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The contents of abstract in this dissertation:

Multiple peril crop insurance (MPCI) products seemed inefficient for
actuarial performance because of vulnerability to moral hazard and adverse
selection. Thus, the area yield insurance product is suggested as an alternative
to MPCI as it is reported to be less vulnerable to those problems. Under and
over rating of premium always remained a problem for the lower
performance of crop insurance. There was none of research of insurance
premium of agricultural production in Nepal. The objective of this study was
to accurately estimate the pure premium rate for the area yield insurance of
rice, maize, and wheat in Nepal and to evaluate its performance.

For this, this study applied yields data from 1990-91 to 2010-11 at twenty
districts for each crop. The districts were selected if the cropped area was
more than 4000 hectares for each crop in 2010-11 and the highest coefficient
of variance (CV) of yields were the top twenty high. Ordinary least square
(OLS) and quantile regression (QR) approaches were applied for yield



prediction. The maximum likelihood estimation (MLE) method was used to
estimate the parameters.

As a result, Anderson Darling (AD) test statistics showed the Beta
distribution fitted well to OLS maize, QR maize, and QR wheat and Normal
fitted well to OLS rice, QR rice, and OLS wheat yield series; Lognormal
showed considerably least fitted among the five examined parametric
distributions. The study observed smaller premium rates compared to the
previous studies, i.e., mostly less than 1% of liability except in rice at Banke
and wheat at Mugu district. The results showed that the probability
distribution function plays a significant role in generating premium rate
difference as the Beta distribution was observed to be significantly smaller
premium rates among fitted distributions in contrast to those in Lognormal
distribution. Our study could not observe any illustratable premium rate
results of non-parametric Kernel distribution in comparison to other
distributions. The significantly larger premium rates were observed with QR
yield series as compared to OLS vyield series in maize and wheat. Based on
results, QR vyield prediction approach may generate a larger premium rate
than the OLS approach if the yield series is fitted well with non-normal
distribution.

The area yield insurance contract was found successful in reducing the
yield risk rice, maize, and wheat in Nepal. In addition, it also generated
higher certainty equivalent of the revenues (CER) with area yield insurance
contract indicated that area yield insurance can generate better welfare of the
farmer in Nepal.

Keywords: area yield insurance, premium rate, quantile regression, OLS
regression, parametric distribution, non-parametric distribution,
Nepal
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1. Introduction
1.1 Statement of the Problem

Risk issues in agriculture have been discussed for years. Yield fluctuation
Is severe in agriculture since farming is exposed to the less controllable
external environment. Variations in climate, disease and pest make
agricultural production uncertain. The influences of such external factors can
hardly be avoided; therefore, there are concerns on how to minimize the
effect of production fluctuation. Among the risk management tools, crop
insurance is considered one of the best tools to minimize the effect from farm
income fluctuations. Many developed and a few developing countries have
been offered crop insurance contracts for their farmers. However, crop
Insurance contracts are yet to develop in many developing countries.

Many problems are explained for the non-emergence of the crop
insurance market in developing countries. Firstly, the crop insurance industry
Is difficult to sustain economically. Past experiences of practicing countries
reveled collected premium in majority cases were lesser than the indemnity
payments and the administrative costs (Hazell, 1992; Sigurdson and Sin,
1994). Therefore, governments need to invest huge amounts of money to
cover losses for crop insurance agencies, which is an economic burden to
taxpayers in a country. The main reason for this is that there is always a high
probability of crop loss at large areas. Private entrepreneurs do not motivate
to the crop insurance market. As it needs huge government support, the
developing countries are far from the reach of the crop insurance.

Secondly, adverse selection and moral hazard are indicated as major
problems in the crop insurance that may cause failure of crop insurance
(Skees and Reed, 1986; Chambers, 1989; Quiggin et al., 1994; Smith and



Goodwin, 1996; Coble et al., 1997). The problem of moral hazard arises
when the farmer modifies the crop management practices after buying the
crop insurance. An insured farmer applies fewer inputs to get indemnity from
the insurer. The moral hazard problem will be greater if monitoring of crop
management practices is lesser. Likewise, adverse selection arises if higher
risk farmers are highly motivated to buy the crop insurance in the same
premium rate than the less risk farmers. These both problems arise because
of asymmetric information, i.e., insurers will have less information and the
insured will have more information on the risk situation. Both problems are
naturally significant in the developing countries because of the existence of
small scale as well as scattered farms. Monitoring of small scale and scattered
farms is difficult, thus insurers will get less information about risk existence.

Thirdly, lack of proper yield data is another problem in designing a crop
insurance product in the developing countries. The longer the data period, the
higher will be the accuracy of actuarial estimation. Mostly, farm level yield
data are said to be more precise for risk analysis and insurance rate making;
however, they are lacking in the developing countries. Fortunately, area
(counties, district) yield records are available even though it is for a shorter
period.

Additionally, absence of precise premium rate estimation methods is
indicated as another major problem of the non-emergence of the crop
insurance market in developing countries (Ozaki et al., 2008).

Group Risk Plan (GRP) or area yield insurance can be a better option to
handle above the problems (Miranda, 1991; Skee et al., 1997; Goodwin and
Mahul, 2004; Ozaki et al., 2008). GRP was introduced by Risk Management
Agency (RMA) in 1994, but the approach was first suggested by Halcrow
(1949). The main feature of this contract is indemnity payment that is made
based on the realized area yields rather than farm yields. Since the change in
crop management practice by an individual farmer does not influence the area



yields, this insurance product can solve problem of moral hazard and adverse
selection (Skees et al., 19971; Miranda, 1991; Goodwin and Mahul, 2004).
Besides, no monitoring is required for individual farmer’s crop management
and input use practices in the area yield insurance contract. This minimizes
the administrative costs. In addition, this insurance product is helpful to
minimize the problems of farm data requirement since it applies the area level
yield data for actuarial estimation.

Importantly, a precise and accurate risk analysis has always remained an
Important issue while designing the crop insurance contracts (Botts and
Boles, 1958; Yeh and Wu, 1966; Nelson, 1990; Goodwin, 1994; Field et al.,
2003; Lu et al., 2008). The inaccurate risk assessment may cause under or
over rating of insurance premium. In both cases, it can lead to the failure of
crop insurance programs. Among many factors that generate biasness in the
actuarial results, two issues are considered important. Firstly, inaccurate
estimation expected yields will generate the bias in the premium rate (Zhu et
al., 2011; Adhikari et al., 2012). Secondly, the shape of distribution plays
important role to calculate the probability of yield loss and expected yield
loss. Thus, fitting of the yield series to a proper probability distribution
always remained the most important issue (Sherrick et al., 2004). Failing to
fit the proper distribution will generate an inaccurate premium rate.

Crop yields show an upward movement due to the technological
evolution over the years. Therefore, the major issue is the proper prediction
of the expected yield in crop area yield insurance. Application of different
prediction methods will generate the different predicted yield. Most previous
studies applied deterministic regression models (Goodwin and Mahul, 2004;
Ozaki et al., 2008; Zhu et al., 2011), whereas other applied stochastic
autoregressive integrated moving average (ARIMA) (Ker and Goodwin,
2000). Some other scholars applied spline and knot model (Harri et al., 2011;
Adhikari et al., 2012). Although quantile regression is recommended for the
yield prediction in the area yield insurance, it is hardly applied in past studies.

3



However, the debate is ongoing in the literature regarding which
probability distribution does fit well to the crop yields. Some researchers are
in support of Normality of yield distribution (Just and Weninger, 1999), and
others are against the Normality of the yield distribution (Day, 1965;
Ramirez, 1997; Ramirez et al., 2003). Moreover, some applied parametric
distributions and other applied non-parametric distributions in the actuarial
estimation.

Both parametric and nonparametric distributions have been assumed in
yield modeling as well as rate making in the crop yield insurance contracts. In
the parametric group, the Normal and Beta distributions are frequently
considered in designing the crop insurance (Ozaki et al., 2008; Zhu et al.,
2011), whereas in the non-parametric group, Kernel distribution is frequently
considered the best suitable one (Goodwin and Ker, 1998; Ker and Goodwin,
2000; Ozaki et al., 2008). Sherrick et al. (2004) fitted Beta, Normal,
Lognormal, Weibull, and Logistic distributions. Ramirez et al. (2010) applied
Johnson unbounded, Johnson bounded, Beta, and Normal distributions.
However, Gamma distribution has been rarely applied in the actuarial
estimation.

Despite the interest for crop insurance programs in low and middle-
income countries, there are few report on how to apply actuarial techniques
outside high-income countries. Ozaki et al. (2008) reported to yield risk
modeling and rate making by considering corn, wheat, and soybean yields in
Brazil. Governments in many developing countries’ have raised the interest
to develop crop insurance in recent years. The Government of Nepal has
raised the interest and approved the policy towards crop insurance in
Agricultural Policy-2004 (GoN, 2004). A crop insurance feasibility study
recommended the suitability of area yield and weather index insurance
contract in Nepal (The World Bank, 2009). Further, Agriculture Development
Strategy-2012 prioritized the crop insurance under the government program
(GoN, 2012). Therefore, this study could be helpful in designing an
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appropriate insurance products and premium rate making in case of major
cereals in Nepal.

1.2 Objectives of the Study

The objective of this study was to accurately estimate the pure premium
rate of the area yield insurance of rice, maize, and wheat in Nepal and to
evaluate its performance. In order to achieve the overall objective, this study
applied the following approaches:

1. To estimate area yields of rice, maize, and wheat in Nepal;

2. To model parametric and non-parametric probability distribution
functions of area yields;

3. To estimate the pure premium rates of area yield insurance;

4. To examine the difference of pure premium rates between different
probability distributions and yield estimation approaches; and

5. To evaluate the performance of area yield insurance.

As a typical example of developing countries with high yield risk and
absence of yield insurance, Nepal was selected to investigate the crop
production insurance in this study. The crops of area yield insurance in this
study were rice, maize, and wheat, which are major staple crops in Nepal.

The vyield prediction is the first step in the process of pure premium
estimation. In order to predict the yields of rice, maize, wheat in different
districts in Nepal accurately, ordinary least square (OLS) and quantile
regressions (QR), two linear yield prediction approaches were followed and
applied the normalization. The OLS estimator is widely recognized that sum
of square squared errors estimator remains unbiased and has minimum
variance. However, OLS estimators may not be robust in case of data deviate
from normality. Alternatively, quantile regression (QR) may be more robust.
QR may offer advantages over OLS estimators in case of data are distributed



non-normally. Consequently, OLS and QR estimation approach were adopted
in the yield prediction.

To design a successful crop insurance, accurate estimation of distribution
Is important. To model the distribution of yield series, the normalized yields
and goodness-of-fit tests were used. For crop yield distribution modeling,
both parametric and non-parametric approaches were adopted in this study.
The parametric approaches in this study applied Normal, Lognormal, Beta,
Weibull, and Gamma distributions. Kernel distribution was selected for a
non-parametric approach.

After the estimation of the pure premium rates of area yield insurance, the
difference of pure premium rates due to different probability distributions and
different yield prediction approaches was examined. Finally, whether the area
yield insurance is effective in reducing yield risk and increasing the
probability of getting higher income was evaluated in terms of risk reduction
and certainty equivalent of the revenues.

1.3 Outline of the Study

The study consists of six chapters. Following the introduction in chapter
one, chapter two gives a brief description of the cereal industry in Nepal.
Chapter three is about literature review. Chapter four is about methodology
applied during this research. This follows the results and discussion in
Chapter five. The final chapter summarizes the results, outline the
contributions, and suggest the further research.



2. Staple Crops in Nepal
2.1 Area, Production, and Productivity

Agriculture is the base of Nepal’s economy that contributed about 33% of
the gross domestic product (GDP) in 2010-11 (MoF, 2010-11). Cereal is the
key supplier to the AGDP (agricultural gross domestic product) among sub-
sectors. The major cereals in Nepal are rice, maize, wheat, millet, and barley,
which collectively shared 36.36% to the total AGDP in 2006-07. As the
cereals play a major role in the country’s food security, the Nepalese
Government has planned to increase the share of cereal in AGDP.
Accordingly, the target was set to increase the share of cereals to 38.6% by
the end of 2010-11 (NPC, 2008-09). Among different cereals, rice shares
about 55.57%, maize 22.15%, wheat 17.99%, millet 3.87%, and barley 0.40%
(nine years average of 2000-01 to 2009-10) (MoAD, 2010-11).

Rice, maize, and wheat are considered major staple crops in Nepal. Rice
Is the first staple food in ranking, which is grown in 73 districts out of 75
(except Manang and Mustang) districts. Area under rice was about 1.54
million hectares in 2004-05, which accounts for 46% of total cultivated
agricultural lands in Nepal (AICC, 2004-05). The recorded national average
rice yield was 2.98 metric ton per hectare and total national production was
4.46 million metric tons in 2010-11 (MoAD, 2010-11).

Maize is the second staple food in ranking. This crop is grown in all
districts covering 0.91 million hectares that accounts for about 27% of the
total cultivated agricultural lands in Nepal (AICC, 2004-05). The national
average Yyields and production of maize in 2010-11 were 2.28 metric ton per
hectare and 2.07 million metric tons, respectively.



Wheat is considered the third major staple food in Nepal. It is grown
mostly in all districts covering about 0.77 million hectares representing about
22% of the total cultivated agricultural lands (AICC, 2004-05). Aboutl10.75
million metric tons production were recorded in 2010-11 with an average
annual yield of 2.28 metric ton per hectare (MoAD, 2010-11).

The average annual growth rates of area, production, and yields for rice,
maize, and wheat were observed in various magnitudes at national level
during the last 5 decades (1960-61 to 2010-11). The areas of rice and maize
grew modestly by 0.74%, and 2.08% per annum, whereas wheat areas grew
drastically by 11.72% per annum (Figure 2.1). Similarly, the yields of rice
grew by 1.05% per annum, maize by 0.38%, and wheat by 1.67% during the
last five decades (Figure 2.2). Production of these cereals showed similar
growth trends to the areas and yields as illustrated in Figure 2.3. Rice
production grew by 2.19%, maize by 2.87%, and wheat by 23.4%. The
tremendous wheat production growth observed during the periods was mainly
due to area expansion.
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Figure 2.3 Trends of Rice, Maize, and Wheat Production in Nepal (1960-
61 to 2010-11).

2.2 Yield Variation

The coefficients of variation in the national average yields of rice, maize,
and wheat were observed at 17.16%, 12.67%, and 25.76% during 1960-61 to
2010-11. The coefficients of variation in rice and maize were seen modest,
whereas in wheat, it was substantial. On the other hand, inter annual yield
fluctuations were observed relatively higher in rice (Figure 2.2).

Previous studies in different countries indicated that climate change plays
a role in cereal yield fluctuations. Poudel and Kotani (2012) reported that
variation in climatic variables adversely affected rice and wheat yields in
Nepal. They also indicated climate change heterogeneously influenced rice
and wheat yield variabilities in Nepal.

We illustrated the coefficients of variation of rice, maize, and wheat
yields to reveal situation of yield variations at districts level (Table 2.1).
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Moreover, we also presented coefficient of variation (CV) of rice, maize, and
wheat for individual districts in Figure 2.4, 2.5, and 2.6, respectively.

Table 2.1 Categories of Districts Based on Coefficient of Variation (CV) of
Rice, Maize, and Wheat Yields in Nepal (1990-91 to 2010-11)

S.N. CV (%) Number of districts
Rice maize Wheat

1 Under10 10 7 0
2 10 to 15 40 30 7
3 15 to 20 17 27 38
4 20to 25 5 7 24
5 2510 30
6 30 and over 0 3

Total 73 75 75
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Figure 2.6 Coefficient of Variation of Wheat Yields in Different Districts in
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3. Literature Review
3.1 Risk and Uncertainty

There is no common definition of “risk” in the literature. Different
scholars have defined “risk” differently. Thus, the opinion and perception for
“risk” differs among people. The term risk mostly mixed with uncertainty
because it is difficult to separate risk and uncertainty in a clear sense.
Therefore, both terms are used interchangeably. Knight (1921) differentiated
the risk and uncertainty as measurable uncertainty and immeasurable
uncertainty. He explained risk as a measurable uncertain event. In the same
way, Chavas (2004) defined risk as any situation where some events are
known with certainty. Likewise, Seog (2010) explained risk in terms of
probability of loss of a random variable. Besides, other scholars have used
probability theory to differentiate risk with uncertainty. In probability theory,
the risk is stated when the probability of outcomes is determined objectively
but it cannot be determined objectively in the uncertainty.

The risk has a comprehensive meaning in a wide range of issues, such as,
financial, economical, societal, and technological. Meaning of risk differs
based on contexts and situations. In general, the meaning of risk is taken as
negative connotation, such as, loss, harm, destruction or an undesirable event
(Victor, 2004). Chavas (2004) emphasized the significance of risk due to
three reasons. Firstly, risk is important because its precise measurement is
difficult. Secondly, present knowledge of information processing is limited.
Thirdly, obtaining and processing the information is costly. As a result, risk is
the major factor to be considered before the final decision to be made in any
economic activity.
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3.2 Riskin Agriculture

By nature, the risk in agriculture is more important as compared to other
enterprise because farming is often exposed to uncontrollable weather. In
addition, its production process is long and exposed to biotic (disease, pests,
weeds, and wildlife) and abiotic (weather, fire, earthquake, volcanoes, and
others) factors. On the other hand, it is also affected by the volatile prices on
inputs and outputs.

The sources of risk in farming are categorized in different groups. Some
scholars have made five groups and other made for six or seven groups. The
broad five categories of agricultural risk are: (1) production, (2) price or
marketing, (3) financial, (4) legal, and (5) human resource or personal
(USDA, 1997; Hardaker et al., 2004; Kay et al., 2008). Similarly, seven
sources of risks in agriculture as: (1) production and yields, (2) market and
prices, (3) severe casualties and disaster, (4) social and legal, (5) human
management and labor, (6) technological changes and obsolescence, and (7)
finance (Barry et al., 1995). The risk categories presented by Barry et al.
(2005) is more accurate because they included technological changes and
obsolescence as an important category.

According to Hardaker et al. (2004), production risk mostly arises due to
the unpredictability of weather and sudden outbreak of diseases and pests,
whereas price risk arises because of unpredictable input and output price.
Financial risk is associated with leverage that is related to the use of credit.
Legal risk arises from the different obligations and income taxes placed by
the government. In addition, human resource or personal risk arises due to the
iliness of manager and/or workers, strikes, and scarcity of labor at the time of
working.
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3.3 Effect of Risk in Agriculture

Risk plays a significant role in agricultural production and income of the
farmer. Since the tolerability of risk is different among farmers, same risk
may not have same level of shocks to the individual farmer. It affects more
for low income farmers (Hazell, 1992). Risk shocks are disproportionate in
low income countries than middle and higher income countries.

Risk plays a significant role in the decision behavior of the farmer. The
farmer will modify his decision under risk condition compared to a normal
situation. Studies have indicated that farmers will not be motivated to use
marketed inputs in risky farming ventures. Dalal and Alghalith (2009)
explained producers commit to decrease production in a production/price or
both risk situations. Likewise, Pannell and Nordblom (1998) agreed that
farmers reduce the volume of business to avoid the risk. They presented risk
averse farmers substantially reduced the number of sheep in high risk
conditions. However, they also indicated low risk averse farmer did not
reduce the number of sheep at the same risk condition.

Batra and Ullah (1974) presented risk averse farmer utilized lesser
amount of production inputs under price risk condition. Consequently,
productions get lower compared to the farms operating in the price certainty
condition. According to Krause et al. (1995), a positive response was
observed to use inputs in the certainty condition of the expected price,
whereas the opposite result was found in the case of the price risk. A firm
maximizes the utility by minimizing the production cost in the price certainty
case.

In general, the risk averse farmers reduce either the volume of input use
or they cut the volume of production. Therefore, the optimal production
capacity will be underutilized and the cost of risk goes to the farmer,
consumers, and the nation as a whole.
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3.4 Risk Management Tools in Agriculture

Hardaker et al. (2004) broadly categorized the risk management strategies
in two categories for example, on-farm and risk sharing. Information
collection, riskless technology selection, farm diversification, and flexibility
are explained under on-farm strategies. Similarly, farm financing, insurance,
share contracts, contract marketing, and trading in commodity derivatives are
under risk sharing strategies. Harwood et al. (1999) explained farm risk
management strategies as enterprise diversification, vertical integration,
production contracts, hedging in futures, maintaining financial reserve, and
leveraging liquidity, leasing inputs and hiring custom works, insuring crop
yield and crop revenues, off- farm employment and other types of off-farm
income, and others ways of managing risk.

Kay et al. (2008) presented risk management tools in separate headings,
for instance management of production risk, market risk, financial risk, legal
risk, and personal risk. They presented stable enterprise, diversification,
insurance, extra production capacity, share leases, custom farming and
feeding, and input procurement for production risk management. Likewise,
spreading sales, contract sales, hedging, commodity options, flexibility are
under price risk management tools. Similarly, fixed interest rates, Self-
liquidating loans, liquid loans, credit reserve, owner equity are to f