Appendix 2. Case Studies of Agricultural Weather Risk Management

This appendix presents four case studies — from Canada, Mexico, India, and Ukraine — showing the successful application for agricultural end users of weather risk management insurance and derivative products. The first section of this appendix focuses on the Agriculture Financial Services Corporation (AFSC), the Canadian financial crown corporation of Alberta that has been offering Growing Degree Day products to maize farmers in the province since 2000. The second section covers Agroasemex, the Mexican agricultural reinsurance company that has been using weather derivatives to manage agricultural portfolio risk since 2001. The third section presents two case studies from the recent work of the World Bank Commodity Risk Management Group in developing agricultural weather risk markets in India and Ukraine. The Technology Application Case Studies described at the end of this appendix briefly outlines the principles of the AFSC program to insure grassland for pasture on an index basis using satellite imagery and the grassland insurance program in Spain.

Indexed-based Insurance for Farmers in Alberta, Canada: The AFSC Case Study

Corn Heat Unit Insurance

The Corn Heat Unit insurance program is a weather index-based insurance product offered by the AFSC to protect farmers against the financial impact of negative variations in yield for irrigated grain and silage corn. The contract is designed to insure against lack of Corn Heat Units (CHU) over the growing season. It has been offered on a pilot basis since 2000 and was planned to last until 2005. The program is scheduled for a thorough evaluation to assess its impact over the next year. The index has been designed to indemnify the policyholder against an annual CHU below Threshold Corn Heat Unit (TCHU) level at the specified weather station. The CHU index falls into the Growing Degree Day category, discussed briefly in Appendix 1, and represents the energy available for the development of corn. Given the small window for agricultural production in Canada, the availability of sufficient solar energy is vital for the development of this crop. The CHU is estimated from daily maximum and minimum temperature, beginning on May 15 each year. The Celsius-based formula used to calculate daily CHUs is defined as follows (Brown and Bootsma, 1993):

CHU = 0.5*Ymin + 0.5*Ymax 




(1)
Ymin  = 9/5 * [ Tmin — 4.4 ]




(2)
Ymax = 3.33 * [ Tmax — 10.0 ] — 0.084 * [ Tmax — 10 ]2

(3) 
where Tmin and Tmax are the daily minimum and maximum temperatures, respectively. 

The daily CHU values are calculated from these temperatures. The daytime relationship involving Tmax, uses 10ºC as the base temperature (if Tmax is less than 10, its value is set at 10) and 30ºC as the optimum temperature, as warm-season crops do not develop when daytime temperatures fall below 10ºC and develop at a maximum rate at around 30ºC. The nighttime relationship involving Tmin uses 4.4ºC as the base temperature below which daily crop development stops. (If Tmin is less than 4.4, its value is set at 4.4.) The CHU value is calculated by taking into account the functional relationship between daytime and nighttime temperatures and the daily rate of crop development, as shown in Figure A2.1. The nighttime relationship is a straight line (Equation 2), while the daytime relationship appears as a curve that records greater CHUs at 30ºC than at higher or lower temperatures (Equation 3). The accumulation of CHU stops on the first day on which a minimum temperature of minus two degrees Celsius or less is recorded, after 700 CHU have been accumulated. This means the accumulation continues until the first killing frost hits the crop. An early frost setback is also built into the AFSC calculation.

Figure A2.1. Relationship Between the Daily Rate of Development of Corn Minimum and Maximum Temperatures
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Source: Brown and Bootsma 1993.
The weather data for settlement of the contracts are provided by the federal and provincial weather stations and compiled by the Irrigation Branch of the Alberta Government. Contract end users can select a weather station for the settlement from the federal and provincial stations available, choosing the station that best represents the temperatures on their farms. Weather stations used for CHU insurance are divided into three groups based on similar historical heat accumulations. Weather stations within each group have similar threshold options, premium rates, and loss payment functions. 

Coverage is available in $25 Canadian Dollar (CD) increments with a minimum of CD$100 per acre for both grain and silage corn and a limit of CD$225 and CD$300, respectively. Farmers can buy the insurance product until April 30 of the year to be covered for that year’s growing season. When buying the insurance policy, farmers must elect the dollar coverage per acre, select the weather station for settlement purposes, and indicate if they prefer a hail endorsement to the contract or the variable price benefit.

The farmer must insure all the seeded acres of eligible corn and must insure a minimum of five acres for each crop: grain and silage crops are considered separate for the purposes of referring to a specific insurance contract. Only producers growing grain or silage corn on irrigated land in AFSC designated areas are eligible to buy a CHU insurance contract. The farmer must complete seeding by May 31 and must declare the final number of seeded acres and a legal description for the location of each crop no later than June 1. The insurable crop shall be grown within the risk area boundaries as determined solely by AFSC. Furthermore, the AFSC is responsible for controlling the use of these contracts to ensure that they are used only for insurance purposes. For control and product evaluation purposes, the farmer is required to present a harvested production report, stating the production of all insured crops, no later than fifteen days after completion of the harvest but no later than December 15 of each calendar year.

The premium payable under the CHU contract is due upon receipt of the contract by the farmer. A table of premium rates and payment rates for grain and silage corn is made available to the farmer and indicates the base premium rate and the percentage payment triggered, depending on the heat unit level recorded at the station chosen.
 The formula to calculate the indemnity for each insurable crop is given by the following equation:

Indemnity = Dollar Coverage per Acre*Payment Rate*Number of Insured Acres
If a farmer chose to insure one hundred acres at $225 per acre, for example, and the accumulated CHU payment rate was 30 percent of the expected level, a claim of $6,750 dollars would result. The maximum indemnity payable is 100 percent of the Dollar Coverage per Acre (including the additional dollar coverage if the Variable Price Benefit is activated) multiplied by the number of insured acres. 

Producers can choose between two CHU insurance deductibles or threshold options (High and Low “Trigger”); see Table A2.1. Payments begin sooner under the high threshold option, so this choice has a higher cost than the low threshold option.

	Table A2.1. Options  for CHU Contracts

	Station Grouping
	Deductible or Trigger (Annual CHU)

	
	Long-Term Normal
	Low Option*
	High Option**

	A
	2,505
	2,260
	2,380

	B
	2,387
	2,160
	2,280

	C
	2,332
	2,100
	2,220

	*Approximately 90 percent of long-term CHU normal. ** Approximately 95 percent of long-term CHU normal.
Source: AFSC.


Claims are based on accumulated CHUs calculated using the temperature data recorded at the selected weather station. CHUs accumulated before the killing frost are compared to the threshold chosen by the producer at the weather station. If the annual CHUs are less than the chosen threshold, the insurance program starts to make payments according to a predetermined table. The further the annual CHUs are below the threshold, the greater the insurance payment. 

The main peril for producers is lack of heat during the growing season, but this insurance plan also includes a provision for late spring frost. A late spring frost can set back corn plant growth and affect production. To trigger this provision, a temperature of less than zero degrees Celsius must be recorded on or after June 1 and prior to the recording of 700 CHUs at the weather station. If both these conditions are met, 50 CHUs will be deducted from the accumulated total CHUs at the end of the year for the first day and an additional 15 CHUs will be deducted for every other day between June 1 and the day the frost in question occurred.

It is important to point out that the CHU contract with the hail endorsement is designed to protect corn against two major perils: lack of heat and hail. The grain and silage corn farmers are also eligible for traditional crop insurance contracts based on individual records; nevertheless, the premiums are lower for the CHU contract because of AFSC’s reduced transaction costs. It should also be noted that the premiums paid by the farmers for the CHU contract are subsidized by approximately 55 percent, so the farmer pays only 45 percent of the cost of the contract. The subsidy is 40 percent for the hail endorsement. The federal and provincial governments coshare the financial burden of the program, and they subsidize all AFSC’s administration costs. 
Alternative Insurance Through Weather Indices in Mexico: The Agroasemex Case Study
Agroasemex is a Mexican government-owned reinsurance company operating exclusively in agricultural insurance. Agroasemex relies heavily on the traditional reinsurance market to protect its agricultural portfolio from inordinate losses. As a result of a 70 percent increase in the retrocession rates of 2001, Agroasemex’s search for new alternatives led it to analyze the comparative efficiency of the weather derivatives market. The purpose of this case study is to present the background, design, and guiding principles behind the weather derivative structure ultimately created for use as a hedge for the Agroasemex agricultural portfolio. It is worth noting that the institution’s weather derivative transaction in 2001 was the first of its kind in the developing world. This simplified case study will outline the approach and thought processes behind the structuring of the Agroasemex weather risk transfer program.

Designing a weather risk transfer solution for the Agroasemex agricultural portfolio

Selection of Risks

There are two agricultural production cycles in Mexico: spring-summer and autumn-winter. The former is primarily a rain-fed production cycle, while the latter is generally irrigated. The Agroasemex weather risk transfer program was specifically designed for the autumn-winter cycle of 2001 to 2002. The main weather risks for agriculture during this cycle were potentially large negative deviations in temperature and excess rainfall. For some areas, where irrigation was not used, lack of rainfall was also an important risk. The percentages of crops distributed in five states were included in the weather risk transfer program.

The crops and weather risks were selected given their relative importance in the portfolio, the consistency of the numerical analysis between negative deviations in the agricultural portfolio and the protection provided by the proposed weather derivative structure, and the availability of consistent and high-quality historical weather data. Based on the original risk profile and business plan report for the autumn-winter cycle of 2001–2002, the total liability for the crops and risks selected for the weather risk transfer program are shown in Table A2.2.
	Table A2.2. Total Liability Factored into the Agroasemex Business Plan for Autumn-Winter 2001––2002 (the basis of the design of the weather derivative contract)

	State
	Crop
	Total Liability (US$ Million)

	Nayarit
	Tobacco
	22.4

	Sinaloa
	Beans
	0.1917

	Sinaloa
	Chickpeas
	0.46

	Tamaulipas
	Sorghum
	1.82

	Sinaloa — Sonora
	Maize
	2.019


Source: Authors.
The total expected traditional reinsurance premium for the entire Agroasemex portfolio was estimated to be US$1,917,422. The subset in Table A2.1 represents approximately 10 percent of the risk in the entire portfolio for 2001–2002.
Transforming Weather Indices into the Expected Indemnities of the Agroasemex Agricultural Portfolio

The following method was used to establish the relationship between weather indices and the expected indemnities of the Agroasemex agricultural portfolio. First, a severity index was created for each crop in the portfolio in order to understand, at the portfolio level, how important this crop risk would be when a given weather phenomenon, as captured by an index, occurred. A very simple severity index (SI) is defined as follows:

SI = 
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t = 1991/92, 1992/93…1999/2000; Autumn-Winter Cycles

i = Crop

Once the severity index was calculated for each crop, the next step was to find a mathematical relationship between the SI and the weather index most relevant to the crop. Agroasemex performed linear least square regressions for each crop severity index to establish the SI–weather-index relationship:


[image: image3.wmf]t

t

t

x

m

m

y

e

+

+

=

1

0


(5)
where
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and
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where FCDD (Factores Climaticos Dañinos Diarios) — damage degree days or periods — that represent the index that captures the critical weather risk of each crop in the portfolio outlined in Table A2.3 (see below); (t is a normally distributed noise term; and the estimators for the linear gradient and intercept, m1 and m0, were calculated using a least squares regression method.

The gradient estimator for m1, in particular, is very important, as it establishes the relationship between the individual severity indices and the relevant weather indices. Once all the linear regressions for each crop are performed and all the linear estimators are calculated, the expected indemnities (in monetary terms) for each severity index, given a certain weather index (FCDD) and total liability, can be calculated as follows:
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FCDDs: The Weather Indices

The FCDD terms for each crop in the preceding section represents the weather index or indices that best capture the weather risk for that crop. If we are analyzing the exposure of beans to low temperatures, for example, the FCDD index could be defined as the number of days that the daily minimum temperature drops below a specified daily threshold during the growing season. To construct the appropriate weather indices for the Agroasemex portfolio, the relevant weather historical information was collected: five Mexican weather stations on the Pacific Ocean coast were chosen to represent the western area of the country (Sonora, Sinaloa, and Nayarit), while two U.S. airport stations (McAllen and Brownsville) were used to represent the northeastern area (Tamaulipas).

It is important to note that even though each severity index, as defined above, is a seasonal aggregate, the types of risks relevant for an agricultural portfolio of crops can occur over very short periods of time; for example, crop damage due to frost can occur in just one day. Therefore the selection of the individual weather indices for each crop was based on two criteria: first, and primarily, on the agronomical surveys and experience of the technical personnel of Agroasemex, and second, on the strength of the mathematical relationship obtained when comparing the available data on indemnities for the crop in question, with the weather index (Equation 4) — this was done both on a daily basis (data on indemnities were available in daily resolution) and on a seasonal basis.

To understand how each individual FCDD was estimated, consider the example for the weather index chosen for tobacco in Nayarit:  DDD-12. Low temperature is the greatest risk for tobacco crops in Nayarit; when the daily minimum temperature drops below 12ºC, the expected tobacco yields will be below average. Hence 12ºC is the minimum temperature threshold level for tobacco crop damage: DDD-12 represents Damage Degree Days with a 12ºC threshold. The DDD-12 index is defined as follows:

DDD-12=( max( 0, 12-Tmin )
(8)
where the DDD-12 summation is over each day in the growing period of tobacco: November 1 to March 31 of the following year. Daily minimum temperature, Tmin, is measured at a single weather station, Capomal, in Santiago Ixcuintla, Nayarit. The data are aggregated at a seasonal level. The DDD-12 estimation is consistent with the El Niño, as the worst year recorded of cold temperatures affecting the tobacco-producing area.

In total, eleven independent FCDDs were designed to represent the exposure of the crops and risks selected. The FCDD calculation methodologies using daily weather data are presented in Table A2.3 for all crops in the portfolio.

	Table A2.3. Summary of the Methodology to Calculate the Eleven FCDD Indices

	State
	Crop
	FCDD
	Weather Station
	FCDD Calculation Methodology
(in mm and deg Celsius)
	Calc. Period

	Nayarit
	Tobacco
	DDD-12
	Capomal
	DDD-12 = Sum Daily [max (0, 12 – Tmin)]
	Dec 1 – Mar 31

	
	
	EMNF
	1 Capomal

2 La Concha
	EMNF = Sum Daily [Rainfall Station 1] + Sum Daily [Rainfall Station 2]
	Nov 1 – Feb 28

	
	
	EMMA
	1 Capomal

2 La Concha
	EMNF = Sum Daily [Rainfall Station 1] + Sum Daily [Rainfall Station 2]
	Mar 1 – Apr 30

	Sinaloa
	Beans
	DDD-5
	Sanalona
	DDD-5 = Sum Daily [max (0, 5 – Tmin)]
	Oct 1 – Apr 30

	
	
	DDD-3
	Sanalona
	DDD-3 = Sum Daily [max (0, 3 – Tmin)]
	Dec 1 – Dec 31

	
	
	EMF
	1 Sanalona

2 El Fuerte

3 Jaina
	EMF = Sum Daily [Rainfall Station 1] + Sum Daily [Rainfall Station 2] + Sum Daily [Rainfall Station 3]
	Nov 1– Mar 31

	
	
	MAX-5
	1 Sanalona

2 El Fuerte

3 Jaina
	MAX-5 = max (MP – 200, 0 );

MP = max (Sum 5-day D3) – max rainfall for a consecutive period of 5 days, where

D3 = Daily Rainfall Station 1 + Daily Rainfall Station 2 + Daily Rainfall Station 3
	Nov 1– Mar 31

	
	Chickpeas
	EMG
	Sanalona
	EMG = Sum [max (Daily Rainfall – 55, 0)]
	Nov 1– Apr 15

	Tamau-lipas
	Sorghum
	MAXPS
	1 Brownsville

2 McAllen
	PS = Sum [max (250 – CMP1, 0)] + 2*Sum [max (250 – CMP2, 0)];

CMP1 = Monthly Cum. Rainfall Station 1

CMP2 = Monthly Cum. Rainfall Station 2
	Oct 1 – May 31

	Sinaloa Sonora
	Maize
	DDD-5
	Sanalona
	DDD-5 = max [D5 – 22, 0];

D5 = Sum Daily [max (0, 5 – Tmin)]
	Oct 1 – Apr 30

	
	
	DDD-3
	Sanalona
	DDD-3 = Sum Daily [max(0, 3 – Tmin)]
	Dec 1 – Dec 31


Source: Authors.
The mathematical relationship between each FCDD index and the indemnities for the corresponding crop in the Agroasemex portfolio were established using equations 4 through 6, defining a means of converting FCDD indices into expected indemnities in monetary terms. By combining this information, the basket of all the expected indemnity indices was used to replicate the overall weather exposure of the agricultural portfolio. This “combined index” — essentially the sum of all the expected crop indemnity indices — was used as an underlying proxy and therefore hedge for the weather exposure of a portfolio. A derivative structure based on this combined index, such as a call option, is therefore conceptually the same as a stop-loss reinsurance strategy for the portfolio, as weather is the greatest risk to Agroasemex.

Historical back-testing

The strength of the approach outlined above — to establish a basket of indices that best captures the weather exposure of the Agroasemex agricultural portfolio — was back-tested by using annual historical indemnity and total liability information from the Agroasemex direct insurance operations from 1990 to 2001. The historical portfolio indemnity records were compared to the estimated indemnities, given the total liability observed for that year and using the FCDD-indemnity relationships established in Table A2.3. 

The values of the severity index for each crop were calculated using both the historical and the modeled data for comparison. The results showed that the combined weather index established for the Agroasemex portfolio had an acceptable predictive power, mainly because it captured the large historical deviations in the portfolio (Table A2.4). 

	Table A2.4. Comparative Analysis Between the Observed Historical Severity Indices (indemnities/total liability) and the Estimated Severity Indices for the Crops and Risks Selected 

	Tobacco
	Beans
	Chickpeas
	Sorghum
	Maize
	Total

	Obs.
	Est.
	Obs.
	Est.
	Obs.
	Est.
	Obs.
	Est.
	Obs.
	Est.
	Obs.
	Est.

	0.052
	0.060
	0.000
	0.086
	
	
	
	
	0
	0
	0.038
	0.057

	0.017
	0.019
	0.020
	0.018
	0.003
	0
	0.085
	0.093
	0.000
	0
	0.021
	0.023

	0.004
	0.009
	0.027
	0.043
	0
	0.015
	0.133
	0.122
	0
	0
	0.016
	0.021

	0.007
	0.002
	0.109
	0.113
	0.043
	0.042
	0.233
	0.178
	0
	0
	0.037
	0.033

	0.009
	0.006
	0.059
	0.047
	0
	0
	0.131
	0.158
	0
	0
	0.019
	0.018

	0.067
	0.068
	0.164
	0.178
	0.117
	0.126
	0.000
	0.004
	0.017
	0.017
	0.067
	0.069

	0.052
	0.046
	0.403
	0.407
	0.117
	0.104
	0.010
	0.071
	0.142
	0.142
	0.109
	0.103

	0.008
	0.006
	0.167
	0.140
	0
	0
	0.084
	0.061
	0.011
	0.011
	0.033
	0.027

	0.007
	0.006
	0.099
	0.115
	0
	0
	0.064
	0.175
	0.003
	0.003
	0.010
	0.014

	r = 0.985
	r = 0.968
	R = 0.988
	r = 0.702
	r = 0.999
	r = 0.970

	r2 = 0.971
	r2 = 0.936
	R2 = 0.976
	R2 = 0.492
	r2 = 0.999
	R2 = 0.939

	Note: Figures are in decimals.

Source: Authors. 


The results demonstrate that the combined weather index model explains about 93 percent of the variability demonstrated by the empirical data.

Valuation of the weather derivative structure and the Agroasemex transaction

Monte Carlo simulation, as described in Appendix 1, was used to generate an estimate of the distribution of the possible results of the combined weather index and therefore the maximum liability of the Agroasemex portfolio (see Figure A2.2).
  The green line in Figure A2.2 is constructed using only historical information, while the darker, smoother line is established from the stochastic Monte Carlo simulation analysis of the underlying weather variables. It is clear that the historical payout of the Agroasemex portfolio has never exceeded US$1.65 million, while the simulation analysis generates more extreme results, exceeding the US$2.5 million level.

Figure A2.2. Comparative Accumulated Distribution Probability Function Based on a “Probability of Exceedence Curve” for the Historical and Modeled Results (payouts in US$)


[image: image7]
Source: Authors.
The original analysis performed by Agroasemex focused on four possible call option derivative structures, which varied in the strike price and limit of payout that could be used as an alternative to a traditional stop-loss reinsurance contract to manage the portfolio risk (Table A2.5).

	Table A2.5. Specifications of Call Option Structures Considered by Agroasemex

	Structure
	A
	B
	C
	D

	Strike Price (US$)
	1,000,000
	1,100,000
	1,200,000
	1,300,000

	Payout Limit (US$)
	1,200,000
	1,100,000
	1,000,000
	900,000


Source: Authors.
The historical results and the stochastic analysis for the actuarial fair value of risk for each call option structure (average and standard deviation) are summarized in Table A2.5. In addition to the actuarial fair value of risk, the market the premium charged for risk management solutions combined the expected or fair value of the risk — the pure risk premium — with an additional risk margin. Considering market standards at the time,
 the following risk loadings above the expected value were considered:

· Loading Based on Standard Deviation:
 Market standards 20 to 40 percent. An intermediate loading of 30 percent was considered by Agroasemex.

· Loading Based on the Uncertainty due to Gaps in the Historical Weather Data: When missing data exceed 1 percent of data points, market players usually design a sensitivity analysis to estimate the impact of using alternative in-filling methods (see Appendix 1) and charge for the uncertainty that arises as a result of such gaps in the historical record. No established method exists for calculating this uncertainty loading in the market, which generally depends on the risk appetite of the individual weather risk taker.

· Loading for Administrative Expenses:  A margin of 15 percent was added.

The weather stations used for the project in Mexico were carefully selected. Nevertheless, missing data ranged from 2.70 percent to 9.20 percent. The weather data gaps were in-filled by Risk Management Solutions (RMS) on a monthly basis, based on data collected from neighboring weather stations. In order to quantify the sensitivity and robustness of the in-filling method, instead of filling gaps with data inferred from the most correlated stations, the gaps were also in-filled with the most extreme observations from a sample of stations that had acceptable correlations to the station with the missing data points, both for temperature and rainfall. The uncertainty loading due to missing data was estimated to be 50 percent of the resulting change in the average payout, as a result of this sensitivity analysis, plus 50 percent of the change in the standard deviation observed. The results were aggregated to complete the analysis; Table A2.6 shows the estimated commercial premium (expected value plus risk margin) calculated for the four weather derivative structures.

Despite the risk loading, Agroasemex eventually bought structure D from the market. The main motivations for this choice were the following:

· The transaction included the donation of three automated weather stations, worth approximately US$36,000, as fallback stations. Taking this cost into account, the ratio of the commercial price of the derivative to the pure risk premium was the lowest for structure D:  1.57 vs. 1.62 for the nearest structure.

· To establish credibility and brand recognition for future weather transactions.

· To set a market reference for the risk margin, so that future, larger deals could be negotiated under more narrow risk margins.

	Table A2.6. Estimated Commercial Premium for Weather Derivative Structures (in US$)

	Analysis & Statistics
	Structure A
	Structure B
	Structure C
	Structure D

	Last Ten-Year HBA
	

	Pure Risk Premium
	181,447
	151,447
	121,447
	91,447

	Standard Deviation Loading
	83,372
	69,669
	55,987
	42,347

	15% Margin
	46,733
	39,020
	31,312
	23,611

	Full Price
	311,552
	232,229
	186,622
	141,157

	Simulation Analysis
	

	Pure Risk Premium
	133,460
	104,291
	80,252
	60,528

	Standard Deviation Loading
	80,241
	70,226
	60,638
	51,634

	Data Uncertainty Loading
	31,750
	27,584
	23,693
	20,136

	15% Margin
	43,315
	30,797
	24,863
	19,793

	Full Price
	288,766
	232,898
	189,447
	152,091


Source: Authors.
Developments since 2001

After devising the initial weather derivative transaction presented above, Agroasemex devoted its institutional efforts and experience to developing a local weather risk market. These activities included a thorough review of the weather data; further improvements to the weather observation infrastructure, in conjunction with the Mexican National Weather Service; and training and education for potential end users within Mexico. The greatest interest generated by the 2001 transaction was from the Mexican government regarding their catastrophic weather exposure: since 2001, Agroasemex has sold weather index insurance to three Mexican states to cover the states’ catastrophic exposure related to agriculture. In turn, Agroasemex has bought protection for this risk, on a quota share basis, in the international weather derivatives market. The three transactions together have an approximate notional value of US$15 million, with several other states in the coverage pipeline. There are unofficial reports that the international market has also closed several transactions with the private industry in Mexico as a result of this first weather derivative transaction.

Weather Insurance for Farmers in the Developing World: Case Studies from India and Ukraine

The Commodity Risk Management Group (CRMG) at the World Bank started working on pilot weather risk management projects in 2003. The CRMG was involved in its first index-based weather risk management contract in India in June 2003. Since then, the number of projects has grown. CRMG is currently working on pilot projects for smallholders in India as well as projects in Peru, Nicaragua, Ethiopia, Thailand, Kenya, Malawi, and Ukraine. Providers in the global weather risk market are extremely interested in such new transactions both to diversify their weather portfolios through new locations and risks and to offer opportunities for business growth and expansion.

Two case studies will illustrate some of the CRMG work in this new area. The first case study examines the developing weather market in India, particularly the recent work of the Mumbai-based insurance company ICICI Lombard General Insurance Company Ltd. and the Hyderabad-based microfinance institution BASIX in making weather insurance available to smallholder farmers in Andhra Pradesh. This case study provides an example of the role of insurance in access to finance for farmers exposed to weather risk. The second case study focuses on the 2005 weather insurance pilot program for winter wheat farmers in the southern oblast of Kherson in Ukraine. 

Weather insurance for agriculture in India

In 1991, a household survey in India addressing rural access to finance revealed that barely one-sixth of rural households had loans from formal rural finance institutions and that only 35 to 37 percent of the actual credit needs of the rural poor were being met through these formal channels (Hess 2003). These findings implied that over a half of all rural household debt was to informal sources, such as moneylenders charging annual interest rates ranging from 40 to 120 percent. A survey based on the Economic Census of 1998 (Hess 2003) showed that India’s formal financial intermediaries reportedly met only 2.5 percent of the credit needs of the unorganized sector through commercial lending programs.
 

In this context, the CRMG, in collaboration with the Hyderabad-based microfinance institution BASIX and the Indian insurance company ICICI Lombard, a subsidiary of ICICI Bank, initiated a project to explore the feasibility of weather insurance for Indian farmers and to determine if, by reducing exposure to weather risk, it would be possible to extend the reach of financial services to the rural sector.

BASIX: Weather insurance for groundnut and castor farmers
Established in 1996, BASIX has since emerged as one of India’s leading microfinance institutions.   It has systematically addressed the issues of risk mitigation and cost reduction with the twin aims of attracting investment from the mainstream capital markets while maintaining and expanding its lending in rural areas, including lending for agriculture in drought-prone regions (Hubka forthcoming). BASIX is the umbrella name used to denote a group of companies focused on the provision of microcredit and investment services as well as on improving the livelihoods of its clients and borrowers. To date, BASIX has approximately 150,000 borrowers and 8,600 savers in 7,800 villages in ten Indian states, disbursing US$37 million in loans since 1996; currently 49 percent of loans are for nonfarm activities (Hubka forthcoming). Its goal is to affect one million livelihoods by 2010: 500,000 directly through financial services and another 500,000 through indirect means. BASIX thinks of itself not as a microfinance institution but as “a new generation livelihood promotion institution,”
 implying that credit alone is not the solution to the problems of rural areas.

BASIX manages its risk at two levels: first, it manages its own, institutional-level risk through customer selection and lending practices and partnerships with other institutions; and second, it helps its borrowing customers to reduce their risk (Hubka forthcoming). By helping customers to mitigate and manage their own risk, and hence the risk of defaulting on their loans, BASIX in turn protects the quality of its own portfolio. In 2003, in order to further extend the risk management offerings it provides its clients, BASIX joined forces with ICICI Lombard, and with technical support from CRMG, they designed, developed, and piloted a weather insurance product for farmers with small and medium holdings in Andhra Pradesh.
BASIX recognized that, in many areas, farmers’ yields depend critically on rainfall and that its loan default rates were highly correlated to drought. Furthermore, BASIX found that the losses sustained by individual farmers from below average rainfall were on account of several factors, not direct impacts on yields alone (KBS LAB 2004). In addition to weather-related yield loss affecting an individual farmer’s ability to meet credit repayments — with credit default disrupting the next season’s loan disbursal and hence the farmer’s agricultural cycle — the systematic nature of drought leads to area-wide production drops, resulting in local price inflation and harder credit terms for the next growing season for all producers.

The government-sponsored area-yield indexed crop insurance scheme offered by the National Agricultural Insurance Company (NAIC) is compulsory for all crop-loan borrowers using Indian banks and the only crop insurance option available to BASIX customers. BASIX, as have others (Hess and Skees 2003), found, however, a number of inefficiencies in the federal program in relation to drought. In particular, they noted that the NAIC program only led to recovery in extreme situations, that is, following district drought declarations by the state government, which were often the result of political maneuvering rather than objective criteria. Furthermore, in the NAIC program, recovery was based on minimum crop prices and in general occurred two to three years after the failed harvest. By comparison, index-based weather insurance offered the potential of a transparent, objective, and timely settlement processes for economic losses associated with noncatastrophic weather risk, with recovery based on fair market price estimates. With the requirements of farmers in rain-sensitive regions in mind, BASIX considered these to be compelling reasons to launch a pilot weather insurance program.
First pilot program: 2003

The initial pilot launched by BASIX and ICICI Lombard was based in the Mahahbubnagar district of Andhra Pradesh, with an objective of selling weather insurance policies to two hundred groundnut and castor farmers through Krishna Bhima Samruddhi Local Area Bank (KBS LAB), a BASIX subsidiary licensed by the Reserve Bank of India providing microcredit and savings services in three districts.
  The farmers selected for the initial pilot were members of a Bore Well Users’ Association (BUA)
 in four BUA villages in the Mahahbubnagar district: Kodur, Pamireddypally, Utkoor, and Ippalapaddy. In 1999, for example, the BUA in Pamireddypally received an agricultural loan from BASIX. With a 100 percent repayment rate, and therefore a good BASIX credit history and standing, they were planning to borrow a further amount for the financial year 2003–2004. Based on this strong customer relationship, BASIX launched the weather insurance pilot in Pamireddypally and the other three villages. In particular, by linking the new insurance pilot to farmers who had accessed finance, BASIX would form a base from which they could begin to understand the interaction between such a product, credit repayment, and, ultimately, their crop-loan portfolio default rates. 

The Weather Insurance Contract Design 

Groundnut is the primary rain-fed crop grown in the Mahahbubnagar district during the June to September monsoon, or khariff, season, followed by castor. While most of the cultivation of groundnut and castor is during the khariff, crops are also cultivated in the winter, or rabi, growing season, in pockets of irrigated land. The economics of cultivating groundnut and castor per acre during the khariff and rabi seasons were established through interactions with the BUA members in feedback sessions and workshops organized by KBS LAB and ICICI Lombard, with additional information and crosschecking from the local agricultural university in Hyderabad. Total input costs for groundnut were estimated at Rs 6,500 (khariff) and Rs 6,000 (rabi), and for castor at Rs 3,000 (khariff) and Rs 3,100 (rabi). 

The aim of the 2003 pilot program was to design weather insurance contracts to insure farmers’ input and production costs. The initial weather insurance contracts designed for the castor and groundnut farmers were based on a weighted rainfall index of rainfall collected and recorded at the Indian Meteorological Department (IMD) official district weather station in the district capital town, Mahahbubnagar. High-yield rainfall correlations were measured for khariff crops in the area; nevertheless agronomic information was used to enhance and strengthen the yield-rainfall relationship for the contract structures. In the case of groundnut, for example, the most critical periods—when groundnut is most vulnerable to low rainfall and therefore water stress—are the emergence periods immediately after sowing and the flowering and pod-filling phase two to three months after emergence (Narahari Rao et al. 2000). On the basis of farmer interviews, agrometeorological studies (Gadgil et al. 2002), local yield information, and models such as the United Nations Food and Agriculture Organization (FAO) water satisfaction index (UNFAO 2005), a groundnut-specific rainfall index was developed. The index was defined as a weighted sum of cumulative rainfall during the period from May 11 to October 17, the average calendar dates for the groundnut growing season. Individual weights were assigned to consecutive ten-day periods of the growing season, so the index gave more weight to the critical periods during the crop’s evolution when groundnut is most vulnerable to rainfall variability. Furthermore, a ten-day cap on rainfall of two hundred millimeters was introduced to the index because excessive rain does not contribute to plant growth. The individual weights were determined by groundnut water requirements, as advised by local agrometeorologists, that maximized correlation between district groundnut yields and the rainfall index (Figure A2.3) but defined homogenous rainfall periods, making the contract understandable and more marketable to the farmers and less susceptible to basis risk (see Appendix 1). More information on the index construction can be found in Hess (2003).

Figure A2.3. Mahahbubnagar District Groundnut Yields Versus Groundnut Rainfall Index
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Source: District yield data are from the government of Andhra Pradesh, Bureau of Statistics and Economics in Hyderabad. Rainfall data from 1994–1996 are missing.

The average or reference weighted index value for groundnut and castor at the Mahahbubnagar weather station were determined to be 653mm and 439mm, respectively. These reference-weighted index values represent the expected growing conditions that produce satisfactory yields for farmers of these crops in the region. The weather insurance contracts were designed so that payouts started at 95 percent of this reference level. Farmers participating in the program received a payment if the index fell below the predetermined threshold, indicating that the insured should be granted an indemnity to cover lost production and input costs as a result of lower than expected yields. The initial pilot limited how much insurance a farmer could purchase by offering three different fixed contracts depending on the size holding of the farmer wanting to buy the insurance (Table A2.7). The payout schedule as a function of index for small, medium, and large farmers is given in Figure A2.4.
	Table A2.7. Weather Insurance Contracts Offered to Groundnut and Castor Farmers

	Category
	Premium (Rs)
	Farmer Eligibility
	Sum Insured (Rs)

	Groundnut
	
	
	

	Small
	450
	< 2.5 acres land holding
	14,000

	Medium
	600
	2.5–5 acres land holding
	20,000

	Large
	900
	> 5 acre land holding
	30,000

	Castor
	
	
	

	Small
	255
	< 2.5 acre land holding
	8,000

	Medium
	395
	> 2.5 acre land holding
	18,000


Source: Authors.
	Figure A2.4. Payout Structure of Groundnut Weather Insurance Policy Held by Farmers with Small, Medium, and Large Land Holdings
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Source: Authors.
The Marketing and Sales Campaign 

The products were marketed and sold by KBS LAB extension officers to the four villages through workshops and meetings with the BUA members. The sales period ended on April 30, 2003. In total, 230 farmers bought the insurance: 154 groundnut farmers and 76 castor farmers, most having small land holdings. Of the 154 groundnut farmers, 102 were women who belonged to Velugu (light) self-help groups. Velugu works with four hundred thousand poor women organized into self-help groups in Andhra Pradesh. Funded by the World Bank, Velugu is implemented by the Society for Elimination of Rural Poverty (SERP), an autonomous society set up by the government of Andhra Pradesh to fulfill its poverty alleviation objectives. The women were keen to purchase protection against the vagaries of the monsoon, as all their households and most of their fellow villagers grew groundnut. These fellow villagers were the primary customers of the women in the self-help groups; therefore these women felt the impacts of a poor monsoon season additionally through drops in sales and purchases of their services and hence wanted to protect themselves also. 

The entire portfolio of weather insurance contracts sold by BASIX was insured by ICICI Lombard, with reinsurance through one of the leading international reinsurance companies. ICICI Lombard filed all the necessary forms and terms of insurance with the Indian insurance regulator, registering their products before the program was launched. 

At the end of the contract term, the final values of the weighted indices at Mahahbubnagar weather station were calculated by multiplying the cumulative rainfall totals in each ten-day period from May 11 to October 17, 2003, by the specific weight assigned to that period. The weighted rainfall indices for groundnut and castor were calculated to be 516mm and 490mm, respectively, for khariff 2003, triggering a payout for groundnut farmers and no payout for castor farmers. Groundnut farmers with small, medium, and large holdings recovered Rs 320, Rs 400, and Rs 480, respectively, within two weeks of the end date of the contract, after the rainfall data were collected and crosschecked by the IMD (see Table A2.8).

	Table A2.8. Pilot Statistics, 2003

	Statistic
	Groundnut
	Castor
	Total

	Total number of farmers insured
	154
	76
	230

	Aggregate value of insurance (Rs)
	2,250,000
	858,000
	3,108,000

	Aggregate premium paid (Rs)
	71,700
	22,880
	94,580

	Aggregate amount of claims (Rs)
	50,417
	0
	50,417

	Net Incurred Claim to Net Premium Earned (%)
	70.3
	0
	53.3

	Source: KBS LAB. 


Farmer Feedback

The overall farmer feedback from the first pilot was positive; the farmers welcomed the new product and appreciated the objective nature of the weather insurance contracts and the timely payment of claims. In particular, groundnut farmers received a timely recovery from the policies they purchased, even though the Mahahbubnagar district was not declared a drought area by the government of Andhra Pradesh in 2003 and, as a result, no payments were made from the government’s crop insurance program. The following positive aspects of the pilot, as reported by KBS LAB from feedback sessions with the BUA members in Pamireddypally in January 2004, included the following:

· Farmers had the opportunity to reflect on rainfall shortages and the economic losses associated with them and to learn about the concept and process of rainfall insurance;

· Farmers were happy that they could buy rainfall insurance to protect themselves from the most critical risk to their farming operations;

· The product was introduced through KBS LAB, a credible source of services and facilities for the farmers; and

· Claims were paid in a timely manner.

Some shortfalls were perceived in the product design, however; in particular, the farmers expected that more weight would be given to the initial sowing period of groundnut. Moisture stress at sowing was associated with the greatest financial risk for farmers, as the farmers invest most of their production costs at sowing time. If the plants do not germinate and survive the establishment period, the entire crop will be lost along with the investment costs, and the farmer will have to resow, incurring further input and production expenditures. In 2003, for example, the groundnut farmers expected a greater payout than the amount recovered, as the rains during sowing were delayed and not optimal. The farmers felt the index did not properly reflect that most of the investment in the crop was made at the beginning of the growing season; they believed more emphasis should have been given to this phase. Other shortfalls, as reported by KBS LAB after feedback sessions with the BUA members in January 2004, included the following:

· Rainfall data were collected at Mahahbubnagar weather station, but the farmers felt the station did not represent the rainfall of their village well.

· Claim calculation criteria were not clearly communicated to the farmers during the sales and marketing campaign; in particular, the farmers were more comfortable with indexing claims in millimeters rather than in percentile points, and the farmers did not understand the nonlinear payout function of the insurance contract and were expecting a linear relationship between the rainfall index and the claim amount. In 2003, for example, a 22 percent shortfall occurred in the rainfall index; hence the farmers expected Rs 2,800 as the claim amount:  22 percent of the Rs 14,000 sum insured for small-hold farmers.

· Farmers felt that the product should offer phase-wise payouts for each growing phase, subject to the maximum limits, so that it would be clear how the weights and therefore payouts related to each growing stage. The farmers also requested that in the future the insurance company send a progress report on the rainfall for each of the crop phases in order to facilitate a better understanding within the farming community. 

· Farmers noted that excess rainfall at harvest could result in severe crop losses and requested that protection against the risk of excess rainfall be offered under the weather insurance product. 

Second pilot program: 2004

The second pilot program in khariff 2004 introduced significant changes to the 2003 design. The program was extended to four new weather reference station locations in two additional districts in Andhra Pradesh: Khammam and Anantapur. The weather insurance contracts were offered to both BASIX borrowers and nonborrowers and were marketed and sold through KBS LAB in Khammam and Mahahbubnagar districts and through Bhartiya Samruddhi Finance Ltd. (BSFL)
 in Anantapur district at village meetings, farmer workshops, and feedback sessions in the month leading up to the groundnut and castor growing season. A portion of the weather insurance contracts were written on local rain gauges monitored by the government of Andhra Pradesh, rather than on the district IMD stations. Because 60 percent of agriculture in Andhra Pradesh is rain-fed, the government of Andrea Pradesh maintains a network of 1,108 rain gauges throughout the state. This monitoring is done at the smallest administrative unit in the state, known as a mandal, which is a grouping of approximately fifteen villages. In Andhra Pradesh there are forty to fifty mandals in each district, and each mandal has one rain gauge: 232 of the rain gauges are owned by the IMD, and all conform to World Meteorological Organization specifications. Records begin in 1956, and historical data can be purchased from the Government Bureau of Statistics and Economics in Hyderabad. The second pilot used these rain gauges, and, as a result, in general all rain gauges were ten kilometers away from the faming villages involved in the scheme. This limited the basis risk to farmers, because the gauges were closer to their actual farms, but made it more difficult and indeed impossible to find international reinsurance for the final portfolio of weather insurance contracts sold by BASIX and insured by ICICI Lombard. In 2004, therefore, ICICI Lombard chose to keep the risk itself without international reinsurance support.

The biggest difference in 2004, however, was the design of the weather insurance contracts. In light of the farmer feedback from khariff 2003, the drought protection products for 2004 were structured by dividing the groundnut and castor growing seasons into three phases each, corresponding to the plants’ three critical growing periods: (1) establishment and vegetative growth, (2) flowering and pod formation, and (3) pod filling and maturity. With a departure from the weighted index design, the new contracts specified a cumulative rainfall trigger for each of the three phases, with an individual payout rate and limit for each phase. The groundnut drought insurance policy offered to farmers in Narayanpet mandal in Mahahbubnagar district, for example, appears in Table A2.9.
	Table A2.9. Payout Structure Per Acre for Groundnut Weather Insurance Policy for Narayanpet Mandal, Mahahbubnagar District (2004)

	Phase
	Dates
	Strike
(mm)
	Limit
(mm)
	Payout Rate
(Rs)
	Limit
(Rs)

	Establishment and Vegetative Growth
	June 10 — July 14
	75
	20
	15
	3,000

	Flowering and Pod Formation
	July 15 — August 28


	110
	40
	10
	2,000

	Pod Filling and Maturity
	August 29 — October 2
	75
	10
	5
	1,000


Source: Authors.
Trigger levels and payout rates were determined in consultation with local agrometeorologists and farmers and with reference to local yield data as in 2003. Premiums and threshold levels vary by weather station, depending on the risk profile of each individual location. This simplified design was introduced to give clarity to the recovery process by clearly associating each critical growth phase with an individual deficit rainfall protection structure. If the rainfall deficit reached the lower limit in each phase, the total payout limit for that phase would be triggered to indemnify farmers for the severe corresponding crop losses associated with the lack of rainfall. Figure A2.5 shows the contract payout structure. In a further departure from the 2003 pilot, the contracts were designed to be sold per acre.

	Figure A2. 5. Payout Structure of Groundnut Weather Insurance Policy for Narayanpet Mandal, Mahahbubnagar District, 2004
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Source: Authors.
A farmer could buy as many acres of protection as he wished, provided he actually cultivated that many acres of the crop to be insured. The premium associated with the product in Table A2.9 is Rs 250 per acre insured, for a sum insured of Rs 6,000 per acre. New contracts were also offered for cotton farmers in Khammam district, and an excess rainfall product for harvest was offered to all castor and groundnut farmers with the structure shown in Table A2.10.
In total, over 400 farmers bought insurance through BASIX in 2004, and a further 320 groundnut farmers, members of a Velugu self-help group organization in Anantapur district, bought insurance directly from ICICI Lombard. Several farmers were repeat customers from the 2003 pilot. In contrast to 2003, ICICI Lombard did not seek reinsurance for the BASIX farmer weather insurance portfolio in 2004. As in 2003, all contracts were settled promptly, within thirty days of the end of the calculation period. An example of the marketing leaflet developed by KBS LAB and ICICI Lombard detailing the weather insurance contracts for castor, groundnut, and excess rainfall for Narayanpet mandal is shown in Figure A2.6. For example, in khariff 2004, the rainfall in Narayanpet mandal was not good for groundnut farmers. The rainfall recorded at the local mandal rain gauge measured 12mm for Phase 1 and 84.2mm for Phase 2; rainfall during Phase 3 was above average, at 112mm. Farmers who bought this policy received a payout of Rs 3,258 per acre insured on September 22, 2004.

	Table A2.10. Payout Structure Per Acre for Castor and Groundnut Excess Rainfall Weather Insurance Policy for Narayanpet, Mahahbubnagar

	Dates
	September 1 — October 10

	Rainy Day Index
	Daily rainfall greater than or equal to 10 mm

	Premium
	Rs200 per acre insured

	Limit
	Rs6,000 per acre insured

	Excess Rainfall Payout Structure

	Number of Consecutive Rainy Days
	Claim Amount (Rs)

	4
	1,500

	5
	1,500

	6
	3,000

	( 7
	6,000


Source: Authors.
Figure A2.6. An Example of  the Marketing Leaflet for Groundnut (DGN), Castor (DCN), and Excess Rainfall (EN) Protection in Narayanpet Mandal, Mahahbubnagar District, 2004
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Source: ICICI Lombard/BASIX.
In autumn 2004, CRMG commissioned a baseline survey to be conducted for the World Bank by the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in Hyderabad to ascertain the overall farmer feedback for the first two years of weather insurance. The survey, involving one thousand farmers, some of whom have been involved in both pilot programs, will be used as base from which the impact, efficiency, and acceptability of the weather insurance concept can be measured. The results provide strong guidelines and direction for future weather insurance programs in India, particularly regarding the issues of scalability and sustainability.   The results also indicate how these new products function in the overall rural finance framework, with particular emphasis on access to credit and credit repayment by farmers.

The future for BASIX weather insurance

In 2004, a number of other transactions also took place within the Indian private sector in response to the 2003 pilot. In 2004, BASIX bought a crop-loan portfolio insurance policy based on weather indices. For the first time, BASIX used this protection to cover its own risk and passed neither the cost nor the benefits to its client farmers. The protection allowed BASIX to keep lending to drought-prone areas by mitigating default risk through the insurance policy claims in extreme drought years. BASIX bought a policy to cover three business locations, which was insured by ICICI Lombard and then reinsured into the international weather market. 

In 2005, BASIX scaled-up the weather insurance program for farmers, extending the projects to all of their branches in seven Indian states for khariff 2005, with a sales target of ten thousand policies. BASIX sold 7,685 policies to 6,703 customers in thirty-six locations in six Indian states during the 2005 monsoon season. The new policies featured a dynamic contract start date determined by a rainfall trigger and minimum and maximum limits to the rainfall counted (for example, rainfall below two millimeters per day is not counted). In addition, BASIX simplified and largely automated the underwriting process, which is why BASIX could roll out weather insurance to every branch. Intense training sessions with loan officers, who became literally one-stop-shop full customer service agents, allowed BASIX to service a large array of rainfall insurance products. At the same time, the policies became more general “monsoon failure” policies, meaning they were area-specific rather than crop-specific products, targeting general livelihood losses of farmers that have diversified agricultural portfolios at risk to weather, rather than losses associated with yield variations of a specific crop. For the first time BAISX also worked with another insurance provider, NAIC, as well as ICICI Lombard, to sell weather insurance policies in some locations. In 2005, over seventy new automated weather stations were installed throughout India, by private company Delhi-based National Collateral Management Services Limited (NCMSL) in partnership with ICICI Lombard, on which weather insurance contracts were written, including many BASIX contracts.  By establishing stations closer to the farmers, BASIX had more reliable automatic stations as settlement bases for their contracts and more accurate products for their farmers. NCMSL plans to scale-up their installations throughout the country with more insurance provider partners in 2006, which will benefit end users like BASIX in subsequent seasons. 
BASIX is also interested in making the insurance available to landless laborers and self-help group women in its operating regions, whose livelihoods also suffer from the vagaries of the monsoon. In 2004, three hundred women bought a weather insurance policy from ICICI Lombard directly, traveling by train to Hyderabad. 

BASIX’s ultimate goal is to offer weather-indexed loans to their borrowers. BASIX can package a loan and a weather insurance contract (Hess 2003), based on the drought indices described above, for example, into one product, such as a weather-indexed groundnut production loan. The farmer would enter into a loan agreement with a higher interest rate that accounts for the weather insurance premium that BASIX would pay to the insurer. In return, in the event of a drought as defined by the index, the farmer will not repay all the dues. In the event of a moderate drought, instead of paying the loan principal and interest, the farmer would repay the principle only; in the event of a severe drought, he would only need to repay part of the principle. 
During 2004 and 2005, not only did BASIX expand their weather insurance program, a number of other institutions, including the originator, ICICI Lombard, began expanding the market for weather insurance in India. IFCCO-Tokio, a joint venture insurance company, launched weather insurance contracts similar to the 2003 contracts in 2004, selling over three thousand policies to farmers throughout India in 2004 and over sixteen thousand in 2005. In conjunction with ICICI Lombard, the government of Rajasthan launched a weather insurance program for farmers for the 2004 growing seasons, insuring 783 orange farmers from insufficient rainfall in khariff 2004 and 1036 coriander farmers in rabi 2004; this was scaled up to include more crops and farmers in 2005. The NAIC, responsible for the government-sponsored area-yield indexed crop insurance scheme, also launched a pilot weather insurance scheme for twenty districts throughout the country in 2004, reaching nearly 13,000 farmers; the scheme was even mentioned in the government of India budget for the financial year 2004 to 2005. In 2005, NAIC sold weather insurance to approximately 125,000 farmers throughout India. In the same year, ICICI Lombard scaled up its agricultural weather insurance sales, reaching approximately 100,000 farmers, and expanded into other economic sectors. New insurance providers such as HDFC Chubb also entered the market in 2005. In total it is estimated that during kharrif 2005 250,000 farmers bought weather insurance throughout the country. Given this strong level of interest and the potential size of the end user market, agriculture weather risk management in India is set to grow (Divyakirti 2004).
Weather insurance for agriculture in Ukraine

Ukraine is one of the biggest grain and oilseed producers in the world and the agricultural sector is of great importance for the national economy: agriculture accounts for 14 percent of the country’s GDP.
 For their production, Ukrainian farmers face multiple perils, such as drought, excess rain, and frost, which make their incomes unpredictable and limit their access to credit. 

Empirical evidence demonstrates that the largest risk to crop production in the Kherson oblast (province) is weather, namely drought in spring and summer and low temperatures in winter. Traditional multiple- peril products offered by local insurance companies somewhat addressed winter risks, but drought coverage was excluded from the insurance products available to farmers. In addition, the insurance companies did not have the professional staff with agricultural expertise nor the infrastructure necessary to offer comprehensive agricultural insurance products. Consequently the farmers did not trust the insurance companies and the policies offered. High administrative costs and asymmetry of information further compounded these problems, rendering the agricultural insurance system in the country ineffective.

In 2001, the CRMG introduced the concept of index-based weather insurance to Ukraine in collaboration with IFC-PEP. The concept of weather insurance appeared particularly feasible in Ukraine because of a widespread system of 187 weather stations, eight in Kherson, and the excellent quality of data. After extensive consultations with the farmers, local authorities, and agricultural scientists, IFC-PEP decided to investigate the feasibility of weather insurance in the southern oblast of Kherson. In order to reach the acceptable volume of contract sales, IFC-PEP decided that the weather pilot project should concentrate on regional farmers’ most important crops susceptible to weather risk. Potential crops included winter wheat, spring barley, sunflower, and corn. Of these, winter wheat has the biggest planted area and considerable value at risk: 1.5 to 2 million tons is produced in the oblast annually with an approximate crop value of US$200 million, and, in addition, most of this crop is cultivated without irrigation. Furthermore, financial institutions in the oblast had recently started to accept standing crops of grain as security for agricultural loans, despite concerns over lack of sufficient insurance protection.

With this basis in 2004, the CRMG together with IFC-PEP Agribusiness Development Project agreed to run a small pilot project for the Kherson oblast in spring 2005. 

The Kherson oblast 

A cursory glance at winter wheat yield data for the Kherson oblast shows a significant interannual variability in yield in the region (Figure A2.7), which reflects the agroclimatic risk inherent to the oblast. Formal interviews with winter wheat farmers in the region indicated the greatest perceived risks were related to weather. 

Figure A2.7. Winter Wheat Yields for Kherson Oblast, 1971–2001
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Source: Hess et al. 2005.

Designing the Index

Historical yield data for Kherson are unreliable (not reported accurately) for the purposes of index construction, as the data does not faithfully represent the actual production in the rayons (subregions) of the oblast. In order to design an effective weather risk management instrument, key weather factors had to be discussed with experts, such as agrometeorologists and farmers, and crop models using weather variables as inputs for yield estimates had to be developed. To this end, a report (Adamenko 2004) was commissioned by the CRMG and ICF-PEP from the Ukrainian Hydrometeorological Center (UHC) in Kiev to assess the agroclimatic conditions and weather risks for growing winter wheat in the Kherson oblast. In the absence of reliable yield data, expert assessment and the results from the report based on the UHC oblast-specific crop model were used as the basis for constructing an appropriate weather index for winter wheat in Kherson. 
Identified Weather Risks
According to the UHC report (Adamenko 2004) the most significant weather risks for growing winter wheat in the Kherson oblast are (1) winterkill during the crop’s hibernation period from December to March, and (2) moisture stress during the vegetative growth period from mid-April to June.

Winter wheat yields at harvest depend to a great extent on how well the plants survive the winter and the hibernation period. In the territory of Kherson, the primary cause of winter wheat winter crop death is one day or more of air temperature and, therefore, soil temperature below the critical level. These winterkill events cause damage and death of the plants’ tillering node. Snow cover considerably improves conditions for winter wheat hibernation, as the difference between air and soil temperature increase by 0.5 to 1.1ºC for each centimeter of snow cover. The crop usually dies in years without snow cover or when the stable snow cover appears late in winter, as it did in 2003.

Low moisture is the other main limiting factor for high winter wheat yields in the Kherson oblast. In fact, lack of moisture in the soil and air during the vegetative growth period is the main cause of low winter wheat yields. In particular, all five rayons of the oblast are subject to frequent droughts; the probability of a severe and medium drought (defined subsequently) during the vegetative period in the region is 15 to 20 percent and 40 to 50 percent, respectively. The first critical period in which winter wheat yield formation is highly susceptible to moisture stress is the phase from leaf-tube formation to earing. Due to the climatic conditions of the region, this period lasts from April 15 to May 25. The water requirements for winter wheat during this stage, when compared to the climatic conditions for this period for the oblast, are estimated by the UHC to be 80 percent of the optimum. During the most recent years, in 50 percent of cases the moisture conditions during this period were close to optimum (1998, 1999, 2001), while in the other 50 percent of cases they were insufficient (2000, 2002, and 2003). The second critical period for winter wheat is the phase from earing to milk ripeness, which is the kernel formation stage; this lasts, on average, from May 22 to June 14, but it can extend later into June. Lack of moisture during this period directly decreases the number of kernels in a wheat ear and leads to excessive drying of the kernels. The water requirements for winter wheat during this stage, when compared to the climatic conditions for this period for the oblast, are estimated by the UHC to be 90 percent of the optimum. 

The Selyaninov Hydrothermal Ratio Index (SHRI)

The previous findings indicate the need to include drought risk in a meaningful insurance product. An example of a product that has been suggested for Kherson oblast is outlined in this section. Agricultural drought can take two forms: air drought and soil drought. Air drought describes conditions in which precipitation is low and high air temperature persists against a background of low relative air humidity. This leads to unfavorable conditions for plant vegetation and drastically reduces crop yields. Soil drought describes the excessive dryness of soil, resulting in a scarce supply of moisture available for crop growth and development. Air drought, characterized by a long rainless period, high air temperature, and low air humidity, is often described using the Selyaninov Hydrothermal Ratio (SHR). For the vegetative growth period for winter wheat in Kherson, April 15 to June 30, the SHR is defined as follows:

SHR = (15 April-June Daily Rainfall / ( 0.1 * (15 April-June Average Daily Temperature )

It holds for periods when daily average temperatures are consistently above +10ºC. This period, on average, begins on April 15 in the Kherson oblast. The SHR does not always serve as a reliable criterion of agricultural drought because it does not account for soil moisture, but because soil dryness, unlike rainfall and average temperature, is generally not an observed variable, the SHR is the only objective indicator that can be used to capture drought risk during the vegetative period. Conditions for obtaining the best harvest are when the SHR is between 1.0 and 1.4. When the SHR is greater than or equal to 1.6, plant yields will be depressed by excessive moisture. When the SHR is less than or equal to 0.6, plants are depressed by drought conditions. In general, the isoline SHR = 0.5 coincides with regions of semidesert climate conditions. Results from the UHC crop model (Adamenko 2004) that suggest the impact on yields of SHR during the vegetative growth stage between April 15 and June 30 are defined in Table A2.11.

	Table A2.11. Relationship Between SHR and Winter Wheat Yields During the Vegetative Growth Phase of Plant Development

	SHR
	Description
	Yield Loss (%)
	SHR
	Description
	Yield Loss (%)

	1.6
	Excessive humidity
	30+
	< 0.7
	Drought conditions
	—

	1.3–1.6
	Damp
	—
	0.5–0.6
	Medium drought
	20

	1.2–1.0
	Sufficient humidity
	—
	0.4–0.5
	Severe drought
	20–50

	0.9–0.7
	Dry
	—
	< 0.4
	Extreme drought
	50 +

	Source: Hess et al. 2005. 


The SHR can therefore be used as an index to monitor the impact of air drought on winter wheat crop yields.
Quantifying the Impact of Weather

There are two possible levels for weather insurance protection that can identify the appropriate limit for a weather insurance contract: Production costs and expected revenue. The former, in general, is more appropriate for catastrophic weather risks early in the growing season, such as winterkill, when the farmer has an opportunity to resow another crop for summer harvest if the winter wheat crop is completely destroyed. The latter is, in general, more appropriate for weather risks later in the growing season, when there is no opportunity for resowing, yet conditions, such as an April to June drought, can cause yield to vary significantly from the expected levels. The choice of a factor, however, depends on the preferences of the farmer. Informal interviews with farmers in the oblast indicate that farmers are less concerned with winterkill risk than with drought risk, even though it can potentially cause complete damage, because of the potential to resow. 
Winter wheat farmers spend a maximum of (Ukrainian Hryvna) UAH 1000 per hectare on production and inputs costs during the crop’s entire growing season. The limit of a mid-April to June drought insurance contract to cover production and input costs should therefore be set at UAH 1000 per hectare insured.   In the event of total crop failure as a result of a very extreme drought, for example, say a SHR < 0.15 event, the farmer would be indemnified for UAH 1000 per hectare insured to compensate for the loss of the investment. The payout rate of the insurance contract can be determined from the information in the UHC report and is summarized in Table A2.12. 

	Table A2.12. Relationship Between SHR and Financial Losses Associated with Winter Wheat
Yield Fluctuations

	SHR
	Payout per Hectare
	SHR
	Payout per Hectare

	0.6–0.51
	UAH 200 (20% loss)
	0.3-0.26
	UAH 700 (70% loss)

	0.5–0.46
	UAH 300 (30% loss)
	0.25-0.21
	UAH 800 (80% loss)

	0.45–0.41
	UAH 400 (40% loss)
	0.2-0.16
	UAH 900 (90% loss)

	0.4–0.36
	UAH 500 (50% loss)
	< 0.15
	UAH 1000 (100% loss)

	0.35–0.31
	UAH 600 (60% loss)
	
	

	Source: Hess et al. 2005.


Calculating the limit and payout rate for a contract to protect farmer revenue is a little more difficult, as harvest-time commodity prices are not known in advance when the insurance is purchased. Furthermore, commodity prices also often vary in response to extreme production shocks, and it is often difficult to quantify the production (weather) price correlation. Estimates for the harvest-time price can be made, however; for example, the previous year’s harvest-price or the five-year average of the September price from the local commodities exchange could be used as a best estimate, or the government minimum support price could be used as a lower boundary for the selling price. 

Structuring a weather insurance contract

The Sum Insured

In order to ensure that the insurance product has some relationship with the true risk exposure of the farmer, the limit of the insurance contract is negotiable with the farmer; however, it cannot exceed a maximum estimated by the potential insured loss to the farmer, as outlined in above. In the design of the contract, an upper limit on the risk volume per client will be set at the total area of the crop planted multiplied by the expected selling price, determined as mentioned above by the previous year’s selling price according to records, the five-year average, or the government’s minimum support price. 

Contract Specifications
As outlined in Appendix 1, in addition to defining the index, the buyer/seller information (names, crop, and hectarage insured), limit and tick-size, an index-based weather insurance contract must also include the location (weather station of reference), the calculation period, the strike or deductible, and the premium. In the case of Ukraine, to provide the best possible coverage for the farmer client, index-based insurance contracts must be written on the UHC weather station nearest to the farmer’s land. Indeed, the extent of the UHC weather observing network may be a limiting factor for the applicability of this type of insurance in regions that do not have a UHC station. The correlation coefficients for the interannual variation in cumulative rainfall, cumulative average temperature, and SHR for April 15 to June 30 from 1973 to 2002 for five weather stations in the oblast are given in Table A2.13.

	Table A2.13. Correlation Coefficients for the Interannual Variability of Cumulative Rainfall, Average Temperature, and the SHR Index Measured at Five UHC Weather Stations in Kherson Oblast

	Station Name
	Behtery
	Genichesk
	Kherson
	N Kahowka
	N Sirogozy
	Station Location

	April 15 – June 30 Cumulative Rainfall Correlation Coefficients (1973–2002)

	Behtery
	1
	
	
	
	
	46`15`` N
32`18`` E

	Genichesk
	0.72
	1
	
	
	
	46`10`` N
34`49`` E

	Kherson
	0.74
	0.59
	1
	
	
	46`38`` N 32`34`` E

	N Kahowka
	0.70
	0.41
	0.65
	1
	
	46`49`` N 33`29`` E

	N Sirogozy
	0.35
	0.54
	0.39
	0.50
	1
	46`51`` N 34`24`` E

	April 15 – June 30 Cumulative Temperature Correlation Coefficients (1973–2002)

	Behtery
	1
	
	
	
	
	46`15`` N
32`18`` E

	Genichesk
	0.93
	1
	
	
	
	46`10`` N
34`49`` E

	Kherson
	0.98
	0.93
	1
	
	
	46`38`` N 32`34`` E

	N Kahowka
	0.98
	0.95
	0.99
	1
	
	46`49`` N 33`29`` E

	N Sirogozy
	0.95
	0.95
	0.98
	0.98
	1
	46`51`` N 34`24`` E

	April 15 – June 30 SHR Correlation Coefficients (1973–2002)

	Behtery
	1
	
	
	
	
	46`15`` N
32`18`` E

	Genichesk
	0.72
	1
	
	
	
	46`10`` N
34`49`` E

	Kherson
	0.74
	0.59
	1
	
	
	46`38`` N 32`34`` E

	N Kahowka
	0.74
	0.44
	0.68
	1
	
	46`49`` N 33`29`` E

	N Sirogozy
	0.38
	0.58
	0.42
	0.50
	1
	46`51`` N 34`24`` E

	Source: Hess et al. 2005.


A very loose rule-of-thumb is that farmers living within a thirty kilometer radius of the weather stations may purchase weather insurance indexed to that station. Temperature exhibits less spatial variability than does rainfall. The benefit of the SHR index is that, by combining cumulative rainfall with temperature, the spatial variability of the index, in comparison to indexes of cumulative rainfall alone, is slightly reduced. In this example, the calculation period for the SHR drought insurance contract is April 15 to June 30 to cover the leaf-tubing to kernel formation growth period of winter wheat. Final settlement of the weather insurance contracts typically would occur up to forty-five days after the end of the calculation period, once the collected weather data have been cross-checked and quality controlled by the UHC. The strike would be set at a predefined SHR level appropriate to the weather station under consideration. A pricing example for winter wheat drought risk is given below for Behtery weather station.
Example: Pricing drought risk as measured by the SHR index

In Behtery, droughts of varying intensity happen quite frequently. Although irrigation is partially used by farmers in this area, farmers have expressed interest in products that protect against extreme drought. Figure A2.8 shows the cumulative average temperature and cumulative daily rainfall measured at the Behtery station from 15 April to 30 June 1973 to 2002. The temperature data exhibit strong trends, hence the data must be detrended to make the historical data consistent with recent warmer conditions that may make severe drought events more frequent in Behtery now than thirty years ago. The weather data from the UHC are of high quality and do not need to be cleaned or quality controlled prior to analysis. The data are detrended by fitting and removing a best-fit least mean square linear trend to the cumulative average temperature totals for April 15 to June 30 (see Appendix 1). Figure A2.9 shows the corresponding SHR index: medium droughts (SHR < 0.6) have occurred nine times in the past thirty years and severe droughts (SHR < 0.4) twice. The driest conditions occurred in 1996, with SHR = 0.21. 

	Figure A2.8. Cumulative Rainfall and Average Temperature for Behtery Weather Station for April 15 to June 30, 1973–2002
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Figure 3.6 Cumulative rainfall and average temperature for
Behtery Weather Station for April 15 — June 30, 1973-2002
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	Source: Hess et al. 2005.


Figure A2.9. SHR Index for Behtery Weather Station, 1973–2002
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Source: Hess et al. 2005.
The payout of a SHR index insurance contract at Behtery is determined by the following equation:

Payout = min( max(0, K — SHR)*X, M)

where K is the strike, SHR is the SHR index measured during the calculation period, X is the payout rate, determined by the structure of the contract, and M is the limit of the contract. A reasonable estimate for the risk loading factors (, (, given prices in the weather market, are ( = 25% and ( = 5%. By simply taking the thirty years of payouts in Figure A2.9, the payout statistics for a weather insurance contract with a strike level of SHR = 0.4 can be calculated as follows: E(SHR) = UAH 70, ((SHR) = UAH 220 and VaR97(SHR) = UAH 800. A first-order estimate of an appropriate premium to charge a farmer for an insurance contract with a strike level of SHR = 0.4 at Behtery Weather Station, therefore, is between UAH 110 and 125 per hectare for a sum insured of UAH 1000.
 (See Figure A2.10 for the terms of an example of a prototype contract for Behtery.)

Figure A2.10 . Sample Contract for Behtery Weather Station

	Buyer
	Farmer Z

1 Wheat Street, Behtery, Kherson, UA

	Seller
	ABC Insurance Company

	Hectares of Winter Wheat Insured


	100 Hectares

	Calculation Period
	April 15, 2005 to June 30, 2005 (inclusive)

	Location
	Behtery Weather Station

	Index, SHR
	SHR = Index 1 / ( Index 2 * Scaling Factor )

Where:

Index 1 = Cumulative Capped Daily Rainfall measured during the Calculation Period at Location. Measuring Unit: mm

Index 2 = Cumulative Daily Average Temperature measured during the Calculation Period at Location.  Measuring Unit: Degrees Celsius

Scaling Factor = 0.1

	Capped Daily Rainfall
	Capped Daily Rainfall = min (50, Daily Rainfall Total)

Measuring Unit: mm

	Strike, K
	0.4

	Maximum Payout, M
	UAH 1000 per Hectare Insured

	Settlement Calculation
	1. If the Index SHR is greater than the Strike K no payment is made.

2.  If the Index SHR is less than or equal to the Strike K the Buyer receives a payout X per hectare insured from the Seller according to the following Settlement Calculation:

If 0.36 < max (K – SHR, 0) < 0.41, X = UAH 500

If 0.31 < max (K – SHR, 0) < 0.36, X = UAH 600

If 0.26 < max (K – SHR, 0) < 0.31, X = UAH 700

If 0.21 < max (K – SHR, 0) < 0.26, X = UAH 800

If 0.16 < max (K – SHR, 0) < 0.21, X = UAH 900

If max (K – SHR, 0) < 0.16, X = UAH 1000

	Maximum Settlement
	The maximum payment that can be made from the Seller to the Buyer is UAH 100,000.

	Premium
	The Buyer will pay the Seller a premium of UAH 12,000 for the weather protection outlined above.

	Settlement Data
	Ukrainian Hydrometeorological Centre, Kiev

	Settlement Date
	Within 45 days of the end of the Calculation Period.

	Source: Hess et al. 2005.


The 2005 pilot in Kherson

According to Ukrainian legislation, in order to be able to introduce a new product, such as index-based weather insurance, to the market, the participating company (or companies) must design and register the rules of insurance with the state regulatory body. Although the law on insurance – the leading document regulating the insurance industry – does not specifically reference "index" insurance, other legislative documents introduce index-based products in relation to agricultural applications; for example, relating to agricultural insurance and state finance support of the agricultural sector. As a result, there was no direct legislative barrier prohibiting the use of index-based products in Ukraine. In April 2005, the regulator agreed to register rules of insurance that permit the development of different types of index-based insurance products for agribusiness applications.

The insurance company partner, Kiev-based Credo Classic, working with IFC-PEP and CRMG, submitted the necessary package of documents to the regulator in Kiev. This included drafting and registering the rules of insurance for index-based weather insurance products with the regulating body. The rules of insurance were accepted at the beginning of April 2005, clearing the way for the first weather insurance pilot in Ukraine. The regulator confirmed that, given the nature of the product, the insurer is not required to carry out field checks and loss adjustments, despite the potential of basis risk. The regulator further stated that the insured area must not be greater than the seeded area and, for the purpose of this product, a farmer’s report declaring the seeded area should be sufficient proof of the maximum possible area for insurance.
The weather insurance contract designs and marketing materials for the proposed pilot program in Kherson were finalized following receipt of State Regulator approval of the rules of weather index insurance for agricultural applications. Using feedback and workshop sessions, IFC-PEP worked with the insurance partner in Kherson oblast to target groups – including farmers, agribusinesses, and financial institutions – who could benefit from the new insurance products. Only two weather insurance contracts protecting against drought were sold during the brief marketing period, primarily due to the timing of the pilot and late regulatory approval. The protection period for the first pilot finished in July 2005. The results of the small first pilot have been communicated to the public to raise awareness about index insurance and the pilot experience: the concept and methodologies developed have been made publicly available. Presently, the insurance company leading the pilot in Kherson is already providing consultations to other markets players in Ukraine on designing index-based products in-house and drafting the insurance rules for these new products. There are also plans to scale up weather insurance activities to cover more crops and regions in 2006. 

Technology Application Case Studies: Grassland Index Insurance Using Satellite Imagery

In recent times, the availability of new technology, such as satellite imagery, has sparked the introduction of new initiatives to insure grasslands. The most common technical justifications for the adoption of satellite imagery (SI), as the principle of area-yield insurance, are the following: (1) SI can measure pasture health and growth and represents a multiple-peril insurance approach; (2) SI can economically reduce the size of the area on which pasture growth and potential insurance payments are based, thereby reducing basis risk as compared to other approaches (that is, the cage clipping alternative); and (3) SI can assess pasture conditions throughout the growing season and thereby lends itself to “intra-seasonal coverage options.” This section will discuss the use of satellite imagery in creating useful indices to insure grassland following a parametric and objective procedure and will describe relevant experiences in Canada and Spain, the two countries that have made the most effective use of this kind of parametric insurance.  
Use of the Normalized Difference Vegetation Index (NDVI) for insurance purposes

One of the satellite networks with more information available for these purposes comes from the NOAA satellite. The NOAA satellite has blue, green, red, infrared, and thermal sensors and takes one image per day for every square kilometer of the earth’s surface. The NDVI is a type of vegetative index based on the relationship between red light and near-infrared light. Healthy vegetation absorbs the red light from the sun and uses it for photosynthesis while reflecting near-infrared light from the sun. The formula used to calculate the NDVI is given by:

NDVI = (NIR  — “Red”) / (NIR + “Red)


where NIR is near-infrared light and Red is red light. The more red light is absorbed by the plants, the smaller the amount of red light is, in turn, reflected by the plant and recorded by the satellite, therefore the larger the NDVI value. 

Another important input for the use of NDVI as index insurance is the design of an appropriate mask. A mask is simply a set of geo-referenced information identifying specific land features that can be laid over the satellite imagery information. The overlaying of this information allows some of the satellite imagery to be extracted from the information file prior to making production assessments. 
Grassland insurance in Alberta (AFSC operated)

In 2001, Alberta launched a pilot project using satellite imagery to define a historical “benchmark” production and assess annual pasture production. The pilot was limited to a geographical area of the province where pasture is the predominant land cover. An NDVI, scaled appropriately to reflect native pasture production, was calculated for each township in the pilot area. Insured farmers received payments according to a predetermined payment schedule when the annual township NDVI fell below the historical benchmark NDVI for the township. The program was expanded slightly in 2002 to the portion of the province in which the square kilometer resolution (pixel image) of the NOAA satellite system was considered practical for pasture.

The mask used for the project selects only information known to be at least 85 percent native or improved pasture at a quarter section level (160 acres). In the pilot area, where satellite imagery insurance operated, a significant percentage of land, 80 to 90 percent, is native pasture.  Areas of crop irrigation and some bush land also need to be extracted, or they significantly influence the program outcome. If a quarter section of land has irrigation, it is removed from the program dataset.

The process for calculating a township NDVI included the use of daily images to estimate the NDVI for each square kilometer section and scaled to identify variations in pasture observations to generate a pasture vegetative index (PVI). All weekly “pixel image” PVI values within a township are averaged to get the weekly township PVI value. While ample data existed to calculate the PVI, little accurate “in-field” pasture information was available to judge whether the PVI actually correlated to pasture growth. In the past, however, AFSC had operated a cage clipping system that allowed it to obtain production estimates. The availability of information allowed pursuit of a statistical procedure to assess the efficiency of the index indicator to reflect the variations in volume of grassland, basically by comparing historical PVI values to pasture production trends over time, and to confirm any correlation with farmers.

The pasture production data were available for correlation comparisons from 1991 to 1999 from the cage clippings at designated and consistent sites. In addition, AFSC personnel compared satellite imagery to trends in precipitation measured at select Environment Canada weather stations. Correlation results, however, were not good (approximately r = 0.65). Through a series of client meetings, AFSC asked farmers to identify their two best and two worst pasture production years in the last fifteen-year period. Since a PVI value could be calculated for each township from 1987 to 2000, farmers could see whether the extreme PVI values compared to their recollections of historical pasture production trends. Production shortfalls due to drought and cool early season temperatures appeared to be identified in the historical PVI values. Geographical differences among township PVI values corresponded to the anecdotal production perceptions of farmers surveyed.

To augment the information acquired by satellite imagery, AFSC developed research plots throughout the pilot pasture area to measure rainfall and the growth of pasture under cages and to note changing pasture conditions over the growing season throughout the pilot area (thirty in total). The correlations were improved substantially through this process.

Pasture insurance is sold in the spring of each year, but farmers must make their purchasing decisions by the end of February. Farmers must insure all the acres of pasture within the same category — native, improved, or bush pasture — but a lower than normal PVI value in one township is not offset by a higher than normal PVI in another. Coverage and premium are expressed in dollars and derived by multiplying the pounds of pasture production expected in each forage risk area, as determined by AFSC, by 80 percent of one of the four price options available to the farmer. The premium rate for the 2003 native pasture insurance program was 21 percent (60 percent is subsidized by the government).

Grassland insurance in Spain

The parametric insurance scheme in Spain was engineered mainly to cover farmers from droughts affecting the pasture areas. The index utilized is also the NDVI (estimated from NOAA images). The product has been offered since 2001 for all the farms performing extensive livestock production, specifically cattle, sheep, horses, and goats, and is designed to cover the farmers experiencing more than thirty dry days (defined as based on the average historical information on pasture).

In contrast to the previous case study, the insurable index is based only on pure imagery, that is, no verification with actual yields was performed. The index is therefore constructed using a historical evolution of the pixels to create a curve, and the indemnity is defined when the actual observations in a particular year are located below the average curve, based on eighteen years of data.

Also in contrast to the weekly NDVI values, this scheme is based on a ten-day period NDVI index. A Maximum Value Composite Index (MVCI) is estimated for each ten-day period to eliminate the effect of clouds. The reference curves built from the MVCI are smoothed using different algorithms and are defined as beginning on the first ten-day period of October and finalized on the last ten-day period of September of the next calendar year. Whenever information is not available for a particular period, a linear interpolation method is used to fill the missing gaps.

[image: image1.wmf] 

 

The mask in this scheme is based on the Corine Land Cover (CLC-90), which is used to discriminate between areas with and without grassland production. The deductible is calculated from the ten-day period and is defined as the historic average MVCI for each area, minus 1.25 standard deviations from the average MVCI. The second item of the deductible is related to the amount of ten-day periods below the individual deductible for each time window. The time deductible is three periods below the reference threshold for every ten-day period, which is equivalent to thirty days with dry vegetative indicators. 
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� Specific information on this is not available for public disclosure.


� The actual premium and payment rates are not available for public disclosure and are omitted from this paper. Since the lack of heat units affects the end use of grain corn more that it does silage corn, the table of premium and payment rates differs for the two types of crop.


� Besides working as a severity index, this mathematical relationship is a percentage relationship, allowing the comparison of figures from different years without concern for the scale of the measurement or inflation rates. It also helps eliminate variations in the total sum insured on a yearly basis.


� The weather information for the Mexican transaction was reviewed directly by Risk Management Solutions (RMS; www.rms.com) which determined that no significant trends, particularly in the temperature data, occurred in the information used to construct the weather derivative structure. Therefore, the following pricing exercise does not include any “detrending” procedures such as those described in Appendix 1.


� This information was provided by RMS, who worked with Agroasemex on the initial project.


� The Sharpe Ratio method is presented in Appendix 1.


� The unorganized sector in India corresponds to the informal or submerged economy, such as small-scale nonregistered businesses, found particularly in the rural areas. 


� www.basixindia.com.


� BASIX Annual Report 2003–04.


� The BUA is a project of the Andhra Pradesh Government; it subsidizes 85 percent of the cost of community bore wells dug for irrigation of lands belonging to multiple village households. The remaining 15 percent of the bore well cost is met by the individual BUA members, in proportion to the land they irrigate. 


� BSFL is another BASIX subsidiary company. Launched in 1998, BSFL is the “flagship” company of the group and is registered with the Reserve Bank of India as a nonbank financial company engaged in microcredit and retailing insurance and the provision of technical assistance. Source: www.basixindia.com.


� This section is from Hess et al. 2005. 


� As of 2003. The source of this information is the World Development Indicators database, August 2004.


� Information on SHR is from Adamenko 2004.


� See Appendix 1 for details regarding the pricing of weather insurance contracts. 


� The information for this section is from AFSC 2005.


� The NOAA satellite system was used because historical satellite images were readily available. To be effective, however, any nonpastureland had to be excluded from the satellite images. With the square kilometer resolution of the satellite image, pastureland outside the pilot area is situated in smaller land parcels and within other crop and forested land. Moving beyond the pilot area, with this resolution, would dictate the exclusion of many pixels that do not meet the minimum pasture content criteria. Without a minimum number of pixel images, the sample size for a township production estimate is not credible.
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