood controlipciple of Thailand's military government stillmains
unclear, therefore, will not greatly differ frometiprevious master plan.

1.5 Research objectives

Flood water management at the middle stream ofCteo Phraya River have a profound influence on the
prevention of flooding at the downstream economéaa such as Bangkok and its vicinity (Cham e2@l4).
Although future flood control measures will bringsabstantial change to floodplains and biodiveraityhe
region, the details of the impact are not clear.

Therefore, this study aimed to understand floodld@mns and floodplain importance on biodiversityegion.
Moreover, | tried to propose a practical protectpban for fish biodiversityin harmony with flood control.
Objectives of this study were designed as follows:

1. To differentiate and describe fish species mdsn composition, and environmental characteristics
among the rivers and floodplain waterbodies basestatistical approaches.

2. To elucidate the relationship between fish gmbiodiversity and environmental factor. In pautae, to
elucidate the role of floodplain existence for fish species diversity.

3. To develop the hydrological model to predictfibedplain area changes caused by future floodrobn
measures.

4. To predict the impact of Kaeng Sua Ten Dam erflttodplain of the middle stream of the Chao Paray
River, and to elucidate its impact on fish spediesrsity.

5. To develop the assessment method to assesstéigeity of floodplain quality among the three main
tributaries in the middle stream of the Chao PhiRiyeer.

12
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6 To propose the conservation plan of floodplaiosgstem.

1.6 Study area

The study was conducted from the middle streanh@®fGhao Phraya River, where the three main trijgutar
rivers of the Chao Phraya River meet (Fig. 1.12g @lownstream end of Chao Phraya River of the stuely
is located at 100.11E, 15.67N, and 381km from ther mouth and 26 m above sea level with a flapslof
approximately 1/15,000. The river widths are royg200 m at Chao Phraya River, 120m at Ping Riv@m6
at Yom River, and 90m at Nan River. The tributages the Ping River with a basin area 50,888 &nd an
average discharge of 158 m1* and a maximum discharge of 403 st (P.7A water level station 2014), the
Yom River with a basin 22,768 Kmn average discharge of 103 stt and a maximum discharge of 448 st
(Y.17 water level station 2014), and the Nan Rivih a basin 35,355 kfrand an average discharge of 20°L m
st and a maximum discharge of 862 g (N.7A water level station 2014) (Hydro and Agrddimmatics
Institute (HAII) 2015). There are no barriers te thispersal of fishes, such as large dams, onvéesrin the
study area. The Bueng Boraphet Lake is locatea ¢mthe downstream end of Chao Phraya River cstilny
area (100.23E, 15.71N). The Bueng Boraphet Lakea@a area 224 kfpis an artificial freshwater lake
constructed by damming a natural marsh in Thai(&@mivongsitanon et al. 2007).

According to Thai Meteorological Department (201thg region has three seasons: a rainy seasonaliypi
from mid-May to mid-October, a cool dry season,dgfly from mid-October to mid-February, and a Hog
season, typically from mid-February to mid-May. Tdrnual mean precipitation of the region is 1275,
temperature ranges from 21.1(mean minimum) to 880 maximum). The region receives intensive rlinfa
from August to September. In the rainy season®dBodue to the intensive rainfall generally ocawnf
September to October. Flood characteristics amioaghree sub-basins differ in terms of floodplaieea The
floodplain area in the Ping River sub-basin is $endahan that in the Yom and Nan River sub-basins.

The land-use of the region is typically paddy feeld the riparian area, and sugar cane fieldsenatiea far
from rivers and not irrigated. Urban areas onlyribate around Nakhon Sawan city (100.09E, 15.7 Bibhit
city (100.42E, 16.22N), andamphaeng Phet city (99.53E, 16.48N).
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Fig. 1.12 Study area and Nakhon Sawan city location

1.7 Dissertation structure

Chapter 1: This chapter is introductory chapter which explain the importance of floodplains on aquatic
ecosystem and present status in the world and highlighted the background of the research, research objectives,

description of study area, and dissertation structure.

Chapter 2: This chapter will discuss about the fish composition and richness based on the fish sampling survey
in the study area. Moreover, the important factors which determine the species richness in the region will be
elucidated. This chapter will also provide the fundamental knowledge and estimation of the integrity of the

rivers in terms of the species diverse.

Chapter 3: This chapter will discuss about the hydraulic model which predict the flood inundation in the region
using iRIC model. The accuracy of the model will be validate comparing the observed inundation area by

satellite image. This chapter will also discuss about the return periods of the annual rainfall of 2014 when is the
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year the fish sampling conveyed.

Chapter 4: This chapter will provide the floodplain condit®mn some scenarios using Storage Function
Method. Scenario A will describe potential and o floodplain condition in which two largest damien’t
exist. Scenario B will describe the future condhtiwith a new dam construction in the Yom River whis the
only major tributary that have no large scale damthe mainstream.

Chapter 5: This chapter will discuss about the responsestf $pecies richness to the scenarios. The potential
species richness will be predicted in the regianguaxent. And gap analysis among original cooditand
scenarios will be conducted in order to eluciddte species loss and sensitivity due to environnhenta
degradations.

Chapter 6: This chapter will discuss about what kinds of @ptains are an important environment for fish

species and hat kinds of floodplain environmenéslacking in the basin? These are essential kn@&|d¢or
suggesting effective conservation plan. This chapiik also provide the conclusion of the dissadat
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Chapter 2

Fish species composition and influence of floodplain area on fish species richness
in water bodies of middle stream of the Chao Phraya River basin

2.1 Introduction

Floodplains are riparian ecotones in which thera isansition between terrestrial and aquatic conities
(Kolding and Zwieten 2012). These areas featurl bigdiversity and are a highly productive partraf aquatic
ecosystem (Moss 1988, Junk 1996). Flood pulse concept (FPC; Junk et al. 1989) is the hypothesis that lateral
interaction between main river and floodplain assted with flood disturbance is the major drivirigde for
maintenance of aquatic biodiversity of floodplagogystem. FPC explain that aquatic biodiversityemilted
in great habitat diversity and the gradients ofrbl@bical regime and hydrochemical environmentabasted
with the hydrological connectivity from main rivers isolated floodplain waterbodies, and in preienbf
competitive species domination allowing succesdipimmeer species associated with flood disturbddaoak
et al. 1989).

Previous studies on river—floodplain ecosystemeltmonstrated the importance of flooding, whidtves
aguatic organisms to migrate into inundated floaohd and to use resources from the submerged tr&ates
landscape for feeding and breeding. Therefore,aifea of floodplains affects the recruitment of dgua
organisms (Moss 1988, Junk 1996, King and Lake 20@8olsfeld et al., 2004, Arthington et al., 2Qd4pod
disturbance creates habitat heterogeneity andegredof hydrochemical environment in floodplain erabdy,
which affects distribution and richness of aquatigasms (Junk et al. 1989, Ward et al. 1999).

Many studies have demonstrated species richnessripaf various biota was affected by floods and
emphasized the significance of flood and floodplaifargescale rivers around the world; for example, fishes
and phytoplankton in Danube River (Ward et al. 198Bhaljevi¢ et al. 2015), hydrochorous plants in
Twentekanaal Canal (Boedeltje et al. 2004), zodtanand phytoplankton in La Plata River (Simdealet
2013, Izaguirre et al. 2001), fishes and zooplamktoAmazon River (Petry and Markle 2003,Bozellil3]D
However, these information in South-East Asia averly understood, despite whose floodplains are aine
world’s most threatened floodplains due to humaiviéies (Vitousek et al. 1997, Ravenga et al. 2008kner
and Stanford 2002).

The Chao Phraya River is one of major rivers intBdtast Asia, and the basin of the river have flagtiplain
system. The floodplains are maintained by a regaarlong period flood, and many fish species efliasin
utilize the predictable and prolonged flood in thigie cycle (Rainboth 1996). In the basin, floodntrol
measures have been carried out in acceleratingrgg®gdue to the damages of 2011 Thailand flood.
Understanding of significance of floodplain andofiioevent on fishes in the basin would help thessssent
and mitigation of the impact of flood control meeesifor river-floodplain ecosystem and inland fighe
However, previous studies about fishes in the blaaure focused on taxonomy and fauna (e.g. Zakanmail
1994, Kottelat and Whitten 1996, Kottelat 2013, &wmaraksha 2015), ecological aspects have received
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relatively less attention (Rainboth 1996, Vidthayanon 2002), and further study assessing the significance of
floodplain and flood for fishes remain notably absent.

In this chapter, | investigated fish distributions and physical environments of main rivers and floodplain
waterbodies in the middle of The Chao Praya Basin. I described fish assemblage and conducted nMDS and X-
means analyses to elucidate the fish species composition, and GLMM analysis to elucidate the flood significance

for the fishes in the region.

2.2 Materials and methods

2.2.1 Study Area

The study was conducted in the floodplains of the mid-Chao Phraya River Basin (Fig. 2.1 a) where the three
main tributary rivers of the Chao Phraya River meet. There are no barriers to the dispersal of fishes, such as
large dams, on the rivers in the study area. The floodplain area in the Ping River sub-basin is smaller than that
in the Yom and Nan River sub-basins (Fig. 2.1b). Thus the study area is the suitable area for comparing the fish

species composition among the environments which belongs to different size of floodplain.
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Fig. 2.1 Maps of the study area. (a) Open circles indicate the sites surveyed in the rainy season (September 2014). Black
triangles indicate the sites surveyed in the dry season (March 2015). (b) Inundated areas in 2014 floods. The inundated area
data was derived from GISTDA (2015)
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2.2.2 Fish sampling and environmental parameter assessment

Fish sampling was conducted using cast nets with a 20-mm mesh size and scoop nets with a 2-mm mesh size.
The fishing effort at all sampling sites was 20 man-minutes for cast nets and 10 man-minutes for scoop nets. In
total, 135 waterbodies were sampled in the Ping River sub-basin, the Yom River sub-basin, and the Nan River
sub-basin (Fig. 2.1a) in September 2014 (the rainy season: 15 rivers, 19 diversion canals, 12 ponds, 5 irrigation
ditches, 18 paddies, and six wetlands) and March 2015 (the dry season: 15 rivers, 18 diversion canals, 12 ponds,
5 irrigation ditches, 11 paddies, and one wetland). The different waterbody types are shown in Fig. 2.2. For
safety reasons, sampling from rivers and ponds with a water depth >2 m was carried out from the edge of the
waterbody. Captured fishes were identified at species level and their total length was measured. Most individuals
were released at the same site where they were caught, but some were preserved in formalin when further
identification was required. The fishes were identified according to Rainboth (1996), Apinun (unpublished data),
and the online database of Fishes of Mainland Southeast Asia (http://ffish.asia/; Kano et al. 2013).

(a) River

(e) Paddy field

Fig. 2.2 Photographs of the types of waterbodies surveyed. (a) River, (b) diversion canal, (¢) pond, (d) irrigation
ditch, (e) paddy field, and (f) wetland.
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At each study site, the following environmentalgraeters were measured in the field: electric cotinvtyc
(EC, pS; PCS Tester 35, Oakton Instruments, IL, USA), turbidity (Turb, NTU; HI 93703; Hanna Instruments
Japan, Tokyo, Japan), dissolved oxygen (DO, mgIDO-5509; Mother Tool Co., Ltd., Ueda, Japan), water
depth (Dep, m), and current velocity (Vel, it; <CR-11; Cosmo-riken Co., Ltd., Kashiwara, Japan). These
environmental parameters were measured once atitfece in the center of each study site. In aaldlitd the
above environmental parameters, waterbodies wessified as temporarily connected to main riversaby

annual flood or as isolated at the time of survey (Con; 1 for temporary connection, 0 for no connection).

2.2.3 Landscape parameter assessment

At each sampling location, the following landscay@ameters were measured by geographic information
system (GIS) manipulation: route distance of eaeakevbody via the channel network from the neaigst r
(Dist, km), and the floodplain area around eachesite (FA, km2). The floodplain area was caltadawithin
a buffered circle around each survey site accortbnigano et al. (2010) and Tanaka et al. (2011g.(Ei3).
Because the spatial scale at which the floodplaaa ahould be extracted was not clear, bufferggofen radius
(500 m, 1000 m, 2000 m, 3000 m, and 4000 m) weremed around the center of each study site. The
floodplain GIS data were obtained from the Thail&habd Monitoring System (GISTDA 2015). Data foeth
2014 inundation range were used and areas thatiemped flooding in that year were classified asdflplains.
The landscape parameters were calculated usingl8re€. 10.2 (ESRI Japan, Tokyo, Japan).

Fig. 2.3 The buffer shapes which extracted the flood pda@a within. The blue areas are floodplains.
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2.2.4 Data analysis

To determine the size composition of fishes inwlaéerbodies connected to main rivers by an andoaadlf
and in isolated waterbodies, total length histogramere constructed for the species with more than 5
individuals captured from both connected and isolavaterbodies during the rainy season survey (Esom
metallicus, Trichopsis vittata, Trichopodus trickenpis, and Trichopodus microlepis).

Fish species composition in the middle stream efGhao Phraya River

According to Miyazaki et al. (2013), a “Minchingg” Nonmetric multidimensional scaling (NMDS: Kragk
1964, Minchin 1987) and a X-means (Ishioka 2000)ewamnducted to elucidate the similarity of fisluria
among survey sites and to cluster the fish speoiegosition patterns. NMDS based on a Bray-Cuirtid arity
index was used to depict two-dimensional ordinapésts of the fish assemblage at each sampling Xite
means is a clustering method to partitiombservations intX clusters The cluster division is decided to
minimize the sum of distance from each cluster @etd each point belongs to the cluster. The nurober
clustersX decided by computing the Bayesian InformationeZioin (BIC). The fish assemblage coordinate of
each sampling site obtained from NMDS was useti@sét of observations.

The identification of indicator species

To analyze the indicator species, which typicalaracterized the cluster split by the NMDS and &ans, a
IndVal analysis (Dufrene and Legendre 1997) waslaoted. IndVal is calculated based on a specifisjtand
a fidelity Bjj of species for each cluster. The IndVal of specie<lusterj is calculated by flowing formula:

IndVal = AU X BU

Here

The number of sites where species i occurred within cluster j
j =

The number of sites where species i occurred

The number of sites where species i occurred within cluster j
j=

The number of sites within cluster j

The species whose IndVal exceed 0.25 is considasean indicator species. 0.25 fo IndVal indicdtes
equivalent level that the occurrence proportiothef certain species that are in the certain clust®9%, and
the proportion of sites in the cluster that conthm species is 50%.

The relationship between fish species richnessandonmental factor

A generalized linear mixed model (GLMM; Pinheiro and Bates 2000) was used to identify the environmental
and landscape parameters that influence fish spactmness (Table 2.1). The analysis was perforfioreaverall
fish species richness and for each waterbody typeeged at twenty or more locations (rivers, dii@rcanals,
ponds, and paddy fields). A correlation matrix bedw environmental and landscape parameters wadatalt
to avoid multicollinearity. The Pearson’s corradaticoefficientsR) were <0.7, indicating that multicollinearity
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did not distort the GLMMs using these variablepelictors (Table 2.2) (Dormann et al. 2013).

Table 2.1 Variables used during GLMM and model selection.

Variables Description Variable type Unit
EC Electric conductivity of survey site Continuous uS
Dep Water depth of survey site Continuous m

Do Dissolved oxygen of survey site Continuous mg Lt
Turb Turbidity of survey site Continuous NTU
Vel Current velocity of survey site Continuous —
Con Comnnected by an annual flood or not Dummy 0,1
Dist Route distance from the nearest river Continuous km
FA Floodplain area around each survey site Continuous km?
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Table 2.2 Correlation matrix of variables used during GLMMdJamodel selection

Total 1 2 3 4 5 6 7 8
1 EC 1

2 Dep -0.26 1

3 Do -0.02 -0.03 1

4 Turb 0.03 -0.09 0.06 1

5 Vel -0.25 0.31 0.27 0.13 1

6 Con -0.15 0.00 -0.03 -0.11 -0.09 1

7 Dist 0.14 -0.16 -0.05 0.20 -0.29 -0.14 1

8FAT 0.09 0.06 -0.16 -0.27 -0.06 0.33 -0.46 1
River 1 2 3 4 5 6 7 8
1 EC 1

2 Dep -0.32 1

3 Do 0.21 -0.27 1

4 Turb 0.06 0.69 0.15 1

5 Vel -0.11 0.46 0.46 0.53 1

6 Con - - - - - -

7 Dist - - - - - - -

8FAT -0.36 0.2 -0.38 -0.21 -0.01 - - 1
Canal 1 2 3 4 5 6 7 8
1 EC 1

2 Dep -0.37 1

3 Do 0.00 -0.15 1

4 Turb 0.10 -0.22 0.07 1

5 Vel -0.12 0.48 -0.10 -0.07 1

6 Con - - - - - -

7 Dist 0.17 0.06 -0.15 0.16 0.26 - 1

8 FA" 0.19 -0.08 0.10 -0.26 -0.1 - -0.40
Paddy 1 2 3 4 5 6 7 8
1 EC 1

2 Dep -0.34 1

3 Do -0.07 -0.02 1

4 Turb 0.04 -0.31 0.06 1

5 Vel -0.10 0.29 -0.26 -0.08 1

6 Con -0.32 0.59 -0.09 -0.31 0.32 1

7 Dist 0.10 -0.42 0.16 0.33 -0.17 -0.36 1

8FAT 0.02 0.48 -0.27 -0.41 0.27 0.54 -0.59
Pond 1 2 3 4 5 6 7 8
1 EC 1

2 Dep -0.18 1

3 Do 0.12 0.12 1

4 Turb 0.07 -0.28 0.27 1

5 Vel -0.04 -0.16 -0.15 0.25 1

6 Con -0.32 -0.06 0.23 -0.07 -0.06 1

7 Dist -0.02 -0.16 0.52 0.23 -0.13 -0.16 1

8FAT -0.03 0.13 -0.43 -0.13 0.12 0.21 -0.65 1

t Radius of buffer is 2000m, -: Unused

In the GLMMs, the dependent values were the spe@ibaess of native fish species, migratory nafish
species, and non-migratory native fish speciesatgheavaterbody type. The floodplain migratory bebavor
each fish species was defined according to Fish@efge//www.fishbase.org/). The independent vdgalwere
EC, Turb, DO, Dep, Vel, Con, Dist, and FA as fiadtors, and season (rainy season, dry seasomyarcbody
type (river, diversion canal, pond, irrigation tfgaddy field, and wetland) as random effect oepts. A
Poisson distribution with log link function was dipp to the GLMMs, which were performed for all gdde
sets of independent variables. Model selection mvade using Akaike’snformation criterion (AIC; Akaike
1974). The model with the lowest AIC was definedhesbest model.

It is possible that fish species richness showediapautocorrelation among the study sites (eétge,fish
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species richness was less in the Ping River suip-sagly sites compared with the Yom and Nan Rsuér-
basins). Species—environment models that haveaspaiiocorrelation in the residuals may be not appate
because they can overestimate or underestimaimfigtance of environmental variables (Ferrer-Gastidd
Vetaas 2005, Overmars et al. 2003, Keitt et al220[Db test for spatial autocorrelation, Moran{8loran 1950)
was computed using the residuals from the best molwran’sl is widely used to assess the existence and
effect of spatial autocorrelation in species—envinent regression models (e.g. Lichstein et al. 2@02u et
al. 2004). Moran’d ranges from —1 to +1; a positive and high value indicates a spatial dispersion distribution
pattern (positive autocorrelation), a zero valudidates a random distribution pattern, and a negatnd low
value indicates a spatial correlation distribufpattern (negative autocorrelation). The signifieantMoran’s
| was tested by computing the Z score. Accordintyédwo-tailed Z test with a significance thresh@dralue)
of 0.05, P values <0.05 were considered signifigesgiatially autocorrelated.

All statistical analyses were conducted using Rstteal software (ver..3.1; R Development Core Team) and
its optional packages “vegan” for NMDS, “Ime4” f&LMM, “MuMIn” for model selection, and “spdep” for
Moran's | test, and its source program “X-means.prog’(Isaiok(2000): opened to
http://www.rd.dnc.ac.jp/~tunenori/src/X-means.grémy X-means.

2.3 Reaults

2.3.1 Fish speciesrichness and environmental characteristics

In total, 103 species (6555 individuals) belongm@7 families were recorded (see Appendix 2.d&trils).
Of the 135 study sites, 11 were inundated by tmeiainflood when the survey was conducted duringaimey
season. The general characteristics of environmantblandscape parameters for each waterbodydypeg
the rainy and dry seasons are shown in Table 33mbljor differences were observed between the Bsaso
except for Turb, which tended to be higher durlmgrainy season. Figure 2.3 shows the total-lehigtbgrams
for fishes captured in the study sites connecteghdm rivers by an annual flood and in isolatedigtaites
during the rainy season survey. For all specieas ptioportion of small fish tended to be higher ammected
study sites compared with isolated waterbodies.
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Table 2.3 General characteristics of environmental and lamgsparameters at each waterbody type

River Diversion canal Irrigation ditch
Mean (SD) Mean (SD) Mean (SD)
Unit Rainy Dry Rainy Dry Rainy Dry
EC uS 214(39.4) 207(61.2) 239(45.7) 357(156) 345(143) 665(257)
Dep m 1.05(0.367)  0.691(0.311) 1.10(0.505)  0.581(0.356) 0.680(0.232)  0.452(0.142)
Do mg L! 5.61(1.41) 4.76(1.48) 3.40(1.28) 3.66(1.56) 3.35(1.51) 3.68(1.24)
Tub NTU 130(85.3) 12.6(8.04) 70.9(79.6) 141(228) 108(70.8) 51.2(58.4)
Vel  ms” 0.824(0.419) 0.38(0.303) 0.183(0.184) 0.0189(0.0621) 0.0267(0.0533) 0(0)
Con 0,1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Dist  km 0.152(0.132)  0.152(0.132) 0.144(0.165) 0.166(0.185) 0.206(0.127)  0.239(0.0987)
FA km” 3.90(2.58)t  3.902(2.58)t 2.80(3.02)t  3.05(3.18)t 3.41(2.09)t  3.88(1.79)t
Pond Paddy field Wetland
Mean (SD) Mean (SD) Mean (SD)
Unit Rainy Dry Rainy Dry Rainy Dry
EC S 318(104) 533(328) 344(163) 586(549) 263(91.0) 199(0)
Dep m 0.997(0.328) 1.10(0.498) 0.426(0.317)  0.218(0.126) 0.365(0.0946) 0.47(0)
Do mg L! 3.68(3.05) 3.66(2.02) 3.96(2.31) 4.11(2.08) 4.19(2.29) 0.300(0)
Tub NTU 47.8(36.4) 19.6(22.5) 156(167) 36.9(34.1) 21.9(7.44) 0.640(0)
Vel  ms? 0.0139(0.0461) 0(0) 0.0456(0.167) 0(0) 0(0) 0(0)
Con 0,1 0.167(0.373)  0(0) 0.4444(0.4969) 0(0) 0.167(0.373)  0(0)
Dist  km 0.428(0.206) 0.387(0.204) 0.397(0.250)  0.333(0.249) 0.325(0.173)  0.0662(0)
FA km” 6.05(2.92)t  5.44(2.82)t 5.17(3.25)t  4.99(3.47)t 5.232.71)t  1.11(0)t

T Radius of buffer is 2000m
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Fig. 2.4 Total-length histograms for four common fish species (more than 50 individuals captured from both
temporarily connected and isolated waterbodies) recorded during the rainy season survey. (a) Temporarily

connected study sites and (b) isolated study sites.

2.3.2 Fish species composition and its indicator species

Sampling sites were clustered into three partitions by NMDS and X-means. The fish composition was divided
into three partitions based on the similarity of the fish assemblage among sites: Cluster 1 containing river and
diversion canal sites, Cluster 2 containing all waterbody types, and Cluster 3 containing diversion river,
diversion canal, pond, and wetland (Fig. 2.5, waterbody types see Fig. 2.2). Table 2.4 shows environmental and

landscape characteristics of each cluster. Cluster 1-3 contained 38, 75, and 24 sites respectively. Each cluster
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contained sampling sites both the rainy season and the dry season, indicating there was no seasonal bias for the
clustering result. The Cluster 1 is generally lotic environment, while cluster2 and cluster 3 are generally lentic
environment. Mean distance from mainstream increased in the following order: cluster 1, cluster 2, and cluster
3. The cluster 3 showed a relatively high electric conductivity, indicating worse water quality. In terms of fish
species, the cluster 3 showed a relatively low fish biodiversity and fish species richness then other clusters (Fig.
2.6).

Stress:0.217

Il Cluster 1
[ ]
I Cluster 3

O river

NMDS?2

g% diversion canal
pond
wetland

A irrigation ditch

A paddy field

NMDS1

Fig. 2.5 Similarity pattern of the fish assemblage among sampling sites by NMDS and X-means method. The
fish composition was divided into three partitions: Cluster 1 (green symbols) containing river and diversion

canal sites, Cluster 2 (orange symbols) containing all waterbody types, and Cluster 3 (blue symbols) containing

diversion river, diversion canal, pond, and wetland.

Table 2.4 General characteristics of environmental and landscape parameters at each cluster.

Cluster 1 2 3
MeanSD) Mean{SD) Mean{SD)
EC 261.3(213.9 344.5179.3 466.2(*416.1
Dep 0.90¢-0.40 0.72(x0.49 0.55(0.6)
Do 4.92(1.42 3.56(x2.09 4.03(2.4H
Turb 79.8(:118.7) 86.0(=136.3 62.3(100.9
Vel 0.48(=0.49 0.040.12 0.08(=0.2D
Con 0@E=0) 0.13*0.39 0.04(=0.20
Dist 1.94.0) 5.4(x£5.3 9.2(x6.7)
FA 0.33(=0.23 0.370.25 0.25(0.23
Rainy Dry Rainy Dry Rainy Dry
Seasori{) 21 17 44 31 10 14
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Fig. 2.6 Biodiversity and species richness among the clsisiiodiversity was calculated by Simpson index

N
D=1-)p?
i=1

Here,s. sampling species richnegs, the proportional abundances of species

(D). The equation is:

IndVal analysis elucidated that the indicator $g®éor each cluster. As the result of the ana)\&ispecies
represented the cluster 1, and 5 species represelatter 2. While no species represented clust€iuster 1
was characterized rheophilic species (&gstercoleucus marginatus, Acantopsis spp., andHenicorhynchus
siamensis). Cluster 2 was characterized limnophilic spedies. Trichopodus trichophterus, Trichopodus
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microlepis, andTrichopsis vittata).

Table 2.5 Indicator species of each cluster. The species iwdkal > 0.25 was listed. For cluster 3, there was
no indicator species, thus top five IndVal spegves listed.

Clusterl Cluster2 Cluster3

Mystacoleucus marginatus 0.62  Trichopodus trichopterus 0.73  Dermogenys siamensis 0.08
Acantopsis spp. 0.42  Trichopsis vittata 0.69  Anabas testudineus 0.06
Parambassis siamensis 0.41  Esomus metallicus 0.61  Parambassis wolffii 0.05
Henicorhynchus siamensis 0.35 Amblypharyngodon chulabhorni 0.29  Pristolepis fasciata 0.04
Puntioplites proctozysron 0.29  Trichopodus microlepis 0.26  Rasbora paviana 0.03
Barbonymus altus 0.28

Barbonymus gonionotus 0.27

Rasbora dusonensis 0.26

2.3.3GLMM analysis and model selection

Table 2.6 shows the results of GLMM analysis wittCAmodel selection for fish species richness. The
differences between the AIC value for the best nfwdad null modelsAAIC) were >4 except for the model
for non-migratory fish species richness in canaldicating substantial support for the best modBlenham
& Anderson, 2002). No spatial autocorrelation watedted in the residuals of the best models, itidigapatial
autocorrelation didn't distort the GLMM results.

Fig. 2.8 shows the relationship between floodplain area (2000 m buffer size; the best buffer size for GLMM
analysis of the richness of all native fish in aevlody) and richness of all native species in ewaterbody
type. The broken lines represent linear regresBias for significant correlations (P < 0.05). Sigrant
positive correlations between native fish richrnesd floodplain area were found for rivers and poibds$ not
for other waterbody types.

2.4 Discussion

The fish composition of study area was divided im@&jor two clusters, namely cluster 1 consiststi&asn
habitats and cluster 2 consists of floodplain labitDespite cluster 2 contained variety of watdybtypes,
these waterbodies consolidated in the same fislposition. While cluster 3 could be estimated tdHsegroup
of deteriorated floodplains with less fish specpsr connectivity from streams, and bad waterigyaather
than to be a certain classification of fish composi It was suggested that fish composition patieas not
corresponded with waterbody types and physical renmental factors except for water quality, fish
composition was essentially determined by the glaedscape and geographical factors such as cavihect
from mainstream and surrounding floodplain arei@erathan local environment such as depth, cusrelotity,
and DO in the region.

28



Chapter 2

o -~ o

__________

Species richness
Biodiversity
Connectivity from

mainstream

Water Quality Mediocre Mediocre Bad

<

o

=

I

=g

®

©

3
\———
;-
N o

\

Fig. 2.7 The summary of relationship between fish compasitlusters and environmental characteristics

The most important finding of the present studyhist the area of floodplains around each studyisite
primary factor that determines fish species ricknesivers, diversion canals, and ponds in thdysarea. The
contribution of floodplain area to fish specieshriess was equivalent to hydrology (Con, Vel, ang)Cad
water quality (DO, Turb) parameters. This was sufgobby the fact that the best models for richradsall
native fish species, floodplain migratory nativehfispecies, and floodplain non-migratory nativha fipecies
showed a positive effect of floodplain area, and most were significant (Table 2.6; Fig. 2.8), and by the fact that
floodplain area was one of the top three parameatert model selections in the terms of the sédecfrequency
of the variables (Table 2.6).

In paddy fields, the parameters EC and Con werenidier determinants of fish species richness (Talge
The variable selection of EC may reflect the usafjdertilizers and pesticides, which increase elect
conductivity, and the difficult access into isolhfmddy field waterbodies because of migrationiba between
paddy fields and ditches. In the GLMM selectionpaiddy fields, Con was selected one of major fatmor
determine fish species richness. Submerged padtysficonnected to other waterbodies by flooding pla
biological functions for the aquatic orgasm as seitgad floodplains. The biological importance of mgibged
floodplains in fish ecology is well known. Shall@anding water and water with low dissolved oxygesvide
refuge habitats from predators and flood disturbance (e.g. Petry et al. 2003); high nutrient inputs from rivers
and high concentrations of feed organisms, sughg®plankton (Keruzoré et al 2013), zooplanki®im@es
et al. 2013), and fish (e.g. Gordon 1989, Pandex.e2015), provide foraging and nursery habitats.g.
Gordon 1989, Pander et al. 2015), and new conmechietween waterbodies and water level fluctuattansed
by floods, trigger lateral spawning migration amydj €leposition in some species (e.g. Merron and M&95,
Agostinho et al. 2004, Bonvechio and Allen 2005).
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Table 2.6 Results of the general linear mixed model analysitchness of all native species, floodplain migra native species, and floodplain non-migratory

native species in each waterbody type.

Random intercept

Waterbody AAIC Season Waterbody Type
type Species richness AIC (from Nul) Wi Morn's / Intercept Rainy Dry River Canal Pond Ditch Paddy Wetland
Total All native fish 765.8 96.6  0.296 0.0346" 1357 -0.0486  0.0486  0.600 0.178 -0.0743  0.0969  -0.651  -0.125
Floodplain migratory 650.4 484 0145 0.0596" 0.698~  -0.00203 0.00203  0.579 0.143 -0.135  0.171 -0.648  -0.0756
Floodplain non-migratory 509 46.6 0128 0.0390" -0.0291 0 0 113 0.240 -0.350  -0.270  -0.609  -0.0659
River All native fish 1438 541 0159 -0.0844™ 3147 1.25e-17 -1.25e-17
Floodplain migratory 133.5 403 0.177 -0.0136™ 201 0 0
Floodplain non-migratory ~ 119.4 147 0117 00107 272" 1.13e-18 -1.13e-18
Canal All native fish 2145 147 0178 0.0707"° 1377 0 0
Floodplain migratory 182.3 122 0161 0.0646™ 0904 0 0
Floodplain non-migratory 140.0 1.39 0.0479 -0.0106™ 0.380 0 0
Paddy All native fish 147.6 49.0 00730 0.105"° 117" 0 0
Floodplain migratory 120.0 196 0.0757 -0.107"° 0978 0 0
Floodplain non-migratory ~ 85.4 33.8  0.0816 0.0137°° 1.65° 0 0
Pond All native fish 107.8 889  0.0765 -0.216™ 1o2™ 0 0
Floodplain migratory 97.2 4.55 0.0651 -O.2O5NS 0.835" 0 0
Floodplain non-migratory 85.4 4.92 0.0519 -0.0878"" -0.475"° 0 0

t Appearance rate of containing model in the models with AAIC<4 from the best model [%]
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Coefficient of independent variables

Waterbody EC Dep Do Turb Vel Con Dist FA [Buffer Size]
type Species richness (appearance) + (appearance) + (appearance) + (appearance) + (appearance) + (appearance) + (appearance) + (appearance) +
Total All native fish -0.000399° 0.000955 " -0.347 0.867 0.00709" 0.106" [2000]
(50%) (100%) (33.3%) (100%) (100%) (100%) (66.7%) (100%)
Floodplain migratory -0.000454° 0.698" 0.00119"" -0.288™° 0.764"" 0.00877 0.118™" [2000]
(50%) (50%) (50%) (100%) (50%) (100%) (100%) (100%)
Floodplain non-migratory 0.504** 0.000689™"° -0.576"" 1.04™ 0.0758" [1000]
(37.5%) (100%) (37.5%) (43.8%) (93.8%) (100%) (37.5%) (93.8%)
River All native fish -0.412" -0.245™ 0.00180° ND - 0.168"" [2000]
(50%) (42.9%) (100%) (57.1%) (42.9%) (100%)
Floodplain migratory -0.202" ND - 0.202"" [2000]
(42.9%) (50%) (100%) (50%) (42.9%) (100%)
Floodplain non-migratory -0.252™" ND -
(28.6%) (38.1%) (95.2%) (38.1%) (38.1%) (47.6%)
Canal All native fish 0.00116" ND 0.0102"" 0.0957" [500]
(36.4%) (36.4%) (36.4%) (100%) (36.4%) (100%) (100%)
Floodplain migratory 0.0031"" ND 0.0121" 0.0872° [500]
(35.7%) (28.6%) (28.6%) (100%) (28.6%) (92.9%) (78.6%)
Floodplain non-migratory 0.00997 117 ND 0.102° [1000]
(28.8%) (40.4%) (21.2%) (50%) (51.9%) (25%) (65.4%)
Paddy All native fish -0.00198" 0.0684™° 0.00133" 127"
(100%) (38.9%) (63.9%) (58.3%) (36.1%) (100%) (27.8%) (47.2%)
Floodplain migratory -0.00160" 0.00162 1127
(100%) (44.8%) (37.9%) (65.5%) (31%) (100%) (24.1%) (27.6%)
Floodplain non-migratory -0.00432" 1.88" -0.171 [1000]
(100%) (28.6%) (42.9%) (28.6%) (32.1%) (100%) (25%) (57.1%)
Pond All native fish 0.0793" -0.00468™° 0.144" [2000]
(23.3%) (26.7%) (86.7%) (56.7%) (36.7%) (23.3%) (23.3%) (100%)
Floodplain migratory 0.130° [2000]
(23.3%) (23.3%) (23.3%) (23.3%) (23.3%) (23.3%) (26.7%) (96.7%)
Floodplain non-migratory 0.171" -0.00739™ 0.148" [1000]
(24.4%) (31.1%) (100%) (51.1%) (26.7%) (26.7%) (42.2%) (68.9%)

t Appearance rate of containing model in the models with AAIC<4 from the best model [%]
Level of significance: P <0.001,  P<0.01, P<0.05, P<0.1,"° P>0.1
.24ND: No data, -: Unused
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Fig. 2.8 The relationship between floodplain area (2000-m buffer size) and richness of all native fish species
for each waterbody type. The broken lines represent significant linear regressions (P < 0.01). P values are shown
in the top right of each plot. Open circles indicate sites surveyed in the rainy season. Black triangles indicate
sites surveyed in the dry season. Crosses to the upper right open circles represent the study sites temporarily

connected to main rivers by floodwaters in the rainy season survey.

In the present study, increasing fish richness with increasing floodplain area probably reflected a direct
association with floodplain utilization by migratory fish species. The parameter FA was retained with relatively
higher frequency in model selections for floodplain migratory species compared with those for non-migratory
species in every waterbody type except paddy fields (Table 2.6). In addition, the proportion of small size fishes
(<20 mm total length) of four common species (Esomus metallicus, Trichopsis vittata, Trichopodus trichopterus,

and Trichopodus microlepis), classified as 0+ juveniles, was increased in temporarily connected survey sites

32



Chapter 2

compared with isolated survey sites (Fig. 2.4).tlhkermore, although numbers were less than for dle f
common species mentioned above, some fluvial aodstene fish species, such Hsnentodon cancila,
Barbonymus gonionotus, Cyclocheilichthys apogon, Cyclocheilichthys lagleri, Puntius brevis, and
Amblypharyngodon chulabhornae (Appendix 2.1), were captured in temporarily inatetl study sites. This
finding indicates that individuals of these speciesved into floodplains from permanent waterbodiethe
early part of the rainy season, even before maxirflood levels occurred.

Previous studies have demonstrated that laterahemtivity between rivers and floodplain waterbodies
influences fish distribution and richness in flotap. Most of these studies reported that fishmads decreases
with the reduction of lateral connectivity from ens to isolated waterbodies (e.g. Ward et al. 18@®y et al.
2003, Tockner et al. 2000, Pander et al. 2015)obbervation corresponded to these studies. Irstihdy, Con,
Dist and FA were the variables that representdhtmmnectivity from main rivers. Contrary to mypectation,
| found no evidence that Dist affect fish richneéssthe waterbodies except for canal. While FA shdwe
significant positive correlation with fish richnessthe result of GLMM and AIC model selection. Digas
defined as the route distance from the nearestvigechannel network, it means that Dist doeswbas reflect
the accurate connectivity considering migratiorrieas such as dams. The result is, however, seeme tthat
temporary connection between rivers and floodpleaterbodies caused by “flood event” is more dominan
factor determine fish species richness rather trdimary connection via channel network for theswd lof
waterbodies in the region.

This study revealed the importance of floodplairstnce and flood event for fishes in the mid-regib the
Chao Phraya River basitHowever, this chapter couldn’t answer the question that what kind of
characteristicsf flood event in each floodplain (i.e. flood regime of each floodplain) are important for
fish species in the region. Poff et al. (1997) and Richter (1996) characteritezl composition element of
flood regime by the four factorsfiagnitude, frequency, timing, duration). The description and biological
role of each factor are follows:

Magnitude of flood regime: The magnitude of flood can refer either to absolute or to relative
discharge (e.g., the water depth of inundated floodplain). Maximum and minimum magnitudes of
flood vary with climate and watershed scale. The magnitude of flood defines habitat attributions as
inundated are or volume, or position and shape of the waterbodies in floodplain.

Frequency of flood regime: The frequency of occurrence refers to how often a flow above a given
magnitude. Frequency of occurrence is inversely related to flow magnitude. The frequency of flood
events may be associated with reproduction and mortality (e.g. disturbance stress or wash-out for
individuals, provide reproduction opportunities) events for many species, thereby impact population
dynamics.

Duration of flood event: The duration is the period of time associated with a specific flow condition.
Duration can be defined relative to a particular flow event (e.g., a flood- plain may be inundated for a
specific number of days by a flood). The duration of flood event can determine whether a species with
certain lifecycle phase (for example, egg hatching, nursery phase for larval fishes in a inundated

floodplain).
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Timing of flood regime: The timing of flood of defined magnitude refers to the regularity with which
they occur. This regularity can be defined formally or informally and with reference to different time
scales (Poff 1996). For example, annual peak floods may occur with low seasonal predictability or with
high seasonal predictability. The timing of occurrence of particular flood event can determine whether
a species with certain lifecycle requirements are met, it result in the mortality and productivity of
species associated with floods.

In order to examine the impacts of these four flood regime factors for the fish species in the region, I established
the hydraulic model which simulate the flooding of the middle stream of the Chao Phraya River in the next
chapter. Than the flood regime characteristics of each sampling sites were obtained from the simulation result

(Chapter 5).
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Figure. 2.9 Native fish species richness and composition for each of the three rivers surveyed. Bars indicate the

standard error.
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Table 2.7 The appearance probability of native fish speaeach of the three rivers surveyed.

Basin Basin Basin

Species ITaterlaI Ping Yom Nan  Species ITaterlaI Ping Yom Nan  Species ITater.aI Ping Yom Nan
migration migration migration

Oryzias sp. 10 Paralaubuca typus O 25 60 Pristolepis fasciata 25 10
Xenentodon cancila O 25 20 Paralaubuca sp. Osphronemus goramy 20
Xenentodon sp. O 20 Parachela oxygastroides O 25 10 Trichopsis pumila
Dermogenys siamensis 10 125 10 Parachela siamensis O 10 Trichopsis vittata () 125
Corica laciniata 125 Parachela williaminae Trichopodus microlepis 10 10
Clupeoides borneensis 10 Parachela sp. (@] 10 Trichopodus trichopterus 10 25
Clupeichthys aesarnensis 10 40 Puntioplites proctozysron O 10 875 20 Brachirus harmandi 10 375 40
Clupeichthys sp. 25 Puntius brevis O 30 Cynoglossus feldmanni 10
Acantopsis spp. 40 62.5 60 Raiamas guttatus O 40 Hemibagrus filamentus O 25 20
Lepidocephalichthys (c.f. berdmorei) 10 Systomus rubripinnis O 10 Hemibagrus spilopterus O
Pangio anguillaris O 20 Thynnichthys thynnoides O 10 Mystus albolineatus 25 10
Yasuhikotakia eos 125 Rasbora aurotaenia 10 Mystus multiradiatus O 10
Barbichthys laevis O 10  Rasbora borapetensis O 20  Mystus mysticetus @] 10
Barbonymus altus O 20 50 30 Rasbora dusonensis 10 125 60 Pseudomystus siamensis 125
Barbonymus gonionotus O 50 40 Rasbora paviana 10 30 Pangasius sanitwongsei 125 10
Barbonymus schwanenfeldii O 20 125 40 Doryichthys martensii 10 Pangasius macronema (@] 12.5 20
Barbonymus sp. (@] 10 10 Chitala ornata 10 Pangasius sp. 125
Crossocheilus reticulatus O 10 10 Notopterus notopterus O 125 Kryptopterus cryptopterus 125
Cyclocheilichthys armatus (@] 25 40 Oxyeleotris marmorata O 10 Phalacronotus bleekeri 125 10
Cyclocheilichthys apogon O 20 125 Parambassis siamensis O 20 875 70 Bagarius yarrelli 125
Cyclocheilichthys enoplos O 10 25 30 Parambassis wolffii O 125 10 Mastacembelus armatus 125 30
Cyclocheilichthys lagleri A 10  Anabas testudineus O 20  Tetraodon cambodgiensis 10
Esomus metallicus (@] 375 30 Channa striata (e} 125
Henicorhynchus siamensis (@] 375 70 Oreochromis niloticus 10 10
Henicorhynchus sp. O 10 Gobiopterus chuno 12.5
Hypsibarbus malcolmi 30 125 10 Mugilogobius rambaiae 25
Hypsibarbus vernayi 20 25 10
Hypsibarbus wetmorei 10 125
Labiobarbus siamensis 25 20
Labiobarbus leptocheila 125 40
Labiobarbus sp. 10
Mystacoleucus greenwayi
Mystacoleucus marginatus 100 875 50
Osteochilus vittatus (o] 12.5 60
Osteochilus waandersii (o] 10
Osteochilus sp. 10
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Appendix 2.1 Summary of fish sampling data

Prevalence at each wtaerbody type

Order Family Scientific name mi:::i:)arlmT lien Sites N River Diversion Pond Irrigation Péddy Wetland
canal ditch field
Beloniformes
Adrianichthyidae Oryzias sp. 22 108 O O O O O O
Belonidae Xenentodon cancila (Hamilton 1822) (@) 6 10 (@) O O
Xenentodon sp. 2 2 (@)
Hemiramphidae Dermogenys siamensis (Fowler 1934) 27 103 (@) O O O O O
Clupeiformes
Clupeidae Corica laciniata (Fowler 1935) 1 1 O
Clupeoides borneensis (Bleeker 1851) 1 4 O
Clupeichthys aesarnensis (Wongratana 1983) 6 15 (@)
Clupeichthys sp. 2 (@)
Cypriniformes
Cobitidae Acantopsis spp. 16 42 O O
Lepidocephalichthys hasselti (Cuvier & Valenciennes 1846) O 4 7 (@) O @)
Lepidocephalichthys (c.f. hasselti) (Cuvier & Valenciennes 1846) 2 10 O
Lepidocephalichthys (c.f. berdmorei) (Blyth, 1860) 1 1 (@)
Pangio anguillaris (Vaillant 1902) O 3 3 (@) @)
Yasuhikotakia eos (Taki 1972) 1 11 O

t According to FishBase (http://www.fishbase.org).
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Prevalence at each wtaerbody type

Lateral
Order Family Scientific name migration Sites N River Diversion Pond [rr|$at|on Paddy Wetland
canal ditch field
Cypriniformes

Cyprinidae Amblypharyngodon chulabhornae (Vidthayanon & Kottelat 1990) (@) 22 75 (@) (@) (@) O O
Barbichthys laevis (Cuvier & Valenci— ennes 1842) (@) 1 1 (@)
Barbonymus altus (Giinther, 1868) (@) 15 98 (@) (@) O @)
Barbonymus gonionotus (Bleeker, 1849) O 22 109 O O O O O O
Barbonymus schwanefeldii (Bleeker 1854) O 10 78 O O
Barbonymus sp. (@) 2 6 (@)
Crossocheilus reticulatus (Fowler 1934) O 2 3 @]
Cyclocheilichthys armatus (Cuvier & Valenciennes 1842) (@) 13 82 (@) (@) O
Cyclocheilichthys apogon (Cuvier & Valenciennes 1842) O 13 211 (@) (@) (@) (@)
Cyclocheilichthys lagleri (Sontirat 1985) O 7 15 O O O
Cyclocheilichthys repasson (Bleeker 1853) O 1 2 O O O O (@)
Cyclocheilichthys sp. 4 10 (@)
Cyclocheilos enoplos (Bleeker 1849) (@) 9 11 (@) (@)
Esomus metallicus (Ahl 1924) O 72 1572 (@) O O @) O O
Gymnostomus siamensis (Sauvage 1881) (@) 19 54 (@) (@) (@) (@) (@)
Henicorhynchus sp. (@) 1 37 (@)
Hypsibarbus malcolmi (Smith 1945) 6 73 O
Hypsibarbus vernayi (Norman 1925) 5 14 O
Hypsibarbus wetmorei (Smith 1931) 2 64 O
Labeo chrysophekadion (Bleeker 1849) (@) 1 1 (@)
Labeo rohita (Hamilton 1822) O 2 5 O @)
Labeo sp. O 1 3 O
Labiobarbus siamensis (Sauvage 1881) 22 73 O O O O
Labiobarbus leptocheilus (Cuvier & Valenciennes 1842) 8 24 O O O O
Labiobarbus sp. 4 13 @) O O
Mystacoleucus obtusirostris (Cuvier & Valenciennes 1842) 26 298 (@) O
Osteochilus vittatus (Cuvier & Valenciennes 1842) O 13 19 (@) @)
Osteochilus waandersii (Bleeker 1853) (@) 1 1 (@)
Osteochilus sp. 6 11 (@) O O
Paralaubuca typus (Bleeker 1864) O 13 83 O O O O
Paralaubuca sp. 3 5 O @)
Parachela oxygastroides (Bleeker 1852) (@) 6 43 O (@)
Parachela siamensis (Giinther 1868) O 1 1 @]
Parachela williaminae (Fowler 1934) 1 1 (@)
Parachela sp. O 4 4 (@) O O
Puntioplites proctozysron (Bleeker 1864) O 18 45 O O O
Puntius brevis (Bleeker 1849) @] 17 125 @) O O O O O
Puntius (cf. masyai) (Smith 1945) 3 4 (@) O
Puntius sp. 1 2 O
Raiamas guttatus (Day 1870) (@) 4 20 (@)
Systomus rubripinnis (Cuvier & Valenciennes 1842) O 1 3 (@)
Thynnichthys thynnoides (Bleeker 1852) O 1 10 O
Rasbora aurotaenia (Tirant 1885) 5 15 O O O O
Rasbora borapetensis (Smith 1934) O 10 20 O O O O O
Rasbora dusonensis (Bleeker 1850) 10 52 (@) @)
Rasbora paviana (Tirant 1885) 11 51 (@) O O O
Rasbora sp. 4 14 O O
Systomus rubripinnis (Cuvier & Valenciennes 1842) O 2 6 O O

t According to FishBase (http://www fishbase.org).
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Prevalence at each wtaerbody type

Family Scientific name mi:?:i:)ar:T Alien Sites N River Diversion Pond Irrigation Péddy Wetland
canal ditch field
Gasterosteiformes
Syngnathidae Doryichthys martensii (Peters 1868) 1 1 (@)
Osteoglossiformes
Notopteridae Chitala ornata (Gray 1831) 1 1 (@)
Notopterus notopterus (Pallas 1769) O 6 8 (@) (@) @) O
Perciformes
Ambassidae Parambassis siamensis (Fowler 1937) (@) 40 418 O O O O (@) (@)
Parambassis wolffii (Bleeker 1850) O 4 14 O O O
Anabantidae Anabas testudineus (Bloch 1792) O 24 78 O O O O O O
Channidae Channa striata (Bloch 1793) O 13 110 (@) @) @) O
Cichlidae Oreochromis niloticus (Linnaeus 1758) O 13 66 (@) (@) (@) @) @) O
Eleotrididae Oxyeleotris marmorata (Bleeker 1852) (@) 5 8 (@) (@) (@) O
Gobiidae Gobiopterus chuno (Hamilton 1822) 9 23 (@) O O O O
Mugilogobius rambaiae (Smith 1945) 3 11 (@) O
Mugilogobius sp. 1 1 O
Rhinogobius sp. 2 4 O O
Brachygobius sp. 3 4 O O O
Nandidae Pristolepis fasciata (Bleeker 1851) 14 38 O O O O O
Osphronemidae Osphronemus goramy (La Cepéde 1801) 2 2 O
Trichopsis pumila (Arnold 1936) 24 99 (@) (@) (@) (@) O O
Trichopsis vittata (Cuvier & Valenciennes 1831) (@) 70 576 (@) (@) (@) (@) O O
Trichopodus microlepis (Gunther 1861) 39 409 (@) (@) (@) (@) O O
Trichopodus pectoralis (Regan 1910) (@) 8 23 (@) (@) O
Trichopodus trichopterus (Pallas 1770) O 67 682 (@) (@) O O O O
Pleuronectiformes
Soleidae Brachirus harmandi (Sauvage 1878) 8 14 O
Cynoglossidae Cynoglossus feldmanni (Bleeker 1854) 1 1 (@)
Siluriformes
Bagridae Hemibagrus filamentus (Chaux & Fang 1949) (@) 4 6 O
Hemibagrus spilopterus (Ng & Rainboth 1999) O 2 8 O O
Mystus albolineatus (Roberts 1994) 11 22 (@) O @) O
Mystus multiradiatus (Roberts 1992) (@) 11 40 (@) (@) (@) (@) O O
Mystus mysticetus (Roberts 1992) (@) 9 43 (@) (@) (@) O
Pseudomystus siamensis (Regan 1913) 3 1 (@) O
Clariidae Clarias macrocephalus (Gunther 1864) 1 1 O
Clarias batrachus (Linnaeus, 1758) 1 1 (@)
Loricariidae Pterygoplichthys sp. O 3 5 O @)
Pangasiidae Pangasius sanitwongsei (Smith 1931) 2 5 (@)
Pangasius macronema (Bleeker 1850) O 3 4 O
Pangasius sp. 1 2 O
Silurida Kryptopterus cryptopterus (Bleeker 1851) 1 14 O
Phalacronotus bleekeri (Gunther 1864) (@) 2 3 (@)
Sisoridae Bagarius yarrelli (Sykes 1839) 1 1 (@)
Synbranchiformes
Mastacembelidae ~ Mastacembelus armatus (La Cepéde 1800) O 6 8 (@)
Synbranchidae Monopterus javanensis (La Cepéde, 1800) 1 1 (@)
Tetraodontiformes
Tetraodontidae Pao cambodgiensis (Chabanaud 1923) 1 1 @)

t According to FishBase (http://www fishbase.org).
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Chapter3
Flood ssimulation of 2011 and 2014 Thailand flood using iRIC

3.1 Introduction

There are many previous studies which simulat€@id Thailand floods or past large floods (e.g.5188d
2006) in The Chao Phraya River in terms of flos#t management. For example, Mateo et al. (2014)lated
the dam operation impact on the mitigation of 2fdddéds, and concluded the dams reduced 40 % ofiaieal
area. Oki (2012) and Prajamwong (2009) clarifieddl condition in the downstream of The Chao PhRiyar
basin and proposed some flood control measuresn@hal. (2015) estimated the impact of improvirging
reservoirs in middle stream of the Chao Phrayadeicto mitigate downstream floods based on thd 20bds.
Sayama et al. (2015) simulated the relationshigvéen long-term rain-runoff and inundation volumehe
whole The Chao Phraya River basin, and elucidéteddood sensitivity of the basin that 1% incremseinfall
causes 4.2% increase in flood inundation volume.

However, flood conditions at the uswuahle floods years, which primarily dominates the loegat fish
community dynamics and structure, were paid legentdn and poorly understood.

In this chapter, | simulated the flood conditionstihe middle stream of The Chao Phraya River usiey
flow analysis software package International Rivderface Cooperative (iRIC) in 2011 and 2014. Thean
accuracy of the model was validated.

3.2 Materialsand methods

3.2.1 Estimation of return period of rainfall in 2011 and 2014

To estimate the magnitude of the floods in thedi@dtream of The Chao Phraya River for year 204dnn
conducted the fish survey, the return period o€ipitation in 2014 in Northern part of Thailand wasdculated
(Fig. 3.1).

Prior estimating the return period of 2014 preeaitiiin in Northern part of Thailand, the precipipatistatistic
which can properly explain the magnitude of theodle (for example, annual maximum daily precipitatio
annual maximum monthly precipitation, and maximumual precipitation) is need to elucidate. An appiaie
precipitation statistic to describe flood magnitusi&known to differ from location to location byettactors
such as basin characteristics (slope, area, dejremighness), and rainfall characteristics. Thprapriate
period to estimate the precipitation in this regi®netermined by examining the relationship betwaenual
maximum inundated area and four annual precipitasiatistics (: annual maximum monthly precipitatio
annual maximum three-month precipitation, annualximam six-month precipitation, and annual
precipitation monthly precipitation characteristics see Fig).3The annual maximum areas that experienced
flood inundation in the region from 2005 to 2014revebtained from GISTDA (2015), and the rainfaltadaf
rainfall  stations in  Thailand was obtained from NBID Climate data online
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(http://www7.ncdc.noaa.gov/CDO/cdol7 rainfall stations in Northern part of Thaidewere used for the

analysis based on the Thiessen polygon (Fig. Bl annual maximum six-month precipitation showigthést
correlation with the flood magnitude 0.902, Fig. 3.3) and was considered the most adequecipitation
statistics which describe the flood magnitude efribgion among the four statistics used in thisyarsa

The analysis of the return period of 2014 preaiph was conducted by adapting annual maximunmgxrih
precipitations into possible 13 frequency modelb{& 3.1) in the period from 1976 to 2014 (39 years
assess the fitness of each frequency model, Sthh@ast Squares Criterion (SLSC) was examined Skaka
et al. 1986). The model with SLSE 0.04 was considered as a good fit model. The aaalwere computed
by Hydrological Statistics Utility (JICE, ver. 1.5)7 rainfall stations in Northern part of Thailamith no
missing value in the period from 1976 to 2014 daad hiessen polygon were used for calculating thgimum
annual 6-month precipitation (Fig. 3.1).

- — — i
0 825 125 250 ars 500

Fig. 3.1. Rainfall station locations from NNDC Climate dataline and the its Thiessen polygons. The orange
area is the northern part of Thailand.

40



Chapter 3

300
250

200

£
£ 150
101
5 I
1 2 3 4 5 6 7 8 9 10 11 12

B Mean monthly precipitation in Norther Thailand

o

o
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Table. 3.1. Frequency models used for calculating return period

Name of Model Abbreviation
Exponential Distribution Exp
Gumbel Distribution Gumbel
Generalized Extreme Value Distribution GEV
Square-Root Exponential Type Distribution Sqrt-Et
Log Pearson type Il Distribution (Real Number Cadtions) LP3Rs
Log Pearson type Il Distribution (Logarithmic Calations) LogP3
Iwai Method Iwai
Ishihara-Takase Method IshiTaka
Log normal Distribution 3 Population Quantile Metho LN3Q
Log normal Distribution 3 Population (Slade 11) LNGIP
Log normal Distribution 2 Population (Slade I, L Ment) LN2LM
Log normal Distribution 2 Population (Slade |, PuodtMoment) LN2PM
Log normal Distribution 4 Population (Slade IV, Hoot Moment) LN4PM

3.2.2 Objected area and simulation period for iRIC

An iRIC model was established in the area with in the black rectangle shown in Fig. 3.4 The nearest upstream

runoff stations are P.7A for Ping River, Y.17 for Yom River, and N.7A for Nan River. The simulation was

computed from July 1 to November 30, 2011 and from July 1 to November 30, 2014.

Shirikit Dam %

Fig. 3.4. Objected Area.
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3.2.3 Modeling and basic equation

The floods were simulated using Nays 2D Flood goingRIC software (iRIC project, ver. 2.3). NayB 2
Flood is a flood flow analysis solver, which is &pg to unsteady two dimensional plane flow simiokat It
has been applied to the flood flow analysis of $imédl-scale rivers, primitive rivers, and riversdeveloping
countries (Akashi et al. 2012). The equations tisédhys 2D Flood as follows:

[Equation of continuity]

oh | () | 0Gyhu) _
Jt dx dy

[Equation of motion]

d(uh) d(hu®) d(huv) _ 0H 1, X

ot + p + by yvgha ; + D* + hR,
d(vh) 0d(huv) a(hv?) _ 0H 1, y

a5t + o + by y,,gh@ F + DY + hR,,
Where,

T T
;x = Cruyu? + v? Fy = Crv\u? +v?

h h
hR, = sz'(l — Youyu? 4+ v? hR, = Ecd,(l —Yy)vyu? +v?
D d [ t a(uh)] a [ t a(uh)]

~ox 0x @v dy
2 d(vh d d(vh
Dyz_[t (v )] —[vt (vh)
0x 0x dy dy

2

gYvlim

Cr = hi/3

h: water depth

t: time

u: flow velocity in the x direction

v: flow velocity in the y direction

g: gravitational acceleration

H: water surface elevation

7 riverbed shear stress in the x direction

7y. riverbed shear stress in the y direction

Cs: riverbed friction coefficient

Nm: Manning's roughness coefficient of a grid cell
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v: eddy velocity coefficient
p: the density of water
Cy’: drag coefficient per representative length of a building (=0.392)
yy: the porosity of a grid cell (1- urban density(%)/100)
y.: the porosity of a grid cell in the x direction
yy: the porosity of a grid cell in the y direction
Here, put the hypothesis for simplification: y,=y.=y,

q: inflow through a box culvert, a sluice pipe or a pump per unit area

3.2.4 Simulation setup and input data

A grid cell size was defined as 300m X 300m, and upper end of the objective area was defined inflow boundary,
downstream end of the area was defined as free outflow boundary, right and left edges of the area were defined
wall boundary (Fig. 3.5). The grid cell size was examined by comparing the calculation times among various

grid sizes, and decided as finer resolution within an acceptable calculation time (approximately 35 hours).

Free outflow

Fig. 3.5 Grid cells and boundary conditions of each side. Sattelite image is adapted from Landsat OLI image on
March 29, 2014.

Stream discharges for runoff station Y.17, N.7A and P.7A are used as inflows located at the upper end of the
objective area across the three rivers (Fig. 3.6, Fig. 3.7). Stream discharge data in 2011 and 2014 were obtained
from RID (http://hydro-2.com/). Digital Elevation Model (DEM) data was derived from Shuttle Radar
Topography Mission (SRTM, resolution: 1 arc-second) in 2010. The SRTM data was resampled into 300m.

Manning's roughness coefficient of each mesh was assigned 0.03. The initial water surface of each mesh was a

water depth of zero. Time step was 12 seconds. Projection of the iRIC model was defined as Universal
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Transverse Mercator (UTM) zone North 47.
Urban density (urban density(%)/100=ly, see Equation of motion adobe) was assigned &t géda cell.
Urban density was estimated by a remote sensimg Wsindsat OLI image (See chapter Appendix).
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Fig. 3.7 Stream discharges at P.7A, Y.17, and N.7A from Juiy November 1, 2014
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3.2.5 Validation

The validation of the result of iRIC was estimabgdcomparing with the daily observed inundated alata
from GISTDA (2015). The grid cells with the watesdh more than 20 cm in the iRIC model were defiagd
the inundated areas for the iRIC result. Whileghd cells, which GISTDA observed inundated arecupoed
more than 50 % within, was defined as the inundateds of GISTDA observation.

The simple percent agreement between the iRICtrasdl GISTDA data may overestimate the predictive
power of the model, because it doesn’t take intmant the agreement occurring by chance.

To avoid this, present study used Cohen's kappan®e account of agreements and disagreemeimis&e

iRIC model and GISTDA data as Table 3.2, the equatofk value are follows:
__Po — DPe
C1-pe

po : relative observed agreement between iRIC model&EBd DA observed data.

K

Ny TNy
Po= =g

pe : hypothetical probability of chance agreement.

L L P L I ()

=——=x
Pe=N*NTN"N

The model withk value >0.4 indicates moderate accuracy (Fig. Bl€iss (1981)). The chance agreement
generally increases in the circumstances thatatie of classify objects into categories showsesxglow or
high value (i.e. n/N or na/N is nearly 0 or 1 in Table 3.2), just as the pmpn of the inundated areas to the
objected area in present study.

Table. 3.2 Example of the count for agreements and disagretsmetween iRIC result and GISTDA observed

data.
GISTDA data

0 1 =
0 Inu N1z ni.

I Ino2 N22 n2.

}Insal OJy!

5 n.1 n.1 N (Totan
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0.8

Fair to good

0.6
Moderate

0.0

Fig. 3.8 Cohen's kappa value and accuracy estimation.

The agreement validation of inundated area between iRIC result and GISTDA observed data was conducted
in the basin of . Because it is possible to overestimate the agreement of inundated area between iRIC result and
GISTDA observed data, the grid cells across the permanent waterbodies namely rivers and the Bueng Boraphet

Lake, were eliminated from the account of agreements and disagreements (Fig. 3.9).

Fig. 3.9 The gird cells estimated the coincidence of iRIC model using Cohen's kappa between iRIC result and
GISTDA observed data.

3.3 Result and discussion

Annual maximum six-month precipitations in Northern part of Thailand were calculated as 1569mm for 2011,

1051mm for 2014, and 1052mm as the average maximum six-month precipitation from 1976 to 2014. Fig. 3.10
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shows the lognormal probability plots for annual precipitations in the northern part of Thailand from 1976 to
2014. LP3Rs, LogP3, IshiTaka, LN3Q, and LN3PM were the probability distribution model with SLSC =
0.04 (see Table 3.1 for the abbreviations). The return periods were estimated that 100-200 years for 2011,
approximately 2 years for 2014 (Table 3.3). The return period for 2011 generally agree with those reported
earlier (e.g. 50 years for the whole basin (Sayama et al. 2015), 53-345 years for the northern part of the basin
(CTI12013)). Thus the 2011 and 2014 rainfall could be respectively assumed to be a devastating and usual flood

year.
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Fig. 3.10 Lognormal probability plot for annual precipitation in the northern part of Thailand
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Table 3.3 Return periods for the probability distribution ded with SLSC = 0.04.

LP3Rs LogP3 IshiTaka [LN3Q LN3PM
SLSC(99%) 0.031 0.03 0.031 0.031 0.031

2 1045.8 1050.7 1042.5 1046.2 1042.6
3 1131 1135.2 1127.1 1129.3 1127.2
5 12143 1215.9 1211.3 1210.8 12114

10 1305.3 1301.8 1305.6 1300.5 1305.5

% 20 1381.6 1371.7 1386.7 1376.5 1386.5
% 30 1421.6 1407.6 1430.1 1416.8 1429.8
_§ 50 1468.3 1448.8 1481.7 1464.3 1481.3
i 80 1508.3 1483.5 1526.6 15054 1526.1
100 15264 1499 1547.3 1524.1 1546.7
150 1558 15259 1583.7 1557.1 1583
200 1579.6 1544 1608.9 1579.8 1608.1

400 1628.9 1584.8 1667.5 1632.2 1666.5

Percent agreemebétween iRIC model and GISTDA observed data ramgee than 85% in both 2011 and
2014 (Table 3.4, Table 3.5)x values ranged more than 0.4 expect for start addperiods of flooding in
both 2011 and 2014 (Table 3.4, Fig. 3.11) Howetlex, model seemed to increase the goodness ofthit wi
observed data within a week in tandem with thedasing flood magnitude (Fig. 3.11).

According to GISTDA data in 2011, inundations stdrat surrounding areas of the upper reach of Muin a
Nan River on August 6, then inundated areas smeadrrounding areas of all reach of the Yom and Rizer
on September 11. Subsequently, inundations stattedrrounding areas of the lower reach of PingeRon
September 21. The maximum inundated area was meat@ml October 6 in this region. Inundations cana ne
the end in late November (Table 3.4). While inifREC model in 2011, flood inundations behaved sirailar
manner, the start and end timing of the inundatigas about 1-2 weeks earlier than GISTDA obsensdd d
(Table 3.4). This also supported by the fact tikatvalues ranged less than 0.4 at the start and emalds of
flooding (Table 3.4, Fig. 3.11). This might duethe limitation of accuracy of the 300m grid DEM. rNely,
the300m grid size was low resolution to consider iticro-topography which primely dominates the dloo
behavior, in particular at the start and end perioidflooding.

According to GISTDA data in 2014, inundations sdrat surrounding areas of the upper reach of Madn a
Nan River on September 1, then inundated areasdmtesurrounding areas of all reach of the NareiRwm
September 7. Inundations came near the end on &@c2offable 3.5). While in the iRIC model in 201lépd
inundations behaved in a similar manner, the stad end timing of the inundations gave relativdlyse
agreement with GISTDA observed datampared to year 2011.
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Table 3.4 Inundated areas and « values between iRIC model and GISTDA observed data in 2011. Magenta and aquamarine areas respectively

represent the GISTDA observed inundated areas and iRIC predicted inundated areas.

TFMS observed data | iRIC result I

2011/8/6

Percentagreement : 95.3%
L. Kk value : 0.366
1\_\:“\
& N\ 2011/8/16
L \ Percentagreement : 92.3%
W o R W Kk value : 0.426
3 53 N
\w. F ':5/»
o
S \ 2011/8/23
3 - Percentagreement : 89.1%
N Kk value : 0.434
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TFMS observed data iRIC result _

2011/9/4
Percentagreement : 89.9%
K value : 0.552

\ 2011/9/11
Percentagreement : 90.8%
K value : 0.607

2011/9/21
Percentagreement : 83.8%
K value : 0.516
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TFMS observed data iRIC result _

4 2011/9/28
g Percentagreement : 87.4%
K value : 0.579

2011/10/6
Percentagreement : 78.3%
K value : 0.449

2011/10/15
Percentagreement : 84.8%
K value : 0.564
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TFMS observed data iRIC result _

{9 2011/10/21
Percentagreement : 85.3%
K value : 0.550
2011/10/29
Percentagreement : 87.8%
K value : 0.550
2011/11/8
Percentagreement : 85.3%
K value : 0.476
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TFMS observed data iRIC result _

2011/11/15

c oY Percentagreement : 87.9%
k value : 0.453
2011/11/23
Percentagreement : 90.8%
K value : 0.607
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Table 3.5 Inundated areas and « values between iRIC model and GISTDA observed data in 2014. Magenta and aquamarine areas respectively
represent the GISTDA observed inundated areas and iRIC predicted inundated areas.

TFMS observed data iRIC result _

\ iy \ o 2014/9/1
T =N ; X O Percentagreement : 99.1%
\ ¢ A s K value : 0.199
2 i 2 1 b
N (o N (S
N i { R 2 7
A\,\ ? :’pj k\_,\ ?rﬁ‘J
Yl BT I 2
VT Voo
b i LI
..)'V !,*/
X vy, X i 2014/9/7
T 0= 4 A .
1 X L ¥ Percentagreement : 97.7%
\ T \ : K value : 0.476
? i 7 i
"\AN i F "\} {?
N 4 A {9
I 2
i i
% ?/. . \‘3
3. b 3
.. .
> il
\ i N i 2014/9/11
3 wp B 3 > .
3 L b G Percentagreement : 97.6%
\ 33 \ 3 K value : 0.445
) - 5
¢

&y
Lo 5
T 5,
Ve b ¥
\S_\ A ’-..*\/,-\ﬁz
Vil i
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TFMS observed data iRIC result _

i o . s 2014/9/17
b 'Y i % n Percentagreement : 98.2%
N\ 33 "‘& \ ; T‘i K value : 0.554
Y } i l7\_\ } r/‘
N 1 4 N\ 14
k\ ; .fj' k\ } o
< BN |
i o
! 1 2014/9/24

{
L . X I ‘g B Percentagreement : 98.3%
A p o 1 K value : 0.459

L £5q \ . 2014/10/2
[N I ¥ Percentagreement : 98.3%

=
A
-

\ 2y N P k value : 0.170

Y } § ‘?\_\ ; ;-
3 v ) (%
N , 4 AR Y

~ - L

il 3:/& \“; ?é

Sy’ Syt
4
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3.4 Conclusion

In this chapter, | computed (1) the estimatiothefreturn periods of annual rainfall in northeantf Thailand,
(2) the simulation of the 2011 and 2014 flood usRigC model, in the middle stream of The Chao Pagiver
basin.

The return period of 2011 and 2014 rainfall wergpeztively estimated 100-200 years and approximatel
years. Thus the 2011 and 2014 rainfall could bpeet$vely assumed to be a devastating and usual flear.
The result of the simulation of the 2011 and 20déd using iRIC model showehoderate accuracyhe
validation of the model comparing with GISTDA obsgsit data showed moderate agreement. In order dicpre
the impact on floodplains caused by future floodhto measures, the model which describe the flood
phenomena in the region was developed.

Possible several scenarios which might come true developed and discussed in the next chapter.
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Chapter4

Theimpact of a futureflood control on floodplain area

4.1 Introduction

In the previous chapter, the model to simulatdlittes in the middle stream of the Chao PhrayaRbasin
was developed. The model has moderate accuragyddicting the inundated area and timing of floodthe
region.

At present status, flood control policy of the maily government remains in feasibility studies dedigns,
and lacks concrete countermeasures. As chaptenvesh floodplain areas impact on fish species diwein
particular on floodplain migratory species, in thgion. Therefore, future flood control measuresildampact
river-floodplain ecosystem through a floodplainatetration. Understanding of the impact on floodpland
floodplain ecosystem would help the accurate ass&ssof flood control measures and the developroént
flood control program.

In this chapter, | simulated the 2014 flood comuatifi in the middle stream of the Chao Phraya Riserguthe
model developed in previous chapter based on fatigwcenarios:

-Scenario A: No dam scenario. Scenario A descpbential and original floodplain condition in whitwo
largest dams, namely the Bhumibol Dam and the I8hDam, don't exist.
-Scenario B: New dam scenario. Scenario B desctifeefuture condition with a new dam construction i
the Yom River which is the only major tributary ti@ve no large scale dam on the mainstream.

After the impacts of a future flood control andtlbé existing dams on floodplain area were estimatadg
adobe scenarios, the gap analysis was conductadén to elucidate the difference of floodplainaasgnong
original 2014 and scenatrios.

4.2 Runoff estimation

4.2.1 Methodology of runoff estimation for the scenarios

A storage function model (SFM) was developed byitia (1967). SFM is widely used in Japan as a gmpl
method which can explain non-linear relationshipMeen runoff and rainfall. The method considersrbas
river channel as storage reservoir and presuntesansdischarge expressed as a function of thaggomlume
of the hypothetical reservoir. The SFM equatioasgollows:
[watershed model]

Si=KxQ" ¢

ds, 1

EzgxfxraveXA_Ql (2)
Here,

S: watershed storage volume3jm
Q:: direct runoff (n¥/s)
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K,P: storage coefficients

rave. areal effective rainfall depth per hour (mm/hr)
A: drainage area (kin

f: funoff factor

In the storage function method, it is assumedrthnaff does not occur at the beginning of a ralr&#at occurs
only in a part of the riparian basin called theaffiarea. The method also accounts for the inlibis$ of rainfall.
Once the initial loss is satisfied, due to thefalnwhich occurs over all of the basin, the enbeesin contributes
to runoff. Based on the assumption above, the tatadff Q is calculated as follows:

A
Q=§(f1X%"'(fsa_fl)XQSa,l)"'Qb A3)
Q) =Q(t+T) 4)

Here,

f1: primary runoff ratio

fs: saturation runoff ratiofg=1)

g runoff rate per kmbefore saturation (mm/hr)
Osa) - runoff rate per krhafter saturation (mm/hr)
Qv: baseflow (n¥/s)

T,: a storage function time delay of the watershed

[river channel model]

S =K X Qo(t)” —T; X Qo(t) (5)

ds

= = UMD = Q(t+T) (6)
Here,

S river channel storage volume {m

Q:i: inflow runoff (n/s)

Qo: outflow runoff (n/s)

K,P: storage coefficients

T,: a storage function time delay of the river channe

4.2.2 Input data and Scenario setup for Scenario A

In scenario A, the discharges at P.7A and N.7A ffusiations without Bumibol and Shirikit Dams were
simulated, in order to use it in iRIC model (Figl}¥ The simulation was computed from July 1 to &lober
30, 2014.
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Shirikit Dam

Fig. 4.1 Objected area of scenario A. A red rectangle represents the objected area of iRIC model. Red triangles
indicate the large scale dams (the Bhumibol Dam and the Shirikit Dam).

Fig. 4.2 shows the divided watersheds for SFM in the upper Ping River basin. the upper Ping River basin was
divided into 3 partitions. The discharge data from P. 12, P. 50A, P. 26A and W. 4A runoff stations were used as
inflows (Fig. 4.2b). Fig. 4.3 shows the divided watersheds for SFM in the upper Nan River basin. The upper
Nan River basin was divided into 4 partitions. The discharge data from N. 6A, N. 28, N. 22, N. 24, DR. 15.8,
and DR.2.8 runoff stations were used as inflows (Fig. 4.3b).
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(b) OP.12

P.50A
O_

P.26A
O—

©)

l> P.7A

Fig. 4.2 The divided watersheds for SFM in the upper Ping River basin. (a) location map. Green rectangles

indicate runoff stations. (b) pattern diagram. Rectangles indicate river channel sections, a triangle indicate

watershed section. Open circles indicate runoff stations.
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(b) N.6
@
—O N.28
@
O N22
©)
DR.158 O— © N.24
DR28 O——
@
O N.7A

Fig. 4.3 The divided watersheds for SFM in the upper Nan River basin. (a-1) location map. Green rectangles indicate runoff stations. (a-2) enlarged

view around DR.15.8 and DR 2.8, (b) pattern diagram. Rectangles indicate river channel sections, triangles indicate watershed sections.
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[river channel model]

For each river channel sectio&Q, relationship was investigated by using the “ared ®elocity curve”
created at the cross-section of some runoff stat{ging. 4.4). The area and velocity curve is thapbic
representation of the relation among water deptissesection areas, and discharges. And it allowstiermine
the cross-section areas corresponding to eachatgelvalueS corresponding to a given amount@f was
calculated by the equation as following (also $ég. 4.5):

S(Q = ) Ai(Q0) X L

Here
Ai(Qo): the cross-section area of cross-sedtion
Li: the distance between half way points or rivemeied section boundaries from cross-section

Based on the least-square regression line frorfoteithm ofS andQ, pairs,K andP were calculated as the
intercept and the slope (Fig. 4.6, Fig. 4.7).

According to JICE (1999), the initial time del@yfor each river channel section was calculatedbevis:

T, =7.36 X 1074L17%5 (7

Here,

L: length of river channel

I. average river channel slope

[watershed model]
K and P were calculated by reserve coefficient me{dICE 1999) as follows:
K = 43.4CIY3LY/3 (8)
p=1/3 9)
Here,
C: watershed roughness coefficient (in present stod\38 for crop land was used)
I: watershed slope. The slope from runoff pointi® most distal point of watershed streams.
L: stream length. The length from runoff point te thost distal point of watershed streams.

the initial time delayT; for each river channel section was calculatedbevis (JICE 1999):
T; = 0.0470 X L — 0.56 (10)

Here,

L: stream length. The length from runoff point te thost distal point of watershed streams.

Qv for each watershed section was defined as theaditm of discharge of the downmost-stream runoff
station (P. 7A or N. 7A) on July 1, depending oa tatio of each watershed section area to theeentir
watershed area. Because July 1, 2014 was befoflvtiting season in the region and without big fiairin
the previous week, the discharge on July 1 carsbenaed as baseflo®, for each watershed section was
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calculated by the equation as following:

Ai
Qpi = Qg X S (11)

Here,

Qui: base flow discharge for watershed section

Qu: discharge of the downmost-stream runoff station
Ai: area of watershed section

According to JICE (1999%,andrs, were defined as 0.5 and 100 mm/hmnvas calculated by equation (7) and

calibrated by the same methods as previously destri
The all parameters for SFM calculated by the almapeations were shown in Table 4.1.
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Table 4.1 parameters used for SFM of the upper basin oPthg and the Nan River.

(a) The Ping River

river channel watershed
Unit @ @ ® @
K 66.34 19953  210.18 73.7
P 0.5753 0.5996 0.5676 0.333
T | 0.65 26.94 20.53 2.08
f - . . 0.5
I sa mm/hr - - - 100
Qb m/s i i i 12.1
A k'’ . - - 2263
(b) The Nan River river channel watershed
Unit @ @ ©) @ @
K 821.49 598.73 274.03 141.19 164.593
P 0.5016 0.5338 0.6611 0.7436 0.333
T | 90 6.38 2.49 6.41 6.31
f . . . i 0.5
' sa mm/hr - - - - 100
Q b m’/s - - - - 10.6
A km? - -

- - 1685
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Fig. 4.4 The example of area and velocity curve. The figuas is adapted from http://hydro-2.com/
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River channel block

Cross-section 1

/ S(Q=X;4,(Q) x L; |
/ S: river channel storage volume
L The Halfway point

Q: the discharge of river (=Const.)
Ai(Q): the cross-section area of

i cross-section 7
Li: the distance between half way

~ points or river channel block
s boundaries from cross-section /

Fig. 4.5 The calculation procedure of a river channel gfereolume
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Fig. 4.6 The logarithmic plots o6 andQ, at each river channel section of the Ping Riteand P were
calculated as the intercept and the slope of thetdequare regression line.
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Section Section®
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Fig. 4.7 The logarithmic plots o andQ, at each river channel section of the Nan RikeandP were calculated as the intercept and the slopleeof

least-square regression line.
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As a preprocess for scenario A, the original 2d&dd was simulated to validate the accuracy ofSkiv
model. Fig. 4.8 shows the discharges result atAPrunoff station.R? was 0.661 between the daily SFM
discharge and the observed discharge. Fig. 4. Msstiee discharges result at N. 7A runoff statRfwas 0.914
between the daily SFM discharge and the obsensahdige.

Subsequently, the discharges of P. 12 and N. 64 vempectively replaced with the inflows into tHeunibol
Dam and the Shirikit Dam, then SFM was computethascenario A. The results were shown in Fig.ash®
Fig. 4.11. The discharges for scenario A at P. id B. 7A were predicted more than twice the disglar
observed.

Stream discharges for each runoff station (Fig) was obtained from RIDh{tp://hydro-2.con). The SFM
analysis was conducted using CommonMP (CommonMPraltee, ver.1.4.0.1). The landscape parameters
were calculated using ArcGIS ver. 10.2 (ESRI Japahkyo, Japan).
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—— 2014 original flood Obs.

Fig. 4.8 The discharges at P. 7A runoff station. Blue lindi¢ates the result of the SFM for original 201dofl, gray line indicates the observed
discharge at P. 7A.
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Fig. 4.9 The discharges at P. 7A runoff station. Blue limdi¢ates the result of the SFM for original 201abfl, orange line indicates the result of the
SFM for scenario A.
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Fig. 4.10 The discharges at N. 7A runoff station. Blue lindicates the result of the SFM for original 201dfl, gray line indicates the observed
discharge at N. 7A.
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Fig. 4.11 The discharges at N. 7A runoff station. Blue lindicates the result of the SFM for original 201abfl, orange line indicates the result of
the SFM for scenario A.
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4.2.3 Input data and Scenario setup for Scenario B
In scenario B, the discharges at Y. 17 runoff stations with Kaeng Sua Ten Dam was sumilated, in order to use
it in iRIC model (Fig. 4.12). Kaeng Sua Ten Dam is the new dam planned in the Yom River which is the only

major tributary that have no large scale dam on the mainstream.

AWEs.

7
f Kaeng Sua Ten Dam

g §
-

N e

Fig. 4.12 Objected area of scenario B. A red rectangle represents the objected area of iRIC model. A red triangle

indicates the location of the Kaeng Sua Ten Dam.

The Kaeng Sua Ten Dam

The Kaeng Sua Ten Dam is the new dam project planned on the upper stream of the Yom River . The dam has
the largest volume among 107 new dam projects which RID conducted feasibility studies, and was estimated to
be effective to ease flooding in the lower northern part of Thailand by JICA (2013). The dam was planned in
1991, however the plan was abandoned due to the protest of civil groups and NGOs (Bangkok Post 2011). In
2011, under Yingluck cabinet, the debate about the dam was held among stakeholders (Bangkok Post 2012).
However, up to the present time, the dam plan is not carried forward. Although the political decision about the
dam should be based on accurate and thorough information and studies, the knowledge about the dam impact,

in particular on environmental aspects is insufficient.
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Table 4.2 The specifications of the Kaeng Sua Ten Dam

Features Unit

Dam Type Rockfill

Dam height m 69
Catchment Area kin 3538
Reservoir Area kih 66.78
Effective Storage Volume MCM 1175
Maximum Discharge of Spillway s 5355 (Radial Gate x4)
Maximum Discharge of Discharge Conduit %/ 100

Storage volume at Crest of Spilway MCM 560

Fig. 4.13 shows the divided watersheds for SFNhénupper Yom River basin. the upper Yom River basia
divided into 2 partitions. The discharge data fréniC runoff station was used as inflows, and fioml5.8
and D 2.8 runoff stations were used as outflowg.(#i13b).

For each river channel section (Fig. 4.13B}), relationship was investigated by using the arehvatocity
curve in the same way in scenario A. Based ondastisquare regression line from the logarithi8 andQ,
pairs,K andP were calculated as the intercept and the sloge #14). The initial time delay for each river
channel section was calculated by equation (7).

75



Chapter 4

P HE
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Fig. 4.13 The divided watersheds for SFM in the upper Yom River basin. (a-1) Location map. Green rectangles indicate runoff stations. (a-2) Enlarged
view around DR.15.8 and DR 2.8, (b) Pattern diagram. Rectangles indicate river channel sections, triangles indicate watershed sections, and a trapezoid

indicates a virtual slit dam.
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Fig. 4.14 The logarithmic plots o6 andQ, at each river channel section of the Yom RieandP were
calculated as the intercept and the slope of thstdgquare regression line.

For each watershed block (Fig. 4.9b), K and P waleulated by reserve coefficient method usingaéqo
(8) and (9).T) andQy, were respectively calculated by equation (10) @ddl. According to JICE (1999),and
rsa were defined as 0.5 and 100 mm/hr.

The all parameters for SFM calculated by the almmveputing were shown in Table 4.3.

Table 4.3 parameters used for SFM of the upper basin oYdime River.

river channel

watershed

Unit @) @

) ®

Qb
A

120.2 328.25

91.72 139.15

0.7401  0.7977 0.333 0.333
88 86.06 0.63 6.93
) ; 0.5 0.5
mm/hr - - 100 100
m’/s - - 45 35
km? - - 2475  1932.5

Fig. 4.15 shows the observed discharges at Y.ubGff station and Y. 17 runoff station in 2014.1C is
located at the upstream of Y.17 (Fig. 4.11). Tledk from Y. 1C underwent the peak cut before Ytuboff
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station, due to the inundation around the red areas shown in Fig. 4.16.
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Fig. 4.15 Discharges at Y. 1C runoff station and Y.17 runoff station.
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Fig. 4.16Inundated area map on October 2, 2014 Red areas indicate inundated areas.

In order to consider the peak cut impact into SFM, a virtual slit dam was added at the upstream of Y. 17 (Fig.
4.13b, Fig. 4.17). H-V and H-Q,., relationships were examined at Y. 17 to establish the vertical dam.
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Qin

1 Y.17

Qout (H)
—)

Fig. 4.17 Conceptual diagram of the virtual slit dam at ¥. Qo is determined b{i,, H-V relationship, and
H-Qou relationship.

In order to elucidate thid-V relationship at Y. 17, the volumes of past inurudet at the upper basin of Y. 17
and corresponding water depth ware investigated. ifbindated volume¥ were calculated basing on the
observed inundated area (GISTDA 2015) and DEM faigilevation model) using GIS. The processes to
calculate thé/ values were as follows (Fig. 4.18):

(1) Convert inundated area to polyline, in ordecatculate inundated area boundaries.

(2) Convert the boundary polylines into raster fatmith the same resolution of DEM, then extraevation
value for each boundary cell.

(3) Convert the boundary raster into points, tleatF TIN (Triangle Irregular Network) in order teate water
surface.

(4) Convert the TIN into raster format, the minine DEM in order to calculate the inundated watgtlle

(5) Eliminate error water depth cells which negatwalue due to the limitation of DEM accuracy, then
interpolate the eliminated cells based on adjasatér depth values.

(6) sum up the inundated volumes of cells withie Yom River basin

SRTM with 1 arc-second solution was used as DEM: piocesses were computed for the inundated data
observed on August 16, September 4, 12, Novemb#s,83 in 2011, and September 7 and 24 in 2014. Th
water depth at Y. 17 runoff station correspondintinthe dates obtained from RIBt{p://hydro-2.conj/. Fig.

4.19 showed th¥-H plots. The least-square regression line was usttbisV relationship for the virtual dam.
Fig. 4.20 showed thE-Q, plots at Y. 17, the quadratic polynomial shownhe figure was used as theV
relationship for the virtual dam.
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Fig. 4.18 Overview of the calculation processes of inundated volume
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Fig. 4.19 the relationship between inundated volume and water depth at Y. 17.
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Fig. 4.20 the relationship between dischaerge and water depth at Y. 17.
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The operation rule setup for the Kaeng Sua Ten Dam

Table 4.4 shows the operation rule of the KaengTemaDam. In July and November, the dam discharges
the same quantity of inflow, except for when inflexceeds the maximum discharge of the dischargeution
(=100 m3/s). The excess discharges over 100 maisiiounded. From August to October, the dam diggsa
in the same rule in July until the storage volumeeeds 560 MCM (storage volume at crest of spillwapnd
it discharges 160 m3/s until the storage volumeseds 1175 MCM, and it discharges in the same dyanfti
inflows after the storage volume exceeds 1175 MTIwe discharges 160 m3/s was defined as the mestiet
discharge which can storage the 2011 flood inddiage capacity.

The inflow discharge of the dam was defined astlreation of Y. 1C discharge depending on theorafithe
upper watershed area of the dam to the upper iaigrarea of Y. 1C (7426Knfor Y. 1C, 3571krh for the
dam). The initial storage volume of the dam on Julyas defined as 329MCM (35%), considering theagf®
ratio of the Bhumibol Dam and the Shirikit Dam atyJ1 (35.7%, 38.0%).

Table 4.4 Dam operation rule for Scenario B

Discharge
July August to October November
Inflow=Discharg: V<560 max 100m3/sec Inflow=Discharg:
560<V<1175: max 160m3/s
1175<V :Inflow=Dischar

[m3/s]
600

500
400
300
200
100

0
2014/7/1 2014/7/31 2014/8/30 2014/9/29  2014/10/29 2014/11/28

Fig. 4.21 Discharge from Kaeng Sua Ten Dam in 2014. An aedimg indicates the discharges from the dam,
a blue line indicates inflow to the dam.
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Fig. 4.22 Storage volume of the Kaeng Sua Ten Dam in 201zlud line indicates storage volume, a red line
indicates storage volume at the elevation of spyiwrest.

Fig. 4.21 shows the discharge from the dam. Becthesstorage volume didn't exceed the volume at the
elevation of spillway crest, the maximum dischas§loods was suppressed up to 108sthrough the dam.

As a preprocess for scenario B, the original 20@ddf was simulated to validate the accuracy ofSkd/
model. Fig. 4.24 shows the discharges result dt7Yrunoff stationR> was 0.869 between the daily SFM
discharge and the observed discharge. Subsequéntiy, discharge added the discharge reductiothBodam
(Fig. 4.23) was used as boundary inflow in ordezdmputing SFM for the scenario B. The results veti@vn
in Fig. 4.25. The peak discharge at Y. 17 prediatestenario B decrease from 290.¥s1o0 271.5 riis (down
6.6%). The significant decrease of discharge byddra was found in October, ranged approximatelgnfid
m¥/s to 90 n¥/s.

Stream discharges for each runoff station (Fig) was obtained from RIDh{tp://hydro-2.con). The SFM
analysis was conducted using CommonMP (CommonMPraltee, ver.1.4.0.1). The landscape parameters
were calculated using ArcGIS ver. 10.2 (ESRI Japahkyo, Japan).

[m3/s] Y. 1C
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1000
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400
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0
2014/7/1  2014/7/31 2014/8/30 2014/9/29 2014/10/29 2014/11/28

2014 flood Scenario B

Fig. 4.23 Discharges of Y 1.C. A blue line indicates thecHerge in 2014 flood, an orange line indicates the
discharge in scenario B.
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Fig. 4.24 The discharges at Y. 17 runoff station. Blue lindicates the result of the SFM for original 201dofl, gray line indicates the observed
discharge at Y. 17.
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Fig. 4.25 The discharges at Y. 17 runoff station. Blue lindicates the result of the SFM for original 2013bfl, orange line indicates the result of the
SFM for scenario B.
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4.3 iRIC simulation

4.3.1 iRIC model application for Scenario A

Scenario A was simulated using the iRIC model developed in chapter 3. Stream discharges for runoff station
N.7A and P.7A are replaced by the no dam discharges (Fig. 4.9 Fig. 4.11) for Scenario A.

Fig. 4.26 shows the inundated areas simulated in 2014 flood and scenario A by the iRIC model. The grid cells
with the maximum depth in the simulation period more than 20 cm were defined as inundated area. The
inundated area was 256 km2 for 2014 flood, and was 1209 km? for scenario A. In the scenario A, inundated
areas appeared in the Ping River basin. This indicate that the Ping River basin has the potential floodplain system

which works by a usual year flooding in terms of magnitude. Inundated areas also appeared around the Nan

River ranged from the downstream end up to the junction with the Yom River in the scenario A.

201

ScenarioA

N

~ |nundated

area: 1209km?

Fig. 4.26 The inundated areas simulated in 2014 flood and scenario A. The grid cells with the calculated

maximum depth in the simulation period more than 20 cm were defined as inundated area.
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4.3.2 iRIC model application for Scenario B

Fig. 4.27 shows the inundated areas simulated in 2014 flood and scenario B by the iRIC model. The grid cells
with the maximum depth in the simulation period more than 20 cm were defined as inundated area. The
inundated area was 256 km? for 2014 flood, and was 249 km? for scenario B. There was no large deference
between the inundated areas in 2014 flood and the scenario B. This probably because the discharge from the
Yom River was the relatively less than that from the Ping River and the Nan River (Fig. 4.28). This might
suggest that the maintenance and improvement of retention areas are required even if the dam was constructed

in the Yom River.

201

Sce

' Inundated area: 249km?

Fig. 4.27 The inundated areas simulated in 2014 flood and scenario B. The grid cells with the calculated

maximum depth in the simulation period more than 20 cm were defined as inundated area.
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(m3/s] P.7A+N.7A+Y17 Discharges in 2014 flood and Scenario B
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Fig. 4.28 A total of discharges of P. 7A, N. 7A and Y. 17 offrstation in 2014 flood and scenario B.

4.4 Conclusion

The impact of the flood control measures was ingastd in two scenarios, using a storage functioaleh
and an iRIC model. Scenario A described potentdl @riginal floodplain condition in which the twarbest
dams in the upper Chao Phraya basin don’t exign&@w B described the future condition with a rodam
construction in the Yom River.

In scenario A, inundated area increased more thartimes the area in actual 2014 flood. And it saggested
that the Ping River basin of the objected arealma$loodplain system in the primal condition (Hg26). The
areas around confluence of the Ping River and the River, where many oxbow lakes exist, were also
predicted as the potential floodplains in the ptin@ndition.

In scenario B, there was no large deference bet@@&d flood and scenario B in terms of the inundiaiea.
This is probably because the discharge from the Rorar was the relatively less than that from thegFRiver
and the Nan River and the peak cut effect of thne uethe region is limited (Fig. 4.28). As the ltation of the
present study, the dam operation pattern to opéimiz
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Chapter 5

Therelationship between fish speciesrichness and future flood control scenarios

5.1 Introduction

Chao Phraya River is one of major rivers in SoudistAsia, and the basin of the river have vastdidain
system. The floodplains are maintained by a regaarlong period flood, and many fish species efliasin
utilize the predictable and prolonged flood in thigie cycle (Rainboth 1996). In the basin, floodntrol
measures have been carried out in acceleratinggsegdue to the damages of 2011 Thailand flood.

Present study showed the significance of floodpdaid flood event on fishes in the basin. Preserlysalso
demonstrated the change of the floodplains caugdigefuture possible dam construction in the meddteam
of the Chao Phraya River.

To quantitate the impact of environmental changespecies, Spatial Distribution Model (SDM) wadizid
as a powerful tool (Scott et al. 1993, Kiesterleflf96, Myerset al. 2000). A SDM was establishadifig on
the relationship between species presence/abs@tiibution and landscape environment, and enalpeddict
the species loss and sensitivity due to environatetggradations by comparing the SDM predictedligsu
between original environment and deteriorated emvirent.

In this chapter, | simulated SDM using Maximum Bply Modeling (Maxent, Phillips et al. 2006) in the
middle stream of Chao Phraya River. | also preditie potential species distributions on maps baseithe
scenarios which developed in the previous chaptes.gap analysis among 2014 flood and the scenaass
conducted.

5.2 Material and method

There are many SDM methods proposed, for examiphd (ccullagh, P., Neldeb, J. A. 1983), GAM (Hastie
and Tibshirani, 1990), Bioclim (Nix 1986), Domaf@drpenter et al. 1993), GARP (Stockwell and Pei8é9),
and Maxent. Several studies compared these methddsms of predictive performance. Elith et alo@B)
compared 16 modeling method including the methdms/& using the geographic distributions of différen
groups of species all over the world and concludedent performed best.

Maxent is a maximum entropy-based machine-learmethod and estimates the probability of distributio
for a species occurrence and display the probgbifita map. Maxent is widely used for creating SB&dause
of its high predictive accuracy (Merow et al. 201 @axEnt uses a list of species occurrence locatamminput,
and uses a set of environmental landscape presli¢eog. precipitation, elevation) within a usertdedl
landscape range.

The Maxents conducted for the 50 species occura@ than 5 sites surveyed (Table 5.1). In the eraptl
established the simulation model of the flood regwhthe middle stream of the Chao Phraya Rivergthy, it
is possible to quantitate and use the flood regihagacteristics (: magnitude, frequency, timingation, Poff
et al. (1997) and Richter (1996)) for the SDM. Bmironmental landscape predictors were Elev, andIM
Mdep (as the indices fanagnitude of flood, see chapter 2), Start (as the indexifomg of flood), Duration
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(as the index foduration of flood), and Freq (as the index fisequency of flood) (Table 5.2). Mvel, Mdep,
Start, Duration, and Freq were the results of /i€ imodel in 2014 flood. The predicted SDM was swadnm
order to elucidate the potential species richnEgs 6.1). In addition, the Maxent models in 20lebll were
extrapolated into the floodplain conditions of smem A and scenario B, in order to predict the oeses of the
species. The Maxent analysis was computed usindgRasoftware (ver. 3.3.3Kk).

In order to quantify the changes of fish speciebnéss among scenarios, weighted usable area (ViGJA)
each the scenario was calculated by following egnat

WUA=Zpi><A
i

Here,
pi: probability of distribution for speciedor each grid cell
A: area of grid cell
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Table 5.1 Fish species used in Maxent

Species Sites N
Acantopsis spp. 16 42
Amblypharyngodon chulabhornae 22 75
Anabas testudineus 24 78
Barbichthys laevis 1 1
Barbonynus altus 15 98
Barbonymus gonionotus 22 109
Barbonynus schwanenfeldii 10 78
Brachirus harmandi 8 14
Channa striata 13 110
Chitala ornata 1 1
Clupeichthys aesarnensis 6 15
Cyclocheilichthys apogon 13 211
Cyclocheilichthys armatus 13 82
Cyclocheilichthys enoplos 9 11
Cyclocheilichthys lagleri 7 15
Dermpgenys siamensis 27 103
Esorrus metallicus 72 1572
Gobiopterus chuno 9 23
Hemibagrus filamentus 4 6
Hemibagrus spilopterus 2 8
Henicorhynchus siamensis 19 54
Hypsibarbus malcolmi 6 73
Hypsibarbus vernayi 5 14
Labiobarbus leptocheila 8 24
Labiobarbus siamensis 22 73
Lepidocephalichthys hasselti 7 18
Mastacerrbelus armatus 6 8
Mystacoleucus marginatus 26 298
Mystus albolineatus 11 22
Mystus nmultiradiatus 11 40
Mystus nysticetus 9 43
Notopterus notopterus 6 8
Oreochromis niloticus 13 66
Oryzias sp. 22 108
Osteochilus sp. 6 11
Osteochilus vittatus 13 19
Oxyeleotris marnorata 5 8
Parachela oxygastroides 6 43
Paralaubuca typus 13 83
Parambassis siamensis 41 419
Pristolepis fasciata 14 38
Puntioplites proctozysron 18 45
Puntius brevis 17 125
Rasbora aurotaenia 5 15
Rasbora borapetensis 10 20
Rasbora dusonensis 10 52
Rasbora paviana 11 51
Trichopodus microlepis 39 409
Trichopodus pectoralis 8 23
Trichopodus trichopterus 67 682
Trichopsis pumila 24 99
Trichopsis vittata 70 576
Xenentodon cancila 6 10
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Table 5.2 Variables used in Maxent

Description

Unit
Elev m
MVel /s
MDep m
Start days
Duration days

Freq

Elevation of survey site above sea

Maximum current velocity of survey site predicted by the iRIC model
Maximum water depth of survey site predicted by the iRIC model

Start date of inundation for survey site predicted by the iRIC model
Number of days during survey site imundated predicted by the iRIC model
Number of times survey site was inundated predicted by the iRIC model
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5.3 Result and discussion

Fig. 5.2 shows the potential species richness ghesdlifor 2014 flood. The fish species richness edrfgom
15.3 to 25.8. Most high biodiversity areas werenfibin the main river stream in which distributiohnosany
fluvial fishes predicted. While many limnophilicespes and floodplain migratory species intensivagurred
in the floodplains along the Nan River and the Bu@&oraphet Lake. The result indicates the existarice
floodplain generally increase fish species richniedhe region, as well as the result of chaptdnZoresent
status, the adjacent floodplains of the Nan Rived #he Bueng Boraphet Lake satisfy many species’
environmental requirements and are regarded agritieareas for conservation. The Bung BoraphetelLiak
known as the habitat for 54 fish species (Thai &figls Department 2005), and the fishery resourtzs @
positive and significant role for the provinciabeomy.

Fig. 5.3 shows the potential species richness gedlifor scenario A (no dam scenario). The fishcigse
richness ranged from 15.3 to 26.0. The high limnlapand floodplain migratory species richness area
appeared in the Ping River basin are local scal@spbts” which means the region with a significhigh
biodiversity under threat from human impacts defibg Myers et al. (2000). These areas are considert¢he
prior areas for restoration of floodplain. Becatise=areas are not suitable for intensive land-osthk reason
that the areas are inundated by the flooding vaithdr magnitude than usual year (2014). Additignakcause
it is generally cost saving to restore flood dynasmn potential floodplains.

Fig. 5.4 shows the potential species richness ghedifor scenario B (dam construction scenariog fish
species richness ranged from 15.5 to 25.4. Thesenwdig difference between scenario B and 201eHflo
However, as the limitation of the present studg, fihevention of longitudinal migration and recrugtmh by
the dam for fishes is not considered. For exantideicorhynchus lobatus is suggested to longitudinally
migrate more than 200 km in the Mekong River, dadrnigration behavior is substantially restrictecdsome
fragment sub-basin by damming (Fukushima et al42(dloreover, inland fisheries might be impacted
particularly in mountainous area where it is anonm@nt source of protein for populations. Althougha
ecologies of most of fish species in Southeast Agiaain unclear, future studies should thoroughly
investigate the potential impact of the dam.

The WUA for 2014 flood and the scenarios were showrig. 5.5. Approximately WUA of 120000 [Sp. No.
X m?] have been lost by present flood control condiidviost of the losses caused by the reduction of
floodplain in the Ping River basin. As shown in gtea 2, the richness of floodplain migratory spearethe
mainstream of the Ping River is lower than thahm mainstreams of other rivers, the restoration of
floodplains in the basin is urgent issue. In tHeeohand, the loss of WUA caused by constructiegiw
dam in Yom river was limited.
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2014 flood
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— B : 255742
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Fig. 5.2 The potential species richness predicted for 2014 flood (original condition).
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Scenario A

]
P = :26.0311
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Fig. 5.3 The potential species richness predicted for scenario A.
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Scenario B
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Fig. 5.4 The potential species richness predicted for scenario B.

95



Chapter 5

[Sp. No.x m?] WUA

7350000
7300000
7250000

7200000

7150000
2014 flood Sinario A Sinario B

Fig. 5.5 Weighted Usable Area for each scenario.
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Chapter 6

Suggestionsfor fish richness conservation in themiddle stream of the Chao Phraya
basin

6.1 Introduction

The previous chapters showed that the floodpldiag ipnportant ecological roles for fish biodiveysih the
middle stream of the Chao Phraya River. The keysiijue asked in this chapter is these: what kinds of
floodplains are an important environment for fipecdes? what kinds of floodplain environments aking
in the basin? These are essential knowledge fayestigng effective conservation plan.

In this chapter, | simulated fish richness respaieseachfloodplain quality predictors and visualized the
lacking floodplain environments for each sub-badithree tributaries in the region using MaxEntweafe.

6.2 Materials and methods

The response of each species to the certain twadglain environmental predictors was figured by
extrapolating the Maxent model developed in chap{&iig. 6.1). Fig. 6.1 showed the example of raspanap
of Amplypharyngodon chulaphornae to MVel and MDep. In this demonstration, the pobalis except for MVel
and MDep were assigned these averages, and MVaViaxgp distributions were setup to increase theluea
respectively with x-coordinate and y-coordinatehaf predictor map. The predicted map for each spegere
summed in order to elucidate the response of spe@kness. The extrapolations were conductedh®50
species as well as chapter 5 (Table 5.1)M\val-MDep plane and®art-Duration plane.

In addition, Cross-tabulation tables of floodplanea ratio were created from the ten classificaticaM Vel -
MDep plan andSart-Duration plane at even intervals for each tributary bakig.(6.2). The cross-tabulation
tables represent the amount and attribution ofltwelplains contained for each tributary basin.

In order to visualize the lacking floodplain envirnents for each sub-basin of three tributariessthremed
response maps and the cross-tabulation tableswealspped.
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Fig. 6.1 Conceptual diagram of the visualization of suitable floodplain conditions for each species using Maxent model.
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6.79m The Ping River basin
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Fig. 6.2 Example of the Cross-tabulation tables of floodptrea ratio in #1Vel-MDep plane for the Ping
River basin.

6.3 Result and discussion

Fig. 6.3 showed the overlap figures of a resporae amd a cross-tabulation table iM¥el-MDep plane for
each sub-basin of three tributaries. The area®sedlby red lines in Fig. 6.3b and Fig.6.3c wetkifay in the
Ping River basin. These areas indicate the watebdonnophilic and large-scale habitat inundatgadthe
floods. The areas showed high potential speci¢smeiss due to be suitable habitats for both thedphilic
species such aiichopodus trichopterus, and the lacustrine species suchLabiobarbus leptocheila, and
Barbonymus gonionotus (Fig. 6.4). Thereby, it is suggested that theorasion of large-scale floodplain
waterbodies adjacent to the Ping River such aswxakes and old river channels are effective coragen
plan for the basin. It is also effective to imprdkie connectivity between the riparian lakes amdtiainstream
of the river, which ease the migration of fishes.

Fig. 6.5 showed the overlap figures of a respongge and a cross-tabulation table i&art-Duration plane
for each sub-basin of three tributaries. The anatishigh potential species richness enclosed baynge lines
in Fig. 6.3b and Fig.6.3c were lacking in the PRiger basin. Especially the enclosed area by ttidime in
the Nan River basin showed high potential spectdmess, and considered to have high conservasey
The areas enclosed the orange lines were the iatesdated at the beginning of the flooding. These
environment is supposed to be invaluable becawsedimcidence of a flood timing and a spawningtignis
one of the key factors to maintain the populationfoodplain dependent species (Humphries et@99).

The areas enclosed the red lines in the Nan Ra@nlwere the areas where not only inundate at the
beginning of the flooding but also pooxyain the flood waters. The inundated duration is also

important because by which the growth of juveniles was determined.
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6.4 Conclusion and Suggestion for fish richness conservation

The conservation of floodplains and fishes in #ggan is important for many reasons. The Chao RhRayer
Basin is known for its high fish biodiversity. Motiean 690 freshwater fish species have been redadd
many utilize the floodplains during their life cgc{Rainboth 1996, Kottelat and Whitten 1996). Moo
inland fisheries have long been a part of Thaiwaland are an important source of protein, esihetoa rural
populations. Based on catch, the Thailand inlasideily ranked 13th in the world in 2012 (Moffitt a@djas-
Cano 2014). Floodplains are maintained by dynamteractions between flooding and landscape, and
floodplains are disappearing at an accelerating matSoutheast Asia, primarily as a result of cliamg
hydrology caused by large-scale irrigation scheamesdams (Tockner and Stanford 2002). Mateo €2@1.4)
investigated the impact of the operation of largales dams since the 2011 Thailand flood and fohatithe
inundated area in the Chao Phraya River Basin adisced by 40%.

The impact of the Kaeng Sua Ten Dam on the figltieg richness might be limited at least for thecsss
characterized by lateral migration behavior inrnfiddle stream of the Chao Phraya River basin. Hewdkhe
results don’t support that the impact on the sgeci@racterized by longitudinal migration behavgdimited.
Because the ecology of fishes in Southeast Asili$n the first stage and the ecologies of maldish species
remains unclear, the impact of the dam on the dislgould be thoroughly investigated, including the
effectiveness of flood control.

In present status, the adjacent floodplains ofNtae River and the Bueng Boraphet Lake satisfy nspegies’
environmental requirements and are regarded agribleareas for conservatiomhe Bung Boraphet Lake is
known as the habitat for 54 fish species (Thai &iigls Department 2005) and for 187 bird specied,ign
considered to be of international conservation irgree (BirdLife International 2004, Scott 1989)hiM the
Nan River basin was relatively paid less attentionly small number of studies reported the spemmeemism
of the river (e.g. Suvarnaraksha 2015, Lothongkleamd. 2014). In this study the fish species ricgsnef the
river and its floodplain was the same or more ttenthat of the Bueng Boraphet Lake in any scerafibis
dissertation recommends giving thether conservation priority for the Nan River and its floodplain.

In the present study, the main stream of the PimgrRwhich has a smaller floodplain area compavitd the
other two rivers, showed a relatively low fish sgsaichness. The reduction in floodplain area sdaoy to
flood control measures (e.g., the Bhumibol Dam) raffigct species richness, especially of migratpecees
in the Ping River Basin, such &armonymus altus, Barmonymus gonionotus, Cyclocheilichthys armatus,
Cyclocheilichthys enoplos, Esomus mettalicus, Henicorhynchus siamensis, Paralabuca typus, Parambasis
siamensis, Hemibagrus filamentus. While, the Ping River basin was revealed to Henad plain system which
works in usual flood year by the scenario analysws. the basin, it is suggested that the restaraifdarge-
scale floodplain waterbodies adjacent to the PingRsuch as oxbow lakes and old river channeletieetive
conservation plan.

On the other hand, flooding has the potential ttseaserious damage to the economy of Thailand {bey.
2011 Thailand flood). Further studies are needexssess the respective advantages and disadvantages
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flood control measures in the Chao Phraya RiveirBasd to identify the best approach to protechlibe
economy and biodiversity.
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6.79m (a) The Ping River basin he Yom River basin c¢) The Nan River basin
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Fig. 6.3 The overlap figures of a response map and a cross-tabulation table in a MVel-MDep plane for each sub-basin of three tributaries.
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6.79m Trichopodus trichopterus Labiobarbus leptocheila Barbonymus gonionotus
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Fig. 6.4 The response map of three species to M Vel and MDep.
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119 Days (a) The Ping River basin (b)The Yom River basin
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Fig. 6.5 The overlap figures of a response map and a cross-tabulation table in a Start-Duration plane for each sub-basin of three tributaries.
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Appendix

Thefine scale prediction of Urban Density (UD) for inundation analysis using
Landsat OL| image: a case study of Nakhon Sawan, Thailand

Abstract

| studied the fine scale prediction method of Urbensity (UD) for inundation analysis
using Landsat OLI image, in Nakhon Sawan, Thailand.

A generalized additive model (GAM) and model seieatusing Akaike's Information
Criteria (AIC) in two different seasons (March ahdvember) were conducted. The result
showed as follows. 1) The explanation power of thedels using the explanation
variables calculated by Landsat OLI image in Novemlwere relatively higher than that
of the models in March. 2) UD in 30m grid squareasastrongly positively related to
Urban Index, At-satellite Brightness Temperaturadaolor Complexity which was
defined as the indicator of complexity in color thibution pattern of satellite image in
this paper. The coefficient of determinatiorf Bf the best model was 0.649.

The result suggest that UD can be predicted indbeent accuracy for inundation
analysis in Nakhon Sawan without much effort andtcdrhis prediction method cloud be
applied the urban areas threatened with flood irskhe world.

A.1llntroduction

AR OR[GO i b ORI, RS HOBERECHRMNERELE RES BT TEBY, KF
ST DERIT K o TE U IR A 2 WK E RN AT 2 & TR I TWS (Walther, G.R. etal. 2002
Allen, M.R. et. Al. 2002. THATHIZIS T DB OZFEEN L, EEYCHEKZER 2 I kE<EEIN
5720, FHBROBKILE ZEE L FHT 720120, ZNOOREZEB L2117 H> 2 &
MNEETH S (Kawaike et al. 2002, Miura et al. 201 Uchida and Kawahara 2006

ER IR OB FEATIZ BN T, lHx ORFEMORIRETERFMHFE LTIV AL Z &%, 2R L
AR AE ST 22 L0 0, EFOYTIE, M2 & OfY A2 UD (Urban Density) % A
v M & U TCTRREAT I S 5 T EED — IR W BTV % (Kurihara et al. 1996, NILIM 2004
B EAERUD OF7 —F OBUFIZE LT, EL#ERpes, UEHXER) & LT, BARO—HBH
i8¢ 1/2,50Q 4T 1/25,0000 A & —/LC YO ERR 22 LTBY, ZRAb0TF—4 0
DAy afED UD 7 —F ZAER VILEERITICE T2 Z LR FEETH S, Lo, KN GIS
13 H OB DIE A TV WHESN D& EE D2 < Tl F R EGOHS T FHEIX] 72 &y & B8 & fh
L, =26 UD 77— ¥ Z{ET 2 0E RS Y, Fefli TRt UD OHEE FIEDMENLA KD Hiu T
5.

BEEDOBFRIC BN TIE, BEY Ll O N T E &b TREEE (Imeprvious Area) & L CHE
ELELONEZ N (Bl21F, Lee, S. et. Al. 2005 Yuan, F, 2007) . @EMOHE %R L LT
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%, Kawamura et al. (1995, 1996, 1998) <> Hayasaka et al. (1997)7%, Landsat TM O fd7 2 {2 fiFAT 5>
o, UD &#fii{bfEEE Ul (urbanization index) & ORNZHRWVHEANR®H 5 Z L Z2#HEL TV, AR
B2 UD ZE NIICHEEWRE CTH 5 Z L AVRIRSN TN D, LML, WTIROMZEIZEN TS,
BEmAT—NADAy a4 BN TEMEEEROHEEIT>TRY, LEMITIIRET D
EOBRBm MOt mDA Yy 2 A — L TORTEREESCHETE FIEEMHL T O0END D.

Z 2T, AT, WA THLHEHAEET, HBONREYM AR UD OWEFIELZRET 52 L% H
Mz, Z A EOWKBREHILTH 5T = % U o HfFHIZ IV T, Landsat OLI OF R E R X 0 Bifs
L7 SRR & @ 5 A= UD & ORR &M L7z,

A.2 Material and method

A.2.1 Study area

Far YU, Fr AT TR FICALE T S 8T T, AH 225903 A, 1TEIX O HEEIL
748.27 km2 T 5 (2010 4 The Population And Housing Census % 1/ EE#EE). HIBIZTF ¥ 477
YRk o Bk & Rk A g ok hH Y, Far vl eE I, G a)il, FU)lo 3l
DEWL, Fr A7 7X)IE7esd (Fig. A1), FRFEAKREIE 1,1499mm CTHRZRRZE L ZEZERH D,
MZECEABKOWEICESENS. FardUrofFio /ML, FICSE 5 X0 E KH
WIS TWNAD.
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Fig. A.1 Study area location. The reference area is indicated by black rectangle. The sampling mesh sites are
indicated by black dots.
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A.2.2 Materials

WET—21%, 7 AV IHMEHEH (USGS DIEM T % Landsat8fir & (2 &L v &L S 7= OL

(Operational Land Imagert >V @it ZF i L7=. OLl B L, BXLZ 30mDO g ELZA LT
B, USGSD HP ORI TAFHRETH L. B0 i Table ALITRT. F—F Zfiffr+
LA\ B T T, ZALIRIE Ul oA AL FERE NDVI 72 & OFREIXEEIIC (LT 5720, T 2642
R OFENZ L > TEY A ROWEREEIZEZNND Z ENTRINTZ. EDT2D, ¥ Th 5 2014
3 H29H, ETHD 2014410 H 16 HD 2 iz fvy, THNENDOHERIZOWT, UD OHEE
EREED AT T2,

TableA.1 Specifications of Landsat OLI sensor

Spectral Bands Wavelength Band Number
Coastal Aerosol 0.433 - 0.453 um Band 1
Blue 0.450 - 0.515 um Band 2
Green 0.525 - 0.600 um Band 3
Red 0.630 - 0.680 um Band 4
Near Infrared (NIR) 0.845 - 0.885 pm Band 5
SWIR1 1.560 - 1.660 pm Band 6
SWIR2 2.100 - 2.300 pm Band 7
Panchromatic 0.500 - 0.680 um Band 8
Cirrus 1.360 - 1.390 pm Band 9

Thermal Infrared (TRIS) 1 10.30 - 11.30 pm Band 10
Thermal Infrared (TRIS) 2 11.50 - 12.50 pm Band 11

A.2.3 Calculation of Index and UD

gL L7s 2 B b NI Z RSN LI2tk, DITORICED, FE7 DT VH T

— & R~ L EB LT (USGS, 2015.

_ M, xDN; +4,
sin(Osg)

ZIZT, pii AR OREE, DNi: X Ri O DNAE, M,: N> Ri ORERFA 2, Ay SRR

| DICEIRANA T R, O« R BIR RO KB 8

ERIC X D H%, Table A1 R A I LAEHTIC W2, #iR35 CCEBRS I, (2),

3),@),(B), BRLKkD.

Pi e
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_ Band7 — Band5
" Band7 + Band5

Band6 — Band5
NDBI = Band6 + Band5 3)

Band5 — Band4

Ul 2)

NDVI = Band5 + Band4 4)
BA = NDBI — NDVI (5)
T = k2 273.15 (6)
(e 1)
ML * DNy, + AL

ZZC, Bandi: N2 Ri OEE, K1 Band100{EEZEHIEE 1, K2: Band100iE A HEEK 2,
ML : /X2 R 10 DESBEEE 7 1 o) AL 1 282 R 10 DOFHERE X 7 %, Ul, NDBI, NDVI %, HEHA7
DHFHAEDE TH D720, HFHHRORKE 7 SRR ENRE N RTATH U ThiE, Bimn
WZIXZEN O OEZRRE - BT 5 2 ERIFFCX % (Akiyamaetal. 2006, 1Ffifg 72 Hi 5% il o B
WX KRG ECWE O S A IE 72 EDRMBEIZ > T DRARTIH AT T 57, HAREE T 13,
FIXHECTH D, FEEOEHIZIX, ESRIFED ArcGIS (ver.10.2) % v 7=,

Table A.2 Explanatory variables in the models to predict andi: Landsat’s band order, K1: Band-specific
thermal conversion constant 1, K2: Band-specifierital conversion constant 2, ML: Band-specific
multiplicative rescaling factor, AL: Band-specifidditive rescaling factor)

Vriables Index Formula Reference

Ul Urban Index Band7 — Band5 Kawamura et. al., 1998
;iLiss U= Band7 + Bands

NDBI Normalized Differences Built-up Index NDBI = Band6 — Band5 Zha et. al., 2003
IEFREERTLEIR Band6 + Band5

NDVI  Normalized Differences Vegetation Index Band5 — Band4 Tucker, C.J., 1979
EAR A IR NDVI'= Bands + Band4

BA Built-up Area BA = NDBI — NDVI Zha et. al., 2003
FRIEIRE

T g&i?é}ih(togfnghtness Temperature _— K](12 _9731E USGS, 2015

In (W on 7 A+ )
5 5 5
CC gog%(émplexity ccr = é ;(Ri -R? +% ;(Gi -6)? +%;(Bi - By

#%ikd 2 X 51T, AR TIEHEERG ) OEONDFEHOEIFET LT UD OHEEEZITS72), 20D
[FJF7 7' e —F T, EECHIEZ G0 A Y 2BV T, K2 THIELE H S 5 s
Aoz, 11 H o2 E# X0 BfS Lz UL X 2 HENREO FHIE & SEREIZIBW T, TR X )
S>7- A v 2@ Google earthif§ % Fig. A.2 129 5.
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¥
J

Fig. A.2 The sample meshes which had big gap between predicted UD and observed UD by the GAM single
regression model using UI. The black rectangle indicates sampling mesh.

ZDID, AFTIE, BEY L EKRCHRZ SBET 2181, MR CC (Color Complexity) % Bi%&
L7, CCIE, MBRELET DAy Va2 b ZITHET DA v o (Fig.A3) @ RGB X7 ML OEHE(R
ZThVX 7) 1TV kD, ZOFEBERIEICLVELNOAERZ L OJAVWEMIZBT A Yy v
TI/NS A ENE N S, & L THORE e & CIEmWEREI S D . CC ORISR % Fig. A4
(BT 5.

cc?

5 5 5
1 1 T T
e ;(RL—R)Z + ;(cl—a)z +§;(31—3)2 %)

ZIZTC, RpAv¥=i® Bandd KHHE, R: {RA Y v aBIRENICHET A vy 2D RED
¥, G Ay 2 i® Band3 K, G MR A vV a BRI OENICHET 5 A v v 2D GEDF
BIB;: A v = i® Band2 [, By MR A v a B X OZNICHRET D A v v 2 BEDY,

109



Appendix

-——— _

|
| Aw,a2
: (R,,G,,B,)

Ays,as Ayirad Avyi,as
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|

Fig. A.3 CC (Color Complexity) calculate area. Gray mesh indicates target mesh. CC was calculated as the

standard deviation among target mesh and neighboring 4 meshes.

Fig. A.4 Left: The satellite image of reference area. Right: The result of calculation of CC.

B EAERUD ORHIILL TDO L 9247 -72. £, ArcGIS (ver.10.2)% VT, Fig. A.1 D55 il
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OHPH (26.86km) T, T2 F¥y hOEZ B LFEAIIRO A v 2 (30mx30m Z{EKRL, &2
MOAKEEEERD A vy a2z L. Z20%, fERLTCA vy 2aDhNE T 2 LT 200 fEO A
vakYh o INL, YT NA T aDT—Hy b kmz 7 v A NVERICEB LT, HLTE
kmz 7 7 A /L %, Google earth (ver. 7.1.2.2041 i & iAZx, HAIZE VKT TV Ay v allEER
LR ONER A ERR L=, Google eartfiiZe 5 B O#xs H 1% 20144 3 H 29 H CTh - 7.
ZONERRT — X & ArcGIS IZFt A A, A v v a2 OBEEYHMEZFTE LT, A v = OHfE Tk
LTCUD &k,

A.2.4 Statistic analysis

UD &7 v Rihy MEETENOHELNI-AIE L OBRMEEZHA LM T 57291, 3H29H & 11
H 24 BOZNZENOFE T—RILINEET L (LLT GAM) IZ X 5L HEYFET VEBREZIT- 7.
GAM X, —fALBIEET VA ) X7 A MY v ZERICHERE Lo b O T, HRVER L A DI
MIEBIRZ 5 £ £BLT 5 Z L3 TE % (Hastie and Tibshirani, 1990).

SIS L LT, TableA20 T _RTOEHAEHA L, HWZAEIT30mM A v 2270 0y 5a %
UD 2 L7, 72721, ZEIRIEDOELEET 5720, FHERE TEWER (7 Y o OfEHM
BAREL r>0.7) 2 R B HULE —F T THAGA A THRATICEE R LZe o 72, T 7 L OBRIRIEYE T AIC
(Akaike 1973) Z H\», AIC DEFH 7 VNS RED) EFT /MZDOWTUD & ORRIZ OV TIRREF 21T
277

GAM [Z R /Yv r— (version 3.1.1)® mgev /Ny r— 2 2 HWCEHAE L7z, BT VERIZIE, RO
dredge%x (MuMin /Xy 7r—) ZfiH L7z,

A.3 Result

ETFNARIROFERE, 11 AD UL, T, CC 2R LZET ANRRLENT-ET L TH D LM N
(Table A.3. RA RNET/MZHEITD Ul, T, CCENZNDOEEOE /37 HEEM % Fig. A5 IR
F. Fig. A5, T VA THOMMALEIC X292 —E L L TEOMPALELKIE T KB S 256
® UD #EEfE & & OHEEFRAZZ R L TV 5.
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L
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0

Smooth function
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Il Il [ 1 \} it HII\!I NI IHI}IHIH | ! \I\I‘HHH 1 . L1 ‘H\IIII\I ! | I \‘H L1l \‘ \‘ 1
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Fig. A.5 Partial Additive effect on urban densityariables (Ul, T, CC). The solid lines show fitsrived from
the generalized additive mixed model. Dashed lares95 % confidence interval of the effect.
U, T, CCEER L7eRA METADOYTITEY % Fig. A6, T VU il ET /LA FME L
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AR A Fig. A7ISRT. RMEIZ0.649TH 72, 22T, RIEDHEIIZ, TF/LOHEE UD 75 0%
TR H 0O 0%, 100%% 8225 H DL 10006 E# L TiTo7-. 3H, 11 AR NET
AD AICIEnull EFZ 4D AIC & FEIY, WIFNOZEHLAE (P<0.05) Th-oTz.
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Fig. A.6 The relationship between predicted UD ahderved UD.
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Fig. A.7 The result of predicted UD by the best elad reference area.

A.4 Discussion
EEROEME LT, 3ALY Y, 1L AOKEEZHER LIZET A OIE 523, SN Es -7 (Table
A3). T, BELIDLEEOFDR, HAEDIEENEWZD, & A vy o OFARILA RED #<°
NIR # D/ FORFRICEMRICKBES LT W EEZ 55 (Yang, F. et. al. 2002 HiEF ot
MU IZ W T, AFROFIET UD OHEE AT O BEI2lE, FHMEICHIRET 2 LEN S DH Z LR
BHonEoT.
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Table A.3 Summary of GAM analysis and AIC modeksébn. (a) March, (b) November.

(a) March Variables

Model AIC AAIC Wi R’ Intercept Ul NDBI NDVI BA T CC
Top 1719 0 0.207 0.554 22.2% %% Lkl NA NA NA HFEF NA
2 1721 34 0.204 0.555 22.2%%* HkE NA NA NA Ak +

3 1729 42 0.183 0.533 22.2%%* NA NA NA R kel kel NA
4 1730 44 0.179 0.544 22.2% %% Lkl NA NA NA NA +
NULL 1873 187  0.000 22.2%%* NA NA NA NA NA NA

Level of significance: "p< 0.001, ** P<0.01, * P<0.05

(b) November Variables

Model AIC AAIC Wi RZ Intercept Ul NDBI NDVI BA T CC
Top 1686 0 0.306 0.649 22.2% %% Rkl NA NA NA S +*
2 1692 5 0.289 0.614 22.2%%* HkE NA NA NA +* NA
3 1692 6 0.287 0.636 29.2% %% Rkl NA NA NA NA +*
4 1697 10 0.272 0.597 22.2% %% Rkl NA NA NA NA NA
NULL 1873 187  0.000 22.2%%* NA NA NA NA NA NA

Level of significance: P < 0.001, ** P < 0.01, * P < 0.05

BT UD 2T 270K BN TWEERIX, 11 HO Ul Tho7m. — 5T, ARk
UD & Ul & DB ToO GAM E5 /L0 R EIX 0.522 (3 H), 0.597 (11 A) TH-7=. BEREDOHFZEIC
I HESNTVWDHUD & Ul LD REIZEREEZ 067005 08THY (e.g. Kawamura 1998 AFH
DFERITRLRH THUEEV BNE -T2, T, BHEDOHIZET, UD ZRO7-A v =¥ XH 500m
FREE & ARBFZED 30m A —/L L0 KEL, FA Yol lEENLBHOEELZR 8O Ul Tl
W & XBINREE R BER OB, KATZ—NDRA Yy a TEELIRCT W ENERTHD &5
oD,

AIC EFT/LVERICED UL, T, CCEMEHLIZRNA FETFT/LD R2{EIL 0.649 TH »7-. LHH ik
CILEEMAT I AT T2 DIZ, —EREDO TIEE L Ff o ET NV EMETE L E XD, KfaD
E L7 UD HEEFIE T, AcGISUANDO Y 7 v =7, T —ZIXEEO LD Th 7=, Bl
ThdZ LA T, AFROFEZ, 7 Ny MEREGDEMR STV 55078 b it 4 o
EZTHHEISFRETH Y, MATHIPH LGRS ATH, AIIC UD OHEENFRETH D L\ 5 Fl
REALTEY, kol T 2% EETOEARRILD.
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