
Evaluation of Water Conflict Using
Hydrological Model and GIS

著者 Ekkawatpanit Chaiwat
号 52
学位授与番号 3898
URL http://hdl.handle.net/10097/37614



エカワットパニットチャイワット

 氏名Ekkawatp&nitCh樋w就

 授与学位博士(工学)

 学位授与年月日平成19年9月12日

 学位授与の根拠法規学位規則第4条第1項

 研究科,専攻の名称東北大学大学院工学研究科(博士課程)土木工学専攻

 学位論文題目EvaluationofWaterCon且ictUsingHydrologica1Mode1&ndGIS

 (水文モデルとGISを利用した水紛争の評価)

指導教員東北大学教授澤本正樹

論文審査委員主査東北大学教授澤本正樹東北大学教授真野明

東北大学教授田中仁東北大学准教授風間聡

論文内容要旨

 Inrecenむyears,watersupPlyshortagellasわeconle&nurgen七issueinSo犠theastAsi&・Water
 de皿andis圭ncreasingwit歎ther段piαeconomicdevelopmenta且d.u痴a貧iz段もion.Ontheo癒er1}and,
 surfacewa七er8鞭ppliesarebeingmena.ce虚わylandusec}1ange.Inも}1enort五emT11段iland,the
 prevalentview8&re癒段tlog癖益g,shi飯ngcu1七ivationbymoun七aineth無icmino煎もies,蝕d
 commercia1&gricu1雛rein}1ighlandwatersheds,tha七causeseveぎedry・se&so!nw&ters競pply
 s}10で搬ges.怖terdem段ndistheothersideoftぬee璽u段tion,asi七alsop1αce8constraintsonwater
 &vailabilityしDynamicsofw就eruserelateto1&ndusecha難ge,especialiythrougぬexp段nsionof
 low}&ndcultiva七ion,irrigateduplandfields,urb&n段reas,andindus七ri段lization

 This8むu&yconducもsa傑uan七it段tivewaterreso媒rcesassessmentoftheM段eChaemRiverBasin,
 N。r七hemTha翌and(Fi昏1),an脚段thaも。・n丘・ntspr・ble狐ss穫。五as面seas・nw&もer8carcitya賊
 w就eruseconflictsbe七weenupstream&nddowns七reaminhaもiもanもs.TheMaeChae鵬R圭verB段sin
 wasdiviaedinto21s獄b・basi且s致)rev&1媒段tio簸.

 Th曲10ck・wiseTOPMODELwitht五eMuskingum・CuBgeflowroutingmeもhod(BTOPMC)was
 used.七〇predictrunoffinsub」b&8ins.Tllemodelw段scalibrated,wi搬waterdischargea.七3st&むions
 based・nt五ein&ex・fagree田ent(IA).Si泊aula七i・nswerecarried・ut飾r1989a撮2000anδIA
 beingbetwee数0.83andO,92.Thegeographicinfbrmationsystem(GIS)wasemployeαtocollect
 necessaryinfbrmationfbrcropwaterdema惣devalua七ion.GIStech漁iqueswere&1soappHed,to
 pr・ぬceer・si・nhazaraindice$・rer・si・nes七imates疑singReviseaUniversa1S・illossEqu&ti・n
 (RUSLE).ResultsofBTOPMC,whichwereusedtocomparetheav&ilaわ1ew&te℃s駄pplyandcrop
 waterdemand,indicatedtha毒血e段va最ableda七aintぬebasinaresu茄cienttoaddresst五ewate℃
 con£Lictproblems.
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Figure 1. Location of the Mae Chaem River Bain 

Water deficits were addressed using two indicators: the water sufficiency index (WSI) for the 
dry season and the upstream contribution index (UPD for the wet season. To assess the water 
sufficiency in a specific sub-basin i (i=1,..n), an index was developed based on the ratio of the 
difference ofstreamflow (available water) and crop water demand (RO-wi)) to the available water 
(RO). The water sufficiency index was defined as 

WSI ROi - VPDi 
i ~ ROi 

(1) 

where ~O is the streamflow at the outlet of sub-basin j (m3) and WD is the water demand of 
sub'basin j (m3). 

This WSI, which was calculated on monthly basis, was used as an indicator of the degree of 
water sufficiency at the basin level. Negative WSI values denote water shortage in corresponding 
sub -basin. 

;
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When an upstream area has a water deficit, it adversely affects the downstream water supply. 
Upstream inhabitants draw large amounts of water from the stream, which engenders a 
reduction of downstream flow when upstream areas have a water deficit. That reduction of 
downstream water creates problems for downstream inhabitants. This situation worsens if the 
downstream area also has a water deficit. Therefore, we defined a condition called the combined 
water suffrcienty index (CWSD, to reflect the interaction between upstream and downstream 
areas. CWSI is defined in a matrix form. 

OWSI = (WSI~p, W~:Ido'*~) (2) 
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If CWSI has a both mmus value of WSI~p and WSld.~~ (-, '), (area C of Figure 2), it indicates 
that both upstream and downstream areas have deficits, thereby creating water conflicts in both 
upstream and downstream areas. Consequently, there is no water deficit either upstream or 
downstream if CWSI has both plus value of WS:T~p and W~!Ido*' (+, +), (area B of Figure 2). Figure 
2 and Figure 3 show the CWSI for each node in January 1990 and January 2001. It portrays the 
occurrence of water conflicts in sub-basins 9 and 10 in 2001, because water deficits exist in both 
upstream and downstream areas. This situation had not occurred in January 1990. Figure 2 
shows a fair situation between upstream and downstream in J~nuary 1990 because WSI value in 
upstream was almost equal in the WSI value in downstream and all CWSI points located in area 
B. According to Figure 3, sub'basins with both positive WSI (area B) show no water conflicts and a 
fair situation in both upstream and downstream. If these nodes were moved to area C (-, ') or area 
 D (+, ･) the future water demand and supply might be= vulnerable. Long-term evaluation using 
long~tern data is highly recommended for that kind of estimation. Nodes in area A of Figure 3 
[e.g., (5, 7), (10, 15), (18, 20), (19, 20)] show that upstream areas have a water deficit, but 
downstream areas display no water deficit in January 2001. This situation is not likely to create 
water conflict between upstream and downstream areas, but in these nodes, upstream sub-basins 
use a larger amount of water than available water, which is apparent in sub'basins 5, 10, 18, and 
19. 
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Figure 2. CWSI in January 1990 
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Figure 3. CWSI in January 2001 

Furthermore, the water conflict in the wet season was discussed taking disastrous flooding into 
account. Downstream inhabitants have complained that flooding occurs because of deforestation 

Q
 

in the upper watershed. Therefore, we computed the peak discharge per unit area, ( P'"k) , for A 

each sub-basin. The catchment area is the most suitable factor to relate hydrology to the 
difference of this ratio upstream and downstream. It facilitates the assessment of the upstream 
contribution index (UCD, as shown by Equation 3: 
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UCI Q Peak 2 Q Peakl (3) ( -

)( -- ) A 2 A1 

where Qpeakl is the peak discharge at downstream, A1 is the area contributes to the discharge 
at downstream point, (~peak2 is the peak discharge at upstream and A2 is the area contributes to 
the discharge at upstream point. 

In addition, Diiferent Soil Erosion Degree (DSED) was introduced based on the soil erosion 
classification. Results of RUSLE have been categorized on the five classes; (1) non-erosion, (2) 
slight erosion, (3) moderate erosion, (4) severe erosion and (5) very severe erosion. The 
classification of soil erosion degree was made by Land Development Department (LDD). The high 
value of DSED shows some sub-basin has Inuch more serious soil erosion level. It will increase 

sediment in the basin and reduce river channel capacity. 
DSED - %SVS - %SVS (4) 2000 1989 

where oloSVS2000 is converge ratio of soil erosion able area (from severe to very severe class) in 
whole sub-basin in 2000 and o/oSVS1939 is converge ratio of soil erosion able area (from severe to 
very severe class) in whole sub-basin in 1989. 

Soil erosion upstream contribution index (SEUOh asses the potential to occur downstream 
flood due to sediment deposition in downstream beds. SEUCI can be shown as in Equation 5: 

SEUCI = DSED2 - DSEDI (5) 

where DSEDI is Different Soil Erosion Degree at downstream and DSED2 is Different Soil 
Erosion Degree at upstream. A high value of SEUCI indicates the possible increase of upstream 
soil eroded to downstream areas. 

In this study, we used water inequality method to estimate distributions ofwater resources (e.g. 
water availability and potential water resources). Lorenz curves are used to determine the water 
inequality to estimate distribution of water resources. We compared the Gini coefiicients of the 
Mae Chaem River Basin versus Gini coefficients for whole Thailand to understand the water 

 inequality in small･scale basins and large areas. 

Both indicators showed that sub-basin 9 (Upper Mae Suk watershed) faces the wqrst situation, 
with water deficits during both dry and wet seasons. Even though there is no overall critical 
 water conflict exists in the basin, sub･basins 9, lO, 12, and 15 show critical water conflicts in 2000. 
Moreover, the present situation is much worse than that of the last decade because of land use 
change. This study shows that deforestation resulting from conversion of forestlands into 
agricultural lands has engendered water scarcity in the dry season, fl. ooding in the wet season 
and soil erosion. Deforestation in upstream mountain areas engenders a higher peak discharge, 
which results in downstream flooding. With increasing demands for improved upstream 
watershed management, a pressing need exists to implement sustainable land use strategies, 
which would serve the respective interests of upstream and downstream communities. Utilization 
of GIS as an analytical tool, confirmed that such modern tools are effective for investigating 
practical problems and for detecting important features of water resources. 
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 論文審査結果の要旨
 気候変動に伴う渇水や降雨パターンの変化,人口増加に伴う水需要の増加によって水紛争が顕在化

 している.水紛争は,地域から国際問題まで様々なスケールで生じる.タイ国北部マエチャム川流域
 では,新たに開墾された山岳地域の住民と下流の住民の間で紛争が生じている,この問題を例として,
 定量的な水紛争評価手法の提案を行うと同時に,水紛争の問題奪考察したものが本論文である.論文
 は全8章よりなる.

 第1章は序論である。

 第2章は既往研究について様々な水文モデル,土砂流出モデルの性質と開発史について記述してい
 る.

 第3章は研究対象領域と利用データについて述べている.タイ国北部のマエチャム川流域の状況と,
 数値計算に利用するデジタルデータの特徴,ソースについて説明している.また,GISによる人工衛
 星のデータ解析手法についても説明している.

 第4章では,マエチャム川流域において,土砂侵食式(USLE)を適用し,流域の土砂生産分布を
 推定した.この結果を人工衛星図像により分類した森林伐採地域,植林地域において解析し,土砂災
 害と森林の関係について考察した.その結果,土砂生産と森林の減少の問に明確な相関関係があり,
 これを定量的に評価することが可能になった.流域全体では植林の効果が大きく,土砂災害は減少の
 傾向にある.こうした特性を定量的に示したことは新しい知見である.

 第5章では,水文モデルと土地利用データを用いて水資源量の分布を調べた.水文モデルは分布型
 物理モデルであるBTOPMCモデルを構築し,降雨・流出過程を精度よく再現した.また,耕作域の
 水需要量と水資源量を比較した結果,水資源が雨季には過剰となり,乾季には不足となる地域が定量
 的に把握された.熱帯モンスーンの山岳域の灌漑用水の需給についての考察は稀有であり,貴重な解
 析結果である.

 第6章は,5章の計算結果を用いて,水紛争を乾季と雨季の時期に分けて評価する指標の提案を行
 った.乾季には水充足指数の提案を行い,現地調査で得られた対立地域とよい一致が見られた.また
 雨季には上流貢献度指数の提案を行い,下流の洪水地帯の住民がもつ感情とよい相関を得ることがで
 きた.乾季と雨季の水紛争を客観指数で表現することは今まで行われておらず,水紛争解決のための
 重要な研究成果であるといえる.

 第7章は水利用の不公平性について,ジニ係数を用いてマエチャム川流域内の地域とタイ国各流域
 を比較した.その結果,マエチャム川の各地域は,タイ国内の流域に比べるξ公平性が高く,水紛争
 には地政学の視点も夢要なことが示唆された.ジニ係数を水資源評価に用いたのは,世界に先駆けて
 のことであり,数値モデルの利用により可能になった.本手法の発展性は大いに期待できる.

 第8章は結論である.

 以上要するに本論文は,数値モデルを利駕し,水充足指数と上流貢献度指数を提案し,水紛争を定
 量的に評価することに成功した.また,数値モデルとジニ係数を併用して水利用の不公平さを議論し
 た.本研究成果は,水紛争の定量的な解析,水資源マネジメントに大きく貢献できるものである.
 よって,本論文は博士(工学)の学位論文として合格と認める.
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