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2003 ] 20109 0] £u]XE WE} 2 BEL T|ef SAFEEETR), B 9
R62%), SARGIBDR, 5 7+ 48] AZAH 271} 74 e ACw vehrt ut
W ZE ) SR U SR slaEe] A 200349 tiu] 31.7%, 28.5% {Ad Aoz
bt

MBS G} o)A FACR Wkl itk 20109 YT AFiulole
oF 61FF Yo g2 1 = AlAAIEO| 28.4%, 71E5A1E0] 24.8%, 2410] 46.7% = 1990
ol T AAAE uFo] FolEam, o4l ulFo] 2 Ax Aolth 19909 744 2
H)ES XIS AAAIES] B EHU84%284%)0] 20109 A FolE Ao
Shstoel, 19909 b4 e vige Ak 2l4o] 20108 b 2 NIF03%
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o A 44.8 115.7 175.9 255.8 276.6 2856
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Agz 27 220.8 367 447 551 592.4 611.6

242 Sy, B2 J17Y YR IPIAA(BD) Y

an|Rpe] am|siElo] AAAE FAA 94 FHoR R A
gtHo| 717 F71shH A HOl A=

- 126 —



S| 429141 0] WIS Al EE, 2000 A E4ohe of g4o] Tajx 20024 4
of Wt of 20 F7HeE AOE Uehgth 3% 7|E0R § 71Kk oF 909 £ F7Hst
as

SUAEY B W Folo] F715Ha 9l AOE Uehuth. olg} 2o
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2 Uehgth AJAES 2y & GDP tiH] oF 3.5%0]|H, AA] A% GDP thu] <oF
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o] Fu|go] AR w3 HhHo g XL AREE|QITHSantos, 2000; Charness and Gross-
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(2009)9F frAtstAl FAdstleh AdolA F7HAES 167019 FujA v Lo §Hst
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ABSTRACT

The purpose of this study is to take a close look at what crops sensitively react to
higher oil prices by analyzing the relation between oil prices and income ratio of
greenhouse farming. In order to do so, this study analyzed the relation between oil
prices and income ratio of producers of greenhouse farming. In addition, this study
also scrutinized in what region the same crops are most sensitively reacting to the
change in oil prices. The analysis shows that the crops and the regions reacting
sensitively to the changes in oil prices are generally those whose shares of energy
cost in total production cost are relatively high. The income ratios of households
that produces tomato, cucumber, and rose are expected to be affected by the rise

in oil price.

Key words : greenhouse farming, income ratio, change in oil price
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Problems and Solution Measures for Wholesale

Market System in Japan

Jun Hee Lee* - Yoon, Seok—Gon** -+ Hiroji Fujishima*** - Kazuyuki Miyabe****

1. Overview of the wholesale market system in Japan

In Japan, wholesale markets handle fruits and vegetables, marine products, meat,
flowers and plants. Ordinarily they do not handle processed foods such as frozen
vegetables, canned foods, or juices, except for frozen marine products such as frozen
tuna. As a rule, wholesale markets handle fresh produce such as perishable foods,
flowers and plants. Currently, wholesale markets are located throughout Japan. As of
2009, there were 76 large wholesale markets, referred to as central wholesale markets,
and 1,207 small and medium-size wholesale markets, referred to as local wholesale
markets. The total transaction value at wholesale markets in 2009 was ¥7.8 trillion
(approximately 114 trillion KRW).

The existence of numerous wholesale markets, located in every region of Japan,
enables producers to sell their produce at any time and enables retailers to purchase at
any time, the quantities of produce they require. That is, Japanese wholesale markets
make it possible for a variety of producers and retailers, from small to large, to exist.

As a result, free competition is naturally a dominant force in the retail sector and

* Graduate School in Tokyo University of Agriculture
** Namseoul University
*#*% Tokyo University of Agriculture
*#*%% Nihon University
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oligopoly has not advanced. Even the largest supermarket chains in Japan account for
only about 5% of total sales in the retail sector. This prevents steep increases in prices
and contributes to the enrichment of people’s lives.

There are some differences between Japanese wholesale markets and other countries’
wholesale markets. The greatest difference is the existence of wholesalers and interme-
diate-wholesalers in each product category, such as fruits and vegetables and marine
products, at central wholesale markets and comparatively large local wholesale markets.
Wholesalers are much larger companies than intermediate-wholesalers, and there are one,
two, or at the most five wholesalers for each product category per wholesale market.

Intermediate-wholesalers are small companies, and their number varies greatly depend-
ing on the wholesale market. At the Tokyo Metropolitan Central Wholesale Market,
Tsukiji Market, the number of intermediate-wholesalers of marine products exceeds 700,
and at the Tokyo Metropolitan Central Wholesale Market, Ota Market, the number of
intermediate-wholesalers of fruits and vegetables is nearly 200. By contrast there are
central wholesale markets where the number of intermediate-wholesalers is only three or
four for each product category.

The transaction method for products sold through wholesale markets is basically as
shown in Figure 1. At large wholesalers at markets such as central wholesale markets,
accept goods on consignment from producers, producers’ cooperatives, purchase brokers
in producing areas, and other entities, and sells those goods to intermediate-wholesalers
or authorized buyers by auction or negotiated transaction. Intermediate-wholesalers divide
the goods purchased from wholesalers into several pieces and sell them to authorized
buyers and stock purchasers. The terms “authorized buyers” and “stock purchasers” refer
to retailers, supermarket agents, food service agents, and other entities that do business

outside of wholesale markets.
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Central Wholesale Market

Small Local Wholesale Market

Producers, producers’ cooperatives, purchase
brokers in producing areas, importers, etc.
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| Wholezalers

|
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Stock

purchaszers

Retailers, food service azents, etc.

g

Retailers, supermarket azents, food service agents

Consumers

|

Consumers

Figure 1

Structure of transactions through wholesale markets

2, Problems facing the wholesale market system

Currently, the major problem facing Japanese wholesale markets is a pronounced
downward trend in sales volume and sales value. Figure 2 and 3 shows this downward
trend of vegetables and fruits. In the case of vegetables, sales volume reached its peak
in 1989, exceeding 14 million tons, and then declined by 2.7 million tons to 11.3
million tons in 2008. Sales value peaked in 1991 exceeding ¥3 trillion (KRW 44
trillion) and then declined to ¥2.1 trillion yen (KRW 30 trillion) in 2007. Sales volume
of fruits entered a clear downward trend from the second half of the 1980s onward,
declining by more than 3.5 million tons over 20 years from 7.8 million tons in 1987 to
4.3 million tons in 2007. Sales value declined by nearly half in 17 years, from ¥1.99
trillion (KRW 29 trillion) in 1991 to ¥1.12 trillion (KRW 16 trillion) in 2008.
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Figure 2 GChange in the sales volume and sales value of vegetables at all
wholesale markets in Japan

Source: Report of Survey on Yegetable and Fruit Wholesale Markets, Ministry of Agriculture, Forestry and Fisheries
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Figure 3 Change in the sales volume and sales value of fruits at all wholesale
markets in Japan

Source: Report of Survey on Wegetable and Fruit Wholesale Markets, Ministry of Azriculture, Forestry and Fisheries
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Concurrently with this decline in sales volume and sales value, the number of
wholesale markets, wholesalers, and intermediate-wholesalers also decreased. As Figure 4
clearly shows, the number of central wholesale markets that handle fruits and vegetables
began to decrease since 2005, before this the numbers of wholesalers and intermediate-
wholesalers had already shown a clear downward trend since the mid-1980s. The
number of wholesalers decreased by 33 from 119 in 1985 to 86 in 2009, and the
number of intermediate-wholesalers decreased by 945 from 2,622 to 1,677 during the
same period. In addition, as shown in Figure 5, the number of local wholesale markets
that handle fruits and vegetables decreased by 301 from 933 in 1983 to 632 in 2008,
and the number of wholesalers decreased by 328 from 966 to 638 during the same

period.

Number of wholesale markets (markets)
Number of wholesalers (companies) No. of wholesalers {companies)
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‘ 1{ 2000
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70 =7 & : 5
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Figure 4  Change in the number of central wholesale markets that handle fruits and

vegetakles and change in the numbers of wholesalers and intermediate wholesalers

Source: Ministry of Azriculture, Forestry and Fisheries data
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Figure 5 Change in the number of local wholesale markets that handle fruits
and vaegetables and change in the number of wholesalers

Source: Ministry of Azriculture, Forestry and Fisheries data

Furthermore, the operating profit margins of wholesalers and intermediate-wholesalers
also declined sharply. Figures 6 and 7 indicate this, taking as examples wholesalers and
intermediate-wholesalers at central wholesale markets that handle fruits and vegetables.
In the case of wholesalers, operating profit margins in recent years have not exceeded
0.5%, the 1990 level, being 0.4% at best and less than 0.2% at worst. The gross profit
margin also has fallen below 7%. In the case of intermediate-wholesalers, although the
gross profit margin is showing an uptrend, the operating profit margin clearly declined
due to increases in the cost of transportation to the stores of supermarket agents and
other expenses. Far from merely declining, the operating profit margin also turned
negative at times. According to a survey by the Tokyo Metropolitan Government,
recently more than one third of the intermediate-wholesalers at the Tokyo Metropolitan

Central Wholesale Markets operate at a loss.
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Figure 8 Change in the operating profit margin and gross profit margin of
wholesalers at central wholesale markets handling fruits and vegetables

Source: Orosiurisijyou data syu(wholesale Market Data Collection), Ministry of fericulture, Forestry and Fisheries
Mote: Both profit margins are percentages of wholesaler sales.
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Figure 7 Change in the operating profit margin and gross profit margin of
intermediate wholesalers at central wholesale markets handling fruits and vegetables

Source: Orosiurisijyou data syu(wholesale Market Data Collection), Minisiry of Aericulture, Forestry and Fisheries
Mote: Both profit margins are percentages of intermediate wholesaler sales.
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From the above, sales volume and sales value at Japanese wholesale markets have
sharply declined, and this has entailed not only decreases in the number of wholesale
markets, wholesalers, and intermediate-wholesalers, but also a worsening of the financial
situation of wholesalers and intermediate-wholesalers. Accordingly, measures to increase
sales volume and sales value or to increase operating profit margins can be considered

extremely important for the revitalization of Japan’s wholesale markets.

3. Incorporation of processed foods or raw materials for processing

Although one of reasons why sales volume and sales value have declined in
wholesale markets is sluggish growth in food consumption due to the aging of Japanese
society, the most important, immediate reason in the case of vegetables and fruits is an
increase of processed foods. Salt-preserved vegetables are well-known processed veget-
able products in Japan. However, since the mid-1980s, the main processed vegetables
have been frozen vegetables, processed tomatoes, and vegetable juice. The main pro-
cessed fruit product is fruit juice.

Since Japanese wholesale markets have specialized in handling of fruits and veget-
ables in the form of fresh produce, the volume of fruits and vegetables traded outside of
wholesale markets has risen sharply. This together with an increase of processed
products resulted in from a sharp rise in imports since the mid-1980s. Figure 8 shows
this increase. The trading volume of vegetables more than doubled from about 1.6
million tons in 1985 to 3.8 million tons in 2007, and the trading volume of fruits more
than tripled from about 1.5 million tons to 5.1 million tons during the same period. It
is estimated that recently roughly 25% of the vegetables and about 50% of the fruits
sold in Japan are processed products. Calculation of volumes based on these estimates
resulted in quantities of about 3.5 million tons of vegetables and 4.5 million tons of
fruits, This corresponds very closely to the volumes traded outside of wholesale markets.

Total consumption of vegetables in Japan has decreased slightly since the latter half
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of the 1980s, while total consumption of fruits has been flat. For this reason, the sales
volume of vegetables and fruits at wholesale markets nationwide show a clear decline
since the mid-1980s due to the increase in the volume traded outside of wholesale
markets. Sales value has sharply declined since the early 1990s due to the impact of the
overall deflationary trend.

Consumption of processed fruits and vegetables is likely to continue to increase in the
future. The reason for this is that the aging of Japanese society is progressing. Many
people prefer purchasing processed or prepared foods and dining out, to preparing meals
when they are over 75 or 80 years old. In addition, whereas in the past there were
fewer women in Japan who worked outside the home after marriage, as society has
advanced, the number of women who work outside the home increases and it is certain
to further increase in the coming years. This will, of course, lead to a constraint on time
available for meal preparation for a greater number of women, and therefore an increase
in the use of processed or prepared foods as well as dining out. Although prepared food,
producers and restaurants use fresh produce as ingredients, they also use many processed
products such as frozen vegetables, canned tomatoes, canned fruit, and fruit juices,
therefore an increase in prepared food consumption and dining out will in turn lead to
a greater demand for processed products.

Accordingly, if increasing sales volume and sales value is considered important for
revitalizing wholesale markets, it is essential for wholesalers and intermediate-whole-
salers in wholesale markets to actively undertake the handling of processed foods. Or, it
is necessary for them to strive to supply processed food companies with fresh produce
for use as processing ingredients. Of course, it is also necessary for them to supply fresh
produce to prepared food producers and restaurants for use as ingredients.

However, since nearly no wholesale market has prior experience in handling processed
products, at present, many wholesalers and intermediate-wholesalers are at a loss to
decide what they should do. But some wholesalers such as Kurashiki Seika Corp. have
begun to produce cut vegetables as ingredients for salads and other prepared items. In
addition, the number of wholesalers who partner with processed food wholesalers and

the number of intermediate-wholesalers who are devoting effort to the supply of
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ingredients to restaurants is on the rise. These companies are mainly wholesalers and
intermediate-wholesalers in large cities, such as those companies who trade at the Tokyo

Metropolitan Central Wholesale Market.
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Figure 8 Change in the trading volume of vegetables and fruits that do not
pass through wholesale markets
Source: Orosiurisijyou data syuiihaolesale hMarket Data Gollection), Ministry of Azriculturs, Forestry and Fisheries

4, Enhancement of business operations other than trading

There are also some wholesalers and intermediate-wholesalers who find it difficult to
handle processed products and therefore find it difficult to increase sales volume or sales
value. So what should they do? Since revitalization of wholesale markets can be
accomplished even without increasing sales volume or sales value if it is possible to
increase operating profit, these companies should come up with measures for increasing

operating profit. In short, that means increasing profits from business operations

— 225 —



incidental to trading. In fact, the number of wholesalers and intermediate-wholesalers
devoting effort to such incidental operations is on a clear upward trend.

A first incidental operation is packaging goods in small quantities, such as 200 or 300
grams, and attaching price tags and other labels at request of retailers and supermarket
agents. This operation is performed by comparatively many wholesalers and interme-
diate-wholesalers. However, since any company can perform this operation, competition
among companies is fierce, and profit margins are by no means high. To cut costs and
increase profit margins in the future, a plan to increase the scale of work by means of
cooperation among multiple wholesalers and intermediate-wholesalers is necessary.

A second course of action is to step up delivery to retailers and other customers.
Although in Japan buyers such as retailers and food service agents ordinarily go to
wholesale markets to collect the goods they have purchased, requests for delivery to
retailers and other locations have been on the rise in recent years. Wholesalers and
intermediate-wholesalers could increase their profits by delivering goods they have sold
in response to those requests. Recently, in some local wholesale markets and central
wholesale markets, wholesalers and intermediate-wholesalers are even aggregating
processed foods not sold at the markets for delivery to retailers together with fresh fruits
and vegetables. This enables purchasing supermarket agents and other customers to
reduce their distribution costs and at the same time enabling wholesalers and
intermediate wholesalers to increase profits by engaging in delivery.

A third incidental operation is for wholesalers to go to producers to collect goods,
bring them to wholesale markets, and sort them according to size or quality. Although
senior producers like growing fruits and vegetables, they don’t like sorting or shipping
operations these days. So wholesalers make the rounds for these producers by truck, to
collect produce and sort the goods at wholesale markets. This makes it possible to
increase sales volume and earn collection charges and sorting charges. Recently, there
are some local wholesale markets that engage in these operations.

A fourth and final course of action is engaged in retailing in addition to wholesaling.
Since this enables wholesalers and intermediate-wholesalers to obtain a retail margin as

well as a wholesale margin, it is certain to result in a profit margin increase. However,
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this approach to retailing might create some of discord between the retailers and
supermarket agents who come to wholesale markets to purchase stock, For this reason,
at many wholesale markets at present, retailing activities do not go beyond holding
wholesale market fairs several times a year. In the future, it will likely be necessary to
engage in retailing in cooperation with retailers and other customers.

As discussed above, although Japanese wholesale markets are suffering from a decline
in sales volume and sales value in recent years, various measures have been taken to
solve the problem and revitalize wholesale markets. In the near future, we are confident
that the revitalization of wholesale markets will progress through the spread of these
measures to a greater number of wholesale markets and to the achievement of still

greater results.
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Reducing the Social Cost of Federal Crop Insurance:
A Role for Government Hedging with

Weather Derivatives

Wonho Chung*

Introduction

Weather events are a major source of crop production risk exposure. One method of
hedging this risk exposure in the U.S. has been through the use of federal crop
insurance. However, crop insurance indemnities are determined based on yield shortfall,
which may or may not be actually caused by natural disasters. As a consequence, the
crop insurance market suffers from costly asymmetric information problems: adverse
selection, moral hazard, and verifiability (Hyde and Vercammen, 1997; Skees and Reed,
1986). In addition, the failure of crop insurance markets is closely related to the
existence of systemic weather risk which stems from spatially correlated adverse weather
events (Xu, et al., 2009; Woodard and Garcia, 2008). Miranda and Glauber (1997) argue
that without government subsidies or reinsurance crop insurers would have to pass the
cost of bearing the systemic risk through to farmers. One might conclude that
government subsidies are a substitute for hedging the underlying weather risk.

As a result, the government subsidizes a high proportion of the costs of crop

insurance for participating farmers and private crop insurance companies. Farmers pay
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only 33-62% of the total premium, depending on the coverage level, and the federal
government pays the rest of the premium. Insurance company losses are reinsured by the
USDA and their administrative and operating expenses are reimbursed by the federal
government. During fiscal 2008-2010, the cost of the government premium subsidy for
farmers averaged $5.06 billion (92% of the average total government cost). The next
largest component was reimbursement of administrative and operating expenses to
private insurance companies (Shields, 2010, p. 11). Under the conditions of the Standard
Reinsurance Agreement participating insurance companies retain only about 20% of the
business in their assigned (high) risk funds and the federal government assumes the
balance of the high risk portfolio (Shields, 2010, p. 12). The risk exposure in these
funds represents an important part of the social costs of the federal crop insurance
program. In effect the social cost includes the explicit and implicit costs that exist in the
federal crop insurance program including the government subsidies and the government’s
unhedged risk exposure.

Weather derivatives such as futures and options contracts, based on temperature and
precipitation, have been suggested as a potential risk management tool. In contrast with
crop insurance, the problems of asymmetric information do not exist in the weather
derivatives market because weather derivatives insure against the weather events causing
damage, not the damage itself. Systematic weather risk over larger geographic areas may
also be effectively hedged using weather derivatives, which could reduce the need for
government subsidies (Woodard and Garcia, 2008). If the purpose is to reduce the social
cost of weather risk management, the public policy question is: who should use weather
derivatives - the farmer, the insurance company, or the government?

Previous studies have focused on weather options pricing because there is no agreed
pricing mechanism for the options underlying nonstorable and nontradable assets such as
weather indices (Huang, et al., 2008; Odening, et al., 2007, Cao and Wei, 2004;
Richards, et al., 2004; Yoo, 2003). In this regard, simulation methods have been widely
used to price weather derivatives, as a generalized closed-form pricing mechanism has
yet to be developed. Those studies also show that hedging effectiveness exists when

using weather derivatives, yet the efficacy of weather derivatives in limited when
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hedging farm-level agricultural exposures and geographic basis risk is a primary concern
(Woodard and Garcia, 2007, 2008; Odening, et al., 2007). Basis risk is generally defined
as the hedging gap between the payoffs of a given hedging instrument and shortfalls in
the underlying exposure, and geographic basis risk originates from the distance between
the weather station for weather derivatives and the exposure location.

It remains unclear what role weather derivatives will play in agriculture. One reason
for this uncertainty is the continuing popularity of crop insurance. That popularity is due
significantly to the fact that the federal government subsidizes insurance premiums to
keep farm premium rates low and to maintain private crop insurance companies with
adequate reserves in case of widespread crop disasters. Yet, the rising cost of the federal
crop insurance program has been an incentive for the government to seek alternative
ways to reduce that cost. To address that policy dilemma, we compare weather
derivatives to crop insurance as a potential risk management tool. Unlike previous
studies, which compare weather derivatives to the no hedge alternative, several risk
indicators are compared for alternative hedging tools using historical farm-level and
county-level soybean yield data. No previous study has compared hedging cost and
effectiveness directly between weather options and crop insurance. Based on comparisons
of hedging effectiveness we find that the social cost of the federal crop insurance

program could be reduced by selective use of weather options.

Conceptual Framework

To analyze the hedging cost of weather options for crop agriculture we integrate three
models - a yield response model, a temperature process model, and a precipitation
process model. The estimated yield response model identifies the weather-yield relation-
ship and determines the optimal tick value (the indemnity payment per unit of adverse
weather event) and the optimal hedging ratio of weather options as an efficient hedging

instrument. Linear, quadratic, and Cobb-Douglas yield response functions are considered
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to estimate soybean yields on rainfall and temperature variables by OLS and to choose
the model which fits the weather relationship best. Although there are many other
factors that potentially influence yields, if they are uncorrelated with weather variables
relatively simple models will provide reliable estimates of the weather-yield relationship
(Richards, et al., 2004).

Soybean is used in this analysis, as soybean yield data is both nonstationary and
highly variable, which makes it a good test of the approach. The data series is detrended
to correct for the general upward trend in yields before analyzing the impact of weather
on yield. Following Turvey’s (2001) yield response model, we use cumulative daily
rainfall and temperature for growing season from June to August instead of monthly or
shorter time intervals. There are two reasons for this. First, month-to-month temperatures
are typically auto-correlated. Second, using multiple derivative contracts based on
monthly weather indices increases the probability of over fitting the hedging parameters

and may diminish the accuracy of the hedging estimates (Woodard and Garcia, 2007).

Temperature Model

Weather derivatives are evaluated mostly based on daily simulation of underlying
weather processes, so an appropriate weather process model needs to be determined.
Temperature variables tend to generate abnormal variations or irregular jumps due to
unexpected weather events, and then they revert back to some long-run average level.
We construct our temperature process model using mean-reverting Brownian motion with
log-normal jumps and seasonal volatility (Richards, et al., 2004; Yoo, 2003).

The change of average daily temperature (7;) is not entirely deterministic and it is

assumed to follow a Brownian motion process

dT; = udt + odz (1)

where W is the drift rate per unit of time (df), 0 is the standard deviation of the process,

and dz is an increment of a standard Weiner process with zero mean and variance of dr.
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The process in (1) is rewritten by including a mean-reversion term as
dT, = x(T;" - Tydt + odz 2

where k is the rate of mean reversion, and 7;" is the instantaneous mean of the process.

T" is set up to accommodate seasonality, auto-regression, and time trend as in (3),

D
T/ (T,,t) =7, +7, sin(2nt / 365) + v, cos(2nt / 365) + y;t + ¥ p T,_, 3)

J=1

where ¢ is the time variable, measured in days, and the v terms are parameters. We let
t denote January 1, January 2, etc. Since we know that the period of the oscillations is
one year (neglecting leap years) we have (2t / 365). In addition, the optimal lag is
found to be p =3 by the Bayesian Information Criterion.

To address the unexpected discrete jumps we assume that discrete jumps occur
according to a Poisson process g with average arrival rate A and a random percentage
shock ¢. The random shock is assumed to be distributed as In(0)~N(O, &), where 0 is
the mean jump size and § is the variance of the jump (Jorion, 1988). The Poisson
process is distributed as dg =0 with probability 1-Adt and 1 with probability A\dk.
Combining this with (1) - (3), the stochastic differential equation for the temperature

process accommodating mean reversion and jump diffusion is
dT, = (<(T" = T)) ~ NO)dt + odz + odg @)

The parameters (k, 0, A, 0, 6) of the weather process model in (4) are derived by

maximum likelihood estimation.

Precipitation Model
A combination of a Markov chain and a gamma distribution function has been
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recognized as a simple and effective approach in generating daily precipitation data for
many environments (Geng, et al., 1986; Richardson and Wright, 1984). The stochastic
process of daily precipitation can be decomposed into the binary event (X;) “rainfall” and
“dryness,” respectively, and a gamma distribution for the amount of precipitation (Y;) for
rainy days. Thus, the amount of precipitation falling on a date t is assumed to be a
random variable, R, = X; * Y.

The first part of the process is X, =0 if day ¢ is dry, or X, =1 if day t is rainy. If
we assume that X; follows a first-order Markov process, then the probability of rainfall

occurrence at day ¢ (P) can be written as
P;=P.y * P(W/W)+(1-Py) - P(W/D), for t=1,2,--,n 5)

where P(W/W) is the transition probability from rainfall at day #-I to rainfall at day ¢,
and P(W/D) is the transition probability from dryness at day -/ to rainfall at day t.
The second part of the precipitation process is a nonnegative distribution for the
amount of precipitation (Y;) for rainy days. Y; is assumed to be a stochastically indepen-
dent sequence of random variables having a gamma distribution whose probability

density is given by

f(1 ., = =2 R

, Y,a,B>0 (6)

where a and [3 are distribution parameters, and ['(a) is the gamma function of a.
Since it is known that the rainfall pattern depends on the seasonality in a year, a
Markov chain can best be applied for each month separately (Geng, et al., 1986). The
estimation of the transitional probabilities P(W/W) and P(W/D) are obtained directly
from the historical daily rainfall assuming that the homogeneity condition holds for
rainfall within a month and we have at least twenty years of data (Richardson and
Wright, 1984). The gamma distribution parameters a and [3 are derived by maximum

likelihood estimation.
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Methodology

The empirical analysis is comprised of estimating the yield response model to
determine the optimal hedging ratio of weather options, pricing the weather options to
determine the cost of hedging, and evaluating the hedging effectiveness as measured by

several risk indicators: certainty equivalent, risk premium, Sharpe ratio, and value-at-risk.

Data

Weather data is obtained from the Minnesota Climatology Working Group. In order to
analyze a cross-section of the southern Minnesota region, we use weather data from four
dispersed measurement stations, Luverne, Morris, Preston, and Rush City which map into
the southwest, northwest, southeast, and northeast points of the region. For each location
(L), daily high temperature (MaxT}), daily low temperature (MinT;"), and daily precipi-
tation (prec.L), are obtained for the period from September 1, 1940 to August 31, 2008
(=1 to 24,837).

For the temperature-based weather call/put option, the standard measure of growing-

degree-day (GDD) for a particular day is calculated as

Max[Min[MinT,,86],50] + Max[Min[MaxT, ,86],50]
2

GDD, = -50.

The growing degree day restricts the low temperature (floor) at 50 degrees Fahrenheit
(temperature below which no growth occurs) and the high temperature (cap) at 86
degrees (temperature above which benefits of an additional degree are minimal).
Precipitation is measured in inches. Both temperature and precipitation data are the
cumulative daily measures during June-August.

Both county-level and farm-level crop yield data are used to observe the effects of

spatial aggregation on hedging effectiveness. County-level and farm-level soybean yields

— 234 -



(per planted acre) are obtained from the National Agricultural Statistics Service (NASS)
and Risk Management Agency (RMA), respectively, for the four selected counties
(towns): Rock County (Luverne), Stevens County (Morris), Fillmore County (Preston),
and Chisago County (Rush City). NASS provides the county-level yields for 68 growing
seasons from 1941-2007. NASS provides the county-level yields per planted acre from
1972 onward, while they provide the county-level yields per harvested acre from 1941
onward. We calibrate the yields per planted acre before 1972 based on the yields per
harvested acre. The farm-level yields are provided by RMA for 23 growing seasons
from 1984-2006. We select 24 representative farms reporting at least 17 years out of 23

years to evaluate the crop insurance and weather options at the farm level.

Valuation of Weather Options and Crop Insurance

Valuation of the weather option premium is carried out by daily simulation. The
option value is calculated by averaging the discounted payoffs of the option over 10,000
weather values by Monte Carlo simulation based on the estimated parameters in the
weather process models. The advantages of daily simulation are to produce more
accurate results based on a considerably large number of simulated values and to
incorporate possible weather forecasts (such as mean reversion or extreme events) into
the pricing model.

A risk-neutral valuation method is used which discounts the payoffs of the options at
expiration by the risk-free rate under the assumption that the market price of weather
risk is zero. If there is no correlation between the weather index and an aggregate
market index, then the market price of weather risk must be zero (Hull, 2006). To
observe the correlation we use the annual personal income data (to represent the aggre-
gate market index) and annualized GDD and precipitation residuals for each of the four
counties. There is a statistically significant correlation between personal income and
weather series residuals for only Chisago County. Odening, et al. (2007) also shows that
there is no (or negligible) correlation between rainfall indexes and stock market returns

for the precipitation option. In addition Turvey (2005) argues that the market price of
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risk should be zero in equilibrium because of spatial arbitrage.

To compare with the hedging cost and effectiveness of weather options, two crop
insurance plans, multiple peril crop insurance (MPCI) and the group risk plan (GRP) are
considered because both plans protect individual farmers against production risk caused
by adverse weather. MPCI provides farmers with farm-level indemnities while GRP
insures farmers at the county level. Crop insurance premiums are obtained from the crop
insurance calculator based on farm location, actual production history (APH), and
coverage levels (University of Illinois). We calculate the MPCI premium for each of the
four counties as an average of MPCI premiums of the 24 representative farmers for each
county while the GRP premiums are same for all farmers in the same county.

There is no hedging instrument which provides 100 percent coverage to farmers.
MPCI insures each farmer’s crop from 50 to 85 percent of his or her APH yield while
GRP insures each farmer’s crop from 70 to 90 percent of his or her county APH yield.
Yet, weather derivatives induce a hedging gap, caused by the imperfect relationship
between crop yield and weather variables. Therefore, we calculate the weighted hedging
costs for MPCI, GRP, and weather options by adjusting each cost by the corresponding

coverage ratio in order to compare the hedging cost at the same coverage level.

Hedging Effectiveness

Using a stochastic expected utility framework, the hedging effectiveness of weather
options is evaluated by comparing several simulated risk indicators: certainty equivalent
(CE), risk premium (RP), Sharpe ratio (SR), and value-at-risk (VaR) among alternative
hedging strategies. The farmer’s expected negative exponential utility function is speci-
fied as E[U(m)] = E[-exp(-ym)]. Here exp( * ) is an exponential function, v is the degree
of risk aversion, and w is the profit. The advantage of this utility function is that the
degree of concavity (y) is independent of profit (). This implies that the utility function
shows constant absolute risk aversion for v > 0, regardless of the profit or loss level.
The certainty equivalent (CE) and risk premium (RP) are measured based on the

negative exponential utility function.
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Profit is calculated as crop revenue less total production cost per planted acre, where
crop revenue is the product of uncertain yield and price. Uncertain crop yields are
simulated based on the estimated yield response model and simulated weather processes
with the assumption of a normally distributed error term in the yield response model.
Crop price is taken from maximum price elections set by the RMA every year (Univer-
sity of Illinois). Total production cost is estimated based on county-level yields and costs
using the FINBIN farm financial database (Center for Farm Financial Management).
Payoffs and costs of hedging instruments are included in crop revenues and production
costs, respectively.

The certainty equivalent (CE) value is obtained by solving the expected negative
exponential utility function for m, which becomes CE(m) = (1/v) In E[U(w)]. The risk
premium (RP) equals E(m) - CE(m). The CE and RP measures have been used in the
traditional expected utility model by assuming the decision maker is an expected utility
maximizer with a Bernoulli utility function. A shortcoming of this approach is that the
value is subject to the choice of utility function and the assumption of risk attitude of
the agent. However, this does not pose a particular problem, as the same utility function
and the same degree of risk aversion are assumed for both crop insurance and the
weather option hedge. The Sharpe ratio (SR) is defined as {E(R)-Rs}/o(R). Here E(R) is
the expected rate of return from the crop production, Rf is the risk-free rate of return
(0.05 in this study), and o(R) is the standard deviation of the crop production returns.
The value-at-risk (VaR) is measured using Monte Carlo simulation at the 90% confi-

dence level.

Geographic Basis Risk and Spatial Aggregation

Weather options are priced using the weather process at each of the four locations,
assuming the existence of an over-the-counter (OTC) weather option contract for the
weather index at each location. However, OTC weather options based on each specific
location are not traded due to liquidity and fair pricing problems. The Chicago Mer-

cantile Exchange (CME) offers weather options and futures for several major inter-
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national cities. Thus, geographic basis risk may arise when we use the CME options
instead of OTC options. To measure the geographic basis risk for each county, we
compare the hedging effectiveness of CME options (based on the Minneapolis weather
index) with OTC options (based on each local weather index) because there is no
geographic basis risk in using the OTC options.

Woodard and Garcia (2007) show that the use of spatial aggregation diminishes the
degree to which geographic basis risk impedes effective hedging. We also observe the
improvement of hedging effectiveness by using weather options as the level of

aggregation increases (from the farm level, to the county level, to the four-county level).

Results

Three alternative yield response models are estimated: linear, quadratic, and Cobb-
Douglas. The quadratic yield response model fits the relationship between crop yield and
the two weather variables best (Table 1). Since the four selected counties show similar
results to one another for some of the model estimating stage, we report the empirical
results for two representative locations (Luverne and Preston) to illustrate variations in
the data. Full results for all tables are available from the authors upon request. There are
two distinguishing characteristics of the estimated quadratic function. First, large
deviations (in either direction) from the historical mean precipitation and temperature
tend to depress yields. Second, a higher than average yield level is predicted to optimize

the yield response function.
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Table 1. Quadratic Yield Response Model for Soybean
Y: = Bo+ BiR + B2G; + B3Rt2 + B4Gt2 + &

Y: is the detrended crop vyield (bushels per planted acre), A: is the deviation of the cumulative daily
rainfall for growing season (June to August), and G: is the deviation of the cumulative daily
growing-degree-day (GDD) for growing season.

Coefficient
Location F R’ S.E. Obs.
Bo(S.E.) | Bi(S.E.) | B2(S.E.) | B3(S.E.) | Ba(S.E))

1.99” | 0.33™ 0.01 -0.15™ 0.00
(0.67) (0.15) (0.00) (0.02) (0.00)

1.39° 0.32" | 0.01™" | -0.05 | -0.00
(0.80) (0.12) (0.00) (0.02) (0.00)

Luverne 1226 | 0.44 412 68

Preston 449" 0.22 4.28 68

x* Significant at 5% level * Significant at 10% level

Based on the estimated quadratic function, we select a strangle hedging strategy which
involves buying a put option and a call option with different strike levels on the
underlying precipitation and GDD variables in order to provide the buyer of the option
(the farmer) with protection from extreme weather events in either direction. The optimal
strike and tick values of the options are also determined based on the estimated
parameters. For example, the optimal strike level (R,) for the precipitation option in the

quadratic function is obtained by solving, Bo+Bi R, +Bs(R))* =0 The resulting optimal

tick value is Tick =P, +2B;(R)).

Table 2, Temperature Process Model Parameters for Daily Low Temperature
dT; = (x(T;" — T)) - NO)dt + odz + odq

Parameters k, \, 8, 8°, o° represent the rate of mean reversion, average arrival rate, mean jump size,
variance of the jump, and variance of the Brownian motion process, respectively. Subscript “s” and
“w” stand for summer and winter, respectively.

Luverne Preston
Parameter - -
Estimate S.E. Estimate S.E.
K 0.12™ 0.00 0.10™ 0.00
Ks 0.16™ 0.00 0.14™ 0.00
KW 0.10™ 0.00 0.09™ 0.00
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Luverne Preston
Parameter

Estimate S.E. Estimate S.E.

\ 0.08"" 0.02 046" 0.07
\s 0.01 0.01 0.19" 0.07
Ao 0.33" 0.11 0.44"" 0.16
) -0.33"" 0.07 -0.80"" 0.08
6 -0.19" 0.10 057" 0.12
B -0.55" 0.16 -0.63" 0.19
8 3.727 0.06 4.00" 0.07
8’ 268" 0.08 2.88" 0.09
8’ 438" 0.13 482" 0.15
o 3.88" 0.03 473" 0.04
o5’ 3.04" 0.05 3.70" 0.06
on’ 470" 0.08 5.79" 0.10

x* Significant at 5% level * Significant at 10% level

Option prices by the daily simulation method are calculated over 10,000 simulated
weather processes using the estimated parameters. Most of the parameters of the daily
low temperature process model reported in Table 2 are significant at the 5% level. These
estimated parameters explain reasonably well the seasonal temperature process in
southern Minnesota where the standard deviation of winter temperature during Decem-
ber-February is about twice as large as that of summer temperature during June-August.
The average arrival rate (\), the variance of the jump (82), and the variance of the
process (02) are much larger in winter than in summer. The rate of mean reversion (k)
is higher in summer compared to winter, which implies that irregular jumps in summer
tend to more quickly revert to the mean. This also supports a smaller standard deviation
for the summer temperature. The result of the daily high temperature process model is
not reported since it similar to the daily low temperature model. The GDD processes are
simulated based on the estimated parameters of the daily low and high temperature

process models.
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Table 3. Precipitation Process Model Parameters
P, =P, - P(WW)+(-P.y) - PAW/D), for t=1,2,--,n
Y exp(-Y, /B)

S, X, =1)=W’ Y,,0,3>0

P, PAW/W), and P{W/D) represent the probability of rainfall occurrence at day ¢ the transition
probability from rainfall at day #-7 to rainfall at day ¢ and the transition probability from dryness at
day #-7 to rainfall at day t, respectively. In the gamma distribution function, Y: is the amount of
precipitation (given X;=1 when day ¢ is rainy), a and B are distribution parameters. Subscripts 6, 7,
and 8 stand for June, July, and August, respectively.

Parameter Luverne Morris Preston Rush City
P(W/D)s 0.27 0.33 0.31 0.33
P(W/D); 0.23 0.30 0.28 0.29
P(W/D)s 0.21 0.26 0.27 0.28
P(W/W)e 0.44 0.48 0.48 0.50
P(W/W); 0.34 0.40 0.37 0.38
P(W/W)g 0.37 0.40 0.42 0.38

0s 0.61 0.63 0.61 0.62
07 0.61 0.63 0.61 0.62
Og 0.62 0.64 0.62 0.61
Be 17.95 13.81 18.43 15.74
B 17.84 14.60 18.57 16.50
Bs 16.23 13.16 17.21 17.99

The estimated parameters of the precipitation process model in Table 3 explain the
historical precipitation process in the four counties. Preston and Rush City are located in
the east, and they have relatively larger amounts of precipitation compared to Luverne
and Morris in the west. The estimated transition probability from dryness to rainfall
(P(W/D)) and from rainfall to rainfall (P(W/W)) are higher, and the [3 parameter of the
gamma distribution (which determines the extent of extremely heavy rainfall) are larger

for Preston and Rush City compared to Luverne and Morris.
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Table 4. Simulated Weather Option Prices

. Precipitation Options GDD Options Both Options
Location
Put (%) Call (%) Put (%) Call (%) w/Basis Risk |w/o Basis Risk

Luverne

Strike” 8.09 15.58 - -

Tick™ $8.11 $8.11 - -

Price  |$2.79(0.78%) | $1.45(0.41%) - - $4.24(1.19%) | $9.64(2.72%)
Preston

Strike 10.61 22.59 1,622 2,358

Tick $4.41 $4.41 $0.11 $0.11

Price | $1.67(0.48%) | $0.13(0.04%) | $1.65(0.47%) | $0.00(0.00%) | $3.45(0.99%) ($15.68(4.51%)

a/ Strike is the predetermined level by contract at which the put (call) option buyer can sell (buy) the
weather event to the option seller. The unit of strike for precipitation options is inches and the unit of
strike for GDD options is degree days.

b/ Tick value is the indemnity payment per unit of adverse weather event (per inch for precipitation
options and per degree for temperature options). The tick values and option prices are measured per
acre.

¢/ Not available because we do not purchase the options based on the estimated yield response functions.

The option prices obtained by applying the daily simulation method over 10,000
simulated GDD and precipitation processes are reported for Luverne and Preston in
Table 4. The tick values and option prices are measured in 2007 dollars in order to
compare with the 2007 crop insurance premiums. In order to observe the relative option
price level the prices are reported as the percent of the 2007 soybean revenue in
parenthesis. The with (w/) Basis Risk variable is the option price calculated under the
local basis risk of (1 -R? in the yield response model. Local basis risk is interpreted as
the hedging gap caused by an imperfect weather yield relationship in the same
geographic location. The without (w/o) Basis Risk variable reflects weighted option
prices by adjusting each price by the corresponding R> measure, assuming 100% of R’
provides perfect coverage. For example, at Luverne the total price for both the precipi-
tation call and put options is $4.24 per acre under the local basis risk of 0.56 (R2 =

0.44). The weighted option price assuming no local basis risk is $9.64 per acre, which
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is calculated by dividing $4.24 by 0.44. This adjustment is an approximate measure to
compare the weighted hedging costs for weather options and crop insurances at the same
coverage levels. Simulated total prices for Preston are $3.45 per acre (or 0.99% of

revenue) with basis risk and $15.68 per acre (or 4.51% of revenue) without basis risk.

Table 5. Prices of Weather Options and Crop Insurance

Weather Option MPCI (Price Election: GRP (Price Election:

ot P $7.00/bu. in 2007) $7.00/bu. in 2007)

ocation

. Coverage . Coverage .
o/, \2/ o/ \a/ o/ \a/
Coverage Price(%) (Gov. Subsidy) Price(%) (Gov. Subsidy) Price(%)
$ 4.24 o | $12.15 o | $ 5.44
(o) o) [o) o) 0,

Lverne 44% (1.19%) 85%(38%) (3.42%) 85%(59%) (1.53%)
(Avg. APH . $ 9.64 o/ (2a0 $14.29 oL e $ 6.40
10Y =45.0 100% (2.72%) 100%(38%) (4.03%) 100%(59%) (1.80%)
bu./acre)c/ $

23.06 $15.61
o) o, o) [0)
100% (0%) (6.50%) 100%(0%) (4.40%)
$ 3.45 $17.17 $ 3.17
[0) [0) o) [o) [o)

brecton 22% 0.99%) | BPBER) (130, | 8PGI%) | (510,
(Avg. APH . $15.68 o/ (2a0 $20.20 oL (oo $ 373
10Y =44.6 100% (4.50%) 100%(38%) (5.80%) 100%(59%) (1.07%)
bu./acre) $

32.58 $9.10
[o) 0, o) (o)
100%(0%) (9.36%) 100%(0%) (2.61%)

a/ Prices represented as a percent (in the parenthesis) are calculated as a percent of the soybean revenue
per acre (county average based on the price election $7.00/bu. per acre) in 2007.

b/ The 85% coverage variable means that the crop insurance premium is calculated at the 85% coverage
level, and 100% coverage variable is the adjusted premium recalculated at the 100% coverage level.
The 38% in the parenthesis for MPCl (59% in the parenthesis for GRP) represent the government
subsidy rate.

¢/ The average APH 10Y is the average of the county-level soybean yields during 1997-2006.

In Table 5 the prices of weather options are compared to those of MPCI and GRP.
The prices of weather options and GRP are calculated at the county level, while MPCI
premiums are calculated at the farm level. For crop insurance prices, the 85% coverage
variable means that the premium is calculated at the 85% coverage level, the highest
level in the MPCI plan, and 100% is the adjusted premium recalculated at the 100%

coverage level (even though full coverage insurance is not provided in the market). The
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first two rows of MPCI prices in each location are the amounts paid by the farmer,
which is assumed to be 62% of total premium. The remaining 38% is the government
subsidy, as set by the Agricultural Risk Protection Act of 2000. Subsidy rates vary by
coverage level and type of insurance. The GRP at the 85% coverage level is provided
with 59% subsidy rate so that farmers pay only 41% of the total premium. The last row
of each location is the total premium at the 100% coverage level, assuming no subsidy
is provided.

The approximate MPCI premiums for soybean at the 100% coverage level with no
government subsidy are $23.06/acre at Luverne and $32.58/acre at Preston. These
premiums are much higher than the corresponding weather option premiums of $9.64/
acre (Luverne) and $15.68/acre (Preston) at the 100% coverage level. The main reason
for the higher MPCI premiums compared with weather options is that the MPCI
premium is calculated at the individual farm level, which reflects larger yield variability.
The weather option premium is calculated at the county level, which removes the
individual farmer’s idiosyncratic yield variability. When the weather option premiums are
compared with GRP premiums at the 100% coverage level with no subsidy, the gaps
between the two premiums are much smaller. This is because both weather options and
GRP premiums are measured at the county level. The GRP premiums at the 100%
coverage level without subsidy for Luverne and Preston are $15.61/acre and $9.10/acre,
respectively.

In Table 6 we compare hedging effectiveness indicators when using alternative
hedging strategies at the farm-level to analyze weather options as a more efficient risk
management tool for farmers at Luverne. The hedging effectiveness for the other
locations is similar. The seven alternative hedging strategies include: no hedge, MPCI
with no subsidy, MPCI with subsidy, GRP with no subsidy, GRP with subsidy, local
station-based weather options, and Minneapolis-based weather options. For the farm-level
risk indicators we use the average of the individual 24 farm risk indicators in each
location based on 10,000 simulated yields and corresponding cost estimates for each

individual farm.
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Table 6. Hedging Effectiveness

Farm Level (Average of Farms)

Location | Indicator No Hedgel . MPCI | MPCI GRP GRP | Option | Option
98| (No Sub.)| (Subsidy) | (No Sub.)| (Subsidy) | (Local) | (Mpls.)

Net Income $182.28 | $175.69 | $183.29 | $183.52 | $191.35 | $182.25 | $183.28

Sharpe Ratio” 1.226 1.322 1.381 1.387 1.449 1.240 1.247

VaR(10%)" $32.69 | $61.07 | $68.69 | $6565| $73.48 | $35.03| $36.07

CEY(¥=0.001) | $174.76 | $170.14 | $177.74 | $177.88 | $185.71 | $174.94 | $175.98

Luverne | CE(x=0.005) | $146.73 | $151.47 | $159.07 | $158.62 | $166.45 | $147.86 | $148.89

CE(¥=0.009) $120.70 | $137.05 | $144.65 | $143.44 | $151.27 | $122.97 | $124.01

RP“(¥=0.001) $7.52 $5.55 $5.55 $5.65 $5.65 $7.31 $7.31

RP(¥=0.005) $35.55 | $2422 | $2422| $2490 | $2490| $3439| $34.39

RP(x=0.009) $61.57 | $38.64 | $38.64 | $40.08 | $40.08 | $59.27 | $59.27

a/ Sharpe Ratio is calculated under the assumption of risk free rate of 0.05.

b/ Value-at-risk is measured at the 10% confidence interval.

¢/ Certainty equivalent and risk premium are measured at the three different levels of risk aversion
(¥=0.001, 0.005, 0.009).

The hedging effectiveness of weather options compared with a no hedge position at
the farm level is limited. Higher values for the Sharpe ratio, value-at-risk, and certainty
equivalent, and a lower risk premium all imply greater hedging effectiveness. Most of
the risk indicators that use weather options at the farm level are not significantly
improved compared with the no hedge alternative and they are worse when compared
with both the MPCI and GRP hedges. For example, when using local weather options
at Luverne the Sharpe ratio, VaR, certainty equivalent at y=0.005, and risk premium at
v=0.005 are 1.240, $35.03, $147.86, and $34.39, respectively. These are slightly im-
proved from the values obtained with no hedge (1.226, $32.69, $146.73, and $35.55).
They are worse than those derived from using MPCI with no government subsidy
(1.322, $61.07, $151.47, and $24.22). Vedenov and Barnett (2004) also find there is
only limited efficacy of weather derivatives in hedging disaggregated production expo-

sures due to large yield variability at the farm level. MPCI insures the highly variable
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individual farm-level yields relatively better than weather derivatives because MPCI
covers individual farm-level losses directly. Even GRP based on the county-level yield
provides better hedging effectiveness to individual farmers compared with weather
options, mainly due to the hedging gap caused by local basis risk (an imperfect weather-
yield relationship). These results are consistent with the previous literature, which shows
that weather options are not an effective hedging tool for individual farmers implying

that farmers will continue to prefer federal crop insurance for weather risk management.

Table 7. Hedging Effectiveness and Spatial Aggregation

Four Counties
Options Indicator
Average of Farms |Average of Counties Aggregate
Net Income $134.34 $135.09 $130.95
Sharpe Ratio 0.803 1.229 1.506
VaR (10%) -$27.11 $14.11 $35.39
CE (¥=0.001) $125.46 $130.65 $128.17
Minneapolis= | 4 0os5) $92.28 $112.87 $117.02
based
CE (¥=0.009) $60.15 $95.11 $105.82
RP (x=0.001) $8.88 $4.44 $2.78
RP (¥=0.005) $42.06 $22.22 $13.92
RP (x=0.009) $74.19 $39.98 $25.13

If individual farmers are not the likely primary users of weather options, then how
might these options play a role in weather risk management? In order to address this
question, we note that hedging effectiveness increases as spatial aggregation increases.
Table 7 illustrates the effect of spatial aggregation on hedging effectiveness by using
weather options where farm level (Average of Farms), county level (Average of
Counties), and four-county aggregate level (Aggregate) are compared for soybean. The
Average of Farms statistics are calculated as the average of the individual 96 farm

indicators in the four counties (24 farms for each of the four counties). The Average of
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Counties statistics are calculated as the average of the individual four county indicators.
The four-county Aggregate results are obtained by averaging the data across counties
and then performing the analysis. All risk indicators using Minneapolis-based options
improve as the level of aggregation increases from the farm level to the four-county
aggregate level. The Sharpe ratio and VaR by using Minneapolis-based weather options
increase remarkably from 0.803 to 1.506 and from -$27.11 to $35.39, respectively, as
the level of spatial aggregation increases. The certainty equivalent and risk premium are
also improved at all levels of risk aversion as the level of spatial aggregation increases.

In the federal crop insurance program, private crop insurance companies provide
insurance products to farmers as an agent of the government and they transfer most of
that crop risk exposure to the government. However, in the past the government has not
hedged these risk exposures. Rather, government has simply tried to diversify the
idiosyncratic risks by spatially aggregating the crop yield risks across farmers. This
implies a significant social cost, because the potential losses caused by not hedging risk
exposures would need to be covered by taxpayers. Although idiosyncratic crop yield risk

can be reduced by the government through aggregating the individual risk exposures at

Table 8. Government Use of Weather Options at the County Level

County Level

No Hedge Option Option
Location Indicator (Subsidy) (Local) (Mpls.)
Net Income $ 0.57 $ 0.54 $ 1.58

Luverne
VaR (10%) -$10.58 -$ 7.24 -$ 6.20
Net Income -$ 1.88 -$ 1.87 -$ 2.31

Morris
VaR (10%) -$22.81 -$22.08 -$22.52
Net Income $ 0.04 $ 0.04 $ 0.53

Preston
VaR (10%) -$ 0.84 -$ 0.47 $ 0.02
Net Income -$ 5.65 -$ 5.65 -$ 5.12

Rush City
VaR (10%) -$34.39 -$33.34 -$32.38
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the county or higher level, the government still faces systematic weather risk without a
risk hedge. How might the government use weather options as a risk management tool
to reduce the implied social cost?

Suppose that the government provides GRP products with subsidy to farmers and
hedges those crop risk exposures by purchasing weather options at the county level. In
Table 8 we compare the net income and value-at-risk of the government between a no
hedge position, a local station-based weather option hedge, and a Minneapolis-based
weather option hedge for the four counties. The net income of the government realized
from the federal crop insurance program is computed as: the GRP premium received
from farmers minus the GRP indemnity payments paid to farmers minus the weather
option premium paid to the option provider for the risk hedge plus the weather option
payoffs received from the option provider. Let us assume no other administrative costs
in this calculation. The net income and VaR of the government is calculated over the
10,000 simulated county-level crop yields for each of the four counties. Here the only
risk indicator used for comparison is the VaR. The Sharpe ratio of the government is
not measured because it is difficult to evaluate the federal service cost in order to
calculate the Sharpe ratio. In addition, the certainty equivalent and risk premium at
various levels of risk for the government is not used because the government is assumed
to act as a risk-neutral agent.

The government’s VaR improves from -$10.58/acre with no hedge to -$6.20/acre by
using Minneapolis-based options in Luverne. All other counties show improvements in
the VaR of the government by using either local station-based weather options or
Minneapolis-based weather options to hedge yield risk. This implies that the government,
as the reinsurer, could reduce idiosyncratic risk by aggregating farm-level production
exposures and hedging the remaining systematic weather risk with spatially-aggregated
weather derivatives. As a result, weather options might be used by the government as an
effective hedging tool at the county level (or higher levels of aggregation) for the
purpose of reducing the social cost of crop insurance.

Since local weather options based on the four specific counties are not traded due to

liquidity and fair pricing problems in the market, the CME option is used based on
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several large reference cities near to the counties. Here we need to consider geographic
basis risk, which is caused by the difference between the weather index at a CME
reference city and at a specific farm location, where geographic basis risk is measured
as the difference in hedging effectiveness between local and nonlocal derivatives. When
comparing risk indicators between Option (Local) and Option (Minneapolis) in Tables 6
and 8, the difference is small. This implies that geographic basis risk is minimal in
southern Minnesota. Woodard and Garcia (2007) also find that the geographic basis risk
from hedging with nonlocal contracts is small when comparing hedge effectiveness
between local options.

This result is interesting since the conventional wisdom is that geographic basis risk
may be a large impediment to the implementation of weather hedges in the agricultural
industry. It is likely due to the fact that the Midwest has relatively homogeneous (less
variable) weather conditions across counties when compared to other U.S. regions. In
particular the correlations of daily temperature between Minneapolis and each of the four
local stations in this study are higher than 0.90. Even though daily precipitation tends to
be less spatially correlated, growing season precipitation shows a relatively high
correlation that is close to 0.50 between Minneapolis and each of the four local stations.
This result indicates that local weather risk can be effectively hedged with Minneapolis-
based weather derivatives in southern Minnesota where geographic basis risk is not
large. This approach should be applied cautiously to other locations, crops, or other
types of weather derivatives after considering spatial correlation of crop losses and

weather variables across locations.

Conclusions

Social cost includes the explicit and implicit costs that exist in the federal crop
insurance program including government insurance program subsidies and the govern-

ment’s unhedged risk exposure. When hedging cost and effectiveness of weather options
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and crop insurance are compared for soybean farmers in southern Minnesota the hedging
effectiveness of using weather options is limited at the farm level as compared to crop
insurance products. This is because weather options insure against adverse weather
events that cause damage, while crop insurance protects farmers against their crop losses
directly. This is further evidence that individual farmers will continue to prefer using
crop insurance with the government premium subsidy rather than weather derivatives as
a weather risk management strategy. However, the government is the re-insurer in the
crop insurance program and it currently does not fully hedge the weather risk exposure.
Historical simulation is used to demonstrate that the government could reduce social cost
due to the unhedged risk exposure by designing a program that uses weather options at
the county or higher levels of aggregation in the financial market. The government could
use this approach to selectively reduce its risk exposure and the need to subsidize the

crop insurance program.
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H A 10,206 7,461 1,604 584 476
2000

A 384,715 281,280 58,706 23,021 18,545

H oA 10,234 7,277 1,844 372 700
2001

A 399,151 290,571 69,390 15,412 22,141

H A 8,018 5,645 1,303 399 666
2002

Atk 302,337 215,921 45,800 13,961 26,454

o A 8,796 6,284 1,424 481 576
2003

A 334,784 238,289 54,553 18,153 22,522

H A 7,935 5,964 1,036 399 516
2004

YA 312,722 231,642 42,362 15,864 22,018

H oA 6,502 5,107 578 415 372
2005

A 254,087 196,058 24,744 16,119 15,933

H A 7,051 5,428 571 612 433
2006

Atk 281,384 214,406 23,091 26,861 16,731

o A 6,311 5,190 558 356 207
2007

A 253,448 208,119 22,549 14,931 7,849

H A 6,401 5,177 506 471 247
2008

A 247,102 197,399 20,326 18,222 11,154

H oA 5,553 4,813 506 122 108
2009

SAE 211,103 180,776 20,200 4,470 5,495

H A 4,929 4,447 220 123 139
2010

Atk 136,504 117,534 8,463 4,804 5,703

2= http://www kostat.go.kr
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(1 : @12|12/10a) (2 : &)

T = ye= 2 3% =
24 1,933,750 2,143,777 1,615,420 2,190,324 1,631,236
2 &b 811,589 830,217 800,447 901,635 707,057

- SAH| 59,762 53,189 70,103 46,199 88,733
- H|ZH| 242,395 252,577 230,150 298,192 179,505
- S| 94,687 85,566 86,625 193,894 30,375
- DL 129,959 152,121 99,964 110,905 139,492
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o vl ® Ao 4tk & a&Aold dAT ¢ Fde Sl €= & U= F
et} A e dAT AbEe A7) sl Hagte] Fo] o] Rold Ae ofv]eith
H| 2] ol ofsf Aib7|eS RS} sho] 4 LAY aade 24517 S
A= ofg] 7 e AREE 4 AT (LA, 1997). & AtollA= ALsA] )
M 7he] AALE RS stetsly] 98] thee] R} 4IRS Bl e
%)+ DEA(Data Envelopment Analysis) &S ©]-835l%t). DEA 282 a-&8%91

H25 e A9 JArE k] &(Decision Making Units: DMUs)S £7
shol w840 DMUS| A4 R4S Z4ske Wolth. 123 DEAL
A DMU®} 0] 580 HEe} o REo|A u]E&o] WasH=Alo] that Hus
shu, F9l W AFE 8ol gt 714 o HE7E A A @ AT 2
A a8X Hrlox o]& 7l535ith AU DEARE L ol Ayl A2 o|a1
S712 Q1 Aol At JE 71 WA 2949 Bk FATsitE oF
9},

2 ATolAE BN Be e
HEWo] del FURAES Y &
7kl A& 7s5t7] wiZolud. —Er%‘xli‘ci’aéﬂ Rt 7l a-&/(TE
== AAks] flsto] Aiks s
F-F A4 vz 54 %o DEA E%‘S A futof ek Hap %
3}l= CCR X (Charnes, Cooper & Rhodes, 1978)3} fXof tjst H4> 7FHES 714
5= BCC X3 (Banker, charnes & Cooper, 1984) .2 LE3} 4= Qlt}.

WA CCR Zggof s AmEw tpZ 2ok v s7ke] a8 F7HE sl
AT w71 T v AAE9] vlgo] 1R 2AY 2ol 3 £Y B AFEa 4o
7V A= 0B eh Arkar AoFdk wff o] 23k AAStoll A Fdiu] AMEnlES o3t &
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3~ ox

8) & = olstollAl DEA R4 EY =& o] 9(2006), HWHE|(2007)9] A5 Fr=sH3ith
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Maximize E=——— 1)

subject to

N ot} o7 B kWA H71e 584,
FPRs f, s AFEY F o KA F7H WA RYao] A
: ve BHA 57F] AR Elase] 7

A2 Jujatth e 0o 7pEE ofF

e AgAEH o HeshH CCR s o] Hed &AW

Maximize E,= Yy, )
1

subject to

Zy]r Uy Zxﬂ U; = O’]: 1,2,...n

r=1 i=1

2 2)9] CCR o2 AFAGHEF Y o5 F3 a&d w= 57171 of



219] CCR 2R o]gglrh CCR $41F o] Ao tf-gdh= WS 2t
ZF 0, N, si, s 2kal 7PAgste] W

Minimize O0—cd s, —e s, 3)
/'/ 'y 1

subject to

n
Z‘kﬂ— ZJ?J,)\J— 87 :0, 7= 1,27...,777,
j=1

n
+
Zyjr/\j =S, =Y r=1,2,...5
i=1

3 o, 0°=1, 5i=0, s, =0 T=ZA|7|H k7=
a-8%Q DMU=Z H7IH T M= ZAH<(decision variable) 2 4] j¥% DMU”7} &-&
Hol malelo] Aol Uik AESAEAS UehhE R0l 5, 5’ FURE
Au

5 Ao thoH<p(slack variable) S 2Jw|jitt.
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9) CCR 22 jtHof tigt =AEHS 7Hs|A FQdof it A& H|&o] dASHA yeht= vid BCC
uHe 2ol Relo] thE 2719 Aol ol B AHE Aol uet Aol Eakrths A
=g ot wEoIR mygolet & 4= AT AY 9, 2005).

10) ©-d% 37 2 & (Truncated Regression Model)of] &3t AFA|SH A& Maddala(1992)E %3517 vlstch
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2 7]
Aot @et S| A7 &Y A 57 A (inconsistent estimates) S 28| HEZ Adt
of 23t 3] X (Ordinary Least Squares)S Z-8-3l=t] ZA|7} 3l
CHID wlebd B ATAE BMATE HSH 2o Mot REHO R X B A
A 5437 @b oldoly olstollA WEEA ¢he Aol AL 5 U=
Tobit =32 o §EHUTID 4 (42 go| MR % 5 Lty e

fl

1

y:f:x,-,6+e,,;~N(0702) “4)

2 TEe) B8 (L) @gol T ok wA v
Z A agAo 9ok v|A= EY WS40 WlE, ¢, truncated normal distributionS-
e oxjgto R APERE sttt spAEc)

Al (4)9] Tobit ® &S Likelihood Function® & UEMUH 2] (5)2} Tt

1

y; — Bz,
L= Hyl>1;f(7

A7|A (-9} F(- )= Z47F BEAFUE R0l RREGEEeS ehith

2] (5)2 23%%E(loglikelihood) 2 LFERHH 4] (6)2} 2t

L_
logL =— nlogo — . 5 L (y, — Bz;)* — ZlogF(
20 o

1) AArEEA grol 03} 1 Afelof Qal B&2Ql F7he] gh2 1o|un2 itassd gl d+& F5us=
ol-&stATE °o A% AEEA %k% 1 o] gr& ZHA Har 1 mvke] gk 7hd 4 gl 9EE

(truncated) FEj7} =k

12) B A Azpdo|nz o2 wstlA RES w2k ol

13) eAge] BEE AHE Fof Yol o] vErKelNut B o] BHe Agmae] HRchs
AR o] BAT 1 €S Ul Aol ofsjolx oleiat Exol ojet o2 AAE a1
oF L

W
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FEu4el go] wEE 4
(Maddala, 1992) 4] (6)S X%
53 FH%

™

anguo] g FYATE WS A Huz

A (Maximum Likelihood Method)o]| A 3}o] Tobit
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b Rl Sty & Aol e LA HiFe] 2011 sibEASR2ATEE) oA
3057 TolA FARH|eL sofn7E F0) 22 et 25 7HE AlQe 28571

ZALE
w4 O s7t= Aok diustH DEA #4274 i 57 22 B
2o AFE A4S 20 2 Ut o Y mii=l, 2, ., m)7iS] B eAaE TSt
oq s(r=l, 2, .., s)7}9] A=ES A4t o 714 617] EH$°IEP.
<3 3>2 & A AFEHSe BHe Oﬂ s AFe]st Aojch ZAMPA H7He]
Bt AYAEFS 4,621kg(/102)0] T Hal 24U 2,148 A(/10a)0]tt. EUH4=2] H|-E
A= 589 A(10a)olth. FYHy 5 vl =B 7} 291.8HU(10a) .= 71 WLl o
=0] g EH|, FoFH], FApE] ot
(E 3) EMHS
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Az s
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AR AT =UVE, 2011 SAS ASZRAL HRIE,
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(& 5) 7iE s719] 7|& £§24at HZ DMU(RYUXIE 24)

pmu | BIE | 2712 | Gosg | ees| owu | BAUE | E071E | Roag | Rows
a8 28 2= ok =y
1 | 0704 | 1.000 | 0.704 | drs C16 | 1.000 | 1.000 | 1.000 -
2 | 1.000 | 1.000 | 1.000 - C17 | 1.000 | 1.000 | 1.000 .
C3 | 1.000 | 1.000 | 1.000 - C18 | 1.000 | 1.000 | 1.000 .
C4 | 1.000 | 1.000 | 1.000 - C19 | 0746 | 0821 | 0909 | drs
cs | 1.000 | 1.000 | 1.000 - C20 | 0468 | 0555 | 0.844 | drs
C6 | 1.000 | 1.000 | 1.000 - 21 | 0749 | 0758 | 0989 | drs
c7 | 1.000 | 1.000 | 1.000 - 22 | 0867 | 0937 | 0925 | irs
c8 | 1.000 | 1.000 | 1.000 - 23 | 0521 | 0601 | 0867 | irs
Co | 1.000 | 1.000 | 1.000 - C24 | 0487 | 0665 | 0732 | irs
C10 | 0428 | 0645 | 0663 | drs C25 | 1.000 | 1.000 | 1.000 -
C11 | 0716 | 0800 | 0.894 | drs C26 | 1.000 | 1.000 | 1.000 .
C12 | 0730 | 0800 | 0912 | drs C27 | 1.000 | 1.000 | 1.000 .
C13 | 0618 | 0767 | 0.806 | irs 28 | 0689 | 0801 | 0859 | irs
C14 | 0898 | 1.000 | 0.898 | drs o
°= 0.844 | 0.898 | 0.929
C15 | 1.000 | 1.000 | 1.000 - (mean)

F) Z DMU: B|282 DMUQ| JthErof AFgE =827 121 DMU, ()2 = DMU2| \gtS UEfHEL

Fmso] 7h 71 stol A(BCC W) 442714 A& 4(VRSTE)S: 89.8% 2 CCR &
o] Fpmszo] Bulslo| A9 & &A(CRSTE) 844% Rt} et 0|7 Fuo] e
ALl A9 et 714 BaHo]l Z7ALS sttt &hTlEE s SHolA
24} 5710] oF 64.3%(18% 7D EE A oA R 08 e
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st W 4retum to scale))E BATE 4 Q] QAAHHDMU) E7ke] HlR 47

Z(non-increasing return of scale)o] £427|&AE(VRSTE)T} o X437 (dec-

S ‘of MRS, 070 HlRke] AL W ELA 0|2 o At
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reasing return to scale: drs)S UEM I, T2X| &FOH KA S(increasing return to
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2 ek 5] ol Y 4 sltk el A el 5k e S
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5.0ha0l&f 6 0.9507 1.0000 0.9507
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Z 2+ b 0.02"" 0.01" 9.32X10°"
H| 2 b 7.80X107 2.53X107 5.54X107
s 9 H 7.19X107%" 3.94X107 3.22X10%
k=X S 8.40X 107" 5.90X 107" 6.99X 107
LR Chi2(7) 37.7 34.4 27.5
Left Censored Values!?) 15 17 15

*p<0.1; **p<0.05; ***p<0.001
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gato] FHssih B 4222 15.6%(CCR 23) E= 102%BCC 2F)7HA] 7
A 5 Sl

=4, =e7lengde] Bag0898) et st ass Furg(0.929°] o w7 4
EPtth. o] A2 w7HE Aol AN Hlag A9 FH AL o) FA K=

16) Tobit Lo A= H&M47h HRA 4he] oj4olme Eguis] oluji Raol wdggow |4k
17) $40490 BEA 30) A4 o)A HE AW ghe A7 SREA 157, 5714584 177, u
584 157)2 epg




E57182¢ 2l o ks AL dulgtt meb 71EH Q9o F7h wlago
FE 29l Aol Fdas %S 9% 71Ed A ek mAsteiof gk
3] YA wj o] wopulg H3ke

HOH‘

= Qs A7 Ee A7) BFshs Aol
fal) ol7bA A WjE Al Rl 24T PP A oEs}n
of AAsHE 7)4 FHo| BT AAolrk. ufeby SrbAR AsE AurIES A
we A Bazt Qo ol felMe dsasel s dady 7z o
R AAE ofet s xlele] 94 A 57bE FlsEo] HET kel ddsie
o) g (matching)& s & 4 Utk o] Eal Ao ol do] P A 71 &L HE
£ o] ol FAlel, Xo] Ul 57159l s

A, AR B 2k 50m o)l o

12 %0 aE m

% 5750 EEAol M B
Az As7HEL dxE B

ol F[F mlm
=
off

43508 AGFRE Shsta ek Aol AHE wh gk o] Aol

USRS QAA7E B AOR Uehgeh o] AL 7] shao] A&HoR Y53l 1t
o SA TRk Gl O3t AT Shrh felsh] doleta B4R gk
WA A Al FH9) Peiusht Sas) o) 39019 AHAAE A

fxa
offt
<t

Sl QIA|ut AW o] 20ha o FE o] Gtk whehd it B4
3}

Az S gaiA FGolk AHARA ] WA Jae ehg Bas} ek
G, FAEE O BQasu A 24 RS $O 9 vH
glo] FAHE AU 4 gt Yre mAsiof Fek ofo] et BhgMoE np
35 48E wes B 5 ek AW Srhuit Ak K5 S AR TS A
§ AL HEY B 508 B T4 4L U8 A T WSS JAL £ s
Zolth, theo® 1gwEY ugS ol st AR BAHcE nYH
€ A S 7145 Sjol olfie. S 2 Q4B et S
5 FFolE AL 9 Aotk Seite BT ASE wEY 25 A5
G190 S IEIATHE, 199 THA AL ol 43} A, £5 5 0 FHelol
Sage] BRFEE H7IA BY WAL Aek webA] w5 BA A glo)
= Aol A el ko] ofgith WA LA i A M wEY o
2 8 1§q 549 Sk ek ASE 9 s IS wl Ay
A BgE Hkoksta B4 ol §BES Amstel wE AAES FAAZIE Holh

Ld7] 9, 1996).

- 270 -



bl 35 7hgh) 7}

s

o
A
ol
T

o A e

o

EL gupEcke ol AA st

|

[e)
AR 3-5-%

]_

A A ZFEAEA) AR

.l

=]

]

Al ¢

BAEA | ATHF-FE, 2006). wEfA A

1
T

A ol A

ol

5.0ha o]AFe] Tt
bl ohge] 18w

[

A=

A 5e4E =7l H

ARET

K

ole] Azt W

23171 ]

afjof

a

XN

k=

E

ol

Ho

b ),

5

A ofof

i

=

o|
T
4r

S

2 A 7 A

2ol 1) o

Z4s
4

sok gt @

A
AR

EEEEERY

,ﬂo
1
L]t

o

o] o)o] %7t

=
=

571

e

X A gz olojd Zlolth wrebd meX) ui

A 5719)

A

.

o=z i

N
2H

o FF= 22| FTA o

Njo

pir
<

—_—

o7

%O
o7

o

AL At19 A8 kel AL

-
) S

)

=
T

A a(F ol

2= YA by

A

= o=

9]

7

YA wlj S Ay 22 7F

ok A9 21(2005)

JA-s 71l

_ZI__A

T 2011 = 1A Y

2 4

3 A

ol o

o] Tl Yk

e}
T

%}

=
=

st} of

= F)

il Eetol

9

= AME 24§

18) ofof tfsf

SER AGIA T AR

=
—

4% o

- 271 -



TEE - o]FFu|(2011), “DEAE o]83 ZYe wxE|yl sEE7t AYagy 47
FAZRFEATs 28(2): 1-23.

BRAH1997), “Sh=t u]2HE7te] AYabr|e B4 B4z S o] 83 a4
S o7 TAATAL, 45(4): 4251-4270.

Az19] - F5%1(2005), “DEA7Y A8 F-o)3 ol w3t At-AyPAEors FA
oz, T A AT, 193): 213-244.

AE3H2011), “vi5=9] F-E A b, TEQget wia Arg aiie vk A8 E
23] A=A

HEE - s - %%x](zom), “Aageg AFAEL] Bkt FAA R, TAEFREA
Ty 213): 115-

g 21(1995), "RYAE AL, BFGAL

A3 - HHES - 0]835(2007), "57He] AAAE A A wistel A, SesE A
A7,

H7132(1994), “57F 7B FEIe FEH E4-Iet 59 Y A, A

sH1=37]; 24: 69-81.

TR

_I

A, M EAERAL, 24 R
2135%(1999), "
2153 2011), "
3](2007), "&
1(1997), "3
thehul HRARSHY] =t
& A((20006), “A 5P Faled LAY FAA] ST S2H Al 5
Rl A & AR 27, TR G2 253 2]y 12(1): 94-107
Y71 - o]FU(1996), “sP= W3te] 21 w7t HAFY 7HL e, TAbs| ksl
ALy 3: 57-77.
o]gFu] 9]((2012), “HA<t A A& AlE7t F7HE Gzl ek A4, T
BB A, 24(2): 1-8.

L ooff off of

e rE rm rm e

15

d

~

]

o

=
o

- 272 -



r (
OPF
e
10
poq‘
o
i)
S
b
S~
2

O T - ofA - PFAQ00D), “M|RSH Y| g A
YA FHOR, TEUAA AT 422): 5165,

Ol E Z2008), “57H0] AT AR Ao T vIAIH BASAAARAL B
ARRE olgatol”, FEUAA AT 490): 1-28.

o] - MFEHQOIN), UL W SE AAHsTEe) 716H AL BA AF B
A, Tl A AT 38(): 449-474.

9J9=(2007), "DEA BHS o3 thFkE AE HEe] ERA Hlo] BI AL,
Zreliatm ofahel uhapEre] w=x

o AT =

AE(2006), 'DEAS o] 3t WI57te] AGREA HAL, Ferheta ofahel upt
at9]

791 - HEIA(2010), “H T wjEukE WA QAT A, TR BA AT 4.

3HEo] - 7140K2008), “DEAC] oJ3t 2TESo] 7199 AEA FAP, TAA T,
22(4): 5-22.

http://kostat.go.kr

Maddala, G. S.(1992), Introduction to Econometrics, Prentice Hall.

- 273 -



AFEH - ®

A Fae Qo] thgt ABOIAZ 27

1, ¢i7o| 2%
A mAlste} AR dlste] EARSO] EAATO] AHE LA A7
of BAR FWuAolt A5 sk 5 chaker Fel Ao $Ae v gek

Wlolul#e Q1o A FEOE 2011del 77} 20104 e] Hldte] 60% &

3 Ao e A

A - AEE 3t

off”
lo
u
e
o
s
f
off
(P
e
N

o
£
H
ot
N
2
rlu
M
__>é
X
lo
l_m N
=
r
i)
e
Y,
o,
s
off
o
2

£
fifo
s
IS
=
e
s
1o
e H

2012).
Lol oo} o] AAY FsAL FUH Fx|9] oulrt £3ely] wie] =
ARE9] F4 7 Aol Zfo] & 4= ook 28uz AAY FEsd g5l o

- 274 -



Flom AlEAS Hal B71=e] w24
Fol 44 2605 E 4 27U7FA] o] A}

°

9

‘CH

=

=

taet. of

°

19 2HHof| ko] E Aotk

L ESN

=]
20124 59 TARE 5Y 13U TP AFAE YO

olo

o
T

2012 4Y 3¢

[e)

R

=

A= AP}
ApEpH

AH71=AlH

o) c.__| o o — 7 = X ©°
B g . @ MR-
= M DN R g
w2 o Bz o &
5 By wjr CHE M 8B X
. .w ,_Lulnme oqﬁEﬁH‘OIDMur_,DIﬂ@
ol 5 BT P g X opT X
R o o . i XS e
=t =] — N o
5 N Mo qu W AH R o o8
~o | ol il 2 oo o w3
X = T > TF oo W T S g I
N _w_]_% T zrﬁﬂoﬂuﬁ%éﬁ
uze]
M TN Py NR T L
o] X = o T oo — H & 2 %
" 1 N =~ o o m X o
e %E_ %o Jo " X0 or R g A0 o
£ EE gy rEEivrgn
= o B XO m Bo ke m__mo gy N 3F B or
R gy oF T T T
~ o - op © g 0 o X
No 7o o T ) P &0 & o — % i
JX;OﬂmO.ﬂOI OT_O#H J-.H_X =, X Ho g
o om T Jo s md s
o o N N - N S i S
H_T|:.L N op HEZT%N!N.H% mE
Re ol F W Ho T o wm r ME g
ﬁtnﬁdﬂ ﬂz.__. ﬂoﬂﬁﬂ7 .,nXﬂJ.Lo_e
L) — —_
RO s g~ RumBET ]
ol =
?mmmﬁw pe Wy WG
T ox m @mﬂ?.hﬂﬂiﬁo_bﬂ%uﬁu
E._ EE 0 m __oo ,|D| m .m.M .z_l 1_.__& m ,wAIL
Powmd N O Stmapgwods. N
PR ® b S peokRPg L0
PRy 8 ma B4 T oo DB oo F
e B v Twaxro Pek
o AF db < T <y o o) do @ o W
Al o ™ ™ Yo ™ O 6 o X B

A3 vjgo] o A ugted, 4

T

o)
R

bl A g
- 275 —

I8N

A wolo] WHetE Ao YE



Aokt epgol qlrta meksidch
Yehat 21000 wAIS] AP s

é
Y
2
sk
pau)
r (o]
>,
1o
o
filjo
N
S~
Dl
ol
ol
M
o

=2

2 nlgor HTEAS ARSItk Al A% 019S gaos BB A5
0, 2AREE olgste] BASlh AR BFE 25 4+ Qe AAeRT
B R0 e, izt Feloate] Faror ANk HPAeS Eat
Z0 WSE yehton, QX £24F Folo] et ojaFo] okt

upey 9000 AAE Fasake] AL s AR A 2AE ST o
93 AR ke Tulelo) S u T Hew o geo AEsde] 714 5
WX 108 ASHUT AT AHT) A9 AN WA A, A bR
oFH, S4B WAl AHZL WA ACE et FERS LAN AT BAe
Aei st msThs ool Ugiek

YA 20105 Seiiteret EARAF A vl5E ALY ARISAS A A|3to]
EAL A2 S Selsilt

Q010 AR AU 3 AFF BHo] F71 AOR o] 3ol AR
o A1 Ferelztadlst nlwste] Ay Z1EA PE] thak AL

ﬂ(2011)L %IHQ XﬂZHC’é HEd FEAY At AE22AE F5h
e e }
X /\Wﬂﬂxloﬂ %Xéh% %iﬂ E‘—ﬁﬂi“iﬁk 1 A A9 S AR E =
2|71 A g = ofof B, 20~305 FHO] WAVt B2 E wep APEs Aol
A1) H2AE flsl At A= yehth

G 2@201D)= =9 Y % Aerte o= AAY F25% A

AR AAFARE 2R FolEBA W FUFIA} uh

olo

RS Eog YAAI] el SAUE Aok Tz ool gk o
3 o2 A&H oz LG Slste] AR YRS WER mo} okl whet £
sof 2 %%ﬁ‘it}.

— 276 —



I =4 -9 JAY FEsd a%

g

1. S A FESTE

rol

ot =9 i
MY Fasgoldt ol gt waol A7 HEn SEA ] AP 1 9]
FgEo] MsstER FAAMI HojA S 23 Aok 27]d £U9| ZEkelzt=
Wg £3 YEO| H9-5 et ‘FaelzlEdon B o AR AN s
Aolets WAHOR ASHT kvl - 24, 2011)
S A o] EQuAS U S Yo 19944 ol Zgu|Hy

2 A AHE . 0|2 Fwor TE/WI UL o] Hols)
A E93 Aol ShdjEle] AW Fokal e @O Frrom AujzsA o
olek. Leu o8] EQlabgo] vlEm Qo] ETA S o2 Eahi glrkee
L 25 - 7143, 2009).

=]
lo

At

Sle] 7hE Bl B4 9 AT 9, 2006004 THEELe] 43S

B Al 7R BRI ZAYT 2A2

Ak AAFE =22 A= 146} TA

e P s A
]

e |=J

ﬂll

YA, polE AT, Fold BYFIAY W A 5 FUH - AL gul - st
ol 43 Ao 2N AYH SolE A 27ke F
A

=y ALz 52

2) 20069 FAE THEE SR, BABE, Se17L2E 5 ofe] 7 gol= Argsth BEUEH

(FEPRel A S U S AT glof AAY EEU o gLk T FolE IR FA%S
U2 Rl b el B8ET gt AAY Fug o wo|sh



) 5l &F

]
=

Fal Aok A4

)

o O
= T

Ay

2 T A 5% 28

7, WA, A

ME
K0

!

(& 2-1) X7t R XHHH

ujo

o~ oy
B

o |

WE | .|| %0
Mo | oF | v |
w2 | B
.%.ﬁ O._A _|__| =
=| .|380 | =
D | oF - | g0
XU o
x| ™

S| .| ol

o | V| X
u- | & | RE

ol

~N| E|E|€E
mle| eS8
gr| 8r| 8r
|+ _;ﬂ r+
| < ]
LR E
of | oF | &

T|0|Z| http://kgtour.gg.go.kr/

=3
=]

LY

K-

2007~2010¢of] 2AE &2 ZHA| RS shal 2012 of =4

2

]

A

]_

A

=
T

[e))]
S|

=

0

B!

—_—
o

= Ao 7k 554 xoiFch 2008\ 67]]

npgo| 7T, 20099 63, 20109 33, 2011 33Lo|ch

2 EolA AR 1-2A413F Ao wol FEE o Ut

SR

-

ol

-
mp

o

e
3
5: _._._o
el 12
“ || E
~ ™~
|| o
= |37 | d
Xl
ofo Bl L~
YRGB
— o~ o
©o | _
m i) or
= | NU _._/H K-
or | ofl U
|~ | 3r
=<0 oJ
|
Bl Q o0
T | 0| @
o N
H ofr
O
<K
X |3 |
i | X T
-
= |z |
oF | X | Nk

o 1E

71EAlE, 2012 S22 AA|

slop] AF7HA <] AL

3}

- 278 —



p s

&

=

aﬂlﬂ-

-

], <At H]-8-0] 320

=
RS

w9

31, %6 go] 250

oF 263m'9] thA]9

o] &

1

T

o FaAde

=%
| =] At

o]

o)

st

o)
K

XO

° 2715,10090]1, 7}

=2} 20114 2

o5

1

T

el A=
Fol mAm % )

oH

—

°

Ao

A

ot 304 ©]4f 704 ©]

2
(=

A

A

At

o

= Uehtet 20109 1

SIESRE
s910] 2908 20109 893E AATEA £%

©)
= —

]

7=

[e]

=
=

]_

7
Y, YA F A

1,825,000

ol

_;3_]

77} ol

A= A

b 433 Q477

°

o A
o

o
=

=a AV

stof A
Ad

°

_('H

1% A

adolut ofglo]

o
=
%

2] o

1=]
Qo

T

2

=

3}

3

o
X

T

20124 3

IEfol| A 5~114d Afo]

=4

[¢)
b

o

o #u]

1

T

O

=

=

iR

A

=% 3

o
<

=]
pal

4

b
=
o

g e

T

RIS

°

E
Wkl

o},

A2} QJ27]71o]
2003 4dof
ool Hjxlo] A

o

1
i
==

= A 718 9 Asel o

2. =2 Xy

-

2]

Ho

i AR

S

- 279 -



A AR

1

T

S}

EARo] Aol A ty= FAXZF(HA D) AlWl-sAt

1
A 598 o8

T

o e

O
Do
<)

H1
T

—

el

G

o

I o7 gt 2lE o

-
o

79 7]

B

i

=

=

7WAdel A

T

°
RS

9 = 20119 3
Aol A2l 80%

Aol ¢

|

-

T

—

fotek A8 47t F7ksta gk

9

3)0]
g A
Aej o] o

o
L

o

b 2

o0
3T

P 937}

—

°
I AR =l 3811709 sl RlaL, o] 7}

EARIO) ARl o] o

Abui

<
=

o

oh;].'

B!

Z} &) 5}k

(HE 2-3) Al

O ()] [Tg] — \_ﬂ/ — (@) ™~
) o (@)} N | 0T = Q0 ~N
||~ N0 | F | m
© | N m m
o
~
O Nl Q| STl | S|
N 9|0 TZ| 0| S| o
] ~N S < | -2 m T (9}
B~ m ~
')
~
0| - lolog|S|o|x
m |0l | S |—-2o] 0|
J o\ <t — | O m N
T |~ ~ ~
)
~N
~N | on | o ol < | w
mw | Q| | % — | m | ©
ol o | < — | ~N | o0
XR| = ~ —
o))
~N |~ n o | 0| m
) o — — m M~ O
0| o | ~ o o)
m =
o)
o))
= il
U - zﬂ m_u.u
t [ (-]
Sur| _ R T
Zpr| < | N X
L= orl | Ho
ol o | %o
Nk ol | ur
~ <

‘I_

4

— 280 -

2t2 http://www.maff.go.jp/
220004 2,5127]9| 4 2010¢ 3,811% HAY7}A| L=

[¢}

3

A
=
=

A
Hol1l

|

5

=
=

|

]

T

120114

7}

=

[



-

il

(H 2-4) MN2USHE IHEHE F0|

T+ | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

9
~ | 2512 | 2,676 | 2,819 | 2,904 | 3,001 | 3,124 | 3,246 | 3,273 | 3,382 | 3,596 | 3,811

t=

3|

jﬁi 137,683 |144,312|150,555|152,481|153,727|156,718| 159,694 | 160,859| 165,479 |173,443| 180,521
N

o1z

(ha) 810 874 930 959 1,027 | 1,072 | 1,101 | 1,137 | 1,164 | 1,219 | 1,306

AR sEUSAY SHO0|Z] AlRs# HEAIZ http://www.maff.go.jp/
Z 0201149 A

Aro] AREUS 19930 EEuFEL, 42e 1% WE/, AFste Baow
A0d ofXaxe] AND ANEAS HEZZ ANSAT ol FEEol] et T Zof
2 04 A EaE $A Al S Folth BAY, EAZRF) A5
SAUY FAEE AT D FUARTHS AL b2 AN BT F
SEAHE B Jlojstn qlon, nheEul DEFAY A B £ue] A

=2 42 AUrLe 27Y A A9 3
Tk 1997~1998d o] AFEZS- FR U5
G5 A AT B FA2 A SRR Ao A
BF A FAA F 255 AQT, BYS 9Astel AL Xshu A sl ow] A
S S A AW @ 79 F71% oF 184391 R AlEE ek @
T3 o viehol welglu Y, FAAo] Itk AFgRL 39 200217 € 41 5,600
A3 407 -60vr e 07 TR chEch T 52 AAgRe| TatEol A
orch. TVLE QlEYl ol o] 7bsalth Eah FeiE Mol 2FSLT} YolA] &

A 2 A%, BF LR ofgo] TFsdte.

m>~
¥

Ct =29o| Z2oI7t2HI(Kleingarten)

1850 AT SJARQI Rl ¥ (Schreber) HlALol o3 A7bS A8+ 71e=
a3t st 22 A FEHE ARE QAT SeERIV7IEd F4] 318 o7 1L

— 281 —



I
N
B
.

I o o
2
ox
ol
L

30
o
<t
>
ot
e
B9
2
>
x
oy
=
K1
>
1o
3
3
2
2

off

2
1
ofx
ko

>~

12 4y > rE of
ot
H1
QL
=
%0
o

o HT o |d

O B T
S
d)

. ©
Sh?
X
ic)
2
32,
2
2
e

4
(2

2t 2{Alote| Cixk(Dacha)

el %@Pwa&ow 19898 AT

._4

1720 78] thap7h =] wfo] 5dEt

& EXafEe] A disatE i

ol £AIE eehi71A, sk 7l

o 7+e] w7735 Fa ek 5 A

Als-skal A4

UJE’J FAAIZE
%

e

= ol 9le U:l ‘ioiﬂ *ﬂ# Z“PEJ 11
e Hl§2 2 EA] 2EASA AT

it cre) 2
Hgol gl

_I-IJ
il\l

3. =L - 2 A FHSTH A

S o) Fusate] A9k obd AR B Gl o274 ot EAo] Al

o L
3L Qleh A7 AAE Fs YERte] B9 F717F F 283ke] Fidof 4w
4
o

A B TS Aol 21, A% AWt ge AL =7 B3 Aulgdeks 34
Aol M qlglovt Fsg Fuo) 7HES 7193 9lo] ot Asti of Sl =
o, w7] tEe] AR AP EF Aol e M40l gl AFeIAE 2 Fv]

3) AAZ !

oflt
i
o

— 282 —



g 1714 B3PI Bk Qe ALgo] HX) gt BUFES ALrhs A sk

EG AAG Fes A FRE B0 P A A9 25(HRA ARD), 7}
A Ee A9 9BEHT SAWOR Uehdth @39 9 Tl £T LEE
o] Ht EANY £RE WEAYT AGS BN 9T AANE Pt =AY
A2l molct. 30-505 kel AAA LT FA LS 2E megol ASirin B
gk ol ARIES] HBESL /MY B AEA FLYAll, AL A
5 WFER AdAHel gtk B 5 ks - 25w, 201)

solo] e Are] ARG AR, SAe| Sekelrtad, Hajoke] vt o o
3 oAl AT Sof ARt 9ot Y ApEe] B RS RESLE olv] 1
detse ewl Azl Az uelel Wi AdE gRskey] ojRolchE
2011).

Selete] AT FsAe 20008 o] SolA Al%tE gl7] HRe] 2uet A
Aol BHe B Adal ek, 4 o), AElH o, guT) G4l Pasitt

olefat BAM AL glotel tho] AT ARAGe] AANY Fdyao] 24
2 A9 TARES] ARIATAS FHslo] HAT YR AYo| TS F
(e}

ATt

—

. o]&3 w73

1, Z7ZAEJIX|EX™H(Contingent Valuation Method, CVM)E 0|23t 71x|®7}

ZAH 71 %] &% H(Contingent Valuation Method, CVM)-2 AA|2 A 5}A] ¢k Al
= 7MHAC R T & AERARE §8) o THAIEAIA sEAREC] A8 A WS
=] TSty o)A A (simulated market) 2 THE0] FTIRFE 0] oA A o] Hos)
of AAZ ANAYHAE sles & 5 Utk o] W AN HefEA® ofy=}
HlEdAHA L avE EAsHAY e B BAClEY BEAe dASsH] fsiA

— 283 —



24 T2 BNRY 2 2o Ar
ZURIRR2EY
(contingent valuation method, CVM)
. dstey ) reETEgy 2E £]9| Mo
(direct methods) (contingent ranking method, CRM)
AEHAIS
(choice experiment, CE)

_19

CVM2: FFAg ol AR Hete] T/E %%6}1 ZEE 999 ¥
H A 7125 =5 o Qi A4 B7ke AR = ]
T8y 7HEAE] =EE ez oy el Hobias)o| EE 7HeAdoe] =k
CVML Szt E59] 2] &0 AKWillingness to pay, WIP)S ZA3}7] ¢|3lo] ¢z
o, 7 Z‘a% AE7te, FEAYy AE 59 oy 7HA] W o] ARgE o] it
z7|o& F2 gAY e A Y] FHrkel #E woboll 8o L w3k
AH, 7l& 9 ﬂ%‘é‘* Hol 5 FHIsH HEE k. T3 A=A T 7 A
A9E HO7E A717] drhe Fo] F7bEof ‘WHL Uty oz ¢

¥ CVM &+

(o}
£
2y
)
N
-

a

OID

E S (dichotomous choice) 228 A1 F3)ar @itk 2vtalo &
1
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I, :Fe[A V]

“)
E3F
AV=V(1,Y—P,S)—V(0,Y,S) 5)
olck.
Al 4)9] BERYS FAHL F7 FAAFEEE V1A= Z2H] 2 (Probit mo-
del) = 232l 2 (Logit model)o] Wo] o] &H}) E35] 2
u]sho] Al Hom 2%

Al mgo] 2l Ko
Jo] Q-o]3}tH(Hanemann, 1984, 1991). & Ao E 23 1§
= o]&stH, 11 FEl= o 4] ) Zrt

1
FINV]=—F(
[ ] 1+e 2V

©)
2 @014 avel §4d

g et

F2ZA Hyo| Hrt 4] (6)2] =4l
lihood estimation)©] ©]

JEEERE RS
J(consistency)©] HFZ%E THGreene, 2008)

Aok A A
= X2 =& H(maximum like-
9

d(efficiency)} A %]

3. MYEXN ¥

(Linear Logit Model)

Hanemann(1984)¢] A& =4l L3

flo

Vi, V,8)=a,+8Y 8>0,i=0,1 @)
3 o] AR 4 glow, olF 4 (5)ol hUshu
AV=a,+B8(Y+P)—a,—B8Y ®
=a—fP; (a=a,—o)

AAFY P o] WIPHTE 27 L) 2hS

T+ o HARE A 7HEl AAE FEEdel o
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II,=P,(WTP=>= P,)=1— Gyrp(P;) 9

WITP,,,on = /OOOF,,] (Av)dB=— ﬂilzn[l +expla)] (10)
o} Zt AA Ht2

WTP,,ij(ji(l,szomE,dB— _Ooo(l—F,,])dB:—% (11)
o Z}. dohd HHe

WIPeaea= [ Fyld0)dB== St OB (12)

o} 2},

V. A 2R Aol tiE g2

® o] ALgE ARE g 8 AT BANS YR LAY FEe] 24l
o AEAROI AL F AW S 325@elgont Y ARKr} ok ALt
ARG gk 5 e BV RS ASSIeh 1 An F 27274

RS2 AA] B4 ol gstar.
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ESENY 2[Chgk g HEHA}

HE(014=0, E4=1) 0 1 0.4853 0.5007
A 1 5 2.7059 1.1818
mE=F = 1 4 2.9265 0.7098
P 1 7 3.3824 1.1270
YYR LS 1 6 2.7831 1.1656

* 1=20CH, 2=30CH, 3=40CH, 4=50CH, 5=60CH O|4
*x 1=8F, 2=1F, 3=CHE(CHSt A5t &), 4=CHSAE(C
*%% 1=1500K] 0|2t 2=150~3002H O]9 3=300~500%t

6=9000t2 O|4(EAH 528 YU 71745 x)

Hatel st mat) of4t
kel D|QF, 4=500~7009k4 O|2F, 5=700~9002H4 0|2,

AL FAdo] 1327(48.5%), o14do] 1408(51.5%)olch d#d EALS 207} 477
(17.3%), 30th7}F 79%8(29.0%), 40th7} 7478(27.2%), S0t)7} 5174(18.8%), 60T] o]4to]
219(7.7%) 2.2 30t 9 40t SEHAF W2 Aoz YEigth aSY=E drEd
TE0] 678(2.2%), ALE0] 617 (22.4%), thotE<%d o] 1527(55.9%), thetHE<o] 53
(195%) 22 digtEdo] 7P B2 AL2 Yebd:. 7l 8 AuEd 19le] 18
H(6.6%), 2210] 427(15.4%), 32l0] 66'8(24.3%), 4¢lo] 11694(42.6%), 5¢1°] 26
(9.6%), 6]1 B 7]10] 242} 279(0.7%) 22 UERGT. 491 7h5o] 7MY W2 AR 4
Bl At 75 1507 mivko] 307g(11.0%), 150~300%t wgko] 927
(33.8%), 300~5007+¢) w|Tko] 867(31.6%), 500~7007H] m]to] 4478(16.2%), 700~900
Ukl wlmto] 11%(4.0%), 9001+ o]Ao] 99(3.3%) 0.2 150~500H w]ut 7427} 7}
ZF okt

o

S{U

2, 2N

A
= ﬁ'l‘

HI
bl

A37ollA A8t 2AdrE 7Hske AF2A RYge o83t 4

thgat 2.

flo

intent = B+ 51 X, + B Xy + B3 X5 + B, X + B X5 + B X + B, X7 + B X (13)
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(F 4-2) KZOIABY ZHROI e

T = 3 c B 2
ZA
;2 - UFolEk intent | MA|E SHEH AUFOIFK(1=0f, 0=0}L|2) Cioja
[eha
X | Hs-HRY | tun | ¥F Hs - H2O| oS 28K 1=0], 0=0tL|2) Go[#He
0] 2 oIS ISt TAEY AT
Xy | EASY HAE | int | (1=85] §iS, 2=8l= H, 3=E&, 4=0 = JUS -
5=0tF B8)
X 238} - - St g7t 25t ofrdiE Sl (1=818, 2=1~28]
. = = U = = = = -
oM a4 3=3~43|, 4=5~63|, 5=7~83], 6=93| 0|4
X, EEAGES ret | S E[2 O MEH(1=E|2, 0=E|2]| O}) Go[#He
==y=1|
=B ~ CHOI2 A0 |ZHE ZI=20| 2AME AL
l:ﬂ_/'\_ )(5 %!—?—94?; move ol'llilaF O:J_-H_ |—\01| “ H T=29 0o | (=] oT EID'EE_,'\_
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X (o sex | (1=, 0=04) G0
YR IPAS
¥ e e (1=1502t O|gF 2=150~3002HH 0|2t )
! - 3=300~5002t2! 0|2 4=500~7002 Ok
5=700~9002t 0|2, 6=9007+ 0|4
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X HAISH price | -oojey -
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Atglth A% - AEOIFE 63.6%7) Q?‘%FO] ol Ao W Be 2209,
H S

=
3t A EE PA]o] ke W0l 55.5% 2 UEldth g 97t 23} - o
A
2

Al dhet o
AT S B 26512 et B4 ol 77657 BAS 34 g 4

= 3
o). QFolgre] Hato] 052 Lieht Aubare] ofgro] Lhehgth AW HEE 048
R o] guto R uehia, AR 7FRASS 2783100902 Uehgth

(H 4-3) Hy J|1= SAHZ

N 2|2k Z|chgt g BFEHAL

Hs - HEAS 272 0 1 0.6360 0.4820

SAEY 2= 272 1 5 3.4522 1.0298

=8} - O7p4E Sl 272 1 6 2.6066 1.0432

E|2{012 272 0 1 0.2243 0.4179

Yol 272 0 1 0.5074 0.5009

4 9 272 0 1 0.4853 0.5007

E = 272 1 6 2.7831 1.1656

AHA =M 272 10 70 39.7426 20.4995
Likely Ratio 97.994
AIC 359.784

EZ2 5 272

3. 25=EMZn

—

O
I

2 AFolA= CVM % Sl BAkl AR Fosdel 24HUS S 7Hst
of A4 dd=(EANE AF=23 2F(Linear Logit Model)= Ol%’fﬂoﬂ TS AT:

2|2 4 AEAREp e 34 A 7FRA7} 9lch(Hanemann, 1984). 941 F2FQ| & A A &]
= 79 pYUE 0olA FR7tA 2 2 E = GE FAHAR AEYAFHY Bt
(WTP mean), = WA FA9|2 AA &= A 91219 S4S Ueh= A3
AT SYIWTP median), VPA|RFO2 oAbz ofo) Hdotd ot gh(WTP

truncated) & o]-§-5H WHolth ol AAEL Fo sUL Fagk 04 E Fogk

- 290 -



max BI7LX| 0] WS mefste] A4kaith. & 2ABEES HojAATAA ALA7]
31 ool elE Aelst #olch
AN Folo] e AT FUEA Ao YT YT FHe theo] <u

4-4>9} k.

(B 4-0) MRS FUST LF0| O3 BHZY 23

7 2475 B3 4 2
turn 0.3375 0.6360 0.2147
int 0.2661 3.4522 0.9186
cnu 0.2965™ 2.6066 0.7729
ret 0.7279" 0.2243 0.1632
move 1.2602"" 0.5074 0.6394
sex 0.5285™"" 0.4853 0.2565
inc 0.2337" 2.7831 0.6504
M -1.6633 - -1.6633
Al(er) - - 1.9523
H|A|2H(3) -0.0583" 39.7426 -
WTP B 35.7646 —(1/8)*In[1+exp(a)]
WTP median 33.4880 —(a/B)
WTP A} 33.8361 —(1/8)*In[1 +exp(a)]/[1 +expla + F*max.B)]

F) * ROURE 10%, *+ RIASE 5%, <+ RAPE 1%

ANE WS F o 2rr 23 o 7T Slxonw), Bl o] R, AR o] 24
A A9-0] A3olHmove), A Hisex), AT 7 FAE(n)o] AAE ool me
AFolgrol] of(+)o] Fold AT ulA Ao ek ®ak AN A5
olgko] 209 folF AT AT = Ao HesE gFolgto] & et
ek
Al 717 A BOIAEHWTP) S 243 A3} WTP o] 3576469107 249

5) 2 A9 max.BE 707Ho|Th
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11, WTP median©] 334,880¢ 0.2 L}el o, WTP Achglo] 338,361¢ 02 e
ok Al 7HHo] mE H|2EA treb.

V. ok ul 75%

=T X

A% A0 AR Qlste] EANIES] ol gl TS 9lste]
o] B0l ol w ek Hlolu|Fu] AT A FFY A AT ol
12 glotel B9 - FES AFT 5 Uk B4A oldo] Bas

o o, jalof, ARo|A Sebetutt WA AFHAT 712
AL AHEA ] o =3k o] ulste] Seubehe AR ANl
MO 20074 A7)E FER o|Rol2 A9t A AFY AN F
Hsgolth. B3 20109 2w 2ol U I FER Ao AYP FAs
glek. o] wiste] A AT TP W ABAGS e U el ek A

ek &7ko] e AA otk

o]

BEAYQ Aatoll AAE FEsol 2AEUNS B AAE A+
tH(Contingernt Valuation

Method) 2] 3t Wl TheloFEAels 2 (Single Bounded Dichotomous Choice)-2-

olgsteieh. I Ank chewt Y.
HUGEANY AEUE o] gt PRI RFA Uehd A AT
ANG T2 AFol thet ARAFAS 33836190 hehuteh
o3t BA AL A o] AP FLEHS 2HFAS AP BT =AY
H2L sk ol SolA BTN AT
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AAE, oS 2ARANEHEE o83 Baby Aol AAA A

il [e]
A7 TZHPA R o, 13(2): 137-154, 2009.

Aef<t - o] 73], “A g4t HFY R A53HE gt ol8 S A BT
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At - 2A8 - 92 - Hg, AN sl digh anrt As 247, e
A - WAL, 36(3): 795-809, 2009.
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7P, FREA B, 454): 129-144, 2010.

FTEANEH THEAISY, A=Y EAR & A B A, 2011
TENZH, TAAT 7HEsd 9 v Y, 2008.
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A AAE?, Te2A1E, 12(2): 75-85, 2006.
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AD%, “FEAYY 2ARMAESAY SEHAEL] AFH AHEA", "4 - TH 7
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ADS - WA - A19E, “ouletdd AL 8 CVME] B4 A <F A THA", T2
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dpojgt - QrE ™ - Bt

1L A =

4 g o g2l AeFAgat
e A% el W2 MEEe =t AR SAte ERse U A0
U= RAARE, 2 Zolls 7IokeAl s vty A4 Sdoll 24& 9y S22 3
FEE AE Ao digt AbelE Aol olAaL vk F T vi=ollA wRkt
o] ABE A3l wE2 ALER SolA eRAbel=2 BiteRe] e woke Wt
= FAsHA, 2ARHALAE F3FRNA BtER BulE Al e
e AE =Rl g5 24e % Bl & + Atk

vj=re] Al wiRhele2 dA 35.7%%1H| vl= wad SR2EA8AT4 o7 1A
FERQ] I dto] wham 2030d o= 2% 8 ST Aoz AYEA ok B3 A

HAFAFD7F 400] AU AFo] FES oF 45kg oI =& FFHINEAF 20304
of WA A2 11%5 2|5t wlghat P o] olgu|w 549501 Pl Lol
Ao oA=L 9lo], ulke] A AZAFe] FA7E obd R HA19] AFE]H o]
F7F F3L QUck. o]@jE o] f-2 u|Stol| Al vkt ool et AT st 13

* st AEAUAAST f5rel
o st AEAUAA ST Lo
wor ejofoti A EAFUAA ST g

1) A AFABody Mass Index)& A F(kg)E 719 AlF(M) L2 e gojtt o= 7H-ZA B A2 A
AL shu, Blad HsiA AAY HEE v = 3o 7MY wWol o]&H = wintk Aotk A
FAa=7E 20 vgkold AT, 20~25¢ FAAF, 25-302 HAIF, 30 o] A2 HITh 35 o4 amHke
2 HErf
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oata g 220129 79 59 A 1342012-2016) FRIerpe] 7] HA 8 S
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Ut 224l % odopd 7l HEst Alge 10%0] Balsxul, el 0% Hlutel] o
Sl = wnSe) o Bad U AN BAv} Azt szolatn dk =, o)
o) W Al RE, odoka A3 ERd, vjulg 27 5 2l goFnest AR o
A7) 7 Qlo] AR FARAAE A shelm, Fulo] A% S FAS 9T
Qo7 gopptals Aste, Gopute] AT WexA), AE FAI9 g A
o] 7luto] H Gel JopHHzIR Al - ANH 5 Gorwre] Ae] Aue vl
the wgolt).

oaifel Arjole] AT FUYBSRe] A%, oo ANBE Tole 27}
o] @olu} g7 Aol FAAoR Qla oAuFo] HH EolA T Atk E3)
Qgolal 9] A Bl 3 7] oS FAlolu 9j4le] oEsla glrk FAH )
NAEFRAL ATfo] W2w Al AH 94 Au]xZA S 19881 27t 2,550910]
A 2008 284t 1,875¥ 02 11.58] =7}3F vbH, AlgZH|= 1988 169 2,827 9
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o AFgA o] ofdzl ARG T 22 ddHE 2 o2 oddn o
A 2 delAe 22 A3l dFAIRE ol Sote] thE ABHes A
Al AEHste| wE 22 Ao el Selste], &5 Mae dofE A}l Stk
R Aol mE 2R HHFE a5 ZA=2e Y wAek vlseiAl o
g dEo] HH 2R AHTE dad AR ot meka 4 (2) 222 A
drottzh dg el Als Mt 259 Al Mg FUiste] 24T Zlolt:

N
N, =6, +5, Vi — B, Y]
AN,
., B
Y, =|— =]
283,

o

Al Q)ollA L= QA7 WA = Qe WY 9% T AR W
of Qb oR 2ATHE AAASUOL R EAS biasE $UoHE emo] 24
SHA Tk ujehd B =Bol At U44Endogencity) BAIE FAISH] 15 7
HEZA O 2 AME-E|= E LS o] 8351 24| =4 (Two Step Least Squares)= 1x}4] S
2 A=shal, FEIANA S Aol o8 BT 4= U= A& A9 EAI(Sample
Selection Bias)E E£4|5}7] ¥3dl d|=Z9t X & (Heckman Selection Model)3} gy} 1
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% (Treatment Effect Model) #748 Aolck. Z, WA B80S ok w4t
R A" HolE BANAS W 1 A ;
1EAol A A 9)4jol ol i3t 4R TS probit P o]-§ko] 2k, ol &
Al

o]83t Pr(L, =117)= #(Zy) 25 ¥

ko
ofl
1o
N

4) h, = ¢(Z,7)] & (Z7) L=1
—o(Zy)/1-0(Z7) L;=0

]
5 F4%ct AR 4 )4 OLSJ HEQ
3}

A AR A2 AdFe) wAe Alte EWIL=1)- EWN|L=0) 2 54
o = Sl o7 BEWIL =1) 2 Y8 QA RTL =2 AFEe] AR HFHE] 7
AEE ulst, EWV|L =0) 2 A% E= A, o7 HIFE 51 13] o]} 94
St Abgro] ot 13] u|qto & shA | AFEe] AR 43 7HEES ofn|gth
et A (9)F olgste] U e4lojRe] aitE AL 4= Qi

(6) E(N,|L;) = BX;+ 0 L,+ poh,

7) E(N|L;=1)=BX,+ 5+ polo(Z~)/ 2(Z7)]

(8) E(N|L;=0)= X+ pol— ¢(Z,7)/1— ¢(Z7)]

) E(N| L, =1)— E(N,| L, = 0) = §+ pole(Z,7)/(Z,7) (1 — & (Z))]

Aa} BAHOR GoaH 9 i o AL
5ol o) UM 94l sl Aol Zze) A 9 o4
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o Zrme] HAFY AolZ T F, T 1k9] Zfol7k 03} L R =
Aolck. whof o] ARALE 7|25t Fatthyl U ojalolio] wh Zae] Y
of ofsh Eut Gl Ao B 4 gck

ke EEL 2abste] AR Gl FUALALEAL A 57] 1AHAEQ010¥)
SUAGGERAE 19694 ol F WY AAE FvlgopmAlet
A7 u Bl A WE RALE U A0 19984 A 17] %
A7t ool Hk. 27]o 31 %72 AWETI} 471Q007)FE A £A7} o] 2o

Aol ey, WdARE ofyt AR ITE=A =T T L 1E T BHE

o
(o))
[\S)
s
2
>
L)
moye

2 QA A EEA], EASA 2D, 54, A e duht A
sh=Alo] thet A W&ol 199817 FE ZAFEIL glo] U LAl iyt A=
g A3l vX= 'R AEgst Aos s

SUNAZQFERAL AR AFAATRAE QERAL HARAIR FEE=d AYo
5 ARloARE AREs HeE vl wet RS 194 oo ® st
At Aol g8 XE 9 F3H SEAE EAUATNA At & E4lof o]§H
FHO| L 53]127]0]t}

<3 1> U QilojRof whE ZRe] 9 gL HHHY By 22EAE Y
BRIz 9l N7 D ERAL 20100 4= A QJAloj e 7714] 7He|aLef& &
gto] GobAl star QAL A2l &3] AAIES] A shF g7 o]AhS Ao 3
Ash= A& dehste] &2 AtolA= YA1E s 13] o)A sk (Y 4L st
= APE L 35 BHEE QS K] Ye APE 008 HEkst

1

o] Zl(dichotomous) H4E

& AR SR 19%0|H, & A2 L

9L 78g0|n], AHFS 39g, ZAA S 1231mg/dl, ZZ Y AHZ

o 5013mgo 2 Uehgth 9 AL st AFRS AW QAL F1x] o Ak
H

Hle FE =, gdtE, A, FEULHE, HEES AA At e A



(H 1) ¢4 AoR0 WE ZE2 Y YA MAe| WA HFEHK|
| U oMBIE FR | YE QA Qe EP
10 1 (5,312%) (993%) (4,3199)
M2 71E
R EEHAL R HEH} R EEHA}
o o
(3;%;'?'2: N 0.19 0.39 1 0 0 0
Z2222|42(2F (kcal) 1,992 857 2,411 1,055 1,896 773
EI3H2 (g) 325 122 353 136 319 118
28R (9) 7.8 5.8 8.0 5.2 7.8 5.9
Al (9) 39 30 56 37 35 27
Z42|% (mg/d)) 123 108 133 114 121 106
ZZAHE (mg/dl) 178 57 180 45 177 59
LIEE (mg) 5,013 3,273 5,971 3,716 4,793 3,122
(E 1-1) o8 2A0R0 WE 22| ¥ JY4A MFTe WA HFEHINEY)
23| U oMete AR U 2Alg oot 2R
190 1 (2,173%) (675%) (1,498%)
Yzl 71
B HEHaL S HEHE} g HEHA}
27+22|M2(2F (keal) 2,386 971 2,645 1,083 2,270 892
g2kE (9) 366 126 378 133 360 123
Z24% (9) 8.6 5.7 8.6 5.2 8.7 5.9
21 (9) 47 36 60 39 42 32
24214 (mg/dl) 149 138 153 128 148 143
ZZAEIE (mg/dl) 178 54 182 46 176 57
LIEE (mg) 6,052 3,554 6,654 3,871 5,780 3,368
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)
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[
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s
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ol ~ a0 3£
— pabed — o
0 | O E| W
O RE XD |
ﬂ_ y x|
i)
U HU

A

A

5

o)

514

°

]

.
HEES U 9

4
|
LIES (mg)
Al
=1

[

2

E
=
S

<]

1 QA1 Fl= Algho] H|FEL 31.1%¢] vt

[e}]
=

3

A
10.1% 2 FAof H]

An

i S ek ol o

9

L

T

<+
on

ol

| 222 d3Fel gds] w+=

5

o A

1,800~2,800kcal &= 55

& Z2e] AT 1,719kcal 2
FAFES <3 3> AA|

=
o] 9lrk. AW Hulo] Bgto] 0.410] LR o Hugo] AHom

QLN

o

\

e 4291 1,800kcal g>Zo|tt.

T

= 7% 2,500kcalo] ™, o4 9] ¢ 53kg7]
2

°

F= 4% 2,000kcalolth. Sajute} of 4o

°

713 2,200~3,500kcal & WESER A7], np2ely], W, =8 s

=z =35 o
‘6‘0%02

of
o
B!

ol
HH
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HI a2 50334101, gk 924, Ak 19A4o]th AFEX] o] FHAJo|H 1,
OgA] o 091 X g0 Hutghk2 0450|H, 55 H49 A4 0.772 5
o Aol AR HB0l BRE G 4 Aok MASES 2652 FEH 1E Aol
AEo $29S & S ek o] FFAYo| k7] Wrel oz melrk
(® 2) 0|2 7I=¢ Ha Y 2 J|1s8EA
CIES W4 A0 O AU Ha | EEREA| 24 208!
g (sex) ME (IR} 1, 0421 0) 0.41 0.49 0 1
A (age) ard24 (3 194 OfAh) 50.33 16.36 19 92
22 & (marri) | 7|1=0|H 1, O|=0|H 0 0.88 0.33 0 1
A= (region) HFZ|H0| HHA[O|H 1, OFA| ¢ted 0 0.45 0.50 0 1
i SS®(town_t) | HFA|H0] 0| 1, S/HA|Y0|H 0 0.77 0.42 0 1
ol WF,F0| 2 O|5t0|H 1, S20[H 2
—|O _% 1
ol WE4Z(edu) 22051 3 Cf=E OJAO[D! 4 2.65 1.17 1 4
__I.L
2 7ttdg=(cfam) | 7HE(E) 3.27 1.31 1 10
Mlches MIEHT-440] 1MIEHOIH 1, 2M|CHOIH 2,
i (genertn) SHCiole! 3 1.86 0.64 1 3
o
MICHE™ 1
MCiTLA40] TMCHo|H 1, 13| o™ 0 0.29 0.45 0 1
(genertn 1)
MNICHES S
e 2 MICHA40] 2M|CHo|B 1, D%2| 9o 0 0.57 0.50 0 1
(genertn 2)
MICHES S
w2 3 MICHA40| 3M|CHO|B 1, 22| o™ 0 0.14 0.35 0 1
(genertn 2)
HRIAS4EQI4 _ _
HL. i 5t 2. &5t 3. 24 4. A 2.50 1.11 1 4
(incm)
A
ANE
s | TPESARNE | o) 253 2m 4 4 259 109 1| a4
(ho_incm)
J17AE@ing | FHAVIFEAS(PH) 387.19| 610.43 0| 9167
HZ= =]
RO | zsoe 1) 237 tewl o 053] 050| o 1
2| (housewife)
25| AxasyE o
ECT) ZHEES ot 1, 12| %W 0 0.58 0.49 0 1
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4 7 ek W@ | BEEA| 243 Z0RE
aEARYRe | .
2R/0] U=T 22| ofoH 0.24
(hypertension) AIEYO| o 1, AFA G2F 0 . 0.43 0 1
YaERYRe
(diabetes) Yo AP 1, 22| e 0 0.09| 028 0 1
Qi
(pregnancy) W S0l 1, %Al 0 0.01 0.09 0 1
mpi pgey | TSl TR CEt 58 He
(subheatthy | (- Oi® S5 2. 5 3. 25 4. U 286| 0.89 1 5
2 5. 0§ L+E)
4 ESAst_o% oo
AOI' (LQ4_00) %‘%7\‘”?_"0' 9}'\ D\_:| 1, j.EéIZ| (E%"_?j 0 013 033 0 1
EH _
MOISHSAHIGIALR_ | ESAHGAIR7E SHo|H 1,
SRE(LQ4_07) | O] 94e® 0 0.00 0.07 0 1
MOISISAHIGIALR_ | ESAHGAIR7 DEY0[H 1,
DEEONLQ4 08) | Oz e o 0.00 0.05 0 1
MOISLSAH[GIALR_ | ESAHIGAIR7 H|THO|H 1,
HIZHLQ4 21) | Oz ¢ked o 0.00 0.03 0 1
2P H[FOIAl ARelel A Yol| cist 5 A=
(subbodytype) (1. 0§ O™ 2, o7t OIE™ 3. BE 3.27 0.95 1 5
4. 97t H|Gt 5 Of H|TH
SO E o e
(tobaco)T 32y Eoistn QIoel 1, 0%3| ges o 0.19| 039 0 1
ba 192 S
7; ==l (1. 212 17t M3 ORA|Z| 9Tt
2t (drink) 2.2 13 ojor 2. 2 19| HE 4 2 2-43 2.91 1.65 1 6
Al 5. % 2-38 AZ 6. F 43| 0|4
=ct 225 ozoa 12U7E AHS MAEsUS
20 To2 = =
(hardexercise) (1. M8 3k2| %2 2. 1¥ 3. 2¢ 4. 3¢ 1.87 1.69 1 8
5. 49 6. 5% 7. 6 8. 7%)
AARRRIY | AL 2YTRE 6712 2% 22 FR
(Regular_meals) | 8t 7/2t= QF Bigje® 0 0.70 0.46 0 1
i: Alo|Q-0E
= (N_Diet) A0I28S oft 1, A%Al B2@ 0 025| 043 0 1
U QAR | 5IR 13| 04 QAlg BtH 1,
(eatingout) 52 13| 0|9t QA F1H 0 0.19 0.39 0 1
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G B4 0 9 A BR | BRMA | 247 | 2R
IHE3t B OFEAIAY 71Z3t 3| OFRIAIAIE RO 1
oS BR_FAM) | 22| 9120 0 0.58 0.49 0 1
Al
o PIET B2 BAAAL TIET B ZHAKIS BoW |
AH
¢ I oI(LIN_FAM) | 2% 19t 0 0.31 0.46 0 1
123} B HGAA 21EDE S AL RO 1
o=l DN_FAM) | 2217 otest o 0.70 0.46 0 1
R 2 I
4 (HE BV {21222 (kg /) 23.56 3.36 14| 43
Al SR e
N (HE WO) 5121S2)(cm) 81.04| 14.03 52| 798
19 zi=23] _
NLEN) 19 2t22| M2 (keal) 1992.26 | 856.77| 134 (11509
12 AYEHT | 2|8t M2|2HQg) 38.71| 30.18 0| 385
(N_FAT) = o BTIs\g . .
ol EI-/\; 2
12 Ersts 12 ERABIE M2[2KQ) 32516 | 122.09 10| 1196
o N_CHO)
L—I 1C)E| ig% ol MO Mz|2F
N (N_FIBER) 12 RAMQ Mz|2Kqg) 7.81 5.81 0| 131
al 18 LHES ol LIE2 Mzxz|2E
al (N_NA) 19 LIEE 4%|2H(mg) 5013.22 |3273.23 26 53699
& ZZYAHE -
2 Z2rEB . .
or (HE_chol) 2 ZYAEZ(mg/dl) 177.83| 56.60 0| 431
AN
= | HDL Z2HE
— 2o AH2 _ ,
(TE. HDU) HDL_Z22|AE|Z(mg/dl) 4988 | 17.47 0| 116
HDL_SYAHIE -
oy SR AE|S (R . .
@A), HDL 19| T2 || AE|Z (3] (mg/dl) 4489 | 16.62 0| 103
2470y “
Z M 7|8t
(HE_TG) Z2|8mo/d) 123.11| 107.99 0| 2774
SR 2 ML | 2HRPE SEAs 220l SHHLS0N
el (restaurants) | (42 EAH EAHASAZAR) 46126 | 29625 | 6294 83244
7H-AY] Hatgh2 327100, JHRIAS 4894 Halghk 25002 SIS o
T AL, YA FAELS 387dolth. HAE-FATE O thek Hu]H 4= 0.582
et} 58% FL7F AAE s sk ATk 58 HE(A Wf £ 2. £ 3. B



4. U8 5. o W) 7108 Ao A7 SH ol g B el Batgl 2.860 2 B
ol 7P ARAlel Aol Higt 53 A x=(L. vl vpEE 2 a3

oFZh wiwt 5. e muh o] ke 3277 HE HFo| A UEHth 48 &5
< ool oh=AE 87 shE IR ol gk 1872

AeA EFE S A= YEbTh

SAAsl T o)t of ,o%xuau} wxm £ B, A
ol AT, 1hmo] i ©
=

Zo] £& AFURE, B

4
.

ol
fof
J:i
ofy
2
)
o,
__>PL‘
m (
o%
o
&2 o
rE
4
2

&y ]
B} 0195012 = WA S epatet. A el ﬂom A} SRS
S

£ o o
>
2
4z
N
i
lo
s,
(0]
HU
_\:
o
a9
rr
fin}
o,
rr
>
o
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.
&

zo
oo

©

o,
1>

=2

12
o

e

N

re

>

ot

(# 3) ddH AR of chst =&+ FH(Probit) Zot
il & A . A=t
=8 &
g = -1.39639 0.000""" -

A e age -0.02076 0.000™" -0.0039
S £ sex 0.684229 0.000™"" 0.139501
d4=0% marri -0.39325 0.000""" -0.08788
A o region 0.102847 0.04™ 0.019474
==l town_t 0.332633 0.000™"" 0.055975
ol = edu 0.085113 0.004™" 0.016004
Michd genertn -0.02777 0.517 -0.00522
HEDIAS ainc 0.00034 0.000™"" 0.000064
HATIAAES| H&F ainc_sq -3.73E-08 0.002""" -7.01E-09
ZAHES0E ect 0.845697 0.000™" 0.148506
o2 SHAE tobaco 0.077138 0.19 0.014932
=3 Bl drink 0.039682 0.014™ 0.007462

=g A8 22+ hard exercise -0.00177 0.896 -0.00033
A SAE Al restaurants 1.58E-06 0.046™ 2.98E-07

Pseudo R’ : 0.2562
2 wwn, xn, 22 202 1%, 5%, 10% ROISEY,
5.2, Z=22| Yol chet +=2ete+ FH At

Az AFEl die s

L =z]
=

Two-Step Least Squares+— 4

T, FRNE BEe) B

4z
}01'
fu
e
Buj
L
lo
i)

P
ilfy



o Masith Ee $A A%, At 4245, Aolane
AL AAE She A%, SFRUES 2 Ao, AT £5E she Aol o
W 9|4 sl Abgro] ZEe HFFol W Ao vehyrk

2THA 4 X3 (Two-Step Least Squares), & 4] X & (Treatment Effect Model), 3|
A9k 23 (Heckman Selection Model) =4 A] A1 (1)} A1 (2)¢] AHHSZ R 1THA F
A4 A QAo B =g Tkapof| XY o] FAHPAE o] 83 =t A9 54
AAAF W7t & BPoA SAHF SR [-o8HA Yeta] HA3t AlEHAsE TuE
ot 299 SAH A= e Y QAo Rol= IATE QAN AR HHEF

T A7) glo] B 2714 279l Hel(relevance)2h )44 (exogeneity) S

s}
f

WA BAIE A e 1A dudo s A8 s ETHSE o83t 25k
ZF2(Two-Step Least Squares) A& o< O

3ol thgt Hujset 9 oo R S EE
ool fFASHAl Yebt:. AAIE-s of fof digh Hud
s} 25H 2HAE go] BEo|T BAHOR &
o sl ojulg Rojal] ol Aom B o] Wt T OLSS}
2HA oA Ao HEs FHe FFem XA 28A] Aol A A2
EA4 fol4go] gl Ao UERIThOLS AT LI | 2.

AL 2Q)olA A YA R(L)7F AFAE BEE 5 gle Wese] IS He U
A AL E2 Adgo] s TAY 4= e EE2AE O (Sample Selection Bias,
Non-Random Bias)E E4|5}7] €3l 54X (Treatment Efect Model)¥} 3| =27t
23 (Heckman Selection Model)S A3}t autEARS A ATNE 2014 =4
Aztel vlwatn, Ase] REl Axeln 2o BAH Foldo] ALY 25t

A ZRATAE BAHOR oA 9 Uehd AAF, AEIR, A 9

L
i,
S
ne
e
1o

>

3

Aot M7t AEARY NN SAA R FoloA FHEAT 28 & =&
A BAE 2 e Bl dE AR R Al A7) 284 24 Al
7



Mugnrh 15, 207 2Rk 570 24 dErdon] 10% $olazld &
ot Aoz Uepgth dlanke mRAEHe] EAS AekE Waomited variable)

FAZ Hske] Inverse Mill’s Ratios F=7}5}
o] A<l p7) 00]2k= AF7HES LREIAER 23, 1

o J|zbsloa

= 2] En

Al

4 (D3} 2)9] LA
Folzo A AR

dojof ofslf TAHEH xRt AuAATE ST A=

==
ofm)gtet.
(® 4) Z=22| Y3l gt =238+ =Y
g & Leggoézteapres - Heckman’s LIML Treatment Effects Model
2E A E Zze Y AR Zz2
g+ 2050.835™" -1.37702"" | 981.7711 -1.39639"" |1535.805™"
o ! 6.169662 | -0.02119™" 4.849192 | -0.02076™" 8.281394
AZ9l Als -0.13622™" - -0.15176 - -0.18131™
g4 4 4248477 | 0.687109"" | 397.96 0.684229"" | 491.1436™"
(7>_H| 2208 123.4071 -0.35843™"" 282.3356 -0.39325™" 102.3862°
i A9 -24.9027 0.069253 -81.4101 0.102847" | -17.2204
- =l -84.065 0.313057""" | -122.23 0.332633""" | -46.5725
a g -18.1019 0.075785™"" 0.653405 0.085113™" -6.18453
MERe -59.8958""" | -0.02564 -63.3511 -0.02777 -62.7114™"
HYAAS 0.169485" | 0.000397""" 0.093653 | 0.00034""" 0.198905™"
g HYDHLS Al -2.3e-05"" | -4.56e-08""" -1.6e-05 -3.73e-08""" -2.6e-05""
BAESHE -102.084 0.790715™" | -163.631 0.845697""" | -6.89146
i"': Alo|2¥01F -145.997""" - -171.125™ - -146.717"
% THRIZQI AAL 284.08™" - 346.2871°" - 285.4213™

3) E(]\[L|Lt =1)= BX; +E(Hi|vi > Zﬁ) = PO,

A (=

o

Ratio[¢p(— Z7)/1—&(— Zy)]°]3l, B, unknown parametero]th.
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" n Two-Step Heckman’s LIML Treatment Effects Model
— T
Least Squares | o1 ojmot | el | ud oMolw | z=e
F2HA A YIAl -5.28415 - -10.3365 - -6.39822
A oA SRR 19.35383 0.100566" -72.3729 0.077138 9.475099
g S = 21.27" 0.043241™"" 51.09987 0.039682"" 27.33145™
HH5 254 20.1136""" 0.003211 5.297032 | -0.00177 19.91688"""
e SAlEE= - 1.81e-06"" - 1.58e-06"" =
UH QAR 226.1726 = 1508.69" = 603.6268™""
rho(p) - 0.977549 -0.35298
sigma(o) - 1586.641 760.3349
lamda(\) - 1551.019 -268.383
= o= LR chi2(18)=387.49 Wald chi2(31)=2571.88
5y Hge 2 = ) .
RT=0.2415 prob > chi2=0.0000 prob > chi2=0.0000
Zow, wx, w2 2U2E10%, 5%, 1% $E0IN ROl LR,
(F 5) Y Aol Wao| £ Zut M
Two-Step Least , Treatment Effects
OLS SeUETES Heckman’s LIML Model
UH 2|40 .
Eaizlﬁlo% 153.615 226.1726 1508.69 603.6268
T O

Tk, wx, wxx2 A2 10%, 5%, 1% SEOIM FOIRS LiEH.

LR A3 Fagield 9 9yeln Wi 24 An Yeldt &

94@ o7k 2R e] AP AL B HAaASUOLS)O] 7+
FARY, AVEARY, HAVRY 0 etk Z, @ OLS
74 éﬂ}lﬁt‘r WK EAY BAR Rl 2 Sldein A% 247 | A,
WY BAISH REMYRAT BAT RF9 Ad 4ol ARl 2HH} ¢
7)) vheksieh mreba] Ay BAISE R AE e
5, U SRSt AR AT TN 23S 3
453 1ol Fvhael w19 ZRe) Yol Frkskn U

<# 5>=

2},
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4y ot
fu

o

ST D I s < 59
Yy
&
|
o
o
_O|L
2

o O,
I
i
o,
rE
o
rlr
=
o
>
N

(keal) (keal) (keal) (keal)
2,367 2,616

2,467 2,200

2,362 - 2,614
T b 2,612 } .
2,357 ;’.— ; 2459 i 2,195
/ ' \\ L 2,610
7 \ NG| 2608 2483 -
EIENDH \ - 2.606
C Es 2,461 +
25t = | 260 a6t 4 , \
=3 -
(22%) \ | 602 2,185

2,337 \ ' 2,459
L 2,600

- 2,598 2,457 - 2,180

2,352

254 *Jg L 2,190

2,347

2,342

2,332

2327 L 2,596

2322 -— 2,594 2,455 ——— 2,175
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ABSTRACT

The aim of this study is to analyze the effects of climate variables on the produc-
tivity of rice and garlic. In order to estimate these effects, we resorted to a semi-
parametric model: a penalized spline model. The model allows us to identify
flexible relations between climate variables and productivity. In addition, we used
CART to detect the most significant variable among climate variables. According
to the result, in yield of rice and garlic, the relation with temperature turns out to

be nonlinear, while the relation with precipitation is linear.

Key words : climate change, semi-parametric analysis, penalty spline regression,
CART/(Classification And Regression Trees)
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