Potential Impacts
of
*
Shifts in Climate on the
Crop Insurance Industry
Abstract
Several studies have estimated the possible impacts and adjustments in U.S. agriculture resulting from a future change in climate.
This paper examines how these adjustments and shifting climate
conditions could affect the nation's crop weather insurance industry,
including its ability to provide adequate coverage. Shifts in crop
varieties, the extension of new crops into new areas, and changes
in crop yields would all affect establishment of rates and many other
industry practices, but we expect that these shifts could be adjusted
to using existing techniques and field research. What will be most
difficult to react to will be the shifting weather risk, such as everchanging storm frequencies or intensities. Current practices of rate
development and regulation of insurance rates are based on historical data, not on anticipation of future weather shifts. Outcomes seen
during such climate transition periods with their inherent uncertainty
include a reduced industry zeal for accepting risk. This would likely
include declination of coverage, reduced coverage per unit area,
and lower yield guarantees. These acts would lead to more selfinsurance by crop producers, which would involve more crop diversification and greater dispersion of crops over an area.

1. Introduction
It seems reasonably certain that a significant change
in climate will affect the production of crops. To the
extent that production technology may change, and
the selection of crops or adapted varieties will vary
from past practice, the provision of insurance on
growing crops will also change.
A literature review on the subject of the possible
effects of climate change on agriculture in the United
States reveals only a few comprehensive studies
(Rosenberg 1992). There have been speculations in
several publications about production effects on the
High Plains, the Corn Belt, and the southeastern
United States but few in-depth studies. Ritchie et al.
(1989) estimated effects on crop yields in the Great
Lakes region, and Peart et al. (1989) investigated
effects in the southeastern United States. Two noteworthy studies of the central United States were the
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Missouri-Iowa-Nebraska-Kansas (MINK) project
(Rosenberg and Crosson 1991) and an assessment of
effects on Illinois corn producers (Easterling 1990).
Both were sufficiently in-depth to provide some rather
complete analyses of likely outcomes and adjustments under different climate scenarios.
The MINK project used the 1930 drought years to
assess future impacts on agriculture in the four-state
area for the year 2030 (Rosenberg and Crosson
1991). The EPIC model was used for crop simulations.
Results indicated crop yields decreasing in the region
by 10% to 25% if there were not farm-level adjustments. Increased crop water demands would call for
regional increases of 20% in use of irrigation water.
The MINK study indicated few effects on animal production in the region based on the assumption that
feed grains would be imported. The envisioned adjustments for farming in the region included earlier planting, use of long-season varieties, and enhanced conservation tillage. Adaptations expected to occur in
portions of the region included shifts in crop types,
breeding and use of varieties better able to withstand
drought, and major changes in irrigation. There would
be less available groundwater for irrigation in the fourstate region's western sectors, but increases were
predicted for irrigation in the eastern area including
Iowa and Missouri. There were also projected changes
in policies that govern support price structures and
state water laws.
Another study assessed potential shifts in midwestern crop patterns (Flores-Mendoza et al. 1989)
utilizing different future climate scenarios. A tested
warm and dry scenario (+3°C and -30% in summer
rain) produced some major shifts in corn growing,
including decreases in percent of farmland in corn
across Illinois and Iowa, plus a predicted spread of
corn growth to the north and east. Their model outputs
also showed a considerable spread of sorghum production into the Midwest. Global estimates are for
poleward shifts of crops where soils allow (IPCC
1991).
The Illinois study used experts in agriculture to
assess possible impacts on corn production and ef-

1703
Unauthenticated | Downloaded 01/09/23 11:44 PM UTC

fects at the farm level should changes predicted by two
global climate models occur (Easterling 1990). Pollination problems were predicted due to the greater
frequency of days with high temperatures in summer.
The warmer and wetter winters would lead to greater
denitrification and increases in insect pests and weeds.
In the net, the yields of corn were seen to go down by
10% to 30%. Importantly, the warmer and drier summers would increase evapotranspiration, leading to
less soil moisture during the summer months.
Changes in the Midwest's comparative economic
advantage would determine the extent of adjustment
versus adaptation used in Illinois and other Corn Belt
states (Easterling 1992). That is, the effects of changed
climate on other agricultural regions competing with
the Midwest would directly influence which adjustments and adaptations were made by Midwestern
producers. None of the future climate scenarios tested
in Illinois would preclude corn from being raised in the
Midwest if appropriate adjustments could be made
(Easterling 1990). These include earlier planting and
altered tillage, expanded irrigation, and the use of
short-season varieties. If competing agricultural regions in the world derive more favorable future agricultural climates from the climatic shifts, then the economic advantage of these areas could make corn
farming economically unfavorable in the Midwest. If
prices for crops uniformly rise, as many predict, and
input prices do not rise significantly, then adjustments
to climate change are seen as likely to be extensive in
Illinois (Easterling 1990).
Future climate scenarios related to greenhouseinduced global warming were assessed for potential
effects on harvested acreage and irrigation across the
United States (Petersen and Keller 1990). They projected a drop in cultivated acreage across the western
states ranging from 10% to 50%. Their study further
indicated that the nation's worst crop water problems
would occur in the High Plains, including Kansas,
Nebraska, Oklahoma, and Texas, where reductions in
harvested acreage were estimated to be 40% to 50%.
Inability of the groundwater supplies to sustain irrigation would create serious agricultural problems. The
future climate scenarios assessed for the midwestern
United States were seen to create sizable increases
in irrigation. Irrigation was projected to become profitable throughout the Midwest, and if the summer
temperatures went up by 3°C and the rain decreased
by 15% to 25%, irrigation would be essential to successfully grow corn. Illinois has assessed the potential
growth of irrigation, utilizing soils, slopes, and sustainable water supplies, and has calculated that roughly
half the state could be satisfactorily irrigated (Bowman
and Collins 1987).
These studies reveal a strong belief that adjust-
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ment and adaptation to a future climate change can be
accomplished by agriculture in the United States. This
belief is based, in part, on the great past success in
increasing crop yields in the face of weather effects
(Easterling 1992). Changes to earlier planting, different crop mixes, tillage practices, and fertilizer applications would clearly be the first line of defense against
a more adverse climate and indeed may be all that
would be needed, depending on the amount of climate
shift. If the climate shift was large scale and to more
arid conditions, then major adaptations would be
needed, including a major spread of irrigation in the
central United States, use of short-season corn and
soybeans, and the removal of marginal lands from
production of cultivated crops.
Interestingly, none of these studies included the
potential impacts of the estimated agricultural adjustments on the crop-weather insurance industry. Others
have addressed potential impacts of climate change
on property insurance (Friedman 1988; Changnon
and Changnon 1992), but this paper focuses on impacts to weather insurance of growing crops. The
various applications of climatological data in the weather
insurance industry have been documented (Changnon
and Changnon 1990). That study revealed the industry's
need to have averaged values based on many years
of record, a measure of the temporal variability on
annual and multiyear time scales, and knowledge of
the occurrence and magnitude of extreme events.
Some basic knowledge of how crop insurance works
and is administered presently is necessary to understand how future climate shifts might affect the provision of crop insurance.

2. Types of crop insurance and what
features could be impacted by shifts
in climate
Crop insurance is currently provided in two categories, hail insurance and multiple peril insurance. First
(because it was first in existence) is the private industry
business of insurance against loss or damage to
growing crops caused by hail. This enterprise of the
private insurance companies dates to the turn of the
century in the United States. From very modest beginnings, it has grown to 3% of the property insurance
business. It has taken several turns in coverage, most
important of which was the coverage against additional perils, principally fire, and wind when accompanied by hail. Various kinds of policies evolved, with
innovations in the degree of self-retention (insurance)
being the major feature. For example, in 1960, an
Illinois corn farmer could choose from two basic policy
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types with only one optional deductible each, whereas
by 1992, the farmer could choose from three basic
policy types with a dozen or more options of deductibles.
The basis of coverage is simply that, to the extent
yield is reduced by damage attributable to the covered
perils (hail, wind, etc.), the policyholder is indemnified
according to the amount of insurance obtained. For
example, if a crop is insured for $200 per acre and the
reduction in yield is determined to be 25%, then the
policy pays $50 per acre, that is, 25% of $200. It will be
seen that 100% coinsurance effectively exists, which
means that the policyholder shares in the loss to the
same extent that the amount of insurance is less than
the actual cash value of the crop.
Historically, methods for determination of yield reduction have been developed through field research in
which hail damage has been simulated and crop yields
measured, field training of those who adjust crop
losses, and the accumulated experience of career
adjuster personnel. Premiums charged for the insurance are established from one of the most comprehensive bodies of statistics in the insurance industry.
Detailed data on each policy and the losses have been
accumulated mostly since 1924, by township, crop,
and kind of policy, for liability (insurance in force),
premiums, and losses paid.
The hail insurance segment of the crop insurance
industry has long dealt with year-to-year variability.
However, if persistent future shifts in climate are
sufficiently large to create (a) shifts in crops grown in
an area, or (b) a shift to crop varieties significantly
different than those of the past 70 years, the changes
will present a major challenge to the industry. It will
possibly render obsolete the database used in rate
promulgation. New crops or evolving new varieties
aimed at adapting to changing growing conditions
may require major shifts in how loss is determined and
possibly even how crops are insured.
The second category of crop insurance is known as
multiple peril crop insurance (MPCI). It is now conducted in a joint venture between private insurance
companies and the Federal Crop Insurance Corporation, a U.S. Department of Agriculture agency. The
companies involved are principally those traditionally
engaged in hail insurance, although not all hail insurance companies are involved in MPCI.
The design of multiple peril coverage is altogether
different from that of hail coverage. In MPCI, the
approach is to guarantee the crop yield, based on
historical norms, and to indemnify when yield is less
than the guarantee if caused by named perils. These
include almost all the natural causes of yield impairment—drought, floods, high temperatures, frost, disease, and insect perils. There are options of level of
yield guarantee, currently from 50% to 75% of the
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normal yield, and the premiums charged vary accordingly. The difference of 25% between the normal level
(100% down to 75%) is not insured, because it is
assumed that annual crop yields normally fluctuate
over time by up to 25%, and this is not due to these
perils. In essence, self-insurance is achieved by a
choice of levels of coverage of 75% or less.
Considerable yield history at the level of a farm and
even portions of a farm unit is necessary for setting
such yield guarantees. Experience rating is possible
only with detailed yield histories extending over a
period of time. While in the administration of federal
farm programs there has been accumulated much
yield history, most of the historical data for satisfying
those needs falls short of the requirements for yield
insurance. For the same reasons, any climate change
that causes major variations in crop yield potentials or
adoption of species and varieties (engineered or otherwise) pursuant to adaptation efforts will create a
need for revision of practices in the provision of yield
insurance.

3. How climate shifts could affect the
provision of crop insurance
The contribution of insurance to agricultural production is in risk management. The insurance underwriter assumes risk in terms of the probabilities of
occurrences, expecting that through various devices
for distribution of risk (over space and time) a return to
the capital necessary for conducting business will be
realized. Insurance is not a bottomless pit and the cost
to the insured, while spread over time, is an expense,
not an investment. While insurance is a useful tool in
the financial management of agricultural production, it
cannot be the sole means of accomplishing the transition from present weather conditions to whatever
climate regimes may befall the producer. In other
words, the assumption of risk, whether by the business entrepreneur or the insurance underwriter, is
subject to limitations. One of the major limitations to
adjustment for weather or crop change is the degree
of uncertainty.
Given the current uncertainty within the scientific
community about the likelihood or type of climate
change (Cogan 1992), it is understandable that agricultural producers and insurance underwriters may be
cautious about reacting to future shifts. The first problem facing both is the matter of recognition that a
permanent change is taking place, or perhaps a matter of accepting the reality of change.
The cautious reactions of underwriters will compound the dilemma of the crop producer. Producers
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obviously would be interested in greater insurance
protection as they face the uncertainties of how climate change will affect the selection of crops, varieties, and production practices.
The insurance industry has dealt with dramatic
cropping changes in the past, and these help reveal
what might occur with a climate change leading to crop
shifts. For example, during the years following World
War II there was a major shift in cotton production in
west Texas (in the general area of Lubbock) as extensive irrigation rapidly developed. There was only a
modest history of hail damage to cotton in that area but
none for cotton grown under irrigated practices, which
quickly came to characterize all cotton grown in the
area. Furthermore, it was found that the hail frequency
of the area was apparently influenced by the advent of
widespread irrigation (Changnon 1973). Underwriters
and actuaries required several years of new regional
loss experience before they could develop the proper
premium rates necessary for the companies to financially survive in the area. During those years of poor
information, severe financial losses were incurred by
producers and insurance companies. This is an example of a relatively small-scale climate change, and
of a scope that the industry can afford to risk for the
period of time necessary to modify rating and underwriting practice. Such risk assumption is not likely to
occur with the presumably larger regional scales of
climate change.
The industry has also endured periods of unusual
frequency and severity of hail within a state or region.
These fluctuations often try the patience of underwriters as they implore those responsible for setting and
approving rates to get higher rates established. It
should be understood that insurance regulators do not
permit "recoupment"; that is, rates must be predicated
on the basis of expected losses, normally best indicated by the cumulative historic experience. Thus, a
catastrophic loss year like 1992, or a series of these,
are added to the historical data for rating purposes.
This tends to soften the impact of the severe years on
rate development. About the only recourse for the
industry is to more frequently adjust rates and to adjust
rating formulas to make greater allowances for catastrophe loadings in the rates. However, these are not
arbitrary adjustments and must be justified statistically
on historical data, as well as theoretically, to insurance
regulators. Meanwhile, companies and producers must
adjust with various devices, such as 1) spreading risk
with reinsurers so that what appears to be more hailprone areas may be averaged off against areas that
may be having the opposite trends; 2) by reducing
acceptances in such hail-prone areas; and 3) by
imposing greater self-imposing retention on the part of
the producers. Producers, especially those with large
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operations, may try greater dispersion of crops as a
measure of reducing exposure.
The introduction of new varieties of crops is not
unusual, and frequently the development of improved
(yield) varieties is at the expense of characteristics
that make for different effects of hail damage. For
example, there is a considerable difference between
soybean varieties for susceptibility to "shatter loss"
when hail hits combine-ready crops, creating a loss of
the product just from opening the pods or by shelling
cereal grains from the head. Loss adjusters also report
significant differences in reaction to stem bruise among
various soybean varieties due to hail.
An example of the industry's response to local
changes affecting crop-growth conditions occurred in
west Texas as a result of decreased use of irrigation
during the late 1970s and early 1980s due to depleted
groundwater supplies and higher costs of fuel for
pumping. Several farmers shifted from irrigated cotton
to either dryland cotton or other crops, mainly wheat.
These shifts did not lead to any adjustments in the crop
hail industry, because the risk to the type of plants
grown did not change. However, the MPCI field was
impacted, since there is a greater cost of insuring dry
land per unit of production (i.e., bale of cotton) than
that of irrigated land. The initial effect on the insurance
industry involved the amount of payments; that is,
payments to ensure a given yield level of dryland
cotton increased, and subsequently, rates were increased.
The above examples serve to illustrate the kind of
problems that climatic change could provoke. However, the problems are seen as manageable. What will
be most difficult is the recognition of the permanency
of the change in weather. The magnitude of the
insurance adjustment problem will be created by lack
of specificity as to 1) rate and type of climate change,
2) the regions most likely to be affected, or 3) the
extent or degree of the weather change.
An important issue for the scientific community and
the crop insurance industry will be detecting a shifting
climate within the noise of the considerable natural
variability in today's climate. Karl et al. (1991) have
illustrated that to detect, with a high degree of certainty, the projected shifts in climate using values in
the climate scenarios from general circulation models
will take between 20 and 40 years in the Midwest
because of the sizable natural variability. Since insurance-derived normals are based on historical records
and not projected shifts, the averages of critical weather
conditions, as derived for assessing risk and altering
insurance rates, would have to be constantly updated
to try to account for ongoing shifts in the mean and the
extremes for all insured areas.
The shifting of hail frequencies and severities from
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current regional values will present a problem mostly
of rating of hail insurance. In a shifting climatic situation, underwriters and their service agencies will be
obliged to anticipate these changes and to adjust rates
by whatever judgment devices they can command
and prove, since adequate statistics of the new climatic regime will take a long time to accumulate. The
magnitude of this problem can be illustrated by the fact
that current hail loss costs across the United States
(the ratio of losses paid to amount of insurance applying, converted to dollars) vary from less than $0.50 to
more than $10.00. There may be resistance from
producers, as well as underwriters and government
regulatory authorities, to any move toward adjusting
premium levels on the basis of little more than anticipation of a shift in climate. The scientific community
needs to recognize such interests in their forecasts of
climate change and utilize them in their deliberations
over adaptation versus mitigation of the climate
change problem.
The problem of transition is even more difficult for
the MPCI program, because yield changes require
adjustment in both yield guarantees and in premium
levels. The larger questions may be: What will the new
"normal" yields be? How much time will be required to
establish the new norms? and By what means can the
industry identify the transition with a degree of certainty that will make gradual adjustments acceptable
to regulatory authorities and producers? The problem
is serious enough in terms of continued production of
existing crops within any given area; it is compounded
with the introduction of new crops to an area. A recent
historical experience illustrates the misunderstandings
of the insurance role that new crops create.
During the mid- and late 1980s, the "alternative
crops" syndrome interested certain political leaders.
They implored the Federal Crop Insurance Corporation officials to take the lead in promoting such a
concept with provision of MPCI coverages at the
beginning. It was difficult to convince the political
leaders that before a yield guarantee could be offered
for an alternative crop there must be some kind of
record of production upon which to base the guarantee and some minimum knowledge of the frequency of
less-than-normal production caused by insured perils
upon which to promulgate premium rates. The same
difficulty is likely to occur with significant alterations of
crop production patterns caused by a change to a new
climatic regime.
The serious financial impacts of the severe drought
to one segment of the weather insurance industry (rain
insurance) and the insured illustrate the potential
effects of not having correct estimates of extreme
events due to an unrepresentative sampling period
(Changnon and Changnon 1990). This example re-
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flects on a key problem faced by the industry in a
shifting climatic regime that could include shifts in
the frequencies or magnitudes of extreme events
like drought.
In any event, continuing uncertainty over shifting
weather trends will likely provoke a reduced zeal for
accepting risk on the part of underwriters. This may
take different forms. The first and most likely is simply
declination of coverage. The second will be reduced
acceptance, that is, lesser amounts of insurance per
acre for hail insurance and lower yield guarantees for
MPCI coverages. These are reactions that probably
would characterize the industry's behavior during any
recognizable transition in climate conditions.

4. Summary
There will be devices for relieving some of the
stress caused by climate change to the crop insurance
industry. It is possible to make comparisons of new
with existing crops, or with the same crops grown in
areas that may have had climates similar to that which
develops in a new region. These adjustments through
comparisons would apply to the determination of
guarantees of yield, as well as to the establishment of
premium rate levels, for both MPCI and hail insurance.
Loss adjustment techniques will be affected but will
probably present the least concern of all the aspects
of administering crop insurance programs.
There is a tradition of research pertaining to crop
insurance that has been conducted under industry
grants to land grant colleges and experiment stations.
With the recognition of emerging problem areas, we
expect that educational and research assistance will
remain available to the industry to make these adjustments in crop loss assessment.
Finally, those in the insurance industry are afflicted
with about the same level of confidence as farmers
who, as a group, have often been characterized as the
"eternal optimists." While much of future farming practice might change in the Midwest, particularly the
"romance of corn production," it is more than likely that
producers will continue in their historical mode to
make the best of circumstances. Both the insurance
industry and agriculture have a long tradition and
ability to adjust to change. We expect no less.
For the crop insurance industry, the key problem
relates to the certainty of an ongoing climate change
and its conditions. It is imperative that atmospheric
scientists indicate what can be expected when it is
developing and the degree of confidence they have in
their expectations. This information will also be useful
to public policy-making relating to insurance. Dramatic changes in climate will also make the current
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federal programs in support of agriculture and insurance invalid, or, atthe least, in need of major changes.
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