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Abstract: A CVaR-based nonlinear two-stage stochastic programming (CNTSP) model was developed in this
study for supporting water resources allocation under uncertainty. CNTSP model was formulated based on an
integration of Conditional Value-at-Risk (CVaR) constraint into a two-stage stochastic programming (TSP)
framework, and could be used to deal with uncertainties expressed as probability distributions. Most impor-
tantly, the measure of extreme expected loss on the second-stage penalty cost was incorporated into the model
constraints, such that the trade-off between system economy and extreme expected loss could be conducted
And the introduction of a nonlinear penalty function avoid the situation that single water user undertook large
mount of expected risk loss. The developed model was applied to a water resources allocation problem. The
result demonstrated that the CNTSP model could help decision makers obtain viable water allocation alterna-
tives, and conduct trade-off analysis between economic benefit and risk control.

Keywords: water resources management; Conditional value-at-risk; two stage stochastic programming; un-
certainty
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Figure 1. General framework of the RITSP model
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Table 1. Information about water users and their economic benefit

* 1 APRAKEER

b L 'd M B2 M3

T mae (JTHED R MK H AR 5.0 8.5 17.0
T imin (T /ML H bR 3.0 45 7.0
NB; (J3t/Jimi) ALK IR 2 80.0 65.0 50.0
C; (ITu/Jim) AT B AE T 120.0 90.0 60.0

ViE: #2BdEsk B T Huang and Loucks (2000).
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Table 2 Information about streamflow distributions (part)
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i 5 e KRR O
s1 0.01 15.0
5 0.01 16.6
s3 0.02 18.2
84 0.02 19.7
s 0.03 213
s6 0.04 22.9
57 0.05 245
88 0.05 26.1
$20 0.008 45.0
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Table 2 Objective function value and optimal targets from the CNTSP

model under different a and S levels

R2 TRl o, pEHTREYEBHRMEKARE

a

B fic /K H A
=09 =095 a=099
B T e 5.0 5.0 5.0
Tsope 6.1 55 47
T ope 7.0 7.0 7.0
BAkE 181 17.5 16.7
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Tt o 5.0 5.0 5.0
T2 7.7 6.8 5.8
B Ts o 7.0 7.0 7.0
Ak 19.7 18.8 17.8
Lo 1228 1184 1122
Tt o 5.0 5.0 5.0
T2 8.5 8.5 7.4
B Ty o 83 7.2 7.0
AT 21.8 20.7 19.4
Lom 1287 1270 1214
Table 3 Solutions from the CNTSP model under
different o and B levels
F3 TR a, pFHT CNTSP 2B AR
B B B
up u u3 up u us uy u us
s 09 10 12 13 15 18 19 22 27
s, 04 05 06 09 10 12 15 17 21
a s3 00 00 00 04 05 06 1.0 12 14
s4 00 00 00 00 00 00 06 07 08
ss 00 00 00 00 00 00 01 02 02
s 07 08 10 11 12 15 16 18 22
s, 03 03 04 06 07 09 11 13 L6
a s3 00 00 00 02 02 03 07 08 10
s4 00 00 00 00 00 00 03 03 04
ss 00 00 00 00 00 00 00 00 00
s 05 06 07 08 09 L1 12 14 17
s, 00 01 01 03 04 05 08 09 L1
a3 s3 00 00 00 00 00 00 03 04 05
s4 00 00 00 00 00 00 00 00 00
ss 00 00 00 00 00 00 00 00 00
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