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Abstract

Recently, water conflicts are rapidly increasing and more serious. So, it needs to establish the
reasonable water allocation rules and criteria. This study aims at performing inter—-sectoral water
allocation with a focus on economic efficiency and social utility. To allocate water among the sectoral
water uses, water shortage damage functions were estimated and then converged to the utility
functions. Finally, each sectoral water uses are allocated by applying 'law of equimarginal utility’ to
maximize social utility. Also weighting factor which reflects scale and characteristic of water demand
in a region was estimated to perform the inter-regional water allocation. The water allocation rule
was applied to the future water—deficit situation in Han-river basin. As a result, domestic water use
was allocated more sufficient than agricultural and industrial water use. Also, the water shortage
occurs severely in the rural area like Gangwon-do because of its low urbanization and
industrialization. This study suggests a alternative view of the economic water allocation which have
difficulty under water supply mechanism in Korea.
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Table 1. Average WTP of Domestic Water Use

WTP by Water Rationing (¥

Study Area
10% | 30% | B50% | 70% | 100%
Dongducheon| 518 1,414 | 2,612 | 3,323 | 6,144
Gangnam 182 565 | 1,123 | 1,532 | 3,009
Pyeongchon 156 302 517 750 | 1,185
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Fig. 4. Hicksian demand curve of Pyeongchon
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Table 2. Yield of Rice According to the Water Shortage
Growth Stage Apparent Water Shortage | Water Quantity | Rate of Yield Yield
(Needed Water) (m”/10a) Symptoms (m/10a) (mY/10a) (96) (ton/10a)
None - 1226 100 0.499
Tillering Stage I 85.82 1140 100 0.499
(257.46) I 171.64 1054 74 0.370
m 257.46 969 65 0.325
None - 1226 100 0.499
Panicle Formation Stage I 73.56 1152 77 0.385
(220.68) a0 147.12 1079 72 0.360
m 220.68 1005 60 0.300
None - 1226 100 0.499
Booting Stage [ 98.08 1128 58 0.290
(294.24) il 196.16 1030 48 0.240
m 294.24 932 29 0.145
I. Leaf apex wilting, slight soil cracking
II. Half leaf wilting and discoloration, soil cracking
IMl. Whole leaf wilting and discoloration, heavy soil cracking
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(Water Allocation in a Water Deficit Simaﬁ@
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Fig. 9. Flow chart of the water allocation rule in this study
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Table 3. Water-Deficit Situation in 2011 (10°m)
Sectoral Water Water Water
Water Use Demand | Availability Deficit
Domestic 4,490,000
Industrial 1,470,430 7,623,000 579,750
Agricultural’ | 2,242,320
Sum 8,202,750 7,623,000 579,750

* Water use of irrigated paddy field
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Table 4. The Sectoral Water Shortage Damage Functions and Utility Functions

Sectoral . - . ; Parameter
Water Use| 'vater Shortage Damage Function & Utility Function Q. (10w | N, A(l0), C#ton)
_ — 9
domestic |2 |- 15.8813+10,824.5783 x ¢~ o34 <10 g7 L4000 N+ 70897 980
omesuc — y A : X s
U,= 1.7564— 515.5703 x €~6.5244+1.453lzd>< 107°
D,=7(6.3264 % 10° — (1,470,430 % 10° — z,)%%] x 107
industrial 1,470,430 -
U= —2.6786+5.8147(1,470,430 X 10° — 2,)*%%® x 1076
D = —7.9449 23 X 1070 +1.2142 22 X 107 ® 4 9.0827 2, x 10° A : 1,901,610
agricultural 2,242,320
U,= 1018822 x 10 —1.556922 < 10 ¥ ~1.16472,x 10 +1 C : 1,955,725

Domestic Damage Function

Industrial Damage Function

Agricultural Damage Function

8.0E+11

21E+08 | 1.3E+13
£ 1.6E+08 % 9.8E+12
3 3
(] [
B 1.1E+08 [ % 6.56+12
£ g
& 5.3E407 | A 3.3£+12
0.0E+00 : : ; 0.0E+00

0.E+00 2.E+08 4.E+08 6.E+08
Water shortage, z, (m*)

0.E+00 2.E+08 4.E+08 6.E+08
Water shortage,

' 0.0E+00 — * ’
0.E+00 2.E+08 4.E+08 6.E+08

Water shortage, z, (m')

Z;(m’)

Domestic Utility Function

Industrial Utility Function

Agricultural Utility Function

1.0

0.8

0.6

Utility

0.4

0.2

: g 0.0

Water shortage, z, (')

1.0 1.0
0.8 0.8
z 0.6 2 0.6
5 04 ::E> 0.4
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4. E+08
Water shortage, 2, (i)

6.E+08

0 <z, 2, 2, < 579,750 xX10°

* 6,658,165: (estimated number of households of the Han-river basin in 2011) x 12(number of months)
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Table. 5 Water Allocation among the Sectoral Water Uses (™)

Sectoral Water 2011 Water Demand : ~ Water Allocation Sufficient Rate
Use @ Water Shortage (b) (@)-(b) (%)
Domestic 4,490,000,000 273,036,049 4,216,963,951 93.92
Industrial 1,470,430,000 122,551,226 1,347878,774 91.67
Agricultural 2,242,320,000 184,162,725 2,058,157,275 91.79
Sum 8,202,750,000 579,750,000 7,623,000,000 92.93
aU/ oz, = aU]/ oz, (13 43.1 AR A
xoﬂyz;‘(‘:_ A HFE I A FDEANIEXE
o055, = 80/ 55, J9EAE AGTFRASASG AGEYIE
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Table 6. Estimated Regional Weighting Factors
Sectoral Regional Weighting Factor
Water Use | Gangwon | Gyeonggi | Seoul | Incheon |Chungbuk| Cheonan | Asan Sum
Domestic 0.0034 0.1253 0.8137 0.0517 0.0033 0.0023 0.0003 1.0000
Industrial 0.0263 0.7206 0.0488 0.1726 0.0186 0.0098 0.0034 1.0000
Agricultural 0.0120 0.8018 0.0014 0.0938 0.0300 0.0228 0.0383 1.0000
Sectoral sum of regional weighting factors always should be 1
Table 7. Regional Water Allocation by the Regional Weighting Factors (m*)
Sectoral Regional Water Allocation (Sufficient Rate, %) Sectoral
Water Use | Gangwon Gyeonggi Seoul Incheon |{Chungbuk| Cheonan | Asan Sum
D i 59,128,921 [1,974,845980 | 1,691,819,270| 407,385,353 | 56,312,136 | 22,376,684| 4,469,362| 4,216,337,715
omestic (20.86) (100) (100) (100) (53.60) (100) (100) (93.92)
Industrial 78,502,000 885526000 154,395,774| 180,422,000 28720,000] 10,107,000 2,610,000| 1,340,282,774
ustria (100) (100) (55.75) (100) (100) (100) (100) (91.62)
Agricultural | 362:457:275[1,130,570,000 8,560,000 148,660,000 | 262,460,000| 53,800,000] 74,670,000 2,041,177,275
grnieaitural |- g5.31) (100) (100) (100) (100) (100) (100) (91.72)
Regional Sum| 2°0088,196 [3,990,941,988 | 1.854,775,043 | 736,467,353 | 347,492,136 | 86,283,684 | 81,749,362 | 7,597,797,764
glona (55.04) (100) (93.80) (100) (87.70) (100) (100) (92.91)

Gyeongbuk is excluded because of its small water demand
2011 water demand in Gyeongbuk : domestic 626,236 / industrial 7,596,000 / agricultural 16,980,000 / regional sum 25,202,236
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