weather and world food
Abstract

Increasing demand is outstripping world food production, despite increased yields due to technological progress. Combined with adverse weather and governmental
policies, this has led to a major rundown of reserve
grain stocks over the last few years. Without adequate
reserves to provide equalization, weather must now be
recognized as a critical factor in balancing the supply
and demand of world food. Regardless of long term
trends, such as the return of an Ice Age, unsettled weather conditions now appear more likely than those of
the abnormally favorable period which ended in 1972.
This possibility and its implications must be considered
in planning and determining national and world food
policies. There is an urgent need for better understanding and utilization of information on weather variability and climatic change in this context.
1. Introduction

In January 1974, Dr. A. H. Boerma, Director General
of the Food and Agricultural Organization (FAO) of the
United Nations said in regard to the world food
situation:
. . . there remains one vast incalculable—nature itself.
One thing that has been harshly, even humiliatingly,
made clear in the last two years is that, despite all our
technological progress, despite all the buoyant hopes
invested not long ago in the so-called Green Revolution,
harvests are still far too often at the mercy of the weather. In this respect, at least, man has so far failed to
master his natural environment.

Dr. Boerma sounded rather surprised that weather was
still such a major factor in agricultural production.
This reflects an attitude which at least until recently was
widely held by national and international food experts
—that weather factors have tended to average out in
the long run in time, or on the broad scale geographically and, therefore, are of little significance in the
grand strategy of feeding the world's population.
This is an attitude which was largely acquired in
the period of the 1960s. Remarkably uniform, near
long-term "normal" weather, together with technological progress resulted in a soaring increase in agricultural
yields worldwide. Food surpluses abounded with the
result that very large stocks of cereals were built up.
Particularly large stocks were accumulated in the United
States.

i This paper is based on talks given to the Northern California Chapter of the American Meteorological Society, and
to sections of the World Affairs Council and the Commonwealth Club in San Francisco early in 1975.
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With such large equalizing reservoirs, variation in
annual yield due to weather factors did indeed have
small significance. But other pressures were developing.
Population growth, which caused the situation to alter
dramatically, especially in those areas that were dependent upon food produced elsewhere, together with
an increasing affluence which led to a much higher demand for meat (a highly inefficient means for consuming
cereals), shifted the situation from one of overproduction to shortages. Despite the Green Revolution, that
remarkable combination of improved strains of plants,
advances in the technology of cultivation, and, above
all, the intensive use of fertilizers, food shortages developed.
The year 1972 marked a critical turn of events, although this was not apparent at the time. In that year
total world food production (Fig. 1) declined for the
first time in two decades. The Soviet winter wheat crop
was set back by winter kill and a dry summer further
reduced the harvest. Total production of all grains
showed a modest reverse in both the U.S.S.R., the
People's Republic of China, and also in the developing
countries. These setbacks together with the increased
demand for grains led to the major grain exports of
1972, notably to the U.S.S.R., a fact which sharply accelerated the depletion of U.S. reserves. At the time
this was thought to be a good thing. Subsequent events
were to suggest otherwise.
A positive factor in 1972 was that the developed countries, notably the United States (which produces 20% of
the world total), maintained increased production. Later,
these countries were also to experience production problems, mainly because of bad weather.

FIG. 1. World grain production (wheat, rice, coarse grains).
Statistics from the U.S. Department of Agriculture, Economic Research Service (1974a).
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Although 1973 was a good year and in fact produced
record yields and record production in many parts of
the world, consumption continued to outpace production, leading to a further drawing down of reserve stocks.
Despite increased crop acreage, 1974 was another poor
year. World food production failed to maintain the
growth necessary to keep pace with demand. [U.S. Department of Agriculture, Economic Research Service
(1974a, 1974b, 1974c); United Nations (1975)]. In fact
total grain production actually fell slightly. In particular, grain production in the United States, Canada, the
U.S.S.R., and South Asia decreased.
Forecasts by the U.S. Department of Agriculture
(USDA), issued in late March 1975, anticipated bumper
crops for this year. However, these forecasts are based
on planting information and the assumption of "normal" weather. The saddening experience of 1974 shows
how wrong such forecasts can be. Rain, snow, and blizzard conditions in the United States, along with subnormal temperatures, have already stalled the growth
of crops in many areas as well as inhibited plantings. In
the U.S.S.R., lack of rainfall, winds, and wide fluctuations in temperatures have adversely affected the wheat
crop. In most of Europe the story has been one of abnormally cool wet weather. Around the Mediterranean
Basin, the reverse is true with rainfall below normal.
It is, of course, still too early to assess the final results
of the unfavorable spring weather, but the year is certainly not beginning with anything approaching "normal" weather.
In present circumstances, another year of weather
problems would have serious implications. Carry-over
stocks of grains have fallen to the lowest level in 20
years, and at July 1975, are a bare 9% of total world
consumption. These figures take on chilling significance
when we realize that production can vary from a good
year to a bad year by factors of about 10% of consumption, and consumption is increasing due to increasing
population. Thus, a future sequence of poor production
years (drought conditions in a number of the world's
main grain producing regions, for example) could bring
widespread shortages of food supplies. The possibility of
such a sequence is real, even on the basis of "average"
climatic variability. In addition, there are also indications that changes in the world's climate are occurring.
These shifts enhance the probability that the proportion
of poor production years will increase over the next few
years.
j
The major focus of this paper is the effect of weather
on the world food problem. Its purpose is to provide
background understanding and pertinent information
in order to highlight the need for all concerned, directly
2

2 Climatic averages usually refer to the period 1930-1960,
although averages for 1940-1970 have recently become
available and are also becoming more frequently utilized. It
should be noted that both periods were abnormally favorable for agricultural production. This point is discussed
later (see Figs. 3 and 4).

Or indirectly, in influencing national and international
food policies, to recognize the critical part weather
plays in this issue.
This is not to ignore or minimize the other factors
at work. The world food problem is one of great complexity and engenders much emotion. It involves economics, demographics, politics, and morality, quite apart
from the technologies of agriculture, food production,
processing, and distribution.
This paper singles out weather, believing its importance has not been adequately recognized until recently
and that in some quarters its influence is still grossly
underestimated. Emphasis is on the near future, i.e.,
on what the next few years will bring, since the problems generated must be solved before longer term uncertainties warrant attention.
2. Weather and food production

All technical capabilities aside, and despite the complexities of the economic forcing functions and elasticities, the vagaries of the weather to a large extent
determine whether food production comes up to
expectations.
Weather effects can be short lived—a hail storm or
wind storm can ruin a crop in minutes; so can a few
short hours of frost. Excessive heat and prolonged
drought take longer to spoil a harvest, and deficiencies
or heat over extensive or critical periods of the growing cycle reduce yields significantly in a less dramatic
way. On the longer term, a series of drought years can
deplete the ground water resources or contribute to soil
damage with detrimental effects which are felt even
after a year or more of adequate rainfall.
3. Weather variability

The broad features of the working of the global heat
engine are, of course, well known. These give rise to the
zonal pattern of weather types that move north and
south with the seasons. The details of this pattern are
extremely complex and are much influenced by the
arrangement of land masses and oceans in each hemisphere as well as the orographic features of the continents. Upon this large scale framework, weather tends
broadly to follow well-established patterns, and the
progression of smaller scale weather systems produces, on
the long term, the characteristic weather of an area. Day
to day sequences of storms and fine weather become the
integrated crop season weather, and, over years, the
"climate" of an area.
On a year to year basis weather events inevitably
show a certain degree of variation. Even more significantly, the broad pattern of weather development is subject to change. In some years, or over a number of
years, the north-south seasonal migration of zonal weather may depart considerably from "normal" limits.
Again, a relatively minor perturbation of the wave
pattern that weather systems characteristically follow
may lead to significant modification of the weather of a
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FIG. 2 .

Climatic cause-and-effect (feedback) linkages, after

particular region. These changes lead to variations of
the integrated weather experience of a location from
year to year or period to period and thus to marked
differences in crop season weather.
T h e reasons for these anomalous developments from
one year to another are not known at present, just as
there is no present explanation available for changes in
long term climate. T h e all important fact, however, is
that such short and long term variations do occur.
Figure 2, showing the complexity of the interactions
involved in broad scale weather developments, gives
some idea of the difficulty of developing deterministic
models based on physical processes that can be used in
mathematical simulations. T h e alternative approach of
seeking periodicities and precursors by which to predict
the future also faces enormous difficulties due to the
many factors that combine to produce the actual march
of events. Neither approach offers immediate prospects
of success.
4. Weather variability and food production

Approximately 90% of the world's food is grown and
consumed locally (i.e., within national boundaries).
About 10%, however, is exported and imported, providing sustenance for the hungry half of the world, i.e.,
the 50% or so of the population living in subequatorial
and monsoon lands, the developing nations, and those
where excessive populations outstrip local capacity to
produce.
TABLE

W . D.

Sellers (Kellogg and Schneider,

1974).

Cereals constitute the principal commodities traded,
of which the United States contributes some 55%,
Canada 12%, Australia 6%, and Argentina 1% or 2%
of the total shipments.
Within the major surplus producing areas, or for that
matter within all major food producing areas, production is largely concentrated in relatively small areas.
Since these areas are susceptible to weather variations
on a local or regional scale, total food production is
particularly vulnerable to weather variability. Weather
factors, on this basis, do not necessarily cancel themselves out from place to place.
It is for this reason that droughts in the Midwest
of the United States or cool weather in Canada's prairie
provinces, or floods in Burma can impose very serious
restraints on the food supply of much larger areas and
vast numbers of people.
Table 1 shows how yields of key U.S. crops reflected
the adverse weather of 1974 (the spring floods, summer
drought, and fall frosts in major areas of the Midwest).
Figures 3 and 4 provide even more conclusive evidence
of the effects of weather on agricultural output. Figure

1. Yields in bushels per acre of major crops (USA) from
a paper by Wittwer (1975).
Corn
Wheat
Soybeans
Sorghum

H i g h 1972
or 1973

1974

% Change

97
33
28
60

28

72
24
45

-26
-15
-14
-25

FIG. 3. Average yields of corn per acre in the U.S.
(McQuigg, 1974b).
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3 shows corn yields in the United States since the turn
of the century. Curves show data for the principal corn
producing states as well as for the United States as a
whole. Notice how the five state average is somewhat
more variable than that of the United States where a
larger area has the effect of smoothing out local weather
variations. Also notice the sharp drop in the number of
bushels produced per acre during the 1930 droughts.
The dip in 1970 was the result of corn blight.
In Fig. 4, yields have been normalized to 1973 technology. Accordingly, variations in yields are solely a
function of the variability of the weather from year to
year. In this figure, based on crop yield modeling studies
by Thompson (1975), "normal" weather is defined as
long term average precipitation and temperature conditions. Drought as indicated here represents conditions
resulting in 10% lower yields than "normal" weather.
"Normal" weather represents generally optimum growth
conditions, dryer and wetter, hotter or colder conditions tend to produce reduced yields. (In fact, average
yields for corn are 4% and for wheat and soybeans 2.8%
less than "normal" weather yields.)
From 1955-1970 remarkably uniform, near normal
weather, gave high yields. 1974 was an exceptionally
poor year when the "triple whammy" (spring floods,
summer drought, and early fall frosts) reduced outputs
dramatically.
The favorable weather of the 1955-1970 period
(which to a greater or lesser degree was widely experienced), coming as it did at a period of great technological progress, has had a tremendous, but unrealized
influence on the thinking of U.S. agricultural economists
and national policy makers. On the basis of such favorable experience the possibility of adverse weather was
underestimated. It was this thinking that led to the
decision to run down U.S. grain stocks so sharply in
1972 when the opportunity arose to sell to the U.S.S.R.
what were then considered excessive grain holdings.
On the world-wide basis after the poor weather of
1972, there were good conditions in 1973 which were,
t

FIG. 4. Variation in com yields as related to weather
conditions (McQuigg, 1974b).

FIG. 5. Recorded changes in annual mean temperatures in
the Northern Hemisphere (Interdepartmental Committee for
Atmospheric Sciences, 1974).

however, unable to restore stability in the face of continued rises in demand. It was followed by the serious
shortfall in 1974 production in many areas due to adverse weather.
5. Future weather prospects

The sequence of adverse weather conditions that have
occurred so widely since 1972 have prompted misgivings
that a major change is taking place in the world's
climate. One strongly held theory holds that man-made
pollution—notably C 0 and particulates—is responsible
and will lead to a further deterioration in weather conditions. Other theories of climatic change involve volcanic dust, solar influences, or cyclicities or periodicities
of unknown origin. Another view is that climatic variability has a strong element of randomness at various
scales.
A quick look at one indicator of global climate—
average global air temperature—will be instructive. Figure 5 shows the recorded changes of annual mean temperatures in the Northern Hemisphere since 1880.
Note the increase to about 1940-45 and the marked decrease since that time. On the longer time scale (Fig. 6),
we see the "Little Ice Ages" of the 15th-18th centuries
as well as the last glacial period ending 15 000 years ago
and beginning 125 000 years ago.
The weather of the 20th century to date has been generally more favorable than the recent past. In particular,
the weather of the period from approximately 1955 to
1970 was especially favorable in many grain producing
regions.
It is not clear how such favorable and relatively consistent conditions are related to the higher temperatures
in this century or the peaking of temperatures around
1940. The reversal of this warming trend, however,
could mark the beginning of a new ice age as some
climatologists have indicated. It should be noted,
though, that even if we are in fact heading for another
ice age, many years or decades will elapse before this
will become apparent; in the meantime the short term
aspects warrant immediate attention.
2
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FIG. 6. Average air temperatures in the Northern Hemisphere (Interdepartmental Committee for Atmospheric Sciences, 1974).

While there is certainly no way of knowing what the
future holds, there appears to be a real risk that we will
experience much more unsettled and extreme conditions
than those of the favorable period up to 1972, i.e., with
weather typical of the cooler period of the 19tli century. In assessing the variability of weather conditions
for immediate planning purposes, the period 1955-1970
should most likely be considered anomalous and the
statistics of the early part of the century or of the last
century would probably provide a better basis for assessing the weather prospects of the immediate future.
Studies made on a long term basis (83 years of record)
(Associate Administrator for Environmental Monitoring
and Prediction, 1973) have shown that the probabilities
of a drought year for corn or wheat in the Midwest is
about 1 in 10, and there is a distinct tendency for such
years to recur within a few years. Since 1974 was such a
year, the odds for a poor year in 1975 or 1976 are high.
6. Significance of the weather factor in meeting
the world's food requirements

Although it is easy to be wise after the event, it now
appears that the U.S. policy decisions to run down grain
stocks in 1972 or to curtail feed grain production at that
time were imprudent (cf., U.S. Government Printing
Office, 1974). At the very least, to reduce our grain

stocks in one fell swoop rather than to hedge against
future needs, deserves sharp criticism. There is certainly
no evidence that any systematic analyses were made of
the risk or effects of adverse crop season weather, in the
United States or abroad, before taking this step.
Even now, many published assessments of the world
food prospects are largely based on expectation of
"normal" weather in projecting the future situation.
The need for a better understanding of the role
of weather in the food problem has been recognized by
the National Oceanic and Atmospheric Administration
of the Department of Commerce, however. This agency
has set up a Center for Climatic and Environmental Assessment and is formulating plans for providing much
more comprehensive climatic monitoring and prediction
capabilities.
The World Meteorological Organization (WMO), an
agency of the United Nations that coordinates the efforts
of national weather services, is making similar plans on
a worldwide scale, in response to requests by the World
Food Conference held under the auspices of the United
Nations in Rome last November.
Both in the United States and in the WMO, the question of climatic change is receiving increased attention
[e.g., U.S. Committee for the Global Atmospheric Research Program (1975) and WMO-ICSU (1975)]. In the
United States, a new program concerned with climate
dynamics has been set up in the National Science Foundation and plans for a major new national program
concerned with climate are under consideration.
Both nationally and internationally, however, these
developments are ponderously slow. In the meantime,
widespread crop failures in 1975 or the years immediately ahead may take agricultural policymakers by
surprise.
7. Conclusions

1) Weather variability is an important, often overlooked determinant of the variability of crop yields.
2) Under the present circumstances with grain reserves dangerously low and with demand outstripping food production, weather variability is
especially critical and a future sequence of poor
production years could bring widespread shortages
of food supplies, leading to serious pressures in
national and international economies.
3) The period of favorable weather conditions (19551970) which preceded the present situation was
most probably anomalous. Thus, the years ahead
are likely to have more unsettled and extreme weather of the type experienced since 1972. Whatever
the cause of this—short or long term climatic
change, or random variability—the effect will be to
reduce yields, thereby enhancing the possibility of
continued food shortages.
4) Although there is no way of predicting exactly
the weather of future seasons or years, the probability of varying conditions can and should be as-
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sessed and considered before any decisions are made
with regard to supply/demand of food. Information on such probabilities is, for example, vital to
intelligent planning to control production or to
determine the appropriate size of reserves, both on
the national and international scale.
T o make better use of weather information for these
purposes, three steps must be taken.
1) Develop a better understanding of the variability
of weather and its significance to food production.
2) Provide mechanisms for making significant weather
data available to the national and international
leaders responsible for policies and plans concerned
with food production and supply.
3) For those leaders to recognize the need for such information and to make the best possible use of it.
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data may be readily adaptable for evaluating solar energy
availability.
Personnel in NOAA and the National Climatic Center have
been helpful and offered encouragement to compile a list
of as many useful solar radiation data as possible. The
Huntsville Center staff would like any individuals and organizations that have not already been contacted to inform them
of the existence of solar radiation records, even though data
are not currently being recorded. As much of the following
information as possible is desired: name of the organization,
custodian of records, mailing address, latitude, longitude,
elevation, type of data (i.e., hourly, daily, monthly), record
form (i.e., tape, chart, other), period of record, and references to any published data (copies are desired if available).
Please send information to: Eugene A. Carter, Consulting
Meteorologist, Center for Environmental and Energy Studies,
The University of Alabama in Huntsville, P.O. Box 1247,
Huntsville, Ala. 35807.
(More announcements on page 1088)
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