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INTRODUCTION

Index or parametric insurance has been offered 
internationally to manage risks in agriculture for 
over 20 years. It is a substitute to traditional in-
demnity insurance where payouts are explicitly 
based on loss estimations per each insured unit 
for a specific client. Index insurance relies on an 
index that is a proxy for a loss caused by an insu-
red peril, allowing to provide farmers with effi-
cient risk management solutions for perils which 
are either expensive (e.g. insurance on small field 
sizes) or difficult to insure (e.g. drought, tropical 
cyclones, flood, excessive rainfall) due to its sys-
temic nature. 

Index insurance products are intrinsically imper-
fect because they rely on proxies of a loss and not 
on actual observed crop damage.1 The residual un-
certainty between the index and the actual crop 
damage is called a “basis risk”. Basis risk can ori-
ginate as a result of data quality or originate from 
the index calculation methodology and result in an 
index inability to respond to losses and to initiate 
insurance payouts and vice versa result in payouts 
without an actual occurred loss. 

The insurance companies and organizations that 
design index insurance products for agriculture 
seek for the options to get better quality data for 
index design. There have been increasing efforts 

during the last years to make more and better use 
of remote sensing information from satellites to 
enhance or replace existing insurance products 
(e.g. precipitation based index products) and/or 
to enhance data quality and fill in the existing gaps 
in the data sets. While earth observation (EO) pro-
vides additional historical and near real-time data 
to improve index insurance products from the 
technical perspective, application of satellite tech-
nologies and data remains still limited within the 
agricultural insurance industry. The success of the 
uptake of Earth Observation (EO) data for index 
insurance depends on multiple factors and chal-
lenges (Figure 1). This paper wants to raise awa-
reness on possibilities and capabilities for both 
sectors, the agro-insurance sector as well as the 
earth observation sector.

This paper is dedicated exclusively to index insu-
rance as a risk management instrument in agricul-
ture with the forward thinking of applying satellite 
data and technologies to enhance the existing in-
surance solutions, covering the traditional indem-
nity and index insurance products.

Figure 1: The key challenges of index insurance from the satellite earth observation technologies perspective.
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Figure 2: Major types of index insurance products for agriculture

WHAT IS INDEX INSURANCE?

Index/Parametric insurance is often defined as a 
type of insurance that covers the probability of a 
predefined event happening instead of indemni-
fying the actual loss incurred.2 This definition re-
presents a certain issue when index insurance con-
tract does not cover an actual loss or pays when 
the insured farmer did not experience a loss, also 
known as the basis risk.

Currently the index insurance paradigm is being 
reconsidered. It is no longer perceived as a “silver 
bullet” capable of substituting the indemnity insu-
rance. Munich Re specifies that “parametric pro-
ducts provide a simple and transparent coverage 
concept for insurers, businesses and the public 
sector alike. They complement traditional insu-
rance coverage for policyholders aiming to reduce 
their risk exposure and can cover risks that have 
traditionally been uninsurable”.3

According to the World Bank,4 index-based crop 
and livestock insurance was the most dynamic 
type of agricultural insurance during the last 10 
years. While in 2009 agricultural index insurance 
provided 3% of the global agricultural insurance 
premium, its premium share increased to 12% in 
2019. This growth is attributed to numerous index 
insurance pilot initiatives in developing countries 
in Africa, Asia and Latin America. 

The major types of index insurance products are 
presented at the figure below. Weather index and 
parametric insurance products are intentionally 

defined separately because of different product 
structures and premium rate calculation methods 
applied. Parametric products are designed to re-
spond on a specific event occurrence (e.g. tropical 
cyclone of category 5 hitting a defined area or a 
specified forestry area to be lost due to fire) be-
fore the payout is triggered. Weather index pro-
ducts are usually developed using historical we-
ather data, sometimes including  crop models to 
capture crop loss or severe damage at a certain ve-
getation phase linked to multi-year average phase 
dates.

It can be argued if picture-based insurance can be 
defined as an index insurance. This new type of in-
surance is suggested in this paper to be treated as 
index insurance because new technologies (satel-
lite-derived index data used together with photos 
supplied by the insured farmer) can support such 
products with underwriting and loss assessment 
done remotely.

Index insurance solutions for the livestock sector 
are less numerous comparing to crop production. 
Livestock index structures were developed to re-
spond to livestock loss due to such severe events 
as snow storms, long periods with low tempe-
ratures or floods. Satellite-data based products 
have been developed for pastures and forage 
crops. These products are usually based on vege-
tation indexes such as NDVI or EVI or soil moisture 
(drought) measured by satellite sensors. 
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KEY CHALLENGES OF INDEX INSURANCE

Agricultural insurance is an effective risk manage-
ment instrument but the actual uptake of insu-
rance products is hampered by availability (dis-
tribution models), sufficient information about 
the existing insurance solutions, timeliness of loss 
payment, complexity of claim handling process 
and fairness of the payouts. 

Farmers expect loss payment within 2-4 weeks 
after a loss event or within 30-45 days after har-
vest completion. For total loss cases, the payment 
process can be very quick when it is evident that 
the assets are lost but with crop damage, some 
time may be required to understand the extent 
of damage. Traditional indemnity insurance usual-
ly complies with this requirement but sometimes 
this takes some time and involved some administ-
rative work also on the farmers’ side. Sometimes 
farmers also have reservations in respect of objec-
tivity of loss assessment. 

Index insurance products provide a good alterna-
tive to traditional insurance as the payment can be 
performed by the insurer without loss assessment 
inspections once the insured event is triggered. 
Currently remote sensing data providers can sup-
ply data for claim processing quickly (1 to 5 days) 
with short time required for data acquisition, pro-
cessing, reporting and delivery to the insurer. This 
is sufficient for insurers with claims handling cycle 
to fit within 2-3 weeks which must be in line with 
farmers’ expectations.

The key challenges for weather index, parametric 
and satellite data index products are the accuracy 
of data and payout correlation with the farmers’ 
actual crop yield loss or animal loss. Correlation 
between loss compensation and actual loss is the 
critical factor for any index insurance product. The 
farmers are usually tolerant to certain difference 
in loss estimation (eg. 10%) and may object loss es-
timates if the difference is larger. 

Several types of basis risk are critical for the suc-
cess of index insurance programs that are summa-

rised in Figure 3.

Insurance practitioners often rely on third-party 
data to support an index design. A good working 
relationship with the 3rd party to understand im-
pacts (data and operational) is important and can 
influence the degree of “basis risk” within the sys-
tem. 

The satellite Earth Observation (EO) technologies 
may help reducing basis risks for agricultural index 
insurance products. This requires additional ins-
truments or new sensors on satellites as well as 
enhanced models and innovative index design me-
thodologies to mitigate the basis risk impact. The 
ultimate objective is to improve the correlation 
between remote sensed parameters and the crop 
condition or yield estimation at each field insured. 

Satellite data-based index insurance products 
have been introduced as an alternative solution 
to weather index insurance. Vegetation indexes, 
calculated using earth observation data, help to 
assess crop condition at a specific field with the 
definition of problem spots at high resolution. Sa-
tellite imagery provides a good view of the crop 
development from emergence to harvest time. A 
big advantage of vegetation indexes when com-
paring to weather indexes is that they capture the 
impact of multiple factors that are important for 
crop development (e.g. soil water holding capaci-
ty, crop response to meteorological conditions), 
as well as the problems originating from crop ma-
nagement practices. 

Satellite vegetation data proved to be useful for 
insurance of pastures and forage crops when it is 
necessary to assess the volume of the green mass 
produced at the field. Vegetation index insurance 
products have been tested in different countries 
with the working programs in the USA and Cana-
da. At the same time, vegetation index insurance 
products for field (non-pasture) crops are still in 
a development stage due to the difficulty to esta-
blish an accurate correlation between vegetation 
indexes and crop yields. 

CUSTOMER NEEDS

BASIS RISK

SATELLITE DATA-BASED INDEX INSURANCE
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Figure 3: Types of basis risk that are critical for the success of index insurance programs.
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Optical satellite data is available practically for all 
agricultural regions in the world since the early 
80’s at low resolution while the public access to 
high resolution data with a frequent revisit time 
is opened since the operationalisation of the Sen-
tinel 2 satellite in 2016. These data can be used by 
insurers for premium rate setting purposes which 
is especially useful when the insurers covered only 
some percentage of the crop in the previous sea-
sons and historical loss adjustment records may 
not be representative for a specific region. Besi-
des optical satellite imagery, radar data is a good 
source of information on crop growth. Its main ad-
vantage is that it can penetrate to clouds and thus 
also provides crop information in cloudy periods. 
Publicly available high resolution radar (SAR) data 
are available for the last 7 years since the launch 
of Sentinel 1. 

The key challenge for insurers is the interpretation 
of vegetation data. While vegetation indices pro-
vide a good measure of the greenness of the ca-
nopy (e.g. NDVI), or photosynthetic activity (e.g. 
fAPAR), they do not directly correlate with crop 
yield. The main reason for this is that the under-
lying processes impacting yield are not directly 
observed and these effects are not always visible 
in the canopy. For example, frost or heat stress 
events at flowering stage (e.g. during the maize 
fertilization stage) or lack of moisture during crop 
maturity stage. Extensive in-situ measurements 
are required to adjust the index methodology and 
to develop accurate correlation calculations for 
the vegetation indexes to provide accurate yield 
estimation.

The other requirement is the revisit schedule for 
data collection. Currently most satellites deliver 
optical or radar data every 3-7 days which is suf-
ficient for crop monitoring but not practical for 

loss estimation. Optical vegetation data may not 
be available for a continuous period of time if the 
area of interest is under cloud cover. Recent de-
velopments to merge both optical and radar data 
streams support however an ensured continuous 
monitoring of crops. 

Vegetation imagery data is challenging to interpret 
for insurers. The insurance companies usually do 
not have scientists or vegetation data experts to 
provide accurate advice on the crop condition and 
the extent of loss. Also, the insurers must make 
quick decision on crop condition (underwriting) or 
damage/loss, especially when crop is being affec-
ted by high risk events. The insurers need techno-
logy solutions to provide analytical reports based 
on satellite data with accurate advice on the crop 
condition or loss. 

The key requirements to the satellite vegetation 
data to be used for index insurance products:

• Seamless data flow with as short as possible 
revisit schedule;

• Automatic data interpretation and provision 
of data for claim calculation or crop assess-
ment;

• Calibration of satellite data to increase accura-
cy of crop yield and green mass volume esti-
mates;

• Accurate crop type identification, using both 
historical and real-time satellite data;

• Affordable pricing for satellite data and sus-
tainable delivery models to be in line with the 
insurers processes and needs.

• Flexibility to adjust to insurers specific requi-
rements
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WHERE CAN EO CONTRIBUTE?

The EO industry can support agricultural insurers 
with huge volume of historical and near-real time 
data for any type of insurance products. The cost 
of data has reduced significantly currently with 
different resolution available to meet the insurers’ 
needs. Satellite industry can supply data for port-
folio monitoring, underwriting, loss adjustment 
and claims handling. 

The key challenges of EO industry are the affor-
dable and easy-to-integrate technology solutions, 
generating the required analytical reporting, pro-
viding sufficient accuracy of crop loss and/or crop 
yield estimation and developing pricing models. 
Often insurance companies lack EO experts with 
sufficient agricultural background, which slows 
down the introduction of technology-driven solu-
tions for agricultural insurance. 

Insurers require the processed data to enhance 
their underwriting and loss adjustment processes, 
better manage moral hazard, adverse selection 
and asymmetry of information. From the practi-
cal perspective, insurance experts need additional 
data and technology for quick and efficient ma-
nagement of underwriting decisions and loss ad-
justment assignments.

As it was discussed earlier in this document, in-
tegration of new technology solutions into the 
existing insurance IT systems may be challenging, 
especially from the cyber security perspective. 
Specific satellite remote sensing and weather 
data, required for agricultural insurance underwri-
ting and loss adjustment, may not be relevant for 
the general insurance IT systems. It is suggested 
that the stand-alone platforms may be a cheaper 
and more practical solution to meet the needs of 
agricultural insurance providers. However, such 
solutions must include specific functionalities to 
allow agricultural underwriters and loss adjusters 
to download the necessary documents and re-
ports into the general IT systems. This relates to 
analytical reports and specific information suppor-
ting underwriting decisions which must be saved 
to the individual underwriting files. Claims hand-
ling team must obtain and store the available in-
formation (yield estimation, crop damage maps, 

indexed imagery, index and trigger calculation 
spreadsheets, claim bordereaux, etc.)  for future 
references in case the insured farmers would raise 
a dispute relating to the accuracy of loss assess-
ment and claim calculation. 

The new technology solutions for traditional, in-
dex and hybrid insurances may provide automa-
tic or on-demand queries for high resolution data 
which may be required for specific fields or crop 
areas. This will be an important element of new 
platforms when applied to area yield index and hy-
brid insurance programs. This functionality will be 
of great use for traditional indemnity insurance to 
assist loss adjusters with crop loss and yield esti-
mation at multiple fields5.

The new platforms must be flexible to integrate 
various types of the existing and new types of 
data, including but not limited to optical and ra-
dar imagery, historical and near-real time weather 
data, soil moisture information, etc. The historical 
imagery and weather data can be utilized for pre-
mium rate setting, premium rate adjustment per 
individual farmers or fields and making underwri-
ting decisions as for “insurability” of specific risks. 

Several years ago, insurers struggled to get cor-
rect field location data but recently this is a mana-
geable issue. The new platforms must be able to 
process any field identification data including GIS 
files (shp, kml, kmz, etc.) or GPS coordinates with 
automatic identification of the field boundaries. 

It is advisable to include a portfolio mapping func-
tionality to the new platforms to allow insurers 
easy monitoring of their portfolio practically in 
real time. Crop type identification feature can be 
of great assistance to the insurers to understand 
the total crop area and to compare it with the ac-
tual insured area (market share management and 
insurance penetration discovery). Some insurers 
offer several agricultural insurance products in 
addition to index insurance – portfolio mapping 
feature will provide insurers with very important 
information for portfolio and product manage-
ment, reinsurance submissions, risk accumulation 
monitoring and business planning.

Risk pricing web-based solutions for index insu-
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rance are already used by insurance companies 
and calculation agents. Often index product struc-
turing (trigger identification and payout schedule 
design) and pricing are very straightforward, 
especially if single data sets are used (rainfall data, 
NDVI indices). This results in a significant basis risk 
for farmers, especially if coarse data resolution 
and large grid cells are used, affecting the general 
index product acceptance and the customers’ le-
vel of trust. The future platforms can merge diffe-
rent data sets, including historical yield and weat-
her data, as well as loss adjustment data available 
at the insurance company. Such additional data 
can be applied for stress-testing index products to 
identify any problems with product design or trig-
ger response in specific regions.

The most important GEO-information require-
ments for index products include:

• High-temporal/special uninterrupted data se-
ries;

• Soil type mapping (premium rate adjustment);

• Soil moisture monitoring (embargoes, applica-
tion deadline adjustments, actual soil moistu-
re index products);

• Identification and verification of field location 
and boundaries (accuracy of insurance cover-
age);

• Crop type identification (market share, port-
folio management, reinsurance submissions, 
marketing campaign adjustment, etc.);

• Crop vegetation monitoring, including ear-
ly vegetation stress identification (portfolio 
management, policy cancellation, fraud and 
moral hazard management, large losses early 
warning for logistical arrangements and re-
source preparedness);

• Crop emergence and harvest dates forecas-
ting;

• Crop yield monitoring and yield estimation 
(loss adjustment, claim calculation, fraud and 
moral hazard management);

• Crop damage or loss identification based on 
vegetation index and weather data (identifica-
tion of risk events and impact severity assess-
ment, identification of total loss cases, more 
accurate loss adjustment in-field inspections, 
claim processing, fraud and moral hazard ma-
nagement);

• Biomass monitoring (pasture and forage crops 
insurance solutions, production practice moni-
toring)

The desired functionality of new technology solu-
tions for agricultural insurance may include auto-
matic alerts about the forecasted risk events with 
client communication products to be developed 
by the insurance companies in the future. This can 
be achieved by merging weather, SAR and optical 
data sets with dashboards providing the import-
ant information to the insured farmers.
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WHAT‘S NEXT?

EO industries are rapidly developing, enhancing 
data interpretation algorithms and generating 
new opportunities for index insurance applicati-
ons. It is expected to experience larger inflow of 
new data from recently launched and future plan-
ned missions by institutional satellite operators 
such as ESA and NASA. Private satellite operators 
also show high interest in enhancing temporal 
and spatial resolution of new incoming data, pro-
viding commercial access to very high-resolution 
(VHR) optical datasets that already offer insurers 
capabilities to address agricultural underwriting 
and loss adjustment needs. The existing sub-me-
ter resolution data already allows nowadays to 
address the challenges of index insurance. With 
the application of VHR optical data it is possible 
to better distinguish the risk effects with a much 
higher precision. VHR can be applied to manage 
basis risk in index insurance. In case if the trigger 
was not met but the insured farmer claims a loss, 
the insurer can verify loss using VHR imagery and 
weather data. 

EO data operators will continue researching for 
better correlation of new data with crop loss and 
yield estimation and enhancing identification of 
crop damage using VHR optical and SAR datasets. 
While the technologies have strongly developed in 

the recent years (mainly by using artificial intelli-
gence), the lack of ground based reference data to 
train and validate EO products is one of the main 
bottlenecks in a further operationalization of the-
se services. In this context, collaborations are nee-
ded between the Earth Observation sector (which 
have the technology) and the agro-insurance sec-
tor (which have a better access to field data). 

Insurance industry, pushed by COVID-19 effects, 
will continue introducing EO technologies in busi-
ness processes. Insurers will require more con-
sistent and precise data interpretation to further 
deploy EO technologies. It will supplement their 
portfolio management and future product de-
velopment. At a time, insurers lack internal EO 
specialists who will be able to operate available 
data and generate necessary reports on their own. 
EO industry is expected to better accommodate 
the existing capacity gap and address the insurers’ 
needs with better data exchange and reporting 
capabilities, enhancing functionality to achieve 
better underwriting decisions and optimize timing 
for faster indemnity payouts.

Another instance of future EO application is con-
sidered for merging the traditional indemnity 
insurance products with innovative index solu-

Figure 4: Demonstrator platform developed during the ESA EO Best Practice for AgroInsurance project.
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tions, pushing the market towards the technolo-
gy-driven hybrid insurance covers in agriculture. 
Innovative data-driven approaches in agricultu-
ral insurance will assist underwriting and claims 
to automate part of existing business processes, 
enhancing claims settlement and assuring faster 
indemnity payouts to the farmers. Solutions capa-
ble to provide multiple data layering, generating 
required reports with more precise estimations on 
crop yield or damage extent would attract more 
interest of agricultural insurers in the future.

Area-yield index insurance solutions will evolve se-
arching for better data to get higher crop yields 
correlation to decrease the existing level of basis 
risk and rationalize yield estimation procedures. It 
is possible that the EO industry will develop new 
types of indexes to better identify the individual 
signatures of specific crop types from the emer-
gence stage, including accurate identification of 
such look alike cereal crops as wheat, rye, barley, 
oats, etc.

New ways of crop yield estimation may be deve-
loped in near future. Application of artificial in-
tellect and machine learning, big data processing 
algorithms together with the enhanced indices 
developed using the satellites may help us to esti-
mate crop yields with higher accuracies.  To date, 
the vegetation indices used currently for monito-
ring crop condition often do not correlate with the 
crop yields at the level acceptable for insurance 
solutions. Instead, more accurate crop yields can 
be expected by using multi-sensor approaches 
combining optical, radar, hyperspectral and fluo-
rescence data together with soil and weather in-
formation. These data should be ideally connected 
with real time ground based yield data such as col-
lected by sensors on-board of tractors during har-
vest, or yield losses quantified by loss adjusters on 
the field. In this way the highly accurate yield data 
collected on the parcel can be fed immediately 
into operational satellite based model, improving 
their quality. 

Currently EO industry provides practical solutions 
for measuring soil moisture using passive micro-
waves in the top soil layer (5-10 centimeters). This 
technology is already used for soil-moisture index 
insurance to help farmers mitigate the negative 
impact of severe droughts. Although the moistu-
re content in the top soil lets us assess the water 
available for the plants this concept does not take 
into account the water reserves in the deeper soil 
layers which agricultural crops can reach as their 
root system develops. Measuring deep soil (1-1,5 
m) water content through the enhanced remote 
sensing will allow better index insurance designs 
for drought management. Combination of top 
and deep soil water measurements with other im-
portant parameters (evapotranspiration, relative 
humidity of air, etc.) can lead to development of 
sophisticated models which can be the basis for a 
new generation of agricultural insurance products 
in the future.

Hybrid insurance solutions will further emerge on 
the global insurance market involving more insu-
rers and EO data providers to jointly search for so-
lutions and address the needs of insured farmers. 
Parametric index insurance products possess the 
highest potential for future insurance applications 
for disaster risk management and post-recovery 
activities. They will continuously evolve towards 
addressing more risks and crops on farmers’ spe-
cific demands. Parametric catastrophe index insu-
rance covers will develop further with the assis-
tance and support of national governments and 
international development organizations, with in-
surance cover applied at meso- and macro- levels 
(national scale). 

Further attempts in combining various EO data lay-
ers will generate more opportunities for agricultu-
ral insurance, crop monitoring and yield estimati-
on in the future. The comprehensive reporting will 
assist in efficient portfolio management, comple-
menting the development of better insurance sa-
les and more efficient client targeting strategies.
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