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Executive summary

Index insurance has a role to play in agricultural development and risk management,
yet it faces operational and technical challenges to reach scale and sustainability. Data
are a key challenge and were the focus of the project “Improving Agricultural Risk
Management in Sub-Saharan Africa: Remote Sensing for Index Insurance”. Limited
availability, accessibility, quantity and poor quality of data on the ground are some
of the primary technical constraints preventing scale-up and sustainability of index
insurance. Without sufficient quality data, either it is impossible to design products
for some areas and countries, or products that are designed can become unreliable,
not compensating when they should. These inconsistencies intensify vulnerability,
lead to distrust of insurance, and ultimately have an impact on demand. This
publication details the project, which investigated overcoming issues with ground
data by using remote sensing data for index insurance. It describes the different
remote sensing options and opportunities available for index insurance, but it also
recommends further investment in research and development, supplementary
ground data and capacity-building going forward.

With financial support from the Agence Francaise de Développement (AFD) and
an additional contribution from the Belgian Federal Science Policy Office (BELSPO),
the project was carried out by the Weather Risk Management Facility (WRMF). The
WRMF was established by the International Fund for Agricultural Development
(IFAD) and the World Food Programme (WFP) in 2008. It supports initiatives aimed
atreducing smallholders’ vulnerability to weather and other agricultural production
risks, in order to encourage and protect investments in smallholder agricultural
production and contribute to food security. The WRMF does this through research,
technical assistance and capacity-building, and implementation of innovative risk
management solutions, such as agricultural index insurance.

Smallholder farmers, the focus of the project, are particularly exposed to the
unpredictability of climate-related risks. Such risks are difficult to tackle because
they typically strike many farmers in the same area and at the same time, making
most risk management approaches or coping mechanisms unfeasible. In addition,
climate change further intensifies these risks.

Climate-related production risks trap households in poverty and food
insecurity. Without reliable tools to protect against these risks, smallholders forgo
opportunities to become more productive by continuing to focus on more resilient
but less profitable production activities and not investing in better quality inputs
and technology. Exacerbating this situation, financial service providers fear offering
financial products and services; input suppliers limit their outreach; and even the
sustainability of well-intended donor and government interventions is threatened
by external shocks.
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Agricultural insurance can offer part of the solution, by helping to protect assets
and encourage productive investments in smallholder agriculture, unlock access to
credit; increase resilience of rural households and businesses, and improve food
security. This publication focuses on index insurance for crops. To overcome the
limitations of ground-based data, index insurance developers are turning to remote
sensing approaches, such as satellite data. However, despite the significant experience
developed in drought insurance for pasture, applications for smallholders’ cropping
activities are relatively new, and remote sensing data are not yet being used to their
full potential for index insurance.

One bottleneck is the lack of reliable information on remote sensing for index
insurance, including different methodology options and their possible combinations,
what works best in which areas and for which types of crops, and whether and how
remote sensing solutions can be mainstreamed into index insurance. These are
some of the challenges that the project sought to address. Its overall goal was to
contribute scalable and sustainable approaches to index insurance and to evaluate
the feasibility of remote sensing for index insurance to benefit smallholder farmers.

Based on extensive research into the sector, the project developed and tested seven
innovative remote sensing methodologies over two crop seasons in Senegal. These
methodologies were evaluated to produce findings and recommendations on the
performance of the different indices in accurately depicting village-level yield loss
due to weather and other perils (depending on the remote sensing approach); and
on the operational feasibility and implementation needed to mainstream remote
sensing in index insurance operations.

The project united a wide range of different actors whose expertise spanned remote
sensing, insurance and reinsurance, aid and development, and agricultural research.
This publication concludes that remote sensing methodologies are operationally
feasible for index insurance. However, it was a challenge for the indices developed
to reflect local yield, and basis risk remains a key concern. Although remote sensing
data are increasingly available, and at no cost, local knowledge and data from the
ground are still essential to design, calibrate and validate remote sensing indices. The
findings highlighted a very high variability of yields achieved by individual farmers,
even in the same village in the same year. The potential for basis risk is strongly
influenced by the size of the area set by the insurer under which all policyholders
are grouped, the uniformity of local yield losses experienced in a loss event, and
the ability of the methodologies to detect such yield losses. Performance analysis
showed that whatever the methodology, product design has a critical influence on
how accurately loss can be captured. In addition, limited availability of expertise to
design indices is a challenge.



In order to further improve index insurance products based on remote sensing

and to scale up, it is recommended that:

additional research and development activities be supported to further
improve the potential of remote sensing for index insurance;

further investment be made in ground data collection protocols, capacity and
systems;

different remote sensing approaches, dedicated mapping tools, and ground-
level sources of data and information be combined to improve the quality of
index insurance structures;

future initiatives focus on developing proper segmentation of the size of the
insured area;

schemes based on remotely sensed data be carefully planned for measures
aimed at mitigating the occurrence of basis risk events; and

capacity of private and public remote sensing institutions be built in order to
fill current gaps in expertise and ensure future sustainability.

11
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1. Background

Insurance for smallholder agriculture: the need, the
opportunities and the challenges

Smallholder farmers currently produce 70 per cent of Africa’s food supply and
80 per cent of the food consumed in Africa and Asia. Due to increasing population
growth, the global food supply will need to almost double by 2050. To meet that
demand, more than US$83 billion per year needs to be invested in smallholder
agriculture (IFAD, 2013). However, smallholders are vulnerable to a range of
individual and widespread risks. These risks can be mitigated, in part, by agricultural
insurance, which comes in many forms. This publication focuses on index insurance.

Risks
Despite the dependence of Africa and Asia on smallholder farmers, yield gaps, losses
and poor supply are prevalent due to lack of or weak access, distribution, availability
and stability of:

¢ natural resources, particularly land and water

e quality inputs

e production practices

e transport and storage

e markets

¢ financial services

e external investment

e infrastructure

e capacity and instruments to manage risks.

Smallholder farmers are particularly exposed to the unpredictability of climate-
related risks, especially drought and floods, and risks such as pests and disease.
These risks are difficult to tackle because they typically strike many farmers in
the same area at the same time (systemic risks), making most risk management
approaches or coping mechanisms unfeasible. In addition, climate change further
intensifies these risks.

These climate-related production risks trap households in poverty and food
insecurity. Without reliable tools to protect themselves against these risks,
smallholders forgo opportunities to become more productive: they focus on more
resilient but less profitable production activities and do not invest in better quality
inputs and technology. This situation is exacerbated by financial service providers
who are wary of offering financial products and services; by input suppliers who
limit their outreach; and by external shocks that threaten the sustainability of well-
intended donor and government interventions (IFAD, 2015).

13
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Agricultural insurance

Agricultural insurance can offer part of the solution by helping to protect assets
and encourage productive investments in smallholder agriculture, unlock access
to credit; increase resilience of rural households and businesses, and improve
food security. Within this context, it is little wonder that the international
community - including the G7, the G20 and the Paris Agreement (adopted at the
Paris Climate Conference (COP21) in 2015) - has pledged to support scaling up of
agricultural insurance. Agricultural insurance products are diverse (see Box 1), but
this publication focuses on index insurance for crops as opposed to insurance for

livestock or indemnity insurance.

Box 1. Types of agricultural insurance

Indemnity products
e Named peril crop insurance (e.g. hail)
e Multi-peril crop insurance (MPCI) (yield guarantee)
e Accident and mortality livestock insurance

Index-based products
e Weather index insurance (WII) using ground-based or remotely sensed measures of
weather variables
e Area yield index insurance (AYll) using ground measurement
¢ |ndex insurance using remote sensing to monitor cropping or pasture conditions

In indemnity insurance, compensation is based on measured loss or damage,
and therefore requires an insurer to make individual farm visits to set up coverage
and to assess loss. This makes it costly and difficult to administer efficiently and
effectively for smallholders, and it leaves open the problems of moral hazard and
adverse selection. The most widespread indemnity insurance product (multi-peril
crop insurance, or MPCI) is based on measurement of shortfalls of actual yield at the
individual farm level compared with expected yield.

In contrast, index insurance payments are based on an indirect indicator intended
to be a proxy for loss or damage. The index is built on historical data, and it uses
current season data to verify when a payment is triggered. Generally, all farmers
within a given area purchase the same policy, for the same price, and receive the
same payouts when the index triggers.

The reduced administrative costs and the simplified and automated claims
processes make index insurance more accessible for smallholder agriculture. The
standardized nature of the product also means that it can be bundled with other
services, such as credit or inputs, and delivered through aggregators. It protects
against systemic risks (also known as covariate risks) — which affect many people
in the same area and at the same time, be it a local area, across a region or a whole
country - and are typically difficult to recover from quickly without external help or
appropriate financial tools in place. Because the index insurance products are built



on existing data, they are based on objective and transparent information, which
means some of the risk can be transferred to national or international markets.
Advances in index insurance have helped the agricultural insurance market in
developing countries grow in recent years. In Africa, between 2011 and 2014, the
number of people covered by agricultural insurance grew by 560 per cent (from
0.2 million to 1.1 million people), which is partly attributable to new index
insurance products (Microinsurance Network, 2016). Despite some successful
schemes and increasing government commitments, penetration is still low in most

developing countries.

Challenges facing index insurance
There is consensus within the sector on the challenges facing index insurance that
need to be overcome if offerings are to be scaled up and made sustainable. The
main challenges fall into two categories: (i) delivery challenges and (ii) technical
product challenges.
In terms of delivery, the key issues to be overcome are:
e delivering at scale and at a low cost;
¢ bringing added value for clients and partners - be they smallholder farmers,
value chain actors, microfinance institutions, or governments - and this
value might be achieved either through bundling index insurance with other
products or through benefiting farmers indirectly by covering the business
risks faced by financial institutions or those that arise in the value chain; and

¢ building insurance awareness and understanding among clients and partners.

Technical product challenges can relate to basis risk, which is the mismatch between
the actual loss and the compensation received (see Box 2). Development costs and
product replication also represent challenges since products need to be tailored to
each location and crop (in the case of crop-specific products). Limited availability,
quantity and quality of on-the-ground weather and yield data are also important
technical challenges.

Insurance payouts that do not correspond to the true losses experienced by the
farmer and intended to be covered by the policy carry the danger of poor value
to the client, client dissatisfaction and reputational risk for the insurer and for
all stakeholders.

The extent of basis risk can be influenced by the spatial resolution of the satellite
images, where index measurements may be in the form of single pixels or groups
of pixels that are aggregated to form the unit area of insurance (UAI). The UAI is
the area set by the insurer under which all policyholders are grouped, paying the
same premium and having the same payout rates related to their sums insured (see
page 58). Understanding the extent of variation of crop yields at the level of the
individual farmer, village and larger aggregated area is important in implementing
index insurance. Similarly, understanding the causes of crop loss (if it is related to
weather or to other risks such as pests and disease, or due to low-intensity farming

15
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Box 2. Basis risk

Basis risk is a key constraint for index insurance. In its widest sense, basis risk is the difference
between the loss experienced by the farmer and the payout triggered. However, identifying
the differences between losses and payouts received by the farmers can be complex. Such
differences depend on the index insurance methodology on which the coverage is based. For
example, pest and disease losses are not covered by a weather index insurance contract.

A key dimension of index insurance is the distinction between average losses experienced

in the coverage area as a whole (covariate risk) and losses experienced by individual farmers
(idiosyncratic risk). Causes of basis risk could be related to the distance from the point of
measurement of the indexed variable and the geography or size of the unit area of insurance
(UA) (spatial basis risk), or to the timing of the start of crop season, which may differ from the
measurements established in the index insurance contract (temporal basis risk).

If parameters such as triggers and exits are incorrectly calibrated, or the relationship
between the index measurement and the crop yield is not clear, basis risk may be attributed
to product design (product basis risk).

Despite these complexities, the general and wider definition of basis risk remains useful.
However, it must be remembered that, when determining whether basis risk has occurred,

it is necessary to consider the cover intended by each index insurance methodology. This
difference emphasizes the importance of clarity in the wording of the insurance policy and of
educational outreach when index insurance is sold.

and diverse farming practices) is extremely important in the interpretation of
potential basis risk.

The Regulator of Insurance in each country is responsible for consumer protection,
and index insurance products need to demonstrate product quality through their
ability to match losses with payouts. Index insurance products can be crop-specific
or intended to reflect more general crop losses (primarily due to drought).

Data for index insurance

Various studies have analysed lessons from different index insurance schemes
around the world and identified common challenges with on-the-ground data
infrastructure as a constraint to further scale-up (IFAD-WFP 2010; European
Commission Joint Research Centre, 2013; Hellmuth M.E., et. al 2009; World Bank
Commodity Risk Management Group, 2008; and MicroSave, 2013). Index insurance
is complex to design in a way that highly correlates with the losses the policy intends

to cover.

Ground data needs for index-based insurance

Weather index insurance (WII) and area yield index insurance (AYII) are the most
common forms of index insurance. Both WII and AYII require ground data for
designing the index and operating the contract. WII based on ground measurements
relies on both historical and current weather data, and some agricultural data to
design and calibrate products. AYII relies on historical yield data for design and
pricing, and on current yield data to provide compensation when yield losses occur.



Designing and underwriting the contract

Historical weather data requirements. Historical weather data are used as the basis
for data analysis in the design and pricing of WII. Generally, to meet commercial
insurer and reinsurer requirements, significant historical data are needed (ideally,
20 to 30 years of daily observations), and missing or out-of-range values should
represent only a small percentage of the total dataset (indicatively, below 3 per cent).!
Of the utmost importance is the quality and reliability of the dataset. Data from
weather stations managed by the national meteorological service or, in some
cases, a reliable private provider, can be used, but they should meet international
standards such as those set by the World Meteorological Organization (WMO). The
density of weather stations needed depends on the weather risk being insured, the
homogeneity of topography of the insured area, and the distribution of the farming
population. For index insurance purposes, stations may be needed from 5 km up to
25 km away from insured farms. Data collection and recording procedures should
be secure and trustworthy to reduce the risk of tampering with measurements. For
the same reason, while manual weather stations could be acceptable in some cases,
data from automated weather stations are preferred as they are less vulnerable to
fraud and error.

Weather data are not usually required for AYII, unless specific add-on provisions
are embedded in the yield index cover, such as a sowing failure cover based on lack
of rainfall.

Agricultural data requirements. Agricultural information is important for both
WII and AYII products. For WII, it complements the contract design process; for AYII,
itis the base for structuring the insurance coverage. The most relevant information to
be collected is yield data, which should be as disaggregated as possible in the insured
areas, and, if available, official loss or damage data. This information should be
supplemented with a clear description of the agricultural production characteristics
in the areas (i.e. intensity of production, cropping patterns and varieties, soil types
and water balance).

Operating the contract

Ongoing weather data requirements. Once contracts are in operation, it is
necessary to have ongoing access to the data to determine whether a payment is
due. For weather data, it is normally the role of the national meteorological service
to provide these data and maintain the stations. Data need to be appropriately
collected, maintained and stored. Data should be reported as frequently as possible
(ideally, on a daily basis) and made available to insurers and others involved
to allow them to determine when a payout should be made and to identify any
problems in a timely manner (e.g. problems with data transmission or availability).
An independent source of data should be available for verification, if needed (e.g.
surrounding weather stations, the WMO Global Telecommunication System).

1 References to the required length of the time series and amount of missing data should not be considered as
binding rules. Reinsurers may agree to use datasets that are shorter or have a higher percentage of missing data.

17
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Ongoing agricultural data requirements. Yield data are needed at a level of
disaggregation appropriate to the area covered by the contract. To match the timelines
required by the insurance transactions, data should be reported in a timely manner.

Challenges with data

Limited availability, accessibility, quantity and poor quality of data on the ground
are some of the main technical constraints preventing scale-up and sustainability of
index insurance. Without sufficient quality data, it is impossible to design products
for some areas and countries, or products that are designed are unreliable and do
not compensate when they should. This intensifies vulnerability, leads to distrust of
insurance, and ultimately has an impact on demand.

Weather data. Weather data that meet all the necessary requirements are
rarely available in developing countries and are especially scarce in those areas
needing coverage. This deficiency limits scaling up of WII. The completeness of
the historical dataset is highly variable for different areas, particularly for daily
data, which are needed for index design. Similarly, the density of weather stations
forming the national network varies considerably from country to country. Even
if the perfect datasets exist, they are not necessarily accessible or available or for
commercial purposes. Apart from the cost of obtaining the data, successful design
and operationalization requires a good understanding to be reached with national
meteorological services to manage and provide the data required for operating index
insurance. Installing new weather stations just for the purposes of index insurance
would create an issue in terms of the number that would be needed to cover often
dispersed populations, across heterogeneous areas, as well as costly long-term
maintenance. Furthermore, there would be no historical record available. In certain
circumstances, artificial datasets can be calculated in areas where new stations are
installed to partly overcome this problem; however, it is not a viable solution in all
cases for scaling up.

Yield data. Good quality yield data covering a sufficient time series at the
required disaggregated level are frequently unavailable. For W1I, the lack of quality
yield data has a relevant impact on contract development. For AYI1I, yield data are an
essential requirement since they are needed to both structure the insurance coverage
and determine compensation. In practice, local staff of ministries of agriculture or
national statistical departments collect yield data; however, it is often the case that
yield data are unreliable or not available at the appropriate level of disaggregation,
or reporting is slow after harvest, which delays payouts. Index insurance schemes
that require a reliable and ongoing flow of quality yield data may need to set up
dedicated yield collection methodologies and procedures, but it is not always
possible to do so.



Remotely sensed data

With the challenges of ground-based data, the sector has begun to turn to satellite
data either as a possible supplement to ground-based data indices or to create remote
sensing index insurance products.

Remotely sensed indices do not take direct measurement on the ground. Instead,
remote sensors on satellites collect different types of datasets based on specific
biophysical dynamics, such as cloud temperature to estimate rainfall, evaporation
and transpiration of water from the soil/plant system (evapotranspiration), soil
moisture content or vegetation greenness. These data are typically calibrated with
some ground information to create index data. The index is designed to proxy yield
loss based on the remote sensing parameters used.

Remotely sensed data have several advantages over ground-based data that make
them interesting potential alternatives. In particular, remotely sensed data:

e are difficult for the parties involved in the insurance transaction to influence;

e are spatially continuous across large areas of the earth;

¢ may have extended historical records;

e can be available in near real-time;

e can be freely accessible and available in their unprocessed version;

e can generate a large spectrum of indices that detect biophysical changes in

plant growth such as soil moisture, rainfall, temperature and vegetation
greenness; and can, therefore, calculate yield loss due to risks beyond rainfall.

Because of these advantages, remote sensing-based index insurance could help with
scalability and sustainability issues. However, remotely sensed data are not yet being
used to their full potential for index insurance.

One bottleneck is that there is a lack of reliable information on remote sensing
for index insurance, including different methodology options and their possible
combinations, what works best in which areas and for which types of crops, and
whether and how remote sensing solutions can be mainstreamed into index
insurance. These are some of the challenges that the project “Improving Agricultural
Risk Management in Sub-Saharan Africa: Remote Sensing for Index Insurance”
sought to address (see Chapter 2).
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2. Project goal, objectives
and organization

Project overview

With financial support from the Agence Frangaise de Développement (AFD) and an
additional contribution from the Belgian Federal Science Policy Office (BELSPO),
the International Fund for Agricultural Development (IFAD) and World Food
Programme (WFP) implemented an innovative project “Improving agricultural risk
management in sub-Saharan Africa: remote sensing for index insurance”, which ran
from 2012 to 2016. The project was designed to fill a critical information gap and
address a scaling-up constraint for index insurance. Its overall goal was to contribute
to scalable and sustainable approaches to index insurance, with the objective
of evaluating the feasibility of remote sensing for index insurance to benefit
smallholder farmers.

Based on extensive research into the sector, the project developed and tested
seven innovative remote sensing methodologies over two seasons in Senegal. These
were evaluated to produce findings and recommendations on:

¢ the performance of the different indices in accurately depicting village-level

yield loss due to weather and other perils (depending on the remote sensing
approach) (see Box 3); and

¢ the operational feasibility and implementation needs for mainstreaming

remote sensing in index insurance operations.

Box 3. Index insurance levels

Indices could be used in operational insurance schemes delivered at the micro level or, in
more aggregated forms, at the meso level. Even if index insurance is distributed through
aggregators, it is classified as a micro-level index insurance where the policyholder is the
farmer. This structure is the most common internationally. Although there has been much
interest in meso-level index insurance (where the aggregator acts as policyholder and is
responsible for decisions on distribution of payouts), there are very few operational examples.
A key example of macro-level index insurance is African Risk Capacity, where government is
the policyholder.

To help analyse performance, each season, crop monitoring on the ground took
place in Senegal in three regions of interest (ROIs), 20 km x 20 km areas that were
identified in Diourbel, Koussanar and Nioro. These ROIs differ in rainfall pattern

and risk profile (see Chapter 4).
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Seven remote sensing service providers (RSSPs) were selected for participation
in the project: Environmental Analysis and Remote Sensing (EARS), Famine Early
Warning Systems Network (FEWS NET), GeoVille, the International Research
Institute for Climate and Society (IRI), the Faculty of Geo-Information Science and
Earth Observation (University of Twente) (ITC), sarmap and the Flemish Institute
for Technological Research [Vlaamse Instelling voor Technologisch Onderzoek] (VITO),
the latter also acted as the project’s technical coordinator. The RSSPs developed
index structures to cover losses of maize, groundnut and millet in each of the ROIs?
that were the basis for testing and performance analysis.> However, it was not the
objective of the project to commercialize the structures designed as insurance
contracts. At the same time, ground monitoring of crops was being undertaken to
assess the ground situation and support analysis of index performance. Official
government yield statistics from 2002 were used to support the analysis of the
methodologies tested.

The project united a wide range of different actors who would not normally have
collaborated. Their expertise spanned remote sensing, insurance and reinsurance,
aid and development and agricultural research (see Table 1).

A multidisciplinary evaluation committee was tasked with assessing the technical
and operational performance of the methodologies developed (see Chapter 8),
and highlighting the opportunities and constraints of each methodology to better
understand the feasibility of remote sensing for index insurance.

Figure 1. Project steps

. 2017+

Scaling up for
2016 IFAD, WFP and
. Evaluation index insurance

Lessons and sector
2013-2015 findings

R&D cycle
Product
. development
Testing
2012 Ground
Research monitoring
and set up Performance
analysis

2 Diourbel did not include maize as it is not grown there.

3 sarmap was tasked with developing and testing crop maps based on Synthetic Aperture Radar (SAR) data and
not insurance contract structures.



Table 1. Project partners

Management and coordination

IFAD-WFP Weather Risk Management Facility (WRMF) in cooperation with technical experts
in agricultural insurance and risk management.

Remote sensing service providers

EARS, FEWS NET, GeoVille, IRI, ITC, sarmap, and VITO (which also acted as the project’s
technical coordinator)

Crop monitoring

Senegalese Institute for Agricultural Research (ISRA) together with experts from the
International Cooperation Centre in Agricultural Research for Development (CIRAD) and the
Regional Research Centre for Improving Adaptation to Drought (CERAAS)

Project Evaluation Committee

¢ |nsurance sector: Swiss Re and other reinsurance experts, PlaNet Guarantee

¢ Remote sensing experts: National Aeronautics and Space Administration (NASA),
European Space Agency, Italian Space Agency, WFP, FAO, European Commission Joint
Research Centre (JRC), Technical University of Denmark

¢ Index insurance development actors: experts from World Bank’s Global Index Insurance
Facility (GIIF), BASIS 14

* In-country agricultural and remote sensing experts: Centre de Suivi Ecologique, ISRA,
CIRAD/CERAAS

Needs of end-users, stakeholders and clients

The project focused on end-users and their needs, considering the ways in
which stakeholders might implement and maintain sustainable index insurance
programmes that make use of remote sensing.

Although insurers may be considered the primary end-users, there are a wide
range of stakeholders who need to be brought together to design and implement
agricultural insurance products and programmes. Insurers have a central role, but
they may not be the prime movers of such initiatives. In developing countries,
programmes are often initiated by donors and development agencies, working in
conjunction with insurers and national partners in both private and public sectors.
Insurance is often integrated into agricultural development programmes and linked
to supply chains, and it may be bundled with finance. These stakeholders and
their needs are best considered in the context of the different stages of insurance
programme design and implementation planning (see Table 2).
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Table 2. Index insurance programme and product design stages and
stakeholder roles

Stage Description Example stakeholders Comment
Feasibility e Perform risk e |nsurer, supervisor of e Feasibility studies
study and assessment insurance often supported by
programme ¢ |dentify clients and e Donors international experts
design partners e Data providers
¢ |dentify distribution (national
channels meteorological
¢ |dentify needs agencies,
for awareness- agricultural statistics)
raising and farmer e Agricultural credit
registration providers
e Provide technical ® |nput providers
support and e Farmer associations
capacity-building
e Perform financial
planning and
budgeting
Product e Select and ® Insurer Process to select
design design product/ e Reinsurer and design the
methodology e Product designer product
e Define product e Technical support Obtain product
parameters unit approval
* Define the UAls * Regulator of Zoning of clients
e |dentify product Insurance Establishing the UAls
pricing e Farmer associations Define information
e Design farmer needed to enrol
insurance enrolment clients, to issue
and registration policies, and to
procedures establish databases
Distribution e Set up and train e Farmer associations Raising awareness
planning distribution or cooperatives of index insurance
and product channel(s) ¢ Microfinance requires appropriate
information e Create materials for institutions educational outreach

marketing and sales
Design procedures
for payment of
claims

Raise stakeholder
awareness

Educate farmer
associations and
clients

Processor agents
Brokers
Target clients

to distribution
partners as well as
target farmers




Additionally, the project focused on smallholders as the clients of index insurance.
The demand for index insurance schemes is strongest if farmers are individually
insured, and the ultimate policyholder is the smallholder (under “micro-level” index
insurance schemes) (see Box 3). This means the smallholder is directly covered and
would see a direct benefit from the insurance coverage even if the insurance product
itselfis bundled with other financial and non-financial services. This is different from
purely meso-level schemes in which an entity, such as a microfinance institution, is
the policyholder; or macro-level schemes, such as African Risk Capacity, where the
government is the policyholder. Both schemes can have indirect or direct benefits
for a smallholder farmer, depending on the design. In this project, the remit was
set to see whether the remote sensing methodologies could depict losses occurring
for smallholders at the village level, and to determine the UAI appropriate to each
methodology, within which smallholders could be grouped (see page 58 for more
on UAls).

Remote sensing implications for insurers

The potential opportunities for insurers to use remote sensing for improving and
scaling up index insurance are significant. The project was designed to consider
both the technical and operational opportunities and the specific requirements and

challenges remote sensing involves for insurers.

Key challenges for insurers

¢ Technical complexity and access to expertise. The move into index insurance -
particularly using remote sensing - is a departure for insurers, whose core
business is a diverse range of motor, commercial and personal lines of insurance.
Under traditional indemnity insurance, the insurer controls almost all aspects of
underwriting and distribution, with only loss adjustment delegated to third
parties. The introduction of weather index insurance or area yield index insurance
means insurers need to develop new technical skills and to access specialists in
index insurance design and agro-meteorology, when setting index parameters
based on the analysis of weather data and agricultural production data. With
index insurance products based on remote sensing technology, another layer
of technical complexity is added.

e Access to agricultural and risk information and experts. Technical expertise
is needed to ensure that the index product can be context-specific for the target
clients. For example, access is needed to experts who understand agricultural
risks, causes of loss, farming systems and crop varieties, as well as soil water
balance. This requires that theinsurer set up contacts with outside organizations
or experts in such disciplines as agricultural research, extension, etc. Insurers
need either to access fully outsourced feasibility studies to design the product
and programme (see Table 2) or to work with national actors. In comparing
different methodologies of remote sensing, a factor of importance to the insurer
is the extent of ground-truthing needed to calibrate the products in the areas
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that will be insured (and thus to design operational products). If strong local
fieldwork (including data collection or community participation) is needed,
this is a potential constraint and creates additional costs in implementation
while limiting the speed of roll-out and the opportunity to scale up.

¢ Basis risk. Basis risk remains the single, largest challenge of index insurance.
Insurance payouts that do not correspond to the true loss experienced by
the farmer, and which were caused by perils intended to be covered by the
policy, carry the danger of poor value to the client, client dissatisfaction,
and reputational risk for the insurer and for all stakeholders. A key question,
therefore, is how each remote sensing methodology “performs”, in terms
of both underpayment and overpayment against losses. The extent of basis
risk is closely linked to the resolution of the remote sensing, where index
measurements may be made through single pixels, or groups of pixels that are
aggregated to form the UAI. An objective of the project has been to understand
the extent of variation of crop yields at the level of the individual farmer, village
and larger aggregated area. Similarly, understanding the causes of crop loss
(whether related to weather or to other risks such as pests and disease, or due
to low-intensity farming and diverse farming practices) is extremely important
in order to interpret the potential basis risk from different methodologies.

Key opportunities for insurers

e Farmer enrolment, satellite resolution and unit areas of insurance. The
opportunities opened up by pixel data at a higher resolution might seem very
attractive to an insurer as, in theory, this could allow payouts to be measured
from data that are specific to local areas such as villages. For an insurer, the
decision on the optimum UAI is very important. The UAI should be small
enough to allow payouts to match the losses at a local level, but not so small
that the allocation of farmers to UAIs becomes a complex task (likewise, index
design becomes complex if indices need to be calibrated to a very local level).
A UALI that is too small could actually increase basis risk.

e Harnessing technology for distribution and sales. The development of
technology such as high resolution mapping via geographical information
systems (GIS) helps insurers better understand the geographical distribution of
a portfolio of insured farmers, their locations, factors affecting risks and land
use; it also strongly supports effective distribution and underwriting of index
insurance. For example, the insurance marketed by ACRE (Agriculture and
Climate Risk Enterprise) in Kenya is linked to reporting of sowing and location
by mobile phone.? Further, understanding the geographical distribution of a
portfolio of insured farmers is important in order to understand the spread of
risk and likely financial outcomes.

4 See http://www.wfo-oma.com/climate-change/case-studies/kilimo-salama-safe-agriculture-index-based-
agriculture-insurance.html


http://www.wfo-oma.com/climate-change/case-studies/kilimo-salama-safe-agriculture-index-based-agriculture-insurance.html
http://www.wfo-oma.com/climate-change/case-studies/kilimo-salama-safe-agriculture-index-based-agriculture-insurance.html

e Portfolio information, mapping and geographical information systems.
Another potential advantage of remote sensing is that it allows the insurer to
have a good informational database in its sales areas, where a client database
is linked to a GIS platform held by the insurer. Agricultural insurance in
developed countries now relies heavily on technology (tablets or devices) to
record locations of insured farmers, and map information such as land use,
fields boundaries and client insurance information (e.g. premiums, claims,
yield history). Although there are fewer needs for individual client information
in index insurance, insurers consider it very important to understand their
clients, their locations, and factors affecting risks and land use. Remote sensing
offers excellent opportunities to build GIS data systems with a user interface
for insurers.
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3. Remote sensing overview
and approaches

For more than 20 years, agricultural monitoring has been one of the primary
operational applications of earth observation. Remote sensing can significantly
contribute to providing a timely and accurate picture of crop growth and development
as it can gather information over large areas with a high revisit frequency. Moreover,
the availability of remote sensing data archives allows users to compare climate and
vegetation over time and analyse trends.

Many national and international remote sensing-based agricultural monitoring
systems have emerged over the past decades. Well known examples are the FAO
Global Information and Early Warning System (GIEWS), the JRC Monitoring
Agricultural Resources (MARS), the USAID Famine Early Warning System (FEWS
NET) and the ISRA Crop Watch systems. These applications have remained primarily
in the public sector but, over the past decade, the interest from the private sector has
been steadily growing.

There are two main types of remote sensing systems - “passive” sensors and
“active” sensors. Passive sensors measure either sunlight being reflected (visual
and near-infrared light) or radiation being emitted (thermal or microwave) from
the earth’s surface. Like our eyes, these sensors operate largely within the optical
spectrum, producing images that are recognizable and easily interpreted. Passive
sensors, however, do not provide information in the case of cloud coverage.

Active sensors are independent from the sun’s illumination because they have
their own energy source (usually microwave) directed towards the earth’s surface.
Radio detection and ranging (RADAR), for example, sends microwave radiation at a
specific polarization (horizontal or vertical), which is backscattered from (bounced
off) the earth’s surface and recorded again by the sensor. The amount of energy
received by the sensor is determined by, among other variables, the surface roughness
and moisture content, and can be interpreted accordingly. RADAR images are more
difficult to interpret, but the key advantage of active sensors is that images can be
acquired at any time of the day and in cloudy weather conditions.
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Table 3. Passive and active remote sensing systems

Type Satellite examples When to use

Passive e Sentinel-2/3 e Daytime only

SENsors ¢ NOAA/METOP-AVHRR ¢ No cloud cover
e SPOT-VEGETATION

* Proba-V, MODIS
e | andsat/5-8

Active Synthetic Aperture Radar (SAR) systems are: * Any time (day or
sensors e Cosmo-SkyMed night)
e Sentinel-1 * Most weather
e ERS-1/-2 SAR conditions
e JERS-1 SAR
RADARSAT-1/-2
ENVISAT ASAR
ALOS PALSAR-1
TerraSAR-X
e ALOS-2

Different types of information products are derived from these remote sensing
systems. Some of the most widely used remotely sensed products for agricultural
monitoring are rainfall estimates, soil moisture, evapotranspiration and vegetation
indices. Satellite-based rainfall or soil moisture estimates may provide information on
the climatic conditions that influence crop growth. Vegetation indices such as NDVI
or fraction of Absorbed Photosynthetically Active Radiation (fAPAR) make it possible
to follow crop growth and development during the season. Vegetation indices can
also be used to distinguish between different land cover types or, in some cases, even
different crop types. Identifying land cover, and possibly crop types, is important to
create masks that act as inputs to remote sensing interpretation. Evapotranspiration
compares the crop’s water demand with the available soil moisture.

Directly or indirectly, these products can all provide indications on crop health
and productivity, and they can aid in identifying crops affected by weather-related
damage (e.g. lack of rainfall or flooding) or by pests or diseases. Identifying land
cover, and possibly crop types, is important in creating masks that act as inputs to
remote sensing interpretation.®

A scoping exercise took place at the beginning of the project to identify the most
promising remote sensing approaches to develop and/or assess. Index insurance
contract structures were developed for the project based on all of the selected
approaches outlined in this chapter, except for Synthetic Aperture Radar (SAR) data,
which were used for testing mapping (further information on methodologies can be
found in Chapter 8 and on mapping in Chapter 7).

5 A crop mask is based on coarse resolution data and expresses a percentage of a crop represented in a pixel. It
thus leads to better exploitation of mixed pixels in coarse resolution imagery and is increasingly used in regional
and global crop monitoring systems.



Rainfall estimates

Despite the fact that rain gauges provide highly accurate local information, they are
often too scarce and unevenly distributed to achieve accurate analysis of rainfall
patterns in space and time.® While building out a dense network is expensive and
requires ongoing funding for maintenance, satellite-based rainfall estimates (RFEs)
may offer a solution to overcome this problem. Most RFE products are available on
a daily basis and provide a time series of more than 30 years. The spatial resolution
varies from roughly 4 km to 25 km. However, it is important to recognize that
satellites do not measure precipitation directly and have their shortcomings.

Today, most RFEs combine both thermal infrared (TIR) sensors and passive
microwave imagery. They may also include ground-based rainfall observations
and/or modelled weather information (Toté et al., 2015). TIR sensors make indirect
estimates of rainfall by measuring thickness of clouds or the temperature of cloud
tops. Passive microwave sensors assess atmospheric liquid water content and rainfall
intensity as microwaves penetrate clouds. Precipitation-sized particles are the major
source of attenuation at the frequencies used for passive microwave imagery.

The main strengths of satellite RFEs are that they provide good spatial coverage,
including remote areas, and that they can be freely available. Applications include
drought monitoring and early warning, flood modelling, wetland monitoring and
irrigation management. RFE-based index insurance products are comprehensible
and relatively easy to explain to smallholder farmers as they are closely related to
measured rainfall. Another advantage is the availability of a long RFE time series
going back up to 35 years.

However, the rainfall estimated from satellite products is derived from the
detection and measurement of clouds, and can thus be inaccurate for a single pixel
on a specific day. Excess cloud cover often makes it more complicated for satellites to
track a specific weather system. Rainfall, especially in Africa, is extremely variable,
and a single event might cover only a few kilometres. Additionally, satellite RFEs
will generally record fewer high rainfall events and more low rainfall events than
raw gauge data and they tend to underestimate extreme rainfall compared with
gauges. Ten-day or monthly RFEs are more accurate than daily RFEs because there
is significant uncertainty in an individual rainfall estimate, from either the gauge or
the satellite.

RFEs are used in operational index insurance schemes, particularly those
designed by IRI in Africa. RFEs are only suited for insurance against drought-related
damage to crops. RFE-based insurance products are not crop-specific. There is
no direct link between RFE and crop yield, and distribution of rainfall timing in
the growing season is very relevant; hence, appropriate modelling is required to
determine whether a suitable relationship can be identified. Another drawback is
the coarse spatial resolution of the RFE products (5 km to 25 km) and the fact that
the performance of the different RFE products varies over space and time.

6 In Africa, the density of weather stations is about 15 per cent (or eight times) lower than recommended by
WMO (Washington et al., 2006).
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Soil moisture estimates

Moisture in the soil determines crop growth and agricultural production.
Observations from both active and passive microwave satellites can be used to
map soil moisture in the upper soil layer (< 5cm) (Srivastava et al., 2016). The
European Space Agency’s (ESA) CCI SM v02.1 dataset — which dates back to 1973
and is based on the statistical blending of active and passive satellite sensor data
- is an example of a soil moisture dataset that is often used for research purposes.
Other operational datasets include ASCAT, AMSR and SMOS-based soil moisture
estimates and datasets derived from NOAA’s SMOPS or NASA’s SMAP soil moisture
missions. Most soil moisture products are available on a daily to 10-day basis. The
spatial resolution of the global products is rather coarse, ranging from 10 km to
50 km. Due to the natural variability in rainfall, topography, soil characteristics
and vegetation properties, soil moisture may vary considerably from one location to
another and from one moment to another in the season. This natural variability in
soil moisture content and local variability in the performance of the satellite-based
soil moisture algorithms can also result in the quality of the global soil moisture
products (especially the older ones) being quite variable (Dorigo et al., 2015).

Soil moisture, as measured by remote sensing techniques, represents only the first
few centimetres of the soil. However, for agricultural monitoring a representation of
root-zone soil moisture is more important. Therefore, the Soil Water Index (SWI) was

Figure 2. Surface soil moisture (SSM) measured by satellites versus
modelled Soil Water Index (SWI)
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developed by the Vienna University of Technology (TU Wien) (Wagner, 1998) in the
late 1990s to represent the soil moisture content in the first metre of the soil. The
SWI1 is calculated using a two-layer water model (see Figure 2). A revised version of
the product, using ASCAT satellite data as input, is made available in near real-time
by the Copernicus Global Land Service.

Satellite-based soil moisture data support the monitoring of droughts, floods and
wetlands, and are frequently used as input for water and irrigation management.
Thanks to the availability of long time series, soil moisture data are also often used
for climate studies.

Soil moisture data are not yet used in operational index insurance schemes,
although they may offer some potential. Soil moisture-based index insurance
products are comprehensible and may be relatively easy to explain to smallholder
farmers. Another advantage for building insurance products is the availability
of a long time series of data. However, just like RFE, soil moisture products are
only suited for insurance against drought-related damage to crops. It is assumed
that lower soil water content leads to a reduction in vegetation activity and hence
reduced crop yields. Other drawbacks include the coarse spatial resolution and the
variable accuracy of the global soil moisture products.

Evapotranspiration estimates

Evapotranspiration (ET) is the sum of evaporation and plant transpiration from the
earth’s land and ocean surfaces to the atmosphere. Evaporation accounts for the
movement of water to the air from sources such as the soil, canopy interception and
water bodies.

Figure 3. Evapotranspiration
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Source: www.salinitymanagement.org.
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Actual ET (ETa) is a function of the water demand by the crop (potential ET or
ETO0) and the water reserves in the soil. ETa can be derived from satellite observations
using two different approaches. The most common approach is to use land surface
energy balance models. Input to these models consists of visible, NIR and TIR
observations from satellite sensors such as Meteosat or MODIS, whether or not
complemented with weather station data. The second approach relies on the ability
of satellite-based vegetation indices (Vis) to trace the crop growth and estimate the
basal crop coefficient (Kcb), i.e. a crop-specific conversion factor needed to adjust
potential ET (estimated from weather station data) to the crop-specific ETa.

Relative evapotranspiration (ETr) is derived by dividing ETa by ET0. ETr provides
an indication of plant water availability in the root zone and can be considered a
measure of actual plant water use.

ET products are usually made available on an 8-day to 10-day basis. The spatial
resolution varies from roughly 1 km to 3 km. Depending on the satellite observations
used, the time series can go back up to 35 years.

ET is a good indicator for agricultural drought. FAO addressed the relationship
between crop yield and water use in the late 1970s, proposing a simple equation
where relative yield reduction is related to the corresponding relative reduction in
ET (Steduto et al., 2012).

ET is a key variable that plays a strategic role in water resource management,
agriculture, ecology and climate change. ETa anomaly products generated by
FEWS NET are used for African agricultural drought monitoring and food security
status assessment.

In 2009, EARS started FESA Micro-insurance with the aim of developing low cost
micro-insurance for Africa based on ETr derived from Meteosat data. Since 2011,
crop-specific insurance products have been developed and provided for maize,
wheat, rice, beans and cotton in Benin, Burkina Faso, Kenya, Mali, Rwanda and
Tanzania. ET-based index insurance products pay out when the ET calculated for
one or more windows is lower than the pre-defined threshold.

Vegetation indices

The time series of optical satellite data from sensors such as SPOT-VGT, Proba-V,
NOAA/METOP-AVHRR and MODIS have been used for many years by the public
sector to monitor and map vegetation anomalies over large areas, and to assess major
damage caused by extreme climatic conditions. Thanks to their frequent availability,
these images are very interesting for monitoring crop growth and development. One
drawback is their rather coarse spatial resolution with pixel sizes varying between
250 m and 1 km. Increasingly, high-resolution images (10-20 m) are becoming
available, but the time series, which are currently less than 10 years, are still too
limited for high resolution agricultural monitoring (for further discussion see the
section on unit areas of insurance, page 58). Crop monitoring with optical satellite
images can be hampered by persistent cloud cover, though special techniques, such
as profile smoothing or data fusion, may offer a solution to overcome this problem.



The best-known vegetation index is the Normalized Difference Vegetation Index
(NDVI). Itis a simple product based on the combination of the measured reflectances’
in the red and near-infrared parts of the spectrum. NDVI is a good indicator of
the amount and the condition of the vegetation. More advanced indicators include
the fraction of Absorbed Photosynthetically Active Radiation (fAPAR) and the Leaf
Area Index (LAI). Compared with NDVI, these model-based, biophysical variables
often show a better correlation with crop yield and primary production. Due to its
sensitivity to vegetation stress, fAPAR is often used as a drought indicator among
others by the JRC European Drought Observatory.

Insurance programmes based on vegetation indices, mainly NDVI, currently exist
and are implemented on a sizeable scalein Canada, Ethiopia, India, Kenya, Spain and
the United States. In most cases, these are grassland or livestock products insuring
against drought, although similar products for crops are also being developed in
Ethiopia with the support of ITC.

As it is a good indicator of vegetation vigour (or health) and yield, NDVI is
suitable for index-based insurance to provide cover against drought or other perils
that are impacting crop yield (e.g. those pests or diseases that have a visible impact
on the plants’ health condition). The relationship between NDVI and crop yields,
however, is highly variable depending on crops and regions. It also assumes that
sufficiently long time series of accurate and preferably fine-scale yield data are
available for calibration, which, in practice, may be problematic, especially in
developing countries.

Synthetic Aperture Radar data

Synthetic Aperture Radar (SAR) data are frequently used for crop mapping
(localization and identification of crops; for more details, see Chapter 7), but they
can also be used for monitoring crop growth and development. SAR systems can
penetrate clouds, which is an advantage when monitoring crops in areas that are
frequently covered by clouds. SAR images provide information on a crop’s structure,
unlike optical images, which provide information on its health. By taking advantage
of the particular sensitivity of SAR-to-surface roughness and moisture content,
additional information about soil preparation can be discovered. For example,
by monitoring changes in surface roughness, soil tillage and/or crop-specific field
activities can be detected. SAR data are frequently used to monitor rice in Cambodia,
India, Indonesia, the Philippines, Thailand and Viet Nam.

In combination with a crop growth model, the technique also makes it possible
to estimate rice yield. Index insurance products using SAR were developed for South
East Asia in collaboration with sarmap as part of the RIICE project (http://www.
riice.org/).

7 Reflectance is the ratio of the intensity of reflected radiation to that of the radiation incident on a surface.
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4. Selection of regions of
Interest and crops

Senegal was chosen as a good test country to better understand the different
performance and viability of remote sensing for index insurance. It was also chosen
because of the variability of its weather and climate patterns and its conducive
operational conditions.

The three 20 km x 20 km areas known as regions of interest (ROls) were located
within Diourbel, Koussanar and Nioro. These were the areas on which development,
testing and performance analysis of insurance contract structures took place. They
were selected because they represent typical areas producing smallholder annual
crops and because of the different seasonal precipitation patterns within Senegal
that progressively decrease from south to north. The selection criteria included
existing crop monitoring in the areas, in addition to the following considerations:

e Koussanar is one of the project sites for the R4 Rural Resilience Initiative
of WFP and Oxfam America (which includes operational implementation
of index insurance); has less cultivated land and poor food security; and
produces maize.

¢ Diourbel and Nioro are situated within the groundnut basin and demonstrate
differing but relatively more intensive and well-organized agriculture.

e Nioro produces seeds, and maize is prevalent.

¢ In all of the areas, both millet and groundnut are cultivated.

e All ROIs are exposed to the same production risks and constraints, including:
- dependence on rainfall
- lack of timely access to quality seeds, inputs and technology
- poor soil quality (lack of phosphate and deforestation)

- birds and pests.

Each ROI was defined by precise geographic boundaries, which enabled sourcing
of the correct satellite and ground data to develop the methodologies and contract
structures for testing. Different structures were developed for the predominant
crops in each area. Intensive ground data monitoring took place within these ROIs
during each season of the project to validate the performance and accuracy of the

indices developed.
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Figure 4. Project ROls

Mauritania

Mali

Region of interest [

Isohyet (mm) — Guinea-Bissau Guinea

Regional capital [l

Kaffrine

Diourbel

Koussanar

Tambacounda

38



Table 4. Features of selected crop monitoring regions

ROI Villages Crops Average Crop systems
annual
rainfall (mm)
Diourbel- * Bacfassagal e Groundnut * 500 e 90-day millet
Niakhar * Sob o Millet e 90-day groundnut
e Keur Gane e 60-70-day cowpea
¢ Mbakhane
Koussanar e Kalbiron e Groundnut e 800-850 e 90-day millet,
e Dawadi o Millet some traditional
e Colomba * Maize local “Sanio”
e Tinkolli Foulbé 120-day millet
e 100-120-day
sorghum (or even
longer, if sown
very early)
e 110-120-day
groundnut
* 90-100-day maize
Nioro e Paoskoto e Groundnut e 800 e 80-90-day maize
e Darou e Millet e 90-100-day millet

Mougnaguene e Maize
e Keur Abibou

Niasse
e Daga Séco

90-, 110- and
120-day groundnut
100-120-day
sorghum
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5. Ground data used

Ground data were used to calibrate remote sensing insurance contract structures
and to carry out analysis of their performance - both in past years and during the
project’s test seasons.

The focus was mainly on yield data. Official yield statistics going back to 2001
were sourced and underlying field level data were obtained. Separately, yield and
rainfall data were more intensively collected and analysed specifically for the project.

Aside from for the calibration and performance analysis of the insurance
products, the yield and rainfall data were also analysed to produce supplementary
information on yield and rainfall behaviour in the ROIs.

Yield data
Historical yield data

Agricultural statistics for Senegal

In Senegal, the Direction de I’Analyse, de la Prévision des Statistiques Agricoles (DAPSA),
as part of the Ministry of Agriculture, is responsible for collecting agricultural
statistics. Crop yield and area statistics are provided for 14 regions (Dakar, Diourbel,
Fatick, Kaffrine, Kaolack, Kédougou, Kolda, Louga, Matam, Saint-Louis, Sedhiou,
Tambacounda, Thies and Ziguinchor) and 45 departments (i.e. départments, DEPs).
At the administrative level, these departments are further divided into communautés
rurales (CRs) (see Figure 5).

DAPSA yield statistics at the department level (DEP)

The department (DEP) is the official data collection unit of DAPSA. DEP yield
and area statistics are published online (http://senegal.countrystat.org/home/fr/).
Historical data are available from 1997 onwards. A description of how the data are
collected in the field and how the statistics are calculated can also be found on the
DAPSA website.

As can be seen in Figure 5, the spatial extent of the departments is much larger
than the 20 km x 20 km ROIs selected for insurance product development; and
the ROIs do not necessarily fall within one department only. Furthermore, the
departments vary widely in size, such that Nioro and Diourbel are much smaller
departments than Tambacounda (where Koussanar is located). The DEP statistics
also reveal a large variability between departments. It thus became clear that the
project required more detailed yield information.

At the request of the project, the field-level crop yield data that form the basis
of the DEP statistics were received from DAPSA for a subset of CRs (see Figure 5,
yellow-green CRs). From the field level, aggregated yield datasets for crop yield data
were derived at various levels. These derived yield statistics were used by some of the
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Figure 5. ROIs for insurance development
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Diourbel, Koussanar, Nioro ROIs (in red), the departments (in black), the communautés rurales (CR)
intersecting with these ROls (in blue and dashed) and the number of DAPSA yield observations
per CR (yellow-green colour scale).

RSSPs to calibrate their insurance models. The data were also used to evaluate the
performance of insurance products developed. Basic quality checks were performed
on the yield statistics by comparing the data with yields collected in the frame of
the project.

Derived yield datasets

DAPSA yield statistics at the village level

The field-level crop yields received from DAPSA were first aggregated® at the village
level. In total, the project received field-level crop yield data for the period 2001-
2014 for 286 villages. This dataset was used by ITC to calibrate their yield model.

8 It should be noted that the statistical yield sampling methodology for Senegal (based on FAO guidelines)
is tuned to obtain accurate yield estimates at the department level of aggregation. Using these data at lower
aggregation levels increases the chance of mismatches caused by insufficient yield data.



DAPSA yield statistics aggregated at the CR level
The field-level yield statistics obtained from DAPSA were also aggregated over
the CRs that intersected with the 20 km x 20 km ROIs to form the “aggregated at
communauté rurale level” (aCR) yields.

The selected CRs per ROI are listed below:

e DIOURBEL: Diakhao, Ndiob, Ngayokheme, Ngohe, Ngoye, Niakhar, Patar

e NIORO: Paos Koto, Prokhane, Taiba Niassene

e KOUSSANAR : Koussanar, Malem Niani, Sinthiou Malem

Part of this aCR yield dataset (2001-2012) was used by VITO to design its index. The
complete dataset (2001-2014) was also used for validation and performance testing
of the developed index structures (see Chapter 9).

DAPSA yield statistics of the central CR of the ROI
A third option to use the yield data was selected for model development by FEWS
NET. This method used the central CR (cCR) of a 20 km x 20 km ROI for this project.
The selected CRs for each ROI are listed below:
e DIOURBEL: Patar
e NIORO: Paos Koto
e KOUSSANAR: no selection was made

Looking at Figure 5, it is clear that, for the Koussanar ROI, no CRs can be selected
because of size constraints. Moreover, none of the villages for which yield statistics
were available were located within this ROI. Therefore, no cCR yield values were
calculated for the Koussanar ROI.

Yield variability

The historical DAPSA yield datasets (see page 41) and the field data collected under
the project (see page 44) highlight the high yield variability at the village and the
field level, for all years and for all crop types (see Figure 6). This variability is due
to several constraints (e.g. low and heterogeneous soil fertility, weeds, diseases)
affecting crops growing in non-intensified cropping conditions (e.g. no use of
improved seeds, fertilizers and pesticides) (Sultan et al., 2008). In addition, the
variability changes from year to year.

Overall, based on the average over the different regions, the variability is highest
for maize, followed by groundnut and millet. When comparing the ROIs, the yield
variability seems to be lower in Koussanar than in Diourbel and Nioro. It should
be noted, however, that sample size may be a problem in these regions, and, in
particular, in Koussanar.
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Figure 6. Inter-annual yield variability
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Inter-annual yield of groundnut, millet and maize yields in Diourbel, Koussanar and Nioro, measured
by the average coefficient of variation (CV) for the years 2001-2014.

Source: DAPSA.

Crop monitoring

Crop monitoring took place in four groups of villages per ROI and for each principle
crop in order to validate and evaluate the performance of the different indices
developed by the RSSPs. At the same time, comparison of the yield data collected
from the fieldwork with the official yield statistics allowed these statistics to be
evaluated for model development in the ROIs (see Chapter 4).

Field data collection took place during the 2013 and 2014 growing seasons. Ten
fields per village were monitored for each crop in 2013 (see Figure 7), but this number
was extended to roughly 20 fields per village in 2014. The fields were monitored
before, during and at the end of the season, as well as post-harvest.

To gain a good qualitative understanding of the areas, a descriptive profile of
the test sites was developed based on interviews with local farmers and extension
officers active in the sites. From these interviews, information about production
patterns and techniques, crop varieties adopted and calendars, risk profile and yield
loss history was collected.

During the season, the project’s field data collection team made at least three
visits to the ROIs and collected geo-referenced information (e.g. planting, emerging
and flowering dates) from the identified villages in order to capture potential crop
yield variability due to soil properties, agricultural practices, farmer capacity, and
other variables among and within the ROIs. At the end of season, geo-referenced
information on grain yield at harvest was collected. If damage occurred, the
causes (e.g. weather-related, weed, pests, diseases) and the symptoms (e.g. wilting,
deficiencies) were noted. During an additional monitoring mission post-harvest,
grain extraction was checked, and dry grain and biomass were weighed. The
measurements provided useful information about yield variability within the ROIs.
The observed yields were also compared with the official yield statistics.



Figure 7. Observed maize yields in Nioro in 2013

Nioro 2013

The 20 km x 20 km ROI (top
left), and the distribution of

maize yields in the specific fields
monitored in the four groups of
villages in Nioro (panels 1 to 4).

Source: Project fieldwork.
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Nationally, 2013 was an average year and 2014 an unfavourable year for rainfall

in the western regions of Senegal. The same variability in farmer-level yields was

observed. Of concern was the poor agreement, in both 2013 and 2014, between
the DAPSA yield data and the field test data for the project, with field test yields
being generally higher and showing a larger variability than the yield statistics. The

causes of these deviations between observed yields from data collected under the

project and DAPSA official yields are not always clear. The high yield variability

in the region, the number of sampled fields and differences in the way yields are

measured are all possible factors influencing the yield figures.
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Yield estimates from 2013 and 2014 project fieldwork at the village level versus official 2013 and
2014 DAPSA yields (CR, aCR, DEP level): average values and the standard deviations.

The comparative analysis of the yields observed in the fieldwork under the
project and the official DAPSA yields derived for the different aggregation levels
(cCR, aCR and DEP) did not allow the project team to reach conclusions on the best
aggregation level in view of model calibration and product performance analysis.
The aCR DAPSA dataset was considered the most appropriate reference yield dataset
based on its geographical coverage when compared with the 20 km x 20 km ROIs
and the number of yield samples available over the years. When developing and/or
validating index insurance products it is important to have a consistent time series
of yield statistics that are collected in a uniform way; the issues experienced with
the reference yield data should therefore be taken into account when evaluating the
outcomes of the project activities.



Figure 9. Comparison of observed and simulated yields
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Comparison of observed (DAPSA) aCR and DEP millet yields and simulated millet yields for
Diourbel (2001-2014).

Depending on farming practices (more than on climate), observed yields may
vary considerably both within the same village and between villages in the same
region. These findings are indicative of the challenges inherent in any type of crop
insurance for smallholder farmers in the region.

The findings also show that it is important to distinguish between what is being
detected in “input-based methodologies” (e.g. RFE, soil moisture) and “output-
based methodologies” (e.g. vegetation or evapotranspiration indices). For example,
if the aim of the insurance policy is to cover damage caused by locust attacks, input-
based products such as RFE or soil moisture indices would be unsuitable.

Box 4. Yield gaps and crop modelling

In non-intensified environments, the obtained yields are on average far below the potential
yields (i.e. yields that could be obtained under the same climate conditions with good crop
management).9 The difference between attainable and actual yields is known as the “yield
gap” (Affholder et al., 2013; Lobell et al., 2009). Yield gaps can be assessed by comparing
actual yields (observed) with simulated attainable yields given by crop models calibrated for
farmers, crops/varieties and local soils and climate conditions (based on agronomical trials)
(see figure below). As a consequence of being blurred by many factors, the link with climate
(i.e. mainly rainfall patterns, and farmers’ yields, especially on a local scale such as the field or
village) is rather weak, having recently been assessed at only 20 per cent to 40 per cent for
millet in West Sahelian areas. In other words, climate explains only 20 per cent to 40 per cent
of farmers’ millet yield variations (see Sultan et al., 2013; Traoré et al., 2011).

9 “Potential yields” are also known as “attainable yields” or “potential climatic yields”.
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No intensified crop management (or low-intensity crop management) could be considered
a strategy adopted by farmers that allows them to cope with climate (rainfall) risks, since it
prevents them from losing an investment in a bad year (De Rouw, 2004). Of course, no (or
low) intensification is also due to economic and agricultural market situations. Historically,
local crops (and varieties) had been selected by farmers because they were well-adapted
to local rainfall patterns (highly variable between years), very resistant to drought conditions
and able to produce a minimal yield regardless of the conditions. Those crops have limited
absolute yield potential (around 3,500 kg/ha for millet), low harvest indices (i.e. grain/biomass
ratio) (20-30 per cent) and low response to fertilizers and intensification. In synthesis,
traditional Sahelian and Soudano-Sahelian cropping systems focus on resilience to climate
shocks and climate variations.

Yield gap
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Crop modelling techniques can be useful to simulate yields that could be obtained under
optimal (or better) agronomical management and to assess the yield gap. These crop
models are usually calibrated for local varieties, soil and climate conditions (with data from
agronomical trails) and provide yield estimates for specific locations (“points”). Variations
found in simulated yields are assumed to reflect precisely the impact of climate (rainfall) on
the crop.

Simulated yields could be used to interpret or better understand observed yields (yield
statistics). In the frame of the project, the SarraH model (Baron et al., 2003) was used to
simulate millet yields for 2001-2014 in Diourbel and Nioro (Muller, 2016). Comparison of the
model outputs (at “point” level) with DAPSA yield statistics at the aCR and DEP levels shows
that, on average, the observed DAPSA yields are lower and vary much less than simulated
yields. This may be due to the aggregation effect (regional “averaged” statistics versus “point
model output) combined with the fact that the model output better reflects climate variations.
Whereas adverse years such as 2002 are clearly detected from the model simulations, this
is not always obvious from the yield statistics. This indicates that the variability in the yield
statistics is mostly related to factors other than climate. It is partly confirmed by the fact

that in less intensified areas such as Koussanar the yield variability is lower than in more
intensified areas such as Nioro; but this does not hold true for Diourbel. The modelling results
indicate that the yield gaps for millet vary on average between 1,000 kg/ha and 2,000 kg/ha
and that they are slightly smaller in the more intensified Nioro region than in Diourbel.



Rainfall data

Rainfall monitoring

Rainfall data were collected by the project’s field data collection team in coordination
with selected, trained local farmers through automatic and manual rain gauges
placed on farmers’ plots. In May and June 2013, approximately 40 rain gauges were
placed in project ROIs to supplement the Agence Nationale de I'Aviation Civile et de la
Meétéorologie (ANACIM) and ISRA gauges already present. The data were collected
and quality controlled after the 2013 and 2014 seasons.

The rainfall data were collected to gain more insight into the spatial variability
of rainfall and, ultimately, its impact on crop yields and farmer livelihoods (see
page 41). Many farmers in Senegal report a high spatial variability in rainfall. For
example, two villages within a few kilometres of each other can report substantially
different seasons. This information is critical when defining UAIs.

A second use of the gauge data was to better check and understand the
climatology in Senegal (south-north rainfall gradient) and its impact on agriculture.
The commencement and cessation of seasonal rainfall is the most important factor
determining the start and end dates of crop growth. In addition, lack of rainfall
(dry spells) in specific windows during the season may severely affect yield.
This information is crucial for robust index design. Rain gauge data were also
compared against IRI’s satellite rainfall product. Finally, the ground data provide an
independent validation source to examine the potential of hybrid satellite and rain
gauge products.’®

Calibrating indices and assessing their performance can be difficult as there can
be significant variability in measurements of both yields and rainfall within ROIs
and even between farmers in the same village, and many variables (for example,
farming practices, and pests or disease) can affect the farmer’s final yield.

Rainfall analysis
Analysis of the rainfall data collected by the projectin 2013 points to clear differences
in the season, as experienced by the different ROIs.

The Sahel region, to which Senegal belongs, is characterized by significant rainfall
variability, not only over the years but also spatially, with large rainfall variations
over short distances.

For example, Diourbel had significantly different rainfall distribution, and it is
much drier than the other ROIs (Muller et al., 2010).

10 This issue was not addressed by the project.
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Figure 10. Daily rainfall distribution in Diourbel, Koussanar and Nioro
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Smaller scale variations were also found within the ROIs. There is, of course, the
high spatial variability in rainfall that may explain local variations but the analysis
of the project data also revealed that part of the variation was related to human
factors, such as the method of rain gauge collection and/or the approach taken in
training the observers.!! Clear differences were found when comparing the amount
of rainfall measured by automatic rain gauges installed by ANACIM, manual rain
gauges run by ISRA observers with a lot of experience, and manual rain gauges run
by farmers with no experience.

" In the case of the project ROIs, excessive rainfall was the cause of climate-related pests and diseases.



Automatic rain gauges capture more low rainfall events. This discrepancy occurs
because water is less likely to evaporate away before the gauge is read, and rainfall can
be measured at a higher resolution. In addition, farmers sometimes failed to report
very low rainfall totals, as they were not deemed to be “useful” rainfall, or rainfall
that fell at night was not reported or incorrectly reported. The farmer rain gauge
measurements showed a higher standard deviation than the ISRA and automatic
gauges. This situation was expected, because the farmers had less experience than
the observers collecting data under the project and so they were more likely to make
a measurement error. They were also more likely to wait until the end of a rainfall
event before taking the reading even if it ran across a measuring period, or to take
the readings at slightly different times each day.

The varied locations of the rain gauges allowed an initial attempt at a spatial
analysis. Variograms (graphs depicting the spatial correlation of rainfall between
two points at a given distance) confirmed small measurement errors between
gauges at zero distance and showed the presence of convective rainfall as significant
variance was noted at less than 25 km distance. Unfortunately, the data were too
spatially limited for a full statistical analysis over the whole ROI.

Finally, the NOAA ARC?2 satellite rainfall product was compared with the rain
gauge data. Basic comparisons were performed over a 3-day rolling average, a
10-day sum and a monthly sum. The agreement among rain gauge (point-based)
and satellite RFEs was reasonable, and it improved as more spatial averaging was
applied. This finding backs up the theory that satellite RFEs work best in index
insurance when they are looking at the big picture, rather than at whether an
insurance payout relies on the exact rainfall amount in one specific pixel on one
specific day. Normally, enhanced methods for comparing satellite and gauge data
are used to see which years they would have paid out on, rather than trying to
compare rainfall values directly. However, these methods rely on historical gauge
records, which were not available.
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0. Designing insurance indices

Developing index insurance structures

RSSPs were asked to develop indices to be used for insuring against the impact of
drought (or drought and other perils - depending on the methodology capability)
on the yields of the selected crops in the ROIs. The project tasked the RSSPs with:
¢ analysing the risk profile of the selected cropping sites in Senegal (each covering
a 20 km x 20 km area);
¢ developing remote sensing indices to cover the selected crops against drought,
or drought and other perils;
¢ using the indices developed to create insurance structures to test in the crop
seasons of 2013 and 2014; and
¢ analysing the possibility of segmenting the ROIs into different UAIs.

Yield data up until 2012 and qualitative information sets (see Chapter 5) were made
available to the RSSPs to facilitate the design and calibration of the index insurance
structures they were commissioned to develop. Each RSSP had complete autonomy
in designing the index structures and in choosing which data and information to
use in support of the design activity. This situation resulted in a series of index
structures for each RSSP, known as the “base products.”

To harmonize the products for evaluation and make them more comparable, all
RSSPs were asked to adjust the parameters of their products so as to have a fixed
expected loss cost (ELC) for each crop. The ELC, also known as the “pure risk
premium”, can be calculated by taking the average of the potential historical payouts
that would have been provided by the contract structure in the observed period.
The ELC represents a key component of the final premium that will be charged to
the insured party; and it is, therefore, an important variable to be considered when
evaluating the feasibility of an insurance proposition.!? Index insurance structures
developed through different methodologies can be more comparable if carried
out for products that have similar premium costs (i.e. all things being equal, an
insurance product with a higher ELC would be more expensive as it would provide
larger and more frequent payouts).

12 The final commercial premium needs to be loaded to allow for uncertainty in the data, the cost of reinsurance,
insurer margins (including distribution and overhead costs) and any other costs of doing business.
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The project provided the RSSPs with dedicated guidance on how the ELC
adjustment was to be carried out. In particular, it asked the RSSPs to develop
structures that targeted ELC levels that were set considering the loss history of
each individual crop for the historical period observed (2001-2012). Given that the
different crops showed a relatively homogeneous risk exposure across the different
areas, ELCs were fixed for each crop and applied across all ROIs."® The suggested
fixed-ELC rates are presented in Table 5.

The index structures that resulted from the restructuring exercise described above
have been identified as the “fixed-ELC products” and constitute the main reference

for the performance assessment.

Table 5. ELCs by crop type'

Crop ELC (same for each ROI)
(percentage)

Millet 4

Groundnut 6

Maize 8

Selected design options

There are many ways to structure index insurance products since the design depends
on the variable to be indexed, the object of the coverage and various operating
conditions (see table in Box 6 for a classification of the most common design options
in index insurance for crops). Table 6 presents the product design options selected by
the RSSPs participating in the project.

18 RSSPs that had not developed crop-specific indices were nevertheless asked to develop index structures
with different ELCs.

14 The recommended ELC levels for the different crops represented the upper limit. Where RSSPs had
developed “base products” with lower ELCs, these were also considered acceptable, since it would not have
been in line with the project objectives to alter an optimization process that had already achieved an index
structure with a lower cost than requested.



Table 6. Product design options selected by RSSPs

Indexed variable Period Number HER
RSSP . coverage
(source and resolution) covered of phases .
period
EARS RELATIVE EVAPOTRANSPIRATION Entire One or Dynamic
(Meteosat — 3 km x 3 km) crop life three
GeoVille SOIL MOISTURE (ERS - 50 km x 50 km; Growing One Dynamic
METOP ASCAT - 50 km x 50 km and 25 km phase
x 25 km, resampled to 10 km x 10 km)
FEWS NET ACTUAL EVAPOTRANSPIRATION Entire One Fixed
(MODIS-based ET — 1 km x 1 km) crop life
IRI RAINFALL ESTIMATES (NOAA-based RFE ~ Two fixed  Two Fixed
ARC2 - 10 km x 10 km) windows at
beginning
and end of
crop cycle
with an
interval in
the central
part of the
covered
period
ITC NDVI (SPOT-VGT/Proba-V NDVI — Entire One Dynamic
1 km x 1 km) crop life
VITO fAPAR VEGETATION INDEX (SPOT-VGT/ Entire One Dynamic
Proba-V fAPAR — 1 km x 1 km); and crop life

RAINFALL ESTIMATES (TAMSAT rainfall
estimates — 4 km x 4 km)

Note: With reference to the classification presented in the table in Box 6, all products adopt a
cumulative measurement for triggering a payout and have an incremental payout structure (i.e. the

larger the deviation from the trigger the larger the payout).
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Box 5. Setting index insurance parameters

The objective of index insurance product design is to develop an index that effectively
captures the relationship between the indexed variable and the potential crop loss, and
to then define the structure that is most effective in providing payouts when losses are
experienced, reducing basis risk as far as possible.

To convert an index into an insurance structure, it is necessary to set rules regulating the
provision of payouts. In particular, it is necessary to define:

e the maximum amount that the insured will be eligible to receive

e the point at which the contract should start paying out

e the point at which the maximum amount should be reached

¢ the payout rate per index unit between payout point and maximum amount.

In more technical terms, this means defining, respectively:
¢ the maximum payout: the highest payout the contract can provide
e the trigger (or strike): the threshold above or below which payouts are due
e the exit (or limit): the threshold above or below which no additional incremental payout
will be applied
e the tick (or tick size): the incremental payout value per unit deviation from the trigger.

The figure presents an example of the definition of such parameters for a simple rainfall-
deficit index insurance structure.
e the maximum payout is set at €250
e payouts are provided any time the cumulative precipitation falls below 600 mm
(Trigger = 600 mm)
e the maximum payout is provided for rainfall levels of 300 mm or below (Exit = 300 mm)
e given a maximum payout of €250, a trigger of 600 mm and an exit of 300 mm, the
monetary value of each deficit mm of rainfall below the trigger is:
€250/(600 mm - 300 mm) or €0.8333 per mm (Tick = €0.8333 per mm).

Example of index insurance payout structure
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Box 6. Index insurance design options

The set of possible index combinations is virtually unlimited and, in the relatively short history
of index insurance, numerous structures have been developed. The table below presents
some of the possible criteria according to which index-based contracts can be classified.

Product design options for index insurance crops

Product parameter Options

Indexed variable (based on remote sensing) Input-based (e.g. rainfall)

Output-based (e.g. yield or yield proxy)

Triggering measurement for indexed variable ~ Cumulative

Average

Maximum

Minimum

Period covered by index Entire life cycle of crop

Fractions of crop life cycle

Start of coverage period Fixed
Dynamic
Number of phases into which covered Typically 1-3 phases

period is divided

Payout structure Incremental

Lump sum (single value payout)

Table modified from IFAD, 2011.

The design options presented in the table here have a critical influence on the nature of the
insurance product to be offered:
¢ An interesting distinction, relevant for the purposes of the project, is whether the index
focuses on the “input” or on the “output” side of the crop production process. Rainfall
indices are a typical example of an “input-based index” and are structured on the
operating assumption that the observed input is one of the key drivers of the specific
crop production process,'® while many indices developed on the basis of remote
sensing technology focus on the output side of the equation, i.e. indices that will be
used as proxies for yield series, such as vegetation indices or evapotranspiration.
e How the trigger point is determined can be defined in different ways. The measure
of the observed variable can be cumulative (e.g. sum of millimetres of rainfall over
a defined period); an average over a period of time (e.g. average temperature); or a
maximum or minimum value to be reached in order to generate a payout (e.g. high or
low temperatures).

5 To be more accurate, the assumption behind rainfall index insurance for drought is that lack of rainfall will
determine losses in production, and the design activity aims to quantify the relationship between lower-than-
average precipitation and reduction in productivity.
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* |n terms of the coverage period, the insurance product can cover the entire crop
calendar from sowing to harvest or concentrate only on specific portions of the crop life
that are exposed to specific types of risks (e.g. flowering, maturity).

* The possibility of developing a “dynamic start” of the crop season is also particularly
relevant where the start of certain agricultural activities and planting is strictly linked to
the occurrence of determined environmental conditions. For some types of insurance
products, if the coverage period and the crop calendar are not synchronized, the
likelihood of an increase in basis risk is very high (a more detailed discussion on “start of
season” indicators is provided in Box 7).

e Together with the dynamic start provision, a contract feature that accounts for the
progression of the index variable in the different parts of the crop calendar may improve
the performance of the insurance structure. In this respect, the crop life cycle can be
segmented into different “phases” (each with its own index and defined period) in order
to avoid having the overall cumulative value of the index hiding damages resulting from
events in a specific phase of crop development. The actual structure of a phase contract
is clearly an empirical issue, and it is dependent on crop/variety and location.

e Finally, the payout triggered by the index structure can be “incremental”, as in the case
presented in the figure, where the damage is considered to be progressively more
severe as the deviation from the trigger increases; or it can provide a “lump sum”
payment in case an all-or-nothing type of event is covered, such as cases in which
reaching a particularly sensitive threshold (e.g. a critical temperature) generates a
total loss.

Unit areas of insurance

When designing index insurance, one fundamental issue is the identification of
the unit areas of insurance (UAI), which can be defined as the geographical area
within which the specific index is applied and where policyholders pay the same
rates of insurance premium and are entitled to receive the same unitary payouts.
Traditionally, when developing indices based on ground station weather data, the
area to be covered by a specific index is empirically delimited based on the characters
of local weather patterns. In these cases, the UAI is usually represented by circles of
different radiuses, typically from 5 km to 20 km, depending on the climatological
features of the area.'

In the framework of the project, the assumption is that remote sensing
methodologies can provide useful insights into the spatial homogeneity of the
areas examined and, therefore, help in defining the UAIs. With remote sensing,
the spatial building block is the pixel, so UAIs can be developed as an aggregation
of pixels, depending on the resolution opportunity of the specific remote sensing
methodology adopted (different methodologies will operate at different resolution
scales providing results of different accuracy).

6 Under particular orographic conditions, the UAI can also take on different shapes.



In particular, while high resolution data may be extremely effective in mapping,
zoning and classifying the risk profile in full detail, the final indices developed for
insurance applications need to spatially cover a significant portion of the selected
test areas that will be defined as the UAI. Identifying UAIs that are too small would
conflict with the principles of index insurance according to which, in order for a
contract structure to benefit from the lack of asymmetric information (moral hazard
and adverse selection), the area of operation must be sufficiently large."”

RSSPs were asked to look into whether the outputs of their methodologies would
suggest segmenting each of the 20 km x 20 km ROIs into more than one UAI. The
RSSPs carried out interesting elaborations (as an example, see Figure 11), but, since
they had reached different output levels and more work would have been required
to finalize the analyses, the results of such activities have not been included in the
evaluation process. Nevertheless, this is a topic that deserves additional exploration
and is further discussed in the conclusions.

Figure 11. Payout frequency map
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The figure shows the payout frequency map for groundnut in Nioro and the ROI (square in black
line) developed by RSSP VITO. It indicates how many times the index triggered at the pixel level in
the period 2001-2014 and seems to suggest that the left section of the ROl has a more pronounced
risk profile. Accordingly, the ROI could be segmented into different UAls.

7 This does not mean that operating insurance on smaller areas is not possible or not advisable, but only that
this would make the products closer to individual farmer crop insurance contracts, which were not the specific
focus of the project. At the same time, it is also worth recalling that basis risk may increase as the size of the
UAl increases.
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/. Mapping

At the start of the project, it was considered that most of the insurance structures
would benefit from being combined with crop maps. For this reason, one RSSP,
sarmap, developed SAR-based maps for the different ROIs in Senegal for three
growing seasons during the project.

The goal was to determine whether, within the ROIs:

e the cultivated areas could be mapped;

e different crop types could be mapped; and

e how these maps could be used to improve the insurance products (e.g.

developing crop-specific products, definition of UAIs).

Some of the other RSSPs also developed and/or used maps and masks based on
optical satellite data.

Mapping satellite images

Satellite images (optical and SAR or a combination of both) are frequently used to
map cultivated areas (cropland) or to map specific crop types. Either unsupervised
or supervised image classification techniques are applied. In the latter case, ground
surveys are organized to collected crop type information for a set of fields. The
ground dataset is used to “train” the classification algorithm. For crop type mapping,
the collection of training data is a prerequisite. Nevertheless, it may be difficult to
obtain accurate crop type maps for fragmented agricultural landscapes.

The key information for mapping is the temporal behaviour of the satellite signal
throughout the season, regardless of whether remote sensing data are acquired by
active or passive sensors, at a high or medium resolution. For SAR systems, this
temporal information is complemented with information on soil/plant roughness
and moisture content detected by the sensor; whereas optical systems provide
information on the crop’s vigour and health by measuring the light it reflects.

Maps and masks

Cropland or crop type maps are images whereby a “class” (either cropland or a
specific crop) is attributed to each pixel. Such maps can be used to locate specific
crops or cropland. Highly detailed cropland maps can be used to “unmix” the signal
of less detailed satellite images. The maps can also be converted to masks whereby
a single class is extracted from the map. Such masks can be used to perform class-
specific analyses (e.g. crop-specific monitoring or insurance product development).
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SAR-based maps

To assess the contribution of various space-borne SAR acquisition systems and
modes for cultivated area mapping in Senegal, tests were performed by sarmap
in three subsequent years in the project ROIs using images from the Italian Space
Agency’s (ASI) Cosmo-SkyMed satellite. In 2013, the focus was set on the spatial
resolution whereby maps were generated from Cosmo-SkyMed X-band HH time
series with a very fine resolution of 3 metres. In 2014, the target was to understand
the effect of different acquisition modes (HH/HV polarizations) while degrading
the spatial resolution of the Cosmo-SkyMed time series to 15 metres. In 2015, maps
were generated with the newly launched 12-day Sentinel-1A data at C-band 20 metre
resolution and with dual polarization (VV/VH).'8
SAR data are typically received from data providers in a form that is not suitable for
direct interpretation. Sophisticated data processing (Nelson et al., 2014) is therefore
necessary to obtain speckle-filtered temporal SAR data stacks, radiometrically
calibrated and geolocated according to the underlying topography.
Once processed, SAR time series can be interpreted in two ways:
¢ The temporal evolution of the radar backscattered energy (i.e. backscattering
coefficient) is analysed from an agronomic perspective by means of a dedicated
crop detection algorithm. The data must have been systematically acquired
and a priori knowledge of crop type, calendar, duration and crop practices
during the whole season must be available.
¢ From backscattering coefficient time series, temporal features such as the
minimum and maximum backscatter during the crop season are derived
(Holecz etal., 2015) (see Figure 12). Even if this approach does not allow for the
derivation of all the specific information obtained with the previous approach,
it provides, in a rather simple way, valuable information on the crop location,
the crop seasonal dynamics and, depending on the surrounding land cover
and crop types, to some extent, the crop type as well. The advantage is that it
does not require a priori information about the underlying agriculture because
the temporal features are not interpreted from an agronomic perspective.

18 A radar system using H (horizontal) and V (vertical) linear polarizations can have the following channels: HH —
for horizontal transmit and horizontal receive, VV - for vertical transmit and vertical receive, HV — for horizontal
transmit and vertical receive, VH — for vertical transmit and horizontal receive.



Figure 12. Temporal descriptors derived from SAR time series
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Given the fact that a priori information about the land cover and crop types was
not available for the ROIs, the second approach was applied for this project. The
following set of temporal descriptors was derived:

e absolute and relative minimum/maximum and corresponding dates;

¢ range (difference between maximum and minimum);

¢ maximum and minimum gradient and corresponding dates

¢ integral from start of season (SoS) to peak of season (PoS);

¢ integral from SoS to end of season (EoS);

e distance (days) from SoS to PoS;

e distance (days) from SoS to EoS; and

e mean, median, mode and corresponding dates.

All these features were determined by varying the timespan. Once the most
representative features had been selected, a knowledge-based classifier was used to
obtain the cultivated area map.

Findings of the SAR mapping are presented in Annex V.

mean, median, mode
corresponding dates
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Other maps and masks used in this project

ITC produced three crop intensity maps (for millet, groundnut and maize) based
on time series of SPOT-VEGETATION data. NDVI clusters (zones) were generated
using an unsupervised classification technique (i.e. without ground data) and
subsequently interpreted using information on agricultural areas from FAO-GLCN
(Global Land Cover, 30 m) and DAPSA area statistics per crop. The crop intensity
maps indicate the respective growing areas for millet, groundnut and maize, and
were used to generate the “crop-specific” NDVI data that were then used as input for
model development.

FEWS NET also used the crop intensity maps produced by ITC for deriving crop-
wise drought vulnerability and payoff functions.

VITO applied a cropland mask (1 km resolution) to limit the analysis to cropland
areas. The mask was derived from a map (Vancutsem et al., 2012) of cropland areas
at 250 m for Africa, produced by the JRC from 10 existing land use/land cover
datasets that were harmonized and combined using specific expertise. The accuracy
of the cropland map was checked by comparison with two recent cropland extent
maps over Africa at 1 km: one derived from MODIS and the other derived from
five existing products using a validation sample of 3,591 pixels of 1 km? regularly
distributed over Africa and interpreted using high resolution images with the
Geowiki validation tool.

General findings

No specific tests were set up to compare the performance of insurance products
with or without using cropland or crop type information; and, therefore, no firm
conclusions can be drawn on the effect of integrating this kind of information.
The results of the product performance analysis (see Chapter 9), however, seem to
indicate that the integration of crop-type maps, and to a lesser extent cropland maps,
has a positive influence on the performance of the insurance products, particularly
where crop-specific indices are concerned. This outcome might be due to the fact
that some of the products were found to perform better in areas where one crop is
dominant, which creates a remote sensing signal that is “better” than signals from
mixed crop zones, where performance was poorer.

Currently, no information is available on the exact location of the insured crops.
The crop-specific insurance products that are available today integrate information
on cultivated areas or typical growing areas for a certain crop, but only to a limited
extent. These products only perform well when the different crops grown in a certain
region show a similar behaviour and have similar relative yields.



It is expected that a major contribution to the improvement of insurance
structures would come from annually-updated crop-specific maps, especially when
fine-scale (e.g. village-level) insurance products are envisaged. But at this stage,
such a project is not yet feasible. In-season crop-type mapping is, at present, a
major challenge mainly due to the limited availability of field data for training the
mapping algorithms. However, research projects such as the FP7-SIGMA project and
the ESA-S2Agri project are working on solutions to overcome this problem. The first
products are expected to be available in 2017.
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8. Description of the
methodologies

The seven RSSPs selected for the project all had experience in developing

methodologies based on the most promising approaches outlined in Chapter 3.

Table 7 summarizes the different types of index products developed by the RSSPs.

Most of the indices developed are crop-specific, divided into fractions of crop life

cycle (vegetative, flowering, yield formation) and calibrated using historical yield

statistics (department- and village-level).

The following sections provide a brief description of each of the indices and the

methodologies used to derive the indices. Crop mapping and masking is described

separately in Chapter 7.

Table 7. Overview of remote sensing methodologies

RSSP Type of remote sensing Remote sensing Type Index
product / approach data used of index target
EARS Relative MSG-based relative Estimation Crop-
evapotranspiration (ETr)  ET (3 km x 3 km) of yield specific
Start of season based deficit
on ETr
GeoVille Radar-based estimation  ERS (50 km x 50 km)  Soil moisture Generic
of soil moisture resolution and deficit
Start of season detection METOP ASCAT
based on Soil Water (50 km x 50 km
Index (SWI) and 25 km x 25 km)
resampled to
10 km x 10 km
FEWS NET Actual evapotranspiration MODIS-based ET Estimation of Crop-
(ETa) (1 km x 1 km) yield deficit ~ specific
IRI Rainfall estimates (RFE)  NOAA-based RFE Rainfall Generic
ARC2 (10 km x 10 km) deficit
ITC Vegetation indices (NDVI) SPOT-VGT/Proba-V Estimation of Crop-
NDVI (1 km x 1 km) yield deficit ~ specific
sarmap'® Radar crop maps and Cosmo-SkyMed data  Agricultural ~ Generic
start of season indicators  (3m*3m) mapping (cultivated
land versus

non-cultivated)

VITO Vegetation indices
(fAPAR)

Start of season
estimation based on
rainfall estimates (RFE)

SPOT-VGT/Proba-V
fAPAR (1 km x 1 km)
and TAMSAT

rainfall estimates

(4 km x 4 km)

Estimation of
yield deficit

Crop-
specific

19 The sarmap mapping methodology and its findings are examined in Chapter 7 and Annex V.

67



EARS methodology (relative evapotranspiration estimates)

Relative evapotranspiration (ETr), calculated from Meteosat data via the Energy

and Water Balance Monitoring System (EWBMS), is used to develop the insurance

product. The trigger and exits of the insurance product are defined based on the

relative evapotranspiration and the start of the growing season.

Methodology

Table 8. Evapotranspiration

Remote
sensing data
inputs

e ETr from Meteosat, calculated with EWBMS
¢ 10-day

* Approximately 3 km pixel size

® 1982-present

Crop maps/
mask

No maps or masks used

Start of season

e Assumptions:
- the growing season is that part of the year when water availability to
the crop is highest;
- the time of the maxima represents the start of season; and
- the height is an indicator of water availability during the growing
season.
e SoS window defined from 33-year ETr history and additional field
information.
e Actual SoS determined on a trigger (ETr > 65 per cent) applied within
the SoS window. The first dekad in which the ETr surpasses the trigger
is the start of the actual growing season.

Field data

Multiphase contract structure accounts for specific stages of crop
development based on FAO crop calendar information and project
inventory of farmer’s questionnaires.

UAI

¢ Methodology implemented at the country level
e 20 km x 20 km ROls covered with block of 7 by 7 pixels (spatial
variation of ETr within block was found to be minimal)

Insurance
contract
structure

Crop-specific and region-specific index structures.

Crop production loss is calculated as deviation from average ETr,

as a percentage.

Trigger is set at the average ETr. Payout is calculated relative to

the average.

Single-phase structures: total payout is based on total growing season
ETr deviation relative to the average.

Multiphase structures: crop loss is calculated per phase (vegetative,
flowering, yield formation). Total payout is based on the maximum loss
of the three individual phases.
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REMOTE SENSING FOR INDEX INSURANCE
FINDINGS AND LESSONS LEARNED FOR SMALLHOLDER AGRICULTURE

Figure 13. Difference between ETr for the 2014 season and the previous
32-year average for the months July-September in Senegal (by EARS)
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Figure 14. Determination of start of season based on historical ETr time series
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GeoVille methodology (soil moisture estimates)

The GeoVille insurance product is based on soil moisture estimates derived from
ERS and ASCAT microwave observations. Payouts are based on the soil moisture
deficit (the difference between the long-term average and the respective year’s soil
moisture conditions) for the specific crop life cycle range, which is the determinative

period for crop yield.
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Methodology

Figure 15. Soil Water Index product — example for 15 August 2015
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Table 9. Soil moisture

Remf’te e Surface soil moisture (SSM) estimates (25 km pixel size) representing
sensing data the degree of saturation of the topmost soil layer (< 5 cm), ranging

EEL from O (dry) to 100 (wet). The ESA CCl SM v02.1 dataset (1979-2013)
was used to identify the relationship between soil moisture variability
and annual yields and to define the crop life cycle range having the
strongest moisture-crop yield relationship.

e Soil Water Index (SWI) (10 km pixel size), reflecting the moisture
conditions in the first meter of the soil profile. The ASCAT SWI dataset
(2007-present) is used for calculating insurance payouts.
e Daily data
Crop maps/ No maps or masks used
mask

Start of season  The onset of the rains can be detected from the SWI profile.

Field data * The FAO crop calendar provided information on planting, sowing and
harvesting periods of local crops
* Yield statistics

UAI 4 pixels covering the 20 km x 20 km RO

Insurance e The insurance coverage structure is based on the cyclic fraction, defined
contract as the difference between the long-term average and the respective
structure

year’s moisture conditions for the specific crop life cycle range (e.g.
growing period).

¢ To identify the period of the seasonal crop life cycle that is essential for
high/low yields, correlation analysis is applied. The seasonal crop life
cycle showing the highest correlation with crop yield is used to define
trigger and exit points.

* The trigger value is defined as the difference between the long-term
mean of the cyclic fraction and the first standard deviation for the period
2007-2014. The exit point is defined as the long-term mean of the cyclic
fraction and the second standard deviation for the period 2007-2014.




Figure 16. Growing period for groundnut in Nioro
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Growing period is shown between green vertical lines. To calculate the cyclic fraction, the
long-term average (blue line) and the surface soil moisture (grey line) for the year 2002 are
used. The dark green area indicates the cyclic fraction. The example shows below-average soil
moisture conditions.

FEWS NET methodology (actual evapotranspiration estimates)

MODIS land surface temperature (LST) 8-day composites are used as a principal
input to a simplified surface energy balance model that estimates actual
evapotranspiration (ETa) at the land surface. This information is aggregated over
the FAO-based cropping calendar for Senegal for the different crops (maize, millet
and groundnuts). Vulnerability functions are defined based on drought-risk profiles
of the crops. These vulnerability models calibrated per crop over the different ROIs
form the basis of the insurance contracts developed by FEWS NET.
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Methodology

Table 10. Actual evapotranspiration

Remote
sensing data
inputs

ETa calculated from MODIS LST data using a simplified surface energy
balance model

10-day composites

1 km pixel size

2000-present

Crop maps/ FEWS NET used the crop intensity maps produced by ITC for deriving
mask crop-wise drought vulnerability and payoff functions.
Start of season  Fixed period
Field data ¢ FAO crop calendar

¢ Rain gauge data

e FEWS NET reports on food security and drought

® Yield statistics of central communauté rurale (cCR) of each

20 km x 20 km ROl

UAI 20 km x 20 km RO
Insurance e The insurance products have a fixed start and end date corresponding
c:)ntrtact with the characteristic growing period of the crop (from FAO calendar
structure

and discussion with local experts).

Crop-specific drought vulnerability models were developed over the
regions. This consisted of establishing a statistical regression between
relative cCR yield-deficits (with respect to potential yield) and the
relative ET deficit (with respect to potential ET) cumulated over the
growing season.

The design of the insurance contracts consisted of transforming the
crop-specific drought vulnerability functions into corresponding payout
functions (see Figure 17).




Figure 17. ETa anomalies for West Africa for the 2016 season, based on

comparison with 2003-2013 median values ETa anomaly (%)
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Figure 18. Scaling of the millet vulnerability function into regional
millet payout function
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IRI methodology (rainfall estimates)

The IRI index design process is based on measuring rainfall during key periods
in the growing season. Remotely sensed RFEs are analysed over different periods
to best represent the adverse years in Senegal. The index is based upon amount of
rainfall in a specific period of the growing season for the different ROIs.

Methodology

Figure 19. Rainfall anomalies in 2002 (dry year) based on comparison
with 1993-2013 average values
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Table 11. Rainfall estimates

Remote
sensing data
inputs

NOAA CPC RFE-2.0 rainfall estimates
10-day

Approximately 10 km pixel size
1983-present

Crop maps/
mask

No maps or masks used

Start of season

Fixed window

Field data * Yield statistics at the department and the village level to detect
adverse years

¢ Village interviews through IRI field visits

e Literature review, including wider food security and drought reports
UAI 9 pixels covering approximately 30 km x 30 km
Insurance ¢ A rainfall cap of 20 mm daily and 40 mm dekadal is set to prevent bias
contract due to extreme rainfall.
structure

A climatological time series of 1993-2013 is used to avoid influence of
long-term trends.

Designed with two fixed windows covering the initial and the final part of
the crop season (with a gap in the middle) reflecting the periods during
which the crops are critically vulnerable to drought. Window selection
based on:

- crop calendars and expert assessment of the growing season;

- a statistical investigation into which windows captured loss events;

- farmer information (as available); and

- expert assessment for final choice.

Trigger and exit are defined per region based on information

on historical loss events from farmer interviews and analysis of

yield statistics.

Two sets of indices: one index for each of the 9 RFE pixels and one for
the average of the 9 RFE pixels that make up the UAls.
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Figure 20. Payout in Koussanar ROI (per pixel) for 1993-2012 based
on IRI model
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ITC methodology (vegetation indices)

Based upon the historical SPOT-VEGETATION NDVI data, three crop maps (for
millet, maize and groundnuts) are generated for Senegal. At the village level,
these maps are used to extract temporal NDVI profiles for the different crops. The
(detrended) NDVI values, accounting for a variable start of the growing season, are
then used together with village yield values to develop crop-specific yield models for
Senegal. The yield estimates per pixel, subsequently aggregated at the ROI level, are
used to define the insurance coverage.



Methodology
Table 12. Vegetation index

Remote e SPOT-VEGETATION / Proba-V NDVI
sensingdata o 10_gay composites
inputs * 1 km pixel size
* 1998-present
Crop maps/ Crop intensity maps were developed by means of cluster analysis
mask

whereby NDVI clusters (zones) were interpreted using information on
agricultural areas from FAO-GLCN (Global Land Cover, 30 m) and
DAPSA area statistics per crop. These maps were used to generate
crop-specific NDVI profiles (corrected for trend effects).

Start of season  Based on NDVI values above a certain threshold around expected start
of season (crop and region specific)

Field data * Yield statistics at the village level
e Crop calendar based on field information collected under the project

UAI * Methodology implemented by NDVI zones
e Payout per pixel (1 km x 1 km) or aggregated to 20 km x 20 km ROI (but
with NDVI zone specific trigger and exit)

Insurance e Crop-specific (detrended) NDVI values, accounting for a variable start
contract of the growing season, are used together with village vyield values to
structure

develop crop-specific yield models for Senegal.

¢ The yield estimates per pixel, subsequently aggregated at the ROI level,
are used to calculate the insurance payout. Payouts are calculated on
the basis of the relative difference between the estimated yield and the
trigger value.

e Trigger and exit are defined by using the averaged data by year and by
NDVI zone. To reach the requested ELC, two parameters were used,
one to adjust the trigger (Q) and one to adjust the exit thresholds (P):

Trigger = (Q*1st quartile)-((average-mode)/2)
Exit = Trigger-(P*st.dev)

e Design of each crop-specific structure aimed to obtain a fixed ELC of

10 per cent and a “pay count” close to 15 per cent.



st.dev
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8. DESCRIPTION OF THE METHODOLOGIES

Figure 21. Millet crop map generated by ITC
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VITO methodology (vegetation indices combined with

rainfall estimates)

Region-specific and crop-specific yield models are set up based on combinations
of vegetation indices (fAPAR derived from SPOT-VEGETATION/Proba-V data) and
rainfall estimates aggregated over critical periods during the growing season. Yield
statistics are used to calibrate these models. The yield estimates generated by the
models form the basis of the insurance contracts.

Methodology
Table 13. Vegetation index and rainfall

Remote
sensing data
inputs

e SPOT-VEGETATION / Proba-V fAPAR
e 10-day composites

* 1 km pixel size

e 1998-present

e TAMSAT rainfall estimates

e 10-day composites

® 4 km pixel size

® 1983-present

Crop maps/
mask

A cropland mask developed by JRC (Vancutsem et al., 2013) was used to
limit the analysis to agricultural land pixels.

Start of season

Start and end of season are derived from temporal evolution of

fAPAR values.
Field data e Yield statistics of aCR

¢ |Information on local agricultural practices collected under the project
UAI aCR covering the 20 km x 20 km ROls
Insurance * Region-specific and crop-specific yield models are set up based
°t°"t"ta°t on combinations of vegetation indices (FAPAR derived from SPOT-
structure

VEGETATION/Proba-V data) and rainfall estimates aggregated over
critical periods during the growing season. Yield statistics (aCR level)
are used to calibrate these models.

* The yield estimates generated by the models form the basis of the
insurance contracts. Payouts are calculated based on the relative
difference between the estimated yield and the trigger value.

¢ Mathematical functions were sought to describe the probability of yield
occurrence. Trigger and exit values are set for each aCR zone and crop
combination based on the fitted distribution of the (village-level) yields
for that aCR zone and crop.
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Figure 23. SPOT-VGT fAPAR cumulated from start to end of season
(2002, dry year)
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fAPAR is expressed on a scale from O to 1. The figure shows the sum of the 10-daily fAPAR (0-1)
from start to end of season (over number of 10-daily periods).

Figure 24. Start and end of season derived from fAPAR profile
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REMOTE SENSING FOR INDEX INSURANCE
FINDINGS AND LESSONS LEARNED FOR SMALLHOLDER AGRICULTURE

Figure 25. Yield distributions for millet
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9. Performance assessment

The performance assessment of the index structures developed by the RSSPs has two
parts: historical performance analysis and product testing. Historical performance
analysis aims to show how well the methodologies can replicate crop loss over past
years in specified areas. Product testing gauges how well the methodologies can
“predict” losses, analysing and assessing their performance during the two test
seasons in comparison with data specifically collected by the project.

Historical performance analysis

Performance indicators
Analysis of the historical performance of index insurance products aims to determine
the ability of the methodologies to replicate the history of losses for selected crops
in selected areas. In this project, the methodologies were measured against the aCR
yield dataset (see pages 41-438).

There are inherent limitations to assessing product performance by comparing
the index values with the aCR yield dataset, including:

e Potential issues with yield data measurement.

e Differences in methodologies tailored to cover different sources of risk. In

particular:

- Input-based methodologies look only at the impact of drought on crop
production and focus on an input variable (rainfall); other sources of
production risk (e.g. pests and diseases) are not considered.

- Output-based methodologies look at variables connected to output (e.g.
amount of vegetation, evapotranspiration) and, therefore, are likely to more
closely match yield variations generated by drought and by other sources
of risk.?°

While analysing historical performance is useful, it does not guarantee future
performance. There are many reasons why: changes in crop varieties or in agronomic
practices, the occurrence of weather events not previously experienced, or climate
change trends. Despite these inherent limitations, analysing historical performance
can still provide valuable clues to the general behaviour of the index.

20 Since the causes of loss recorded in the project analyses were mainly related to rainfall deficit, the
performance assessment of input-based methodologies is unlikely to have been negatively affected by the
occurrence of loss events other than rainfall deficit.
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Generally speaking, when assessing how well an index contract structure is
performing, the guiding principle is whether it is triggering appropriately-sized
payouts when losses are recorded. Two approaches were used in the analysis:

e counting the number of events in which a payout was missed or triggered

erroneously (see below, Counting the number of mismatches)

¢ cumulating the deviations between the reference yield outcome and the

payouts that were triggered or should have been triggered (see page 85,
Measuring the size of the mismatches).

Counting the number of mismatches

The proportion of counted mismatches is an intuitive indicator designed to show
how many times, on average, the index structures do not properly match the
payouts expected.?!

Counting mismatches (not matching payout events) slightly deviates from
computing the number of false positives (payouts triggered when not required) or
false negatives (payouts not triggered when required) since it focuses more on the
size of the deviation from the payouts ideally expected. The rationale is that both
false positives and false negatives may not affect the performance of the insurance
contract significantly if the magnitude of the mismatch is small. What is more
relevant is the extent to which the payout matches the size of the loss. For example,
a payout of 2 per cent of the value insured when there is a 90 per cent recorded loss
represents a very poor outcome, even though a payout has been triggered; and even
though it would be classified as an “appropriate” event from a “false positive” and
“false negative” perspective.

In an adverse year,?? the index insurance structure is expected to trigger a payout
similar in size to the difference between the threshold and the recorded yield level.
“Non-accurately performing” events are considered situations in which the payout
and the yield deviation are significantly different in size.

To evaluate the performance of the index structures, a dedicated classification
was adopted that specifically accounts for the magnitude of the mismatches between
payout and yield reduction, leading to indicators that would provide the number
of occurrences that show a “correct + acceptable mismatch” and a “not acceptable
mismatch + not correct”. The reference values for such parameters have been set
at below a deviation of 5 percentage points for declaring a payout “correct” and
between 5 and 15 percentage points for the mismatch to be considered “acceptable”
(Table 14).

21 The project chose to present the indicator as referring to the share of events that are “not acceptable”, rather
than to the share of “acceptable” events. This was partly to avoid confusion between the counting indicator with
a measure of correlation between the yields and the indices. In addition, the real objective of such an indicator is
to show the potential pitfalls of the indices in capturing losses, and focusing on the number of non-correct events
may, in fact, be more appropriate.

22 For the purpose of this analysis, a crop year is classified as adverse when the recorded yield level is below
80 per cent of the historical average. Averages were calculated on the 2001-2014 interval and yields were not
detrended.



Table 14. Colour coding adopted in historical performance analysis

Class and Definition Final
colour code classification

If payout is provided or not provided in

Correct accordance with yield behaviour, within a deviation
of 5 percentage points

Correct

+ Acceptable

If the mismatch between yield deviation and payout is
mismatch

between 5 and 15 percentage points. This class also
includes events not performing correctly (false positives
and false negatives) within a 15 percentage point
deviation only.

Acceptable
mismatch

If mismatch between yield deviation and payout
exceeds 15 percentage points. Not

acceptable
mismatch
+ Not correct

If not correct (false positives and false negatives) and
mismatch above 15 percentage points.

Not correct

Measuring the size of the mismatches: covariate mismatch and
over/undercompensation indicators

Covariate mismatch

An assessment approach based on the actual size of the “mismatch” between
losses and payouts was also developed. Such an approach is based on an indicator
that estimates the covariate mismatch (CM) between payouts and losses. The CM
indicator is expressed as a percentage of the amount of losses recorded over the
period observed, and provides a measure of how large, in aggregate, the payout
mismatches are.

The emphasis on the covariate component of yield losses is due to the fact that the
misalignment between payouts provided by an index insurance contract and losses
experienced by farmers (basis risk) is composed of a covariate element (i.e. the
comparison between the index values and the reference variable in a geographical
area), and an idiosyncratic element (i.e. the mismatch between the index values and
the values that the reference variable takes at the individual farmer level). As the
comparison between losses and payouts is carried out at the aggregate level, and
not at the individual farmer level, only the covariate dimension of the relationship
between losses and payouts is accounted for in the project analysis.
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The proposed CM indicator is structured as follows:
M (Eq. 1)
Ly

Where: y is the recorded yield loss below the threshold;

and x is the payout triggered.

For example, a covariate mismatch of 200 means that the deviation from the
ideal expected performance is two times larger than the actual amount of losses
experienced in the observed period.

Over/Undercompensation
In order to verify whether the index structures show a tendency to compensate
more or less than required, the deviations between losses and payouts have also
been broken down into overcompensation and undercompensation. These two
indicators capture different aspects of a payout mismatch. Undercompensation is
a concern for the insured party (e.g. smallholder farmers) and for the promoters
of an insurance programme (e.g. governments, development organizations) since
it signals that losses have not been fully covered and, therefore, that the insurance
product has not entirely fulfilled its purpose. However, overcompensation is also an
issue since a systematic tendency to pay out more than what is required is going to
be factored into the pricing process, generating a more expensive and, therefore, less
accessible product.

The overcompensation indicator is structured as follows:

2OX)<0 iy )

N(y-x)<0

where y and x are as defined in Eq. 1 and N(y_x)<0 i the number of events in which an

overcompensation has been observed.

The undercompensation indicator is structured as follows:

2(y-x)>0

= (Eq. 3

Ny x)>0 (Eq. 3)

where y and x are as defined in Eq. 1 and n(y_x)s( is the number of events in which an

undercompensation has been observed.

Overall performance of index structures across all regions and all crops

Table 15 and Figure 26 summarize the performance of the fixed-ELC index structures
averaged across all products developed for all regions and all crops. An explanation
of how to interpret the performance tables is presented in the notes to Table 15.



Table 15. Summary of product performance for fixed-ELC index structures

averaged across all structures developed (all regions, all crops)
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How to read the tables:

Column Explanation

1 The six RSSPs

2to5 The number of observations classified in the four classes discussed above
(see Counting the number of mismatches, page 84)

2 Correct

3 Acceptable mismatch

4 Not acceptable mismatch

5 Not correct

6 The total number of observations. Note that the number of observations changes
for each RSSP since, for technical reasons, not all of them were able to develop
index structures for all the crop/area combinations.?®

7to10 The absolute number of observations (as a percentage) that fall into the
different classes

7 Correct

8 Acceptable mismatch

9 Not acceptable mismatch

10 Not correct

23 The complete list of index structures developed for each of the crop area combinations, together with the
respective performance indicators, is presented in Annex IV.



Column Explanation

11 to 12 Aggregate the values presented in columns 7 to 10 into the two summary
indicators: (11) correct + acceptable mismatch (percentage); (12) not
acceptable mismatch + not correct (percentage). The latter, together with
the covariate mismatch indicator, are the key references for assessing the
performance of the index structures and are also illustrated in the figures
showing the key data that follow the tables.

11 Correct + acceptable mismatch
12 Not acceptable mismatch + not correct
13 The average ELC achieved by each RSSP. In the various tables, the ELC is

averaged for each specific level of aggregation. The RSSPs were asked to develop
structures with fixed ELCs for the different crops, but were also allowed to submit
structures that had lower ELC levels than those recommended.

14 Number of events in which an overcompensation has been recorded.
15 Number of events in which an undercompensation has been recorded.
16 In percentage terms, the number of overcompensation events.

17 In percentage terms, the number of undercompensation events.

18 The values of the CM indicator

Overall, the performance of the index structures lies between 9 per cent and
20 per cent of the “not acceptable mismatch + not correct (percentage)” indicator, and
between approximately 100 and 200 of the CM indicator. Therefore, the historical
analysis shows that 9 per cent to 20 per cent of the time, the indices did not behave
as expected (despite the significant tolerance thresholds considered) and that the
size of the mismatch is, on average, from one to two times the size of the actual
amount of payouts expected. Figure 26 also shows that the undercompensations are
quite homogeneous across RSSPs and, as the background tables in Annex IV suggest,
this seems to be because the various indices tend to systematically fail to capture
certain loss events.

With regard to overcompensations, the comparison between the number
of events and the percentage levels provides insights into the average size of the
exceeding payouts. For example, it shows how, on average, the indices developed
by ITC tend to pay out very frequently, more often than required (as shown by the
large number of overcompensating events), but the deviations from the amounts
expected are quite small (since the percentage of overcompensation values is also
relatively small).
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9. PERFORMANCE ASSESSMENT

Figure 26. Average across all crops and all ROls of performance indicators
for fixed-ELC structures
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Performance of index structures for region of interest (ROI)

The performance analysis attheregional level (Table 16 and Figure 26) shows different
dynamics between the number of mismatches and the cumulative deviations from
the expected payouts. The “not acceptable mismatch + not correct + not correct
(percentage)” indicator shows quite a heterogeneous performance across RSSPs,
without a clearly identifiable pattern. The CM, regardless of the RSSP considered,
is progressively higher, moving from Nioro at the lowest value to Koussanar to
Diourbel, which shows a significant increase. This all suggests that the number of
events in which payouts are not correctly triggered varies significantly across RSSPs,
which in turn could be influenced by the diversity in the methodologies.

Despite these differences, operational conditions in the Diourbel area seem to
make it harder to correctly match losses with index insurance structures. The number
of overcompensations and the amount of overcompensation (as a percentage) tend
to be highest in Diourbel, followed by Nioro. The number of undercompensations is
quite low and stable across the regions, but the amounts of undercompensation are
clearly highest in Nioro.

The performance analysis at the regional level is strongly linked with the
performance analysis at the crop level. Therefore, it is useful to consider the results
of both analyses together. For example, the fact Diourbel displays the lowest average
ELCs is explained by the fact that maize (the crop with the highest reference ELC) is
not grown in that area.
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Table 16. Summary of product performance for fixed-ELC index structures

averaged over ROls
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Figure 27. Average across ROls of performance indicators for
fixed-ELC structures?
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24 FEWS NET was not able to develop index structures for Koussanar as no cCR yield statistics were available
for this ROI.
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Performance of index structures at the crop level

Figure 28 shows that the highest percentages of events classified as “not acceptable
mismatch” or “not correct” are recorded for maize, followed by groundnut and
millet with the second and third highest, respectively. This dynamic suggests
that maize was the most challenging crop to cover with the remote sensing
index insurance structures.”> Maize also shows a relatively higher number of
both undercompensation events and undercompensation amounts. For the
overcompensation indicator, the patterns are less clear. The graph showing the
different ELCs in Figure 28 clearly represents the limits imposed for the fixed-
ELC structures that were set at below 8 per cent for maize, below 6 per cent for
groundnut and below 4 per cent for millet.

25 The apparently opposite indication stemming from the covariate mismatch indicator in Figure 28 is because
maize is not grown in Diourbel, an area in which the CM indicator is highest.



Table 17. Summary of product performance for fixed-ELC index structures
averaged over crops
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Groundnut
EARS 25 71 4| 3[39(64(|18]| 10 3 2118 12| 210
FEWS NET 18 6 O 428|644 |21 0 2 3119 | 9| 157
GeoVille 20 5 2 3| 30| 67|17 7 1 213012 162
IRI 20| 11 41 4139|51]|28]| 10 5 2115 17 | 249
ITC 3|34 2 0| 39| 8|87 5 11 2 4115 | 168
VITO 21 5 0 2128|7518 0 2 3 7 9 74
Millet
EARS 25 9 2 3 39 64 23 2 15 12 260
FEWS NET 19 7 0 2 28 68 25 1T M 7 270
GeoVille 23 3 1 3 30 77 10 121 14 174
IRI 20 16 2 1.3 51 41 2 10 13 289
ITC 7 3 2 0 39 18 77 2 2 10 174
VITO 30 7 2 0 39 77 18 2 1110 119
Maize
EARS 11 8| 2 4| 25| 44| 32 3|10 | 20 7
FEWS NET 7 3 1 3| 14|50 | 21 4|1 11|26 78
GeoVille 9| 3| 2 5|19 | 47 | 16 3|21|24 91
IRI 10 5 2 7| 24| 42| 21 4| 15| 26| 101
ITC 2118 4 1125 8|72 4| 6123 91
VITO 15| 3| 2 5| 25|60 12 4| 39|22 90

* ELC computed over the years 2001-2014.



Figure 28. Average across crops of performance indicators for
fixed-ELC structures

Not acceptable mismatch use
+ not correct (percentage) Covariate mismatch
40 350

300

250
Groundnut

2 200
150
15
0 100
Millet 5 I I I I I
Maize M 0 0

Percentage
N
o

5 0
EARS FEWS GeoVille IRI ITC VITO EARS FEWS GeoVille IRI ITC VITO
NET NET
Overcompensation events (number) Undercompensation events (number)
12 12
P 10 @ 10
o e
¢ 8 ¢ 8
[0 [0
5 6 5 g
g g
g 4 g 4
Z Z
1l | : ||| [ |I|I|
0 iinl | B 0 I i l
EARS FEWS GeoVille IRI ITC VITO EARS FEWS GeoVille ITC VITO
NET NET
Overcompensation values Undercompensation values
(percentage) (percentage)
40 40
35 35
30 30
S 25 g 25
3 2
@ 20 $ 20
o o
& 15 & 15
10 10
. I il :
0 l 0
EARS FEWS GeoVille IRI [TC VITO EARS FEWS GeoVille IRI ITC VITO
NET NET
ELC (percentage)
9
8
7
6
[0}
g 5
c
8 4
o)
a3
2
1
0

EARS FEWS GeoVille ITC VITO
NET



Evaluation of historical performance analysis
The criteria considered by the Evaluation Committee in the evaluation of the
historical performance analysis and the scores allocated by the Evaluation
Committee members are summarized in Table 18. The scoring methodology used
for all the evaluation criteria discussed in chapters 9 and 10 is described in Annex I.
The criteria considered by the Evaluation Committee in evaluating product
testing were as follows:
(i) How do the indices developed perform in providing payouts in loss years
averaged across all structures developed (all regions, all crops)?
(ii) How do the indices developed perform in providing payouts in loss years
averaged at the ROI level?
(iii) How do the indices developed perform in providing payouts in loss years
averaged at the crop level?

Table 18. Overall performance analysis (criteria and Evaluation
Committee scores)

RSSP 1 2 3 Share of Share of
maximum maximum
score weighted score
(percentage) (percentage)

EARS 2.83 2.43 2.71 53 53

FEWS NET 2.83 3.29 2.86 60 60

GeoVille 3.00 2.86 3.14 60 60

IRI 2.50 2.57 2.71 52 52

ITC 3.50 3.57 3.71 72 72

VITO 4.00 4.29 4.00 82 82

Average 3.11 317 3.19 63 63

across

RSSPs

Weight per 417 4.00 417

criterion

The scores assigned to the evaluation criteria for the historical performance analysis reach a level
of 3.1/3.2 out of 5.0 on average across all RSSPs. The score range is quite large, as it goes from
slightly below 2.5 to above 4.0 out of 5.0, highlighting the difference perceived in the ability of the
methodologies to model historical losses.

The weights assigned to the three criteria are quite high and of similar dimensions, indicating that
examining the performance of the indices at the different levels (overall, per-area and per-crop),
rather than only at aggregate level, is considered a useful exercise. Because they were assigned
similar weights, at aggregated level, the weighted scores are the same as the non-weighted scores.
The Evaluation Committee members had different opinions on which level was more relevant but
some pointed out that, despite the interesting indications stemming from the overall analysis, the
more relevant insights come from the per-crop and the per-area analyses, since these refer more
specifically to the implementation issues.
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While the Evaluation Committee members stressed that their observations apply
only to the cases explored in the project and that remote sensing methodologies
may perform differently in different conditions, the following key points emerged:

e Despite the differences among the products, the ability of the remote sensing
index structures to track the historical loss patterns of the crops in the test
areas is suboptimal, and substantial improvements in performance would be
required for them to be widely and effectively implemented on a commercial
basis. However, the significant limitations in the yield benchmarks available
for assessing performance mean that it is difficult to make any definitive and
objective statements, as the apparently poor performance could in part be
attributed to the nature and the aggregation of the yield data.

e OQOutput-based methodologies performed relatively better than input-based
methodologies. The methodologies that seem to perform most accurately
are those based on vegetation indices (ITC and VITO). In developing their
methodologies, ITC and VITO adopted crop maps and masks, respectively,?®
and this may have had a relevant impact on their performance. In addition,
the VITO methodology adopted a hybrid approach, combining the fAPAR
vegetation index with TAMSAT rainfall estimates.

e Future research could focus on exploring whether the relatively better
performance of the methodologies developed by ITC and VITO is due mainly
to the response of the vegetation indices and the fact that they operate at higher
resolutions than the input-based methodologies, or whether the use of crop
maps and masks and the synergy between different remote sensing approaches
play a relevant role.

Product testing

DAPSA yield statistics for 2013 and 2014 were not used for product design and,
therefore, can be considered independent data that can be used to test the predictive
capacity of the indices developed (the DAPSA yield figures for 2001-2014 at aCR
level are presented in Chapter 5).

Product performance tests can be also carried out against the yield data per
crop and per test site generated as part of the on-the-ground monitoring activity
carried out for the project during the 2013 and 2014 growing seasons (see Table 19).
Crop growth, development and yield observed on such fields are considered to be
representative for the 20 km x 20 km ROIs.

26 |TC used crop-type maps, VITO used a cropland mask. See chapters 7 and 8 for more details.



Table 19. 2013 and 2014 average yield values derived from the
project fieldwork

Region Crop 2013 yield 2014 yield
(kg/ha) (kg/ha)
Diourbel Groundnut 712 1,264
Millet 1,096 991
Koussanar Groundnut 780 820
Millet 1,078 696
Maize 2,132 725
Nioro Groundnut 979 1,609
Millet 1,495 1,243
Maize 3,213 1,697

Test results

Table 20 and Table 21 present the 2013 and 2014 test results for fixed-ELC structures.
These results are also summarized in Figure 29 (the results for the “base structures”
can be found in Annex III). The analysis uses the same methodology adopted in the
historical performance analysis discussed above.?”

27 In order to determine whether 2013 and 2014 were adverse years or not for a certain crop in a certain region,
yield data collected from the project fieldwork and from DAPSA were compared with the threshold of 80 per cent
of the historical average of the DAPSA yield statistics for 2001-2014 at the aCR level. Comparing the yield dataset
collected for the project with the DAPSA yields is not entirely appropriate given that the two yield statistics are
collected using different methodologies. However, taking the DAPSA yield threshold as a reference was the only
option available.
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Table 20. Overview of performance of fixed-ELC structures for each RSSP
compared with 2013-2014 project fieldwork yields?

Crop Deviation RSSP / Payout
from
aCR yield
threshold
Project EARS FEWS GeoVille IRI ITC VITO
fieldwork NET
data
(3] < [s2) < (3] < (3] < (3] < (2] < [s2) <
S| o5|c|c|o|c|c|s|c|a|ea|s|a]|s
N N N (9)) N N N N N N (9Y) N N N
Diourbel

Groundnut  11.3

Millet 56.3

Koussanar

Groundnut  -0.9 4.2

Millet 31.8 -14.9

Maize 1191 255

Nioro

(ClielWale[a [V (SANNCIORN 0.0 13.8 0.0 259 0.0

Millet CORRENE 0.0 152 0.0 1567 0.0

Maize g el 00 27.3 0.0 357 0.0

Not acceptable 0% 75% 0% 100% 13% 63% 13% 63% 13% 63% 0% 29%
mismatch or not correct

(percentage)

28 To facilitate interpretation, Table 20 and Table 21 adopt a simplified colour coding in which the “correct” and
“acceptable mismatch” and the “not correct” and “not acceptable mismatch” have, respectively, been grouped
together. When the proposed indices perform in an acceptable fashion (“correct” or “acceptable mismatch”), the
cells in the tables are coloured in green; when the index is “not correct” or shows a “not acceptable mismatch”,
the cells are light red.



Table 21. Overview of performance of fixed-ELC structures for each RSSP
compared with 2013-2014 aCR yields (DAPSA)

Crop Deviation RSSP / Payout
from
aCR yield
threshold
Project EARS FEWS GeoVille IRI ITC VITO
fieldwork NET
data
(2] < (3] < (3] < (3] < ™ < [s2) < [32) <
S|oc|c|o|c|c|c|&c|a|s|c|sa|a]| e
(9Y) N N N N N N N (9Y) N N N N N
Diourbel

Groundnut  -19.5

Millet

Koussanar

Groundnut

Millet

Maize

Nioro

Groundnut . .0 13.8 0.0 256.9 0.0 . .6 200 30 04

Millet 32 07 .0 162 0.0 157 0.0 . 8 184 20 03

Maize 67.3 -21.1 .0 273 0.0 357 0.0 . .5 26.7 42.8 341

Not acceptable 13% 50% 20% 80% 25% 75% 25% 50% 25% 0% 14% 57%
mismatch or not correct
(percentage)
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Figure 29. Performance of fixed-ELC structures in 2013 and 2014:
percentage of “not acceptable mismatch or not correct” when compared
with fieldwork and aCR yields
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Percentage

o O

Note: For EARS, FEWS NET and VITO, the “missing” bars in 2013 fieldwork data indicate that the
values are actually O.

Table 22 and Table 23 summarize the percentages of “not acceptable mismatch
or not correct” in Table 20 and Table 21. The tables show that, overall, the number
of recorded mismatches is extremely high. This is especially true for the year 2014,
which the on-the-ground monitoring indicates as a loss year and, therefore, one of
the years in which the index structures would need to perform accurately.

Table 22. Percentage of “not acceptable mismatch or not correct” for
fixed-ELC structures for 2013-2014 aCR yields

2013 2014
(percentage) (percentage)
EARS 13 EARS 50
FEWS NET 20 FEWS NET 80
GeoVille 25 GeoVille 75
IRI 25 IRI 50
ITC 25 ITC 0
VITO 14 VITO 57




Table 23. Percentage of “not acceptable mismatch or not correct” for

fixed-ELC structures for 2013-2014 project fieldwork yields

2013 2014
(percentage) (percentage)
EARS 0 EARS 15
FEWS NET 0 FEWS NET 100
GeoVille 13 GeoVille 63
IRI 13 IRI 63
ITC 13 ITC 63
VITO 0 VITO 29

The general indication is that the index structures developed do not seem to track
yield variability to a level that would be satisfactory for the implementation of index
insurance products. However, it should again be emphasized that interpretation of
the performance analysis is complicated by the potential source of noise embedded
in the yield references.?

Despite the generally weak performance of all methodologies, as noted for the
historical performance analysis, output-based methodologies seem to perform
better than input-based methodologies. However, results for evapotranspiration-
based methodologies (EARS and FEWS NET) are mixed since they performed
particularly well in 2013, but poorly in 2014 compared with both yield datasets.

Evaluation of product testing
The criteria considered by the Evaluation Committee for the evaluation of product
testing were as follows:
1) How do the indices developed perform in the “product testing” exercise when
compared with the fieldwork data collected by the project?
2) How do the indices developed perform in the “product testing” exercise when
compared with the official DAPSA statistics aggregated at aCR level?

The scores allocated by the Evaluation Committee are summarized in Table 24.

29 For example, performance of the ITC methodology in 2014 is quite different when compared with DAPSA data
(0 mismatches) and with project fieldwork data (63 per cent mismatches).
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Table 24. Product testing analysis (questions and Evaluation
Committee scores)

1 2 Share of Share of
maximum maximum
score weighted score
(percentage) (percentage)

EARS 217 2.67 48 48
FEWS NET 1.83 2.00 38 38
GeoVille 2.50 2.50 50 50
IRI 2.67 3.00 57 57
ITC 3.00 3.67 67 67
VITO 417 3.17 73 73
Average 2.72 2.83 56 56
across

RSSPs

Weight per 3.80 4.00

criterion

The Evaluation Committee members acknowledged the challenges in generating
a long time series of data for the product tests, but at the same time pointed out that
in order to reach more robust conclusions, performance should, ideally, be assessed
over more seasons.

The weights assigned to the evaluation criteria for the product testing (3.8 and
4.0) indicate that, according to the evaluators, both tests are relevant. The product
testing scores are lower than the scores for the historical performance analysis: across
all RSSPs, the product tests reach an average level of 2.7 and 2.8 out of 5.0. This
suggests that the Evaluation Committee consider the performance of the product
testing quite weak.

Similar to the historical analysis, the range of scores assigned to the RSSPs is quite
large, going from slightly below 2.0 to slightly above 4.0 out of 5.0, which highlights
the difference perceived in the ability of the methodologies to cover yield losses.

In line with the findings of the technical analysis, and given the caveats mentioned
throughout this chapter, the evaluation process indicates that the product testing
does not provide evidence of successful application of the index structures tested in
the project, and that insurance schemes based on such approaches should carefully
plan for measures aimed at mitigating the occurrence of basis risk events.



Box 7. Identifying the start of season date through remote sensing technology

One important parameter frequently adopted in the design of index insurance for crops is the
start of season (SoS) date. The SoS can be identified with the time of sowing or the time of plant
emergence. Index contracts can include specific provisions aimed at synchronizing the insurance
coverage with the actual crop calendar (e.g. the contract coverage can be bound to start when
precipitation reaches a specific rainfall threshold per day or per dekad — a 10-day period).

EARS, GeoVille and VITO tested their methodologies to determine whether they were able

to capture the SoS date correctly. The project collected information on the SoS for the 2013
crop season for the different crops and areas, and this information was then compared

with the SoS estimated through the remote sensing methodologies. The remote sensing
approaches adopted by the RSSPs to identify the SoS were relative evapotranspiration for
EARS, soil moisture for GeoVille and both rainfall estimates and vegetation indices for VITO.%
The table below summarizes the outcome of the SoS tests. In particular, the “Reference
SoS” column refers to plant emergence per crop and area derived from field observations.
The values in this column represent the earliest and latest dekad and the average dekad in
brackets. The RSSPs provided one general figure per region and crop.

Region Crop Reference SoS estimated by RSSPs
SoS
EARS GeoVille VITO
Relative Soil Rainfall Vegetation
evapo- moisture estimates indices

transpiration

Diourbel Groundnut 19-20 (19.3) 19 - 19 21
Millet 19 (19) 19 - 19 21
Koussanar Groundnut 19-21 (20.0) 19 19 - -
Millet 19-21 (19.2) 19 19 - -
Maize 19-21 (19.2) - 19 16 19
Nioro Groundnut 17-21 (19.1) 19 18 - 21
Millet 16-21 (17.9) 19 18 - 21
Maize 17-21 (20.0) 19 18 18 21

The SoS dekads estimated using remote sensing tend to be within the same range as the
observed SoS dekads. With some specific exceptions, this applies to EARS, GeoVille and
VITO RFEs. The apparent mismatch of the VITO SoS dates based on vegetation indices,
which are generally late and sometimes even later than the observed SoS, is due to the
nature of the optical remote sensing-derived indices. These indices are able to detect
emerging crops only after a lag period, when they are well visible for the sensor, whereas
rainfall or moisture-based indices will indirectly signal emergence much earlier.

The distinction between input-based and output-based methodologies is also relevant in this
context. Field explorations indicate that, due to changes in climate patterns and to potential
issues in the supply of inputs, sowing windows tend to be less predictable than in the past.
Therefore, adopting approaches that actually monitor the situation on the ground may yield
more accurate results than establishing SoS dates based on exogenous input parameters in

specific time periods.

30 Specific tests carried out by sarmap using SAR data are described in Chapter 7 and Annex V.
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10. Operational applicability

The assessment of operational applicability considered the general features of the
methodologies. It did not evaluate the RSSPs themselves, nor did it evaluate the
actual performance test carried out in the project. Inevitably, there are criteria
where the interpretation depends on an evaluation of the RSSP rather than the
methodology, for example with regards to the type of commercial set-up.

The applicability of different methodologies for index insurance for smallholders
was evaluated based on criteria split across four sections related to non-test
dependent criteria, and one section of more general assessments:

¢ availability and source of base data and supplementary data/information;

e cost and sustainability of data acquisition, data processing, and product

development;

e ownership and transparency; and

e general performance and suitability.

Availability and source of data

The availability and source of data is a key component for the feasibility and the
sustainability of any remote sensing methodology. Base data refers to the raw,
remote sensing data, which is then processed and may be combined with other data
to develop the final index insurance product.

A particularly relevantissue is the acknowledged trade-off between the availability
of historical remote sensing data and the level of spatial resolution at which the
data are available. Furthermore, remote sensing data may not be the only data
needed to develop indices for insurance; they are often supplemented with ground
information, such as crop calendars, agricultural practices, weather data and yield
data. It is therefore necessary to assess the entirety of the data needs of the various
methodologies.

The following criteria were used to evaluate the availability of base data and
supplementary data.

1. Source of the data used in the methodology

Satellite data have become much more available, diverse and accessible over the last
10 years. Not only has the number of data sources increased and diversified, but
providers (normally in the public sector, e.g. ESA and NASA) have been keen to open
up current data and historical databases to end-users.
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The RSSPs all used original data sources that are readily accessible, e.g. MODIS,
Meteosat, NOAA RFE2, SPOT VGT. Data used by RSSPs for index development
are, in some cases, already pre-processed or modelled (e.g. soil moisture, rainfall
estimates or evapotranspiration). In the case of radar remote sensing data, such as
that used by sarmap for mapping, specific missions (pre-programming of satellite
collection to areas of interest) are needed, and a long time series of historical radar-
based data is generally not available. However, this situation is set to change with
the introduction of Sentinel-1, which has frequent global coverage, making data
available without pre-programming.

2. For what historical period are the base data used for the index
development available?

Insurers and reinsurers typically prefer a long time series of data in order to give
confidence in the pricing, which also limits uncertainty loading to the premium
and allows assessment of trends. Although 30 years of data has commonly been
quoted as necessary to index reinsurers, much shorter time series (e.g. 15 years) can
be acceptable, bearing in mind that reinsurers of traditional agricultural insurance
frequently have to work with time series of 10 years or fewer. It is important to note
that any time series with limited missing data is considered relatively complete. High
evaluation scores reflected the long time series of Meteosatdata used by EARS, and
NOAA’s ARC2 RFE data used by IRI. In any case, the time series of data available to
RSSPs was considered an important criterion but not a constraint, with the shortest
time period being 15 years for FEWS NET. Note that the “supplementary data” also
needed to calibrate indices are far more problematic (see criterion 6).

3. At what level of spatial resolution are data collected?

There is considerable variation in the resolution of the data used by RSSPs between
1 km x 1 km and 10 km x 10 km. While high resolution data may intrinsically be
considered more useful, in operational reality, index insurance schemes by their very
nature need sufficient resolution to set the UAI, within which a number of farmers
are grouped. An objective of this project has been to investigate the potential for
higher resolution index insurance, considering both the technical ability to supply
such an index - and, related to this, field data on the spatial variability of farmer
yields - to determine whether a methodology can capture precise information at a
high resolution.

Pixels may be aggregated to arrive at an average index value over several pixels
within a UAI, so the highest resolution remote sensing may not be required. This is an
important issue both technically, in terms of the granularity that each methodology
is capable of measuring or interpreting at a local level, and operationally, since
enrolment for insurance requires allocation of farmers to specific UAIs.



Potential for basis risk may be influenced by the UAI, and ultimately the trade-
off has to be decided by expert assessment in the context of methodology, farming
systems and crop diversification, as well as the scheme’s operational needs for
enrolment. A consensus, based on experience, is that most schemes are likely to
need UAIs somewhere between 3 km x 3 km and 10 km x 10 km.

4. Are data available at the global level or only for specific
geographical regions or in specific situations?
Generally, the data employed in the different methodologies are globally available.

5. Can the potential lack of historical data be compensated for

by using proxy variables that could help in carrying out the risk
analysis and the insurance pricing?

The extension of data series by proxy is relevant only in some cases where series
are more limited (e.g. GeoVille). However, extension of the time series by splicing
with older data may also introduce errors due to data quality and algorithms.
In the future, this problem should be lessened with the launch of new satellite’s
“intercalibration” in which existing datasets are already considered. This criterion
is technically complex, since it also relates to how different (re)insurers approach
pricing, and whether they attach more importance to recent data than to longer-
term data. In any case, as noted in criterion 2, data available for all methodologies
are considered very good.

6. What supplementary data (e.g. crop calendars, agricultural
practices, weather data, yield data) are required to effectively
implement the methodology?

With the focus on satellite data and data processing, there is a tendency to overlook
the important role of ground data in designing and calibrating indices. Crop
calendars and start of season (SoS) are used to determine a dynamic start date for
EARS, ITC, VITO and GeoVille. In the case of EARS, no calibration against yield
data is deemed necessary (although EARS has carried out previous calibration of
its model in the region). IRI's methodology for insurance implementation relies on
fixed windows, calibration against farmers’ memory of bad years, known low-yield
years and a target frequency of payouts. Crop maps and masks are used by ITC,
FEWS NET, and VITO, where ITC calibrates against village-level yields; VITO against
aCR; and FEWS NET against cCR yield datasets. Although it can be attractive when
only limited supplementary data are needed, it ultimately depends on the ability of
the methodology used to perform well.
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Table 25. Results of scoring on availability and source of data

1 2 3 4 5 6 Share of Share of
maximum maximum
score weighted
(percentage) score

(percentage)

EARS 433 500 375 425 500 275 84 83
FEWS 400 300 325 450 467 375 77 76
NET

GeoVille 367 275 275 400 267 275 62 62
IRI 400 500 325 475 500 375 86 85
ITC 433 300 425 500 400 250 77 76
VITO 433 275 3875 500 4.00 4.00 79 79
Average 411 3.58 350 458 422 325 78 7
across

RSSPs

Weight 4.0 4.5 4.3 4.0 3.0 4.5
per
criterion

Cost and sustainability

If the cost of purchasing the base data and of using them in the development of
indices is not reasonable, it may not be possible to implement the indices developed
since this would add an unaffordable cost margin and thus increase premiums.
Given that most, if not all, base remote sensing data are now available for free, costs
refer mainly to technical needs for developing indices, operating remote sensing
monitoring during the season, and subsequent review and scaling up.

Sustainability refers to both the data sources used and the technical management
of the indices - continuing and reliable access to the base or raw image data, and
processing capacity or possible level of automation to create the derived or final,
marketable product. Operational implications for underwriting and distribution
were also considered.

The following criteria were used to evaluate cost and sustainability of data
acquisition, data processing and product development.

1. Are the base data free or do they need to be purchased?

Data used by RSSPs are essentially free. The exception is SAR data, which was used
for the mapping; however, this is changing with the introduction of ESA’s Sentinel 1.
The cost of remote sensing data itself has ceased to be a significant factor, compared
with the cost of data processing expertise.



Another consideration is the potential cost of “supplementary data”. For example,
accessing or acquiring historical daily meteorological datasets or original data from
yield surveys can be problematic and costly (and it has been one of the driving forces
behind the interest in remote sensing index insurance).

2. If data are free, for whom are they free?

Some data are free to all users; other data are free to early warning services (such as
FEWS NET); and some are free to private-sector users as long as they are not used
commercially.?' The cost of remote sensing data will depend on how a possible,
future operational service for the insurance sector will be classified. It may also
depend on whether “near-real time” or “archive” data are used (e.g. for Proba-V, all
data becomes free to all users one month after acquisition, which could become
relevant to timing of payout calculations).

While data access is now relatively universal at no cost, there are exceptions.
For example, access to near-real time data for Proba-V, as used by VITO at 1 km
resolution, is open source; however, the different policy for higher resolution data
(100 m and 300 m) means it could carry a cost. All methodologies rely on remote
sensing data at low or no cost.

3. Can the free data be used in a commercial product (licensing)?

A distinction needs to be made between the raw data themselves and processed data.
Generally, data providers place no restrictions on commercial end-user applications
of data, which are generally provided by public bodies such as space agencies. Where
processed data are required, either the ownership may be proprietary (e.g. EARS) or
permission may be needed (e.g. FEWS NET). However, no licensing requirements
were cited. Regulators of Insurance may take an interest in approving the source of
data used in insurance indices to ensure that data used to determine payouts come
from a reliable and independent source.

4. Will the base data be available in both the short and the

long term?

Theincreasingnumber of satellite sensors and the increased interest in remote sensing
for agricultural monitoring and early warning provide a favourable expectation for
data continuity. Specifically, the data used by RSSPs are all expected to continue
being produced, as are replacements for redundant sensors.

5. Should the current sensors used to collect base data get lost or
damaged, will there be an appropriate replacement for the dataset
being used?

There is a high likelihood of replacement sensors being available. This criterion
is not considered a significant constraint or concern, although it remains an

important issue.

31 That is, whether data are free for “public use only” and not for “commercial use”.
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6. What is the cost of developing insurance indices on the basis of
the specific methodologies examined?

This question refers to processing and development costs, rather than any costs that
may be associated with data. The objective was to understand how commercially
scalable and sustainable each methodology might be, and to ensure the cost of
developing insurance indices would (at scale) be absorbed as a small proportion of
premium costs.

The RSSPs were selected primarily to allow different methodologies to be tested,
rather than to assess the management of programmes under which their indices
might be delivered or sold. In this respect, only EARS and IRI are providing actual
index design and implementation services (as a commercial company and as an
academic institution respectively). GeoVille is a commercial company providing
other remote sensing services but not yet index insurance. For RSSPs not currently
providing a service commercially (ITC, VITO, FEWS NET) it was difficult to provide
information on this criterion.

It was difficult to obtain clear and comparable information from all RSSPs,
as those RSSPs not providing a commercial service are not currently delivering
indices to end-users. IRI operates with a pre-agreed annual fee basis. EARS provides
services to end-users based on a fixed fee, offset against a commission on premiums
generated. Apart from EARS, none of the RSSPs have a clear vision or strategy to
develop their methodologies to sell index insurance at scale, for the good reason
that commercialization has not been their primary remit.

Indeed, the absence in the market of service providers with the technical and
commercial capacity to provide scaled-up services is one of the key constraints
affecting the wider implementation of remote sensing index insurance. RSSPs
providing commercial services need to have the technical, human resources for
the timely design of indices, monitoring of outcomes and reporting of seasonal
outcomes, as well as some insurance knowledge. Unless there is a business model
associated with a methodology, it is not viable as a service to end-users as it currently
stands. A vibrant market for RSSPs can only be developed if there are sufficient
business opportunities..

A further critical point in the actual technical development of the index is the
extent of fieldwork needed for index calibration, the costs implied, and whether
this fieldwork is required only in the first year or at subsequent renewals as well.
Experience has shown that, with the actual implementation of index insurance, it
is very difficult not to have field calibration or validation. EARS has attempted to
minimize field validation; IRI, at the other end of the scale, has intensive community
participation at the village or village cluster level to obtain smallholder feedback on
past adverse years. If an index insurance programme has to be sustainable during
expansion after an initial donor-funded start-up phase, these are critical issues.



7. Is the development process labour-intensive or can it be
significantly automated?

A highly intensive effort is required in the initial phases of index design. This
criterion specifically addresses index development and data processing, rather
than fieldwork. The processing of large volumes of remote sensing data (e.g. many
sites, linked to index triggers, exits, windows) requires skilled programming and
subsequent processing. EARS and IRI have set up their software systems to be able to
process and optimize index parameters on a large, spatial scale. ITC has undertaken
intensive initial work, pointing out that the initial investment should mean a much
lower intensity of work in subsequent years. Other factors are the size of the UAIs
(and therefore, the number of indices to be developed), and whether or not the
indices discriminate between specific crop types. This criterion is highly significant
in the context of the vision that remote sensing can allow scaling up, and also in
terms of automating index insurance using remote sensing.

Experience shows that each following year requires review and fine-tuning
of indices. If an index requires high initial start-up resources but lower ongoing
resources, it has a better chance of sustainability - if the start of financing can be
mobilized, with donor funding subsequently reduced to a low maintenance level.
Automated processing is an important consideration in achieving this objective.

There are some differences in data processing needs between indices based on
remote sensing and WII based on ground stations. Generally, the volumes of data
are much larger for remote sensing since there is full spatial coverage and thousands
of pixels, while WII is limited in historical analysis to existing station data. New
ground stations may require development of synthetic datasets based on algorithms.
In its simplest form, WII can be developed with fewer requirements for large-scale
data automation.

8. What are the capacity-building needs to develop processing and
index design on a national or regional basis?
At the outset of the project, it was assumed that needs would be identified in sub-
Saharan Africa at a national (or regional) level to maximize the technical capacity in
both remote sensingand insurance in order to design and maintain insurance indices.
However, it must be recognized that some insurers (particularly those not
intending to specialize or those with specific programmes needing index insurance)
might prefer to access a fully outsourced service for index design, training and
programme management. In this respect, meeting this criterion in terms of national
capacity-building does not apply for companies such as EARS, whose business model
is to provide services and to retain control of the product design and proprietary
processing. Nevertheless, all methodologies do require development of expertise.
To implement the methodologies of the other RSSPs, capacity could be transferred
to national institutions, and the RSSPs could provide training and support. This
set-up was particularly the case for IRI, where the RFE indices are less complex to
understand (being an input-based index, where the RFE values trigger the payouts)
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than the methodologies with more complex processing and design needs, such as
ITC, VITO and GeoVille. Evaluation of the criterion is not easy because of the above
factors, interest of the local insurance market in adopting index insurance (itself
dependent on the commercial potential), and whether there is a relevant institution
or institutional agreement to receive capacity-building and training. In the case
of Senegal, which has a single agricultural insurer and several index insurance
schemes, a working group initiative has identified a series of technical individuals
drawn from different institutions who will receive training, and a national insurer

that intends to develop its in-house capacity.

9. Once adapted to a specific area, is the methodology easily
scalable or does it require significant work for each new UAI to

be covered?

The main question here is, how much ground-truthing, or interface with local
communities, understanding of farming systems, soils and agro-meteorology, is
really required, considering that obtaining such local information can be costly and
require skilled personnel at a local level. In any case, before scaling up to other
regions, the validity of the product in the new region needs to be assessed against
local ground data.

EARS considered their methodology allowed rapid scaling up into new areas, with
limited field calibration. ITC'’s approach has been to undertake wide geographical
analysis as the initial stage of product development, easing the task of scaling up.
They propose uniform premium rates within agro-ecological zones, but localized
payouts based on pixels. Experience in this issue will come from ITC's introduction
of its methodology in Ethiopia. IRI has demonstrated its methodology in scaling up
in WFP and Oxfam America’s R4 programme and ACRE's Kilimo Salama scheme
- although significant fieldwork is still required for several annual renewals of
insurance to ensure that parameters are correctly set and take into account the
last season.

The answers for VITO, GeoVille and FEWS NET are less clear, particularly as these
providers were not involved at the time in implementing index insurance. In any
case, moving into a new area requires UAIs to be established and indices designed
for each UAI. Experience of index design and operation in a country (e.g. through
a pilot scheme) informs the scaling up in similar areas, but it still requires that the
index be calibrated for each new UAI In practical terms, this means that transfer to
other regions/countries requires the presence of a good local partner with access to
reliable yield data, as well as possible dedicated new yield data collection.



Table 26. Results of scoring on sustainability of data

1 2 3 4 5 6 7 8 9

EARS 4.00 4.00 4.00 4.75 5.00 3.50 4.67 1.67 4.50
FEWS 5.00 4.75 5.00 4.75 4.67 3.67 3.00 3.50 4.25
NET
GeoVille 4.00 4.00 4.50 4.00 4.00 2.00 4.33 2.00 3.75
IRI 5.00 4.75 5.00 4.75 5.00 3.33 4.00 4.00 4.00
ITC 5.00 4.25 4.67 4.75 5.00 2.50 3.00 3.00 4.00
VITO 5.00 475 5.00 4,75 5.00 2.50 3.00 2.50 3.50
Average 4.67 4.42 4.69 4.63 4.78 2.92 3.67 2.78 4.00
across
RSSPs
Weight &) Si5) 3.8 4.0 4.3 4.3 4.3 4.7 4.3
per
criterion

Share of maximum score Share of maximum

(percentage) weighted score

(percentage)

EARS 80 80
FEWS NET 86 85
GeoVille 72 71
IRI 89 88
ITC 80 79
VITO 80 78
Average across RSSPs 81 80

Ownership and transparency

Ownership refers to whether the methodology for creating the insurance products is
proprietary or whether (and how easily) it can be adopted to develop indices by other
institutions or companies, especially within the countries of operation themselves.

For the operation of an insurance product to be acceptable to insurers and
reinsurers, it must be sufficiently transparent so that results leading to claims and
payouts can be technically audited while respecting ownership rights. This means,
in the case of remote sensing for index insurance, processing algorithms used to
create the product should be made available. Such information may also be required

in the underwriting process, to demonstrate the integrity of the data processing.
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The following criteria were used to evaluate ownership and transparency.

1. Is the methodology proprietary?

The methodology for EARS and GeoVille is proprietary; it is not proprietary for
the other RSSPs. Proprietary indices were scored by evaluators as less favourable
than those that do not have restrictions of a commercial nature. Another interesting
observation was that there could be advantages, such as a better sense of national
ownership, ifthe development of local proprietary solutions that are attractive to local
private-sector companies could be supported. At present, much index development
is driven by donors, foreign companies or foreign academic institutions, which
carries a risk of dependency on ongoing funding or service availability.

2. If the methodology is not proprietary, how technically challenging
is its replication/adoption by other institutions?

The focus of the evaluation is on the methodology used and not on the RSSP as an
entity. The implied response of non-proprietary methodologies (such as FEWS NET,
IRI and VITO) is that there is no theoretical objection to replication. But, as pointed
out, it would be technically challenging for a new service provider to replicate
exactly the methodologies on their own without specific capacity-building provided
by the developers of the methodologies.

This criterion is similar to criterion 1, as transfer of a proprietary methodology
to another institution is clearly not possible; it was scored low by evaluators. Any
replication or adoption by another institution requires skilled personnel, but this
varies according to the methodology. All RSSPs, except EARS, considered transfer
to be possible, although clearly more complex processing and index design (e.g.
involving masking or establishing SoS dates) and crop-specific indices require
increasingly skilled personnel. Interpreting the methodology and the outcomes may
require a range of skills (e.g. interpretation of agro-meteorology, farming systems
and farming technology levels), as well as remote sensing skills. Creation of a tailor-
made interface for insurers to use a methodology is also an important service to be
provided and can be an addition to a specific underlying methodology.

3. Whether proprietary or not, are the processing algorithms
available for audit in the event of a dispute?

The issue underlying this criterion relates to the willingness of the RSSP to allow a full
technical audit of the processing to confirm the actual payout can be demonstrated
from the index as sold, including the data processing algorithms. Such an audit might
be required in the event of a dispute, and regulators of insurance would need to know
that such an audit would be feasible, should it be needed. All RSSPs, including those
with proprietary methodology, confirmed that this would be possible. Generally,
the Evaluation Committee considered that “black box” methodologies were less
acceptable, even if open to final audit in the event of a dispute.



4. Would it be technically feasible to transfer the necessary
know-how to develop the indices to organizations or companies

in the countries of implementation?

There is disagreement about the implications and value of exporting (decentralizing)
the core technologies to the countries where they will be used, since the processes
are complex and highly skilled. Private RSSPs, such as the EARS business model,
are not based on transferring methodology or its ownership, but rather supporting
client end-users in delivering insurance. This might suit some insurers implementing
index insurance.

On the other hand, there is a need to develop operational capacity for recipient
countries where local capacity-building is considered the optimum solution for
supporting index insurance development, particularly from the perspective of
development partners or donors. End-users need to decide whether they need to
buy or to develop insurance solutions by building national capacity.

Another comment was that developing indices in countries of implementation
might actually reduce the traceability and consistency of index design, and that
overseas management had advantages. It was noted that methodologies such as
FEWS NET - already active for early warning throughout Africa and working with
agrometeorological organizations - would have some advantages in transferring
capacity. But all RSSPs except EARS confirmed that they considered it technically
feasible to transfer know-how to national structures.

5. Is the product commercially protected in a way that means

it is not feasible to transfer the necessary know-how to develop

the indices to organizations or companies in the countries of
implementation?

As noted in criterion 4, there is a willingness to achieve transfer in all but two cases:
EARS, which owns the methodology; and GeoVille, which clearly wishes to protect
its intellectual capital and the investment made in the underlying methodology.
An additional point raised by evaluators is that it is necessary to establish who is
taking responsibility for managing basis risk events - especially if the methodology
is supported only by a foreign service provider with no resources in-country, where
knowledge of local conditions is needed and some degree of seasonal monitoring
may be required. This emphasizes the need for strong local insurers and partners if
a service provider is only involved in index design from overseas.
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Table 27. Results of scoring on ownership and transparency

1 2 3 4 5 Share of Share of
maximum maximum
score weighted
(percentage) score

(percentage)
EARS 1.50 1.00 3.75 1.33 1.67 37 39
FEWS NET 4.50 3.33 4.75 4.33 5.00 88 88
GeoVille 1.50 1.00 4.75 3.33 2.67 53 55
IRI 4.50 3.33 475 4.33 5.00 88 88
ITC 4.50 2.50 4.75 3.67 5.00 82 82
VITO 4.50 3.33 475 4.00 5.00 86 87
Average across  3.50 2.42 4.58 3.50 4.06 72 73
RSSPs
Weight per 3.0 4.0 4.8 o 4.3
criterion

General performance and suitability

Each methodology has different features in relation to the measurements made, the
value of those measurements for insurance purposes, and any limitations implied
operationally. This means that one methodology may be better suited to a certain
context than another; for example, the ability to discriminate between crops, to
capture perils other than drought or to perform well/poorly at a crucial part of the
crop season. Methodologies were assessed for potential application limitations due
to factors such as climate, topography or region. The performance assessment here
relates to the general features of the methodologies, while the performance in the
project tests is assessed in Chapter 9.

An assessment of suitability captures how viable the methodology would be to
bring to market, considering aspects such as the speed at which values of indices can
be determined (and therefore the time it takes to make payments to insured farmers).
It also establishes whether there are any particular features of the methodology that
will have onerous operational implications for insurers, for example in underwriting
the risk, distribution, and validating and making payouts.

The following criteria were used to evaluate performance and suitability.

1. Do the indices developed only cover drought or do they capture
other perils as well?

The underlying question is whether each methodology is “input-based” (e.g. RFEs) or
“output-based” (measuring vegetation greenness with NDVI, or evapotranspiration,
or soil moisture). Generally, an output-based index would be considered more



favourably than an input-based index, since it would intuitively be more likely to
approach actual yield, against which the project validated each methodology.
Responses for all RSSPs acknowledge that drought is the key peril the
methodologies measure. In theory, major anomalies to crop growth, greenness and
transpiration could also be caused by pests and disease. Measurements of output-
based remote sensing may become more complex due to any number of variables
- land use issues, uniformity and extent of cropping, mixed cropping, small field
sizes, high variability of yields between farmers, or presence of permanent trees or
pasture. In addition to pests and disease, flood is another peril affecting farmers
- it is not slow-acting like drought, but sudden and localized. Although flooding
is not directly measured by the methodologies within the project, it would also
be reflected in some of them (e.g. NDVI profiles). Given the number of variables
and their localized impact at the village level, remote sensing signals for output-
based methodologies used in the project reflected an average of the diverse local
circumstances, especially since there was no dominant single crop type. However,
with longer time series of higher resolution data being available in the future, signals

may become less mixed.

2. Can the methodology discriminate between agricultural and
non-agricultural activities?

In all cases, the methodologies do not directly appear to be able to discriminate
between agricultural and non-agricultural activities from their signals alone,
and therefore the application of crop maps and masks is used to exclude pixels
dominated by non-cultivated areas or forest. ITC, FEWS NET and VITO are using this
approach in order to discriminate agricultural areas from non-agricultural areas.
ITC, VITO and FEWS NET methodologies use crop-specific proxies by masking
and then calibrate remote sensing data using other crop-specific information (i.e.
crop calendars, SoS, and yields for development of crop models). However, at best,
these can only give an indication for smallholder farming areas. Even 1 km x 1 km
resolution cannot discriminate land use other than an average. But crop masks are
an important tool (in this respect, the project also tested the use of SAR data for
mapping and masking). A significant factor influencing the signal from NDVI or
evapotranspiration outputs could be, for example, a high proportion of permanent
trees within a pixel or UAI; it is therefore important to remove such factors by
applying cropland masks.

3. Can the methodology discriminate between crops?

Discriminating between crops is a difficult criterion since the resolution being
addressed needs to be defined, given that smallholder farmers in sub-Saharan Africa
typically have fields of 0.5 ha. Clearly, discrimination is not possible at the field level,
but methodologies may be calibrated for different mixes of crop types (see previous
criterion). ITC, FEWS NET and VITO have used crop maps and masks as part of
their index development. This criterion highlights the difference between using
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remote sensing to detect cropland or crop type and developing index parameters
that best reflect the expected yield losses of particular crop types. For input-based
indices such as RFE, the signal is not influenced by land use since the focus is on
measuring the “input” variable (e.g. rainfall). For vegetation and evapotranspiration
indices, land use (cropped versus non-cropped land) and crop type are an inherent
component of the signal collected. Remote sensing interpretation for crop-specific
and non-crop-specific methodologies is described further in the conclusions (see
Chapter 11).

A conclusion of this criterion is that no methodology can discriminate between
crops, but that extensive analytical work can allow an indication of the dominant
crop type at a higher level of aggregation (e.g. ITC).

4. Is there a specific part of the crop season in which

the methodology provides a particularly good performance

(e.g. in detecting start of season)?

While there is good start of season (SoS) estimation by GeoVille, ITC and VITO,
“good performance” in each phase of the season is less easy to define. Given the
increased concern over more inconsistent seasonal rainfall timing due to climate
change, the detection of SoS, and its incorporation into indices as a variable
inception date rather than a fixed date, may become increasingly relevant. RSSPs
were not requested to subdivide the season but to create indices reflecting overall
yields at the village level, so this criterion was not relevant to them.

5. Is there a specific part of the crop season in which the
methodology is known to be performing poorly?

Generally, the evaluators agreed that there was no information available to respond
to this criterion. As with criterion 4, the index was intended to reflect the whole
season, not parts of it. Work in index design carried out for WFP by IRI shows that
vegetation indices targeting the end of the season (or the two weeks after harvest)
can reflect drought stress during maturation, but vegetation indices are less useful
in the vegetative stages.

6. Are there inherent limitations in the application of such
methodology that are already known under certain climate, land
use, topographical or other conditions, or in specific areas?

This criterion delves into some detail and is complex. RFE is more problematic in
areas of strong topography and water bodies, and best reflects rainfall in convective
cloud conditions. Vegetation and evapotranspiration methodologies suffer from
cloud cover, or fragmented agricultural landscapes - particularly when using low
resolution satellite data. A more general point is that methodologies are reflecting
rainfall estimates, soil moisture and vegetation stress (which is primarily estimating
the effects of rainfall deficits on yields). Output-based methodologies such as



vegetation or evapotranspiration can reflect other causes of major losses, such as
certain pests, disease or farming practices. Generally, methodologies are much less
effective in tropical rainfall zones or very arid zones.

7. How rapidly can the values of the indices be determined

(days, weeks, months)?

All RSSPs reported that the values of the indices could be determined rapidly after
the end of the insurance policy periods and therefore this is not a serious constraint
to any of the methodologies. FEWS NET would need two to three weeks to determine
values, but this would still be acceptable. In an operational situation, it seems
likely that rapid processing could be implemented for any given methodology. This
criterion is important since one advantage of index insurance is the ability to make
payouts to farmers very rapidly compared with traditional insurance, where field
assessments are needed. As an operational guideline, an ideal time to determine
an index would be a week after the end of the insurance window. More than three
weeks to a month from the end of a window starts to be a problem for insurers.

8. How complex is the product in terms of explaining its operation

to potential clients?

Some RSSPs do not have operational experience in index insurance, so this criterion
may have been difficult for the evaluators to answer. Here, “clients” refers mainly
to individual farmers. To have any positive and direct or indirect benefit, it is
imperative that clients understand what they are - and are not - covered for and how
index insurance works, even if the delivery model (e.g. a product linked to credit)
might mean the individual farmer does not actually make the decision to purchase
the product. It is equally important that others in the insurance distribution chain
understand the index and the principles of index insurance.

Experience has shown that farmers will accept indices that are technically
complex provided they perform well; they will also rely on trusted organizations
or key farmers in rural areas. What might be easy for an RSSP to understand would
not necessarily be easy for an insurer, a distribution agent or, ultimately, the
farmer. A sophisticated index may perform better, but more sophistication can be a
disadvantage when explaining it to the client, and when emphasizing the need for
the client to have trust in the implementing partner.

Practitioners within the Evaluation Committee were of the opinion that
evapotranspiration is not easy to explain to farmers, nor are the intricacies of
developingadroughtvulnerability model and thelogic of determining the trigger and
the exit. For vegetation indices, biomass/vegetation is not necessarily easy to explain
as it is not directly linked to crop yields. RFE has the most operational experience
and, at the time of writing, is relatively well accepted by farmers in existing schemes.
Soil moisture indices are not yet well-tested with farmers. Ultimately, farmers accept
a “drought” index, including the use of remote sensing, provided that it performs.
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9. Are there particular features of the methodology that will have
onerous operational implications for insurers, for example in
underwriting the risk, distribution, claims assessment or validation,
or payment of claims?
For this criterion, EARS and IRI have existing experience in operating index
insurance, as well as the necessary relationships with insurers, brokers, distribution
partners and operational linkages. Other RSSPs have not tested insurance linkages,
although ITC is doing so in Ethiopia.

Points noted by evaluators centre around the need for yield data collection at
a localized level for validating the accuracy of the indices (e.g. ITC methodology)
and the extent of fieldwork needed for calibration to create the index (e.g. IRI
methodology), which would be reflected in start-up costs and time. For VITO, the
local adaptation to crop types and region could be onerous in research in the initial
phases. In the case of EARS, implementation in the past has involved limited ground
calibration to strike a balance between ability to scale up and minimizing basis risk.

This criterion must also be considered in relation to capacity-building of a
national organization. A methodology with more onerous operational implications
would be more difficult or costly in terms of the transfer of know-how, methodology
and determining where national agricultural expertise and statistics may be more
easily accessed. For index insurance operations, the process of calculating the index
outcome and the payouts due is similar in all methodologies, and a major advantage

of index insurance over traditional insurance.

10. Does the methodology and its index development have

direct benefits for other end-user applications in agricultural risk
management, early warning or other fields?

Some RSSPs (e.g. FEWS NET, VITO) are extensively involved in early warning
systems and crop monitoring on a national and regional basis. GeoVille provides
interpretations of soil moisture, which is widely used to estimate SoS. Remote sensing
technology and applications for early warning are becoming more sophisticated
and expanding quickly. Other applications were not covered in the RSSP responses
(e.g. vulnerability mapping, risk assessment, monitoring of flood or fire events and
identification of current grazing areas and conditions).



Table 28. Results of scoring on performance and suitability

1 2 3 4 5 6 7 8 9 10
EARS 267 200 225 450 400 350 450 233 433 433
FEWS 233 267 250 200 350 350 250 233 333 467
NET
GeoVille 233 200 200 450 400 300 350 267 333 433
IRI 267 200 250 200 350 400 250 367 367 467
[TC 433 267 225 250 400 350 425 333 3.00 433
VITO 467 267 250 250 400 400 400 367 3.00 467
Average 3.17 233 233 300 383 358 354 300 344 450
across
RSSPs
Weight 4.0 3.3 3.8 4.0 4.0 4.0 4.5 3.0 4.3 4.3
per
criterion
Share of maximum score Share of maximum weighted
(percentage) score (percentage)
EARS 69 71
FEWS NET 59 59
GeoVille 63 64
IRI 62 63
ITC 68 69
VITO 71 72
Average across RSSPs 65 66
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11. Conclusions

With financial support from the Agence Francgaise de Développement (AFD), IFAD
and WFP implemented this project to develop and test seven innovative remote
sensing methodologies over two seasons in Senegal in order to fill a critical
information gap and address a scaling-up constraint for index insurance. The overall
goal of the project was to contribute scalable and sustainable approaches to index
insurance and to evaluate the feasibility of remote sensing for index insurance to
benefit smallholder farmers. The methodologies were evaluated on:
¢ the performance of the different indices in accurately depicting village-level
yield loss due to weather and other perils (depending on the remote sensing
approach); and
¢ the operational feasibility and implementation needed to mainstream remote
sensing in index insurance operations.

Conclusions have been drawn from the project and divided into three main areas:
¢ programming features;
e technical features; and
¢ the performance of remote sensing methodologies applied in the project.

Programming features

1. Each of the methodologies tested fulfills the criterion of
operational feasibility for insurance purposes.

Each methodology tested could, indeed, support index insurance contracts that are
marketable to farmers and underwritten by insurance companies. As with any index
insurance product, contract development would require normal operational and
technical planning processes to be undertaken, such as identification of the target
clients, definition of UAIs, analysis of pricing and payout options, and distribution
and payout planning. None of the methodologies has barriers to implementation
from an operational standpoint. Some of the approaches are currently used in index
insurance, such as rainfall estimates (RFEs), evapotranspiration and vegetation.
Operationally, the same principles of index insurance apply to all methodologies,
particularly decisions on grouping farmers into UAIs for registration, premium
payment and payouts.
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2. Two models currently exist for operationalizing remote
sensing-based index insurance schemes: external service provision
and transfer of capacity.

“End-users” of insurance programmes based on remote sensing indices could be
divided into (i) insurers and their clients directly seeking remote sensing services in
the market, and (ii) wider development initiatives normally driven by governments,
international organizations and donors looking to develop in-country markets as
part of financial inclusion, agricultural development, agricultural risk management,
social protection or climate change adaptation approaches.

Private-sector initiatives tend to identify providers able to supply a complete
package of products and services, allowing both development and sale of index
insurance products. Government and development initiatives generally promote
the development of national capacity for index insurance involving public-private
partnerships. In the latter case, development of national capacity and capacity
transfer assumes major importance. An early decision is to determine whether,
based on timeline and strategy, index design and support should be fully or partially
outsourced (for either the short or the long term), and/or whether technical capacity
should be developed within the insurer and/or within technical institutions in-
country, for both design and maintenance of index insurance products.

3. Availability of expertise and dedicated service providers is a key
challenge.

The complexity and technical competence involved in designing insurance indices
is considerable. Organizations would need to house technicians spanning the
fields of remote sensing, agriculture and insurance. It seems likely that ongoing
support from international specialists would be needed, not least since there is so
much development in remote sensing (e.g. in increased resolution and in skilled
agricultural interpretation).

However, in scoping the market to set up the project, it was evident that there
were few technical service providers with relevant expertise and/or with an
existing model able to support operations. Much of the work on remote sensing for
agricultural development and risk management has been carried out by research or
international organizations. However, they are not currently structured to provide
sustained commercial services to meet the requirements and timelines of insurers,
or may not have the required expertise for services to support index insurance. The
limited availability and the cost of expertise, firms and organizations able to process
remote sensing data, to design and calibrate indices, and to carry out organizational
and technical planning of remote sensing index insurance represent a significant
constraint. This situation makes it more difficult to draw conclusions on the costs/
benefits of providing external services to insurers, or to determine costs of building
and maintaining national capacity. Remote sensing technical service providers have
only recently started to identify market opportunities.



4. Knowledge of land use, local farming practices, agronomy and
agro-meteorology is necessary.

Agriculture, soils and climate can cause complex combinations in smallholder
farming areas that affect agricultural production and the yields actually achieved
by smallholder farmers. Additional local knowledge and data from the ground is
therefore essential to inform the analysis developed by remote sensing methodologies.

5. Remote sensing data are increasingly available, but there are
constraints on supplementary data in terms of availability and cost.
Remote sensing data are no longer a constraint in terms of access or cost, whereas
supplementary data access and cost (e.g. yield data, meteorological data) is more often
problematic. SAR data3? are becoming more easily accessible and will be without cost
now the ESA Sentinel 1 satellites are launched. In addition, the increasing number
of satellites in orbit and the various space agencies’ policy of free data access is worth
noting. Supplementary data access and its cost, however, is a much more significant
issue. While remote sensing methodologies are of particular interest in overcoming
some constraints of ground data (especially yield data and meteorological data),
supplementary data are still needed for validation and calibration. Time series of
yield data are rarely available at a disaggregated level (e.g. village, sub-district),
and they are difficult to interpret due to high individual farmer yield differences in
smallholder agriculture. Daily meteorological data are dependent on past station
density and length of operation of stations. Collection of reliable rainfall data is
a demanding task; and when historical data exist, accessibility and affordability is
frequently problematic. The availability and cost of supplementary data is, therefore,
as important as the remote sensing data itself. The level of confidence in the quality
of all micro-level index methodologies in the project is dependent on supplementary
data being available.

6. The insurance regulatory authorities need to be involved and
have, generally, been supportive of initiatives for remote sensing
index insurance, provided consumer interests are properly protected.
Remote sensing applications to index insurance have, so far, been acceptable to
regulatory authorities. The project confirmed that all the processing algorithms
were available for audit in the event of a dispute even when they were proprietary.
However, regulators will find it more challenging to verify and approve products
that are more complex to understand or that lack transparency, and they may
require external support. All specific products must be approved for the specific
programmes where they will be introduced; and each specific situation with specific
methodologies needs to be confirmed with the regulatory authorities in the country
involved. Regulatory authorities are likely to be concerned with the protection of
consumers and the independent confirmation of index outcomes.

32 SAR data were not used for designing indices but only for mapping purposes and were less available at the
time of the project.
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7. Consumer education will be a key component of success.

Although project activities did not include a retail component, the project analyses
and elaborations suggest that a potential concern of index insurance based on
remote sensing technology is that it might be difficult to explain to smallholder
farmers (or unlikely to be trusted by them). Index products based on measurement
of weather (e.g. rainfall) or yield variables have some advantages in that they can be
readily understood by farmers, while more complex indices where the underlying
algorithms and parameters are difficult to explain may prove more challenging.
Experience shows that farmers will accept indices that are technically complex if
they can rely on trusted organizations or key farmers in rural areas. However, the
ultimate test of farmers’ trust remains the ability of the index to provide appropriate
payouts that match losses. Educational campaigns are essential so that there is
consumer awareness of how the index works, and what is and is not covered by
the insurance policy. This also applies to cases in which the delivery model (e.g. a
product linked to credit) is such that the individual farmer is not responsible for the
purchase decision of the product but would still be the recipient of any direct and
indirect benefits. It is equally important that others in the insurance distribution
chain understand the index and the principles of index insurance.

8. Access to reinsurance has generally ceased to be a limiting factor
in starting index insurance programmes.

There is an active international reinsurance market willing and able to provide
reinsurance financial capacity, although there is rarely any technical support.
The interest of reinsurers is high, and there do not appear to be any technical or
operational constraints to supporting any of the different methodologies tested in
this project. Reinsurers’ support will consider the business opportunity, the product
design and data quality, insurer client assessment and other factors such as potential
premium volume, reputational risk or portfolio diversification. Corporate social
responsibility may also play a role.

Technical features

1. Yield variability between individual farmers in the ROls can create
challenges in operating index insurance.

Yield and yield loss was the benchmark for measuring performance of the indices
designed. Since farmers in the ROIs generally use low levels of farm inputs (such as
fertilizer) and do not farm intensively, yield variability is high. For the same reasons,
the yield gap between actual yields achieved and potential yields with improved
seeds and inputs is significant. In addition to yield differences attributed to farming
practices, localized rainfall patterns can be markedly different; and yield shortfalls
can also be caused by other risks such as pests and disease, and floods.



2. Input-based and output-based methodologies offer different
options for index insurance.

Input-based indices, such as those using rainfall estimates and soil moisture,
focus on the variables that influence production. They measure factors that act as
determinants of crop growth and, ultimately, yields. Output-based indices, such as
those based on evapotranspiration or vegetation indices, attempt to directly track
changes in productivity. They work by receiving information from the actual ground
conditions, such as crop vigour or transpiration. Output-based measurements
reflect the average measurement over pixels where there could be a wide mix of crop
types and other land cover typical of smallholder agriculture. In contrast, the data
used in input-based methodologies are much less dependent on the actual ground
conditions. In index insurance, some of these indices would be expected to proxy
the expected yield loss due to drought (e.g. rainfall or soil moisture-based indices),
while others (e.g. evapotranspiration or vegetation based indices) would be expected
to proxy yield loss caused by a wider range of perils.

3. Ground signal is complex for output-based remote sensing
interpretation of smallholder farms.

Larger-scale commercial farms (with large fields and continuous cropping areas)
produce better remote sensing signals that more uniformly reflect the growth
situation of a specific crop type. In contrast, smallholder farms have small field sizes,
diversified crop types, different proportions of crop and other land cover, as well
as a wide variation of yields between farmers and between villages. This situation
creates a complex ground signal for output-based remote sensing interpretation,
which measures the average value for the pixel.

4. The methodologies cannot discriminate between yield
performance of different crop types in highly mixed cropping areas
at a local (village) level.

The development of crop-specific index insurance products requires more detailed
information. For example, it requires knowledge of the exact location of the target
crop type so that the satellite signal can be unmixed to obtain information for a
single crop type. Such information is not usually available. Consequently, insurance
products based on low-to-medium resolution indices generally perform better in
homogeneous areas or in areas where different crops show similar reactions to
drought, but their performance may not be as good in more complex environments.
To address this element, dominant crop types have been estimated within some
methodologies. In addition, index parameters (including inception dates and
insurance windows) require knowledge of SoS dates, crop types and crop maturity
lengths. Also required is knowledge of local farming practices, normal soil water
balance, crop varieties and soil moisture holding capacities during the product
design phase. Further, since mixed cropping and small field sizes predominate in
smallholder farming, signals received by sensors are an average for several crops,
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even for higher resolution remote sensing. Thus it may become difficult to design
products that are specific to certain crop types, which is why some of the project
indices were developed to be generic and not crop-specific.

5. A key dimension in operating index insurance is the accurate
definition of the unit areas of insurance (UAls).

Appropriate segmentation of the areas covered by insurance contracts is extremely
important; and remote sensing methodologies can actually provide useful insights
for the definition of spatially homogeneous areas. The spatial building block of
remote sensing technology is the pixel, so UAIs can be developed as an aggregation
of pixels, depending on the resolution opportunity of the specific methodology.
In this respect, different methodologies will operate at various resolution scales
providing results of different accuracy and with potentially better risk profiling
results the higher the resolution and the longer the time series available. The
explorations carried out by the RSSPs provided interesting indications on risk
distribution patterns within the ROIs, but also highlighted the need to carry out
more specific and dedicated activities to develop modelling approaches for risk
segmentation. This could also relate to the application of remote sensing technology
for segmenting UAls in insurance schemes based on data measured on the ground.

6. There are key operational considerations in determining the
appropriate size of UAls.

For example, registering farmers for insurance requires that all clients are allocated
to a specific UAIL This may not be practical at high resolution, requiring a significant
workload in geo-referencing individual clients. In addition, defining UAIs based on
one or few “high resolution” pixels (i.e. smaller pixels), where values are sensitive
and may differ from surrounding pixels, may actually increase the chance of
anomalous payouts. In empirical terms, areas somewhere between 3 km x 3 km and
10 km x 10 km seem to be realistic. Where methodologies allow for higher resolution,
appropriate aggregation of pixels should be used to determine suitable UAIs.

7. Basis risk remains the main concern to both insurers and

insured farmers.

The potential for basis risk is strongly influenced by the size of the UAI, the
uniformity of local yield losses experienced in a loss event, and the ability of
the methodologies to detect such yield losses. Index insurance products based
on remote sensing technology (and indeed station-based WII and AYII) are best
calibrated to provide payments in the most serious loss years, when crop yield loss
can be expected to be very widespread and affect all farmers within the defined
UAIs. Although remote sensing data are available over very wide areas surrounding
the insured areas, it is the index performance within the specific UAI that dictates
whether a farmer has suffered from basis risk. Basis risk gives rise to reputational



risk for both insurers and partners, and to the distrust of farmers if payouts expected
are not delivered. Basis risk is also a primary concern of insurance regulators, who
protect consumer interests.

Performance of remote sensing methodologies

1. The lack of appropriate yield data and ground information is one
of the primary challenges in designing and testing index insurance.
With the focus on satellite data, there is a tendency to overlook the critical role of
appropriate ground data needed to design, calibrate and validate indices. One of the
original aims of the project was to investigate the potential of remotely sensed data
for index insurance to overcome some of the ground data challenges. For testing
and evaluation purposes, obtaining reliable ground data, particularly yield data, is
still a challenge. Drawing reliable and significant conclusions on the use of different
remote sensing products for index insurance requires a considerable amount of good
quality historical yield data and ground information at levels of spatial aggregation
matching the requirements of the methodologies adopted. In developing countries,
where the index insurance products tested in this project would be applied, suitable
datasets were often not available. Challenges in the availability of appropriate
yield data were also experienced during the project - and, in particular, the yield
benchmarks used for index design, calibration and product testing were not of
the ideal aggregation level with respect to the selected ROIs. As a result, despite
the accuracy of the methodological procedures adopted, the project findings are
characterized by a degree of uncertainty due to the lack of ideal sets of yield data.
From a research and development perspective, the detailed analysis carried out
in the project reinforces the general understanding that appropriate yield data are
essential for product design and for reaching robust conclusions on the performance
of index insurance structures.

2. Product design has a critical influence on performance.

Product design significantly influences the capabilities of the remote sensing
methodologies to capture productivity losses. Some of the RSSPs modified their
design between the tests in year one and year two, and generated significant
improvements in the performance of their structures. Further product design
improvements could be expected in operational schemes where an RSSP might have
the opportunity for additional field explorations and interactions with local experts.
Some RSSPs did not incorporate all information available (such as additional ground
data) for calibrating the indices, which could improve both design and calibration.
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3. Project analyses show that, overall, the historical performance
of the index insurance structures (i.e. their ability to replicate
the past history of losses to be covered by the insurance
proposition) is suboptimal.
Although not a guarantee of future behaviour, the analysis of historical performance
can provide clues to how the indices relate to crop variability. The main findings of
the historical performance analysis are as follows:
¢ Despite the differences between the products of the various RSSPs, the ability
of the remote sensing index structures to track the historical loss patterns
of the crops in the test areas is suboptimal, with a number of observations
not matching the expected outcome, ranging, overall, from 9 per cent to
20 per cent, and with even higher rates of mismatch when assessed at the crop
and the area levels.
¢ The significant limitations in the available yield benchmarks mean that
it is difficult to make definitive and objective statements, and the modest
performance of the index structures may be, in part, attributed to the nature
and the aggregation of the yield data.

It is important to point out that these findings cannot be generalized since they
apply only to the cases explored in the project, and that more relevant indications on
the performance of the index structures are provided by the product testing.

4. Crop maps and masks can improve performance.

Some of the RSSPs adopted or developed maps and masks with the objective of
identifying land use and exploring the possibility of differentiating between various
crops. In addition, one of the RSSPs was specifically tasked with (only) carrying out
dedicated explorations on the use of SAR data for mapping land use and crops. The
rationale behind the focus on mapping is that some of the project methodologies
(those that estimate the field performance of crops, such as approaches based on
vegetation indices and evapotranspiration) could generate more effective results if
theywere able to segment areas to be monitored. Combining crop mapping or masking
with another remote sensing methodology might enable the development of more
crop-specific index structures. It would also add complexity to the data processing
carried out by the RSSPs to create the index insurance contract structures. In the
case of mapping based on SAR data, the results of the testing activities seem to be
promising and have provided useful indications on how to improve crop monitoring.

5. Methodologies based on vegetation indices seemed to track

loss histories more accurately. The use of crop maps and masks,
and the combination of remote sensing approaches may have
contributed to the relatively better performance.

The two methodologies based on vegetation indices used crop maps or masks to
determine which parts of the ROIs were to be monitored in the index structure.



This may have had a relevant impact on their performance. In addition, one such
methodology adopted a hybrid approach, combining a vegetation index with
rainfall estimates. An interesting research question to be addressed in the future is,
therefore, whether the improved performance is mainly due to the actual response
of the vegetation indices and the fact that they operate at higher resolutions than
the input methodologies; or whether the use of crop maps or masks and the synergy
between different remote sensing approaches play a relevant role.

6. Product testing activities indicate that the index structures
developed would not have tracked yield variability to a

satisfactory level.

Data and information collected on the ground in 2013 and 2014 provided a very
useful, though limited, testing opportunity since they had not been used for product
design and can, therefore, be considered for an independent “predictive” test. The
testing results show that, overall, the number of recorded mismatches was high. This
was particularly true for the year 2014, which the on-the-ground monitoring reports
indicate as a “loss year” and, therefore, one of the years in which the index structures
would need to perform accurately. However, it is also true that the interpretation of
the testing analysis is complicated by the potential source of noise embedded in the
yield references.

7. Performance of the remote sensing methodologies developed

for the project varies across different crops and areas.

The index insurance structures perform differently for the different selected crops
and in different test sites. These indications reinforce the notion that the evaluation
findings for such a complex testing activity are hard to generalize and are largely
dependent on the specific operating conditions. Setting up similar tests in other
areas and in other environments may further enhance the understanding of the
specific potential of each of the tools examined.

8. Remote sensing methodologies can be usefully adopted for
identifying key stages of the crop life such as the start of season
(SoS) or the end of season (EoS) date.

An important parameter that is frequently adopted is the SoS date (depending on
the case in point, the SoS can be identified with the time of sowing or with the
time of plant emergence). Index contracts can include specific provisions aimed at
synchronizing the contract with the actual crop calendar so that the coverage starts
when the crop enters the required growth stage. The project validation activities
compared the SoS estimates derived by remote sensing with the field observations
compiled by the monitoring institution and demonstrated the ability of some of the
methodologies to detect the actual start of the growing season. As for the spatial
analysis aimed at segmenting UAls, remote sensing technology could be also used
to detect SoS in contract structures based on data measured on the ground.
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12. Recommendations

Remote sensing is, overall, a powerful tool that could expand and improve index
insurance, and allow scaling up. To support this, governments, donors, and the wider
insurance community should consider the following recommendations arising from
the project.

I. Additional research and development activities should be supported
to further improve the potential of remote sensing for index insurance. The
development community should support additional research and development
activities, combined with dedicated monitoring and evaluation frameworks,
to develop approaches that provide an acceptable performance level. Spatially
diversifying the scope of testing and evaluation activities is also important since the
performance of remote sensing-based methodologies varies across crops and areas.

II. Further investment should be made in ground data collection protocols,
capacityand systems. Ground data collectionremainsimportantforthe development
of the index insurance sector. In many developing countries, yield statistics are of
low quality, with high frequencies of missing data and short time series, and at
a level of aggregation that makes validation and calibration of micro-level index
insurance problematic. The introduction of remote sensing in index insurance still
requires that there is continuing ground data, including yield and meteorological
data, but also good information on farming systems and practices, soil types and
land cover. Investment in such systems would not only bring benefit to agricultural
development in general, but would also positively impact the development and
sustainability of index insurance.

III. Different tools and available data sources should be combined to
develop suitable index insurance products. Combining different remote sensing
approaches, adopting dedicated mapping tools and integrating them with ground-
level sources of data and information can improve the quality of index insurance
structures. Currently, at both the national and the international level, remote
sensing data are collected, stored and managed separately from ground data, and
there is little or no coordination between them in terms of responsibilities, expertise
and systems. Any initiative to support the development of systems that make ground
and remote sensing data sources available and accessible would significantly benefit
the development of more comprehensive index insurance products.
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IV. Future initiatives should focus on developing appropriate methodologies
for segmenting UAIs to improve the performance of index insurance products.
The definition of appropriate UAIs is key to the successful implementation of index
insurance and should be based on operational considerations (minimum size
requirements to avoid asymmetric information and realistic administrative and
logistical frameworks) and also on the identification of areas that are homogeneous
with respect to the risks to be covered in the insurance policies. Remote sensing
could be used to develop dedicated risk profiling activities for the definition of
appropriate UAls given the broad spatial coverage and long time series that satellite
data can provide. Given the technical complexity and the cost implications of such
activities, there seems to be a role for governments and donors in supporting the
development of these tasks.

V. Index insurance schemes based on remotely sensed data should carefully
plan for measures aimed at mitigating the occurrence of basis risk events.
Historical performance analysis and product testing activities of the project
indicate that for the smallholder areas studied there were mismatches between
losses incurred and payouts intended by the insurance scheme. As with other index
insurance products, consumer education is essential, and schemes should plan how
possible basis risk events should be managed or compensated.

VI. The capacity of private and public remote sensing institutions should be
built in order to fill current gaps in expertise and ensure future sustainability.
All remote sensing methodologies require highly technical skills to design, maintain
and update the indices. Currently, operational schemes for remote sensing index
insurance in developing countries have relied on external service provision, and
they have often been facilitated by development agencies and donors. Capacity-
building applies both to firms specializing in remote sensing in the private sector
and to national institutions as part of a public-private partnership.

For private-sector providers, investment decisions are likely to be driven by
commercial opportunity, which will depend on the scaling-up potential. For
national capacity, governments and donors are likely to dictate decisions, which
would be linked to the willingness of national insurers and stakeholders to join
such an initiative.



The project experience showed that index design is highly intensive in the initial
phases, particularly since skilled processing and programming of large volumes of
remote sensing data is required in order to structure products for different locations
and, therefore, higher initial investment could translate to a decreased intensity of
work in subsequent years. Even after the implementation of remote sensing index
insurance with some national institutions, it is likely that, for all methodologies,
continued technical support will be required from specialist remote sensing
institutions to build additional skills for maintenance and revisions. Scaling up of
remote sensing index insurance, and/or sharing resources with other applications of
remote sensing such as early warning systems, would bring down the unit cost to the
national institutions and the cost of ongoing external support.
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Annexes

ANNEX |

Scoring methodology

To provide a quantitative assessment for each criterion of an RSSP’s methodology, the

Evaluation Committee used the following scoring chart (see Table A-1).

Table A-1. Scoring chart

Score Meaning
5 Excellent
4 Good

3 Medium
2 Poor

1 Very poor

In addition, the Evaluation Committee considered how important each criterion was

in the assessment using the following weighting chart (see Table A-2).

Table A-2. Weighting chart

Weight Meaning

5 Very important

4 Important

3 Medium

2 Minor importance

Not important
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The evaluation methodology took into account the scores and weights of each

criterion. The steps were as follows:

1.

2.

3.

For each criterion, for each RSSP, the average score given by members of the
Evaluation Committee was calculated.

Within each criteria set, the maximum possible score was calculated by
multiplying the number of criteria per set by 5 (i.e. the maximum score allowed
per criterion). For example, in the “availability and source of data” set with
6 criteria, the maximum possible score for an RSSP would be (6 x 5) = 30.

The sums of the average score per criterion for each RSSP from (1) and the
maximum possible score from (2) were then used to determine the share of
maximum score that represents the percentage of the maximum possible score
obtainable by each RSSP in a specific criteria set.

The final step was to adjust the scores according to the weighting of the importance

assigned to each criterion by the Evaluation Committee. Hence, the following

additional calculations were carried out:

4.

The average weight assigned to each criterion by the evaluators per criteria set
was calculated.

. The average weights assigned for all the criteria in a set were summed to provide

a maximum weighted score per set.

. The score for each RSSP from (1) was then adjusted to take into account the

average weight assigned for that criterion, to determine the average weighted
score per RSSP for that set, i.e. (score, from (1)) x (average weight for the criteria
from (4)).

. The average weighted scores for each RSSP from (6) were then summed for

each RSSP in each set and expressed as a percentage of the maximum weighted
score (5), to provide an indicative share of maximum weighted score, which is
expressed as a percentage.

Where not all responding Evaluation Committee members provided a score or weight

for a particular criterion, the data from those who did respond were averaged.

An example to illustrate the methodology is provided in Table A-3. It shows the

scores for a particular RSSP for “availability and source of data” (where there are six

criteria). The calculations of the share of maximum score and the share of maximum

weighted score are shown. These two outputs are used in chapters 9 and 10 in

discussing the results of the evaluation of the performance assessment, which was

dependent on the tests, and of the operational applicability, which was not dependent

on the testing exercises.



Table A-3. Example calculation using the scores of one RSSP for the six
“availability and source of data” criteria, to arrive at the share of maximum
score and the share of maximum weighted score

Criterion Average score Average weight Average weight Average
per criterion per criterion per criterion in weighted score
(1to 5) (1to5) percentage (as

a share of 5,

the maximum

value)
1 4.33 4.00 80 3.47
2 5.00 4.50 90 4.50
3 3.75 4.25 85 3.19
4 4.25 4.00 80 3.40
5 5.00 3.00 60 3.00
6 2.75 4.50 90 2.48
Maximum 30.00
possible score
Sum of average 25.08
scores
Share of maximum score 84
Maximum weighted score 24.25
Sum of average weighted scores 20.03
Share of maximum weighted score 83
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ANNEX I

Impact of changes in the yield threshold
and in payout acceptability parameters

Scenarios developed

The performance assessment was expanded by developing dedicated sensitivity
analyses to examine the behaviour of the index structures developed by the RSSPs
when some of the key reference parameters change over defined intervals.

The following scenarios were developed:

e A comparison between the payouts generated by the index structures and the
losses when the yield thresholds, which had been originally set at 80 per cent,
vary between 90 per cent and 60 per cent.*?

e An analysis of the impact of modifying the tolerance levels set for classifying
a payout as “correct” or “acceptable” when measuring the absolute difference
between the payouts ideally expected and the payouts actually triggered.

Variations in the yield threshold

A change in the yield threshold (i.e. the contract “trigger”) will alter the loss levels
targeted by the index insurance contract and will therefore determine a different set
of expected payouts according to the threshold selected. For any specific event, the
lower the yield threshold, the lower the yield amounts that should be covered and,
therefore, the lower the payouts expected.

In reviewing the outcome of this analysis, it is important to note that the RSSPs
were specifically requested to tune their structures to an 80 per cent yield threshold
and that, accordingly, the actual performance should be assessed with respect to
that specific threshold. What the sensitivity analyses presented in this Annex can
add is information on how “robust” the index structures are in matching losses at
different coverage levels or, in other words, how sensitive their performance may be
to changes in the thresholds and how finely tuned the contract design will need to
be. This is not necessarily an indication of better or worse performance, but rather
of how sensitive product design may be to different coverage levels. The analyses are
segmented by crop type, as the different levels of tolerance to shock of the different
crops have a significant impact on how the index structures perform.

As shown in Figure A-1 and Figure A-2, changes in the yield threshold affect all
the assessment metrics discussed above.

With respect to the number of “not acceptable mismatch + not correct” payouts,
the general tendency is to observe a reduction of the indicator (i.e. a reduction of the
33 The reference threshold for the historical performance and product testing analyses was set at 80 per cent,
given the thresholds usually adopted in index insurance and the risk levels to be covered in the project tests.
Within these ranges, the project decided to adopt a relatively high coverage level in order to increase the

frequency of the expected payouts and, consequently, generate more events against which the performance of
the index structures could be assessed.



mismatches) when lowering the yield threshold (lower coverage levels) (Figure A-1).
Interestingly, the different structures exhibit different levels of variation, with some
of them reaching a reduction of nearly 30 per cent between the extremes, while some
do not change at all. The behaviour of the series is significantly different across the
different crops. These different patterns observed in all figures may be related to the
different tolerances of the crop types to biotic and abiotic stresses, with increasing
sensitivity - moving from millet with the lowest sensitivity, to groundnut, to maize
with the highest sensitivity. For example, Figure A-1 shows that for the case of millet,
the actual level of the threshold has little impact on the number of “not correct +
not acceptable” payouts, with the percentage generally being lower compared with
the other crops. Conversely, the impact is quite substantial for maize, for which
the reduction of the indicator reaches nearly 30 per cent. This shows that the index
insurance structures examined tend to provide a more balanced coverage for the
more resilient crops.

Figure A-1. Percentage of “not acceptable mismatch + not correct” payouts as
a function of the yield threshold below which a payout is expected
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Interesting indications also stem from the analyses of the impact of a change in
the yield threshold on the covariate mismatch (CM) indicator which, as indicated
above, describes the relationship between observed losses and payouts triggered
that is presented in Equation 1:

Ely-x|

Xy (Eq.1)

Where:

y is the recorded yield loss below the threshold; and
X is the payout triggered.

In the CM indicator, the loss component y appears in both the numerator and the
denominator (see Eq. 1). Given the increasing patterns of the indicator as the yield
threshold falls (Figure A-2), it is clear that for lower threshold levels, the aggregate
yield loss in the denominator drops more than the sum of the deviations in the
numerator. From an insurance point of view, this indicates that while in absolute
terms mismatches are higher for higher yield thresholds (higher coverage levels), in
proportional terms the mismatches are larger when targeting extreme events. This
may imply that the index structures analysed are proportionally less accurate in
capturing more extreme events (lower yield thresholds).>*

Interestingly, each crop behaves differently, with the mismatch increase rate
being progressively higher - from maize at the lowest rate, followed by groundnut,
and millet at the highest (Figure A-2). This mismatch is due to the fact that for more
resilient crops such as millet, yield reductions do not reach the range shown for
more sensitive crops such as maize.

34 |t is important to remember that these general conclusions are affected by the fact that the index structures
were not tuned for the different yield threshold levels, but they were developed to match the 80 per cent average
yield threshold.



Figure A-2. Covariate mismatch indicator as a function of the yield threshold
below which a payout is expected
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between 5 per cent and 15 per cent for the mismatch to be considered “acceptable”.>
Table A-4 summarizes the classification used in the performance analysis presented
in Chapter 9.

Table A-4. Colour coding adopted in historical performance analysis

Class and Definition Final
colour code classification

If payout is provided or not provided in

Correct accordance with yield behaviour, within a deviation
of 5 percentage points

Correct

+ Acceptable

If the mismatch between yield deviation and payout is
mismatch

between 5 and 15 percentage points. This class also
includes events not performing correctly (false positives
and false negatives) within a 15 percentage point
deviation only.

Acceptable
mismatch

If mismatch between yield deviation and payout
exceeds 15 percentage points. Not

acceptable
mismatch
+ Not correct

If not correct (false positives and false negatives) and
mismatch above 15 percentage points.

Not correct

In the analyses that follow, two different tests were conducted:

e Test 1: the “correctness” threshold is held fixed at 5 per cent while the
“acceptability” threshold spans the interval of 5-15 per cent (Figure A-3).
For example, when “acceptability” is at 5 per cent, given that “correctness” is
fixed at 5 per cent, the threshold for considering the mismatch tolerable (both
correct and acceptable) is at 10 per cent.

e Test 2: the correctness threshold is allowed to vary, spanning the interval
0-15 per cent, while the acceptability threshold is fixed at 10 per cent (Figure
A-4). Hence, the tolerable mismatch (both correct and acceptable) spans the
interval 10-25 per cent.

In both tests, the percentage of “not acceptable mismatch + not correct” payouts is
expected to decrease as the two tolerance parameters increase. However, each RSSP
structure has a different sensitivity to changes in such parameters, which reflects the
possibility of adapting a given contract structure to different expectations. In the
case of Test 1 (Figure A-3), the VITO structure shows a relatively stable percentage
of “not acceptable mismatch + not correct” payouts, regardless of the threshold for

35 This analysis only applies to the counting approach and not to the covariate mismatch indicators since the
“tolerance levels” are not applied to the latter.



acceptable mismatch. This implies that this type of contract would perform equally
well regardless of the tolerance to accept mismatched and incorrect payouts. Other
types of contracts would not perform so well (high number of not correct payouts +
not acceptable payouts) when the tolerance is low, and would perform better when
the tolerance is higher.

Similar results are obtained in the case of Test 2 (Figure A-4), where the tolerance
is changed by allowing the correctness threshold to vary and by holding a fixed
10 per cent difference between the correct and acceptable thresholds.

Figure A-3. Percentage of “not acceptable mismatch + not correct” payouts
following changes in the acceptability thresholds (Test 1)
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ANNEX II. IMPACT OF CHANGES IN THE YIELD THRESHOLD
AND IN PAYOUT ACCEPTABILITY PARAMETERS

Figure A-4. Percentage of “not acceptable mismatch + not correct” payouts
following changes in the correctness threshold (Test 2)
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ANNEX Il

Comparison of base and
fixed-ELC products

The following graphs present a comparison at aggregate level between the “base”
and the “fixed-ELC” structures and show the differences that have been generated
in the adjustment process while harmonizing the ELCs, of the index structures (see
page 53).

It is interesting to note how the changes affected the different RSSPs to different
degrees and also how the indicators have been altered in different ways.

The data underlying the dynamics illustrated in Figure A-5 are presented in
Annex IV.

Figure A-5. Comparison of base and fixed-ELC index structures averaged over
all regions and crops
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ANNEX IV

Performance of products per RSSP
over aCR vyields

Introduction

This Annex presents the detailed results of the historical performance analysis
summarized in Chapter 9, which was carried out by comparing the index structures
developed by RSSPs and the average yields for the aggregated communautés rurales
(aCRs), that is, all CRs intersecting with the regions of interest (ROIs).

The fixed-ELC structures are index insurance structures harmonized in terms of
the expected loss cost per crop. The base structures are the products the RSSPs had
originally designed with no constraint on ELC levels.

In both sections of this annex, the reference yield benchmark values are
reported in the second row of each table and are equivalent to the deviation from
80 per cent of the average yield. Negative values in row 2 (“Deviation from yield
threshold”) indicate that a payout of the corresponding percentage size is expected,
while positive values indicate that the yield recorded is above the threshold and no
payout is required. The payout values triggered by the different methodologies are
presented in rows 3 to 8, each corresponding to a different RSSP.

Fixed-ELC structures

Table A-5. Overview of performance of fixed-ELC structures per RSSP over
aCR yields (2001-2014)

If correct or mismatch within 5 percentage points

Light green If mismatch between 5 and 15 percentage points
Orange If mismatch above 15 percentage points
“ If not correct and mismatch above 15 percentage points
(if not correct but with small mismatch in light green class)
White Unable to classify score as correct/not correct due to lack of necessary

yield reference

Grey No data

153



Diourbel

Groundnut

[Te)
Vg | o

©
gz | o
2wz | o

N~

%e)
oz | o

N

™~
00z | o

©
6002 | o

Al

(ep)
8002 | <

N
200z | 2
9002 2

1e)
002 | S

%e)
¥002 | o

N~

N~
€002 | o

Al

(©)
2002 | o

@)

AN
1002 |

%e)
x
58 cB o
£ | S23
S © > C
5} o 7]
52 | 362
W& | OES

0.0 0.0 0.0 0.0 0.0 0.0 geXem 0.0 0.0 0.0

EARS

6 0.0 0.0 BMeKeR 0.0 0.0 MeXeM 0.0 0.0 0.0

FEWS NET 51

0.0 jeXel 0.0 0.0 0.0 0.0

m13.8 0.0 BgeR 0.0 0.0

GeoVille

3.0 0.0 125 geXe

IRI

10.4

44 03 02 25 04

04 184 72 23 08 6.9

ITC

0.0 0.0 0.0 0.0 0.0 eieN 0.0 0.0 WeNew 0.0 @2%eN 0.0 0.0

VITO

© [sp) 10} © ()] I~
o S1BLIBAO S | 0| Q| S| »| O
() I8¢ « [$) « -
(ebejusosad) uonesuadwoosspun | L | = | L | e | L | =
(eBejusosad) uopesuadwoosong | L | = | K [ X | ¥ | ©
(#tequwnu) uonesusdwoosspun | N | @ | N | N A
(#oqwinu) uopesuadwooseng | @ | P | T | © | & | —

abe ad 09 10 e a|qeldadoe 10 2 2
5 a|qeldeooe p 9110 Q = Q 3 g
abejuaoiad 91109 10 b & S i © ™~
N~ o (o)} N~ N~ o
(ebejusosad) yojewsiw gjgerdadoy | ™~ | L | @ | S | 8 | &
(ebejusosad)oomon | & | B | R | @ |~ | <
wng| ¥ | ¥ | = || ¥ |
Yo 9110 O [ep) (ep] — N (@] —
— o — — — o
(/oqwinu) yojrewsiw a|geydegoy | — | P | T | © | N | @
(laqwinu) 1081409 | @ | © | © | © | — | Q

T
L

Z | o

o %)) w =
7 cl 2|3 o
n < [ D = O =
o ug|loc|lo|lxc|E|S

154



Millet

vioe

€Loe

-9.6(21.0

cloe

4.0

LLOC

oloe

17.0110.4

6002

8002

L00¢

900¢

S00¢

¥00¢

€002

¢002

-
o
o
N

Benchmark
and RSSP

Deviation

fromyield 52.8|28.6(52.2|51.5(38.2|17.2|15.8|35.9|23.1

threshold

0.0 0.0 O.0OMHA 0.0 0.0 0.0 0.0 BNeXeRNeKo]

EARS

0.0 0.0

AN 0.0 OO@ENs§y 00 0.0 00 0.0

FEWS NET 10.2 3.3

0.0 0.0 0.0 0.0 0.0 JeKoRN0Ks}

GeoVille

4.0

O} 8.3 0.0 0.0

2.0

ONel 12.7

00} 5.3 [oKe

9.2

IRI

10 6.8

04

1.6

05 47 06 30 02 02

141

0.3 10.0 4.9

ITC

0.0 0.0 10.2 §e

VITO

(ebeirusoiad) uonesuadwooiapun

175

7 | 503

7| 427

7| 418

7| 511

6 | 338

(ebejusoiad) uonesuadwooiang

(toqwinu) uonesuadwoaiapun

18

9

22

9

3

10

(toqwinu) uonesuadwo9idNQ

(ebeijusoiad) ysjewsiw ajqeydasay
(ebejuasiad) 3081109
wng

(1oquinu) yorewsiw ajqeydasdy

(4oquwinu) 1094409

RSSP

7

18

7

12

0

0

0

0

0

0

18

93

64

14164 | 21

141 50 | 43

i

14| 43 | 50

14

141 79| 21

2

1

2

1

0

0

0

0

0

6

13

3

EARS

7

FEWS NET

7

GeoVille

IRI

ITC

ik

VITO

155



Koussanar

Groundnut

vi0e

-1.3

€loe

cloe

LLOC

0loc

14.11-17.81561.9|25.2

6002

8002

200¢

9002

G00¢

¥00¢

€00¢

¢00¢

-
o
(=]
N

Benchmark
and RSSP

Deviation

fromyield 28.0|-6.2 46.9|111.6|34.6|-12.2

threshold

0.0 08 0.5 BN 0.0 9.3 0.0 0.0 Hexe

EARS

FEWS NET

ONORRONON O.7

ONORNONON 0.0 5.2 0.0 00

GeoVille

7.2

05 02

‘0.0 (OXORNONON 0.0 0.0 0.0 0.0 ool 5.2 WCNCIOX0

86 163 0.8 87 59 28 04 25 05 04

23.4

ITC

VITO

% m [e0) <
e 9jelieAo = IR
(ebejusoiad) uonesuadwootspun | ™ Col IS
(ebejuaoiad) uonesuadwoosang | = LIS
(1oaqwinu) uonesuadwoosspun | N NN
(1equinu) uonesuasdwoosang | N @ o
sbejusasiad 91109 10 z a|qeldaonoe 10 o % n_N_
=10 S <]e od|gdeldo e P S O 0 _k_/u m m
oD o oC o O O o m<|v ] o
[e¢] [sp) [ee) o
= RN
(ebejussiad) yorewsiw sjqerdasoy | L QI®| 5
(eBejusoiad) 10au10 | 18| °
wng | — © |l E|F
Yo 9110 o) o — — o
[aV) — [aV) o
(#oquinu) yorewsjw a|qerdedoy | NN e
(1oquwinu) 1001109 | ™ S loe |-
T
L
zZ | o
o %)) (9] =
2 | = w —_ | o
o || |E|E

VITO

156



Millet

vioe

-2.0

€Loe

2.2

cloe

LLOC

oloe

36.0(-38.1| 2.0

6002

8002

L00¢

900¢

S00¢

¥00¢

€002

¢002

-6.1 |131.5(117.3| 4.7 | 421

-
o
o
N

Benchmark
and RSSP

Deviation
from yield

threshold

-9.1

4

0.0 0.0 0.0 Jexe 0fe8 0.0 10.4

0.0 0.0

EARS

FEWS NET

0NN 0.0 0.0 0.0 FEHeREeNeRNeIoN 0.0

GeoVille

4.0

ONORNONORNONORNONON 0.0 0.0 0.0 HeXe 008 0.0 13.1

15.5

IRI

0.3

07 03 0.1

54 46 16 041

0.1

ITC

4.0

0.0

CHOONONONORNONON 0.0 5.6 0.0 JeKe 0.0

2.5

VITO

[ep) Yo} Yo} — ©
e 91BILIBAO i) o Ql o I
= = | = ~
(eBejuasiad) uonesuadwoaispun | 2 RI 2| = | &
(ebejuaoiad) uonesuadwoosang | & RI Y| N | w
(taquinu) uonesuadwooispun | NN oo™
(1equinu) uonesuasdwoosong | N A IR I B

abe ad 09 ]0 e a|qerdaooe 10 o =
S a|gerds puUe 199.110 S R_/u w %
apbeluaoiad 9110 O o m o o o
[ee)] [ep) [ee] (o] [ee)
- REN -
(ebejuaoiad) yorewsiw ajqerdssdy | N IR 88X
(ebejusoiad) 1081100 | 13 B8 8|3
wng| — Il E|lE|E
50 51109 10 o —|lo|lo| o
N — AN — N
(1lequinu) yorewsiw sjgqerdedoy | < - @] oA
(1aquinu) 3084109 | © ol oS~

T
L

zZ | o

o n €D =
73 T|2]3 o
%2} < | @ o = | O | E
[id wjlo|lo|lx|lE| >

157



Maize

= o < W . TG ™ o |l ol oo
0 2 fee) 1) o O N = e} © o)}
<t
3 M % = (ebejusaiad) uonesuadwoasepun | N e |y
T eV oV}
M % % m M m (ebejuaoiad) uonesuadwoosang | = P L I -
M AN
@ o o o o (1equinu) uoesusdwooispun | ~ o | o | < |«
¢loe |« S S o S
=) = o o |Ne) (4oqwinu) uonresuadwodtdanQ | ™ N »m | © |~
LL0C 9 ) o N ©
7 - -
— oDP o <]e o O O e o|delAo e 10 00)
© = ~ Q Q Q
(1] 014 ¢ = Sl a8l 8| a
o o o © o oDP o oC - o|gelao e P e S O o0
6002 S S|3|s|3
abeluaoiad 9110 O (&) % m (@) [ee)
Q olao|o|Qo -
8002 o oc|lo |~ | o
[0} m<|u (o] (0] (0]
@ |l o | N |Q
£00¢ [ee)] ()] (@] o (@)
— (ebejuaasad) yorewsiw sjgerdaddy | © o[~ | ®| o
(<) - [aV] N —
9002 | o = S < Kl °
2 S c o e o
(ebeuasiad) 1001109 Q Q| Q|2 |8
G002 9 Q S | © BN ©
N o o | o el o wng| = ol ===
© o o o [©) o
v002 @ © o o (= o =le 91109 10 — ™ eV o [a\
[@)
5 O (@] [aV) (@)
€002 8 S = o = - - -] -1~
=
= © | 9 | A
¢00¢ T & % 5 (4oquinu) yojewsiw a|qeydadoy | < — | ® | © |
o0} @) [aV) (©))]
L00c @ o H N m (1aquwinu) 1984100 | © » | w | | ©
4
8§ | 523 o o
Ew ﬁ.m. o zZ | @ Z | o
s K] % | D (2] = o n | v S
c o SEo || =Z2| 70O @) ) e |2 o)
@ 0 = O | E 3
< e | S| 8| RBI|E ] < || 2|z | ©|E
meg | O&ES |W | |06 | |E|S o w|lcoc|lo|x|E|S

158



Nioro

Groundnut

{1 2
o
€102 N
o)
AN S
<
1102 3
o
0102 3
(¢p]
@)
6002 5
(a\]
(ep]
8002 S
<
(4p)
1002 S
AN
Ye)
9002 2
@
5002 S
)
002 o
©
£002 %
S
2002 3
[Q\]
1002 &
™
X
58 | 533
S | 825
52 | 35¢
m& | 0&s

49

ONOINONON 13.8

OOl 7.1 0.0 QeXoN 10.4 oNeREeKe

EARS

W68 0.0 0.0 0.0 0.0 0.0 gexem 0.0 0.0

FEWS NET B0KeN 54.7 NoH0)

W68 0.0 0.0 0.0 0.0 0.0 gexem 0.0 0.0

GeoVille

0.0 6 0.0 BhKsHM 20.0 6.0

0.0 0.0 JeXem 0.0 gleAd 0.0 0.0

127

IRI

14 07 10 3.0 04

12 041

0.5 0.4 FeEN10.3 0.1

2.8

ITC

0.0 MeKeR 0.0 0.0 0.0 0.0 0.0 gexem 0.0 0.0

VITO

P DI IP poy — [s2] [sp] o o
O O o © © < - <
| F
(ebeusoiad) uonesuadwoosepun | N | © | L | F | K | ¥
(ebejuaosad) uopesuadwoosang | @ | L | B | ¥ | N | 2
(toqwinu) uonesuadwodidpun| @ | ® | N | N | @ | «
(toqwinu) uonesuadwodtdang | ® - - o | = Y]
oD ol O O e o|del0o e 10 < 2
< o|gelds e p 9110 O O o) ou o) o)
obe s od 9110 O o N~ ()] M~ o N~
N~ o (@) N~ N~ o
(&) — [ee} (<o)
(eBejusosad) yojewsiw ggerdsddy | @ | 5 | 2| Q| Q| T
(ebejussiad) 3081109 Tl ~e
wng| ¥ | | = | | =
~ | = || =]+
<le 9110 O o — — — o —
— o o — — (@]
(;aqwinu) yorewsjw s|qeldeddy | ¥ | @ | N | ¥ | o |
(4equwinu) 108109 | @ | © | @ | © | — | =
T
L
Z | o
7] i @]
? L1=18 |08
o ug|loc|lo|lxc|E|S

159



Millet

7102 =
o
€102 S
[0)}
z102 S
o
LLOZ <
[o0]
0102 3
()}
6002 S
@
8002 S
[o0]
1002 S
©
9002 3
5002 w
002 =
Yo)
€002 9
=
2002 o
o
1002 <
©
-
SE | 825G
52 | 362
m& | 0ES

23 6.5

ONON 33.7 JeK¢

EARS

FEWS NET HOXeN 39.0 F0X0)

GeoVille

ONORNONON 7.3 NONOIOXORNONON 7.0 MeNoN 7.8 13.4 M6

8.5 11.2 jeXe

IRI

04 07 20 03

oM 1.0 01 14

0.3 0.3 01

2.1

ITC

0.0 0.0 0O 00 0.0 0.0 0.0 0.0 0.0 prs 9

OXON 35.6 eK¢

VITO

Yo] ™ o — [9p] N~
e 91BLIBAO Q| = o | o | v
— — o
(ebejuaosad) uonesuadwoosspun| @ | @ | @ | L | L | ©
(ebejusosad) uonesuadwodsang | © | R | © | @ | — |~
(/aquwinu) uoppesuadwodsspun| @ | @ | @ | — | — | ©
(leqwinu) uonesusdwoodsang | ¥ | N | © | © | = | «
od 09 10 z a|qeldaooe 10 o = O
~ °|9 do pue 910 O O " " O "
sBriusniad 3110 o N~ N~ o (@] (@) o
o|lo|lo|lo|~]|oO
(ebejusosad) yojewsiwsigedsdoy | 5 | S~ [ C | Q| 2| I
(ebrusosad)oemod | T [ S | S | B | | 8
=
wng| ¥ | ¥ | 2| ¥ X F
Yo 9110 O — — o o (@) (@)
o (@) (@] (@] — o
(laqwinu) yojewsiw sjgeydadoy | @ | — | @ | © | = | N
(equinu)joemon | 2 | N | = | © | ¥ | N
T
L
P
o %) [92)] =
73 cl=|3 o
n < | W | = | O E
[ ul|loc|lo|lx|EeE|S

160



Maize

vz | 5
gz | 12
(=
2wz | 9
N~
oz | 3
[
ooz | S
Al
©
6002 | o
<
8002 | 3
©
200z | g
9002 N
5002 o
)
¥00z | o
8002 | S
o
200z | 9
o
1002 | @
4
58 | 533
SE | 825
52 | 35%
m& |o&s

GAN 0.0 QOXONCKON 5.5 [CNCRENONe} 27.3

0.0 gloxg

EARS

ool 35.7

ONORNONORRINN 0.0 3.3 [eKe

FEWS NET HeKe

0.0 0.0 0.0 jeXem 0.0 0.0 EE¥s® 0.0 0.0

GeoVille

0.0 26.7

ONORNONON 14.6 0.0 NoKe

IRI

341

1.0

0.6

0.9 02 92 01 06 01

0.5

ITC

0.0 0.0 0.0 0.0 O0.0@HeXem 0.0 0.0 0.0 00 0.0 0.

VITO

— [e0] N~ < < —
e S1BLIBAO o | N|o|=|=|®
| F
(eBejusoiad) uonesusdwoatepun | L | L | B | 8 | | X
(eBejusosad) uonesusdwoosong | L | = | L2 | I |~ 8
(teaquinu) uonnesuadwoosspun| ¥ | Y| @ | ¥ | ¥ | &
(1leqwinu) uonesuadwodsong | ¥ | P | N | WO | O |
obe ad 09 10 z a|qeldaooe 10 Q Q O Q Q
S
o o|q ofs pue 2110 ~
apbeluaoiad 9110 O m m mm % N~ m
N~ N~ (o)) '] — N~
[aV]
(ebejusosad) yojewsjwg|gerdsdoy | | L | R | R | T | ™
(ebrusosad)oeuod | ¥ | S | 8 | K | ° | &
wng ¥ ¥ 2|2 F T
Yo 91JO o) (ap] ™ [a\] o — ™
— — — — ™ —
(laqwinu) yojewsiw sjqeydedoy | ¥ | @ | N | N | © | —
()eqwinu) 3084109 | © | >~ | © | © | O | O
T
L

zZ | o

o n €D =
73 c|2|3 o
(7] < ] D = O =
[id wlo|lo|E|E|S

161



Base structures

Table A-6. Overview of performance of base structures per
RSSP over aCR Yields

If correct or mismatch within 5 percentage points

Light green If mismatch between 5 and 15 percentage points

If mismatch above 15 percentage points

If not correct and mismatch above 15 percentage points
(if not correct but with small mismatch in light green class)

White Unable to classify score as correct/not correct due to lack of necessary
yield reference

Grey No data
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REMOTE SENSING FOR INDEX INSURANCE
FINDINGS AND LESSONS LEARNED FOR SMALLHOLDER AGRICULTURE

ANNEX V
Findings of the SAR mapping

SAR mapping

Temporal descriptors were derived (see Chapter 7) from Cosmo-SkyMed HH data
acquired for the different ROIs during the 2013 season with an interval of eight
days.3¢ The advantage in these images is the fine spatial resolution of 3 m. Cultivated
area maps were generated by applying knowledge-based classifiers to these temporal
descriptors. No a priori information on crop types, practices or surrounding land
cover was used.

Figure A-6 illustrates the SAR temporal descriptors (left) and the corresponding
seasonal cultivated area maps (middle and right) for Nioro. The different blue tones
of the map on the left may relate either to different crop types or to growth stages.
However, this could not be verified due to the lack of appropriate ground data, so no
crop type maps could be generated.

Figure A-6. Results for Nioro

Colour composite of selected temporal descriptors (red corresponds to minimum, green to
maximum, blue to span) (left); cultivated area map (cultivated area is coloured yellow, orange
and green) (middle); detail of cultivated area map (black dots correspond to single trees and
settlements; fields used for validation are coloured pink (right)).

Theoverall accuracy of the cultivated areamaps was checked with field observations
collected specifically for the project. The accuracy was high (87-97 per cent), but it
should be mentioned that the field dataset was rather limited for this exercise and
contained mainly reference data for agricultural land with few reference points for
bare soil or shrubland.

36 A radar system using horizontal (H) and vertical (V) linear polarizations can have the following channels: HH
— for horizontal transmit and horizontal receive, VV — for vertical transmit and vertical receive, HV — for horizontal
transmit and vertical receive; VH — for vertical transmit and horizontal receive.
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ANNEX V. FINDINGS OF THE SAR MAPPING

In 2014, temporal descriptors were also derived from Cosmo-SkyMed data but
with different operation modes (single HH or dual HV polarizations). The spatial
resolution was thereby reduced from 3 m to 15 m.

Figure A-7 compares the cultivated area maps for Koussanar for 2013 at 3 m
resolution (left) and 2014 at 15 m resolution (right). The impact of degrading the
resolution from 3 m to 15 m is limited.

Figure A-7. Cultivated area map for Koussanar

2013 at 3 m resolution (left); and 2014 at 15 m resolution (right)

Dynamics between subsequent acquisitions are picked up much better and faster
by HV images than by HH images. This is illustrated in Figure A-7 for Koussanar.
HYV also seems to be better suited for detecting the start of the season in this agro-
ecological zone.

Figure A-8. Maximum gradient for Cosmo-SkyMed
T T P o T SN

b

L e - R -

HH (left) and HV (right): dark red = 0 dB, light red = +3 dB, yellow = +5 dB, light green = +8 dB,
blue = >10 dB
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REMOTE SENSING FOR INDEX INSURANCE
FINDINGS AND LESSONS LEARNED FOR SMALLHOLDER AGRICULTURE

Finally, for the 2015 growing season, cultivated area maps were produced using
Sentinel-1A VV/VH images, again using the same methodology. Sentinel-1A is able
to deliver high quality SAR data with a systematic repeat cycle of 12 days and a
spatial resolution of 20 m.

The level of detail that can be achieved even from images with a resolution of
20 m is remarkable. The cultivated area can be well discriminated from dense/low
vegetation and bare soil, as illustrated in Figure A-9 for Diourbel.

Figure A-9. Results for Diourbel (2015)

Colour composite of selected temporal descriptors (red: minimum VV from SoS to EoS,

green: minimum VH from SoS to EoS, blue: span VH from SoS to EoS) (top left); corresponding
cultivated area map (top right); Google Earth image (bottom left); corresponding part of

the cultivated area map (bottom right).

In synthesis, the multi-temporal SAR mapping approach based on temporal
descriptors provides reliable information on a cultivated area even without any prior
information on crop types, practices and surrounding land cover. The accuracy of
the maps can be improved by selecting the most suitable SAR systems/images (dual
polarization: HH/HV or VV/VH).

Il Settlements

Il Dense vegetation

Bl Water

Il Average vegetation
Cultivated area

Il Bare soil
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The use of high resolution optical data (i.e., Sentinel-1A, 10-20m resolution)
was not considered since it was not available at the time. The next step could be
to integrate it, bearing in mind that cloud cover severely affects the data (mainly
during the first part of the crop season).

Finally, it is essential to point out that crop(land) mapping should always be
linked to ground information, in order to obtain a deeper understanding of the data
and therefore to better fine tune the algorithms. Unfortunately, for the purposes
of this project, the available field data were scarce or late. Thus, there is still a clear
margin for improvement.

Integration of maps and insurance products

The actual integration of the SAR-based maps with the insurance products was not
addressed in this project. The primary problem is that, for the development of crop-
specific insurance structures, updated crop-type maps are needed annually as crop
types change, but such maps were not available for past years. The SAR-based maps
generated in the framework of this project only covered the 2013-2015 growing
seasons, and only the cultivated areas could be identified from these maps (and not
the crop types that were grown in specific fields in these seasons).

However, some of the RSSPs integrated, to a certain extent, cropland or crop-type
information into their insurance products by focusing the development and later
analysis on cultivated areas (VITO, FEWS NET) or specifically on areas growing
groundnut, millet and maize (ITC) that are identified from analysis of historical
time series of satellite images.
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