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ESTABLISHING AN INDEX
INSURANCE TRIGGER FOR CROP
LOSS IN NORTHERN GHANA

THE KATIE SCHOOL OF
INSURANCE'

ABSTRACT

As a consequence of climate chonge/ ogricu|fure in
many parts of the world has become a riskier business
activity. Given the dependence on agriculture in
deve\oping countries, this increased risk has a
potentially dramatic effect on the lives of people
throughout the developing world especially as it
relates to their financiol inclusion and sustainable
access to capital. This study analyzes the relationships
between rainfall per crop gestation period (planting -
harvesting) and crop yields and study the likelihood of
crop yield losses. We make recommendations on how
this information could be used to develop a trigger for
index insurance to help mitigate the financial risks to
farmers and lenders who make loans to farmers in
Ghana. The focus of this paper is on rainfall and crop
yield and explores the potential for a drought loss
insurance index trigger. This study concludes by
describing limitations and challenges that must be
overcome in order to develop such risk management
tools and by describing the potential for crop loss

index insurance based on area crop yield in northern

Ghana.

INTRODUCTION

Farming is @ major source of income for many people
in developing countries. In Ghana it represents 36

percent of the country’'s GDP? and is the main source

! The Katie School at lllinois State Universtiy recognizes the
following people as helping to develop this project and shape this
report: James R Jones, Askar Choudhury Domingo Joaquin, Aslihan
Spaulding, Krzysztof Ostaszewski, Genevieve Amamoo Horace
Melton, Marjorie Danso-Manu, Richard Bill Mukthar Mahdi;
Asliddin Odilov

2 Earth Trends Country Profiles. hitp://earthtrendswriorg 2003 p. 1
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of income for 60 percent of the population.
Agricultural  production depends on a number of
factors inc\uding economic, po|iﬁcc||/ Techno\ogico\, as
well as factors such as disease, fires, and certainly
weather. Rainfall and temperature have a significant
effect on agriculture, especially crops. Although every
part of the world has its own weather patterns, and
managing the risks associated with these patterns has
always been a part of life as a farmer, recent changes
in weather cycles resulting from increasing climate
chonge have increased the risk profi\e for forming and

adversely affected the ability of farmers to get loans.

Farmers in developing countries may respond to losses
in ways that affect their future livelihoods such as
selling off valuable assets, or removing their children
from school and hiring them out to others for work.
They may also be unable to pay back loans in a timely
manner, which makes rural banks and even
microfinance institutions reluctant to provide them with
the capital they need to purchase high-yield seeds,

and other inputs that increase their yields.

This risk also makes farmers less willing to take
chances on new farming techniques that could move
them from subsistence to commercial farming or allow
them to engage in dry season production through
investment in irrigation systems. The reluctance of
financial institutions to provide capital to farmers
becomes more pronounced as their awareness of
climate change (discussed later in this paper) increases
and dalters the perceived, if not actual, risk of farming
For developing countries that rely greatly on
agriculture, the inability of farmers to obtain adequate
capital and manage their risks makes it difficult to
sustain economic growth. Studies show that insurance
is correlated to economic development (Hussels, 20095,
Outrevill, 1990) and the connection between lending
and the ability of the borrower (or lender) to manage

risks is one factor for this correlation.

Managing this risk can open the door to enhanced
credit for farming operations. If the risk of default on
loans due to declines in crop yields can be reduced
by either mitigating the economic consequences for
individual farmers from crop loss or by mitigating the
exposure to credit default risk for financial institutions,
then lenders may be more willing to provide loans to

farmers or agricultural cooperatives.



One risk management tool that has been piloted in a
few developing countries is an indexed-based
insurance product. An advantage of the indexed
insurance product over traditional insurance is that it
eliminates the administrative costs of underwriting and
claim verification required in traditional insurance, and
reduces the moral hazard that is associated with

individual loss indemnification.

This project examines the potential for an indexed-
based insurance product in Ghana by analyzing data
that could provide a useful trigger for such an
insurance product. The initial focus is on a product for
northern Ghana, especially for managing risks of
agricultural losses to maize and  rice. Although the
initial focus is limited to northern Ghana, and these
particular crops, the implications of this research are

more for—reoching

GHANA PROJECT RATIONALE AND
OBJECTIVES

Chana was chosen for a variety of reasons but
mainly because it holds the elements necessary for the
successful  development  of  risk  management
techniques including insurance. Once such techniques
and insurance are developed in Ghana, it would then
have potential to be replicated and used in other,
arguably more challenging countries where food

security is of an even greater concern.

Ghana has experienced two decades of sound and
persistent growth and belongs to a group of very few
African countries with a record of positive per capita
GDP growth over the past 20 or more years. Ghana
is also on the path to become the first Sub-Saharan
African country to achieve the first Millennium Goal
(MDG1) of halving poverty and hunger before the
targeted year of 2015, In addition, Ghana is still an
agriculture-based economy. As mentioned earlier,
agriculture in Ghana represents 36 percent of the
country's GDP 3and is the main source of income for
60 percent of the population. The country's recent
development is characterized by balanced growth at

the aggregate economic level, with agriculture

% Earth Trends Country Profiles. hitp://earthtrendswriorg 2003 p. 1
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continuing to form the backbone of the economy

(McKay and Aryeetey, 2004)

Agricu\furcﬂ growfh in Ghana has been more ropid
than growth in the non-agricultural sectors in recent
years, expanding by an average annual rate of 55

percent, compared to 5.2 percent for the economy as

a whole (Bogetic et al, 2007).

Chand's  stable  government,  yet  wvulnerable
agricultural economy, makes it a good country for an
indexed insurance product.  Stabilizing agricultural
income could he|p Chana's neighboring countries, as
well as African countries in other regions that may
currently be less attractive to foreign private capital
(Collier, 2007). Ghana is a country that is politically
stable, has relatively easy access to data, and
favorable regu|ofion. A WeH—designed risk
management system could allow Ghana to act as a
gateway to Africa, for underwriters who are not

currently participating in Africa.

According to a British Council research briefing?
unpredictable rains and variability in planting seasons
are causing Ghanaians' crop vyields to vary
significantly. Some rural Ghanaians consider migration
to urban areas to be the only option left to them to
address this unpredictability that has vexed farmers
and those who rely on agriculture for their livelihood?
The interrelation of climate change with other factors
is complex and still evolving but the growing evidence
that climate change, influenced by carbon emissions
from developed countries, places tremendous stress on
lesser developed countries that are least equipped to

manage the change.

The rainfall correlation to crop loss would likely be

expected in a country like Ghana, which relies on

4BBC World Service Trust and British Council, Climate Trends in
Ghana. Research Briefing. September 2009.

http://africatalksclimate. com/sites/default/files/content/files/ghana w

ebpdf pp. 1-3.

5 All climate change impacts described in ‘Climate Change in
Ghana' are fully sourced from the following references: UNFCCC
(November 2007), Ghana's Experience at Integrating Climate
Change Adaptation into National Planning. Drunen M A Van, R
Lasage, and C. Dorland (Cabi Publishing 2006), Climate Change in
Developing Countries: Results from the Netherlands Climate

Change Studies Assistance Programme.



adequate rainfall more than other countries in the
world or even other Sub-Saharan countries as only
0.2 percent of farmer land in Ghana s irrigated®.
Insurance for drought loss could provide greater
economic stability for agricultural production and the

economies of countries re|ying on ogricuﬁure like

Ghana (Roth and McCord, 2008).

Currently very few pre-event risk mitigation solutions
exist. Traditional insurance has high fransaction costs,
adverse selection, poor distribution, and  other
challenges which have increased the costs and
reduced the availability of protection. Furthermore,
post-event response in the form of emergency aid,
debt forgiveness, and grants are at risk following
recent economic crises, and such public capital does
not usually help create independent private solutions

and can be inequitable and untimely.

One possible solution is an indexed-based insurance
producf based on local weather indices (rainfall
and/or temperature) that are correlated with local
crop vyields and economic losses. Unlike individual
indemnification insurance mechanisms, which have
high administrative costs, moral hazards, and adverse
selection, this type of financial product yields payouts
based on pre-determined indices (such as the amount
of rainfall in a particular time and location) which
historically is correlated with economic loss and
humanitarian need. Another product that is a possible
solution is an area-based yield insurance product that
insures directly against declines in yields for a given
areq, such as a district (these two insurance products

are discussed in detail later in this report)

The goal of this project was to collect, organize and
analyze data on weather, crop yield, crop production,
crop prices, and other relevant factors that affect
agricultural  production and agricultural income in
Ghana, and begin to explore the potential for
providing more capital to farmers through risk
mitigation strategies implicated in  this research.
Possible products that could be derived from this
research include indexed based insurance; weather
(rainfall) - index derivative, or possibly an area yield

indexed insurance product, based on district wide

© Earth Trends Country Profiles, http://earthtrendswriorg, 2003p.1.
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crop yie|ds that could be used by farmers or financia

institutions.

Some hoped for economic and social outcomes in

developing such products include:

1) Prevention of vulnerable-but-presently-non-
poor farmers from falling into the ranks of the
poor following a drought f(or related
agricultural crisis) from which they do not

recover.

2) Improved incentives for farmers to build their

asset base and climb out of poverty.

3) Crowding in of finance from private creditors
presently unwilling to lend to farmers because
of the risk associated with big shocks like
drought

REVIEW OF EXISTING INDEX
INSURANCE USED IN
AGRICULTURE

Comparison to Traditional Indemnity Insurance

Mechanisms for Payment of Agricultural Loss

One common risk management technique to address
agricultural loss is traditional indemnity insurance.
Agricultural risks are often addressed by agricultural
insurance (such as crop and livestock insurance), flood
insurance, and property and casualty insurance for

natural disasters such as hurricanes and earthquakes.

In developed countries, especially Western countries,
agricultural insurance is commonly available. Farmers
in economically developed countries such as the
United States, often manage such risks through crop
insurance, which is which is substantially subsidized (by
as much as 60 percent in the US) by their
governments (Dismuskes et al, 2004). However,
according to a USAID report on the potential for
developing a weather indexed product in developing
countries, this is especially true for small farmers,
whose income, farm size, and remote location make
traditional  crop insurance products unworkable.
However, traditional agricultural insurance, like crop
insurance is not readily available in many developing

countries for the following reasons:



e Traditional  agricultural  insurance  often
requires government supporf, because
correlated risks create the potential for large
financial losses that private industry s
unwilling to accept. This government support
is often lacking in developing countries.
Without government support the cost of

insurance is |ike\y unfeasible for small farmers

[USAID, 2006).

e The cost of the insurance can be
economicoHy unfeasible for insurers because
of the smaller farm lots and lower limits of
liability (and subsequent lower premiums). The
loss adjustment costs related to proving a
loss can easily be larger than the premium
for the risks. Moreover, it is cosﬂy to control
moral hazard and adverse selection,

especially for small-scale firms.

e Covariant risk due to a large percentage of

the population involved in agriculture.

For all of these reasons, and others, another
risk management technique, index insurance, holds
promise especially for agricultural risks in developing

countries.
The Fundamentals of Index Insurance

The main difference between index insurance and
traditional agriculture insurance is that loss estimates
for the former is based on an index or a parametric
trigger for the loss rather than the individual loss of
each policyholder as is the case with the latter (Skees
et al, 2007). Examples of index insurance used in

agriculture include:

¢ A Malawi index-based crop insurance which
measures the amount of rain recorded at
local meteorological stations. The insurance
pays off farmers loans in whole or in part in
case of severe drought Payouts are
automatically made to the bank if the index
hits the specified contract threshold ot the

end of the contract’”

7 Weather Index-based Crop Insurance in Malawi, Marc Sadler

and Olivier Mahul, 2011, GFDRR www.gfdrr.org/drfi
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* A Normalized Difference Vegetation Index
(NDVI) constructed from data from satellite
images which indicate the level of vegetation
available for livestock to consume in northern
Kenya. When values (which typically range
from O 1 to O7) fdll below a certain

threshold, the insurance is triggered®

e A farmer in Peru purchases and area-based
yie|d insurance and receives a payment, if
the area (such as a county or district] yield

falls below an established trigger yield.

e Individual livestock herders in Mongolia
purchase policies from private insurance
companies that pay out when local area
mortality rates for livestock exceed specified
“trigger’ percentages up to a maximum

exhaustion poianA

These examples illustrate different ways in which index
insurance can be designed with varying triggers for

inifiating payouts.
Challenges in Using Index Insurance

Index insurance may not be an appropriate tool in
some circumstances where there is great variance
between the index and individual losses. This would be
the case in crop loss where the losses of an individual
farmer may vary dramatically from the indemnity
payout based on the index insurance trigger. This
potential mismatch is called basis risk. Basis risk occurs

when realized losses do not correlate well with the

index (KFW report, 2007).

There are three types of basis risk: spatial basis risk
(difference in outcomes between the physical places
where a loss event occurs and where the index is
measured), temporal basis risk (due to the timing of the
loss event, the consequences of lack of rainfall may be
worse), loss specific basis risk (losses are poorly

related to the index). Careful consideration of contract

8http://dyson.cornelledu/faculty sites/cbb2/Papers/IBLI%Z20PROJECT
%20SUMMARY pdf

http:/Iwww.gfdrrorg/gfdrr/sites/gfdrr.org/files/documents/DRFI Mo
ngolia%20IBLIP_Jan11.pdf



design and better data may help mitigate the

incidence of basis risk.

Structuring Index Insurance Contracts to Reduce Basis

Risk

When designing an index insurance producf it is
important to minimize basis risk by finding indices
strongly correlated to the risk. Conventional wisdom
suggests that a weather index requires long-term,
accurate, consistent, reliable data on crop yields and
index measure (eg, rainfall. However, long-term,
consistent, reliable, verifiable data is not o|woys
available, or easily accessible in many developing

countries.

This study examines the potential for a rainfall based
index in Northern Ghana based on the data available

in those districts making up the northern half of Ghana.

Key Lessons from Developing Countries Regarding
Weather Index

*  Weather risk products are challenging for
developing countries, because the products
require sophisticated markets and regulation.
Some of the weather index models require a
wide variety of variables including soil type,
wind speed, temperature, seed types, and
fertilizer type. These models may be viewed
as lacking transparency by the market or by

regulators.

o Developing countries need improvements in
the legal and regulatory environment,

including contract law and enforcement.

¢ lack of good data systems and data

collection.

e Need for educational efforts about the use

Oi[ weather insurance.

e Product development problems exist because
extensive private investment required to
develop new index products and markets is
not economically justified, because these
products can be easily copied and
replicated by others that did not have to

incur the development costs.
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GHANA PROJECT RESEARCH
SITES AND DATA COLLECTED

Chana produces a variety of crops in various climatic
zones which range from dry savanna to wet forest.
This research is focused mainly on the northern part of
Chana where there is substantial farming activity. The
northern region of Ghana is considered the major
bread basket of the country, and is also the most
susceptible to the vagaries of the weather, especially
the lack of rainfall. Unfortunately past agricultural
growth and development has been accompanied by
increased income inequality, and poverty abatement is

lagging in Northern Ghana (Al Hassan and Diaco,
2007).

This northern part of Ghana is made up of three main
regions; Upper West Region, the Upper East Region
and the Northern Region. The largest of these is the
Northern Region which incidentally is the largest
region in Ghana, covering a land area of about
70,383 square kilometers. However, it has the lowest
population density of all ten regions in the country
(PPMED, Ghana, 1991) with 80% of its people
dependent on farming. The major food crops grown
here are yam, millet, rice, maize, sorghum, soybeans,
groundnut and cassava. Tamale is the administrative
capital of the Northern Region and the biggest town
in Northern Ghana.

Although Ghand's central and Southern regions have
weather cycles consisting of two rainy seasons and a
dry season. The northern region experiences only one
rainy season (traditionally April - September) and a
dry season (traditionally November - Aprill. This one
rainy season lends itself to a rainfall insurance index
that would be less complicated than one in the central
or southern regions which have two rainy seasons.
During the dry season, there are also Harmattan
winds (dry desert winds) which blow from the
northeast from December to March, lowering the
humidity with hot days and cool nights. However, like
most climates, there is some variability, more so in
recent years. Annual rainfall is about 1,100 mm (about
43 in) with a range from about 800 mm to about
1,500 mm. In the Northern region, the Ghana
Meteorological Agency (GMA) reported o 102%

change in the cumulative rainfall between the 30-year



average and that for 2009. Those changes for the
Upper East and Upper West regions were -3.5% and -
345% respectively. All together, the percentage

change in rainfall for the northern sector of Ghana

was -8.6%.

Average monthly rainfalls over the past 4
decades in the three northern regions has changed.
The Upper East Region has a fairly steady rainy
season but the Northern Region and Upper Western
trended toward a more variable ‘rainy season” by

about one month on average. regions have

The vegetation (see Ghana Vegetation map
insert to the right) is classified as savannah woodland,
with vast areas of grassland, characterized by
drought-resistant trees such as the acacia, baobab,
shea nut, dawadawa, mango, neem and mahogany.
The area north of the dark line in the map insert to the
right is the sector on which this project focuses. The
soil in this area is mostly silt or loam, thus having the
tendency to get waterlogged during the rainy season
but drying up in the dry season. This, however, works
well for the farmers since they grow various types of
crops: each with its own soil preference. For example,
during the rainy season, rice is a preferred crop since
it fares very well on marshy land. Yam, on the other
hand, is better cultivated when the land is dried out.
Although the type of vegetation supports agricultural
production quite well, a major hurdle for farmers is
maintaining the soil fertility of the land throughout the

various farming cycles.
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Ghana Project Data Sources Collected & Used

Both primary and secondary data were collected and
studied for this project. The primary data collection
involved meeting with and interviewing potential
major stakeholders of the indexed-insurance and
microinsurance mechanism (or known locally as a
scheme) to understand their motivations, gauge the
viability of the scheme and explore potential strategies
for implementation. The results of this study are

discussed later in this section.

Secondary data was collected on Rainfall, Crop
yields, Crop prices and Soil types. Data was collected
from The Ministry of Food & Agriculture, which is the
main government organization responsible  for
formulating and implementing agricultural policy in
Chana. The Statistics, Research and  Information
Directorate (SRID) and Policy Planning Monitoring and
Evaluation Division (PPMED) are two of the five
directorates through which the ministry carries out its
functions. According to information on the Ministry's
website, the SRID has as some of its objectives “to
initiate and formulate relevant policies/programs for
creation of fimely, accurate and relevant agricultural
statistical database to support decision making” and
“to conduct agricultural surveys and censuses covering
major agricultural commodities”. The PPMED, on the

other hand, is responsible for undertaking monitoring

e

0o




and evaluation of programs and projects under the

Ministry.

The statistical service department is an independent
government department that is responsible for the
collection, compilation, analysis, publication  and
dissemination of official statistics in Ghana for general
and administrative  purposes.  The Meteorological
agency is also the official government entity

responsible for collection meteorological data in

Ghana.
Assumptions and Limitations of Data

In collecting the data, several assumptions were made,
some due fo limitations that we came across. Firstly, to
be able to design and price an insurance contract
based on a weather index, the data for that index
must be sufficient. The data used in this research
spanned a period of about twenty four years; this
would have been sufficient for assessing correlations if
the rainfall patterns were consistent. Due to the
variability encountered, a longer time period, of about
forty years of data, is preferred. However, the project
redlity is that the data beyond what was obtained is

currently only available in paper form and has yet to
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be converted to digital form. This project did not have
resources for acquiring that data and making that

conversion.

Although the data was obtained through all the
appropriate government channels and was validated,
it is important to keep in mind the potential problem of
data being entered incorrectly when it is converted
from paper to digital form. For the purpose of this
paper, minimal data input error is going to be

assumed.

Another limitation is using only a rainfall trigger when
temperature  data  does  exist.  Unfortunately,
temperature data by district is not easily accessible.
However, regional data does exist, and the
temperature data from the Northern Region as
indicated in Exhibit A, shows temperatures have
advanced steadily each decade with the latest period
showing about a one degree temperature difference
over a 40-year time period for the months of March
through December. We had to assume that
temperature change over time is uniform among
districts.

Exhibit A: Average Temperature Change- Northern Ghana (1961-2000)

Average temperature over four decades (Northern Region)

45

Tempaerature [*C)

lan Felb Mar Apr May Jun

It was also assumed that the weather stations the
rainfall data was collected from were secure and
reliable and this may not be frue, especially for data
from Rainfall Stations. This is not likely an issue with

data going forward but this is something that should

il Aug Sep Oct Mov D

== 19G1-1970
=8 1971-1980
—ar—1981-1590
—] 9412000

be considered if a weather-index insurance product
based on historical data Finally, crop production
estimates are not only influenced by rainfall. They are
affected by economic factors, morbidity and mortality

rates, rural to urban migration which causes farmers to



lose labor for their farms, and occasional government
subsidies for inputs. Unfortunately, data on these
factors could not be obtained: either because there is
no data, or that the data is so incomplete that it makes

any useful comparisons difficult.
Challenges in Collecting Crop & Rainfall Data

A number of chdllenges were encountered in
collecting data on crop vyields and production and
rainfall. Many are inherent in collecting data in any
deve\oping countries but one was unique. Chana has
undergone considerable political redistricting.  This
redistricting makes comparisons of districts difficult
over time. For exomp|e, districts of Ghana were re-
organized in  1988/1989 in an attempt to
decentralize the government and to combat the
corruption amongst officials. The reform of the late
1980s subdivided the regions of Ghana into 110
districts, where local district assemblies should dedl
with the local administration. By 2006, an additional
28 districts were created by splitting some of the
original 110, bringing their number up to 138. In
February 2008, there were more districts created and
some were upgraded to municipal status. This brought
the final number to 170 districts in Ghana. There are
still only 10 regions.

Ghana Crop and Rainfall Data Collected

Rainfall Data on rainfall for selected towns was
obtained from the Ghana Meteorological Agency.
Rainfall data is recorded at the weather stations in all
ten regions mainly Ashanti, Brong Ahafo, Central,
Eastern, Greater Accra, Upper East, Upper West,
Volta and Western regions. There are four types of
stations in each region namely Synoptic, Climatic,
Agro-meteorological and Rainfall. Synoptic stations
collect observations and measurements hourly on all
parameters namely rainfall, evaporation, humidity,
temperature efc. Climatic Stations are similar to
Synoptic stations except that data is collected every
three hours on all parameters. Agro-meteorological
Stations collects data every three hours, basically on
agricultural  related parameters such as rainfall,
temperature, evaporation, wind speed and direction,
precipitation, solar radiation and relative humidity.

Rainfall Stations data are collected on rainfall once in

twenty-four hours, usually at 0900 GMT. Rainfall is
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the only parameter measured at these stations. These
stations are often staffed by part time workers and
are considered by some experts to be less reliable. To
ensure widespread distribution of stations throughout
the country, the following strategies were adopted in

collecting the data:

*  Apply the principle of stratification (by size)
to determine the number of stations for each

region.

*  Select at least two stations from each region.

Exhibit - Location and Type of Weather Station
Location where rainfall data collected ~ Weather station type
Tamale Synoptic

Bole Synoptic

Salaga Agro-Meteorological
Damongo Climatic

Walewale Climatic

Gushiegu Rainfall

Bimbilla Rainfall

Chereponi Rainfall

Yendi Synoptic

Savelugu Rainfall

Although data was collected from across Ghana, the
data analyzed in this first study is from the Northern
part of Ghana. The previous exhibit describes the
location and type of station the data was collected

from.
Crop Data

Crop vyield and prices were obtained from The
Statistics, Research and Information Directorate (SRID)
and Policy Planning Monitoring and  Evaluation
Division (PPMED) both of the Ministry of Food &
Agriculture. Crop data consisted of crop life cycles
(planting and  harvesting times), crop production

estimates, crop yield and crop prices (wholesale for



rural and urban areas) for various districts. Estimation
of yield was conducted using objective measurement
techniques. Randomly located square plots were
marked out in the field by an enumerator. The square
is pegged and lined. Farmers were asked to work on
these plots as in other fields on the farm. Produce from
these plots were weighed at the time of harvesting by
the field worker / enumerator and used as the basis
for estimating the yield. The crops inside the plot were
harvested by the enumerator at the time the holder
harvests the rest of the field. The total production of
food crops was determined by estimating the area
under cultivation for each crop and the yield rate. The
product of these two components was an estimate for

the total production of the crop.

Crop production data was from 1985-2007. For the
1985-1991 time period the SRID collected data on a
regional basis. As mentioned earlier Ghana has ten
regions. The data ono|ysi5 becomes a bit more
challenging moving into later years. For this study the
time period of 1992-2007 included SRID data by
district in northern Ghana. Fortunately, the northern
area of Ghana has only changed from 18 to 20
districts.

Crop price data was also collected The price data
covered the period 1999-2008 (excluding 2001
when data was missing. Wholesale price data was
collected on market days usually twice a week. These
are averaged to obtain the weekly prices. Weekly
prices are also averaged to obtain monthly prices. A
simple average of urban and rural prices was
computed to obtain a single price for each crop in
each region. Regional prices are then averaged to

obtain the national price.

An analysis of this crop and rainfall data among
various factors was applied and the results of these

analyses are reported later in this paper.
Primary Data

In collecting and analyzing data, the ultimate goal is to
be able to provide the foundation to develop a risk
transfer technique that would improve the lives of
lower income people in Ghana, especially those who
rely on agriculture. In-country structured interviews and

field visits helped to inform this study.  Although it is

RESEARCH PAPER No.7

beyond the scope of this research report, risk transfer

techniques explored in field research included:

index-based

farmers and the financial

» Exploration of need for
insurance for

financial institutions that loaned them money,

* Examination of existing microinsurance
products for farmers and market vendors in

{orming communities,

* Exploration of current and potential non-
insurance risk pooling mechanisms  for

{ormers

e Exploration of interest of Ghana insurers for

providing or fronting index insurance

* Exploration of interest by reinsurers doing
business in Ghana of interest in providing

index insurance or reinsurance

With this in mind, data collection involved exploring
the general potential market for various risk transfer
techniques for a variety of potential stakeholders and
this is reflected in our analysis and our decision to

provide two alternative index insurance possibilities.

These

information that proved to be valuable in our analysis

various  stakeholders  provided insightful

and in the recommendations that we eventually make.

ANALYSIS OF CROP YIELD AND
RAINFALL

In this study, we have considered yields for two crops
from two districts namely, Bole and Yendi Rice and
maize were chosen as these are important cash crops
for farmers in Ghana. These crops are most likely to
correlate highly with the food security of the country.
In general, rainfall is supposed to correlate with
production of the crops and therefore the yield,
especially in areas like northern Ghana that do not
rely on irrigation. However, the key factor is timing of
rain fall and its frequency during the growing season.
Infrequent rainfall with large amount probably will not
be as effective as more frequent rainfall with lesser
collective quantity. Therefore, both the cumulative
rainfall and the frequency of rainfall were analyzed in

this paper.



To address yield variability through rainfall index the
hypothesis is that rainfall is the main determinant of
crop yield and that drought or excessive rain is the
source of risk. Thus, the objective of this study is to
capture the rainfall and yield relationship in the most
accurate way possible. Taking into account that
different growth stages have different water needs, it
is possible to assume that simple cumulative rainfall
might not be effective to portray the correlation with
the vyield. Improvement in tracking the rainfall-yield
re\oﬂonship in future research may be achieved by
assigning different weights to the different growth

phases.

Monthly rainfall data from the Northern Ghana
region from 1992 to 2007 was collected for our
analysis. Due to uneven distribution of daily rainfall,
monthly rainfall data is used to identify the correlation.
We have calculated monthly cumulative rainfall from
the daily rainfall amount. Similarly, we have also
calculated monthly frequency of rainfall by counting
number of days rainfall occurred Maize and rice are
the major food crops grown in this region and most of
it is grown during the rainy season, which runs from
April through September. The data on district level
maize and rice yield is collected from the Ministry of
Agriculture, Government of Ghana. Rainfall from the
Bole and Yendi districts rain stations in the northern

region was analyzed as these districts had the most
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complete data (see Appendix C for location of these
districts). The objective of this preliminary analysis is to
observe if there is any correlation exists between
monthly cumulative rainfall or monthly frequency of
rainfall and the crop yield (maize or rice). This is to
he|p deve\op in future a weather indexed insurance
product in Ghana. At this stage of our analysis, we are
only exploring data transformations and the factors’
relationships between crop vyield and rainfall due to
the nature of non-normality and may be an existence

of non-linearity.
Research Results

Descriptive  statistics of rice and maize vyield in
conjunction with frequency and cumulative rainfall are
presented in Table 1 for Bole district and for Yendi
district in Table 2. Average maize and rice yields are
1.33mt/ha, 1.75mt/ha and 1.1 1mt/ha, 207mt/ha for
Bole and Yendi districts respectively; suggesting that
there is no apparent difference in yields due to
different districts. Average monthly rainfall both in
terms of frequency and cumulative is highest in
September (215 mm and 266 mm for Bole and Yendi
respectivelyl However, there is a great degree of
variation in the cumulative rainfall in Yendi district
compared to Bole district. More specifically, the
highest standard deviation of cumulative rainfall in

Yendi is twice as much as Bole (126 mm vs. 63 mm).

Table 1: Summary statistics of rainfall and yield of maize and rice. (Bole District: Monthly cumulative (in mm) and

frequency of rainfall: 1992-2007)

Variable N Mean Std Dev Min Max Variable Mean Std Dev Min Max
MAIZEY 16 1.33 033 091 200
RICEY 16 175 0.58 0.40 270
T_Jan 16 462 1274 000 5080 F Jan 044 063 000 200
T Feb 16 1166 1806 000 59.70 F Feb 075 100 000 300
T_Mar 16 3584 3128 000 118.20 F_Mar 350 197 000 800
T_Apr 16 11562 4691 1700 17510 F Apr 781 1.38 500 1000
T_May 16 12322 4911 3870 19040 F_May Q.88 175 700 1400
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T Jun 16 13639 5402 4800 23510 Flun 1131 318 500 1600
T 16 13933 5321 4960 24440 FJul 1100 280 600 1700
T Aug 16 16261 6295 8230 26840  FAu 1413 391 800 2200
T Sep 16 21447 5004 11860 30410  FSep 1644 197 1300 2000
T Oct 15 9767 5352 4410 26050  F.Oct 947 327 500 1600
T Nov 15 2872 2564 000 7400 F.Nov 253 185 000 600
T Dec 15 565 1475 000 5500  FDec 053 083 000 200

Note: T_Month is the monthly cumulative rainfall in mm for that month.
F_Month s the monthly frequency number of fimes) of rainfall for that month.

Table 2: Summary statistics of rainfall and yield of maize and rice. (Yendi District: Monthly cumulative (in mm) and

frequency of rainfall: 1992-2007)

Variable N Mean Std Dev Min Max Variable Mean Std Dev Min Max
MAIZE Y 16 1.11 036 010 1.58
RICEY 16 208 @3S 083 240
T Jan 16 697 1370 000 4560 F Jon 044 063 000 200
T_Feb 16 399 796 000 2810 F Feb 069 095 000 300
T_Mar 16 2421 2185 000 67.80 F_Mar 244 136 000 500
T Apr 16 Q463 3568 4520 15830 F Apr 625 177 400 Q00
T May 16 12358 3080 7350 177.10 F May Q81 201 500 1300
T_Jun 16 17204 4961 101.80 28760 F Jun 1294 202 1000 1700
T_Jul 16 16340 5585 6270 24950 F Jul 1419 295 900 2000
T Aug 16 22675 10550 67.50 39540 F Aug 1763 301 1200 2200
T Sep 16 26599 126.45 000 61350 F Sep 1694 5738 000 2300
T Oct 16 9540 44.30 3230 196.80 F Oct 1063 278 600 1700
T_Nov 16 889 1634 000 51.50 F Nov 1.19 1.47 000 500
T Dec 16 076 270 000 1080 F Dec 019 054 000 200
Note: T Month is the monthly cumulative rainfall for that month.
F Month is the monthly frequency (number of times) of rainfall for that month.
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It is observed that there is a steady upward trend in May and a similar pattern also exits for August (see
cumulative rainfall in Bole until 2004 for the month of Graph 1).

Graph 1: Bole Monthly Rainfall
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This increase in cumulative rainfall is also visible for the We have found that cumulative rainfall during the
month of April. To understand this change in trend months of April and August have positive trend (0.50
further we have calculated and presented bi-variable and 046 respectively) and statistically significant at
correlations in Tables 3 and 4. 10% in Bole (Table 3al).

Table 3a: Correlation of cumulative rainfall (mm) in Bole and Yendi from 1992-2007

T Jan T Feb T Mar T Apr T May T Jun T Jul T Aug T Sep T Oct T Nov T Dec
Bole(Year) 002 001 -008 050 040 015 005 046 -040 -0.09 -021 043
093 0% 077 005 012 058 086 008 0.12 075 046 0.11
Yendi(Year) 010 043 005 065 -014 001 025 -0.10 -0.01 0.04 -002 041
072 009 073 001 059 097 035 072 098 089 094 012

Table 3b: Correlation of frequency of rainfall in Bole and Yendi from 1992-2007

F Jan F Feb F Mar F Apr F May F Jun F Jul F Aug F Sep F Oct F Nov F Dec
Bole(Year) 0.06 0.14 -0.15 0.29 0.47 0.28 0.24 0.25 -020  -0.13 0.36 031
0.84 0.61 0.58 0.28 0.07 0.29 0.37 035 0.47 0.65 019 0.27
Yendi(Year) 04 0.20 -0.17 0.09 -0.05 014 017 -0.07 -0.07 -0.10 -0.06 0.35
011 0.46 0.53 0.73 0.87 0.62 0.53 0.78 0.79 07 0.82 019

Frequency of rainfall also has upward trend for the cumulative rainfall present during the months of
month of May. Similarly, there is an upward trend in February and April in Yendi (0.43mm and 0.65mm). In
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any case, these trends raise serious concerns for
developing policies to address productivity of crops in

Ghana.

Table 4a: Correlations between cumulative or frequency of rainfall with Maize and Rice yield

(Bole District: Monthly rainfall data-- 1992-2007)

T Jan T _Feb T _Mar T Apr T_May T_Jun T Jul T Aug T_Sep T Oct T Nov T Dec
MAIZE Y| -0.28 0.06 047 0.04 027 0.02 0.03 030 -0.13 -0.04 039 -0.12
0.29 0.82 0.07 0.89 030 093 091 0.25 0.64 0.88 0.15 0.66
RICE_Y| 044 0.07 053 -0.57 037 -0.38 038 0.10 0.15 037 -0.01 -0.05
0.09 0.80 0.03 0.02 015 0.15 0.14 071 057 017 097 0.87
F _Jan F_Feb F_Mar F_Apr F_May F_Jun F_Jul F_Aug F_Sep F_Oct F_Nov F_Dec
MAIZE_Y| -0.13 032 -0.14 -0.02 013 021 0.14 031 035 -0.13 031 028
0.63 023 0.59 0.94 062 042 062 0.25 0.19 0.64 0.26 031
RICE_ Y| 045 017 017 -0.23 -0.05 -0.17 -0.21 036 042 028 -0.25 017
0.08 0.54 052 0.40 0.87 0.53 0.44 0.17 0.10 031 037 055

Nonetheless, these results provide us some insights into
the possible correlations between crop yield and
cumulative rainfall and may be also frequency of
rainfall. In fact, some preliminary analysis (results not
reported) implementing forward, backward, and
mixed stepwise methods to select a regression model
using significance level as a criterion to add variables
infto the model or delete variables from the model
indicate high R? (between 50% to 70%). These findings
are consistent with the hypothesis that cumulative

rainfall on a monthly basis is an effective indicator for

crop yield. Therefore, the results of this study suggest
that a rainfall based insurance product may be a
viable option for the northern region of Ghana, af
least in some districts for crops like maize. However
our hypothesis that districts in northern Ghana would
just need a single trigger for water deficits in a given
period (ie drought insurance) may need to be revised
to contemplate a double trigger, with the second one
based on too much rainfall in given period. This is

discussed more in the conclusions.

Table 4-b: Correlations between cumulative or frequency of rainfall with Maize and Rice yield

(Yendi District: Monthly rainfall data in mm-- 1992-2007)

TJan T Feb T Mar T Apr T May T Jun T Jul T Aug T Sep T Oct T Nov T Dec
MAIZE Y| -0.10 -0.06 0.04 -0.03 0.43 015 -0.17 -0.17 -0.70 0.26 0.00 0.18
0.72 0.82 0.88 091 0.10 0.57 0.52 0.52 0.00 0.32 1.00 0.52
RICE_Y| -0.41 0.14 0.13 -0.21 -0.10 024 -001 0.21 -0.14  -0.02 -0.57 0.08
0.11 0.59 0.64 0.44 0.70 0.37 0.98 0.43 0.60 0.95 0.02 0.77
F Jan F Feb F Mar F Apr F May F Jun F Jul F Aug F Sep F Oct F Nov F Dec
MATZE_Y| 0.08 -0.29 0.22 -0.05 0.20 0.03 0.09 -0.46 -0.36 0.21 0.02 0.16
0.76 0.27 0.41 0.84 0.45 0.93 0.75 0.07 0.17 0.43 0.94 0.56
RICE_Y| -0.22 0.04 0.15 -0.13 -0.36 -0.42 0.23 0.16 -0.10 -0.15 -0.15 0.12
0.41 0.88 0.58 0.63 0.17 0.10 0.39 0.57 0.70 0.57 0.58 0.66




SIMULATION OF AREA YIELD
CROP INSURANCE PRODUCT

Introduction to Area Yield Crop Insurance As stated
previously, a number of complications and limitations
exist with weather index insurance. Many of the
weather index insurance projects initiated in Africa
never left their pilot stages (Skees, 2007)'° In addition,
an issue exists at to the applicability of an index across
geographic districts. In our study we described that the
rainfall in two districts of northern Ghana (Bole and
Yendi] had some similarities but also significant
differences. In fact, the yie\d for maize in these districts
(see Graph 2) Such

differences indicate a need for a district level index

was inversely correlated
which can become a bit challenging for both technical
development and marketing so many weather index
products in one region of a country. Researchers are
now re-examining the potential for area-based yield
insurance. The idea of an area based index product
which pays out based on the outcome of yields in a
than the

outcome of an individual farmer's yield is not new and

well-specified geographic area rather
was infroduced as early as 1920, by an Indian scholar
and refined later by American scholars'!. Sweden
offered area-yield insurance in the 1950s while area-
yield insurance was added to the portfolio of
insurance products for the US. crop insurance program

with a pilot program in 1993

In the US, area-yield products are often as heavily

subsidized as traditional  agricultural  insurance
products. The advantage of index insurance over
traditional insurance depends on the homogeneity of
the area Research suggests that index insurance
performs better than traditional multiple peril crop
insurance in more homogenous production regions and
for certain crops such as sugar and beets (Barnett et
al, 2005). The advantage that area based yields have
over individual farm vyield insurance products is that
they do not have the moral hazard or high
administrative costs of a farm vyield product. The

advantage that it may have over a weather index is

19 This topic of having few successful weather index products in
Africa was also mentioned by speckers at the 2009 International
Microinsurance Conference in Senegal.

' Chakravarti, J. S. (1920). Agricultural Income: A Practical Scheme

Suited to Indian Conditions. Banaglore, India: Government Press.
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lower basis risk because the trigger is based on yie|d
rather than o variable simulating yield. This is
especio”y true if the po\icyho|c|er for such insurance
has risks representing an entire region such as a farm
cooperate or a financial institution desiring to protect
against defaults of farm loans made over an entire
district. Another advantage, from a policyholder
perspective, is that an area yield product would be
multi-peril, covering losses from pests or fires, not just

weather-related events.

The disadvantages to of an area vyield based
insurance product to weather index products are 1)
timing of determining yield, and 2) the accuracy of the
actual area vyield number. In most countries the

weather information is gathered daily and a
determination as to whether a triggering event has
occurred can hoppen quick\yA Yield calculations are
often made many months after a harvest. Weather
information with modern equipment found in many
developing countries, including Ghana, provides
accurate, objective data that does not rely on human
judgment, or even significant labor. Yield calculations,
depending on the method employed, rely on
professional judgment and can be labor intensive. In
some countries yields are self-reported (which has an

hazard).

countries yields are estimated by using various

inherent component of moral In other

sampling techniques such as Yield Component
Method."? These random sampling techniques require
well-conceived sampling methods and may involve
considerable judgment as well as reliable and
consistent labor to sample the fields. In Ghang,
production (the numerator for crop yield) is determined
by the actual amount of grain delivered to mills. (Left
unaccounted for is the crop consumed. For our
simulation we assumed that rate of area consumption
remained the same) The area cropped (which is the
denominator for calculated yield) is determined by
agricultural extension agents that serve a specified

number of farmers.

Despite the disadvantages, an area based yield
product may still be the best solutions, and for that

reason we have included in this section an illustration

12 http://www.agndsu.edu/procrop/crn/cestyd0Qhtm



of how simulation mode\ing can be used in pricing and
communicating the desirability of crop yield insurance
produds in a c|eve|oping country which may has
limited production data (in our case we were dealing
with an “N" of 16 years for many of the northern
districts of Ghanal).

Simulation of Application of Area Crop Yield Insurance
for Two Ghana Districts

This study examines the potential for area-based yield
insurance in northern Ghana using the same crop
yield data and districts analyzed in for rainfall in
northern Ghana. We discovered in our in-country field

OﬂCl

institutions and rural banks to mitigate their portfolio

visits inferviews a desire by microfinance
risk related to farm loans. In the following analysis, we
view the policy as being written for a financial
institution rather than on individual farmer. In the
conclusions, we discuss the rationale for this and some
of the

consequences of such an approach .

implications  and  potential  unintended

Consider a crop yie|d insurance produd which pays
out 100 currency units when the actual district yield Y

is lower than the guaranteed yield, Yg.

100 if Y<Yg

Payout = :
0 otherwise

Let us estimate the pure premium rate for the above
50%, 60%, 70%, and 80% of
historical yield, in the case of maize for two districts in
Ghana, Bole and Yendi Both districts are located in

Ghana's northern region. Bole's average maize yield

product with Yg =

of 1.36 metric tons per hectare is almost 20% higher
than Yendi's, which averages only about 1.11 metric

tons per hectare. We assume that the yield distribution
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2007) is a good approximation to yield distribution in
the rating period.

There are different distributions which could have
generated the observed yields. We use the Chi-square
goodness of fit statistic to select the distribution that fit
the data best. Candidate distributions are restricted to
parametric distributions that are bounded at zero and
we estimate the parameters using maximum likelihood
techniques. The best fitting distribution turns out to be
the lognormal distribution for Bole, and the Weibull
distribution for Yendi. For comparison, we fit the
Lognormal, the Gamma, and the Weibull distributions
to the historical yields of both districts in Tables 4a
and 5b. All three distributions cannot be rejected as
the distribution generating the observed yield data at

the 5% significance level.

Table 6 illustrates the sensitivity of expected loss
payouts to the choice of yield distribution. For each
distribution we used @Risk simulation, with 10,000
iterations, to estimate the expected payouts. Assuming
a desired limit of coverage is 100 units for a \ending
institution, the expected payouts are presented in
Table 6. For both districts, the expected loss payouts
are lowest under the respective best fitting distribution,
lognormal for Bole and Weibull for Yendi. Overall
expected loss payments are lower for Bole compared
to Yendi. Of particular concern is how significant
different the expected payouts are depending on
which distribution is selected. For example, with an
elected coverage of 70 percent of mean yield, the
expected payout for 100 units of coverage is /.78
under Lognormal distribution and 14.28 under Weibull
distribution. Differences in loss probabilities imply

differences in expected loss payment, everything else

based on the most recent sixteen-year period (1992- being equal
Table 6a: Bole Expected Loss
Fixed Payout Case Expected Payout  Pavout x Prob(Y<Ya)
Hected Coverage ve Payout LOGNORMAL GANMA, WEBLL
BO% 109 100 19.97 20.24 23.52]
7086 0.95 100 7.78 8.87| 14,28
6% 0.82 100 1.85 2.77 7.81
50% 0.68 100 0.2 0.53 3.74




Table 6b: Yendi Expected Loss
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Fixed Payout Case Expected Payout  Pavout x ProbiY<Ygl

Elected Coverage Yg Payout WEELLL GAMMA LOGNCRMAL
80% 0.89 100 26.98 37.66 42.5
7058 0.78 100 17.36 28.14 34.13
B0 0.67 100 10.16 19.2 25.38
50% 0.55 100 527 11.54 16.78

The significance is confirmed in Table 7, which shows

that the upper 95% confidence limit for the estimated

Weibull distribution is assumed while in Yendi the

higher charge would be expected using a Lognormal

loss probability is lower than the lower 95% distribution.  This illustrates  the importance  of
confidence limit under Weibull distribution. Therefore understanding the true distribution.
in Bole a higher premium charge would occur if a
Table 7a: lllustrating Upper and Lower Ends of the Expected Payout at a 95% confidence interval
o L} |}
Table 7a295% Confidence Interval
Bole Bxpected Loss Payments
Beczd Coverage LOGNORMAL LOGNORMAL: GAMMA; GAMMA WHBULL WEIBULL:
g Payout Lower 95% CL| Upper 95% CL| lower 95% CL Upper 95% CL Lower 95% CL Upper 95% CL
| ||
80% 109 100 19.19 075 1945 2103 2269 135
0% 0.95 100 725 8.31 831 943 13.59 1497
60% 0.82 100 159 111 245 3.09 728 834
L 50% 0.68 100 011 . 0.29 039 067 337 41
Table 7b: lllustrating Upper and Lower Ends of the Expected Payout at a 95% confidence interval
Table 7b:95% Confidence Interval
Expected Loss Payments
Bected Coverage WEIBULL WETBULL GAMMA: GAMMA LOGNORMAL LOGNORMAL:
Yg Payout Lower 95% CL| Upper 95% CL Lower §5% CL Upper 5% CL| Lower 95% CL Upper 95% CL|
80% 089 100 261 2785 3.1 3861 153 B4
0% 078 100 1652 1310 736 180 1320 35.06
60% 067 100 957 1075 1843 1997 253 .23
50% 055 100 48 571 1051 1217 1605 1751

One particular concern to financial institutions is the
fact the loan default rates tend to increase the more
that the actual yield falls below historical average.
Thus, desired payouts would be larger, the greater the
shortfall between actual vyield and the proven
historical yield One way to address this is to permit
[OF COvenus]

increase

limits  to larger

An

example of how such a product might look is given in

coverage

percentage of a lender’s farm loan portfolio.

Table 8. (The expected payout is just a scaled up
version of Table 6)
Lognormally distributed yields, if the desired payoff is
400 when Bole's actual vyield falls below 50% of

For instance, assuming

historical average, then the expected payout of 0.80
is just 4 times the expected payout of 0.20 when the
100. Similarly, the confidence

intervals in Table 9 are just scaled versions of the

desired payoff s

corresponding infervals in Table 7. These estimates
assume that the yield distribution based on the most
recent sixteen-year period (1992-2007) is a good
approximation to yield distribution in the rating period.
This may be a reasonable assumption if in fact the
yield distributions are stationary. In countries where
yields trend upwards, defrending is required to
establish a trigger that is fair to policyholders. This

issue is one of the next items in the research agenda.
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Table 8a: Bole Expected Loss Payments

Table8a: Bole Expected Loss Payments Expected Payout

Payout Decreasng with Yg Payout x Prob(Y<Yg

Elected Coverage Yg Payout LOGNORMAL GAMMA WEIBULL
80% 1.09 100 19.97 20.24 23.52
70% 0.95 200 15.56 17.74 28.56
60% 0.82 300 5.55 8.31 23.43
50% 0.68 400 0.80 2.12 14.96

Table 8b: Yendi Expected Loss Payments

Table8b : Yendi Expected Loss Expected Payout
Payout Decreasng with Yg Payout x Prob(Y<Yg
Elected Coverage Yg Payout WEIBULL. GAMMA LOGNORMAL
80% 0.89 100 26.98 37.66 42.50
70% 0.78 200 34.72 56.28 68.26
60% 0.67 300 30.48 57.60 76.14
50% 0.55 400 21.08 46.16 67.12
Another issue is how to work with differences across financial institutions may be able to reduce their risks
districts and across crops. For example, maize yield in by diversifying their loan portfolio. Finally, this
Bole is negatively correlated with that of Yendi simulation looked at just one crop. In most situations
(Graph 2) Although challenging for developing an farmers grow different types of crops concurrently
index, this presents an opportunity for risk reduction on and sequentially. This would likely mean that defaults
the part of an insurers underwriting micro finance units rates would be even lower if yields for multiple crops
or rural banks in Bole and Yendi Similarly, these are not highly correlated

Table Qa: Bole expected loss payments at 95% confidence interval

Table 9a-Bole 95% Confidence Interval

Expected Loss Payments
Elected Coverage Yg Payout LOGNORMAL LOGNORMAL! GAMMA GAMMA WEIBULL WEIBULL
Lower 85% CL| Upper 95% CL| Lower 95% CL Upper 85% CL, Lower 95% CL Upper 95% CL
80% 1.09 100 19.19 20.75 19.45 21.03 22.69 2435
70%) 0.95 200 1451 16.61 16.63 18.85 27.19 20.93
B0%| 0.82 300 476 6.34 734 9.28 21.85 25.01
50%) 0.68 400 045 115 155 2.69 13.47 16.45

Table Gb: Yendi expected loss payments at 95% confidence interval

Table 9b: Yendi 95% Confidence Interval

Expected Loss Payments
Elected Coverage Yg Payout WEIBULL WEIBULL| GAMMA GAMMA LOGNORMAL LOGNORMAL
Lower 95% CL| Upper 95% CLJ Lower 95% (1| Upper 95% CL Lower 95% CL| Upper95% CL
80%| 0.89 100 26.11 27.85 36.71 3861 4153 4347
70% 0.78 200 33.24 36.20 54.52 58.04 B6.40 70.12
60% 0.67 300 28.70 32.26 55.28 5992 73.58 7870
50% 0.55 400 19.33 2283 43.65 4867 64.19 70.05




Graph 2: Historical Maize Yield Graph (Mt/Hal)
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LIMITATIONS AND CHALLENGES
OF STUDY

In Working with the data, several limitations were
encountered in this study. These limitations are not
unusual  for researchers working in  developing
countries, and in fact Ghana has, on a comparative
basis fewer problems than other countries. However, it
is important to note these limitations especially in
considering the conclusions and the potential areas

that need to be researched.

One of the first issues encountered was in obtaining
the data. Collecting data is an expensive endeavor
and choices were inevitably made in order to best
prioritize the data to be obtained. This involved opting
for northern region data in lieu of data in other parts
of the country. This choice was made because the
northern region experiences only one rainy season
and drought insurance seemed like a more viable
possibility. Furthermore, only limited amount of data is
available, and collection of data should continue and
expand, so that better and more reliable inferences

can be made in future research.

The availability of data in electronic form and the
labor involved in obtaining it was an additional
challenge. Most of the data that is over twenty years
old is currently hard copy in paper files For the data
which has been converted to electronic format,
computer viruses have destroyed some of the data,
resulting sometimes in one full year of missing
electronic data. Paper copies of data do exist,
data  could be and the

electronic reentered,

government is regularly updating and converting to
digital form. However, currently only about 15 years
of data is available electronically. Oftentimes the data
is housed on individual computers in an office and is
not networked to a larger data source. This often
means that data must be acquired individually from
each computer. This is a time consuming and labor
infensive  process, and requires an in-country
researcher to gather the data (Note: The Statistics
Division of the Food and Agriculture Department of
Ghana is working to fill in the missing spots and
correct inconsistencies in order to have better data fo
work with and the people we met were helpful and
enthusiastic in trying to help us obtain the most up-to-

date datal.

Although obtaining and converting older hard copy
data to digital data may appear to be a likely
remedy, the correlations may still prove to be weak,
especially given the changes that have occurred in
recent years as fo the timing of rainfall and planting
for various crops. Any correlations would have to be
carefully examined in order to determine as they are
likely to reflect the current environment of changing

climate conditions.

Matching sets of data is required for understanding
correlations between variables. The unavailability of
matching sefs of data and missing crop and rainfall
data for several periods impedes the calculation of
these correlations in many districts. Data  security
varies widely by source as well. As mentioned earlier

weather stations staffed by volunteers have less



security than other types of meteorological stations.
The

challenge because data is recorded by district, but

frequent political redistricting was another
new districts have been added, and without some way
to hold the district data constant, it is difficult to find
matching data sets to determine correlations. We
chose some of the districts which had not undergone
re-districting, and therefore permitted comparability of

data over time.

Data that is not normal may be required to be
normalized before conducﬁng data ono\ysis of
correlations. In some district yield trends may require
detrending, while other districts they may not. Crop
price data must be adjusted to base year to deal with
inflation for any analysis of how crop prices respond

to changes in yield or weather.

Roinfo”—crop yie|d correlations may be affected by

the following factors:

* The location of a rainfall collection station from the
center of the district,

* The size and topography of a district,

¢ The microclimates that exist within a district, and

* The existence of weather bands that bisect a district.

A more detailed, in-country analysis would be
required to assess these factors. A potential solution
may be to add more rainfall collection sites within a
district.

Despite the challenges, this area of research is rich
with opportunity for making valuable contributions to

the lives of those living in these countries.

CONCLUSIONS

This study found that over the past two decades there
has been a trend toward higher rainfalls in both the
two northern districts studied during April and upward
both

frequency for May in one of the districts (Bole). It is

trend in rainfall accumulation and  rainfall
uncertain how this may affect when farmers decide to
plant. However there is a negative correlation in rice

yield in Bole for April.

This study also found that there were highly negative
correlations (-70) between monthly cumulative rainfall

and maize crop vyield and moderately high (-46)

20
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negative correlations between rainfall frequency and
that

Wcﬁer|ogging during Howering and yie\d formation

maize crop vyield This finding suggests
stages is a more important concern for maize vyield
than water deficits during the flowering stage for one
district in the northern region. This was an unexpected
finding and has significant implications on the type of
rainfall index triggerls)] that would need to be

established. Although the

significance was not nearly as high, there was some

level of statistical
positive correlation between cumulative rainfall and
maize in the other district studied for March and May.
Further studies on additional districts need to be
completed in order to establish whether waterlogging
or water deficits have more influence on crop yields in
the northern part of Ghana. Outside of insurance,
farmers may need to consider the timing of planting.
As mentioned earlier in this study, rainfall has shifted
and farmers may be able to avoid the issue of water
logging
Communicating these types of findings to farmers and

during  critical flowering  stages.
providing them with information to help them adjust
the timing of planting is perhaps one non-insurance

solution which could be implemented.

As a way of addressing the complications related to
rainfall and yield correlations, an area-based yield
case was presented. This seems to have some promise
for the development of an insurance product based on
area vyield as the findings suggested that the
probabilities for catastrophic losses below 50 percent
of the average vyield were fairly low. In addition the
case example used was for only one crop. In most
cases farmers would diversify with several crops and
so one would expect that loan defaults would be less
than with a single crop especially when considering
crops whose yields are not correlated or even
negatively correlated.  Although the area yield
insurance product might be a bit risky for an individual
farmer whose crop vields may not reflect that of the
overall areq, it would be expected that the losses of
lending insfitution to loan defaults to farmers made
throughout a district may be closely correlated to area
yield. For this reason, it may be most practical to
develop an area yield insurance product that serves
microfinance institutions and rural banks that loan
money to farmers. In the end, enhancing capital for

farmers by mitigating the risks of these lending



institutions might provide the greatest outcome for
farmers. In implementing such a product it would be
important to measure the extent of farm loans made
before and after the purchase of such products to
confirm that the product is truly enhancing capital for
farmers as one legitimate concern is that the product
would be welcomed by financial institutions but would

not be used to enhance capital flowing to farmers.

We see a potential for an insurance product to
mitigate the risk of crop loss and enhance the flow of
capital to farmers. One of the important factors to
consider in this is how prices may be affected by yield
as well. For example, if prices fall dramatically when
yields go up then farmers may be worse off
economically. This relationship between crop yield and
crop price needs to be further analyzed in order to
properly establish the viability of an area yield
insurance product in mitigating the risks of defaults on

form ‘OOI’\S.

There are a number of ways that farmers can
maximize the price received on crops, and there is
evidence in Ghana that some financial institutions
have assisted farmers with this and this assistance
helped both the farmer and the financial institution. A
study of ways in which financial institutions combine
this type of expertise for farmers in the timing and
location for selling crops, as well as incentivizing
farmers to use the most effective inputs and farming
techniques would be powerful complement to the
development, underwriting and sales of an insurance

product for crop loss.
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Appendix A: Graph of Maize and Rice production estimates (1993 - 2007 )
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Appendix B. Maps of Northern Ghana
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Appendix C. Map of Northern Districts

The Northern Region of Ghana contains 20 districts. 18 are ordinary districts in addition to 1 municipal and 1

metropolitan district.

Bole District
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Appendix D: Local Classification of Soil types of Ghana

LOCAL CLASSIFICATION OF SOIL TYPES OF GHANA
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Exhibit A: Average Temperature Change- Northern Ghana (1961-2000)

Average temperature over four decades [Northern Region)

Temperature [°C)

Jan Feb Mar Apr BMay Jun  Jul Aug Sep Oct Nov Dec

Exhibit B: Life cycles of Maize and Rice in Northern Region of Ghana
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Crop Planting date Time of harvest Gestation
End of March - End of April August - September (major crop) 105 days (early maturing )
Maize
(major season) December - January (minor crop) 120 days or more (late maturing )
Rice April - May Late October - November 4-5 months
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