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Abstract

Water is a vital yet limited resource essential for human survival and economic de-
velopment. The rational allocation of constrained water resources under conditions of
uncertainty holds significant importance for the formulation of effective economic s-
trategies. This paper reformulates a two-stage stochastic programming model designed
for agricultural irrigation systems into a two-stage stochastic variational inequality,
subsequently solving it through a progressive hedging method. The experimental re-
sults show that the algorithm can find a reasonable and stable optimal solution and

the optimal objective function value efficiently.
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1. 515

TR NRAEAF RIS 5 YA I — e b RN e AN RTZ i) BE Y. A BRIE K S LA /K B I A 5 BT
KA SR R 28 B > G TF R AN N SRAAF PR B 4 (0 B K IR B 4] & 2R P A R PR 7K B9
LN B PO AR FRIERTH R I A T AE e R, A 20K BT AR AR e, B
2% BAR ELOGHR A I R (oK B4k A BORIAE R )y AN ] F5000 FR) T 3 A58 A0 4R R Jg DA 75 SR ) 3
S, RARHKBRIR R Y, (ER AR [1-3].

19914FRockafellar MWets [4] & X2 H 3R fi# 2 By Bt BE LA R 10938 28 5% b 77 % (Progressive
Hedging Method, i fEPHM). 20194FRockafellarfISun [5] $& Hi 3K fi# 5 2 B BB AL AR 75 A 45 5K
FIPHM, J7EBEAL 1) B A IR 2 A SCIUE 9 5% A N IEW] T2 EE R sl b AT B (g s i &
B, PHMAE —BCEO0 N 2 R, e 2 2 BELAR 70 A 85 R A g BEALE A T AN ) i 2 AR A
). 2020 FFRockefallarfSun [6] A58 1 2 M Behikg B3 H BEHLAS 70 A5 e @ A SO FHPHMK
AR M HE TG AR G K BT R B R AL O, T A T R A EE L (Sample Average
Approximation) ¥ J5 9 i BEBEAL RIS R B HU, AR5 R FLEE N R AL A I I BB AL A 7 AN
# i 18 FHPHIVIK A 25 HOms i B BE AL A2 70 A8 4 5
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2. MAEMTRIKEZIRE
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(2.1)

Z zmk zmkf)dzm + Z Z ink — znk§ 6’m 2 BRmm'm V’Z,

k=1m=1 k=1n=2
< imk — zmk:&)(sim < Cimg, VZ m, If
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Z Z Dimredim + Z Z Diniedin < Hye, Vi,

k=1m=1 k=1 n=2

h h
Z Z Dimkiéim + z ZDmkE(Sm < Gkg, Vk,
i=1 m=1 i=1 n=2

Emk 2 Dimk{ Z 07 Vivma ka
,‘T’ink Z DinkE 2 07 Vianv k.

(2.2)
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Elx] : ML i B EEAE
Cire + ARIATHIRF ALK E 7] 6 AT IS TR B AME (Clinre = Cinge s
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Cine © MG R 2 [0 G T 25 55
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AT, A5 — B BRI 20k 2 sk 25 28— i B e A 1) S0 B8 A e KA b
1 FH B H Ak 75 AR AT AU AL R (2.1)-(2.2) BEAT S5 80k,  BRECA BRAN S ST 5] 43 A 155
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Z G =K (h = 3)5 HIFE E 7E :f:F'ﬂ]/J\iEI’JZ?%ﬁ@WK R, FRIH S N =N = 3)#
LRI B WO BANFTE LR NERIm x nffifE, 1
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T ERIEREE, v Mo, Mz RoRp x f HBALHRE, )ﬂ[ VR BRI M RIS > By aE I,
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25 439 65

Rk, (2.1)-(2.2) B BUEIE N

zeX

K
min c(x —|—Z ! —Te, (x),&5), st. o(x) <0, (2.3)
j=1

Hrhd(Ty, (z), &) R 5 B B v il (1) S A A8

min - g, (y;) st Te, (2) + W, () < 0. (2.4)

RHe(z) = (-B+ A+ TR) "z, X =R, ¢, (y;) = Cly;, ¥ =R, ¢(x) = Myx — by,
Te,(x) = MTa, MWFj=1,..,K, W, (y;) =MTy; —bje

(y
BAR, X TR B BE LRI (2.3)-(2.4), SCHR [9)H B3 1A, B SCHR (9] e #E3.1 A A,
(2.3)-(2.4) AN T P FT BEBEAL EL AN i) 2

K
0< (Vc(x) + Z %VT& (z)"'m; + V(j)(a:)T/\) Lx>0,0<—¢(xz) LA>0, (2.5)

j=1
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0 < (Vae, (y;) + VWe, (y;) ;) Ly; >0, 0< (=T, (x) — W, (y;)) L >0, (2.6)

Hix € RUNAWG(z) < OB BIHIRT, 5K, m; € RIALKHRT (z) + We, (y;) < ORI
BUIHERT, 5K, Ve(x) = —B+ A+ TR, Vé(x) = MY, VT (x) = M, Ve, (y;) = Cj»
VWe,(y;) = M-

PRk, FUHSCHER [5]FPAEM, FlT R (2.5)-(2.6).
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0 <w; L Ve, (y;) + VWe (y;) 75 +r(y; —yj) >0,

0<m; L =T () — We, (y;) +r(m; — ) > 0.
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17 = max {n, max{n:(j), 7=1,2,...,K}};
n <1072

X By 2 (2.5) M EAME b B L0 . TR MESG, § =12, K, n()RQ6)KME
AR BB ER G S < 10720, FikiFik. 828, Wiy < 1072, Wan M na(4),
j=1,2,..., K&K/ F1072
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1(2.5)-(2.6), 25 EE E EORIET SR (7). BRI K A= K. . BRAKTFEER
MRS HIN0.2, 0.6, 0.2, FHL FKIIMAKT N =2: K. . SRR R A5 5
NO0.1, 0.8, 0.1, # 1. 3£ 250545 HE 2 S E BUE A BENL S 20 BUE S Bl A SCT A S 5 7F
20 A H i Windows 108:1E 24 F#E4THI, CPUNIntel Core i5-7200U, #i% 52.50 GHZ, WTF
J8GB. FrA LIS FHMATLAB R2018b%% 5.

Table 1. Fixed parameters
* 1. HEsH

EfE @ =1) +E(i=2) N (i = 3)
k=1 45.6 44.35 43.45
B; k=2 50.5 47.45 47.7
k=3 53.65 50.55 48.55
k= 25.5 21.45 19.5
A, k=2 26.7 22.85 19.55
k= 27.4 23.6 21.65
k= 4.5 2.45 1
Ain k=2 4.75 2.75 1.3
k=3 5.1 3 1.55
k=1 21.5 21.5 21.5
TR, k=2 25.5 25.5 25.5
k=3 27 27 27
BRa0i 23.5 22.5 26.65
BR,ing 1.75 1.6 3
Sim 1.09:1.09 1.22:1.225 1.285:1.29
Sin 1.13:1.125 1.2:1.19 1.34:1.335

Table 2. Stochastic variables following uniform distribution in the intervals

2. FENLAZEAE X 8] Y A AAES 2] 7 A1

Efi(i=1) +E(i=2) N (i = 3)
k=1 30.2,31.1] 29.1,29.6] [28.2,28.9]
Cike k=2 35.3,35.6] 32.4,33.0] 32.8,33.3]
k=3 38.9,39.2] 36.1,36.5] [34.0,34.5]
Cime [6.0,6.2] [4.5,4.8] [4.0,4.5]
Cing [7.0,7.2] [5.5,5.6] [5.0,5.8]
Hie [40,45] [35,40] [40,42]
k=1 39.0,42.0]
Ghre k=2 34.0,38.0]
k=3 37.0,40.0]
Gme [13.5,26.75]
(ne [5.75,19.75)

7] R 1 4 B (2, I SERL, (g, m)) I 4ESL) = [21, 69) BENLZ R Y4ERZ23. WE S
Bor =1, 1E5EE(sn) AN100BGMEI1000. XF T84 sn, FEHLEE 2000585, £ 3Hidx 1Pk
RXEL FICPURTE (B PAK B AR RECPIME. B 1% T i E A 2 1z A TC R T e
Tings Tings Top R TsnfURSEH. HIE 1ATPUEH, Hsnik 3800 Hf i T-FaE. K 25IH T 1%
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Table 3. Numerical results by PHM while scenario number sn increases

= 3. 1R HsnIG N PHM ) $5{E 45 51

Rt TEIEAE R (7D) P H bR eR BUE
100 4611.6 189.9 1347.56
300 5719.7 727.9 1347.95
500 6208.4 1310.8 1346.78
800 7093.9 2411.1 1346.93
1000 7303.3 3117.4 1346.21

4.6

4.5

arsr —
J4 55 = = b T -
! o | |
| -
4Tt | 1 43 | 5 |
|
i ! |

© Ta2 | _

485 1 S i } e
‘ a1 =
|
! 1 . T e

I I - I
| | 0 +
| i

I
455 ! 39
|

I |
450 L J 38F 1

100 300 500 800 1000 100 300 500 800 1000
i 5 Esn i 5t ¥fitsn

Figure 1. Convergence of TlmQ,Tan,T1n3,T2n1 forr=1
1. Tima, Ting, Tinz, Toni fEr = 1 B HEHE

Ak FHPHIMVISK g 7K B35 2 B 1) BUAR X SCHR (7] mF AR 3RS AR DX 8] i B BE AL R 592, T 54
RAGH, TR — i Beam A 2 2 —Fr B i, AR X 1 HAE I PHMRAS 1 5
DEH AR R BB SCHR (7] mF RS R X 18] A i B AL R 5 i 2 e 1) s B BB T S 45 R X R A
XA I PHM T 2R AR IR M R S BRI AT, 34k, XEFAFE 5N, PHMATREDES
QNN b ) RE LV ETAER ARG

4. &5ip

AR SRS P B BE AL 8 (R AN S T K B B ) RS AL D P B BERE AL AR 7 A 5
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Figure 2. Optimized allocation targets for farms
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