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Fig. 1 Range of the Mahaveli River basin
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1.2 HHEKIR

ABFFERT S0 T3 RN e 2 AR A 5t MR IR, AR R AR K, 1ER
KPS BUAERAE . 7E DIVA-GIS -1 5 AR B IG5 Rl it telas RIS 22 1) DEM 805 m i
KR GBS, FEHPRF TSR, B 5 SRR Z ARG, S AeIE
IR 2% (NSE) 23051128 0.817 1 0.940, FRUikE FEERUSCRELT, AT TR AR RS AR NS 5t
RO T AR BRI R SRR [ S H R KR A ME N, . FLE . REFRF LRk 57
SEP ST SRR R B AR PR, PR DL R, DR & TR (2018—2022 4F ) Sk ( Mahaweli
Statistical Hand Book 2021 ) . {Annual Report 2018 Mahaweli Authority of Sri Lanka ) . #7H K411l
FOEWIIEIESC, BT DI s s, (BT A AR BRI (2024—2025 4 ) Hdis.

1.3 MRFGE
131 REHX (BP)

MZRRIE—FED AL, WA REE, W LRISREM TR E . A A e n B
Uige, FHema s —Ir RN . AEAUZERI,  FZRRI SRR 2R s i 45 B EARRERIZ R 4%
1257 S N/ AP w =5 T i Rl N P/l [ ST P8 5 N = B A ST ol = w1 A
BP B (1) (2) Fin.

max Fy(X,Y) ()
5.t.G{(X,Y)<0 (2)
/\rl_]:
Y e argmax f1(X,Y) (3)
Y
s.t.g1(X,Y) <0 4)

X XeRMYeR A HIEIRR LEM T Z AR KA R M &, B Fy: R XR? > RAl
Fr:R" xR — RAHIH LJZHATT)Z BARRELG, : R" xR™ — RFllg, : R" X R™ — REMZAR, WZZ Hini
Rinfgi, SH—ANEE RN FEIR AR x, TEHORE R R AR R R A y, L2
PR ARG I BRI L B A R R AR

132 R &HH-EEAAR (ITSP)

IX (RIS R e T X B S AR 16 P T e AR TR sh I SR L T A IX R 3 ] e fec Rt/
B, THRELSRERELAX FEIE R, SEim s aR st . aTdebk. PR BEREN LI Jr i e e AL
AR, WG AGBRITA, FIRBEARE A 2 R T G Sh, SR RAMASIE, W
AR AN B 15 B F BRI IR R A 2 BF B, IX ] 9 [ BEBE LRI AR (TTSP) Fik ==t (5)
PR

Maxf* = i cix; = i lepheji.yfh &)
=1

j=1 h=1

YRR (6)~(9)-

a;x; <b;,r=12.,m 6)

asxi+ ) asy, zwyt=12,..m;h=12,..s 7

X520,j=12,..,m (®)
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¥5,20,j=12,..n5h=12,....s ©))

K FIEEPREEL, @SR, xR BRAS E, pho AR, e FRiEmRREL, yih s
TIBHIRAAS R, arj. atjRFREL, brR RO, whiEBENAS AR ph FROBUE, JFH X =1
1.4 {RBIE

IR Gy SR FEIR R FRRE KAL  FCREMAL A SRR Z — o BIURKANSI ST AL T4 X R
FHZKIEDL, DIRRE AL BT 0 5, dRILSE AR SRR BOAS SR o BAR7KAN S - B 5558 5 AR
B ORI . ST RSEERA B e Sy U ST 25 7 T

1) WIHRKAASTY

HAReRE: HbreRgoii s R oA, s BRI SR PR, WX (10).

Max f = ZZ(pk X HD},) (10)

AR

ORISR . REFEICRADK . eI RO, RESTE— e R b R B R
kit ezt B EIARHIKCRAE T 5 JEARAR KR &AL L, X E SR K BRI IR Rt ik
L BUE SRIREAMNE, @S ADK AR IR EGREE ], LR AT K . ALK RIAE 53R
RUKIRL AR . SRR ZEK AR KA, I8 RS EE - C S R A i wh e, AFT
SEFENA HERILE KA BE R F A G, IPRB KA BCA S BRI, DL (1), (12),

VAW > HDW; (11)
WRAma,,, k
HD, < HDW,, (12)

QREFEEI . FEARRAK SR, RREATEAE KSR &2 A 2 5ess 45 AR,
SERBRKRGH B F e ik, Wt (13) (14),

Z WQAzaI X BA?“)

i (Pex WLAZ,, x DA )}
z=1 a=1

I
ZT: ZK: [ZZI: i Py x WPAZ, % FAWAM)}

FMAXZ

> HDE; (13)

HD;, < HDE;, (14)

QM= : PRUEIEH A = i K 5T BAn K s AP B bedz =R/ N oo R A =B,
KFF/IVEP=IE, W2l (15)~(17).

QSAzut = WQAzat X LWPAw (1 5)
PSAZ,, =WPAZ, XLWPA,_, (16)
PS Ami., < PSA%,, < PSAma,, (17)

@HIK AT AREPR K S HFRRDK R Z BROCR s BUER - ®IR KA ik, WX (18).
(19).
WPA®, = WQA,_, - WLA®,, (18)
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WPAZiakt < WNA?at (19)

K2R SRUERS AR T F K 5 PR KA Z RDK A, S DRI B AR S K

FUKIIRHADK . S HZOK GBI, AT R SCER IR B, I IRIRAR I & s

AR KUK L ADK S, TR ] R BT, BRI & AR Ak B IR 2 N T e nl
FKSEIR R, ARSets M RS T K ERRERT K, WX (20). (21).

i ZA: WNAZ, < SAWR,, (20)

z=1 a=1

SAWR,, = RNF,,—REW,, - S WEG,, 1)
@AELAR.: AE e, W (22).
HD;,HDW;,HDE;,,WQA,, WPA%,,WLA®

zakt>
N 22
OSA,,.PSA:, ,WNAZ, PNA: ,SAWR, >0,Vz,a,k,t @2)

2) KL G5

WIRKAGTELR) B R OB X I 45 FZKERT T8 Tl AR e, SRR Y & A H AR . 7KL
LGMPER T H KPR B R o s X K G IR R, $Em RGAEARR . IR KA T B2 17K AL
TSR, R KRG B R P B IR . I G AR /KA LA R4k, A KA)
TR EEASRET B PR BB R R, A LRI IR Tt FB . SR KRR S B RY A E AN
OCHRIKBL G TG RER RIS T, B AL A RIRR e, Sl MK, RIS EeKEsE o Fe it
H X [RK BRI AE B B JLhil

HirekZl: L2 BirRECh RGsciimAl, WP . SRS . KBS AR, TZH
PRERECH RS HK S IME, AP SEPR K & .

AL (23).

max f* = Y [ZZ: zA: (WQAM X BA;)
=1 a=1

t

_ ZT: ZK: lzzl ZA: (pk X BWTAZ, x TCAM)} (23)

z=1 a=1

zZ: ZA: (pex WPAZ,, X FAWAM)}

t=1 1

ZK: li ZA: (Pex WLAZ,, x DA;)}
k= z=1 a=1

TR (24).
min f* = ZT: zK: ZZ: ZA: P XWPAZ,, (24)
AR

DA IR . IEIE S A = e AR S5 T HAR K BN B9 SEPRAE = R N kA PR,
KT g/ MEREL, W2 (25)~(27)-

WQA_, = OSA,, xLWPA,, (25)
PSA.,, = WPA:, x LWPAZ, (26)
WPAmi_, < WPA:,, < WPAma.,, (27)

QHIK AW ALK S BAR K Z BB 5CHR s RIEH 52 5 J5 KA 73 i,
(28)~(29).

WPA?akt = WQAzar - WLAziakz (28)
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WPAZ, < TWNAZ, (29)
QKB G M . RUEH P Z KRS 5 RS2 me i A, 23238, I (30)~(32).

TWNAZ, = WNA®, + BWTA%, —S WTAZ, (30)
WNAZ, > SWTAZ, (31
z A z A
D ISWTAL = > BWTAL, 32)
z=1 a=1 z=1 a=1
@ISYPHECR 2T PRI AS AR TR, e R8s g, Wt (33),
zZ K A
>3 (UWEA, xWPAZ, ) < PEC? (33)
=1 k=1 a=1
OKBBEG ML GRSIEFEF PSS S RS 2/ N2 Gyl lices, Wl (34).
WQA,, x BAL, - WLAZ,, X DA%, + (SWTA%, X TRA,,)
) “ (34)

—|BWTAZ, x(TCA,, +TRA,,)| - WPA?

O FAKBOUK LI, ARUEFIE N H 2 n] K5 P R R ARG ARG, ARG ) AR A RR K
KEHKAERE, W (35). (36).

X FAWA,, > NTGA®

zakt

ZZ: i TWNA:, < SAWR,, (35)

z=1 a=1

SAWR,, = RNF,,—REW, - SWEG,, (36)

OOMEFRHZ) . AR E R TR, WIS Z 225 KA R i . AR IR KA T
HUKE:, “HAZEERAES R, Wal (37). (38).

. _ ) WPAZ, —WNAZ, ,if WPAZ, —WNAZ, >0
DWA = { 0,if WPAZ, —WNAZ, <0 (37)
. _ | WNAZ, —-WPAZ  if WNA:, —-WPAZ,, >0
SWAmkt_{ O,lf WNA;,_WPA;](1<O (38)
@ARMLAR.: SRR, WX (39).
WOQA,,. , WPA: \WLAZ, ,0SAL,, PSAL, , TWNAZ,, (39)
BWTA,,SWTAZ ,SAWR;,,DWAZ,,,SWAZ,, > 0,Vz,a,k,t
2 GEREDH
21 SEERRE
1z I BUE A Sk b A R] B9 A =X
ST ARARERT R BIE R T 25 Uil ®1 EESEERELL
WS, P(mm) . T ( C) 23R FIE K Table 1 Combined design of different climate scenario models
AR, FIREE SRS AR R R ek A% f/mm
PSS, JPBH T ——A G, B 25 FiR T px(1-20%) Px(1-10%) P Px(1+10%) Px(1+20%)
Py =y W == R DR A 24 9
RS ST, §ﬁ$ﬁ%iﬁiﬂ 515,'56]X 10 T-1 M2l M2 M23 M24 M25
FEH, Hp M, M, il My, RGOS, M
. NIWIS . i 4 T M31 M32 M33 M34 M35
Rk b AT, RGERS B PR K B 1S 20 T3
T+1 M41 M42 M43 M44 M45

e AT, KA B, RS R
AHGRIGE TR, BDRT KR 2 M M Me W M
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Fig. 2 Initial water right allocation for different industries under climate change scenarios

RIS, TS SRR KRR R SARYIZERE RN, KGRI E A
A, SKGEREC R —RE T, B TR ABUE R, B, T+1 C R Rk AU
T2 C R N FRERKAUE R Z 3.10%. X TAFEATL, KEEREDL BRI ok, P d
HEH 68.60%, X2 ARIR KA BU A B S B S AT B A5 PF T 0T R Bl A = MU A 25 B HIR
JEIMET s B BRAR AR 7 A K RS A U KA A
23 KINZZEN

Bl 3 B T 25 e At s T~ AL I M L KBS Syt . B5RERM, 1k b, ML

3.,°1

I 07K 5y iR [56.89,72.191x10° m*-a™", MURIMH—M /KA ZE Z) i Bk [53.29, 63.211x10° m*a™',

A o x
S o O

WA KB 109 m?)

8]
[=IN -

|

!
=
L
=

= TJH e—elJA

o]

KA Gy /(< 10° m*-a™")
[3%) S N
IKAUAE Gy fit/(x10° m*-a™")
[\ EN N
2 _%

WA RS AR AR R
2SS L it 2SFI TR
(a) SH20244F /K FERR AL (b) N20254E /K REFAEL.
2SR A L 5t 2SRRI 3t
§Wvﬂw%ﬂ@@§*ﬁ%¢@ﬁw&&¥$@9 gﬁvﬁ§%w@wwﬁw%ﬁ@&w%w¥$@*

|
N
|
—_

TKIZE Zy /(< 10° mP-a™!)
W
IKAAE (< 10° mP-a™!)
|
(3]

T JH ool

wJE e el

|
8}

|
w

() F20244F K & F-A (d) H20254F K & F25El



3066 ok L B ¥ W 18 %

2SR 2SRRI
AIAIROABRN AR N AR PABN AR
0 O TT T TTT T T T T 1T

TKAUAE Gy B/ (<103 mP-a™)
|
e

Nl el N e el

() H20244FFLF Ml (f) F20254 33k

2SR LN 2SR LN
SONARAPRPAN AR RS ARG\
~ T - T - W r - 7~ T <

I vV O V\I \l

=T ool

|
S}

= TJH e—elJf

TR Gy /(< 10° me-a™)
I
KK Gy /(<103 mP-a!)
|
N

|
=)

(g) F20244F IR 7K fa FEFE (h) 920254F 3R K fa 5
B3 SEZUERTAETIAI G E
Fig. 3 Volume of water rights in different industries under climate change scenarios
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Fig. 4 Different industries hold water rights under climate change scenarios
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Fig. 5 Different counties hold water rights under climate change scenarios
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Fig. 6 Discharge volumes in different counties under climate change scenarios
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Research on agricultural water rights trading in the Mahaweli River Basin of
Sri Lanka under uncertainty
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Abstract In the process of water resources utilization, water right trading can promote the subjects with low
water use efficiency to transfer water rights to the subjects with high marginal water use benefit, thereby realize
maximize the overall benefit of the region. As an important node country of the "Belt and Road" initiative. The
Mahaweli River basin in Sri Lanka was selected as the survey region to constructing the agricultural water rights
trading model based on the interval two-stage stochastic bi-level uncertainty planning method, and dealing with
the indeterminacy of socio-economic data, the randomness of surface water resources and the multi-objective of
the system. The research revealed that the initial total water rights were affected by climate change, which
positively correlated with precipitation and negatively correlated with temperature. In addition, in the water
rights transaction, rice planting industry was the main buyer, and dairy and livestock industry was the main
seller. After the water rights transaction, the industries and regions holding the largest amount of water rights
were rice planting industry and Polonnaruwa County, wherein the initial water rights allocation had a significant
influence on the water rights holding. The research results can improve the scientific management of water
resources in the Mahaweli River basin under the changing climate, and gradually create a positive pattern of
water resources management and water rights distribution.

Keywords uncertainty; water rights trading; Sri Lanka; Mahaweli Basin; water resources management
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