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ARIRE | B |
oH =300 =250 0= =150 =100
HIS 3,600 2,256 1,156 576 225
Var(Cy)
Nl ks 27782 | 25769 | 23121 | 14,646 7,547
(lcHgas
501E) HE | 57600 | 42,025 | 27556 | 15876 7225
Var(C)
k| 8,790 7,219 5,092 2,504 670
HIS 2,916 1,600 784 272 100
Var(Cy)
Al Rad2 ks 36134 | 27284 | 19382 | 11,963 6,378
(7|chR2k
44E) HIE | 59049 | 44100 | 29584 | 17822 8,100
Var(C)
k| 8,020 6,942 5,501 3,665 1,212
HIS 2,916 1,406 576 182 36
Var(Cy)
Al RE3 ks 32749 | 24521 | 17351 | 11,009 5,706
(7|ChR2E
35%E) Hg | 60516 | 45156 | 30976 | 18632 8,836
Var(C)
ks 7472 6,578 5,434 3,793 1,577
HIS 2916 1,225 400 81 4
Val'(Cu)
AlRE4 k| 29328 | 21,764 | 15190 9,032 4,924
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SUMMARY

Design of Water Allocation Model :
- Efficiency and Risk Aspects -

Chong Won Kim

The primary objective of this study is to improve the methodology for water
allocation focused on efficiency and risk aspects. To attain the primary
objective, this study sets up an objective function to maximize social expected
benefits, and considers three types of allocation methods. Three types of
allocation methods are optimal, proportional, and fixed allocation between
regions and service sectors.

Chapter 2 examines the current water allocation system in Korea and
suggests the necessity of new approach to a better allocation model through
the finding of problems. One of the main problems in Korean water allocation
system is the inadequacy of criteria or compacts for water allocation among
the users. Especially, water conflicts recur every year during the dry season

owing to insufficient legal and institutional systems of water allocation.
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Chapter 3 reviews the literature on optimal allocation models home and
abroad. A few researches have been conducted for optimal water allocation in
Korea. But these models have exposed a few faults in the process of estimating
benefit or cost of different water use. For example, gross regional domestic
product is regressed by the amount of water use, achieving the marginal
benefit of water use by first order condition of objective function. In this case,
the marginal benefit is over-estimated because this model implicitly assumes
that gross regional domestic product is only affected by water. Most researches
implemented since the 1980s have not used linear or dynamic optimization
model for water allocation but have focused on the derivation of water value
for each usage in foreign countries. Especially, integrated economic-hydrologic
water modeling based on the value of water is a main stream at the basin
scale. More recent analyses tend to employ optimization models to estimate
market allocations and prices, which would emerge from hypothetical water
markets. In the absence of working markets for water and in the presence of
growing conflict over water use, there is a pressing need to understand the
underlying economics of water demand and value in various economic sectors.
In this section, the economic concepts of municipal, irrigation, and industrial
water use are handled to derive the marginal value of each water use.
Municipal water value is derived by demand function and irrigation water
value is mostly estimated by crop-water production function or farm crop
budget analysis. Industrial water value is equated with internal cost of water
recirculation. In other words, industry would pay only up to cost to produce
water of adequate quality through treatment and reuse.

Chapter 4 designs theoretical water allocation models focused on economic

efficiency for the case study in the next chapter. We examine which type of
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allocation methods is desirable in theoretical respects for both upper and lower
basins in yearly and seasonal base. Streamflow at the basin level is regarded
as a random variable reflecting hydrologic characteristics because streamflow
is depending on rainfall. We first seek the basin-wide optimal allocation rule
to be used as a benchmark of efficiency. The optimal allocation is achieved by
the first-order condition of objective function. This shows that the optimal
solution is found by equalizing the marginal benefits of water use across the
upper and lower basins for each level of streamflow. Next, we derive an
efficient solution under proportional and fixed allocation types and compare
to the optimal solution. In theory, the fixed allocation type more closely
approximates the optimal solution when streamflow is small. On the contrary,
the proportional allocation more closely approximates the optimal solution
when streamflow is large.

Chapter 5 applies theoretical models to the Hwang river as a case study. We
define upper region’s water use as municipal and irrigation water of
Hapcheon county and industrial water for Chilseo industrial park. Lower
region’s category is defined as municipal water of Masan & Changwon cities
and industrial water for Ulsan industrial complex. Three types of allocation
methods are applied by using benefit functions and the mean and variance of
streamflow. Also, we carry out risk analysis of upper and lower regions
according to the proportional and fixed allocation. The analysis is summarized
as follows:

First, the mean flow for 13 years shows that the available water supply
exceeds current water demand in this region and social expected benefits are
attained under any type of allocation methods.

Second, this paper handles only upper and lower regions but this
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methodology can be applied to sub-sector of upper and lower regions.

Third, we design a scenario using yearly base flow data because the mean
flow for 13 years is about 600 million tons but the flow falls below 300 million
tons in drought year. Accordingly, we need to know which type of allocation
methods can maximize social expected benefits and reduce conflicts between
users when supply is less than demand. As the mean flow is approximately
400 million tons, percentage allocation is the most appropriate method with
respect to efficiency and risk aversion. On the contrary, as the mean flow falls
below 400 million tons, the fixed allocation rule starts to dominate. A fixed
rule ensures that the lower basin receives flows more stably in circumstance
that more water is used in the lower basin than in the upper basin.

Fourth, this study examines first and second quarters water allocation
reflecting Korea’s rainfall characteristics. Since demand for irrigation is not
occurred in the first quarter, the proportional allocation is more efficient than
the fixed allocation but the fixed allocation is preferred to the proportional
allocation in case that the variance of flow is very large. As the expected mean
flow falls, the fixed allocation starts to dominate the proportional allocation
with relatively large variance.

Fifth, a preferred allocation type in the second quarter, in which demand for
irrigation is rapidly increasing, is contrary to first quarter’s results. The fixed
allocation method is preferred to the proportional allocation in most cases
except that the variance of flow is small. In short, many factors affect the
design of an efficient allocation, and thus it is difficult to make general
assertions. That is, case studies show that efficient and less-risky allocation is
simultaneously obtained in some cases, while efficiency and risk show the

relation of trade-off in other cases.
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Chapter 6 presents the summary, conclusions, and limitations of this study
as well as suggestions for future research. This research is meaningful in that
water allocation considering stochastic characteristics is introduced for the first
time in Korea. Also this study can contribute to the development of more
rational water allocation and will be helpful for policy decision makers.

Based on the efficient water allocation model, this study proposes five
suggestions for desirable water resource policies. First, the current water
permit system should be categorized according to the amount of available
water. Second, yearly based water use permit system should be broken down
quarterly based permit system especially during the dry season (January~
June). Third, water allocation compact between water users should be
established to solve water conflicts. Fourth, Dam water should be redistributed
by the efficient and equity aspects. Fifth, agreements over water sharing are
necessary for joint-owned river such as the Limjin river between South and
North Korea

This study has the limitation that the linkage of water reservoirs or other
water source in the basin level is not considered. Finally, the central
government’s continuous supports for the development of economic-

hydrologic integrated models are expected to the sustainable water allocation

policy.
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