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The insurance principle has become well established in modern society.
All are familiar with insurance against such hazards as death, ill health,
accident, fire and theft; among comparatively recent innovations is insurance against hail, rain, windstorm, tornado, drought, flood, and crop
failures due to unfavorable weather conditions. It is with the latter
group of hazards that this summary is exclusively concerned.
Hail Insurance

History records the fact that the first insurance of any kind ever
written was insurance against hazards to vessels at sea, and was, therefore, essentially insurance against unfavorable weather. But the oldest
line of distinctly weather insurance written in the United States is hail
insurance on growing crops. Farming is a business which involves
numerous and unavoidable risks. These risks may be minimized, if not
wholly removed, by the application of the principle of insurance, which
is founded upon the idea of indemnity, of reimbursement for actual loss
sustained.
Hail insurance on growing crops is written by organizations representing three different groups of business institutions, namely, (1) mutual hail insurance companies, (2) fire insurance companies, which
write hail insurance as a side line, and (3) state hail insurance boards
or departments.
In both the Dakotas, hail insurance is automatic, and premiums are
collected by the state in a manner similar to that provided for the collection of taxes. In Montana and Nebraska hail insurance premiums
are collected in the same way, but the insurance is optional, and takes
effect only upon the application for such insurance by the owner or the
tiller of the soil.
Hail insurance in large volume can be written only where there is a
large acreage of crops to insure, and where at the same time the
probability of destructive hailstorms is present in such degree as to
make the growers of crops conscious of the need of protection. These
two factors coexist in a marked degree in the North Central States.
Kansas, North Dakota and Iowa, ranking in the order given, lead all
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states in the amount of hail insurance in force; in fact, these three
states together have more than one-half of the total hail risks in the
United States.
Hail insurance is now written on all kinds of growing crops. Rates
of premium paid for this insurance vary with the kind of crop and the
location of the field where it is produced. As an example of the amplitude in rates it may be stated that the rate on cereal crops varies from
2Vz per cent in Oregon to 16 per cent in Colorado and Wyoming.
Wise and conservative management of a hail insurance company demands that a reasonable reserve be provided in years when losses are
relatively light against the years when relatively heavy losses will be incurred. Hail losses are usually of the conflagration type, either very
large or very small. Inadequate reserves have caused many mutual
hail companies to fail.
Hail insurance is written on growing crops which represent goods in
prospect rather than goods in existence, and expires almost coincidently
with the transformation of prospects of wealth into actual wealth, consisting of useful or marketable products. It covers a limited period, the
period of development of crops. Some policies state that the company's
liability ceases at noon on September 15th, others provide that the company ceases to be liable as soon as the grain or other crop has been cut
or picked. As the hazard insured against in hail insurance originates
entirely in forces over which man has no control, the moral hazard is
slight.
The erratic nature of the hail hazard is proverbial, and is evident in
the following record of hail insurance loss ratios for the United States.
(A loss ratio is simply the proportion of the total premiums collected
which was subsequently paid back to settle claims for losses incurred.)
Year
1914
1915

Hail Loss
Ratio
48.2%
121.3%

1916
1917

87.3%
50.7%

1918
1919

63.7%
47.8%

In Canada, where hail insurance is limited largely to Manitoba,
Saskatchewan and Alberta, the hail loss ratios in recent years have been
erratic also, as is indicated in the following:
Year
1914
1916

Hail Loss
Ratio
39.7%
109.7%

1918
1921

30.9%
107.9%

1923
1924

96.1%
47.2%

Diversification of crops is everywhere encouraged because it tends to
reduce the degree of susceptibility to damage from hail, as well as other
unfavorable weather conditions. The critical period of one or more of
these crops is likely to be past before that of other crops is reached.
In 1924, total hail insurance premiums in the United States amounted
to about $40,000,000. However, the year's record is bad on account of
heavy losses, for which final figures are not yet available. The hail
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which fell during a single thunderstorm in the Connnecticut Valley of
New England in early August caused losses on growing tobacco alone
to an amount exceeding $300,000. Destructive hailstorms were frequent throughout the Mississippi and Missouri Valleys. A preliminary
report of the State Hail Fund of South Dakota shows that 1924 was
the most disastrous year in the record of the department. The South
Dakota Hail Fund has been experiencing loss ratios exceeding 100 per
cent for the past four consecutive years, and the loss ratio for 1924 is
reported as over 230 per cent.
Windstorm and Tornado Insurance

Windstorm insurance made its first appearance in the United States
as a rider on a fire insurance policy about 1865. However, the volume
of business was insignificant prior to 1880, when separate policies for
the writing of tornado insurance were introduced. Since that time the
business has developed rapidly, and today it is one of the most promising of the so-called side lines of fire insurance companies. Annual
premiums now amount to more than $30,000,000 in the United States.
The windstorm policy at present in universal use throughout the
United States is the outgrowth of years of experience compiled and
considered by committees from different sections of the country, in cooperation with adjusters and legal talent. It may very properly be
assumed as fully and satisfactorily meeting the present demands of
business, although it is constantly being called upon to provide for new
developments. The standard windstorm policy has in a general way the
usual conditions of the standard fire policy, and reads to cover as follows: "Against all direct loss and damage by windstorm, cyclone and
tornado," thus making it applicable to every form of windstorm and
every kind of wind damage. On the other hand, the windstorm policy
distinctly excludes any damage by fire, where following a windstorm or
not, and this raises a much debated question as to how full coverage
may be provided. The standard fire policy is automatically cancelled
upon the collapse or falling of a building.
In the tropical hurricanes which occasionally occur along the Gulf
Coast it is sometimes very difficult clearly to distinguish windstorm
damage from tidal wave or water damage. For this reason certain
companies decline to accept a liability on property within a certain distance of the coast. The lightning hazard is uniformly prohibited in a
windstorm policy, which also declines to assume damage from water
or rain unless this damage is the direct result of actual wind damage.
Windstorms of a totally destructive character are infrequent, but
windstorms of a more or less serious magnitude are common. It is,
therefore, now customary to refer to this line as windstorm insurance
rather than tornado insurance, as the tornado usually occurs only in
well defined regions, whereas destructive winds occur occasionally in
nearly every part of North America. However, the tornado belt is not
so limited in extent as was formerly supposed. Real tornadoes have
occurred within the past few months in Florida and California, states
heretofore considered immune. But the widespread havoc caused by
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tornadoes in the vicinity of Lorain, Ohio, in 1924, and in southern
Illinois and Indiana in 1925 has more than doubled the demand for insurance protection against windstorm damage. In fact, certain banks
and some mortgage companies now require windstorm policies, along
with fire policies, on improved real estate before they make loans. A
form of policy becoming very popular in regions subject to tornadoes is
a combined fire and tornado policy, applicable to dwellings only.
Because it is still a side line, windstorm insurance is handled at comparatively low cost, and rates are correspondingly low. In underwriting
windstorm insurance the three major considerations are, (1) location of
building, (2) construction of building, and (3) susceptibility to damage
of contents of building.
During the year 1924 windstorm losses paid by insurance companies
were larger than usual. However, destructive windstorms were so
numerous, and they occurred in so many places formerly considered immune from such damage, that the demand for this form of insurance
protection has reached unprecedented proportions. It is probable that
the premiums collected in this line of insurance during the year 1925
will total the largest on record. An appalling catastrophe may occur at
any time if a true tornado should pass over a large city. Within recent
years storms of this type have caused destruction in or near St. Louis,
St. Paul, Omaha, Lorain and Chicago.
Rain Insurance

In the insurance domain we owe much to Great Britain. Rain insurance was in successful use in England for many years before it was
introduced into the United States by an English company in 1919.
American companies soon adopted this new line, and it is now being
written as a side line by about 40 American fire insurance companies.
Premiums in 1924 totaled about $8,000,000, and in 1925 are expected to
reach approximately $12,000,000. During the first few years, few if any,
of the companies writing this line made profits from it. However, with
the revision of rates based upon scientific principles, and with the introduction of more refined practices, rain insurance has within the past year
or two become established as a money-making side line.
Rain insurance does not cover property damage. Its significant feature lies in the fact that while it reduces slightly the net profits of a
business enterprise wh,en fair weather occurs, it at least assures a return of the investment when rain falls. It is especially designed for
events or business enterprises dependent upon public patronage. It
partakes of the nature of public service in that it removes an unavoidable
risk and helps to stabilize business, incidentally promoting success and
prosperity. Promoters of events, whether they occur outdoors or indoors, are really performing a useful and valuable public service, in
that they are assisting in the satisfaction of the human need for recreation which has resulted from our factory system of employment, our
tendency to herd together in crowded cities, and the monotonous, humdrum existence which has resulted therefrom.
The Rain Insurance Association, which includes in its membership
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nearly all the companies writing rain insurance in the United States,
maintains headquarters in New York City. It is administered through
committees representing the various participating companies. The outstanding feature of rain insurance during 1924 was the development by
the Association of new rates for the entire country based upon data of
the actual hourly amount and frequency of rainfall during the many
past years and collected from the official records of about 200 cities.
This was a huge and costly task, but the investment was considered a
good one in that it has provided for the first time a scientific actuarial
basis for rates. Want of such a basis was the primary cause for losses
sustained by companies writing rain insurance during the early years.
It is also worthy of note that the Rain Insurance Association now
possesses the most comprehensive summary of hourly precipitation data
in the United States. Moreover, the summarized data represent the
labor of six statisticians working continuously for more than one year.
The revised rates were put into practice early in 1925. All companies
in the Association use the same rates and forms of policy. The latter
now number six, instead of the ten formerly employed. Rain insurance
is written against 0.1 or 0.2 inch of precipitation occurring within a
specified period of time. No policy is written for less than three hours.
Rates against 0.2 inch precipitation are usually one-third less than those
against 0.1 inch. All periods of liability begin and end on the even hour.
If no official rain gauge is available in the immediate vicinity of an insured event, the company writing the policy will loan a standard rain
gauge for use at the event. Another feature of the Association's work
during 1924 was the selection after personal investigation of an approved list of rain gauge readers. This work is being extended in 1925;
eventually the Association hopes to have a trustworthy service of its
own, with a capable, trained observer equipped with a standard rain
gauge in every city and town in the United States.
Because of thunderstorm showers, there is a greater frequency of
rainfall during summertime in the afternoon and evening hours than
in the morning, throughout a large portion of the country. On the
other hand, in certain portions of the Southwest a morning maximum
of frequency was discovered. Because of these facts, it was found necessary in preparing the new rates to provide two separate groups or
classes of rates for each of the summer months in certain states. Success in any line of insurance is largely dependent upon the rate structure. Now that a trustworthy acturial basis has been found which is
built upon and justified by actual climatological data, rain insurance
may be said to be on a permanent and established basis for the first time.
No longer will it be possible for local weather sharps to take unfair advantage of an insurance company; in the past many have done this very
thing, as the only summarized data available for rate-making purposes
were the "Number of days having 0.01 inch or more of precipitation."
The new rates, based upon actual amount and frequency of precipitation
for every hour of the 24, and worked out by months, provides a basis
fair to all concerned.
Applications for rain insurance must be submitted at least seven
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days in advance of the day of liability. Because of the increasing efficiency of long range weather forecasting, it became necessary, during
1924, to increase this period from five to seven days. It may become
necessary to extend the advance notice period to one month if the art of
long range weather forecasting continues to increase in efficiency.
As in other lines of insurance, the rain insurance contract is based
upon indemnity only. Overinsurance is carefully guarded against, and
every effort is made to eliminate a semblance of gambling. The public
refuses to get wet. Patronage is largely determined by the state of the
weather. Nearly all outdoor and many indoor events are now insured
against loss resulting from precipitation, either rainfall or snowfall.
Attendance at games, athletic contests and exhibitions, and receipts of
retail stores during advertised sales are in large measure determined
by the prevailing weather conditions. While more rain insurance is
written in summer than in winter, it is rapidly becoming an all-theyear proposition. In the Pacific States more rain insurance is written
in winter than in summer. Because of its obvious contribution to financial stability, rain insurance promotes the well-being of society, and
for that reason it is one of the notable and praiseworthy business innovations of our time.
Frost Insurance

Of the various adverse weather conditions which may affect growing
crops, frost or freeze is one of the most important. As a hazard, frost
varies both with the kind of crop and with the location of the field in
which it is growing. On fruit, for example, frost or freeze is by far the
most important natural hazard in most regions, whereas on corn it
ranks third as a natural hazard, deficient moisture and excessive moisture being of greater magnitude.
Deciduous fruit trees are subject to frost damage during a comparatively short period in spring; citrus fruit trees are subject to such
damage a longer period in winter. Every acre of citrus fruit trees in
the United States is an insurable risk, since no place has yet been found
in this country which is both suitable for the growing of citrus fruits
and which is entirely free from the hazard of frost damage. In Florida
the citrus fruits are often harvested and in the market before the
coldest weather of winter arrives. Occasionally, however, early frosts
catch the fruit before it is sufficiently mature to pick, and damage then
results. In California, a considerable portion of the growing orange
and lemon crops remains on the trees throughout the entire winter, and
is therefore subject to a prolonged frost hazard. About 20 per cent of
the bearing citrus acreage in southern California is protected with
orchard heaters, but in the remaining 80 per cent of the acreage frost
insurance is purchased very generally. Production costs are such that
a citrus grower cannot use heaters and purchase insurance also, as this
would leave no margin for profit. For every acre of bearing citrus trees
in southern California protected with orchard heaters there are four
acres unprotected; the reasons for this disproportion are the relatively
high cost of orchard heating; the relatively low cost of frost insurance;
the large amount of labor during night hours involved in orchard heat-
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ing; and the fact that topographic conditions of some groves do not
permit them to benefit by orchard heating.
During the winters of 1923-24 and 1924-25 frost damage was severe
and wide-spread in the citrus groves of California. Insurance companies
writing this line lost heavily; growers who were unprotected either by
means of heaters or with frost insurance were almost ruined. The cold
was so severe in December, 1924, that some damage was done even to
fruit in heated groves; moreover, there were large losses in Orange
County and other favored regions which previously boasted of a supposed immunity from frost damage and were unprotected with a sufficient number of heaters. The present is therefore a transition period.
Growers are seeking improved and less expensive methods of orchard
heating, and insurance companies are revising rates and refining
methods of doing business. Greater care in the acceptance of risks submitted will be practiced hereafter. The successful underwriting of frost
and freeze insurance will require an extended preliminary study and
field investigation on the part of agricultural and climatological experts
before it can be said to be firmly established.
Crop Insurance

The U. S. Department of Agriculture asserts that 75 to 85 per cent
of the damage sustained by growing crops results from unfavorable
weather. Crop insurance is, therefore, essentially weather insurance.
If the farmer purchased a separate insurance policy covering each of
the various weather hazards—hail, windstorm, frost, heat, drought,
flood, etc., there would be little or no margin left for profit. Moreover,
insect pests and plant diseases are other natural hazards to be considered.
Various committees of Congress have investigated the possibility of
federal crop insurance during the past 5 years, but the matter has
never progressed beyond the investigation stage. It is safe to predict
that government crop insurance will not be provided during the lifetime
of any one now living. Recognizing the widespread demand for a
blanket policy insuring growing crops against all natural hazards, the
progressive fire insurance companies have provided this accommodation
to a limited extent, with indifferent success thus far. The stumblingblock appears to be the moral hazard. In the nomenclature of insurance,
moral hazard means the human factor or personal equation involved in
crop production as contrasted with natural hazards beyond man's control. The intelligent and faithful co-operation of the insured farmer is
essential for the success of crop insurance, and this is sometimes difficult
to obtain during a period of high production costs and low market prices.
Drought caused the failure of three companies which attempted to
write general crop insurance in the Northwest in 1917. So far as known,
no crop insurance was written in the United States during the following
two years. In 1920, two large fire insurance companies experimented
with crop insurance as a side line, and several other large companies
have added this line since that time. Because of their large reserves,
these companies have been able to succeed where others have failed, but
crop insurance is still in an experimental stage, and many years will
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elapse before it can become firmly established. One innovation which
has contributed to the success already attained is the fact that a crop
policy now assures returns on a yield basis rather than on a money
basis, and the market hazard is thus eliminated from consideration.
Diversification of crops is perhaps the simplest and best form of crop
insurance. Where this is not feasible, crop insurance underwritten by a
large company with ample reserves is the best alternative. Expert
knowledge and unusually good underwriting judgment are required in
the successful development of crop insurance. Only a few of the larger
fire insurance companies are writing it at present, but more companies
may be expected to enter the field soon. Few, if any, of the companies
have yet reached the point where they cover the individual grower or
farmer. Most of the policies thus far written cover organizations of
growers, or they cover the advances made by a shipping organization to
groups of growers who have contracted to sell their entire crop to the
commission man who ships the crop to market. Thus far every crop
insurance policy has been a special contract between the company and
the insured, and has been signed and delivered only after careful field
investigation of the risk involved. Doubtless in due time a standard
crop insurance policy will be available in printed form adapted for the
needs of the individual grower or farmer. Considerable experience will
be needed by the insurance companies before that time arrives, however.
Miscellaneous Weather Insurance

The annual destruction due to fires by lightning in the United States
is estimated to be as much as $20,000,000. In one state alone, Iowa,
during the four years ending with 1922, the loss as given by the State
Fire Marshal was $1,363,000, of which 61 per cent was due to fires in
farm barns. Nearly all of such loss is preventable by proper rodding.
Lightning seldom causes damage to a building protected by properly installed lightning rods. Lightning is a prolific source of fires in buildings throughout the central, eastern and southern portions of the United
States. In the Pacific States destructive lightning is of frequent occurrence only in the mountains, where it causes numerous forest fires.
Most fire insurance companies assume the liability of damage from
fires caused by lightning. This liability is specifically referred to in
the endorsement form attached to the standard fire policy. The additional liability is usually assumed by the company without special cost
to the insured. In a state like California this hazard is inconsequential,
but in a state like Iowa it is important, particularly in the rural districts and smaller towns.
Various lines of weather insurance have been written which may
properly be classified as freak covers. These have been special contracts
adapted to the peculiar needs of the occasion, and were determined in
each case by the special hazards involved. For example, during a total
eclipse of the sun, insurance against a cloudy sky has been provided.
Moreover, companies engaged in the manufacture of moving pictures
have secured insurance against lack of snow for a background for
"Alaska scenes" photographed in the Sierra Nevada Mountains of California. Again, promoters of winter sports in Minnesota have been in-
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sured against lack of snow, and against high temperatures which would
melt ice.
With the increasing complexity of our civilization, demands for new
kinds of insurance may be expected to appear from time to time. Not
only is the weather a subject of perennial and perpetual interest, but it
affects and influences our lives daily in a multitude of ways. For this
reason it is probable that insurance against unfavorable weather will
grow in volume and importance with the passing of the years. From
the foregoing summary it is evident that expert advice is required and is
being employed in the underwriting and development of weather insurance, as in other lines.
HYDRO-METEOROLOGY
B y CHARLES F . BROOKS a n d FRANCES V . T R I P P *
* Dr. H. C. Frankenfield, Prof. A. J. Henry, Mr. Robert E. Horton and Mr. J. F. Voorhees contributed many valuable comments.

Run-off

Water is a vital factor in the maintaining of life. Under conditions
of insufficient rainfall people and plants alike cannot exist, unless, by
irrigation and sinking of deep wells, water be provided for their needs.
Too much water in the form of heavy rainfall and floods, on the other
hand, causes suffering and destruction. The amount of water which any
place receives during a year (flood plains of certain rivers excepted) depends upon the amount of precipitation which falls upon that place.
Some of the falling rain and snow is intercepted by trees before it
reaches the ground. All of this which does not run down the trunk or
drip off subsequently evaporates. According to Horton's studies the
interception storage loss for trees varies from 0.02 to 0.07 inch per
shower, and approaches these values for well developed crops.1 Yoorhees
has found that 0.1 inch of the rainfall will always evaporate.2 The interception storage loss for trees in woods is greater, but evaporation loss
during rain is less than for trees in the open. The experiment at Wagon
Wheel Gap has shown that light rains up to and including 0.03 inch may
be considered as being totally intercepted.
When the rain reaches the soil some evaporates; some runs
over the surface into streams; some sinks
into the ground.
Of that which sinks in, a part is absorbed by vegetation
and transpired, a part becomes sub-surface run-off. The amount
of run-off, then, is the total of surface and sub-surface drainage.
An analysis of the dispostion of precipitation at Wagon Wheel Gap during the seven years, 1912 to 1918, shows that of a mean annual rainfall
of 21 inches, 29 percent constitutes run-off, 17 percent is intercepted, 18
percent is transpired, and 36 percent is evaporated.8 In a consideration
of these figures, the elevation of from 9,000 to more than 11,000 feet must
1
2
8

Horton, R. E . : Rainfall Interception, Mo. Wea. Rev., Sept., 1919, vol. 47, pp. 603-623,
Summary, Science, April 30, 1920, pp. 439-440.
Voorhees, J. F . : A Preliminary Study of Effective Rainfall. To be published in Mo.
Wea. Rev.
Mo. Wea. Rev. Suppl. No. 17, p. 32. This supplement is reviewed in the Mo. Wea Rev.,
Dec., 1921, vol. 49, pp. 637-650.
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