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Lloyd’s of London disclaimer

This report has been co-produced by Lloyd's for general
information purposes only. While care has been taken in
gathering the data and preparing the report Lloyd's does
not make any representations or warranties as to its
accuracy or completeness and expressly excludes to the
maximum extent permitted by law all those that might
otherwise be implied. Lloyd's accepts no responsibility or
liability for any loss or damage of any nature occasioned
to any person as a result of acting or refraining from
acting as a result of, or in reliance on, any statement,
fact, figure or expression of opinion or belief contained in
this report. This report does not constitute advice of any
kind.

© Lloyd's 2018. All rights reserved.
About Lloyd’s

Lloyd's is the world's specialist insurance and
reinsurance market. Under our globally trusted name, we
act as the market's custodian. Backed by diverse global
capital and excellent financial ratings, Lloyd's works with
a global network to grow the insured world — build the
resilience of local communities and strengthening global
economic growth.

With expertise earned over centuries, Lloyd's is the
foundation of the insurance industry and the future of it.
Led by expert underwriters and brokers who cover more
than 200 territories, the Lloyd’s market develops the
essential, complex and critical insurance needed to
underwrite human progress.
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RMS'’s disclaimer

This report, and the analyses, models and predictions
contained herein ("Information"), are generally based on
data which is publicly available material scientific
publications, publications from Indian Government,
insurance industry reports, unless otherwise mentioned
(data sources will be provided) along with proprietary
RMS modelled data and output and compiled using
proprietary computer risk assessment technology of Risk
Management Solutions®, Inc. ("RMS"). The technology
and data used in providing this Information is based on
the scientific data, mathematical and empirical models,
and encoded experience of scientists and specialists
(including without limitation: earthquake engineers, wind
engineers, structural engineers, geologists,
seismologists, meteorologists, geotechnical specialists
and mathematicians). As with any model of physical
systems, particularly those with low frequencies of
occurrence and potentially high severity outcomes, the
actual losses from catastrophic events may differ from
the results of simulation analyses. Furthermore, the
accuracy of predictions depends largely on the accuracy
and quality of the data used by RMS.

The recipient of this Information is further advised that
RMS is not engaged in the insurance, reinsurance, or
related industries, and that the Information provided is
not intended to constitute professional advice. RMS
specifically disclaims any and all responsibilities,
obligations and liability with respect to any decisions or
advice made or given as a result of the information or use
thereof, including all warranties, whether express or
implied, including but not limited to, warranties of non-
infringement, merchantability and fithess for a particular
purpose. In no event shall RMS (or its parent, subsidiary,
or other affiliated companies) be liable for direct, indirect,
special, incidental, or consequential damages with
respect to any decisions or advice made or given as a
result of the contents of this information or use thereof.

©2018 Risk Management Solutions, Inc. All rights
reserved.

About RMS

RMS is the world’s leading catastrophe risk modelling
company, creating a more resilient and sustainable
global society through a better understanding of
catastrophic events. From earthquakes, hurricanes, and
floods, to terrorism and infectious disease, RMS helps
financial institutions and public agencies understand,
quantify, and manage risk.
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Key contacts

Trevor Maynard, Lloyd’s
Head of Innovation
trevor.maynard@Iloyds.com

Olivier Bode, RMS
Global Agricultural Risks Product Manager
olivier.bode@rms.com

For general enquiries about this report and Lloyd’s work
on innovation, please contact innovation@Iloyds.com

Harvesting opportunity — exploring crop (re)insurance risk in India

About the authors

Alice Stuart-Menteth, PhD, is a consultant to Risk
Management Solutions. She holds a PhD in
Oceanography from the University of Southampton. Alice
joined RMS in 2005 and more recently has worked as a
consultant to the company. Alice has been responsible
for the product management of several RMS European
climate hazard models and more recently has been
involved in RMS Asia-Pacific models, including the India
Agriculture Model. Prior to joining RMS, Alice worked for
WeatherXchange Ltd, originally a U.K. Met Office joint
venture weather derivatives business.

Auguste Boissonnade, PhD, is a Vice President at Risk
Management Solutions. He has more than 30 years of
practical experience in developing natural catastrophe
risk models around the world. Auguste collaborated with
RMS in 1992 where he was the original architect of the
RMS hurricane loss models and later led the technical
development of the RMS weather derivatives risk
products and of agriculture risk models in southeast Asia.
Auguste led several technical teams for the development
of various RMS climate and wildfire hazard models as
well as economic post event loss amplification models.
Before joining RMS, Auguste was a project leader at
Lawrence Livermore National Laboratory and consulting
professor at Stanford University.

Christine Ziehmann, PhD is a Vice President at Risk
Management Solutions. She holds a PhD in meteorology
from the Free University of Berlin on the topic of chaos
and predictability of weather. Christine joined RMS in
2001 as a modeller to build Climetrix®, RMS’ online and
real-time weather derivative pricing and portfolio
management application. She has had various roles in
RMS and is now responsible for the product
management of climate hazard models such as typhoon
and flood in the Asia Pacific regions.

Olivier Bode, MENng/MSc, is the product manager of
Global Agricultural Risks at Risk Management Solutions.
He is an agricultural bioengineer, with over 15 years of
managerial experience, specialised in agriculture, risk
governance, climate change adaption and natural
resource management. Olivier has a BSc and MSc in
Agricultural Bioengineering (1998) at the Université Libre
de Bruxelles, and then studied a MBA at the Haute Ecole
Groupe ICHEC (1999). He worked several years for the
Ministry of Agriculture in Chile as a Regional Irrigation
Program Coordinator. He then founded his own
companies in Chile. Olivier recently returned to university
with an MSc in Environmental Technology at Imperial
College London and he is completing a PhD at the
Imperial College London on climate change risks and
uncertainty for crop production and agricultural supply
chains.


mailto:trevor.maynard@lloyds.com
mailto:olivier.bode@rms.com
mailto:innovation@lloyds.com

04

Acknowledgements

RMS project team and area of expertise

- Harvinder Singh, Principal Engineer, Agriculture
Models, India

- Rakesh Chandra Joshi, Agriculture Modeler and GIS
specialist, India

- Kuntal Singh, Agriculture Risk Modeler, UK

- Mahesh Ambadas Shinde, Senior Climate Modeler,
India

- John Brierly, Model Product Management, UK

- Hemant Nagpal, Director, Asia-Pacific Model Product
Management, Singapore

- Vikas Wadhera, Director, Asia-Pacific Model Product
Management, India

- Shweta Shanker, Senior Software Engineer, Agriculture
Models, India— Maurizio Savina, Director, India and
Europe Flood Product Manager, Switerland

- Navin Peiris, Senior Director, Model Development, UK
- Laurent Marescot, Senior Director, Model Product
Management, Switzerland

Lloyd’s project team

- Dr Trevor Maynard, Innovation

- Dr Keith Smith, Innovation

- Anna Bordon, Innovation

- Elaine Quek, Marketing and Communications

- Linda Miller, Marketing and Communications

- Flemmich Webb, Speech and Studies

- Shankar Garigiparthy, Country Manager & CEO,
Lloyd’s India

Harvesting opportunity — exploring crop (re)insurance risk in India

The following people were interviewed, took part in
workshops or roundtables, or commented on earlier
drafts of the report; we would like to thank them all for
their contributions:

Insurance industry interviews and consultation
- Dominic Oldridge, AEGIS London

- Kishor Gohil, DVKA Consultants Limited London UK
- David Gregori, Canopius

- Bob Mellor, MS Amlin

- Dominic Stoffel, MS Amlin

- Shilpa Pankaj, Guy Carpenter

- Christopher Coe, Aon

- Salah Dhouib, Liberty Specialty Markets

— Tom Philp, XL Catlin

- Joji Mathew, XL Catlin

- Xianglong Gan, Renaissance Re

- Teddy Wong, Ironshore

- Anil Bhargava, Ironshore

Further thanks go to the following for their expertise,
feedback and assistance with the study:

Lloyd’s Market Association

- Mel Goddard, Market Liaison & Underwriting Director
- Patrick Davison, Manager, Property, Reinsurance and
Delegated Underwriting

Lloyd’s

- Shruti Sharma, Market Intelligence

- Irene Dang, International Regulatory Affairs

- Eleanor Gibson, Class of Business Underwriting
Performance

- Nigel Ralph, former Class of Business Underwriting
Performance



Executive summary 05

Contents

EXECULIVE SUMIMIAIY ... .eeeeiee e ettt e e e ettt bttt e e e e ookttt e e e e e e a4 e o st bttt e e ee e a4 e aan b be et e e e e e e o e abbbe e e e e e e e a4 nRbbbe e e e e e e e e e nbbbeeeeaaeeesannbbbneeaaaaaann 6
1o To (U111 o] o RSP P PP PTPPPP 14
1. Overview Of Crop (FE)INSUFANCE 1N INOIA .....cciii ittt ettt e e e e et e et e e e e e s b b e et e e e e e e s e aanbbeeeeaaeeeaannnbbeeaaaaaans 17
1.2 INSUFANCE MATKET OVEIVIEW .....eiiiiitiee ittt e ettt e ettt e sttt e ekttt e 4 ettt e s s b e e o4 a kbt e e 4R bt e e e a bt e e e s b et e e s s ke e e e e anbn e e e e nbn e e e e anreas 17
V2 [ o IT= Ta e o] o o)V =T AV = AR PPRTT TR 18
1.3 CrOP INSUIANCE OVEIVIEW .......ieitiiiteeeeeeattteeeee e e e e s aebtteeeea e e s e aaabeeeeeee e e aaabebeeeeea e e e o nb bbb eee e e e e s e amnbbeeeeaae e e e nbbbbeeeaaaeesannrnnneeas 27
1.4 CrOP FEINSUIANCE OVEIVIEW. ... ..tteeteteeeiittteeetaaaeaaaateteeeaaaaaaaanbeeeeaeaaeaaabebeeeeaae e s s nsbeeeeeeaeeaaamnbbeeeaaaeeeaanbbbbeeeeaasesannbnnneeas 44
1.5 Future of crop (re)iNSUFANCE 1N INOIA ... ..eeeiiiiiee et et e e e e e s ab bt e e e e e e e s e sbbbe e e e e e e e e aanneneeas 45
2. The impact of weather and climate on crop yield and Crop inSUranCe I0SSES ........c..uvviiiiiiiiiiiiiiie e 50
2.0 OVBIVIBW. ..ttt ettt ettt ettt e e ettt e oo a bt e e ookttt e e ook b et e o4k E et e o4k E et e o4 E R e e 4o oAk R et 44 oAk b e e o4 oA R R e e e e an R Rt e e e R R Rt e e e R b et e e e an b e e e e e anrr e e e e nres 51
2.2 Importance of the Monsoon on INAian agriCUIUIE ............oui e e e e e e e e e anes 53
2.3 Impact of extreme events on crop YIields in INAIA...........oooiiiiiiii e e e e e e 54
T @ (o] o ¢ 151 @ 4o o (=11 1T o TSP UPPTT PR 56
3.1 Limitations Of NISTOMCAI FECONTUS ... ..eiiiitiiie ettt ettt e e ekt e e ekt e s et et e e et e e e s anbb e e e s anbreeeeanres 58
I @l (o] o 1 14T To 1] - PP P TP UPTRRN 59
3.3 Application of crop models to re(insurance) crop risk MOAelliNg .........cooiiiiiiiiiiiiii e 60
3.4 Benefits of Crop FSK MOAEIIING .........ooii ettt e e e e e e s bbb e e e e e e e e s e snbbeeeaaaeesaannnes 61
o N (8 (o (Yol [ o [F= T ol (o] o N 1] QP PPTTP R 65
4.1 RMS India AQHCUIUIE IMOTEI ... ...ttt e e oo ettt e e e e e e e s bbb e e e e e e e e e e asnbbeeeeaae e e e nnnbbeeaaaaaeas 65
4.2 PMFEBY MOGEI FESUILS........eeeieiieieie ittt ettt et e e e s a bt e e e ek et e e e ek b et e e s sk b et e e e abbe e e e s abbe e e e abbeeeesbreeeeanns 69
4.3 MOEIING SUMIMIAIY ...ttt e ettt et e e o4 oo b ettt et e e e e e s o ab e beeeea e e e e o nnbebeeeeae e e e aanbbeseeeaeeeaassbbeeeaaaee s e nnabneeaaaaaean 97
5. Correlation between crop and property INSUFANCE FISK .......coiiuuiuiiiiie ittt e e et e e e e e et bbe e e e e e e e e sanbeeeeas 99
5.1 Natural peril risks iImpacting CrOPS AN PrOPEITY ....uueiieiieee ettt ettt et e e e s ettt e e e e e e saabebeeeeaaeeesannbereeeaaesaaannes 99
5.2 EXPOSUIE QISLIDULIONS ...ttt e ettt e oottt e e e e oo e s s st bttt e e e e e e o e ab b be et e e e e e e e nbabbeeeaaaeeeanbnbneeaaaanaan 101
5.3 Potential drivers Of COMEIAtEA [0SS ........uuiiiiiiiiii et e e e e s ra e e s ss b e e e e ssbe e e e s anneeeeaaes 103
5.4 Overall risk Of COrrelated INSUMEA IOSSES .....couiiiiiiiiiie ittt e et e e e e s s b e e e s asbe e e e s snbe e e e s anneeeeaaes 108
LS o] T 11 ] (o] o £ OO P PP OPPPP PP 111
T =] =T ot TP PP PPPPRPPPPPRPTN 113
P Y o] 01T g Lo [Tt T PR PPPPT 123

Harvesting opportunity — exploring crop (re)insurance risk in India



Executive summary

06

Executive summary

This report provides insurers interested in reinsuring crop
business schemes in India with an overview of the
(re)insurance market, a detailed description of the impact
of weather (monsoon and extreme events) on crop yields
and losses, and a description of the benefits of using
probabilistic crop models to quantify India’s crop risks.
The report also provides an assessment of the
correlation between crop and property insurance in the
country.

By understanding Indian (re)insurance crop risks better,
insurers can improve their portfolio exposure
management, set appropriate limits and gain the
confidence to expand into this fast-growing market.

This report is aimed at underwriters and exposure
managers who are or will be exposed to crop risks in
India.

Key facts

— India is the world’s second largest agricultural
economy after China with an Agriculture
Gross Domestic Product of USD 392 billion
(about 17% of the country’s GDP).

— Crop insurance is now the third largest non-
life market segment in India behind motor and
health, with premiums around USD 3.3 billion.

— India has two main cropping seasons: Kharif
(July-October) and Rabi (October-March).

— More than 60% of crops in India remain
uninsured.

— No crops in India are safe from crop damage
given the wide-range of weather events India
is exposed to.

— Droughts cause most the widespread damage

to crops, particularly as less than 50% of
crops in India are irrigated.

Harvesting opportunity — exploring crop (re)insurance risk in India

Key facts

During Kharif 2016, an average monsoon
year, crop claims were just under USD 1 billion
(Bushan & Kumar 2017).

The Government aims to reduce the protection
gap via the latest crop insurance scheme
PMFBY. This will require the capacity and
resources of the international (re)insurance
market.

Crop treaties cover an annual period, with
renewal typically on 1 April, covering both
PMFBY and RWBCIS schemes for both
seasons. Due to PMFBY’s timelines and that
insurance companies prefer reinsurance to be
in place prior to the tendering process,
exposures and rates at the time of treaty
underwriting are relatively unknown.

Quota share proportional treaties are most
commonly used for Indian crop. Stop loss
treaties are purchased in addition to the quota
share treaties to protect companies from very
high claim ratios.

Crop models provide greater insight into next-
year possible outcomes by simulating realistic
adverse weather events that have not
occurred in the past based on the true
frequency of recent historical events.

Property business contributes to around 9%of
Indian non-life premiums (USD 1.9 bn),
compared to 16% for crop. The correlation
between large crop and property losses is
likely to be at regional scale and event
dependent. As the non-life insurance market
grows in India to reduce the protection gap,
the risk of large correlated losses is likely to
increase. It is vital that this risk is supported by
the reinsurance market to better protect India
against natural disasters.
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Crop (re)insurance — a growing
market

India is the world’s second largest agricultural economy
after China with an Agriculture Gross Domestic Product
of USD 392 billion (CIA World Fact book, 2016) - about
17% of the country’s GDP. Around 50% of the population
is employed in agriculture. Farming in India is generally
localised in scale (subsistence agriculture), with more
than 100 million farmers?®, and an average farm size of
only 1.3 hectares (Department of Agriculture,
Cooperation and Farmers Welfare). India’s crop
production has increased in terms of both land area
devoted to crop production and yield. The latter has been
largely achieved thanks to crop management and
technology improvements such as fertilisers use, seeds
genetics and widespread irrigation schemes (known as
the Green Revolution®).

With agricultural risk increasing from a growing
population coupled with the related impacts of land use
changes, water scarcity and climate change,
governments around the world are increasingly interested
in building more resilient agroecosystems. (Re)insurance
can play a key role in this by transferring risk. In 2015,
the crop insurance take-up rate across all farmers in
India was around 22% (Press Information Bureau, PIB,
Dec 2016 press release). In 2016, a new crop insurance
scheme was introduced by the Government known as
Pradhan Mantri Fasal Bima Yojana (PMFBY) with the
intention to expand crop insurance coverage to 50% of
farmers by 2018 (Business Today, 2016). It is designed
to close the agricultural protection gap for Indian farmers
who suffer potentially dramatic consequences in years
when monsoon rains are delayed or other adverse
weather impact crops.

As part of this new scheme, the sums insured have
significantly increased, which has resulted in a huge
increase in market insurance premiums by nearly 300%
(General Insurance Council, GIC Industry Data Statistics,
March 2017) from about USD 850 million in 2015/16 to
more than USD 3 billion in 2016/17. As a result of this
growth, General Insurance Corporation of India (GIC) Re,
which has first rights on Indian reinsurance business, has
become the world’s largest agricultural reinsurer, with
crop premiums of USD 1.6 billion, recording an 80%
growth in total premiums in the first year of the PMFBY
scheme. Crop insurance is now the third largest non-life
market segment in India behind motor and health, with

 Note: the reported number of farmers varies between 100-138 million,
depending on the source and census method.

® The Green revolution was a period that started in early 1960s and saw
agriculture in India increasing due to improvement in method and

technology.
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premiums around USD 3.3 billion (INR 206 bn) in 2016-
17 (GIC Industry Data Statistics, March 2017), placing it
third in terms of global agricultural insurance premiums
behind the US and China. Industry statistics from the
General Insurance Council suggest an increase in crop
premiums in 2017-18, although this is in contrast to a
recently reported drop in the insured crop area, number
of farmers and sums insured in 2017-18 to below 2016-
17 levels (Financial Express, 2018).

Crop insurance is administered at state level. For states
opting to implement crop insurance schemes, coverage
has been compulsory for farmers with seasonal
agricultural operations loans from banks (loanee farmers)
since 1999. For the farmers without loans (hon-loanee
farmers®), crop insurance is voluntary and despite
Government subsidies, take up is currently less than 5%
(Bushan & Kumar, 2017). Crop insurance is typically
issued separately per crop per growing season. Districts
within each state are grouped into clusters with the
intention to diversify risk and insurance companies bid
per cluster, via the state governments. Crops are at risk
from damage throughout the entire growing season from
the planting time through to post-harvest when crops are
cut and spread out to dry in the fields. Today’s crop
insurance policies in India provide protection for the
entire period. Currently, in India, around 25-30% of food
crops and around 44% of oilseed crops are insured
(Pocket Book of Agricultural Statistics 2016, DAC-FW).
To date, insurance is predominantly purchased for Kharif
crops (cultivated July — October) (DAC-FW May 2014
report), which is more dependent on the monsoon
compared to Rabi crops (cultivated October — March)
(see Section 2 for more detail).

Crop treaties cover an annual period, with renewal
typically on 1 April, covering both Pradhan Mantri Fasal
Bima Yojana (PMFBY) and Restructured Weather Based
Crop Insurance Scheme (RWBCIS) schemes for both
Rabi and Kharif seasons. Due to PMFBY’s timelines and
that insurance companies prefer reinsurance to be in
place prior to the tendering process, exposures and rates
at the time of treaty underwriting are relatively unknown.
Buffers that account for uncertainty in the final tendering
outcome and farmer enrolment are built into the
reinsurance contracts. Because of this uncertainty, quota
share proportional treaties are most commonly used for
Indian crop business as it is an effective way to cede
“unknown” risk, usually with low retentions. They are also
attractive to insurance companies who do not have

¢ The total number or percentage of non-loanee versus loanee farmers
is a grey area and not clearly reported. Non-loanee farmers might be
loanee but via different channels i.e. loaning for local lenders. In West
Bengal, the state waived off the farmer’'s premium contribution so
insurance is not truly voluntary (non-loanee). In Maharashtra, the
scheme is voluntary for all farmers and thus loanee farmers have been
mis-classed as non-loanee (Bhushan & Kumar 2017).
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sufficient capital to retain their entire crop portfolio. Stop
loss treaties are purchased in addition to the quota share
treaties to protect companies from very high claim ratios.
Traditionally, many Indian crop stop loss treaties have
similar attachment and limits regardless of the exposure
mix (states, crops, season, scheme) and company
(underwriting practices, reserve strength, risk appetite),
suggesting that treaty conditions are not technically-
based. However this is starting to change with smaller
portfolios typically having higher limits. Stop loss treaties
usually start around 110-140% and many cap at around
200-250% loss ratio, depending on the state.

The market needs confidence that crop insurance
schemes in India are transparent, fair and properly
implemented. The Government has recently prioritised
gathering and maintaining a centralised data portal
including historical yield and loss data, sums insured and
premiums, that is available to all interested parties to
better assess and price risks. Improvements are required
to the claims settlement process to ensure claims are
reliable and payments can be settled quickly. The
government has stepped up the drive to implement
technology (digital insurance platforms, smart phones,
drones, satellite imagery) to identify areas of damaged
crops and support a more efficient and audited
assessment of crop yields and claims (traditionally done
by crop cutting experiments requiring a large pool of
human resources that are not always available or
adequately trained).

As the Indian crop market stabilises and matures,
innovative products may become available to better suit
the farmers. In some countries, such as the US, crop
revenue based schemes have been available for several
years to protect farmers against revenue shortfalls when
commodity prices decrease, for example, as a result of
surplus supply in years with above-average yields. Crop
revenue protection in India is beginning to appear, and
may increase in the future given the recent difficulties
faced by some farmers following the bumper harvest in
2016 and the subsequent crop price drop.

The importance of weather

Crop yields are dependent on weather-related conditions,
soil type, pest and disease occurrence and management
practices such as crop selection, use of pesticides and
fertilisers, labour schemes and agricultural technology
adoption like irrigation. Weather-related variables include
rainfall, maximum and minimum temperatures, solar
radiation, relative humidity and wind (Hoogenboom,
2000). Many of these drivers also interact with each other
through complex feedback processes. While long-term
yield trends are driven by enhanced managerial practices
including the use of new genetics and fertilisers,
researchers have shown that weather (attritional and/or
extreme events) can explain up to 80% of year-to-year

Harvesting opportunity — exploring crop (re)insurance risk in India

crop yield variability (Petr, 1991; Fageria, 1992; Kumar et
al., 2006), especially for rain-fed production systems.

Historically India’s economy and society has been bound
to the monsoon, sometimes referred to as the “real
finance minister of India”, which delivers 75-80% of
India’s annual precipitation between June and
September. Fundamentally the monsoon occurs regularly
and the agriculture sector relies heavily on the timely
onset and spatial distribution of monsoon rainfall for
successful cultivation of rainfed systems and for the
replenishment of water levels for irrigated systems. The
agricultural growing period is split into two major seasons
defined by monsoon seasonality: Kharif crops are
cultivated at the arrival of the monsoon, between July
and October and Rabi crops are cultivated after the
monsoon rains, between October and March.

A deficit summer monsoon (drought) generally leads to a
reduction in crop yields, especially for rainfed systems.
Excess monsoons often result in higher crop yields
nation-wide, although spells of very heavy rainfall can
damage crops locally. States in the North-West are most
prone to drought, followed by the central states of India
running from north to south. Flooding is a common
phenomenon across India, with the most frequent
flooding occurring in the north. Kharif crops are at greater
risk from droughts and monsoon flooding since their
growing season coincides with the monsoon. Rabi crops
can also be damaged by monsoon flooding (water-logged
ground) or drought (reduced water supply for irrigation).
At a nation-wide level, drought years have a more
significant negative impact on crops than years of excess
rainfall.

Despite fluctuations in the annually recurring monsoon
pattern, monsoon variability is not the only weather event
driving large variations in year-to-year crop yields.
Tropical cyclones, periods of freeze, heat waves, halil
storms and unseasonal rain can also cause significant
localised damage to crops. The impact on crop yields
depends on both the intensity and timing of adverse
weather in relation to a crop’s development stage at the
time of each event. Weather perils impacting crops tend
to have distinct seasonal behaviour which overlap with
different stages of the two main crop growing seasons.
Kharif crops are mainly impacted by monsoon variability
and tropical cyclones, while Rabi crops are most
impacted by extreme temperatures, hail and unseasonal
weather. Drought typically causes most wide-spread crop
damage and has the potential to impact market-wide crop
insurance portfolios.

Uttar Pradesh, the top wheat (Rabi) producing state and
the second largest rice (Kharif) producing state, is one of
the states most at risk from flooding. Other Kharif rice
growing regions such as West Bengal and Andhra-
Pradesh in the East and the cotton growing region of
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Guijarat in the West also have frequent floods. Along the
eastern coastline, flooding can occur during the north-
east monsoon as well as the summer monsoon.

In many of these regions, rice production extends into the
winter to make the most of the additional rainfall.

In the past 60 years, at a national level, there have been
more deficit/drought years than excess monsoon years.
Studies investigating observed trends in the Indian
summer monsoon reveal a patchwork of increasing and
decreasing trends with significant regional differences.
Historically most severe droughts are associated with the
impacts of El Nifio. The impact of El Nifio Southern
Oscillation on crop yields via its influence on the Indian
climate is explored in Section 4. The strong signal for El
Nifilo suggests that crop insurance could make increasing
use of quality ENSO forecasting.

Climate change impacts are not expected to result in
significantly different climate and crop yields over the
next few years beyond what has been observed in the
more recent past. It is generally agreed that the warming
climate has intensified the hydrological cycle in the
tropics and is contributing to more severe extreme rainfall
events over India. There is uncertainty on the overall
effects of future climate change, such as negative
impacts of rising temperature versus positive impacts of
increased carbon dioxide fertilisation. The impacts of
climate change must be considered by the (re)insurance
industry, across all sectors, including agriculture, to avoid
unexpected losses.

Modelling India crop risks

The challenge of insuring Indian crop risk is the lack of
data, particularly on exposure, historical crop yields and
insured losses. What loss data there is gives only limited
insight into how to price current crop schemes because
of the changes to the market caused by PMFBY'’s
introduction. Furthermore historical data must be
interpreted, considering all possible trends, and be used
with caution to ensure a consistent robust data record is
used for insurance pricing. Crop models can be used to
extend the historical view by applying historical climate
data and/or probabilistic simulations of climate scenarios
to crop yield models. These models also provide greater
insight into next-year possible outcomes by simulating
realistic adverse weather events that have not occurred
in the past based on the true frequency of recent
historical events. An example, shown in Section 3,
reveals that modelled PMFBY annual average loss cost
based on 45 years of de-trended past weather data is
more than 60% higher than PMFBY annual average loss
cost based on 13 years of de-trended observed yield
data. Crop models can also provide a view on future crop
yield impacts when fed with projections of climate change
related scenarios, or be used in forecasting application
when driven by current weather data.

Harvesting opportunity — exploring crop (re)insurance risk in India

A probabilistic crop risk model for the Indian crop
insurance market must reflect the way crop insurance is
administered and written in India. Models must therefore
include the following:

- Major drivers of crop yield variability
- Nation-wide coverage for most perils
- Account for insurance clusters

- Attritional and catastrophe losses

- The impact of irrigation

- Separate models of different crops for Kharif and
Rabi seasons

- Model both PMFBY and WBCIS schemes
- Historical and probabilistic simulated loss models

- Exposure management functionality

In the current Indian crop (re)insurance market, where
risk is not known at the time of reinsurance renewals, and
there is limited historical data, crop risk models can
provide a valuable tool to better understand and account
for exposure uncertainty, as well as portfolio
management decisions once exposures are confirmed.

A nation-wide initiative backed by the Government and
insurers, to collect, digitise and disseminate, exposure,
weather, yield and loss data at the finest spatial
resolution, in a consistent format within a centralised
database, would create a historical dataset that would
help insurers develop premiums that more closely reflect
the potential risk.

The Government has set up a national crop insurance
data portal (www.agri-insurance.gov) to collect data
related to crop insurance, but a greater wealth of
information is required to fully meet (re)insurers’ needs.
Digitising data will reduce the time lag between
gathering, processing and analysing information for all
stakeholders.

Model results

Probabilistic crop risk models produce simulated loss
distributions based on thousands of simulated years of
weather scenarios, the impact of attritional as well as
extreme events over each crop season. Metrics such as
annual average losses and losses at different return
periods can be output at different scales (e.g. district,
state or a particular portfolio).


http://www.agri-insurance.gov)/
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To explore the benefits of crop risk modelling, the report
includes results from the RMS® India Agriculture Model.
The model applies two sets of weather data, (i) 10,000
years of simulated weather and (ii) 47 years of historical
de-trended weather data, to crop yield models, to
generate modelled yields from which insured losses are
calculated. The model output represents the pure
technical loss based on applying the PMFBY index
calculation (performed at 25km resolution) to dis-
aggregated exposure information. It does not include
uncertainty loadings or any additional loadings that are
applied by insurance companies when determining their
overall rate. It is very important to realise that the results
presented here are for a hypothetical nationwide portfolio
for 6 major crops (rice, wheat, sugar cane, soybean,
cotton & potato), assuming 100% insurance within the
districts included in the 2016/17 Kharif and Rabi clusters.
As such, the results do not represent any specific
insurance portfolio which could experience different
results. Also, actual losses from events may differ from
the results of simulation analysesd.

Based on the hypothetical nation-wide portfolio for 6 crop
types (rice, wheat, sugar cane, soybean, cotton &
potato), analysed in this report:

- PMFBY losses are highly sensitive to the exact
mix of crop types, their exposure distributions,
levels of irrigation and indemnity values. At
district-level, loss costs (as a percentage of sums
insured without loadings), for individual years can
range between <1% to over 80% for certain
crops.

— Districts with high annual average lost costs are
distributed throughout India, although many are
concentrated in the central, north-eastern and
north-western states, often driven by specific
crops. For example, high annual average loss
costs in the north-east are driven by Kharif rice
whereas high loss costs in the north-west are
driven by cotton.

— The states with highest PMFBY loss costs per
crop type are: (i) Kharif rice: Bihar, (ii) Kharif
sugarcane: Andhra-Pradesh, (iii) Kharif soybean:
Maharashtra, (iv): Kharif cotton: Rajathsan, (v)
Rabi rice: Maharashtra, (vi) Rabi wheat:
Himachal-Pradesh and (vii) Rabi potato:
Chhattisgarh.

- Ata national level, PMFBY annual average loss
costs are highest for Kharif soybean, followed by
Kharif cotton, Kharif rice, Rabi potato and lower
for Rabi wheat, Rabi rice and Kharif sugarcane.

 In view of the hypothetical nature of the modelled portfolio Lloyd’'s and
RMS disclaims any and all liability.
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- Madhya-Pradesh, Maharashtra, Odisha, Bihar
and Uttar-Pradesh contribute to around two thirds
of the national PMFBY annual average loss
(AAL).

- Probabilistic modelled loss costs increase with
larger return periods, exceeding maximum
historical values and demonstrating simulated
losses can provide a better view of uncertainty by
capturing inter-annual and inter-decadal climate
variability via thousands of years of simulation.
For example, at a nation-wide level, based on the
hypothetical portfolio, the largest historical
modelled loss cost over the past 47 years for
potato is 14%, compared to 26% in the simulated
results (10,000 years). Similarly the largest
historical modelled loss cost for soybean is 25%
compared to 49% in the simulated results. At
state-level, 200 year return period loss costs can
be as large as 40-70% for crops such as rice
(Kharif & Rabi), wheat and soybean and even
higher for more vulnerable crops such as cotton
and potato.

- EI'Nino years often, although not always, result in
higher crop losses. Model results demonstrate
that at a national level, annual average loss costs
are more than 50% higher for Kharif rice during
El Nino years compared to the long-term average
over 47 years.

The model results demonstrate how crop risk models can
be a valuable tool to better understand and account for
the sensitivity of crop losses to exposure uncertainty in
India.

The correlation between crop and
property insurance

Non-life insurance penetration in India is around 0.8%
(IRDAI, Annual Report 2016-17) compared to 4.3% in the
US, 2.6% in the UK and 1.8% in China (Swiss Re Sigma
Explorer Database, 2018). Property business contributes
to around 9% of Indian non-life premiums (USD 1.9 bn)
while agriculture accounts for 16% (USD 3.3 bn) (GIC
Industry Data Statistics, March 2017). Property insurance
take up is higher for commercial and industrial lines
compared to residential, where there is a lack of
awareness of the benefit of insurance amidst concerns
homeowners will not be adequately covered nor receive
prompt and full claims settlement (The Tribune, 2014).

No state in India is safe from floods but the north/north-
east has greatest flood risk. These regions contribute a
smaller amount to crop and property premiums, meaning
the risk of a large correlated crop and property loss is
less likely in these regions.
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However as insurance penetration increases, these
insured losses could become larger.

Floods caused by the monsoon and their impact on crops
are discussed in Section 2 where the report shows that
Kharif crops are most at risk from flood damage. Property
flood damage has increased over the past few decades
as a result of population growth. As people look for more
space to live, floodplains are becoming populated and
natural drainage systems are covered up reducing the
land’s capacity to handle heavy rainfall. Recent flooding
events have been aggravated by increased urbanisation
and unplanned growth (e.g. Mumbai 2005 & 2017 and
Chennai 2015). Industrial sites are particularly
susceptible to flooding as they are usually located close
to rivers.

Property and crops are not always vulnerable to the
same perils. Analysis based on based on data from
Cambridge Centre for Risk Studies identifies flood as the
top natural threat to GDP in India’s large cities. The
impact of cyclone is low for most of the cities included in
the analysis, with the exception of Kolkata. However,
while cyclones are less likely to occur they can cause
greater losses. Since flood and tropical cyclones are
important perils for property and crop risk, the correlation
of crop and property risk for these two perils is explored
in this report. Hail and extreme temperatures are not
considered for this investigation as they have a more
localised impact and will not drive major correlated
losses. Drought and earthquake, with less correlation
between crops and property (with the exception of
tsunami), are considered later when discussing the
relative impact of natural catastrophes perils on crop and
property losses.

Due to the geographical scale of cyclone damage, and
considering the distribution of crop and property
exposures, there is a risk of coincident large crop and
property losses if cyclones impact Chennai, Kolkata or
Mumbai. Based on the current distributions of crop and
property premiums, a cyclone making landfall in Mumbai
and moving inland over Maharashtra could create the
greatest correlated cyclone loss.

Given the size of India, any natural catastrophe event will
impact only a portion of the whole country meaning
nation-wide portfolios will be less impacted by an event
than regionally focused portfolios. In summary, the
correlation between large crop and property losses is
likely to be at regional scale and event dependent. As the
non-life insurance market grows in India to reduce the
protection gap, the risk of large correlated losses is likely
to increase. It is vital that this risk is supported by the
reinsurance market to better protect India against natural
disasters. Due to the large number of different types of
natural disasters that impact India, a more holistic risk
modelling approach might be required for major lines of
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business such as crop, motor and property, covering key
perils such as flood, cyclone, and earthquake and
specifically for crops, the impact of droughts and
attritional weather events.

Areas of improvement

Lloyd’s obtained its reinsurance licence in India on 17
January 2017. The licence allows Lloyd's underwriters to
underwrite reinsurance business in India, through a
service company in India. Following the implementation
of PMFBY scheme, Lloyd’s sees crop reinsurance in
India as a significant opportunity, but would recommend
the following to ensure business sustainability:

1. Provide uniform consistent data. Standardised
uniform data templates, including high data
resolution (per district and crop, for loss costs
and yields), provided and used by all involved
stakeholders to make the (re)insurance process
much simpler and transparent. There should be
consistent data formats used at time of treaty
underwriting and when exposures are confirmed
when Kharif and Rabi tenders and enrolment are
completed later in the year. Furthermore, there is
a need for continued effort to gather and maintain
a centralised database of exposure information
and high quality historical yield, loss and weather
measurements at local level, available to all
interested parties that can be used to better
assess and price risks. As crop insurance
schemes improve, the insured unit area
decreases. However, crop yield data at this
geographical scale is limited and is typically
available only at district resolution. Thus, to
accurately assess and price crop risk at this
level, finer resolution data is required, which
presently does not exist across all of India. While
longer records of historical weather data exist,
they may not always be co-located within an
insured unit area. Some weather stations may
have been recently set up within an insured unit
and thus long historical records may not always
exist and a station further away may be used for
historical weather information.

2. Ensure greater transparency and underwriting
discipline. It is critical for business written to high
loss ratios, that insurance and reinsurance rates
are based on actuarial rates with a catastrophe
load, and the temptation to bid below this rate to
win business is avoided. Crop risk is more
complex than other lines of business and it is
vital that those involved in the market have a
good understanding of these complexities. There
should be concerted effort between all
stakeholders to maintain underwriting discipline
so that the market can absorb losses from a
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major drought year. With many insurance
companies now approved to provide crop
insurance and competing with each other to win
bids for each crop cluster, the tender process
may lead to winning bids below actuarial rates.
Rates are priced around a 75-85% loss ratio.

Minimise exposure certainty. The timelines of the
bidding process (establishing direct rates
between insurers) and scheme enrolment, as
well as the bidding process itself in which an
insurer can opt to bid for only one season and
that insurance companies prefer reinsurance to
be in place prior to the tendering process, results
in a degree of uncertainty over underlying rating,
premium levels and risk exposures at the time of
inception of reinsurance contracts (1> April)
which cover both Kharif and Rabi seasons.
Potential solutions to minimise this uncertainty
include shifting the timing of the bidding process
forwards, performing Rabi tenders at the same
time as Kharif tenders (becoming more popular),
or, if feasible, splitting treaties into separate
Kharif and Rabi six month contracts. This latter
option would incur extra effort and increased
volatility and reinsurance rates. Alternative
solutions could include providing incentives to the
insurers to bid over several years, thus spreading
their risk, as well as the risk for governments and
reinsurers over longer time periods. Multi-year
contracts are currently not common due to
concerns around scheme stability and locking in
rates. Changing cluster definitions each year also
adds to further exposure uncertainty.

Improve claims handling process and
assessment. To date the PMFBY scheme has
suffered from the very large number of crop
cutting experiments required to assess yields and
determine insured crop losses. Resources and
infrastructure are not yet in place to support the
large number of time-consuming crop cutting
experiments required by the scheme. The human
resources, technology and expertise within both
the Government and insurance companies are
not sufficient to provide confidence in market-
wide claims reliability. As a result, there can be a
long delay in claims settlements due to the time it

Harvesting opportunity — exploring crop (re)insurance risk in India

takes to conduct the crop cutting experiments,
pass back the yield data, and then verify and
agree claims. Reinsurers need confidence that
robust loss adjusting processes are in place.
Incorporating technology into the claims handling
process, as demonstrated in Tamil-Nadu (Box 4)
and Karnataka, can make a significant difference.
There are also concerns that novice insurers may
not have robust exposure management practices
and claims handling teams. Insurers are meant to
monitor crop cutting experiments, but often the
resources are not available to do this or there is a
lack of expertise to evaluate the crop cutting
experiments process. In some cases, external
agencies are used for third party independent
evaluation of claims.

Ensure timely premiums. The state and central
governments are encouraged to pay their
premium subsidy in a more timely fashion than
has happened to date in the PMFBY scheme.
This has many consequences including delayed
payment of claims to the farmers and premium to
reinsurers. Streamlining the state governments
process to verify crop insurance policies would
help to speed up the delivery of subsidised
premiums.

Strengthen regulations. The insurance industry is
highly encouraged that the Government is
committed to adequately funding the crop
insurance schemes and supporting them via
appropriate tax concessions. As the Indian
reinsurance market grows, it is expected that
(re)insurance regulations may be reviewed and
updated to consider stakeholder feedback. At the
moment GIC Re has the first right of refusal on
any reinsurance treaty in the country. The current
Order of Preference Regulations could pose
administrative burden on cedants trying to obtain
the best possible reinsurance protection for their
crop portfolio. The IRDAI is currently drafting
revisions to the 2016 General Insurance-
Reinsurance Regulations, including updates to
the Order of Preference Regulations (PWC,
2018). The crop (re)insurance market needs to
ensure business can be financially viable in the
long term and that the market takes advantage of
the influx of foreign expertise currently entering
the Indian insurance sector.
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Introduction

Agriculture is a core part of India’s economic and social
framework. India is the world’s second largest agricultural
economy after China with agriculture accounting for 17%
of gross domestic product (GDP) and 10% of export
earnings (Central Intelligence Agency (CIA) World Fact
Book, India Brand Equity Foundation, 2017).
Approximately half of the population (around 650 million
people in 2016) relies on agriculture as its principal
source of income, and it is a source of raw material for
many industries.

Thanks to its large range of agro-climatic regions, India
can grow a variety of different crops throughout the year.
The diversity in climatic regions also exposes crops to a
wide range of different weather events, many of which
can have devastating impacts for crops. Crop yields can
be impacted by both significant individual weather events
or by the accumulation of adverse weather events over a
crop’s growing season. The impact on crop yields
depends on both the intensity and timing of adverse
weather in relation to each crop’s development cycle.
Crop yields are also influenced by agricultural
management practices such as irrigation, choice of seed,
use of pesticides and fertilisers. However, the main driver
of regional and nation-wide year to year crop yield
variability is the weather (Petr, 1991; Fageria, 1992;
Kumar et al., 2006).

To protect over 100 million farmers, who largely rely on
rainfall to water their fields, from the vagaries of weather,
a succession of nation-wide crop yield and weather
based index insurance schemes, subsidised by the
central and state governments, has been tested over the
past 30 years, but with limited take-up. Agricultural
insurance penetration (defined as agri-insurance
premium as a percentage of agri-GDP) is much less than
1%, compared to 6% for the US (based on GDP data
from CIA World Fact book and premiums from AXCO
Insurance Information Servicesl).

In 2016, a new yield based crop index insurance scheme
was introduced by the Modi government known as
Pradhan Mantri Fasal Bima Yojana (PMFBY) with the
intention to expand crop insurance coverage to 50% of
the farmers by 2018 and to close the agricultural
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protection gap for Indian farmers who suffer potentially
dramatic consequences in years when monsoon rains
are delayed or other adverse weather impact crops. As
part of this new scheme, sums insured have significantly
increased, which has resulted in a huge jump in
insurance premiums with market-wide premiums
increasing by nearly 300% (General Insurance Council,
GIC Industry Data Statistics, March 2017) from about
USD 850 million in 2015/16 to around USD 3.3 billion in
2016/17. As a result of this growth, General Insurance
Corporation of India (GIC) Re, who has first rights on
Indian reinsurance business, has become the world’s
largest agricultural reinsurer recording an 80% growth in
total premiums (USD 1.6 bn crop premiums) since the
introduction of PMFBY in 2016.

The Indian Government is committed to transfer and
spread risk, including agricultural risk, both nationally and
internationally through insurance mechanisms. The
Government and insurance regulators have implemented
changes to encourage growth and bring foreign expertise
into the local market, such as product design,
ratemaking, underwriting and loss adjustment, and to
bring Indian re/insurance practices in line with well-
established insurance markets. As part of this effort,
reinsurance market regulations now permit Lloyd's and
other approved foreign reinsurers to operate through
branches in India.

Over the past decades probabilistic Cat risk models have
grown in sophistication and are now an integral part of
pricing risk and managing solvency across many sectors
of the insurance market. The concepts of probabilistic
modelling have been applied to the agricultural sector on
weather derived indices and multi-peril crop insurance to
develop innovative solutions and to deliver more
comprehensive and scientific underwriting approaches.

This report summarises the history and current status of
crop (re)insurance in India and goes on to discuss the
challenges of modelling crop risk in India and how this
can be improved in the future. The report illustrates how
probabilistic crop loss modelling can provide insight into
understanding crop loss distributions using results from
the RMS India Agriculture Model.
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Crop risk models are based on coupling crop yield
models and probabilistic weather models, thus extending
the view in tail risk. Crop yield models must consider both
attritional as well as significant events, the impact of
which depends on the severity of the event(s) and their
timing depending on each crop’s specific development
cycle. Finally, the report explores the potential correlation
between property and crop risk in India. Rapid
urbanisation is exposing increasing concentrated portions
of population and economic value to climatic hazards
such as floods, storms, droughts as well as earthquakes.
While non-life insurance penetration is currently around
0.8% (IRDAI, Annual Report 2016-17) this is expected to
change significantly over the next decade with a much
greater proportion of property and crops protected by
insurance structures. Thus (re)insurance companies
should consider the possibility of correlated losses in
their risk management approach.

Research approach

This report was developed through a structured research
process, across three key stages:

Literature review

A comprehensive desktop review was undertaken to
identify:

- the implementation, success and lessons learnt
from the succession of Indian crop insurance
schemes over the past 20 years, including the
most recent PMFBY and RWBCIS,

— the drivers of crop yield variability which translate
to insured crop losses,

- latest research and understanding around the
drivers of Indian monsoon variability (at multiple
different timescales, including the impact of El
Nifio Southern Oscillation, the Indian Ocean
Dipole and climate change) and
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- examples of key historical events, where there
was potential for correlated crop and property
losses at a regional level: Tropical cyclone Orissa
1999 and Tropical cyclone HudHud 2014 (see
Box 5, p105); Chennai 2015 floods and Mumbai/
Maharashtra 2005 floods (see Box 6, p106).

Crop risk modelling study

To explore the potential to drive innovative solutions in
the crop risk space, the RMS India Agriculture Model was
used to investigate the complexity and variability of
modelling crop loss distributions, and demonstrate the
benefits incorporating coupled crop-weather probabilistic
modelling into (re)insurance risk models to deliver
assessment of the severity and frequency of potential
future crop risk, especially for the tail of the risk.

Insurance sector consultations

A collaborative workshop involving agricultural sector
experts and insurance practitioners was organised by
Lloyd's to share initial research findings of this report and
gather feedback about the latest PMFBY scheme.
Following the workshop, Lloyd’s organised a series of
interviews between RMS and Lloyd’s underwriters and
brokers to identify how the latest crop insurance schemes
are implemented and underwritten. This joint approach
resulted in identifying challenges that currently exist in
writing Indian crop business and how this can be
improved in the future.

All numbers in this report are reported in USD (2017
values) using the exchange rate 1 Indian Rupee
(INR)=0.016 USD, unless directly reported in USD by
EM-DAT, Swiss Re or Munich Re. All maps presented in
this report are based on 2014 district administration
boundaries and 2016 state administration boundaries.
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1. Overview of crop (re)insurance in India

1.1 Insurance market overview

India is thought to be the world’s fastest growing
economy (Business Line, 2018). It was forecasted in
2016 to be the world’s seventh largest economy by the
IMF in terms of nominal GDP, and third in terms of GDP
by purchasing power parity (PPP) (CIA World Fact Book,
2016). According to the World Bank, by 2030, India will
likely be the world’s largest middle-class consumer
market, accounting for 23%of global middle-class
consumption, surpassing both China and the United
States. Despite this, insurance take up is far below
international standards with insurance penetration at
2.72% for life insurance and 0.77% for non-life
(Insurance Regulatory and Development Authority of
India, IRDAI, Annual Report 2016-17). However, this is
starting to change as (re)insurance laws have been
updated in 2015 and 2016, in part to allow greater access
to foreign capital and there are talks of further changes to
support the growing non-life insurance market (AXCO,
2017). There is now large growth potential for the
(re)insurance sector in India, as witnessed by the large
growth in insurance premiums, particularly for the non-life
sector. Non-life premiums have increased over 30%
between 2015-16 and 2016-17 to USD 20.5 billion (INR
1.281 bn) compared to a 13% growth the year before
(GIC 2016-17 Yearbook). A large part of this growth is
due to a significant rise in crop insurance premiums in
2016 from schemes designed to offer protection to
farmers against crop damage and poor yields. Crop
insurance is now the third largest non-life market
segment in India behind motor and health (Figure 1), with
premiums around USD 3.3 billion USD (INR 206 bn) in
2016-17 (GIC Industry Data Statistics, March 2017),
placing it third in terms of global agricultural insurance
premiums behind USA and China. Property
(fire+engineering) premiums in 2016-17 were around
USD 2 billion (INR 127 bn) (GIC 2016-17 Yearbook). This
report provides an overview of crop risk and insurance in
India and discusses potential future opportunities in this
emerging market for reinsurers.
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Figure 1: % of non-life gross direct premiums 2016/17 in
India
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Source: Lloyd’s - Risk Management Solutions, Inc., 2017 based on data
from GIC Industry Data Statistics, March 2017

Insurance history

The history of insurance in India dates back to 1818,
when Oriental Life Insurance Company, the first life
insurance company was established in Kolkata (Calcutta)
(Siddiqui, 2009). Over the following 140 years, many new
insurance companies were formed. In 1956, life
insurance was nationalised by the Government of India
combining insurance companies under the Life Insurance
Corporation of India (LIC). In 1972, the non-life insurance
sector was also nationalised under the General
Insurance Corporation (GIC) of India.
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These state-owned companies monopolised Indian
insurance until 1999 when the Insurance Regulatory and
Development Authority Act was passed to establish a
new regulatory authority, the Insurance Regulatory and
Development Authority of India (IRDAI) and the entry of
private insurers, with a foreign ownership cap of 26%
was approved.

Significant regulatory updates, particularly with regards to
foreign (re)insurers, were introduced under the Insurance
Laws (Amendment) Act, 2015 (Indian Ministry of
Finance), to increase capacity and bring in foreign
expertise. The 2015 Act increased the foreign direct
investment cap from 26% to 49% and implemented new
regulations concerning the registration, approval and
operation of foreign reinsurers, resulting in overseas
reinsurer branch offices opening in India and entry into
the Indian market after approval by the IRDAI. In March
2016, regulations were introduced to establish a Lloyd’s
office in India.

In May 2016, new IRDAI (General Insurance —
Reinsurance) regulations were issued to provide an
overarching regulatory framework for the reinsurance of
general insurance risks, focused on maximising retention
within India and increasing capacity. A priority order for
reinsurance purchasing was established where GIC Re
has the first right of refusal on any reinsurance treaty in
the country. After GIC Re, the local reinsurers, following
a prescribed order (see Appendix 1), have the right to the
reinsurance (including their foreign partners). There is a
possibility of further change as several foreign reinsurers
have expressed concerns (Business Insurance, 2017).
There is also talk of removing the cap of foreign
investment in order to increase market capacity as India’s
economy and insurance sectors grow (Reinsurance
News, 2017). The IRDAI is currently drafting an update to
the General Insurance-Reinsurance Regulations
following stakeholder feedback (PWC, 2018), including
updates to the priority order for reinsurance purchasing.
However, at the time of publishing, the revisions were yet
to be finalised (Reinsurance News, 2018).

Since 2000, the number of private insurers entering the
market has increased each year. Today, the Indian
insurance industry consists of 53 insurance companies of
which 24 are in life insurance business and 29 are non-
life insurers (IRDAI annual report 2016-17). As of
October 2017, Lloyd’s, Axa Re, RGA, Munich Re, Swiss
Re, Hannover Re, SCOR, ITI Reinsurance Ltd, XL Catlin,
MS Amlin and Gen Re have been approved R3
registration licences by the IRDAI, to operate locally in
India rather than cross-border (IRDAI annual report 2016-
17).
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1.2 Indian crop overview

India is the world’s second largest agricultural economy
after China with an Agriculture Gross Domestic Product
of USD 392 hillion (2016, CIA World Fact book) and
accounts for around 17% of the country’s GDP. Around
50% of the population is employed in agriculture.
Farming in India is generally on a very localised scale
(subsistence agriculture), with over 100 million farmers®,
and an average farm size of only 1.3 hectares
(Department of Agriculture, Cooperation and Farmers
Welfare). India’s crop production has increased in terms
of both land area devoted to crop production and yield.
The latter has been achieved largely thanks to three
factors:

development and use of high-yielding and
resistant varieties,

- increased use of fertilisers and other agro-
chemicals and

- changes in agricultural practices such as
irrigation (Tripathi, 2009) (both before and during
the Green Revolution').

The Indian climate and soil comprise a wide range of
conditions across a vast geographic scale, ranging from
arid desert in the west and alpine tundra and glaciers in
the north, to humid tropical regions in the southwest. As a
result, India can grow a wide variety of crops in its
different agro-climatic zones. Plant growth and
development depends on water availability, the majority
of which is provided by the monsoons in India. Around
75-80% of India’s rainfall comes from the monsoon
(Walker Institute for Climate System Research, 2013).

¢ Note: the reported number of farmers varies between 100-138 million,
depending on the source and census method.

" The Green revolution was a period that started in early 1960s and saw
agriculture in India increasing due to improvement in method and
technology. Irrigation systems developed before the Green Revolution,
particularly the canal systems in the western Indo-Gangetic Plains have
increased crop productivity.
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Figure 2: Indian State, Union Territory and District boundaries®
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9 India is ruled both by central and state governments. There are currently 29 states and 7 union territories (purely run by central government).
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Crop seasons in India

Although there has been considerable effort to improve
irrigation, agriculture in India is still mainly dependent
upon the monsoon, which generally arrives in India with
great reliability year on year, but with irregularity in the
exact arrival time and the regional distribution and
intensity of precipitation over India. The monsoon brings
most of the country’s annual rainfall over the summer
period arriving in the south around May/June and
progressing northwards before departing from the north
around early-mid September. These features of the
monsoon seasonality define the agricultural growing
season in two major growing periods in India: Kharif
(meaning summer in Arabic) and Rabi (meaning winter)
seasons. Kharif crops are cultivated at arrival of first
rains, between July and October. Rabi crops are
cultivated after the monsoon rains, between October and
March. There are also some crops that grow on irrigated
lands between the Rabi and Kharif seasons, between
March and June, known as Zaid (Zaya) crops. The timing
of the Kharif and Rabi seasons varies regionally
depending on the arrival and departure of the monsoon
as it progresses northwards (greater detail about the
monsoon and its impact on crops is described in Section
2).

Key crops in India

India’s primary agricultural products are rice and wheat
being the second-largest producer of both crops behind
China (United States Department of Agriculture, USDA).
Other important crops include oilseed, pulses,
sugarcane, cotton, potatoes, tea, coffee, rubber and jute
(natural fibre) (Figure 3). Indian crops are typically
classed into the following categories by the Indian
Government's Department of Agriculture, Cooperation &
Farmers welfare (DAC-FW):

Food Crops:

- Cereals: rice, wheat, coarse grains (including
millet (bajra, ragi), sorghum (jowar), maize)

- Pulses (including gram)
Non-food crops:

- Oilseeds (including soybean, ground nut,
rape seed, mustard)

— Commercial crops (including sugar cane,
cotton, jute, tea, coffee, rubber, tobacco)

— Horticultural crops (including fruit and
vegetables)
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Figure 3: Percentage (%) contribution per crop type to
the total crop planted area in India
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Source: Lloyd’s - Risk Management Solutions, Inc., 2017 based on data
from the 2016 India pocket book of Agricultural Statistics, Department of
Agriculture, Cooperation & Farmers Welfare (DAC-FW)

Many crops are grown in either the Kharif or Rabi
season:

- Kharif crops: India’s major Kharif crop is rice
which is grown along the eastern and western
coasts of India as well as in the north (Figure 4a).
Other important Kharif crops include coarse
cereals, ground-nut, soybean, cotton and
sugarcane.

- Rabi crops: Wheat is the key Rabi crop, grown
predominantly in the north-west of India (Figure
4b), known as the bread basket of India. Other
important Rabi crops include gram pulse,
mustard, oilseed rape and potato.
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Some crops, such as rice, can be grown during both
seasons. Around 15% of India’s rice is grown outside of
the Kharif season, particularly in eastern parts of India,
thanks to rain from the north-east monsoon which
reaches this region during October to December. There
can be regional variations in the distribution of different
crop types depending on the agro-climatic zones that
best suit each crop.

Table 1: Top 3 producing states for key crops

Some crops are grown across many states such as rice.
Others are more localised such as wheat (North-West
India, Figure 4b) and cotton (Western India). Table 1
summarises the top 3 producing states for the main crop

types.

Rice Wheat Coarse Cereals Total Pulses Total Oilseeds Sugarcane Cotton

1 West Bengal Uttar-Pradesh  Rajasthan (16%) Madhya- Madhya- Uttar Pradesh ~ Gujarat (32%)
(15%) (29%) Pradesh (31%) Pradesh (25%) (41%)

2 Uttar Madhya- Karnataka (15%) Rajasthan (12%) Rajasthan (23%) Maharashtra Mabharashtra (22%)
Pradesh Pradesh (19% (21%)
(12%)

3 Punjab Punjab (17%) Madhya-Pradesh Maharashtra Guijarat (16%) Karnataka Telengana (13%)
(11%) (10%) (9%) (11%)

Source: Lloyd's - Risk Management Solutions, Inc., 2017 based on data from the 2016 India book of Agriculture Statistics, Department of Agriculture,

Cooperation & Farmers Welfare (DAC-FW)

Figure 4: % contribution of planted (a) Kharif rice and (b) Rabi wheat per state to India-wide planted area
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Government Platform India
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Drivers of crop yield variability

Just over 50% of agricultural land in India is rain-fed and
relies on the timely onset and spatial distribution of
monsoon rainfall for successful cultivation of mainly
Kharif crops (Department of Agriculture, Cooperation and
Farmers Welfare, DAC-FW, 2017 annual report). The
remaining agricultural land is irrigated, predominantly
along the northern part of India and along the eastern
coastal regions (Figure 5). Irrigated crops also rely on the
monsoon for the supply of water for irrigation.

Figure 5: Geographic distribution of level of irrigation in
India (% irrigation per 25km grid cell)

Irmgation (%)

Source: Lloyd’s- Risk Management Solutions, Inc., 2017 based on data
from the Global Map of Irrigation Areas (GMIA), Food and Agricultural
Organisation of the United Nations (FAO), 2013
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Crop yields are dependent on rainfall and other weather
variables (such as maximum and minimum temperatures
and solar radiation; Hoogenboom, 2000) as well as land
management practices (such as choice of seed, use of
pesticides and fertiliser). Figure 6 shows the different
factors that impact crop production. Many of these drivers
also interact with each other through complex feedback
processes. Research has shown that weather drives
year-to-year variability in crop yields. Some studies
suggest that as much as 80% of the variability of
agricultural production is due to the variability in weather
conditions, especially for rain-fed production systems
(Petr, 1991; Fageria, 1992). Weather also has a major
impact on pests and disease outburst which can in turn
cause damage to crops.



Figure 6: Drivers of crop yield variability
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demonstrating the impact of weather on year-to-year crop

The impact of weather on year-to-year crop yield
variability is evident in historical rice and wheat

yield variability.
In some cases, farmers are adapting to long-run climate

production (Figure 7). Despite the overall positive trend in
trends by adopting technology before the season begins,

production (thanks to changes in agricultural
management practices), there is clear variability in the
year-to-year production levels. Years with notable drops

in rice and wheat production coincide with drought years
et al 2018).

Figure 7: India rice and wheat production (millions of tons) from 1990
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The critical weather variables required for crop growth

are:

Precipitation is critical as all crops need water to

grow. The amount of soil water required for
growth is crop-dependent, some species are
more drought-tolerant than others. Too little rain
will impact crop development. Too much rain can
also have a negative impact, lowering the ability
of plants to absorb nutrients and water.

Air temperature is the main weather variable

that regulates the rate of growth and grain
development (Hodges, 1991). An increase in
temperature typically increases developmental
rates, up to a certain threshold, beyond which

development slows down.

Harvesting opportunity — exploring crop (re)insurance risk in India

Solar radiation provides the energy required for
the photosynthesis and thus for the growth of the
individual plant components (Boote and Loomis,

1991).

Other weather factors that can affect crop production
include soil temperature, wind, and relative humidity

or dew point temperature. In many regions, soil
temperature is important during the early part of the

growing season, as it affects planting and

germination.
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Due to India’s multiple climate zones, the country is
exposed to a wide range of different weather events,
often with different temporal and spatial variability (Figure
8). Crop yields can be impacted by both:

- significant individual weather events (extreme
events) or

- by the accumulation of smaller weather events
over a crop’s growing season (attritional events).

The impact on crop yields depends on both the intensity
and timing of adverse weather in relation to each crop’s
development (phenological) stage.

Figure 8: Indian areas affected by one or more natural
hazards
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Source: Poorest Areas Civil Society (PACS) Programme, 2008

The monsoon plays a critical role in crop productivity.
Late arrival of monsoons can delay the planting period
reducing the overall growing period and thus reducing
potential yields. It can also prevent planting in worst case
scenarios.

Harvesting opportunity — exploring crop (re)insurance risk in India

Under extreme conditions, too little (drought) or too much
rain (flood) will negatively impact crop growth and
development. The optimum range of soil water content
depends on the crop type and development stage, as
well as the antecedent weather conditions. As a result,
periods of heavy rainfall during the monsoon can spoil
Kharif crops as well as Rabi crops grown post-monsoon,
depending on the level of soil saturation. Also, excess
rainfall can also result in mudslides and generation of
pests and disease that can thrive in these conditions and
cause further damage to crops. Droughts have greatest
impact on Kharif crops, but can also impact Rabi crops
by reducing the supply of water available for irrigation.
Kumar et al (2004) investigated the India crop production
of various crops and the impact of rainfall during the
summer monsoon season, revealing that the correlations
between crop yields and rainfall can vary by crop type.

Other weather phenomena such as extreme
temperatures (heat wave/frost), extreme winds, tropical
cyclones, and unseasonal rain and hailstorms can also
impact crop yields. These are typically more local
phenomena that can be linked to a specific potentially
“named” event. Earthquakes and resulting landslides
and tsunamis can also result in significant crop damage
(e.g. 2004 tsunami). Crops are also susceptible to
damage from pests from wild animals in certain regions.

Weather perils impacting crops tend to have distinct
seasonal behaviour which overlap with different stages of
the two main crop growing seasons. Kharif crops are
mainly impacted by monsoon variability and tropical
cyclones, while Rabi crops are most impacted by
extreme temperatures and unseasonal weather (heavy
rain and/or hail outside of the monsoon) (RMS research).
Summer droughts can also impact the amount of water
available to irrigate Rabi crops. In the past few years
farmers have faced crop damage from widespread
droughts during Kharif 2014 and 2015, flooding during
Kharif 2017 and from unseasonal rain, hailstorms and
flooding during Rabi 2015/16 and 2014/15. Recent
significant crop damage years are summarised in Table
2. Further details of the impact of the monsoon and other
weather on crop yield variability are discussed in Section
2.
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Table 2: Examples of weather events in past 20 years resulting in notable crop damage

Crop Year Weather Event Geographic Area Crop Impact Economic
Impact (time of
event, USD)

1999 Cyclone Orissa (Oct) Odisha 1mn+ hectares of Kharif crops, including rice 0.1bn insured,

& sugar cane damaged® 2.5bn total®

2000 Drought (-8% rain deficit, Widespread (168 districts®)

27% area’)

Flood (summer) West Bengal 38bn INR loss Kharif crops®

2002 Drought (-19% rain deficit, Widespread (383 districts®) 47mn hectares crops damaged®, 18% drop in 0.9bn total®

29% area’) food grain production®, 300bn INR loss Kharif

crops®
2003 Floods (summer) Andhra-Pradesh, Odisha, Uttar- 73bn INR loss Kharif crops®
Pradesh

2004 Drought (-13% rain deficit, Widespread (223 districts®) 7% drop in food grain production®

19% area®)

2009 Drought (-17% rain Widespread (338 districts®) 7% drop in food grain production®

deficit”)

Floods (Oct) Karnataka/ Andhra-Pradesh 0.25mn hectares of Kharif crops damaged*,

42bn INR crop loss®

Heat wave (Mar 2010) N India wheat production -40% in some states*

2010 Floods Andhra-Pradesh, Karnataka, 58bn INR loss®

Himachal-Pradesh

2013 Floods Multiple states 32bn INR crop loss®

Cyclone Phailin (Oct) Odisha 1.3mn hectares crops

Cyclone Helen (Nov) Andhra-Pradesh 1mn acres of Kharif crops, especially rice.

2014 Drought (-13% rain Widespread (104 districts®) 5% drop in food grain production®

deficit”)

Flood (Aug) Assam Kharif crop damage*

Cyclone HudHud (Oct) Andhra-Pradesh 0.25-0.45mn hectares Kharif crop damage* 0.35-0.6bn
insured, 5.5-7bn
total®

Unseasonal rain/hail (Mar ~ N/NW India Rabi wheat & mustard* 0.1bn insured,

2015) 0.9bn total®

2015 Drought (-14% rain Widespread (270 districts®) 30% crops damaged (mainly Kharif), 0.037mn  1.5bn total®

deficit”) km?2.®

Flood (Aug) Gujarat (June) 0.2mn hectares Kharif crops damaged?

Harvesting opportunity — exploring crop (re)insurance risk in India
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Flood (Dec) Tamil-Nadu/Chennai 0.4mn Kharif crops damage* 0.6bn total®
Unseasonal rain/hail (Mar N India Rabi wheat, mustard & pulses, 18mn
2016) hectares®

2016 Floods (summer) Bihar, Madhya-Pradesh 1,000’s km? Kharif crops damage®

Drought (NE monsoon,
worst since 1876)

E India, especially Tamil-Nadu

Damage to Kharif crops®

Cyclone Vardah (Dec) Tamil-Nadu

Damage to Kharif crops including rice, sugar
cane, coconut, bananas®

Source: Lloyd's - Risk Management Solutions, Inc., 2017 based on data from 'RMS research, *Swiss Re, *indian Meteorology Department (IMD)
Drought report (Shewale & Kumar, 2005), “Department of Agriculture & Cooperation and Farmers Welfare, *LiveMint,
(http:/Avww.livemint.com/Politics/TkKaRISes4GxHCbGz30RLP/Indias-rural-distress-set-to-worsen.html), °Central Water Commission, ‘Indian Institute
of Tropical Meteorology (Kothawale & Rajeevan, 2017), *Munich Re, °EM-DAT

1.3 Crop insurance overview

To protect farmers from the vagaries of weather and the
direct impact on crop yields, a succession of nation-wide
crop insurance schemes, subsidised by the central and
state governments, has been tested over the past 30
years, but with limited take-up. For many small- and
medium-scale farmers, who live and earn season to
season, damaged crops can leave them in great debt as
they are unable to pay off high-interest loans from local
lenders, to buy seed, fertiliser and hire equipment. As a
result, farmer suicides account for 11.2% of all suicides in
India (National Crime Reports Bureau, 2014) and failure
of crops is the reason for 16.81% of national suicides in
2002 (Panagariya, 2008). For example, following the
spring floods in Uttar Pradesh in 2015 over 30 farmers
took their own live (CBS News, 2015). Crop insurance in
India, along with debt relief packages, plays an important
social and economic role.

Crop insurance is typically issued separately per crop per
growing season. Crops are at risk from damage
throughout the entire growing season from the planting
time through to post-harvest when crops are cut and
spread out to dry in the fields. Today’s crop insurance
policies provide protection for the entire period. Currently,
in India, around 25-30% of food crops and around 44% of
oilseed crops are insured (Pocket Book of Agricultural
Statistics 2016, DAC-FW). To date, insurance is
predominantly purchased for Kharif crops (DAC-FW May
2014 report), which is more dependent on the monsoon
compared to Rabi crops (see Section 2 for more details).

Crop insurance is administered at state level. For states
opting to implement crop insurance schemes, coverage
has been compulsory for farmers with seasonal
agricultural operations (SAO) loans from banks (loanee
farmers) since 1999.
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For the remaining farmers without loans (hon-loanee
farmersh), crop insurance is voluntary and despite
government subsidies, take up remained less than 5%
during the 2016/17 season (Bushan & Kumar, 2017).
One reason for the lack of voluntary enrolment is that
most farmers are unaware of crop insurance and its
benefits (Bushan & Kumar 2017). Furthermore, factors in
crop insurance schemes such as non-loanee registration
process, cost, limited coverage of crops, perils, growing
season and sums insured, in addition to a complicated
method to assess vyield, loss and subsequent delayed
settlements, have also hindered the take-up rate.

In 2015, crop insurance take-up rate across all farmers
was around 22% (Press Information Bureau, PIB, Dec
2016 press release). In 2016, the Modi Government
launched a new crop insurance scheme (Pradhan Mantri
Fasal Bima Yojana, PMFBY, meaning Prime Minister
Crop Insurance Scheme) with the aim to insure 50% of
gross cropped area (GCA) within the next 3 years by
2018-19 (Business Today, 2016) and significantly
increase the coverage of non-loanee farmers by
promoting the scheme more widely. In its first year, the
scheme successfully grew to insure 30% of GCA
(Government of India Press Release, March 2017) but
was less successful in attracting non-loanee farmers,
despite initial claims of success which were later
demonstrated to be erroneous (Bhushan & Kumar 2017).

" The total number or percentage of non-loanee versus loanee farmers
is a grey area and not clearly reported. Non-loanee farmers might be
loanee but via different channels i.e. loaning for local lenders. In West
Bengal, the state waived off the farmer’'s premium contribution so
insurance is not truly voluntary (non-loanee). In Maharashtra, the
scheme is voluntary for all farmers and thus loanee farmers have been
mis-classed as non-loanee (Bhushan & Kumar 2017).
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The new PMFBY scheme addresses many of the
shortcomings of the previous schemes (discussed later in
this section) which the government hopes will reduce
barriers to insurance take-up. The scheme aims not only
to provide financial support to farmers suffering crop
loss/damage and stabilise their income, but also to
encourage farmers to adopt innovative and modern
agricultural practices and ensure a flow of credit to the
agriculture sector which will contribute to food security,
crop diversification and enhancing growth and
competitiveness of agriculture sector.

To put this latest crop insurance scheme into context, the
following section provides an overview of the history of
crop insurance schemes and the challenges that have
been addressed through their evolution.

Harvesting opportunity — exploring crop (re)insurance risk in India

History of crop insurance schemes

Over the past 40-45 years, there has been a succession
of crop insurance programmes in India (Figure 9). Some
schemes have been implemented as pilot schemes in a
selected number of states or districts, while other
schemes have either evolved to become fully-nationwide
offered schemes or are launched as a nation-wide
scheme without a pilot phase. More recently, crop
insurance schemes have sat within broader umbrella
insurance schemes for farmers (e.g. UPIS, NCIP —
described later). To meet the farmers’ needs a crop
insurance scheme should ideally include the followings:

— Localised insured unit area: ideally insure
individual farmers

- Good crop coverage: covering all types of
crops

- Total temporal coverage: from planting
through to post-harvest

- Multiple peril coverage: cover all types of
perils that can damage crops

- Adequate sums insured: sums insured
should cover more than basic cost of
cultivation

- Affordable for farmers: for financial viability,
premiums should be actuarially based
including catastrophe load but subsidised, if
necessary, by the government so premiums
are affordable and attractive to farmers

- Quick and simple settlement

Barriers exist for the development of a comprehensive
agriculture insurance scheme (see Box 1).
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Box 1: Barriers for the development of a comprehensive agriculture insurance scheme

- Lack of participation from farmers due to limited awareness of insurance schemes, poor understanding of
insurance benefits and historical delays in payments of covered insured losses

- Reluctance of some state governments to provide adequate subsidies for crop premiums

- Limited historical data for insurance companies to price risks actuarially. Currently 10 years of yield data
should be provided by the state government to insurance companies for pricing. However there are issues
around the spatial resolution of the data, completeness of records and data quality (see Section 3).

- Year-to-year volatility in the reported yield and threshold yield used in crop yield based insurance
schemes (described in more detail in Box 2). This volatility, a result of the scheme definition of the
threshold yield, may impact the stability of insurance pay-outs to farmers and thus their perceived value of
the scheme, as well as the stability of the annual insurance rates.

- Risk of moral hazard or soft fraud. Moral hazard occurs when an insured deliberately alters their
behaviour to increase the magnitude of potential loss. Some studies report that moral hazard incentive
leads insured farmers to use fewer chemical inputs (Smith and Goodwin 1996), poor quality seeds or
plant on marginal lands that are not suitable for certain crops (lturrioz, 2009), thus making their crops less
resilient and productive.

- High operational effort and cost due to enormous number of crop cutting experiments used to determine
the actual yield for the loss settlement process of crop yield based insurance schemes

- Size of the insured unit area under the area-approach schemes. While in an ideal world, individual
farmers would be insured, crop insurance schemes in India to date have been area-based index schemes
which offer an efficient way of crop insurance in countries with a lack of developed insurance
infrastructure and many small farms (Carter et al., 2007). However farmers are unhappy as an individual
farmer with poor yields will not receive compensation if the actual yield of the insured unit they are within
is not below the index threshold. Over time, the size of the insured unit area has decreased to be more
reflective and consistent so that an insured unit is ideally homogenous from the point of view of crop
production and annual variability. The insured unit area currently offered in schemes for major crops at
Village/Village Panchayat level (4-5 neighbouring villages) is the minimum level where crops can be
considered reasonably homogenous.

Over the past ten years, crop insurance in India has been offered via crop yield and weather index schemes (see Box 2
and Box 3). Crop yield schemes cover against a deficit in the realised crop yield below the threshold level. Weather
based schemes provide protection to farmers against “adverse weather incidences” using weather parameters such as
deficit or excess rainfall, length of dry spells, high/low temperatures and humidity as proxies for crop yields.
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Box 2 Yield based index schemes

Yield based crop insurance schemes provide insurance cover against a deficit in the realised crop yield below
the threshold level for a given “insured unit area”.

Insured unit area: is defined per scheme, crop and state.

Threshold yield: is calculated from the historical realised yields records. It is defined annually as the average
yield multiplied by the indemnity level assigned by the insurance scheme per region and crop. Over the years
there have been concerns over the method used to calculate the threshold yield (number of years, impact of bad
years on calculation - especially in areas with consecutive adverse seasonal hits, indemnity levels, impact of
year-to-year volatility on insurance rate stability and insurance pay-outs) and the method to determine the
threshold yield has evolved through the schemes to be as reasonable as possible. There are also many issues
surrounding data quality including the length of historical records available, how representative historical records
are if farming techniques have improved over time and the spatial resolution of yield records.

Realised yield: is determined by manual crop cutting experiments (CCE) where the yield is measured at the end
of the season within each insured unit area. CCE are a compulsory step in the claim settlement process. Within
each insured unit, areas are designated for CCE where the yield is measured post-harvest and used to represent
the realized yield for the insured unit area. The number of CCE per unit area is often determined per crop and
state. There are two main shortcomings of the approach:

— Firstly that if the “unit area” is large, the CCE is unlikely to be representative of the entire “unit area”.
Some farmers report that CCE regions are typically in the better farmed locations.

— Secondly, since the CCE only take place post-harvest, there can be a lag of at least 8 months between
the time the loss occurred to the actual claims payment. The CCE process has evolved over time to try
and speed up the settlement process by reducing the number of CCE required per unit per crop. Also in
the latest schemes, the use of technologies such as smart phones and drones has become mandatory to
help speed up the process.

The PMFBY scheme is defined by the loss cost (loss/sum insured), as follows:

TY — Yield,,

LCyT = max |0, v

where

TY = Average Yield x Indemnity

A contract loss occurs when the realised yield (Yield,, ), as determined from crop cutting experiments, is below a
threshold yield (TY). The average yield is defined in the PMFBY scheme as the average over the past 7 years
excluding a maximum of 2 calamity years. Depending on the region and crop the indemnity levels, assigned
annually, can be 70%, 80% or 90%. As a result of this method, there is the potential of large volatility in the year-to-
year threshold yield calculated per insured unit area. Previous schemes used different definitions for the average
yields and different indemnity levels (see Table 3, p34 for more detail).

For more details see Appendix 2.
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Box 3: Weather based index schemes

Government agencies design weather indices based on multiple weather parameters, to act as proxies for crop
yields, using historical weather records. The most common indices are listed in Appendix 3. There are over 80
types of term sheets which can include special features such as “rolling limits” and “super covers”.

A key benefit of using a weather index approach is that the claims settlement is quick and more transparent (in
contrast to the yield based schemes). Farmers are not required to submit claim forms and prove loss of yield.
Furthermore, weather data is more objective than yield data, with reduced risk of fraud and moral hazard, as it is
provided by automated weather stations and is readily accessible by both farmers and insurers, and can be
tracked in real-time during the progress of the index. Also weather based schemes cover a broader range of crops
including many horticultural crops. The main concern surrounding weather indices is the basis risk that weather
proxies do not adequately represent crop yield deviations.

For more details see Appendix 3.
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Description of crop insurance schemes

The first crop insurance programme was introduced in
1972 by General Insurance Corporation (GIC) based on
an “Individual approach” (insuring each farmer) for cotton
in Gujarat. The scheme was later extended to few other
crops and implemented in 6 states. This scheme was
followed by the Pilot Crop Insurance Scheme (PCIS)
during 1979-1984 which was offered on a voluntary basis
to loanee farmers and implemented in 12/13 states on a
pilot basis. The scheme was based on the “area
approach” providing insurance cover against a deficit in
the realised crop yield below the threshold level.

The insurance premiums ranged from 5-10% of the sums
insured and were subsidised by 50%, shared equally
between the state and central governments, for
small/marginal farmers. The PCIS was expanded and
replaced in 1985 by the first nationwide scheme known
as the Comprehensive Crop Insurance Scheme (CCIS).
From this time onwards, there has been a succession of
different national crop insurance schemes, each trying to
address short comings of previous schemes and improve
take-up. The schemes (Figure 9) are briefly described
below and the key features of the schemes and the
evolution to today’s offerings are summarised in Table 3.

Figure 9: Timeline of major nation-wide crop insurance schemes since 1985
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