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RESEARCH RELATIVE TO APPLIED
METEOROLOGY IN AGRICULTURE

PREFACE

/

The 1966 report "A National Program of Research for Agriculture" recommended
a permanent, ongoing mechanism for coordinated planning of agricultural and
forestry research. In 1972, the Regional and National Agricultural Research
Planning and Implementation System (PAIS) was established through the Agri-
cultural Research Policy Advisory Committee (ARPAC), which is composed of
representatives of the U.S. Department of Agriculture, the National Associ-
ation of State Universities and Land Grant Colleges, and the Agricultural
Research Institute. The organization and research classification system of
PAIS is outlined on the inside, back cover of this report. This task force
report is part of a continuous effort of the State Agricultural Experiment
Stations (SAES) and the U.S. Department of Agriculture (USDA) to assure
coordination of research studies, minimize duplication, and develop research
according to recognized priorities.

This report was prepared by a joint task force of scientists. in the Western
SAES and the USDA research agencies. The task force was proposed by RPG-1
(Natural Resources), one of six Research Program Groups of the Western
Reaional Planning Committee and authorized by the Committee. The topic
"Research Relative to Applied Meteorology in Agriculture" is included in
Research Program (RP) 1.05 Weather Modification. The task force members
were selected to provide expertise in the potential application of meteo-
roloay to agriculture.
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INTRODUCTION

The Western Region Planning Group I, concerned with natural resources, estab-
lished this task force to review and summarize research needs and to recom-
mend priorities for research relative to applied meteorology in agriculture.
The task force report is intended to assist state agricultural experiment
stations and federal agricultural research agencies in planning their research
programs.

Initially, the task force panel was supplied with a 1ist of research areas

that had been considered by the Western Region Planning Group I. Using this
list as a starting point, the panel developed the following priority of
research needs. The report represents contributions from each of the panel
members. The report covers eight subjects in the order that the panel ranked
them. The panel considered both the value of success and the chance of success
in deciding on the rankings, but the perceived value probably outweighs the
perception of the chance of success.
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RECOMMENDED AREAS OF RESEARCH

A. Use of Weather and/or Climate Information for Management Decision
Making.

Weather and/or climate is one of the major limiting factors in agricultur-
al production. As long as only minor changes in climate occur, management .de-
cisions can be quite successfully based on past experience. Recently, however,
major climatic changes or greater climatic fluctuations seem to be taking
place. Further, much of the prime agricultural land is being rapidly urban-
ized, which, along with increasing population, has forced farmers to utilize
more marginal lands to maintain production.

. Increased costs of fuel, equipment, and labor, combined with restrictions
to production imposed by environmental concerrs, have made the importance of
weather and climate factors a vital consideration. Technology has made great
contributions to agriculture, but cannot make agriculture immune to unexpected
weather and climate variations. P
Weather, as defined here, relates to current or existing environmental at-
mospheric conditions. Climate is related to the summation or integration of
past weather over extended periods of time. The National Weather Service (NWS)
prepares forecasts and predictions up to 30 days in advance, but beyond this
period, one must depend upon an analysis of past climatic information which is
Just in its infancy. However, the use of climatic data as a tool of agricul-
tural decision making has great potential.

Some of the proposed approaches to solution of this problem are:

1. Determine the areas in agriculture which are most sensitive to cli-
mate, and evaluate the aspects of climate which are most critical in each area.

2. Develop more reliable methods of relating the broad macroscale gui-
dance forecasts supplied by NWS to the more detailed microscale needs of agri-
cultural users in each area of the nation by analyzing specific past microscale
climate data for needed sites and relating this information to past macroscale
synoptic patterns.

3. Use long-term climatic data banks to develop probability outlooks
which extend beyond the guidance material supplied by NWS, and extend these
outlooks in both time and space to meet the needs of individual agricultural
users.
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8. Crop Development and Yield Prediction Models.

Many uncertainties exist concerning relationships between the physical and
biological developnent of living organisms and their atmospheric and soil cli-
mate environments. At the aggregate level, weather and/or climate and its im-
pact on the production and development of all forms of agricultural crops is
one of the most important variables that must be considered in analyzing poten-
tial agricultural production. Both current and future potential production es-
timates, as well as long-term production trends based on actual and predicted
weather conditions as determined from NWS forecasts and climatic analysis, are
critical to national planning and decision making.

Much of our previous research relating climate and agricultural production
has concentrated on measuring the effects of natural precipitation and other
climatic variables to crop yields, and has failed to consider water availabili-
ty for irrigation as being subject to climatic variability. Yet, the same
soil-water-plant relationships operate through irrigation systems where water
availability is also the subject of climatic variability. Further, during pe-
riods of limited water availability, the timing and amount of water applica-
tions through irrigation can determine to a large extent the total production
of the crop. Thus, crop yield prediction at the aggregate level must consider
the impact of weather and climate, both through natural precipitation and vari-
ations in irrigation water availability as well as trends in other climatic
stress factors such as temperature extremes, changes in atmospheric humidity,
winds, etc., and their subsequent effect on crop development and yields.

Future economic crop production in many areas of the nation will depend
upon how closely the farmer relates his cultural practices, such as number and
type of herbicidal and insect sprays, timing, and amount of water appliclation,
as well as many other activities to current and predicted future weather. The
weather of recent years and the consequent impact on the agricultural economy
have highlighted the importance of developing improved methods of relating the
farmers' entire agricultural program to weather and climate conditions, both
current and future. Such predictive models will benefit not only farmers, but
scientists, agribusiness, and government decision makers. Improved crop devel-
opment and yield models will lead to reduced use of fossil fuels, more judici-
ous application of limited water supplies, and more stable economic conditions
for the nation's agriculture.

With the development of large capacity computers and the availability of
an extensive quality controlled climatic record for most areas of the nation,
our capability to develop improved growth and production models depends upon
the effort put forth. Several approaches should be used, among which are:

1. Develop an increased understanding of the environmental factors vhich
control the rate of crop development and the total crop production.

2. Develop a knowledge of individual crop response to such stresses as
atmospheric, water and soil pollution, nutritional, insect, disease, and other
factors which combine with variations in climate to limit economic crop produc-
tion.

3. Apply the results of such studies to develop improved models. Such
models could be used, for example, hy farmers to control all aspects of agri-
cultural activity.



C. Snowpack Management ahd Water Yield Prediction.

The problem of snowpack management and prediction of water yield is not
new. Man has been studying these relationships for many years. Much work has
already been done, but a great-deal of additional effort is needed. As the
multi-use concept of land management became the order of the day among state
and federal agencies controlling vast areas of public lands, conflicting prac-
tices began to emerge.

Use of forests for winter sports and other recreational activities does
not necessarily result in management activities that will produce the maximum
yield of water with the required degree of purity. Current requirements for
reducing the pollution content for water being harvested from the snowpack is
in direct conflict with the increasing use of the watershed for recreational
purposes. Changes in man's activities on each watershed further modify rates
of infiltration, runoff, and evaporation which are used to predict water yield.
Accurate yield prediction is vital to proper management of available water re-
sources in arid western America. '

The general objectives of today's efforts should be in keeping with the
additional requirements imposed by today's emphasis on reduced water pollution
and minimized impact on the environment.

1. Determination of practical and reliable methods of evaluating the max-
imun streamflow that may be produced by a watershed with minimal impact on the
environment of the area and adequate reduction of pollution in the water accum-
ulated from snowmelt or combined snowmelt and rain.

2. Continue studies to improve methods of forecasting seasonal and short-
term streamflow, including floods which result from snownelt or combined snow-
melt and rain.

3. Develop predictive models based upon the physical relationships deter-
mined in Objective 1, which can be used to modify management procedures on our
watersheds to better meet the multi-use concept.
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0. Freeze Protection and Prevention.

The fear of damage to crops by cold temperatures has haunted man since he
first began to cultivate plants for food. The problem is most severe in margi-
nal climates of the temperate regions of the earth, and has gained increasing
importance as agriculture has become more specialized.

In the past, most of the research on freeze protection and prevention has
been related to the more economically regarded crops such as citrus, deciduous
fruit, and berries. As the world's population increases and demands for food
skyrocket, increased efforts in protection of the more heavily produced field
crops should take place.

Current research efforts have expanded to cover not only freeze protec-
tion, but modification on the microscale range of such environmental factors as
temperature and moisture, to more closely meet the requirements for optimum
production of various crops. The crop production models discussed in Section B
can be used to define limiting and optimum temperature and moisture require-
ments for maximum potential production of specific crops. Cultural practices
can then be modified in more marginal climate regimes to bring environmental
temperatures and moisture more closely in line with the needs of each crop, and
thus insure greater production in such areas. Preliminary models of this na-
ture are already being successfully used by fruit farmers in controlling time
of bloom to reduce the impact of freezing temperatures during the spring.

Current methods of freeze protection require the use of large amounts of
fossil fuel, either in operating heating systems, driving wind machines, opera-
ting helicopters, or combinations of these. The rapid increase in costs of fu-
el, as well as decreasing availability, makes the development of other methods
of environmental temperature modification an urgent necessity. '

Another aspect of crop modeling is the use of models to better evaluate
the microc]imate of proposed new marginal agricultural lands. Such an evalua-
tion will enable one to determine the potential for economic production of spe-
cific crops on marginal lands that are being forced into use because of in-
creasing population and urbanization of much of the prime agricultural lands.

This area of research will require considerable basic research to achieve
the needed economic results.

1. Greatly expanded effort in developing an understanding of the basic
plant physiology as related to the response of each species to extreme tempera-
tures, acclimation processes to both heat and cold, and the nature of "chil-
ling" injury to plant parts or tissues.

2. Development of alternate methods of protection against extreme temper-
atures by applying the knowledge gained in one or more efficient uses of such
methods as delay of phenological development using fogging devices or misting,
use of heat of fusion released when water deposited by overhead sprinklers
freezes, and other potentially new methods of environmental temperature modifi-
cation.

3. Using our better understanding of the physiology of freezing and high
temperature stress to develop crop varieties better adapted to marginal agri-
cultural areas of the world.
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E. Weather and Climate Effects on Plant and Animal Disease and Pests.

Many plant and animal diseases are continuously present in the environ-
ment; however, a healthy plant or animal may be able to avoid their impact un-
less weakened by environmental stress. When an organism is weakened by expo-
sure to extremes of temperature, moisture, wind, or combinations of these wea-
ther factors, it becomes more subject to disease or insect pests, and the rate
of development of the organism is markedly reduced. '

Many of these disease organisms and pests are also subject to atmospheric
stress. Their populations can be greatly reduced by extreme environmental con-
ditions or increased during periods with optimum environmental weather. For
example, one of the most serious pests on western ranges is the black grass bug
(Labops hesperius). This insect follows the same response to environmental
temperatures that is followed by fruit trees. Two years ago, when the drought
reduced snow cover on the ranges to a minimum and several days with subzero
minimum temperatures occurred, the eggs which would hatch in the spring were
decimated, and the population the following spring was reduced to. only a few
insects. The population has continued to resurge during the last couple of
years. Environmental factors which influence predators also determine, to a
large extent, the population of an insect. :

Studies in this field need to be expanded in all areas of the nation, and
actually related to all fields of agriculture. A multidiscipline approach fis
essential to solution of this problem, and should include such studies as:

1. An in-depth analysis of the environmental factors in the soil and at-
mosphere which control the development, survival, and interactions of.important
plant and animal diseases and insect pests.

2. The development of mathematical models expressing these relationships
which can be used to predict population changes and resuiting stress conditions
on plants and animals. Such relationships can be used to determine the econom-
ic feasibility of various control methods.

&




F. Effects of Air, Soil, and Water Pollution on Plants and Animals.

Pollution is another of the environmental stress factors which limits pro-
duction of many crops and retards the development of animals. In many cases,
the mechanism is not clearly understood. Emphasis in the past has been prima-
rily on identifying thresholds for damage and determining the concentration le-
vels required to produce quantifiable damage. To a large extent, the interac-
tions of weather and climate factors in controlling the effects of various
types of pollution have been completely ignored.

¢ Much has been done on the idea of establishing air quality and water pol-
i lution standards, but most of these standards have been based on hypotheses,
and little is known about the true biological impacts and the effects of con-
tinuous versus limited exposure to specific forms of pollution.

Considerable effort has been made in developing predictive models relating
the distribution of pollution from point sources in the atmosphere, but little
work has been done in relating concentrations under various weather conditions
to stress of plants and animals. Various types of stresses, including tempera- -
ture, chemical, disease, insects, moisture, etc., are additive, and effective .
. controls must be related to an understanding of these interactions. . g
. .. N RPN P-4
Some of the studies which should be undertaken in regards -to the .impact.of;gy,
§ pollution are: Lt oy e e e
e 1. Studies relating the concentrations of specific - pollutants to other
; plant and animal stress factors under different environmental conditions.

2. Studies relating the interactions of various péf]utaﬁtélof thegsbiié¢§,.
water, and atmosphere in producing deleterious effects on plants and animals.ixi-.,

: . . e
3. Studies relating the interactions of disease and insect organisms and
environméntal weather and/or climate factors. : .
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G. MWeather and Climate in Relation to Wind and Water Erosion.

Two of the important weather-related factors which are causing the 1loss
of productivity from thousands of acres of valuable farm and rangelands are
wind and water erosion. The Universal Soil Loss Equation (USLE), commonly used
in evaluating management and cropping combinations for erosion control, ' is

based on typical occurrences to give average annual water erosion rates. In -

order to make soil conservation decisions based on shorter term weather fluctu-
ations, it is necessary to understand the types and probabilities of occurrence
of individual weather and climate events, and to include the appropriate infor-
mation to such models as the USLE, or to develop entirely new approaches to the
problem. In order to improve, develop, and evaluate these models, field data
are needed as well as techniques for describing time and space distribution of
wind and rainfall events related to specific soil types and topographic fea-
tures.

Long-term climate fluctuations can' decrease vegetative cover and crop re-
sidue by killing plants and retarding growth, and making land more susceptible
to grazing or farming pressures. New species are needed to provide sufficient
ground cover and residue to reduce erosion potential. Good farming and- ranch-
ing practices should be encouraged. Efforts to better evaluate the extent of
expected erosion based on climatic fluctuations and weather predictions "are
needed along with developing control practices and knowledge of the effects of
land use and management changes.

Research along these lines should include:

1. Expanded efforts in developing a greater understanding of the interre-
lationships between weather and climate and wind and water erosion to improve

existing methods and develop new methods of controlling these losses from agri-

cultural lands.

2. Expanded efforts in defining the agricultural lands most subject to
weather related erosion and evaluation of the most economic methods of control.
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H. Ecological Effects of Weather Modification.

This particular aspect of weather and climate is frequently misunderstood.
First, most people think of weather modification in terms of cloud seeding or
increasing rainfall, only. Actually, many of man's activities are designed to
modify the weather or climate on a microscale. Construction of buildings,
dams, reservoirs, highways, and increased areas of urbanization produce marked
changes in the temperature and precipitation of the area. Planting wind
breaks, cultivation and irrigation of the soil, and many other agricultural
practices are done because they will modify or change such environmental consi-
derations as wind, moisture, and temperature.

Modification of cultural practices in rural areas of the nation and chang-
ing the design structure of urban communities can produce appreciable changes
in the local climate. This, in turn, will modify the economic factors in crop
production and human comfort. All of these activities, including cloud seed-
ing, may produce considerable change in the ecology of specific areas.

Studies need to be made to:

1. Evaluate the impact of environmental modification on crop production,
uses of fossil fuel and on the ecology of specific areas. For example, can
plastics be used economically to heat the soil, and thus increase the length of
the growing season; or can row alignment (north-south, east-west) significantly
lengthen the growing season or effectively modify the daytime temperatures dur-
ing the growing season? :

2. Study the effectiveness of cloud seeding, and determine the ecological
impact of seeding agents and potential increases or decrease in precipitation
on the ecology of watersheds.

3. Study the impact of increased urbanization on the immediate and long-
" term weather trends and the resulting influence on agricultural production on
adjacent farmlands.

4. Develop and improve methods of local environmental weather modifica-
tion to increase agricultural crop production with the least stress on the eco-
logy and reduced economic impact.



