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Moisture stress occurring during this period can result in large yield 
decreases. It should be recognized that this stress is the result of 
the combination of several meteorological factors which affect the 
demand for water and the supply available. Experiments have shown that 
a severe day of stress in the period slightly before tasseling will 
result in a 1-2% yield loss per day. During the tasseling-silking 
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AN ASSESSMENT OF THE PRESENT AND POTENTIAL ROLE OF 
WEATHER MODIFICATION IN AGRICULTURAL PRODUCTION. 

3 8 9 W  *f.ci i! \  , ? . - A  Xi. 

I. ASSESSMENT GOALS AND PLANS ' L I I  ~ 9 r '  e J T  I : 1  

, - 9  . * .  , ,?' : 'aL.la) 

The broad objective of the assessment of the present and future role of ' J J ~ J ,  b*rLl  

weather modification in agricultural production is to make an authoritative l v l A  

evaluation of the present and potential role that weather modification can I l 5  i ~ i . '  

take in increasing national and world agricultural production. A specific . -., .* 
objective includes the preparation of an authoritative document that can 
receive wide distribution and provide for extensive utilization of the results 
of the assessment. This document will: 

1. Identify the geographical areas and types of weather modification 
research that can have the greatest impact on agricultural production and 
other renewable resources. 

2. Provide background and guidance to NSF and other federal and state 
research managers on areas and types of weather modification research 
that can have the greatest impact on agricultural production and other 
renewable resources. This can apply to those with responsibilities in 
the discipline areas of weather modification, meteorology, agriculture 
and atmospheric science. 

3. Provide information to state and federal public administrators 
(Office of Technical Assessment, OMB, etc.), legislators, courts and the 
general public that can assist them in making wise decisions and plans 
regarding applications of weather modification. 

4. Delineate the needs, required efforts, and methods for a longer term, 
continuing evaluation of the interrelations between weather modification 
and agriculture. 

The scope of the assessment will incorporate weather modification in a broad 
context which will include all identifiable modifications of the atmospheric 
environment. It will deal extensively with, but not concentrate on, precipi- 
tation control. An additional specific objective will be to initiate dissem- 
ination of the findings to technical and governmental groups, research 
managers and administrators, commercial users, and to the general public. 

The actual assessment is being carried out in several stages. The principal 
investigators, with the aid of advisors and consultants, have organized and 
conducted the workshop to identify the needs of agriculture and the capa- 
bilities and risks of weather modification. This report is a compilation of 
the workshop materials. Many weather modification effects are being con- 
sidered: changes in precipitation, hail suppression, storm abatement, wind 
reduction, temperature modification, cirrus cloud production, fog production, 
change in surface albedo, orchard heating, lightning suppression, etc. 

I 
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Areas where weather changes would be beneficial to agriculture have also been 
identified: additional rainfall, reduced rainfall, a change in rainfall 
frequency, less hail, less wind, longer growing season, lower maximum temper- 
atures, higher or lower minimum temperatures, earlier (later) spring soil 
heating, etc. Consideration has included the broad spectrum of agricultural 
and other renewable resource production and problems: crops, range and 
livestock, forestry, disease, weed and insect control, soils, plant nutrients, 
and environmental stresses. 

- 6  

Interpretations and judgements are being made in an attempt to describe the 
portion of weather modification research that offers the most practical and 
economic solutions to agricultural problems. 

All materials developed from the workshop are being organized, condensed 
and/or expanded. These materials are being reworked into three types of 
documents : 

1. Those documents which directly incorporate the materials from the 
workshopw .,, :+ - 1 '. 

..- . Jr. ,.\ 

2. An Executive summary which emphasizes conclusions, recommendations, 
rationale, and implementation procedures and will be addressed primarily 
to users, administrators, policy makers, etc. 

3. A technical version~rimarily T I I P I L ~ I ~ J I  for POI. the ' r  scientific - r community. 
. ' ' .: . . ! , :' 

>ri:  I ' , - ,  I : . . !  . . ' , 
i!!(ii%:c b M  , . ,, , I I .  
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11. ASSESSMENT CONCEPTS 

A. Formation for Assessment Document . -  - 
, U Recommendations s >hit 

Rat ionale 

I 
Implementation 

I 

B. Background on Food Production 

1) Agricultural production has expanded at least as rapidly as 
population during the past 25 years. Little significant change has 
occurred in nutritional levels in the developing countries, fig. 1. 

' FOOD PRODUCTION PER CAPITA 1 
DEVELOPED COUNTRIES DEVELOPING COUNTRIES 

Figure I 

8 5 7  t :  -, - : 
8 - - 

2) Agricultural production can maintain expansion, primarily 
through increase in yield but also through expanded area, during the 
next 25 years. The increase in yields can come primarily from 
expanded use of present technology and also from expansion of tech- 
nology. It may be more difficult to maintain nutrition at even its 
present unsatisfactory levels in the developing countries. The 

benefits that can be derived from both high and low cost management 
practice and the combination of these is shown in Figure 2. 

i I 

I il - 9 1 .:.1 ! 



(8) Use of Improved Agronomic Practices as Alternatives to 
Weather Modification (or to Complement it) 

(9) National Program for Evaluating and Monitoring Weather 
Modification O~erations 

(10) Better Long-Range Forecasting to Permit Optimum Application of 
Weather Modification Techniques to Agriculture 

Two other specific recommendations were considered by portions of 
the panel, but time did not permit their consideration by the whole 
group. 

(la) Snowpack augmentat ion for supplementing water supplies to 
stabilize agricultural production. 

(2a) Increase capacity to protect against radiation frost. 

C. Rationale for Panel Recommendations 

(1) Enhancement of Precipitation from Early July through August in the 

R. Shaw 

This period appears to have the greatest requirement for rainfall augmen- 
tation for two reasons: 

1. This period is characterized by a normal water demand greater 
than normal rainfall provides, and 

2. moisture stress during this period 'causes significant reductions 
in corn yield. 

During this period, a deficiency of rainfall of several inches occurs 
with normal weather. Over a major portion of the corn belt water use is 
near 10-11 inches. Normal rainfall is less than 8. During periods of 
below normal rainfall, any soil moisture reserve present is rapidly 
depleted, and, to avoid stress under high demand days, which occur 
frequently during this period, the moisture in the soil profile must be 
at a high level. In many years, rainfall augmentation would be bene- 
f icial . 
Moisture stress occurring during this period can result in large yield 
decreases. It should be recognized that this stress is the result of 
the combination of several meteorological factors which affect the 
demand for water and the supply available. Experiments have shown that 
a severe day of stress in the period slightly before tasseling will 
result in a 1-2% yield loss per day. During the tasseling-silking 
period this loss can go up to 7%, and under extreme conditions a rela- 
tively short period can result in a complete crop failure. During the 
grain filling period, a day of stress reduces yield 3-4%. 



J. G. Ross 

One of the recommendations for agricultural use is rain increase during 
July and August in the corn belt. In this area, over 60% of the rain 
during this period occurs from nocturnal clouds. Nothing is known of 
their dynamics or methods of seeding. High priority should be given to 
obtaining this knowledge as quickly as possible. 

Money for research on this problem should be made available through the 
USDA and preferably through the experiment station system. 

(2) Reduction of precipitation and decreased cloud cover through 
September and early October in the Corn Belt. 

C. Tanner and D. Baker 

The ripening and curing of corn and soybeans frequently are delayed in 
the eastern corn belt because of unwanted precipitation, lower evapo- 
transpiration, and decreasing sunshine. In addition, untimely rains 
reduce field trafficability and delay harvest. These delays in ripening 
and harvesting result in grain losses of up to two bushels per acre of 
soybeans and five bushels per acre of corn. Much greater losses can 
occur in a few extreme years. Very importantly, valuable fuel is 
required to dry these high-moisture grains. Additionally, soils are 
damaged by harvester traffic if the soils are too wet, and the wet soils 
also mean more power is required. 

Decreasing precipitation and cloud cover frequencies in the eastern corn 
belt would increase the probability of timely harvest without yield and 
quality loss and without artificial drying. In the western corn belt 
suppression of precipitation and cloud cover usually would not be 
desirable and in some years precipitation augmentation would be helpful. 

J. Ramirez 

The wheat crop in the Great Plains will generally benefit from addi- 
tional rainfall amounts throughout its growing season except during the 
harvest period. The wheat plant needs the moisture to the seeding depth 
for germination while optimum returns from additional moisture may be 
altered if made available especially in the heading, bloom, and milk 
stages of the crop development. Independent estimates suggest that this 
benefit can be as much as 2 to 3 bushels/acre/inch of additional 
moisture. 



( 5 )  Possible benefits of weather modification on range land production. 

C. W. Cook 

The range area is herein identified as the 17 western states west of the 
100th meridian. Approximately 50% of the land area of this area is 
range land that has no alternate means of producing food other than 
through grazing animals. Range types are perhaps classified as range 
because of low rainfall, rough topography or timber overstory. 

All range lands undergo a natural seasonal period of low soil moisture 
stress when plants are forced into dormancy. Drought can be of two 
types throughout the range area which consists of (1) below normal 
precipitation for a number of years or (2) below normal precipitation 
during the normal dry periods within a year. These cause wide vari- 
ability on range forage yield among years which require great flexi- 
bility in livestock production. This is the most complicated problem 
facing the livestock enterprise of the western range area. 

Complementary Moisture. Moisture during mid-growing season will increase 
plant biomass, whereas supplementary moisture during the normal dry 
season will increase not only plant biomass but also nutrient value of 
forage to meet physiological requirements of animals that would other- 
wise be deficient. 

It is true that most range lands would benefit from increased precipi- 
tation especially where normal annual precipitation is 18 inches or 
less. Higher elevation ranges including the montane, a subalpine and 
alpine areas may not produce additional range forage from increased pre- 
cipitation over and above the normal now received, but plant growth 
would not be hampered and water yield would be enhanced. 

Increased General Precipitation. If general annual precipitation were 
increased by one inch in areas normally receiving 7 to 18 inches, it has 
been found that there is a direct ratio of herbage yield with each 
increment of supplementary water. For instance, this varies from about 
100 to 160 pounds of forage per inch of annual precipitation on desert 
and mid grass areas respectively. 

Increased Precipitation on Call. On the shortgrass plains and the 
intermountain Great Basin area, the critical period when an additional 
inch of rain would be most beneficial would be during July and August 
and in the Southwest. This additional one inch would be most beneficial 
during June and July. In the short grass ranges of the Great Plains 
area it was found that when rains were low in August or July, steers 
gained only 0.3 pounds per day and required 3.5 acres per month compared 
to years when one inch more precipitation was received in either July or 
August. Steers gained 1.75 pounds per day and required only 3 acres per 
month. This was an increase of 14.78 pounds per acre more beef as a 
result of the one inch of precipitation. In case of a cow-calf opera- 
tion, about 10 pounds more gain per acre was obtained as a result of an 
additional inch of precipitation during these critical months. Torren- 
tial showers on desert areas during the summer months of June to 



September do not contribute substantially to increased herbage yield but 
rather run off and cause flood waters. 

Other Environmental Factors. Hot dry winds during the spring and summer 
are a deterent to forage yield because of transpiration stre'ss on plants 
which results in decreased herbage growth. 

A cold backward spring at high elevations can reduce total annual 
herbage yield by as much as 50 percent of normal. This can be cool days 
and cooler nights or light frosts after plant growth has made substan- 
tial herbage yields. 

Research Needs. The development of simulation models that includes 
moisture and temperature along with other driving forces and inter- 
actions with state variables such as soil type, topographic features, 
grazing systems, etc., are needed for an understanding of biological 
systems and their reactions to management and weather modification. 

(6) Develop information and education programs on weather and weather 
modification, particularly as they affect agriculture and other 
renewable natural resources. 

Henry Lansford 

To permit weather modification technology of proven feasiblity to make 
an optimum contribution to solving weather-related agricultural problems. 
it is necessary to systematically disseminate complete and accurate 
information about what is and is not known about weather modification, 
including its limitations as well as its capabilities. Such information 
will be extremely valuable to farmers and other potential beneficiaries 
of weather modification technology in making intelligent decisions about 
when, how, and if it should be used. It is also important for such 
information to be communicated to groups such as those who may be subject 
to economic impacts, both favorable and unfavorable, from agricultural 
applications of weather modification: those who may be involved in 
writing and passing legislation to regulate weather modification activ- 
ities; those who may oppose weather modification because of real or 
imagined environmental impacts; and the general public, which ultimately 
has the power to decide whether or not particular weather modification 
projects will be allowed to proceed. 

The agricultural extension service appears to be the most effective 
vehicle for implementing a program of weather modification information 
and education for potential users in the field of agriculture. Although 
the requirements of such a program would vary widely from region to 
region and state to state, it would be useful for some basic resource 
materials to be developed at the national level, with the understanding 
that they may be used in different ways to meet varying local needs. 



The question of where a program might be centered for disseminating 
accurate and objective information on weather modification to other 

-,,,audiences is more difficult to answer. This program should not be a 
,-,,public relations effort for indiscriminate promotion of weather modifi- 

cation, and every effort should be made to prevent its being viewed as 
such by the public. 

-.. It would be useful for this problem to be considered by a working group : ' 
that includes people knowledgeable in fields such as agriculture, weather 
modification, environmental quality, politics, sociology, and public 
information. They could consider, first, whether such a program is 
feasible and desirable and, second what role organizations such as NSF, 
USDA, the MAS, and others might play in it. 

J - .. 9 

This effort, along with the development of the educational materials on 
weather modification for use in a program based in the Agricultural 
Extension Service, might be supported jointly by NSFts weather modifica- 
tion and public understanding of science programs. 

. .A 
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(7) An operational capability should be developed and tested to reduce 
lightning fire ignitions and fire danger in high value commercial 
forests, watersheds and forest recreation areas. ,...! :I: 

1' 

lj .m. .? J. Barrows 

Background. Extensive research by the USDA Forest Service has estab- 
lished the scientific and technical basis for reduction of lightning 
fire ignition through application of special cloud seeding methods. 
During the period from 1953 through 1975 Project Skyfire at the Northern 
Forest Fire Laboratory has produced the following results: 

1. Determined the basic characteristics . . of mountain I ,  thunderstorms. 
* 1 1 4  . ,.ct 4 * a * * )  . 

2.  Identified the type of lightnmc &s=hirgrgb most likely to 
ignite forest fires. This discharge (known as an LCC flash) is 
characterized by a long continuing current phase. 

3. Developed both ground based and airborne systems for the 
remote sensing and measurement of lightning discharges. 



4 .  Developed high output airborne silver iodide generators and the 
technology for their use in massive seeding of growing cumulus 
clouds. 

5. Determined through randomized field experiements that cloud-to- 
ground lightning can be reduced and lightning characteristics 
altered by massive seeding of connective cumulus cloud systems. The 
results show a 70 percent reduction of cloud-to-ground lightning and 
a 25 percent reduction of continuing current intervals for hybrid 
LCC flashes. 

6. Performed intensive statistical analyses and review of lightning 
modification results. The experimental results show a very high 
level of statistical significance. It is estimated that the reported 
lightning modification could reduce fire ignitions in forest fuels 
about 90 percent. 

Impact. In the United States 10,000 to 15,000 lightning-caused forest 
fires occur annually. These fires impact a variety of forest resources 
and often provide a threat to public safety, communities and resource 
based industries. In particular lightning fires damage urgently needed 
commercial timber resources. They also impact watersheds serving agri- 
cultural lands and both urban and rural communities. 

Studies performed in 1972 estimated that short term results (4 to 6 
years) of a weather modification pilot program in carefully selected 
areas in 8 western states could: 

1. Reduce area burned by 30 percent saving 328,000 acres. 

2 .  Reduce commercial timber losses by 40 percent saving 497 million 
board feet. 

3. Reduce other resource losses by 30 percent providing a saving of 
$39 million. 

4. Reduce lightning fire control costs by 25 percent providing a 
saving of $25 million. 

Implementation. In view of the progress made in lightning modification 
research, the impact of lightning fires on forest resources, and the 
opportunity to reduce losses, it is of critical importance to continue 
and to strengthen a weather modification program directed at lightning- 
caused fires in high value forests. The task force recommends that the 
USDA Forest Service in cooperation wtih other interested agencies and 
local groups develop pilot projects involving both research and fire 
control units. It is suggested that these pilot lightning fire suppres- 
sion projects include carefully selected areas in the following western 
regions : 



1. Western Montana and Northern Idaho 

2. Oregon and Washington 

3. Northern California 

4. New Mexico and Arizona 

5. The Black Hills of South Dakota and Wyoming 
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(8) Possible effects of a fifteen percent increase in precipitation on 
forests of the Colorado Front Range. 

C. W. Barney 

It is well known from dendrochronological studies that trees growing in 
regions of scanty rainfall show a remarkable correlation between annual 
precipitation and radial growth. However, in regions where drought 
seldom occurs, growth responses appear to be insensitive to normal minor 
fluctuations in annual precipitation. Thus an increase in precipitation 
in the spruce-fir zone would probably have little or no effect on growth 
of uncut closed forests. The spruce-fir forests of Colorado receive 
approximately 25 to 30 inches of precipitation per year but due to the 
low evaporative loss soil moisture is rarely a limiting factor in the 
old-growth forest. However, on cut-over areas where the surface soil is 
dried by the wind and trees suffer from high intensity insolation, an 
increase in available soil moisture during the critical months of July 
and August could significantly increase survival of newly established 
seedlings. Furthermore, the increased cloud cover might provide some 
protection to seedlings from intense solar radiation. 

Ponderosa pine grows in the lowest altitudinal zone in which high forests 
occur. The average annual precipitation in this zone is about 16 to 22 
inches. Moisture is the chief factor limiting tree growth and seedling 
establishment in ponderosa pine forests. Distribution of precipitation 
during the growing season controls the abundance of tree reproduction. 
Regions with rainfall well distributed through the summer months usually 
have adequate reproduction to maintain the stand, but where summer droughts 
are frequent, reproduction is sparse. Growth in diameter and height 
depends primarily on precipitation received during the preceding fall and 
winter months. During the summer soil moisture in this zone often falls 
to the wilting point and may remain at this level for several days or 
weeks. During such stress periods growth ceases. A fifteen percent 
increase in rainfall, if delivered in 1-3 storms during the period from 
late June to mid-August, might significantly improve seedling survival. 
An increase in late fall or winter precipitation would undoubtedly have a 
favorable effect on radial growth of the older trees. Any increase in 
precipitation in the ponderosa pine type would probably result in an 
increase in density of shrubs and herbaceous ground cover and thus 
increase competition among the plants for moisture and light. 

Erosion and silting from the increased precipitation should be minimal, 
unless the entire increase occurs in one high intensity storm. 



(9) Develop and evaluate agronomic practices as alternatives to meteoro- 
logical techniques to reduce the effects of adverse weather. 

R. Neild 

Summer fallow, stubble, mulching, and strip cropping to conserve rainfall 
and soil, improved seed quality, seed protection and herbicides enabling 
crops to better compete at cooler planting temperature, fall vs. spring 
land preparation, and new varieties in crops such as soybeans, are among 
the numerous examples of agronomic practices that reduce the effect of 
adverse weather. Crop yields have increased and production has expanded 
to new areas. Such practices usually are relatively simple and can be 
readily adapted by individual farmers. Their costs and benefits compare 
favorably with those "implied11 by cloud seeding. Emphasis should be 
planned upon research to develop ways for individual farmers to reduce 
the effect of adverse weather and to better crops with its variability. 

(10) National program for evaluation and monitoring of publicly opera- 
tional projects. 

J. G. Ross 

The South Dakota Division of Weather Modification has completed three 
years and is in the fourth year of a program of weather modification 
which is wholly financed from state monies (314 from the state legisla- 
ture and 1/4 from participating counties). Because the weather control 
commission, which determines policy, desired an entirely operational 
project very little resources have been put into evaluation. The evalu- 
ations that have been made are favorable both from the standpoint of rain 
increase and hail suppression but because they are "in house" they lack 
the credibility that would be desired. Within the legislature of South 
Dakota there is a movement to require proof of the achievements of this 
rather considerable financial outlay. Therefore, it is necessary that 
some outside impartial organization with the necessary statistical 
capability be given the task of evaluation. It would be desirable to 
have such an organization brought into the planning phase of any opera- 
tional project to ensure proper statistical design. This organization 
should be federally funded because of the importance from a national 
standpoint of obtaining credible information concerning the achievements 
of this nationally important new science. This evaluation also could be 
effected for privately financed projects where circumstances are practi- 
cal for protection of the consumer. 

On a temporary basis, the National Science Foundation could make a grant 
to a competent outside organization for evaluation and monitoring of the 
South Dakota operation or for help in designing the evaluation of any new 
operational project which may be proposed. Such an operation is now 
being planned in North Dakota. 

. , 



On a more permanent basis, the USDA should be involved directly in this 
evaluation work because of its national importance to agriculture. This 
money could be made available through the experiment station system so 
evaluation can be made of privately financed cloud seeding for protection 
of the farmer consumer. 

(11) Optimum application of current, or improved, weather modification 
techniques to agricultural problems will require a better long- 
range forecast. 

Summarized from the Taped Discussions 

Agriculturalists have long been pushing for improved long range fore- 
casts. Weather modification could be of much more benefit if the overall 
crop-weather situation it would be supplementing was known. For example, 
we would perhaps not want to enhance precipitation in one month if we 
knew the next would be wet. On the other hand, if we knew the summer 
would be dry we might employ weather modification earlier in the season 
where the opportunity might be greater. The need is for seasonal or 
monthly long-range forecasting. 

Additional Recommendations 

(1) Snow Pack 

D. E. Schlegel 

Continue programs to enhance snow pack in the high mountain areas. These 
activities have proven value in increasing water storage for irrigation. 
The cost benefit ratio for this type of weather modification is very 
favorable and should be continued. 

(2) Frost 

Develop capacity to protect against radiation frost. A substantial 
number of crops are exposed to frosts in early spring. These frosts kill 
succulent young growth with fruit or flowers or in the case of herbaceous 
plants, kill the whole plant. Losses in such instances can be minor or 
almost total. These frosts occur under clear skies without wind and 
presumably would not occur under cloud cover. The frost conditions can 
be predicted at least one day in advance. They occur generally one or at 
the most two successive days and their prevention during that critical 
period can mean the difference between a crop and no crop. 



D. Economic Effects of Weather Modification on Agriculture 

Increases in yields expected from some possible results of applied 
weather modification. 

Panel on Agriculture (by Henry Lansford) 

Winter Wheat - 
One inch of rain pre-season -- 1 1/2 - 2 bushels/acre. 
One inch rain on call -- up to 10 bushels/acre. 

Spring Wheat - 

One inch pre-season -- 1 1/2 - 2 bushels/acre. 
lo reduction in max temperature -- ? 
(Spring wheat requirements for summer rainfall and temperature conflict 
with sorghum requirements). 

Corn 

One inch at planting time -- on occ8sion; warmer spring tempera- 
ture -- small increase + 1 inch in midsummer -- 5-10 bushels/acre. -5' 
max. temp. on call -- 0-5 bushels/acre. Better fall dry-down weather -- 
0-5 + energy; frost suppression on call -- 0-10; dry harvest -- 0-5. 
Increase in moisture reserve -- ? 

Soybeans 

One inch in midsummer -- 0-3 bushels/acre; rain at germination - emergence - 
benefit; low precipitation - low humidity at the same time as for corn -- 
some benefit. 

Forage 
Fruits - and Vegetables 
Forestry 

Potential benefits that are 
difficult to quantify 



E. Weather Effects on Various Crops as Related to Weather Modification 
and Public Issues 

(1) Corn - 
Don Baker 

1. Planting Period 

a. This period extends from late April in the southern corn belt 
to late May in the northern corn belt. 

b. The planting period in each local area is about 2 weeks in 
duration. 

c. The suppression of precipitation may be required for reasons 
of seedbed preparation and soil trafficability. 

d. The planting date is most critical and a delay of 10 days in 
the early planting period may reduce yields 6-10% (about 6-10 
bu/a.), a delay of 10 days in the latter part of the period may 
reduce yields 15% (about 15 bu/a.) 

e. Warm temperatures are desired and the soil and air temperatures 
should be 5o0F. Since temperature and precipitation' are more or 
less confounded, no statement is made concerning value of a temper- 
ature increase. 

2. Silking and Tasseling Period 

a. This period extends from mid-June in southern Missouri to mid- 
July in the northern corn belt until the end of August. 

b. During this period moisture is most critical and the plant 
requires more than normally falls. As a result, the soil moisture 
reserves are extremely important. 

c. The augmentation of precipitation is ordinarily more critical 
in the western part of the corn belt than in the east due to both 
the amount and distribution of precipitation. In a normal year the 
amount of extra water required ranges from about 0.5 inches in the 
east to 5 inches in the west. 

d.  One inch of precipitation during this period is equal to about 
5-10 bu/a. Upon occasion this increase may equal 25 bu/a. 

e. The moderation of temperatures is ordinarily a desirable 
feature and it is not necessarily confounded with precipitation 
occurrence. The amelioration of high temperatures is an ''on call1' 
feature and a 5OF decrease of the maximum temperature may equal 0-5 
bu/a. increase. 



f. Air temperatures > 8S°F are undesirable. The required reduc- 
tion may be about 0-3'~ in the north and 3-5" in the south. 

Maturation or Drying Period 

a. For most of the corn belt this is the month of September. 

b. The suppression of precipitation may be desirable. 

c. The increase in yield with a drier maturation period may 
increase yields (0-5 bu/a) . 
d. The suppression of frost may be desirable. This is ordinarily 
not a problem in the southern corn belt but in the north it could 
improve yields by 0-10 bu/a. This feature is conditional and Ifon 
call". 

4. Harvest Period 

a. This period extends from August in extreme southeastern 
Missouri, but for most of the corn belt it is October - November. 
b. During this period low precipitation is desirable for reasons 
of soil trafficability. 

c. A decrease of one inch of rain may be worth 0-5 bu/a. 

5. Autumn Recharge Period 

a. This period extends from the end of harvest to the winter 
period, which may mean soil freezing. 

b. Precipitation augmentation is generally desired in this period 
in all areas of the corn belt except the east. The reason for this 
is that by the spring planting period, the soil moisure reserves 
are at optimum levels in the eastern corn belt. 

c. The increase of soil moisture reserves can be worth about 10- 
20 bu/a. per each inch of water. These increases in yield are 
conditional upon the earlier water reserve in the soil. 

6. Special Remarks 

a. Hail suppression is desirable from May-September. 

b. Priority of the seasons with respect to weather modification 
activities (listed in decreasing order of priority). 

I. Silking and tasseling period 

2. Planting period 

3. Autumn recharge period 

4 Maturation period and harvest period 



(2) Soybeans 

Bruce Curry 

This discussion of the weather modification needs of soybeans will be 
confined to soybeans grown in the corn belt. The needs are listed by growth 
and development stage with an indication in ( ) of the time range error in 
the region. Where available, estimates of needs and responses have been 
given numbers. 

DEVELOPMENT STATE 

Planting 

Germinat ion and 
Emergence 

Vegetative 
Development 

Reproductive 
stage, flowering 
and pod fill 

Dry down & 
harvest 

TIME 1 NEED 
I 

May- June 
depending 
on location 

Low precip. 
(Below 
daily ET) 

1-2 weeks 
after 
planting 

June & 
Early 
July 

July & 
Aug . 

Oct 

1. Moderate mois- 
ture(equa1 to ET) 
2.No hard rains 
which produce 
crusting 
3.Soil temp 50°F 
mean air temp 
50'~ 
Moderate soil 
moisture; augmen- 
tation depending 
on antecedent 
moisture & 
locat ion 
Adequate mois- 
ture which will 
require augmented 
rainfall to make 
up difference be- 
tween ET loss & 
rainfall(0-ln/wk) 

Sept & 
(humidity, less 

Max. temp 90°F??- 
Low precip. 

than daily ET 

RAT1 ONALE 

1.To provide for 
trafficability 
2.To provide 
optimum seed bed 
texture 
To produce a uni- 
formly distri- 
buted stand of 
uniform sized 
plants 

To produce a 
developed top & 
root system 

'TO produce an 
adequate no. of 
,pods and maximum 
fill. Key to 
yield 

1.For field ori- 
gins to conserve 
 quality G energy 
2.To provide 
trafficability 
at harvest 

RESPONSE 

Needs study 

Needs study 

Not known 

1-inch water 
equals 0-2 bu. 
increase. 
Need more 
info on temp. 

Need data 

Non growing season NATURE NORMALLY PROVIDES ADEQUATE MOISTURE 



(3) Grain Sorghum 

R. Neild 

Grain sorghum is a coarse grain cereal believed native to semi-arid 
regions of India and Ethiopia. Following rice and wheat, it is the 
third most important human food grain in the world. It is principally 
grown in the semi-arid regions of China, India, Africa and the United 
States. Except for exports by the U.S. where grain sorghum, called 
milo, is used for animal feed, most grain sorghum is consumed where it 
is grown. Compared to wheat, corn and rice, very little grain sorghum 
is involved in international trade. The U.S. is the major exporter and 
westernEurope the major importer. 

The central and southern states of the Great Plains, Arizona and Cali- 
fornia are the major growing areas for grain sorghum in the United 
States. Its culture, production cost, and yield are similar to corn but 
it has certain unique features making it better adapted to areas that 
would be climatically marginal for corn because of lower rainfall. Grain 
sorghum is more drought tolerant. It requires warmer temperature for 
germination and growth than corn and is more sensitive to late frost and 
cool weather. Its head is not protected by husks like corn so it is 
more subject to rain damage at harvest. 

Grain sorghum requires 90 days to mature. It usually is planted between 
May 15-June 15 in the Central Plains - Nebraska and is harvested between 
September 20 - November 20. Planting and harvest are progressively 
earlier to the south. Following are critical periods and adverse weather 
factors during the growing cycle. 

1. Planting to emergence -- 5/15 - 6/20 
Below normal temperature - 60°F - required for germination and 
early growth or stand will be poor. Above normal rainfall or 
flooding, delays planting, results in poor seed bed, and greater 
competition from weeds. Grain sorghum seedlings are smaller than 
corn and more sensitive to weed competition. 

2 .  Seedling establishment May 25 - June 20; below normal temperatures; 
frost; much above normal rainfall if subsoil moisture conditions are 
good; cool wet conditions favor weeds. 

3. Rapid deep development and growth -- 6/20 - 7/10; below normal 
temperature; below normal precipitation; hail. 

4. Boot stage (floral bud development) -- 7/10 - 7/25; below normal 
rain; below normal temperature; hail; moisture stress critical. 

5. Heading (reproduction) -- 7/20 - 8/20; below normal rainfall; below 
normal temperature; maximum temperature core 95'~; dessicating wind; 
hail; moisture stress very critical. 



6. Grain filling and maturation -- 8/20 - 9/20; below normal temper- 
ature; much above normal precipitation in September; below normal 
precipitation; frost. 

7. Harvest -- 9/20 - 11/20; above normal rainfall; early frost before; 
below normal temperature. Delay in freeze -- later than 10/15; snow. 

(4) Hard Red Spring Wheat 

J. Ramirez and J. Ross 

In the semi-arid to sub-humid hard red spring wheat areas of the Great 
Plains, additional amounts of rainfall after emergence through the 
period just prior to harvest will be generally beneficial to final 
yields. This is illustrated in Figures 1 and 2 which also show that the 
yield returns from the additional rainfall is maximum in the heading, 
bloom and milk stages of the wheat growth. These phenological stages 
generally occur in June and early July in the northern Great Plains. 
Previous studies suggest that an additional inch of growing season 
rainfall can increase spring wheat yields by about 2 112 bushels per 
acre in the northern Great Plains. 

During the harvest periods of spring wheat, however, generally during 
the last two weeks in July through August, the suppression of wet day 
conditions 'is desirable both in terms of field trafficability but as 
important, in terms of preserving grain quality of the harvest. 

Spring wheat yields have been found to be strongly correlated to stored 
soil water accumulated through the off-growing season. Past independent 
regression analyses in the literature suggest that an inch of stored 
soil water contributes an average of 1 112 to 2 112 bushels per acre. 
For this reason, the augmentation of preseasonal precipitation during 
the fall period after harvest completion and through ground freeze up 
(late September through November) would be desirable. During the latter 
winter months, however, it is recommended that precipitation augrnenta- 
tion be only attempted when the soil water storage before ground freeze 
up is deemed insufficient for optimum seedling start in the following 
spring. On the other hand, if adequate soil water has been stored by 
the fall and early winter, precipitation for the following spring, the 
suppression of late winter and early spring precipitation may even be 
desirable. 

Wheat is basically a cool season crop. Wheat yields generally benefit 
from lower mean temperatures throughout the growing season except during 
seed germination. Attempts to moderate the daily maximum air tempera- 
tures in the midsummer months of June and July will be beneficial to the 
wheat crop. 



DAYS AFTER EMERGENCE 

Fig. 1. Estimated average e f fect  of an added inch of growing season ra infa l l  a t  various growth stages 
on spring wheat yields  in  the Northern Great Plains. 
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( 5 )  C r i t i c a l  Periods of Weather for Winter Wheat 

Dean Bark 

Winter whcat is Krown over a wide range of l a t i t u d e  and e levat ion i n  the 
mid-section of the  continent. Production is l imi ted by both insufficient 
~ ~ t o i s t u r c  a,nd high temperatures. P ro te in  content  and the  hardness cha rac t e r i s t i c  
of the grain  a r e  moisture re la ted.  High y i e ld s  of 7,rhcat a r e  obtaj.ned i n  
the higher elevations (cool temperatures) under irrigated condit ions t h a t  
r;uppl.crnent the  general ly  de f i c i en t  p rec ip i ta t ion .  1.loisture suppl ies  
+ s o i l  moisture) t o t a l l i n g  l e s s  t h a t  10 inches w i l l  not  produce a crop. 
Studies  with i r r i g a t e d  wheat ind ica tes  t h a t  i t  requ i res  a t o t a l  moisture 
supply of 16 inches t o  produce a y i e l d  of 35 buf i .  Twenty inches of moisture 
produced a y i e ld  of 50 b u / ~ .  Xuch of the  winter  wheat i n  the  Great Pla ins  
region is  pown i n  a summer fa l low ro t a t i on  as a means of increas ing the 
:?oisture ava i lab le  f o r  the crop. 

Weather modification a c t i v i t i e s  could bene f i t  the  production of winter  wheat 
i f  they can increase r a i n f a l l ,  reduce damage from h a i l ,  and reduce l a t e  spr ing 
temperatures. The capab i l i t y  of the  weather modifier  t o  be ab le  t o  produce 
a t  c r i t i c a l  periods i n  the  growth cycle  of the  crop i s  important. 

Preseason Au.grst - November * - 
Provide an increase is  s o i l  moisture storage. This would be benef ic ia l  

every year  i n  the  Great Pla ins .  IIigh evaporative demands, even under t i l l a g e  
p rac t ices  of fal low farming, w i l l  reduce the  amounts received in  summer months 
t o  a point  t h a t  neg l ig ib le  benef i t s  w i l l  be derived. Weather modification 
f o r  regions outs ide  the  Great P la ins  w i l l  be of benef i t  only i n  drougth years. 

Planti .npGcrmj.nation and Emer;ccnce September - Kovember - -- 
I-loisture needed t o  seeding depth. Rela t ively  l i g h t  showers could be 

bene f i c i a l  a t  t h i s  time. Extremely hard r a i n s  pack the s o i l  and i n h i b i t  
emergence and cause erosion of the bare s o i l .  L I 
F a l l  Growth P r i o r  t o  p l an t  dormancy (25' F) 

If moisture not  ava i lab le  p r i o r  t o  t h i s  period it could be benef ic ia l .  
Too much moisture w i l l  discourage the  development of  a deep root  system. 

Winter Period 

A good period f o r  adding t o  s o i l  moisture storage.  Increased snow cover 
dur ing periods of ex~remely  low temperature could be benef ic ia l .  Too much 
surface  moisture w i l l  l i m i t  pas tur ing of t he  winter  wheat and would be con- 
s idered  a d i sbenef i t  i n  the  wheat be l t .  1 
joint in^ t o  Headins March t o  June -. 

Needs at  t h i s  time depend on arltecedent s o i l  moisture. Some p a r t s  of 
the  Great P l a in s  might require  p r ec ip i t a t i on  augmentation i n  any year. This 
i s  a period of growth when the  roo ts  a r e  growing down t o  t ap  tne  subsoi l  moisture. 
Too much moisture i n  the  surface  deptn w i l l  discourage such growth aid l i m i t  
t he  p l an t s  capacity f o r  u t i l i z i n g  t he  moisture i n  t he  lower regions. 

Headinr t o  Harvest April  t o  August - 
Most c r i t i c a l  period! 

Hail can negate any advantage gained by p r e c i p i t a t i o n  augmentation. Hail 
suppression a c t i v i t i e s  would have top p r i o r i t y  i n  the  western regions of the  
wheat belt.  



Moisture needs in this period are variable. If soil rnoioture is not 
available, precipitation awnentation will be required to provide moisture 
for filling tho grains. Test weight and yield will be low if inadequate. If 
precipitation is too great, the protein content will be low, and lodging may 
occur. 

Cool temperatures are needed at this time. Early season hign tenperatures 
are detrimental. This probably accounts from yield reductions in the southern 
portion of the wheat area. A reduction of these temperatures of 5' could 
produce a yie1.d increase of 10 b u / ~  if moisture was available. 

Precipitation reduction in the more humid eastern portion could lead %O 
a ~ e t e r  utilization of nitrogen fertilizer supplies. 

Harvest Time June to August - 
Dry weather is needed in tnis period. It will last approximately 1-2 

tlecks in a given area. Delayed harvest results in loss of both yield and 
quality. 

* Time periods given represent the range from the northern and high elevation 
portions of the wheat belt to Texas. A t  any one location, the time periods 
are considerably shorter. 



( 6 )  Forage and Weather 

W. Decker 

Forage, as used in this statement, are grasses and legumes grown for hay, 
halage or pasture and used as livestock feed. These forages are grown in 
all humid and subhumid regions of the U.S. 

SEASONAL WEATHER NEEDS CORRESPONDING CALLENDAR PD. 

1. Initial cool Temperatures in excess of In Gulf Coast States winter 
season growth 50°F. Adequate water supply months March-April in mid- 
period from rain or soil moisture central states May in the 

ET rates .35 to 1. OOt'/wk. North. 

2a. Summer growth ~emperatures below 90°F- April-September in south, 
for pasture 95'~. Adequate rain, for June-August in north. 

ET; rates from 1 to 2 inch/ 
wk. Heavy and prolonged rain 
a disadvantage for livestock 
harvesting. 

2b. Summer growth 
for hay. 

3. Terminal cool 
season 

Temperatures below 90°F-95"~ June-August in north 
adequate rain for ET rates in south fall through winter. 
1.25 to 2. 25"/wk. Occasion- 
al dry periods for harvest. 
one inch rainfall increase 
should produce 1/3 T 
increase of yield for 
legumes. 

Temperatures above SO0 for In south fall through winter 
continued growth; water in north until temperatures 
used .5 to 1.SW/wk. fall below freezing. 



(7) Fruit Crops 
- -.. 

D. E, Linvill 

Fruit crops are grown throughout the world intermingled with other crops 
discussed in this report, Since trees are perennial plants, weather 
conditions in summer, winter, spring and fall influence yield quality of 
the crop. There are critical periods during the crop year during which 
weather modification can directly affect production. Each crop is a 
distinct entity. Thus, no attempt will be made to state exact calendar 
dates for critical periods in each crop, nor will specific crops be 
cited in all cases. 

One critical period is the dormant stage which usually occurs during the 
winter months. During this time extreme low temperatures can kill tree 
buds. Critical minimum temperatures are known for each crop. A moder- 
ation of the minimum daily temperature to keep it above the critical 
temperature can mean the difference between success or crop failure. 

A second aspect of winter time temperatures is the range of temperatures 
during freeze-thaw periods. If maximum daily temperatures are suffi- 
cient to deharden the buds, subsequent freeze conditions will kill the 
bud and reduce crop yield significantly. Thus, a lowering of the maxi- 
mum temperature during a freeze-thaw episode can result in improved crop 
yield. 

The effect of frost upon tree crops can be seen at both the blooming 
stage and at maturity. A frost that occurs when the crop is in bloom 
will result in flower drop. The reduced number of flowers and set 
flowers means that the yield will be reduced proportionally. Both 
advection frosts and radiational frosts can lead to yield losses. 
Weather modification that raises nighttime temperature minimums above 
the frost temperature will directly influence yield. 

As the crop matures, quality rather than yield will become an important 
component. Early fall frosts occurring before the crop is fully mature 
will reduce the quality of the fruit. It can also reduce the yield by 
causing premature fruit drop and spoilage. Although part of the crop 
may be salvaged through rapid work, the decrease in quality signifi- 
cantly lowers the profit from the crop. Frost protection at maturity 
will help both yield and quality. 

Just as frost temperatures influence quality, extremely warm tempera- 
tures (Tmax > 90°F) can also reduce quality. High daytime temperatures 

will increase moisture stress on even well-watered tree crops. Reduction 
of temperatures above about 90°F will help the crop by reducing trans- 
pirational demands upon the plant. Weather modification through a 
direct effect upon maximum temperature or upon the radiational load on 
the plant can improve quality. Although radiation decrease during 
summer may be important when temperatures are high, a radiation increase 
at harvest time can be beneficial. At maturity many crops such as 



The panel specifically recommends: 

1. The immediate formation of a Presidential Commission to 
a. Assess weather modification status and potential as well 
as possible benefits and disbenefits. 
b. Formulate a rational and coherent national weather modi- 
fidation policy. 

2 .  The USDA immediately initiate and support research relating to 
meteorological aspects and socio-economic aspects of weather modi- 
f ication. 

2. Recommendations for Research 

The following research recommendations for weather modification were 
identified by the panel as those likely to further the utility of 
weather modification for agriculture. 

a. Conduct a major experiment with convective clouds in both the 
corn belt and the High Plains to define potential for rain alteration, 
and hail suppression. We encourage the sound scientific pursuance 
of HIPLEX. 

b. Conduct demonstration experiments for cloud changes in special 
agricultural need areas. 

1. Cloud layer dissipation. 
2. Cirrus cloud formation and increase. 

c. Perform technology assessments of major proposed weather changes. 

d. Ascertain impacts of inadvertent weather modification on agricul- 
ture, and effect of agriculture on weather and climate. 

e. Investigate, by models and analogs, macro and mesoscale inter- 
actions of large area weather modification projects. 

f. Develop long range (weeks to months) prediction skills for 
monthly and weekly precipitation. 

g. Initiate studies to estimate the potential for a rainfall 
modification in extreme events, (Droughts and heavy rain-flood 
conditions). t .  

E. ; r  
h. Seek definitive investigations of the economic value of weather 
modification and the legal, social, and ecological aspects. 

i. Pursue a variety of climatic studies and analyses of past 
weather modification data to establish transferability and specific 
applications for agriculture. 

j. Seek innovative concepts to alter micro-climate, fog, etc. 



Approach and Background Basis for Panel Deliberations 

It soon became clear that the task for this panel could not be accom- 
plished in the time available if one large weather modification panel 
met. It was decided to split into two sub-panels. 

Sub-panel A tackled the task of evaluating the field of weather modi- 
fication now, and considering its prospects. Although the modifications 
considered were limited to those of agricultural significance, this was, 
as it turned out, not a significantly limiting factor. All possible 
types of weather modification on all scales were considered. Thus, a 
basis for an evaluation of the role that weather modification might play 
world-wide was established. 

Sub-panel B primarily considered in detail weather modification in 
relation to the agricultural problems of the Corn Belt and the High 
Plains. This placed emphasis on this critical world food producing 
area. The present and future capabilities of the technology for this 
area were thoroughly assessed. The greater geographical emphasis allowed 
detailed consideration of the other important issues for this case, such 
as other impacts (environmental, societal, etc.). Costs and additional 
needed research in this area were also considered. 

Certain comments, questions, and key issues were raised in the partici- 
pant's opening presentations on July 16. These served as a basis for 
starting panel deliberations. Those points mentioned by two or more 
people are listed below. 

1. Establish true direct and indirect values and impacts of 
weather modification (Peterson, Warburton, Changnon). 

2. Application of weather modification in "fire-fighting" type 
modification (droughts): it would be good, is it good and should 
it be evaluated? (Shaw, Droessler). 

3. Need to be inventive in weather modification (Linvill, Gray). 

4. Weather modification is still an infant technology that needs 
its utility defined (Dennis, Changnon). 

5. Although in its infancy, its future is optimistic (Hosler, 
S impson, Changnon) . 
6. There is a need for experimentation with rain in the midwest 
and High Plains (Neild, Changnon). 

7 .  Evaluation of weather modification is a key issue for agricul- 
ture (Curry, Ramirez, Ross). 



. Status and Prospects for Weather Modification Useful to Agriculture 

Agriculture is a world-wide pursuit. However, the resources available 
to the weather modification panel were not sufficient for a complete 
assessment of the world-wide problem. However, it was felt that with 
the expertise that was assembled, it would be a significant contribution 
to consider the meteorological, agriculturally significant, ffvariablesfl 
and their susceptibility to modification, both now and in the 10 to 20 
year time frame. Assessing the agricultural susceptibility to weather 
modification then becomes a matter of defining the significance of these 
"variablesw for the agriculture of any particular region of interest. 
The conclusions are summarized in Table 2. All flvariablesfl which it was 
considered might be influenced and which were thought to have signifi- 
cance for agriculture are listed. The group then evaluated how many out 
of a total of 10 knowledgeable meteorologists would concur with the 
stated conclusion regarding our ability to modify the flvariable" within 
the stated time frame. It should be noted that the estimates for the 10 
to 20 year period are based on the assumption of adequate (much above 
current) levels of support to develop the technology. At the request of 
the agriculture panel figures for the possible amounts of change and 
area affected are included for the msdifications with good potential 
anticipated. It should be noted that, in keeping with the structure of 
the deliberations, the amount changes and area affected apply to the 
average single event. Total impact in an area could be obtained by 
convolution with the meteorological opportunity. 

A more complete analysis was conducted for the corn belt and high plains 
areas of the U.S. the areas being selected because of their significance 
to the national economy and world-wide food supply. Tables 3 through 6 
indicate the best judgement of the panel regarding changes that can be 
induced now, and those we will be able to induce in 2000. Note that 
these are area average effects over the season in these regions. 
Precipitation modification, hail decrease and radiation modification are 
examined. 

On the high plains slight but agriculturally significant precipitation 
increases have been obtained from seeding small cumulus clouds. The 
magnitude of this effect over an area is not well established. It is 
small compared to the overall variability of precipitation and it is not 
certain that the results apply to regions of the plains outside those in 
which the experiments were conducted. Costs of an operational program 
for precipitation enhancement are around 10 cents per acre. 

As far as our abilities to modify the growing season weather now are 
concerned, it is clear that we have almost no knowledge of the pos- 
sibilities in the corn belt. The definitive experiments have not been 
conducted here. 
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:I:--I1 38 T A B L E  3 

AVERAGE GROWING SEASON (APRIL-SEPT.) CONDITIONS OVER AN AREA - NOW 

. . 
, .,.L ,::. - , - .  3 - " - 

.Y 3 . .  CORN BELT 
2, . . . .  - r  

NIGH PLAINS** 
- - - a  . - -  

1. Rain I n c r e a s e  ? lux +lU 
Decrease r ?*** *?, ?*** ! T , E > .  

Character  

2.  H a i l  Decrease 
With added r a i n  
With no r a i n  change 
With r a i n  decrease  

3.  Radia t ion  
Local Temp. i n c r e a s e  
(n igh t  o r  day) ? 

Local temp. decrease  ? yes ,  8°C ................................................................... 
* Based on Dakotas, West Texas and Africa.  NHRE and Albe r t a  h a i l  

r e s u l t s  inconclus ive  but  cont inuing.  .I , I  - * : (73: :v3+ , * . 

** Most evidence from Dakotas, 

*** Limited evidence of p o s s i b i l i t y  from P r o j e c t  Whitetop". 



TABLE 4 

PROSPECTUS* FOR 2000 OF AVERAGE GROWING SEASON CONJIITIONS 
OVER AN AREA 

Rain Increase** 
Decrease 
Character 

Hail Decrease** 

CORN BELT HIGH PLAINS 
% Change % Confidence % Change % Confidence 

10 
10 

Feasible 

75 15 7 5 
5 0 10 50 

Feasible 

Radiation 
Cloud cover increase 5 0* * 25 5 0 2 5 
Cloud cover decrease 5 0 2 5 5 0 2 5 

....................................................................... 
* Given adequate growth funding, but non-NASA scale .  

** Convective manipulation more f ea s ib l e  on time(day) and space(meso) 
scale .  

*** Percent of the  time desired.  



T A B L E  5 

PRECIPITATION 

COLD SEASON STATUS (Oc tober-March) -NOW 

Area Average Changes 
"TN . SNOWPAC K 

PRECIPITATION 
Increase 
Decrease 
Redistribution 
Character 

FOR TRANSPORT OF 
HIGH PLAINS WATER TO HIGH 

CORN BELT DIRECT PLAINS 
10% [is%(?j 10%(+20%,-5%) 10%(+20%,-5%) 
10% [*lo% (?) I  10% (&lo%) 10% (25 %) 
Yes Yes 
Yes Yes 

RADIATION NOT APPLICABLE 
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TABLE 6 

PROSPECTUS* FOR 2000 OF AVERAGE COLD SEASON CONDITIONS 
OVER AN AREA 

MTN. SNOWPACK FOR 
HIGH PLAINS TRANSPORT OF WATER 

CORN BELT DIRECT TO HIGH PLAINS 
Percent Percent Percent 

Change Confidence Change Confidence Change Confidence 

Prec ip i t a t ion  i n  
Increase 15 75 15 7 5 15 9 0 
Decrease 10 5 0 10 7 5 10 7 5 
Redis t r ibut ion on 90 on 75 on 90 

occasion occasion occasion 

Character 

Radiation 

Increased cloud cover - 50% of time des i red  - 50% confidence. 
Decreased cloud cover - 50% of time des i red  - 50% confidence. 

-- - 

* Given adequate growth funding, but non-NASA scale .  



An a b i l i t y  t o  modify h a i l  damage has been r a the r  strongly suggested by 
experiments on the  pla ins ,  although the  e f f ec t  may occasionally have been 
t o  increase h a i l .  The addit ional  cos t  f o r  a h a i l  suppression program 
over t h a t  of a p rec ip i ta t ion  enhancement program, when the  two a r e  
conducted together,  i s  1 t o  2 cents  per acre. 

A l imited a b i l i t y  t o  decrease daytime temperatures i s  considered t o  e x i s t  
based on i c e  nucleus seeding of i c e  supercooled atmospheric layers.  
Costs a r e  estimated a t  5 cents per  acre  per month f o r  seeding 5 days a 

2 month over a 3,000 m i  area. 

In the  current  time frame an a b i l i t y  t o  change cold season precipi -  
t a t i o n  i s  indicated. Def ini t ive  s tud ies  show a po ten t ia l  f o r  creat ing 
considerable addit ional  water f o r  i r r i g a t i o n  by snowpack augmentation. 
Experience shows the  cost  of t h i s  water is  around two do l l a r s  per acre  
foot .  P rec ip i ta t ion  augmentation techniques during the  cold season on 
high pla ins  and i n  the  corn be l t  a r e  considered t o  ex i s t .  The cost  on 
t he  p la ins  would be about f i v e  cents  per acre.  , .., . - z ,CrJnO,  , 

3jb l l  . - b j I L . ~ t i K >  9f.r 1 . 1 3 ,  

By the  year 2000, given adequate growth funding, the  panel p ro jec t s  t h a t  
we could develop the  a b i l i t y  t o  make changes t ha t  would subs tan t ia l ly  
enhance agr icu l tu ra l  production. 

E. Proposed Investment i n  Weather Modification Research 

Perspective. A s  we have noted before, f o r  a science with such tremendous 
po ten t ia l  benef i t  t o  society,  weather modification i s  s t i l l  i n  i ts  infancy 
t h i r t y  years a f t e r  i t s  inception. The meteorological community has long 
recognized the  po ten t ia l  and s t rongly supported these s tudies .  Figure 1 
taken from a paper "The Paradox of Planned Weather Modification1' published 
i n  t he  January 1975 i s sue  of the  Bul le t in  of the  American Meteorological 
Society depic ts  the  evolution of federal  weather modification research 
funding and compares t h i s  t o  t ha t  recommended by the  National Academy of 
Sciences i n  repor t s  i n  1966 and 1973. I t  i s  c lea r  t ha t  funding leve l s  
a r e  f a l l i n g  d r a s t i c a l l y  behind recommendations. 

Fig. 1. The annual federal  expenditures 
f o r  weather modification p l u s  
l eve l s  recommended by National 
Academy of Sciences and the 
FY72 non-federal support t o  
American commercial firms f o r  
weather modification. 

t 
NON-FEDE RAL S U P P O R  

TO U.S. C O M P A N I E S  
I 1 I l l  

1963 65 67 69 71 73 75 7 7  
F 1 , S C A L  YEAR 



The weather modification panel evaluated the funding levels which would 
support research and development of various weather modification activi- 
ties of benefit to agriculture. To develop technologies for cumulus 
cloud modification (precipitation enhancement and hail suppression during 
the growing season) a ten year total of 130 million dollars would be 
required. An initial funding level of 10 million dollars a year would 
increase rapidly at first and then level off to 20 million. A similar 
program would be needed in the corn belt. Even though there is now a 
useable technology for orographic cloud modification an additional 5 to 
10 million dollars a year in research monies is needed to enhance the 
technology and extend its applicability to other areas such as the large 
scale orographic clouds that form on the more gently sloping plains. 
Seed money of 3 to 5 million dollars a year is required for a ten year 
effort in modeling synoptic and mesoscale systems to investigate their 
modification potential, both by conventional modification technologies 
and also more innovative ones such as carbon dust. I 

. , i l l r  I . 
If funding remains at its current inadequate levels, results will not 
meet the potential indicated herein. As ye sow, so shall ye reap. 



Ecological/Environmenfal, Socio-Political and Legal Impacts 

This workshop was strongly reminded that many people believe the many 
inadvertent impacts of weather modification are an almost insurmountable 
barrier to its widespread implementation. Experience, for example, in 
Israel, Australia, and the widespread application in the U.S., suggest 
that these barriers can be fairly readily overcome in some circumstances. 
If the benefits are perceived as outweighing the disbenefits, they will 
be tolerated. 

Table 7 lists possible inadvertent aspects of weather modification to 
enhance snowpack, optimize precipitation and cloud cover. An assessment 
of the severity of the impact problem is given. It should be noted that 
many of these problems will benefit from development of adequate decision 
mechanisms. -- - - 

.. 

TABLE 7. PROBABLE IMPACTS OF THREE TECHNOLOGIES ON "OTHER ISSUES" 

Ecol/ AgI Effects 
Env . Air Chemistry and 

Effects on Bio 

Precip. Cloud 

Hydrology, Run-off Peaks 
Avalanches* (9 - 
Downwind Precipitation 

Socio- Transportation 
Political Local Disbenefit 

Community Actio 
Environmental Impact Statement 

Cover 

Legal 

Aug./Hail Impact Snow Aug. 

Key to Assessment of Problem or Impact Significance: 

Conflicts of Interest 

I = Insignificant 
S = Slight 
M = Moderate 
L = Large 

(Heterogeneity of Weather Needs) 

Water Rights 
Interstate Conflicts 
International Conflicts 
Liability 

*Slight if you assume protective measures adequately taken. Many of these 
problems will benefit from development of adequate decision mechanisms. 

(MI - 
(MI 
(MI 
(L) 



V . PARTICIPANT ' S STATEMENTS 

Opening statements by t h e  p a r t i c i p a n t s  are presented here  i n  order of 

presentat ion.  A number of speakers have submitted wr i t t en  vers ions  of 

t h e i r  presenta t ions  which are included below. I n  cases  where t h e  

presenta t ions  have been abs t rac ted  from t h e  taped proceedings, t h i s  is  

indicated by a star by t h e  individual ' s  name. I n  severa l  cases 

t h e  qua l i ty  of t h e  taped proceedings was not  good and it was d i f f i c u l t  

t o  t r ansc r ibe  a l l  of t h e  presenta t ion a s  it was given. Thus, some 

e d i t i n g  has been performed on some of these  presentat ions.  Limitat ions 

i n  t i m e  have prevented t h e  review of t h i s  vers ion of t h e  t r a n s c r i p t s  by 

t h e  individuals  involved. The e d i t o r s  have attempted t o  r e t a i n  t h e  

speakers words as f a r  a s  poss ib le .  

* speaker's presenta t ion edi ted  from t h e  taped proceedings. 



CURRI E DOWN1 E, PROGRAM MANAGER FOR WEATHER MOD1 FICATION , NATIONAL 
SCIENCE FOUNDATION 

We hear from Jack Barrows t h a t  there was an e f f o r t  back i n  1968 
t o  t r y  t o  def ine the po ten t i a l  o f  weather mod i f i ca t ion  f o r  ag r i cu l tu re .  
This was a good s t a r t  and I th ink  we should b u i l d  on it. We have made 
considerable progress since then, bu t  I th ink  t h a t  the 1968 repo r t  
i s  a good s t a r t i n g  document f o r  t h i s  workshbp, which i s  p a r t  of our 
AGRIMEX e f f o r t  i n  the NSF weather mod i f i ca t ion  program. Some of you 
a t  the meeting i n  Boulder e a r l i e r  today heard t h a t  we have several 
d i f f e r e n t  e f f o r t s  going i n  ag r i cu l tu re .  One o f  them I might mention 
i s  the Nat ional  Academy e f f o r t  t h a t  i s  j u s t  s t a r t i ng .  This i s  a 
study under BARR -- the Board f o r  Agr i cu l tu re  and Renewable Resources. 
It has seven sub-tasks, one o f  which i s  t o  look a t  weather modif i -  
ca t ion and i t s  impl ica t ions f o r  ag r i cu l t u re  and po ten t ia l  support 
fo r  ag r i cu l tu re .  Another i s  cl imate, the longer term impact o f  weather 
va r ia t ions  on agr icu l ture ,  and there are several panels t h a t  deal 
w i t h  ag r i cu l t u re  d i r e c t l y :  cu l  t i va r s ,  pests, s o i l  erosion, ag r i cu l t u re  
i n  less  developed countr ies, and various management techniques t h a t  
can be app l ied t o  the problems. B i l l  Hougart i s  the National Academy 
s ta f f  man on t h i s  e f f o r t .  Sylvan Wittwer i s  one o f  the P I ' S  along w i t h  
Ph i l  Ross. The key man i n  charge of the e f f o r t  i s  Wayne Decker and I 
expect t h a t  most o f  us w i l l  be hearing a l o t  more from Wayne Decker 
as he gets h i s  e f f o r t  underway. 

This workshop was set  up as a separate e f f o r t ,  bu t  i t  i s  expected 
t h a t  our r esu l t s  w i l l  feed d i r e c t l y  i n t o  the more comprehensive 
National Academy study. Some o f  the areas t h a t  we are in te res ted  i n  
are, o f  course, p r e c i p i t a t i o n  enhancement, ha i  1 suppression, amel i o ra -  
t i n g  temperature extremes and severe winds, etc.  There are many d i f -  
ferent  p o s s i b i l i t i e s .  People have speculated f o r  qu i t e  some t ime on 
how weather mod i f i ca t ion  could bene f i t  ag r i cu l tu re .  But, I t h i n k  here 
we are t r y i n g  t o  c o l l e c t  a l l  these ideas. This w i l l  be, I expect, i n  
the beginning l a r g e l y  i n  the nature o f  a b ra i n  storming session. A l l  
your ideas are welcome. Le t  us take a look a t  them and as we go 
on, w e ' l l  evaluate and r e f i n e  them and procede from there. 

I would l i k e  t o  mention a l i t t l e  more background information. The 
Subcommittee on Climate Change o f  the  Domestic Counci l 's  Environmental 
Resources Committee, which operates out  o f  the White House,held a 
meeting i n  Washington i.n middMay on the federal  r o l e  i n  weather modi f i -  
cat ion.  What i s  the r o l e  o f  the federal  government i n  weather modif i -  
cat ion? This p a r t i c u l a r  meeting was open t o  the pub1 ic, ~t was an 
attempt t o  get  opinions from the non-federal sector  as t o  what these 
people fe l  t were the  ro les  o f  the federal  government. Some o f  the 
r esu l t s  o f  t h i s  meeting are ra the r  i n t e res t i ng  t o  us. One of the s ta te-  
ments t h a t  got  i n  the record i s  t h a t  weather i s  the primary determinant 



of ag r i cu l t u re  -- courtesy o f  Sylvan Wittwer. Stan Changnon, 
t a l k i n g  about i n t e rna l  re-focus o f  research by the federal  government, 
sa id  "I th ink  i t  should begin w i t h  the user concept." The question i s  
who needs and i s  v i t a l l y  concerned w i t h  weather modi f ica t ion? Agri-  
cu l tu re  i s  t he  prime user o f  weather modi f ica t ion.  My major recom- 
mendation from an srgani za t iona l  standpoint i s  therefore, t h a t  the 
ag r i cu l t u re  community, i n  the case o f  the federal  government the  
Department o f  Agr icu l ture ,  must become s i g n i f i c a n t l y  involved i n  
weather modi f ica t ion.  Char1 i e  Anderson a f t e r  the  meeting wrote 
a l e t t e r  saying t h a t  "ag r i cu l tu re  i s  the major po ten t ia l  benefactor 
o f  weather modi f ica t ion.  The Department o f  Agr icu l  t u r e  must become 
involved i n  weather modi f ica t ion.  " 

One o f  the th ings t h a t  we are hoping t o  do here i s  t o  c o l l e c t  informa- 
t i on .  We need s t a t i s t i c s  on the economics o f  what i s  involved and on 
the po ten t i a l  and so f o r t h .  I n  t h i s  respect I have some informat ion 
from Stu Borland a t  the NHRE on h a i l  losses broken down by crop, and 
by state.  These are the s ta tes  w i t h  $10,000,000 o f  losses o r  greater  
and the crops involved. I th ink  t h i s  i s  the  type o f  informat ion we are 
in te res ted  i n  t o  s t a r t  w i th .  To ge t  some rea l  s o l i d  f ac t s  on what the 
effects o f  weather are on agr i cu l tu re ,  what are the losses f o r  example, 
as a r e s u l t  o f  the drought l a s t  year? What are the losses from wind 
damage, from s o i l  erosion? I th ink  there i s  a l o t  t o  do i n  t h i s  area. 

We are an t i c i pa t i ng  a r epo r t  ou t  o f  t h i s  workshop, and there are 
several charac te r i s t i cs  o f  the r epo r t  t h a t  we would l i k e  t o  see. F i r s t  
of a l l ,  i t  should assess and evaluate the po ten t i a l  impact ofi weather 
modi f icat ion on agr i cu l tu re .  We should look a t  a l l  phases, no t  ho ld  
back anywhere. Any in format ion on t h i s  would be worthwhile and welcome. 
Secondly, from my own standpoint, from the  standpoint o f  the NSF and 
o ther  research or iented organizations,we would 1 i ke a 1 i s t  o f  research 
opportuni t ies,  where should we concentrate on research for,  the 
future, and some idea o f  the p r i o r i t i e s .  I f  p r e c i p i t a t i o n  enhancement 
i s  the b i g  th ing,  we should, o f  course, be working i n  t h i s  area. I 
expect t h i s  document w i l l  general ly  l a y  the  groundwork fo r  a b i g  
push i n  t h i s  area, but  f i r s t  we need a good study. Hopeful ly, we can 
take t h i s  t o  our agencies, take i t  t o  Congress, t o  the users -- the 
users being the federal  agencies, NSF. Hopeful ly  we can ge t  ag r i -  
cu l t u re  interested.  As you know, some o f  the states are involved now 
i n  weather modi f icat ion,  h a i l  suppression, f o r  example, i n  South Dakota 
where the various counties are i nvo l  ved. The ag r i cu l t u ra l  extension 
stat ions,  the farmers themselves, and the agri-business are a l l  po ten t i a l  
users. What we hope t o  do here i s  se t  something i n  motion t h a t  w i l l  
go a long way toward f l u sh ing  ou t  the po ten t i a l  of weather modi f icat ion 
and provide some idea o f  *where we goZfrom here and how. 
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My i n t e r e s t  i s  t r a d i t i o n a l l y  not  i n  weather modification, but  I th ink 
I see t h e  importance of an e f f o r t  i n  t h i s  area. It is worthy of some 
time i n  terms of pu l l ing  together a group t h a t  I th ink can do something 

. t h a t  w i l l  be s i g n i f i c a n t  a s  f a r  as t h e  a g r i c u l t u r e  is concerned i n  t h i s  
na t ion and perha s on a global  basis .  

. i  . - ,-7 >ris i 

In  terms of weather modification research,  w e  don't  begin with a vacuum. 
Jack Barrows has mentioned t h e  e f f o r t  t h a t  t ranspi red  back i n  1968 
i n  which t h e  USDA with t h e  s t a t e  experiment s t a t i o n s  and other  i n t e r e s t e d  
people put out  a document a s  one of t h e  34 t a s k  forces. This d e a l t  with 
weather modificat ion and recommendations r e l a t i n g  thereto.  The repor t  of 
t h e  NAS, t h e  National Academy of Sciences, i n  1966 i n  which Gordon Mac- 
Donald and perhaps o the rs  i n  t h i s  room par t i c ipa ted  i n  t h a t  e f f o r t .  Then 
my good f r i end  Tom Malone and t h a t  National Academy e f f o r t  out  of t h e  
Comission on In te rna t iona l  Relat ions with respect  t o  weather modification. 
I th ink  t h a t  a s  w e  look a t  t h a t  which Curr ie  Downie has indicated is  
important f o r  h i s  agency, we need t o  look a t  those documents and what 
they recommended. Some of those still  stand i n  terms of t h e  importance 
today. 

I .  I :I 
We're not  i n  a vacuum a l s o  i n  terms of t h e  North Central  region. 
There has been very l i t t l e  weather modificat ion work t r a n s p i r e  here,  
remember we're t a l k i n g  of t h e  corn b e l t  which i s  t h e  bread basket 
of t h e  nation,  a t  l e a s t  p a r t  of it. I see Stan Changnon down the re  is  
i n  agreement with me. we've got i n  t h i s  a rea  a North Central  regional  
committee dealing with c l ima t ic  resources i n  t h e  North Central  region. We 
have many represen ta t ives  of t h a t  committee here  a t  t h i s  p a r t i c u l a r  
workshop,Dean Bark, Don Baker, Dale L i n v i l l ,  Stan Changnon, Wayne Decker, 
Bob Shaw, Juani to  Ramirez, Bruce Curry, Ralph Nield, Champ Tanner. W e  
have a research committee which is financed from regional  research funds 
through the  s t a t e  a g r i c u l t u r a l  experiment s t a t ions .  It d e a l s  with one 
aspect  of t h i s ,  an  assessment of weather modificat ion a c t i v i t i e s  i n  t h e  
North Central  Region. There is somewhat of a base here t o  bu i ld  t h i s  
workshop on. We're pleased t o  have two f o l k s  here from t h e  ISWS, they a r e  
going t o  have a considerable input. I might i n d i c a t e  t h a t  t h i s  group 
t h a t  we speak of i n  t h e  North Centra l  region, where t h e r e  has been very 
l i t t l e  weather modification work ou t s ide  t h e  ISWS, t h a t  it  is  high t i m e  
we took a look I th ink  a t  where a l o t  of the  food is  produced i n  t h i s  
na t ion i n  terms of what weather might be  doing. I w i l l  repeat  what I 
have s t a t e d ,  and I th ink I can defend it, I th ink t h a t  t h e  most determinant 
f a c t o r  in  crop product iv i ty  is  t h a t  of t h e  weather and climate. It is  
time t h a t  we began se r ious ly  t o  consider t h i s  very  simple r e a l i t y .  

Seeing Henry Lansford back t h e r e  I am reminded of t h e  Belaggio Conference 
i n  June sponsored by t h e  Rockefeller Foundation. An in te rna t iona l  group 
was assembled t o  consider t h e  tough subject  "Climate Change, Food Produc- 
t i o n ,  and I n t e r s t a t e  Conflict". I th ink copies of t h a t  repor t  a r e  now 
avai lable .  It is very i n t e r e s t i n g  i n  terms of a base f o r  what we might 
th ink of i n  t h i s  p a r t i c u l a r  workshop. Curr ie  Downie mentioned t h e  
current  National Academy e f f o r t  which i s  with t h e  Board on Agriculture and 
Renewable Resources. Seeing Larry Tombaugh here and Currie Downie who have 



have been very support ive of t h i s ,  it is through them t h a t  we a r e  
engaged i n  t h i s  e f f o r t  which dea l s  with t h e  impact of cl imate change 
on food production and product iv i ty  of o ther  renewable resources. It 
is  an extremely important area. The Chairman of t h i s  group is  Wayne 
Decker. H e  may want t o  t a l k  about that with some of t h e  f o l k s  here, a 
very important e f fo r t .  B i l l y  Hougart is t h e  s t a f f  o f f i c e r  with t h e  
National Academy that is working wi th  t h e  committee i n  s e t t i n g  t h i s  up. 

I 'think it i s  timely t h a t  t h i s  workshop be held. There has been 
i n t e r e s t  i n  a t  l e a s t  two of t h e  foundations. I see Er ic  Walther here  
from t h e  Kettering Foundation. I no te  t h e  i n t e r e s t  of t h e  Rockefeller 
Foundation. There is a good base here  f o r  act ion.  

Another studv t h a t  i s  i n  progress which we should r e f e r  t o  a s  
background f o r  t h i s  workshop is  going on i n  two segments. This is  
t h e  so ca l l ed  "President 's Food and Nut r i t ion  Study", an assignment 
given t o  t h e  NAS by t h e  President .  It asks  t h e  Academy t o  work 
with agencies wi th in  government including USDA, HEW, EPA, FDA, and 
t h e  Department of t h e  Eneerio~, a l l  having t o  do with food production. 
The object  is t o  come up wi th  a program of research and development 
t o  assure  t h e  food supply of t h i s  na t ion and t h a t  of o ther  nat ions.  
That i s  not  a small order. Weather is going t o  be an important p a r t  
of tha t .  Weather modificat ion is going t o  be a component i n  t h a t  
study. I should i n d i c a t e  t h a t  one workshop has been held,  another 
w i l l  be held i n  t h e  l a t t e r  p a r t  of t h i s  month. We intend t o  have 
a repor t  t o  t h e  agencies and t o  t h e  President  by t h e  f i r s t  of November, 
an in ter im repor t .  There w i l l  then be a longer term, more d e l i b e r a t i v e  
study, a two year e f f o r t .  

The point  t h a t  Curr ie  Downie mentioned with respect  t o  hearings 
by t h e  domestic council  is  a l s o  another evidence of i n t e r e s t  within 
agencies i n  t h e  government, t h a t  have power and influence i n  
determining policy. The domestic council  i s  one of those. 

I th ink it is i n t e r e s t i n g  t h a t  i n  t h e  May 9th  i s s u e  of Science, 
which d e l t  with food, the re  w a s  only one a r t i c l e  which d e l t  with 
weather, t h a t  of Louis Thompson, I n  t h e  a r t i c l e  I wrote I mentioned 
it ,  I didn ' t  ignore i t ,  but  I th ink t h i s  matter of weather and 
cl imate modificat ion i s  not  receiving t h e  a t t e n t i o n  it should i n  
terms of t h e  poss ib le  impact on food production. 

In te res t ing ly  t h e r e  were congressional hearings held during 
the  week of June 25th. There w i l l  be add i t iona l  hearings held i n  
September. These were not by t h e  Agr icul tura l  Committee of t h e  Sehate 
and the  House, but by the  Committee on Science and Technology. They 
a r e  in te res ted  i n  Food and Agriculture and Nutri t ion.  I appeared 
a t  one of those hearings and I did mention weather modification, 
which is  a very important p a r t  of the  t o t a l  food pic ture .  

I should point out  t h a t  l a s t  week t h e r e  was held i n  Kansas City, 
Missouri, a very l a r g e  working conference sponsored by the  Department 
of Agriculture. The Secretary was the re ,  severa l  Ass is tant  Secre ta r i e s  
were there.  The top ic  was research t o  meet U. S. and world food needs, 
One of t h e  t r a v i s t i e s  was t h a t  nothing was mentioned with respect  
t o  weather modification, cl imate was on t h e  l ist  but only i n  terms 
of changing c l ima t ic  pat terns .  This conference focusses on t h e  more 
immediate i ssue ,  t h a t  of weather modification. 



A s  we  look a t  t h e  workshop here  i n  t h e  days t h a t  w i l l  follow, 
i n  t h e  a g r i c u l t u r a l  component of t h i s ,  and I w i l l  speak t o  t h a t  j u s t  
f o r  a moment, we need t o  look t o  a r e a s  of a g r i c u l t u r e  where weather 
modification can have an impact. I am speaking t o  t h e  a g r i c u l t u r a l i s t ,  
most of whom I contacted personally by telephone, A s  we look a t  doing 
something t h a t  t h e  agencies want, and Curr ie  Downie re fe r red  t o  t h i s  . . . he wanted a repor t  showing t h e  poss ib le  and p o t e n t i a l  impacts 
of weather modification on agr icul ture .  H e  a l s o  mentioned weather 
modification i n  terms of research oppotuni t ies  and where are t h e  
p r i o r  i t  ies. 

We must th ink about who our audience is, who a r e  we  wri t ing  f o r ?  
Well, obviously t h e  agencies; NSF, Agriculture,  S t a t e  Experiment 
Sta t ions ,  ARS, Department of t h e  I n t e r i o r ,  Department of Commerce, 
anyone t h a t  is  in te res ted  o r  could become in teres ted .  We look a t  
Congress, a t  t h e  Pres ident ,  a t  OMB, these  a r e  t h e  audiences. It has 
t o  be i n  terms t h a t  they can understand. A s  we set t h e  repor t  up, 
we must th ink how bes t  t o  present  t h i s  information. I th ink w e  should 
consider t h e  model of a newspaper a r t i c l e .  We put t h e  most 
important th ing f i r s t ,  t h a t  i s  t h e  recommendations. And recommend i t  
i n  language they can understand, not  j u s t  our own f r a t e r n i t y ,  t h a t  is 
one of t h e  b ig  problems we face. W e  must write so t h a t  t h e  audience 
can understand us. That is  number one, t h e  recommendations, l i k e  
a newspaper a r t i c l e .  Then we've got  t o  g ive  our r a t i o n a l e  f o r  t h a t  
recommendation. W e ' l l  go back t o  t h a t  i n  j u s t  a minute. 
Then i f  we're sens ib le  w e ' l l  t e l l  them how the  recommendation might 
be implemented, implementation. 

Then we should a l s o  consider research p r i o r i t i e s  and how we look 
a t  them. How do we a ssess  o r  evaluate  p r i o r i t i e s  i n  research recommenda- 
t i o n s  i n  terms of ra t iona le .  We'll have a l i t t l e  th ing d i s t r i b u t e d  on 
a l l  t h i s  tomorrow. I f  we're t o  make a research recommendation, w e  
must look upon t h a t  i n  terms of what i t  w i l l  do f o r  production. That 
is t h e  most important thing I think. 

But tha t  is not a l l ,  we've gone pas t  t h e  day where w e  can j u s t  
go on, a s  Jonathan Swift sa id ,  t o  make two blades of grass  o r  two 
e a r s  of corn grow where one grew before. We're beyond t h e  point  of 
j u s t  production, t h e r e  a r e  o ther  th ings  w e  must consider. We've 
got t o  look a t  n u t r i t i o n .  Do we maintain o r  do we improve n u t r i t i o n ?  
Our recommendations ought t o  dea l  with t h a t  point.  I n  terms of environ- 
ment. We've gone through an environmental movement, What is t h e  
environmental impact, is it good o r  bad? Hopefully, i t  w i l l  improve 
t o t a l  environment. We ought t o  consider t h a t ,  we need t o  consider 
tha t .  I ' m  not  su re  these  a r e  i n  t h e  r i g h t  order. Perhaps t h e  next 
one should be resource input. We can no longer give recommendations 
i n  terms of increasing production, What kinds of resources w i l l  i t  
take must be considered. A r e  the  resources renewable or  non-renewable. 
The cos t  of t h e  resources. I ' m  t a lk ing  about energy, about land,  about 
water, about chemicals and f e r t i l i z e r s .  We've got t o  consider 
resource input ,  we've got t o  consider cos t  of those resources, we've 
got t o  consider t h e  renewabil i ty of those resources and the  a v a i l a b i l i t y  
of them, That is  an important c r i t e r i o n  r i g h t  now f o r  any recommendation. 



Then we look a t  the  time frame, everybody wants something yesterday 
including government agencies. I f  i t  i s  going t o  take  50 years  t o  get  
something done, they probably a r e  not  in te res ted .  I f  it is f i v e  years 
o r  two years, t h i s  could be an important c r i t e r i a .  So t h e  productive 
time is  important f o r  any recommendation we give. Then we have t o  
cansider,I 've always sa id ,  it has t o  be economically f e a s i b l e  o r  i t  
w i l l  never be used. We've got t o  look a t  cos t  benef i t ,  Then we could 
add t o  t h a t  another one, cos t  effect iveness.  They're not  t h e  same. 
Cost benef i t  i s  the  benef i t  per  cos t  input. Cost ef fec t iveness  
is  looking a t  various a l t e r n a t i v e s  t o  achieve a p a r t i c u l a r  goal. 
Some of those may be less expensive than others.  

Then we can add some others. We ought t o  look a t  t h e  importance 
f o r  t h i s  na t ion a s  w e l l  a s  l e s s  developed countries.  We should be 
concerned about t imeliness.  Anything t h a t  is going t o  be accepted, 
has t o  be timely. We've got t o  look a t  t h e  chances f o r  success, 
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I would l i k e ,  i n  t r y i n g  t o  f u l f i l l  t h e  func t ion  given t o  m e  t h i s  
morning, t o  make i t  ve ry  c l e a r  t h a t  p r e s i d e n t ' s  a r e  paid t o  t a l k  but  no t  
think.  And so ,  i f  t h a t  becomes ve ry  apparent  as I convey my remarks t o  
you, p l ease  understand t h i s  i s  job  d e f i n i t i o n .  I do propose t o  sha re  
w i th  you j u s t  a  personal  layman's percept ion  of t h e  perhaps near  term 
f u t u r e  f o r  a g r i c u l t u r e  and weather modi f ica t ion  and hope t h a t  it w i l l  
simply s e r v e  a s  a  whipping boy o r  g i r l  f o r  you as t h e  case  may be, a s  
I don ' t  p ropor t  t o  be  an a u t h o r i t y  i n  e i t h e r  area. 

I would l i k e  t o  make t h e  presumption t h a t  t h e r e  i s  t h e  capac i ty  on 
our  p l ane t ,  i f  we could but  s o l v e  l o g i s t i c s  and f i n a n c i a l  and o p e r a t i o n a l  
and s o c i a l  i n s t i t u t i o n a l  problems, t h e  c a p a c i t y  t o  feed many, many more 
people than  w e  probably w i l l  be confronted wi th  i n  t h i s  century ,  so  t h a t  
t h e  problem t o  m e  comes around a s  t o  whether o r  n o t  weather modi f ica t ion  
is  going t o  make a s i g n i f i c a n t  den t  i n  t h i s o h a l l e n g e o f  feeding  ve ry  
l a r g e  numbers of people. I b e l i e v e  as an amateur and layman, t h a t  t h e  
answer is  t h a t  i n  t h e  aggregate  of t h e  p l ane ta ry  need f o r  feeding  people,  
weather modi f ica t ion  w i l l  b e  i n s i g n i f i c a n t  i n  t h e  accomplishment of t h a t  
p a r t i c u l a r  goal.  I t a k e  t h a t  p o s i t i o n  because of t h e  f e e l i n g  t h a t  no 
amount of f e r t i z i l e r  and water  management, no amount of g e n e t i c  research ,  
and no amount of weather modi f ica t ion  i s  going t o  b e  s u f f i c i e n t  t o  over 
come, i n  t h e  magnitudes r equ i r ed ,  t h e  a b i l i t y  o r  t h e  l a c k  of a b i l i t y  of 
n a t u r e  t o  d e a l  w i th  droughts  and f l o o d s  and o t h e r  n a t u r a l  d i s a s t e r s  so  - 

t h a t  t h e  c h a r a c t e r  of famine is  going t o  b e  wi th  u s  worsening t o  a  cons iderable  
degree. I a m  q u i t e  convinced t h a t  we need t o  do an  even b e t t e r  job i n  
f e r t i l i z e r  and water  management, gene t i c s ,  conserva t ion ,  and weather 
modi f ica t ion ,  bu t  t h a t  i n  e f f e c t ,  what you can do wi th  weather 
modi f ica t ion  w i l l  be  a p a l l i a t i v e  n o t  a  so lu t ion .  That i t  w i l l  assist 
i n  dea l ing  wi th  t h e  world food problem but  i t  w i l l  no t  c o n s t i t u t e  a solu- 
t i o n  anymore than these  o t h e r  very ,  ve ry  tremendous t e c h n i c a l  advances of 
t h e  l a s t  50 y e a r s  have been a b l e  t o  do. I suggest  t h a t  i t  w i l l  probably 
f a l l  i n  t h e  realm of being a p a l l i a t i v e  i n  p a r t  because, aga in  a s  an 
o u t s i d e r  t o  your f i e l d ,  it is my percept ion  t h a t  you a r e  a long ways from 
understanding t h e  b a s i c  decay o r  a m p l i f i c a t i o n  of coupling i n  t h e  atmosphere 
i n  terms t h a t  a r e  communicable t o  t h e  pub l i c  p o l i c y  people and t r a n s f e r a b l e  
i n t o  meaningful law. Now you might as s c i e n t i s t s  t h i n k  t h a t  you understand 
a t  l e a s t  a t  t h e  s m a l l  s c a l e  and maybe even i n  mesoscale some of t h e  
a m p l i f i c a t i o n  and decay mechanisms but  I would assert you have no t  demon- 
s t r a t e d  t h e  capac i ty  t o  convey t h i s  t o  l e g i s l a t o r s  o r  congressmen o r  o t h e r s  
who provide p u b l i c  po l i cy  i n  a  way t h a t  i t  can be transformed i n t o  
ope ra t iona l  pub l i c  po l icy .  So, I then  end up concluding t h a t  on ly  
very  l imi t ed  ope ra t iona l  u se  of weather modi f ica t ion  f o r  a g r i c u l t u r e  i s  
going t o  be  permi t ted  by soc i e ty .  

Even uses  permi t ted  and t h i s  one b o t h e r s  me a  g r e a t  d e a l ,  even 
uses  permit ted w i l l  l e ad  t o ,  i n  t h i s  country a t  l e a s t ,  many more damage 
s u i t s .  The psychology i n  t h i s  count ry  a p p l i c a b l e  t o  weather modi f ica t ion  
i s  no t  d i s s i m i l a r  t o  t h e  psychology back of t h e  behavior  i n  t h e  ma lp rac t i ce  
s u i t  f i e l d  dea l ing  wi th  human medicine nor  is i t  all .  t h a t  d i f f e r e n t  from 
t h e  behavior of people regard ing  an increddble  growth i n  personal  i n j u r y  
s u i t s ,  much of which is  based on t h e  deep pocket theory  of l a w  t h a t  says ,  
under c e r t a i n  t h e o r i e s  of t o r t s ,  i f  you have t o  d e a l  w i th  a  j u r y  t h a t  t h e  
p r o b a b i l i t y  is  t h a t  i f  t h e r e  is  money t h e r e ,  r i g h t  o r  wrong, t h e  aggrieved 



par ty  i s  going t o  ge t  a p a r t  of it. So l o g i s t i c a l l y ,  I suspect  you 
probably can ' t  cover over a t e n t h  of one percent  of t h e  a g r i c u l t u r a l  a rea  
t h a t  is p o t e n t i a l l y  suscep t ib le  t o  weather modif icat ion he lp  but  you could 
probably be  of r e a l  he lp  t o  say one hundredth of t h a t ,  t o  a very small 
number of s p e c i f i c  a g r i c u l t u r a l i s t s  i n  extremely high l o s s  crop areas.  
Your primary con t r ibu t ion  may a c t u a l l y  be  t o  l e s s  than one one thousandth 
of t h e  s i g n i f i c a n t  cropping a reas ,  would have perhaps a high c o s t  bene f i t  
performance, but  would s t i l l  make no s i g n i f i c a n t  dent  i n  t h e  g lobal  food 
i s sue ,  But I would l i k e  t o  convey t o  you, I th ink  t h e  th ing  you're 
s t i l l  under-estimating i s  t h a t  i n  our consumer based and l e g a l i s t i c a l l y  
o r i en ted  soc ie ty ,  a t  l e a s t  it is  moving i n  t h a t  d i r e c t i o n  very  r ap id ly ,  
s o c i e t y  i s  no t  going t o  permit you t o  do what you a r e  s u r e  you could do 
e f f e c t i v e l y  u n t i l  you do a b e t t e r  job of l ea rn ing  how t o  communicate i n t o  
language t h a t  can be made i n t o  ope ra t iona l  pub l i c  pol icy  law. 

My second thought,  t h e  layman's t echn ica l  perspect ive.  It is  my 
f e e l i n g  t h a t  you a r e  approaching t h e  a b i l i t y  t o  cons t ruc t  a f a i r l y  good 
model of a simple convective cloud, inc luding a h a i l  bearing one, but  i t  
is a l s o  my pe r spec t ive  t h a t  t h e r e  a r e  going t o  be numerous s u r p r i s e s  and 
new small  s c a l e  dynamic e f f e c t s  t h a t  w i l l  show up t h a t  w i l l  l ead  t o  t h e  
conclusion t h a t  a l o t  more research  i s  needed before  you yourselves can 
be confident  f o r  even very  l o c a l  weather modif icat ion performance on an 
ope ra t iona l  bas is .  Your own confidence i n  what you may induce i n  r e l a t i o n  
t o  t h e  n a t u r a l  dynamic v a r i a b i l i t y  may be shaken a s  you a c t u a l l y  l e a r n  a 
l i t t l e  b i t  more about these  simple convective s i t u a t i o n s .  I do th ink ,  
however, i t  i s  going t o  be  increas ingly  e s s e n t i a l  t o  proceed with t h a t  
research  and t r u l y  f i n d  ou t  more of what is going on. I n  t h e  context  of 
what I sa id  a moment ago, about legal is t ic-social-consumer c o n s t r a i n t s ,  
probably growing a t  an  exponential  r a t e ,  I would suggest t h a t  i t  is  important 
t h a t  you f i g u r e  out  ways and means t o  improve your computer s imulat ion 
models i n  order  t h a t  you can do more of your research  i n  t h i s  mode, away 
from a circumstance where you can anger t h e  publ ic  and heighten what is  
a l ready an ant i - research  sentiment i n  our society.  

I would l i k e  t h i r d  t o  come back t o  r e i t e r a t e  my poin t  about n a t u r a l  
v a r i a b i l i t y  t o  exceed your weather modif icat ion impact. I r e a l l y  am 
convinced t h a t  weather modif icat ion is  no t  going t o  go very  f a r  i n  helping 
s t a b i l i z e  t h e  i n t e r n a t i o n a l  food production program e i t h e r  a s  t h i s  na t ion  
would push i t  o r  China o r  o ther  a reas .  I am j u s t  convinced t h a t  your 
e f f o r t s  a r e  going t o  be  l i k e  t h e  l o c a l  e f f e c t s  of water management, t h e  
l o c a l  e f f e c t s  of f e r t i l i z e r s ,  t h e  l o c a l  e f f e c t s  of seed gene t i c s  t h a t  even 
though you t r y  and g e t  beyond t h e  l o c a l  b a s i s ,  t h e  l i m i t a t i o n s  of c a p i t a l  
formation and these  publ ic  c o n s t r a i n t s  w i l l  preclude you from being more 
than an i t e r a t i o n  i n  a small way. Now t h a t  can be construed p o s i t i v e l y  
i n  t h a t  i t  should g ive  you a b a s i s  f o r  arguing t h a t  you should be given 
maximum l a t i t u d e  f o r  t h e  conduct of your research  because you obviously 
a r e  not  going t o  des t roy  a c a p a b i l i t y  t o  d e a l  wi th  t h e  world food problem 
anymore than you a r e  going t o  achieve a so lu t ion .  Your research  can 
be r e l a t i v e l y  benign but  c e r t a i n l y  fundamentally he lp fu l ,  But you a r e  
going t o  continue t o  be  overshadowed by droughts and f loods  over very 
l a r g e  areas.  So, I would summarize my f e e l i n g s  then on two counts: 

l ; . I 9 -  rf *C-T * 
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I 
1. You w i l l  gradually increase  your i d e n t i f i a b l e  but  small 

contr ibut ion t o  l o c a l l y  s t a b i l i z i n g  some small swings i n  
a g r i c u l t u r a l  production t o  a very favorable cos t  benef i t  r a t i o  
i n  the  def inable  a reas  of your operat ion without perhaps being 
a b l e  t o  demonstrate what a c t u a l l y  is induced a t  distance.  

2. That ydu a r e  going t o  continue t o  have l o t s  of i n t e l l e c t u a l  
reasons f o r  needing more research,  more bas ic  research a s  well 
a s  applied f o r  many, many years-tz some. 

So, I then wrap up by saying a s  I welcome you t o  Colorado S t a t e  Universi ty 
"enjoy your i n t e l l e c t u a l  playhouse." J - ,  , jbu F:' t U; c.: 

D r .  Chamberlain's remarks and welcoming a s  president  of Colorado S t a t e  
Universi ty w e r e  t ranscr ibed from t h e  taped proceedings. ' 9;ia i t :  !h  

I . . , ... . - t .  , ., , . . I ,  . . ..- 3% p-J I,..-,' :- ;')*[ 
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V-2 AFTER TWENTY-NINE YEARS - A PROPOSAL 
0 

. . 

; Vincent J .  Schaefer  

Atmospheric Sc iences  Research Center  
S t a t e  U n i v e r s i t y  of New York a t  Albany * 

I 
I , . . . I *  

With t h e  30 th  ann ive r sa ry  of  t h e  d i scove ry  of a p r a c t i c a l  

way t o  modify supercooled c louds  l e s s  t h a n  a yea r  away, it 

seems t h a t  t h e  p r e s e n t  t i m e  i s  a l o g i c a l  one t o  cons ide r  o u r  

p rog res s  i n  t h i s  i n t r i g u i n g  f i e l d  and t o  a s s e s s  d r a c t i c a l  poss i -  

b i l i t i e s  f o r  t h e  f u t u r e .  

While some o f  u s  are i n c l i n e d  t o  be impa t i en t  o r  f r u s t r a t e d  

wi th  t h e  p rog res s  t h a t  has  been made over  t h e  per iod  of 2 9  y e a r s , .  

t h e r e  a r e  a s p e c t s  o f  t h e  problem t h a t  a r e  n o t  e a s i l y  solved.  

Problems Caused by People 

The foremost  problem t h a t  r e q u i r e s  a  s o l u t i o n  has  long been 

r e f e r r e d  t o  as t h e  "people problem." Not on ly  a r e  t h e r e  i n d i v i d u a l s  

o r  groups who d e r i d e  and b e l i t t l e  t h e  p o t e n t i a l  f o r  t h e  modifica- 

t i o n  of  c louds  and weather ,  bu t  t h e r e  seems t o  be an equa l  number 

who f e e l  t h a t  f a r  more can be done than  i s  l i k e l y  t o  be p o s s i b l e  

under t h e  most i d e a l  p h y s i c a l  c o n d i t i o n s .  

On t h e  o t h e r  hand, c o n s i d e r  t h e  c o n s t e r n a t i o n  t h a t  would e x i s t  

i f  t h e  r e c e n t  d i s a s t r o u s  f l o o d s  on t h e  Red River  o f  t h e  North 

could be d i r e c t l y  a s c r i b e d  t o  r a i n s  t h a t  developed i n  a cloud 

seeding program. J u s t  as t h e  Fea ther  River  f l o o d  of  t h e  mid- 

f i f t i e s  and t h e  ~ a p i d ' c i t y  f l o o d  of  t h e  e a r l y  s e v e n t i e s  had 



peripheral cloud seeding activities, there are people who are 
I, - , , I* 

prone to jump at conclusions without much valid data. 
I f. 

The "people problemn will always be with us and should be 
. .  

carefully considered and assessed no matter what program is 
. b -  0 ;  - " - 

recommended by this Conference. Proper and intelligent public 

communication and majority participation are essential ingred- 

ients to the elimination or control of this problem. 
* i n  f,:3'7.d - k.2 

I should like to leave these aforementioned social problems 

to the psychologists, lawyers and public relations experts and 

direct attention to some of the mechanics of the weather modifica- 

tion process. Despite many attempts and much effort to develop 

better, more effective and less expensive cloud seeding materials, 

there is as yet no substance that remotely competes with dry ice 

or silver iodide in ease of use and field effectiveness for pro- 

ducing modification > * :  , of supercooled clouds. Each of these materials 
d ;  J f" ? * 

has unique properties and, when properly utilized, are highly 
.A . .  A > .  

complementary. 
I ,  ' . 1 - 

A Substitute for Silver Iodide 

Although there are a number of proposed substitutes such as 

cupric sulfide, metaldehyde, phloroglucinol, pentaerythritol and 
4 I ,  . 2 .  

other organic substances, I doubt if an; of those thus far pro- 

posed are likely to displace dry ice and silver or lead iodide 
, - . - f c .  h';, +j'l J :: ' , 4 

for practical utilization for some time to come. 

Much effort has been directed toward the utilization of 

silver iodide, ranging all the way from dispensing it in finely 
- :  1 :  v<_' - :':: 1 

powdered form to *elting it i n a  combustible solid, to burning a 
P -  - I .L u u - * + - = ,  a r .I - t . f l 5 - 1  1 . ~ ~ '  I')" - m i  
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s i l v e r  iodide-sodium i o d i d e  d i s s o l v e d  i n  ace tone  o r  o t h e r  combina- 

t i o n s ,  t o  u s ing  it a s  a component i n  pyro technic  f l a r e s ,  exp los ive  

a r t i l l e r y  o r  r o c k e t s .  I would l i k e  t o  r e d i r e c t  a t t e n t i o n  t o  t h e  

e f f e c t i v e  u t i l i z a t i o n  of d r y  ice ( s o l i d  carbon d i o x i d e ) .  It  i s  

my cons idered  op in ion  t h a t  whenever an a i r c r a f t  i s  used f o r  seed- 

i n g  purposes and t h e  p lane  i s  capable  of  f l y i n g  i n t o  o r  above 

supercooled c louds ,  it i s  a g r e a t  waste of  money and oppor tun i ty  

t o  no t  u se  d r y  ice fragments  f o r  t h e  seed ing  agen t .  

It has  been my exper ience  i n  watching and i n  r ead ing  about  

d r y  i c e  seed ing  o p e r a t i o n s ,  t h a t  f a r  t o o  much d r y  i c e  has  been 

used i n  most seed ing  programs. S ince  d r y  ice i s  so  cheap rela- 

t i v e  t o  any o t h e r  seed ing  subs tance  (20d t o  30d p e r  pound a t  

c u r r e n t  1975 p r i c e s )  as compared t o  a c o s t  of  a hundred t imes  

more i n  t h e  c a s e  o f  s i l v e r  i o d i d e ,  t h e  a t t i t u d e  seems t o  be,  

" s i n c e  we can e a s i l y  a f f o r d  it, why n o t  u se  plenty!"  

I n  ou r  P r o j e c t  C i r r u s  o p e r a t i o n s ,  we r a r e l y  used more than  

two pounds o f  crushed d r y  i c e  p e r  m i l e  o f  f l i g h t ,  and more. com- 

monly l i m i t e d  o u r s e l v e s  t o  one pound p e r  mi le .  Since t h e  tem- 

p e r a t u r e  e f f e c t i v e n e s s  of  d r y  i c e  i s  s u p e r i o r  t o  s i l v e r  i od ide  

a t  a l l  t empera tures  c o l d e r  t h a n  O°C,  even one pound p e r  mi le  of 

t h e  d r y  i c e ,  i f  e f f e c t i v e l y  u t i l i z e d ,  can produce many more i c e  

embryos t h a n  i s  p o s s i b l e  w i th  s i l v e r  i od ide .  

I have witnessed t h e  u t i l i z a t i o n  of  from 10 t o  2 0 0  pounds 

p e r  mi le  o r  even p e r  drop! T h i s  o f t e n  d e f e a t s  i t s  purpose s i n c e  

t h e  extremely c o l d  a i r  genera ted  by t h e  massive drop causes  t h e  

e n t i r e  a i r  p a r c e l  t o  p a s s  through t h e  seeded area and t h u s  i n t o  

t h e  u n s u i t a b l e  a i r  below. 



The b i g g e s i  advantage i n  t h e  u t i l i z a t i o n  of  d r y  i c e  f o r  super-  . 

cooled c loud seeding  i s  t h e  f a c t  t h a t  a fragment about  a cen t ime te r  

i n  c r o s s  s e c t i o n  w i l l  f a l l  a m i l e  be fo re  it i s  complete ly  sublimed. 

Thus it was o u r  p r a c t i c e  du r ing  o u r  P r o j e c t  C i r r u s  s t u d i e s ' t o  c r u s h  

b locks  o f  d r y  ice s o  t h a t  t h e  l a r g e s t  p i e c e s  were about  1 c e n t i -  

meter d iameter ,  u s ing  a l l  t h e  smaller f ragments  i nc lud ing  t h e  

f i n e s t  powder. 

The l i m i t a t i o n  i n  t h e  use  o f  d r y  ice i s ,  of  cour se ,  t h e  f a c t  

t h a t  it must - be pu t  i n t o  a i r  t h a t  i s  c o l d e r  t han  O°C,  and a t  

l e a s t  s u p e r s a t u r a t e d  wi th  r e s p e c t  t o  water. Under such c o n d i t i o n s  

a  b lue  fog  of  ice embryos w i l l  s t ream from a fragment of  d r y  ice 

wi th  a c o n c e n t r a t i o n  w e l l  i n  excess  of  1 0 1 4  embryos p e r  gram a t  

-16OC. 

Thus I s t r o n g l y  urge  a r e v i v a l  i n  t h e  u t i l i z a t i o n  of  d ry  ice 

i n  c loud seeding  a c t i v i t i e s .  The f a c t  t h a t  most o f  t h e  c u r r e n t  

weather mod i f i ca t ion  a c t i v i t i e s  i n  the United S t a t e s  are based 

on t h e  use  of  a i r c r a f t  makes it a l l  t h e  more r e l e v a n t  t o  do so.  

The Removal of  Supercooled Clouds 

A s h o r t  t ime  ago I sugges t ed (* )  t h a t  d r y  ice be used t o  b r i n g  

more sunshine t o  t h e  e a r t h  by removing supercooled s t r a t u s  c louds .  

Extens ive  s o l i d  decks  o f  such c louds  o f t e n  g r e a t l y  reduce t h e  

amount of sunshine r each ing  t h e  e a r t h .  While my main proposa l  

was focused on provid ing  more d i r e c t  sunshine '  f o r  s o l a r  energy 

c o l l e c t o r s ,  t h e  same f e a t u r e  should be cons idered  f o r  co rn ,  

wheat, sorghum and o t h e r  ground c r o p s  t h a t  t h r i v e  on d i r e c t  sun- 

sh ine .  A c l i m a t o l o g i c a l  e v a l u a t i o n  should be prepared t o  determine 

whether such c loud  removal would b e n e f i t  c r o p s  and be economical. 

A t  t h e  same t i m e ,  t h e  c loud  removal t echnique  could  be u t i l i z e d  



for training purposes as well as for evaluating proposed substi- 

tutes, Parallel legs five to ten miles long could be produced 

using one pound of crushed dry ice per mile of flight. Substitute 

materials could then be dispensed parallel'to the dry ice reference 

line. Since the vortices from wing tips and propeller blades also 

generate ice crystals by homogeneous nucleation, any material to 

be compared, which requires that the substance is dispensed while 

flying in the cloud, must have a parallel flight line of the - 
airplane flying in the cloud making a "dryv run. - 

In this manner one can make visual and photographic evalua- 

tions of the effects produced by the seeding materials, thus 

eliminating the need for statistical studies! 

The Production of Clouds to Control Ground Temperature 

Under suitable conditions it is just as easy to produce 

stratus clouds as to remove them. This might be of extreme im- 

portance for the alleviation of excessive heating from the 

unobstructed sun during corn tasseling. We also established 

this technique during our Project Cirrus exploratory experiments 

in 1947. 

To establish the possibility of producing stratus clouds by 

seeding, we used a 100 gram pilot balloon filled with helium and 

carrying a chunk of dry ice suspended in an open mesh bag. As 

the balloon climbed into the sky, it was watched by theodolite 

or ordinary binoculars. If, during its ascent, a persist,ent 

condensation trail formed, the approximate altitude was noted. 

Such a trail established the presence of a layer of moist air 



that was supersaturated with respect to ice. We commonly found 

such layers existing at altitudes between 15,000 and 25,000 feet. 

Such layers could be seeded with dry ice fragments by flying 

within the top of the moist layer, dropping dry ice fragments 

into the clear air at the rate of a pound per mile ol flight. 

Quite commonly, when doing so, a condensation trail would form in 

the engine exhaust plume. Since the air temperature in this por- 

tion of the troposphere was never colder than -40°C, the trail 

remained as a localized water cloud which eventually merged and 

evaporated onto the ice crystals generated by the dry ice seeding. 

As with the removal of a supercooled cloud, the same flight 

technique should be used in producing a cloud in supersaturated 

air as would be used for producing holes in a supercooled cloud 

deck as described in the Project Sunshine paper previously cited. 

For a very modest outlay of funds it would be extremely easy 

to establish the possibilities of cloud production or removal. 

In view of the multimillion dollar losses that occur when exces- 

sive heat prevents the pollination of corn and other crops, such 

experimental activities should be started without further delay. 

The Prevention of Frost by Cloud Production 

The presence of a relatively thin cloud of ice crystals 

produced through the dry ice seeding of air supersaturated with 

respect to ice might also be useful in controlling nighttime 

temperatures at times when there is the danger of frost. Just 

as a daytime cloud will reduce the amount of heating produced by 

insolation during the daytime, the presence of a similar cloud 



a t  n i g h t  can prevent  t h e  r a d i a t i v e  coo l ing  of  t h e  e a r t h  t h a t  

occurs  under a c l e a r  sky cond i t ion .  Thus o u t e a r a t i o n  (outgoing - 
e a r t h  r a d i a t i o n ) ,  which i s  t h e  cause  of  l a t e  s p r i n g  and e a r l y  f a l l  - 
f r o s t s ,  can be reduced i f  an a r t i f i c i a l  c loud can be formed t o  

prevent  t h i s  n igh t t ime  r a d i a t i v e  coo l ing .  

The Educa t iona l  Value o f  Cloud Product ion and Removal 

S ince  it i s  u n l i k e l y  t h a t  anyone would o b j e c t  t o  such opera- 

t i o n s ,  and s i n c e  a s u c c e s s f u l  e f f o r t  a t  c loud product ion o r  

removal (depending on c i rcumstances  and qeed)  would have dramat ic  

economic and s o c i a l  b e n e f i t s ,  such a c t i v i t i e s  would have an  educa- 

t i o n a l  va lue  t h a t  would b e n e f i t  everyone.  

Conclusions 

I s t r o n g l y  recommend t h e  development of  such a c t i v i t i e s  by 

t h e  a g r i c u l t u r a l  community a s  soon as p o s s i b l e .  There a r e  so  

many b e n e f i t s  t h a t  would occur ,  it i s  u n l i k e l y  t h a t  any s e r i o u s  

"people problem" would occur .  

The use  of  d r y  i c e  o r  any o t h e r  p r a c t i c a l  means f o r  achiev-  

i n g  homogeneous n u c l e a t i o n  ( l i q u i d  n i t r o g e n ,  carbon d i o x i d e ,  

propane,  e t c . ) ,  complete ly  e l i m i n a t e s  any p o s s i b i l i t y  t h a t  t h e  

seed ing  m a t e r i a l s  n o t  u t i l i z e d  could  produce d i s t a n t  o r  long  range 

effects .  S ince  t h e s e  materials can o n l y , g e n e r a t e  pure  i c e  embryos, 

t h e y  a r e  complete ly  gone once t h e y  move i n t o  d r y  a i r  o r  tempera- 

t u r e s  w a r m e r  t h a n  O°C. 

Thus w e  come f u l l  c i rc le ,  an  exper ience  t h a t  o f t e n  occu r s  

i n  s c i e n c e  and human affairs.  

VJS 
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developmenf: c ~ f  r e c o m i n e ~ ~ ( l z ~ i o i ~ s  f o r  q ngLbpna l  k ~ c a t l l c r  m o d i f i c a t i o ~ ;  progi:;!:: 

t o  meel: specj .f ic lwedv o f  al;rii:.ulti>.re ai~d fore9tr)r .  I n  ~ , ~ p r ~ ~ ~ : ~ ~ : i . ~ l ~  tlk:!.z, 

Sob ZIi in~~drta11.1; first  ste;.  is to cxm!.lj!e o the r  prev-jugs a c t j . . t 7 i . ~ i e c  airnerj 

a:. t h e  deaeiop~ner:r: o f  weather rn(>diE:ica';ion program. 

D;~r ing  the  128:. 20 yea]::; mczy o t h e r  grr~:!~:s hall:.. de.,ro:ec! extensl;-2 

c f f  01:l i:I p-;-a:iar t : Y < , ~ ! : l  ~f 3~ t~? ,Le$  pl;..:!~ ilikd T C C O ~ C ~ J E ; ~ ~ . ~ . ~ > I I : ;  f0.t: ~e.$t]~11.!. 

n~ocIj-f:h:atirrn. Tliere is 1101~ a l.arge booksl.elf of  propan: p1anr:in~;  do.:..;^:.;:.^:; 

and repor:.. , Thest:: IIICIUCII: i n ; p ( ? r t a n t  r epor t s  i.ssued by t h e  pr: :oj , .Jen~'~ 

Advi.s~:-J. Corm~ii-Vce on W2i:the.r Control ,  Balional.  Scie.p:e Fi.~ii::d:?-~fi, Nac;o;ia: 

Acadci:?:; o f  Sciences, Inter Agency CommLt tcin or, At~r~ospl"jc:.;.j~c Sci8:l: ::;.c, Eureau 

c;E Re!:l.aioatiou and xiar2.y o t h t ~ y :  orga!.i;zatj.c:..s. 

3.968 the U. S.  l)cp;lrtmcn t of Agri c : ~  t t i~ re  issued a repor t :  "weather 
I 

Nodi l i ca i ion  f o r  Agricul . furr  and Forest ,ry." The r epor r  was prepared  bj- a 

casl: force of rcprcsen l -n t ives  of USDA agencies, s t a t e  ag rLcu l tu ra1  experiment 

r . t a t io l?s ,  u i - ive rs i t i e s ,  ma tco r log i ca l  o rg i i ;~ i  zatlous,  NSF, and t h e  I?cpartmen,ts 

of I n t e r i o r  and Comnerce. The taks forci? report  reco::. :ends a s p c c i f i  c USDll  

weather modificat- i on r e sea rch  program. 

Thc gene ra l  con ten t s  of the 1968 p r o g r m  included: 
t 

I. NG~-lonal  G o d s  

I.. k'oocl forfi a growirrg world populat:lon 

2.  Fihe r  ior t h e  n a i i o n n l  a~rd wur lc i  eeolloiny 



3. Safeguarding LiTe and Pruperty {; r -  ,, ' I  , i 

RecrentJ on . 
1 - 

j ' .  . $:? , ' ,.; - fc  . - . 
5.  Enhancing \da: c r  Resources 

' ) 1 1  1 1 

11. A National  -- Re~e:,~-ch and Devclnpn~n t Program 

1. D i r e c t  Modif ica t ion  of Weather 

@ I/. . f * ,  

3.  Economic and S o c i a l  Aspects of  Weather Modif ice t ion  

4 .  Decision Making i n  Weather Modif ica t iml  
. i k z 1  I 

I . L i  , : ,  , ,l.'! 
I 

1. Research M a n p ~ i ~ t r  

2.  S c i e n t i f i c  Fac ' l i t i e s  

3 .  Researcli Organiza t ion  
. .> 2 

In the  r e p o r t  f o u r  inajor a r eas  of r e sea rch  i n c l u d l ~ i ;  s p z c i f i c  projrcr-8 

f o r  each a r e a s  were i d e n t i f i e d  as f o l l o s ~ s :  - , - , .,  
=A 

1. DirecC ModifJ cat iou  of Weather ,., _ _ . _ ~ l - C - - -  

a. P r e c i p i t a t i o ~ :  n ~ o d i f i c a t i o n  ,. ( ' 1  , , c 

b. Suppress l i g h t n i n g  f i r e  i g n i i i o n  and damage , . , ,I; ,,, . I  . 

c .  Suppress hail damage ,b 

d. Modify l o c a l  winds, temperature and r a d i a t i o n  

2. Riolo&cnl and H y d r c l o g i c ~  Consequcncc?~ of Weatlii.3 Modif.1 cixtj WI?; -.- 

a. Assess i m p a c t ~ .  on b io log ica l  systems 

b  . Asscss imp a c t s  on t h e  phys i ca l  l a i ~ d s  cape and b y d r u l o g i c a l  cyc1.e 

c .  M i c r o - ~ v ~ t e o r l o g i c d  processes  i n  so i l -p l an t - - a i r  lsyess 

d. Monitor biologi .ca1 I changes a t  weather  mod i f i ca t ion  si:,es 



. Dcvelop i.mprc)vt:d a g x : i c u l t u r a l  and f o r e s t r y  lzusbnt~dry t o  e x p l o i t  

3 .  Eco;?oniLc and Social ASEC t s  of \+Teatht:r Modification - ---- -- --.- -- -- 

a. Assess ecorromi.c effects 

h .  Develop knowledge f o r  a t t i c k i n g  siscial an2 J G,,I problems J -+ 
I 

- . - , d I '  

4 .  D e c  <.sic,;: Makirrg i n  Weat.1lc-r X o ~ i f i c a t i  on ----- - 

a. Develop kx~owledgc: f o r  dec i s ion  : ,~.kini,  anc! resolvijlg p o l i c y  issucs .  
' , I 3  I 

I 
Wc. czn tise tlxe 1968 'IJSIFA r e p o r t  as o:ii: of the S I C ~ C L C L L C E ~  and gc.ides fer  

our  p:-c.. . ~ t  talcs. I n  d o i n g  s o  we shccld b e  co;fl;nizzl:. of  tl:c r c s u l t s  proci: . 

by the  re l?nr t .  Except f o r  tile l igbtnin.;  s ~ l p p r i . s s i o ; ~  w ~ ~ - ~ : .  O f  tr, ' 1 ;  F o r e s t  S~?:V~.C:C .I,. 
thc!~c  1 : ~ s  'i :.!en little i f  arly i rnplernen~at io~r  by USDA r;:? t h e  recgnuncnd: J p : . c j g i - : . . c i ~ .  

t h e  natiosral e f f o r t s  i n  a) r r icu l ture  and Forestry, UZ11~:;s - T  IIOW c1:velop r _  

dyl~amic, well-fouildc:'; n'& program and prRst;?nt -it forceful l-y t o  Uf ?A and ccl:c?i 

af f el. l e d  grotrps (i . :~r '!uding the g e n e r a l  publi c) , there i s  t!lc l i  Ice! y prosper: 2 

t h a t  another r e p o r t  w i l l  ga the: dust . 1Iorrf.~rcr, I a m  cocfideni. tlrlat'.our t:s:~!< 

f orcc ful1.y be l fcves  i n  tile oi>portrrni t ies  f o r  wea.t!ier nodi f ica t j -on  t o  usc!.?l.i.lly 

serve a g r i c u l t u r e  and f o r e s t r y .  The need and the ~ p p o z t u r , i t i e c  are too grc?at 

fol- us  t o  do anything bu r  adhere t o  our gonl.o for d~rp&lo;;ment anH~:5rnpleM: ;::- 

t i o n  o f  an exccllerrt program. . j ':h4' . . I  !I!,. . *; i r bc , a  ,,T;,, ' 
i '  ' [ i  . f  . . 

'b , ,  : 
. I  



I think perhaps t h i s  conference has been wrongly t i t l e d .  The 
t e r m  "Agricultural  Product ion" should perhaps be " ~ o o d  Product ion", 
f o r  the re  a r e  considerable weather s e n s i t i v e  food resources which a r e  
not grown on land. I n  f a c t ,  7 percent of t o t a l  food is f i s h  and 1 /5 th  
of t h i s  f i s h  i s  anchovies. I n  1970 t h i s  amounted t o  12.5 m m t ,  but  
because of t h e  d i sas t rous  " E l  Nino" declined i n  1972 t o  2 mmt .  The 
problem may be compounded by overfishing. For those countr ies  
dependent t o  a l a r g e  extent  on anchovies f o r  prote in ,  an a b i l i t y  t o  
control  " E l  Nino" would be a major breakthrough. Longer t e r m  t rends  
i n  cl imate a r e  a l s o  having an important e f f e c t  on production of 
important f i s h  f o r  food. Cooling of t h e  high nor th  l a t i t u d e s  
decreases t h e  cod around Greenland. To reverse  t h i s  t rend,  a large- 
s c a l e  polar  warming would be required. I f  they work, large-scale 
schemes such a s  spreading carbon black on t h e  Arct ic  i c e  f i e l d s  could 
br ing about such warming, but  t h i s  could a l s o  flood cur ren t ly  pro- 
duct ive  coas ta l  areas.  Such ideas  need c a r e f u l  evaluation. 

A s  I see it,  weather modificat ion can play two major r o l e s  t o  
increase  t e r r e s t r i a l  a g r i c u l t u r a l  production: 

1. Reduce t h e  "bad" a g r i c u l t u r a l  weather and so e l iminate  
t h e  low peaks i n  production. 

2. Improve t h e  average a g r i c u l t u r a l  weather and so r a i s e  t h e  
average yie lds .  

Year-to-year v a r i a t i o n s  i n  y i e l d s  a r e  a major d is rupt ion t o  world 
food systems. I f  weather modificat ion could ameliorate t h e  "bad" 
a g r i c u l t u r a l  weather which causes t h e  poor y ie ld  years, it would be 
a major s t e p  forward. Such "bad" weather includes: 

1. L e s s  than normal r a i n  during t h e  c r i t i c a l  periods of t h e  
growing season, e.g., July-August 1974 i n  t h e  corn b e l t .  

2. Too high temperatures during t h e  c r i t i c a l  growing season. 

3.  Drought 

4. Floods induced by: 
a. Local b r i e f  heavy showers 
b. Several  days of heavy r a i n  over a bigger area. 

5. Too much r a i n  a t  p lant ing o r  harvest  time. 

6 .  Hail  

7. Severe winter  storms t h a t  damage winter  wheat 

8. Too l i t t l e  snow over winter  wheat t o  prevent spring f r o s t  
damage 

The second r o l e  f o r  weather modificat ion i n  a g r i c u l t u r e  t h a t  I 
can see  is i n  improving average a g r i c u l t u r a l  weather t o  optimize 
productivi ty.  Direc t  e f f e c t s  which might occur are :  



1. Increasing p r e c i p i t a t i o n  where i t  is  l imi t ing  production 
2, Decreasing p r e c i p i t a t i o n  where f looding is a problem 
3. Reducing f r o s t  t o  extend t h e  growing season 
4. Increasing t h e  land a rea  usable f o r  a g r i c u l t u r e  and make 

cur ren t ly  marginal a g r i c u l t u r a l  cl imate i n t o  good climate. 

There a r e  a l s o  i n d i r e c t  e f f e c t s  on a g r i c u l t u r e  by which weather 
modificat ion could a i d  production, such as: 

I , , 1 Reduce energy rehuired f o r  i r r i g a t i o n .  
, - 2.  Reduce biocide required f o r  i n s e c t s  and p lan t  d i sease  

. 3 .  Reduce energy required f o r  t i l l i n g  ( s o i l  moisture).  
5. Reduce f e r t i l i z e r  requirement by reducing runoff ,  

We need a s  a s t a r t  t o  a ssess  t h e  s p e c i f i c s  of a g r i c u l t u r a l l y  
det r imenta l  weather. Is an a rea  which i s  otherwise excel lent  f o r  
a g r i c u l t u r e  underproductive because of l ack  of p rec ip i t a t ion?  A 
good s t a r t  would be t o  compile maps of det r imenta l  weather, drought, 
f loods,  h a i l ,  f r o s t ,  wind. W e  then need t o  assess  the  c a p a b i l i t i e s  
of weather modification. Is f r o s t  prevention s t i l l  l imi ted  t o  smudge 
pots? Can eas te rn  Colorado have windbreaks t o  reduce wind damage t o  
winterwheat? Can we  develop a technology t o  produce c i r r u s  clouds t o  
reduce maximum temperatures which might adversely a f f e c t  p lan t  growth? 

no1 f f r ~  

Agricul tura l  p rac t i ces  a l s o  modify t h e  weather. Albedo and surface  
heat  and moisture f luxes  a r e  d i r e c t l y  a f fec ted  by agr icul ture .  
Timbering changes f o r e s t  t o  crop and range lands. I r r i g a t i o n  can 
change d e s e r t s  and rangelands t o  productive crop land, A s  we have 
seen i n  Africa,  over grazing can change range lands t o  deser t .  Do 
these  changes which a f f e c t  surface  f luxes  t r a v e l  up s c a l e  t o  a f f e c t  
weather? Does increased evapotranspirat ion from i r r i g a t e d  land lead 
t o  enhanced precipit_a_t,i_o_n?- -.. , . .. .*-., . .- , 

Modification of weather by a g r i c u l t u r a l  p rac t i ces  is  j u s t  one 
form of inadvertent  weather modification. We have ind ica t ions  t h a t  
both p o s i t i v e  (more r a i n )  and negative (increased h a i l )  a f f e c t s  on 
a g r i c u l t u r e  may occur. We may want t o  modify causes of inadvertent  
weather modification i n  order t o  improve weather f o r  agr icut lure .  
We can a n t i c i p a t e  changing quant i ty  and "quality" of i n d u s t r i a l  
emissions and loca t ion  of emissions. I n d u s t r i a l  emissions of aerosols  
and C02 can have s i g n i f i c a n t  a g r i c u l t u r a l  implications. Acid r a i n  
r e s u l t i n g  may s i g n i f i c a n t l y  a f f e c t  a g r i c u l t u r e  anf fo res t ry .  Krypton -85 
may increase  atmospheric conductivi ty enough t o  a f f e c t  r a i n  and thunder- 
storms . 

Final ly ,  it should be remembered t h a t  weather modification can be 
applied e i t h e r  d i r e c t l y  o r  ind i rec t ly .  It is  t h e  d i r e c t  app l i ca t ions  
w e  normally th ink o f ,  causing more r a i n  o r  less h a i l  t o  f a l l  on t h e  
crop. It should a l s o  be remembered t h a t  the re  i s  value  i n  increasing 
p r e c i p i t a t i o n  over mountainous a r e a s  which w i l l  lead t o  increased 
runoff and thus increased water ava i l ab le  f o r  i r r i g a t i o n .  Also, a  
decrease i n  stream s a l i n i t y  w i l l  occur, making the  of higher 
q u a l i t y  f o r  agr icul ture .  
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The Bureau of ~ e c l a m a t i o n ' s  Skywater research program i n  p r e c i p i t a t i o n  
management i s  concerned primari ly with two f i e l d s  of technology develop- 
ment, both of which a r e  designed t o  provide much-needed add i t iona l  clean 
water fo r  ag r icu l tu re ,  They are: 

-- The enhancement of growing-season r a i n f a l l  over a g r i c u l t u r a l  regions 
and the  e f f e c t  of t h i s  added moisture on crops, l ives tock,  water 
suppl ies  and the  n a t u r a l  environment. 

-- The orographic augmentation of winter  snowpacks f o r  assured sp r ing  
and summer runoff and the  e f f e c t s  of t h i s  technology on t h e  
environment. 

Although mountain runoff provides water f o r  i r r i g a t i o n ,  t h e  technology 
being developed i n  t h i s  f i e l d  w i l l  have implicat ions beyond the  ranch o r  
farm, extending i n t o  power generat ion,  f u e l  development, municipal water 
and o the r  uses. 

This workshop, however, is  concerned with enhanced r a i n f a l l  a s  i t  a f f e c t s  
a g r i c u l t u r a l  production. 

The Bureau's research i n  t h i s  f i e l d  has been toward development of an 
e f f e c t i v e ,  s o c i a l l y  acceptable technology f o r  t h e  enhancement of summer 
showers i n  the  High P la ins  region, roughly those lands w e s t  of t h e  
100th meridan t o  t h e  foot  of t h e  Rocky Mountains. I n  l a rge  p a r t ,  
research i n  t h i s  d i r e c t i o n  and loca t ion  has been motivated by a wide- 
spread d e s i r e  among a g r i c u l t u r a l i s t s  f o r  increased p r e c i p i t a t i o n  t o  
improve y i e l d s ,  p a r t i c u l a r l y  during dry seasons. The choice a l s o  is  
influenced by m a y  i n  t h e  s c i e n t i f i c  and water management community who 
bel ieve  an e f f e c t i v e  technology is  access ib le .  

Skywater has sought and funded severa l  s t u d i e s  t o  determine the  value of 
increased growing-season r a i n f a l l ,  and o t h e r  seasonal p r e c i p i t a t i o n ,  i n  
t h e  High P la ins  region. Generally, the  research -- much of it  involving 
agro-economic modeling -- has been based on the  assumption t h a t  the  tech- 
nology could produce a seasonal  p r e c i p i t a t i o n  increase  of 10 percent.  
Table 1 lists severa l  of these s tud ies .  

Research t o  date  indicate$  the  p o t e n t i a l  value of an appl ied  technology 
would be great .  The s t u d i e s  a l s o  revea l  t h a t  t h e  timing of p r e c i p i t a t i o n  
is c r i t i c a l  f o r  optimum p l a n t  production and has a major e f f e c t  on yie lds .  

It is c l e a r  t h a t  much more must be learned about crop and range responses 
t o  p r e c i p i t a t i o n  before the  technology is complete. 

The quest ion of whether the  technology w i l l  produce an increase  of 10 per- 
cent ,  o r  more, i n  seasonal  showers i s  unresolved. The Bureau hopes i t  w i l l ,  
a s  do severa l  s t a t e  governments, many inves t iga to r s ,  and others .  Some inf lu-  
e n t i a l  individuals ,  many i n  state and l o c a l  governments, be l ieve  the  technol- 
ogy already has reached an e f f e c t i v e  l e v e l  of development. Others a r e  not  
convinced, and j u s t i f i a b l y  point  t o  the  absence of s t a t i s t i c a l  evidence. 



Table 1 

Contractor 

I l l i n o i s  S t a t e  CJgt_Fr - C 

Montana Department of 
Natural  Resources 

Pro jec t  Skywater Research S tud ies  Related t o  the  

E f f e c t s  of Weather Modification on High P la ins  A g r i c u I & ~ ~ r e , ~  'O " . - - I ; .i _ 1 _. .- 
T. 

->L Amount Completion Descript ion . ' ,  
L 

L < 

survey- - $500,000* 6-30-76 A nonseeding "lead-in" research program includ- 
ing hydrology, economic, ecology, and l e g a l  
problems 

165,000 6-30-73 A comprehensive study of a g r i c u l t u r a l ,  economic, 
environmental, hydrological ,  -and s o c i a l  e f f e c t s  
of a d d i t i o n a l  summer r a i n  i n  Montana 

North Dakota S t a t e  Universi ty 125,000 6-30-74 A comprehensive study of a g r i c u l t u r a l ,  economic, 

>-. - .* C environmental, hydrological ,  and s o c i a l  e f f e c t s  
c * . of a d d i t i o n a l  summer r a i n  i n  North Dakota 

South Dakota S t a t e  Universi ty 133,500 , c 6-30-73 A comprehensive study of a g r i c u l t u r a l ,  economic, 
--, Z' environmental, hydrological ,  and s o c i a l  e f f e c t s  

of addit i 'onal  summer r a i n  i n  South Dakota 

Wyoming, Universi ty 05 = .  

- 2 -  
99,966 - 6-30-73 A comprehensive study of a g r i c u l t u r a l ,  economic, 

- .  p ?  1P ._r -4' - C  3 '-A 5F #=-,+- < environmental, hydrologicai ,  and s o c i a l  e f f e c t s  . , - .  1. .#- 
-r , . &- a, -.& ts -- ... a L. of a d d i t i o n a l  summer r a i n  i n  Wyoming 

1' - - 4 1 -  7 - . E . , r -  - 
- - - -  - A -  A L U  

- - - -7 - .  ",+ Y_LLZL- _-I- .i- - 
Colorado S t a t e  Universi ty 32,089 9-30-73 An inves t iga t ion  of t h e  e f f e c t s  of s i l v e r  iodide  

-_- 1 -EP_I_?LL 7 . -  . . -A** 8 .-- 
* 

-- L 4  
3.- 2 i n  t h e  d i g e s t i v e  systems of goat (rumen) and 
. - L* . -, - . - v -  * '. .* ..v d 1 , -  5- - .  3 r a b b i t  (cecum) - - 

- 2 . - L 

*Denotes approximate amount a t  completion 



That t h e  controversy s t i l l  e x i s t s  a f t e r  near ly  30 years  of research is  
ind ica t ive  of the complexity of t h e  problem. 

The Bureau, r e ly ing  heavily on knowledge gained i n  t h i s  previous work, 
has i n i t i a t e d  a second generat ion of research designed t o  resolve  the 
remaining uncer ta in t i e s .  The High P la ins  Cooperative Program (HIPLEX), 
a cooperat ive e f f o r t  with a c t i v e  support  and p a r t i c i p a t i o n  of severa l  
concerned s t a t e  governments, is  going i n t o  the  f i e l d  t h i s  summer. New 
too l s  - radar ,  a i r c r a f t ,  computer f a c i l i t i e s  - a r e  being developed, 
t e s ted ,  and ca l ib ra ted .  Studies i n  climatology already are underway, 
along with o the r  base inves t igat ions .  Seeding tests w i l l  begin next 
year.  

One of t h e  i n i t i a l  problems concerning HIPLEX is t h e  organizat ion of 
concepts of p r e c i p i t a t i o n  management i n t o  a systemized and quant i f ied  
set of hypotheses. These w i l l  be t e s t e d  and evaluated i n  a manner t h a t  
is c red ib le  t o  the  s c i e n t i s t ,  p o l i t i c i a n ,  adminis t ra tor  and the  public.  

A s impl i f i ed ,  general ized statement of hypotheses f o r  augmentation of 
summer p r e c i p i t a t i o n  f o r  t h e  High P la ins  would read l i k e  t h i s :  

Prtmrner precipi t .a t lon  i n  the  High P la ins  comes primari ly from 
convective clouds. It has been est imated from a number of 
independent s t u d i e s  t h a t  these  cumulus clouds convert only a 
small percentage of t h e i r  cloud water i n t o  p r e c i p i t a t i o n  t h a t  
reaches the  ground. Most of t h e  convective cloud water is 
e i t h e r  mixed i n t o  dry air a l o f t  and evaporated o r  is frozen 
i n t o  t i n y  i c e  c r y s t a l s  of c i r r u s  anv i l s .  I n  e i t h e r  case, it is 
l o s t  t o  p r e c i p i t a t i o n  and soon blows ou t  of t h e  region. 

a 

The formation of drops l a r g e  enough t o  reach the  ground i n  th6 '~i 'gh  Pla ins  
requ i res  about ten  mi l l ion  cloud drops be co l l ec ted  i n t o  one r a i n  drop. 
This requ i res  t i m e .  A s u b s t a n t i a l  number of t h e  region's  cumulus clouds 
do no t  permit s u f f i c i e n t  time f o r  t h i s  process t o  occur na tu ra l ly .  The 
cloud bases a r e  q u i t e  high and t h e i r  updraf ts  a r e  s t ronger  than s i m i l a r  
clouds elsewhere. There a l s o  a r e  microphysical d i f fe rences  t h a t  slow the  
process more than elsewhere. 

Computer models estimate the  time required ( t r )  f o r  p r e c i p i t a t i o n  forma- 
t ion .  Model runs have been made assuming (1) t h a t  only n a t u r a l  processes 
a r e  a t  work, (2)  t h a t  t h e  clouds had been t r e a t e d  wi th  i c e  phase n u c l e i  
(AgI), and (3) t h a t  the  clouds had been t r e a t e d  with hygroscopic embrios 
(ammonium n i t r a t e  urea spray o r  sodium chlor ide) .  These tr f a c t o r s  have 
been compared with time a v a i l a b l e  ( ta)  i n  High P la ins  cumulus. It has 
been found t h a t  i n  a s u b s t a n t i a l  por t ion  of the  cloud population: 

tr n a t u r a l  is  l a r g e r  than t h e  ta 
t, t r e a t e d  i s  smaller than the  ta 

It can be expected t h a t  t h e  treatments would capture cloud water f o r  
p r e c i p i t a t i o n  t h a t  would be l o s t  n a t u r a l l y  f o r  a s u b s t a n t i a l  por t ion  of 
the  High P la ins  cumulus. 
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Figure 1 shows the tr  n a t u r a l ,  AgI a i d  hygroscopic r8anges. 

There a r e  a number of cases i n  which these concepts appear t o  be c l e a r l y  
demonstrated. But the  concepts need t o  be t e s t e d  sys temat ica l ly  on a 
l a r g e  number of cases t o  determine frequency d i s t r i b u t i o n s  of when the  
treatments can be e f f e c t i v e .  

I f  these  frequency d i s t r i b u t i o n s  can be  developed condit ional  upon time of 
year and loca t ion  they w i l l  be cl imatologies of p r e c i p i t a t i o n  enhancement 
po ten t i a l s .  

I I 

1 .  
The Bureau's concern extends beyond making the  conve!sioh of cloud water 
t o  r a i n  more e f f i c i e n t .  We must determine how e f f i c i e n t l y  the  p o t e n t i a l  
convective i n s t a b i l i t y  is  turned i n t o  cumulus clouds. The High P la ins  is  
a region i n  which i t  requires  r e l a t i v e l y  l a r g e  impulses t o  t r i g g e r  much of 
the convection. Nature does not  always supply adequate impulses t o  expend 
a l l  of t h e  ava i l ab le  convective i n s t a b i l i t y .  We need t o  develop systematic 
hypotheses of how t h e  a v a i l a b l e  impulses can be  used t o  t r i g g e r  convective 
i n s t a b i l i t y .  '. I 

I 
Even f u r t h e r  i n  t h e  f u t u r e  is a need t o  develop a system df hypotheses of 
how t o  manage p r e c i p i t a t i o n  wi th  modificat ions of incoming energy. These 
w i l l  be concerned with a l t e r i n g  the  amount of cloud water t h a t  goes i n t o  
c i r r u s  t h a t  s h i e l d  incoming rad ia t ion ,  and wett ing ground t h a t  would have 
been dry so  t h a t  i t  w i l l  absorb more heat.  Both of these must have l a r g e  
a f f e c t s  on t h e  energy t h a t  goes toward c rea t ing  p o t e n t i a l  convective 
i n s t a b i l i t y .  

Our s t u d i e s  r e l a t i n g  increased a g r i c u l t u r a l  production t o  increased growing- 
season r a i n f a l l  i n  t h e  High P la ins  have convinced us t h a t  t h e r e  is  a possi- 
b i l i t y  of producing benef i t s  on t h e  order of $250 mi l l ion  a year i n  the  High 
Pla ins  with p r e c i p i t a t i o n  enhancement on t h e  order of 10 percent.  Our 
s t u d i e s  on t h e  value of p r e c i p i t a t i o n  enhancement haven't  received the  lqve l  
of e f f o r t  appropr ia te  t o  such a l a r g e  and complex p o t e n t i a l  benef i t .  Like- 
wise, our  investment t o  develop a shower technology, about $18,000,000 thus 
f a r ,  has been very small compared wi th  t h e  benef i t  expected. It seems t h a t  
QOW, however, our f i e l d  is maturing t o  the  point  where w e  can expect t o  
develop t h i s  technology i n  a systematic manner. 

Let us j o i n  t o  achieve t h e  l e v e l  of e f f o r t  required t o  develop and use t h i s  
technology i n  t h e  timely manner t h a t  i t  deserves. 



ADDITIONAL COMMENTS 
BY 

Clement J. Todd 
~ivision of Atmaspheric Water Resources Management 

Bureau of Reclamation 

(In addition to repqrt given at Workshop on Assessment of the 
Present and Potential Role of Weather Modification in Agricultural 
Production) 

I. Funding for Research in Development of Technology for 
Precipitation Management 

There are a large number of critical problems that we are now ready 
to explore, but are limited due to lack of funding. Tltere are 
sufficient problems to make very good use of twice the present 
funding rate, There are enough highly qualified people with 
equipment and facilities who are anxious to work in precipitation 
management and use the funds wisely. , 
In the future, the field will shift emphasis from managing the 
moisture budget cloud by cloud, to managing the moisture and 
energy budget over an increasingly wide area, To do thts will 
require experimentation and analysis on an expanding scale. 

If development of the technology is to proceed, funding should 
be doubled at the rate of once every 3 or 4 years for the next 
12 years or so. The rate at which additional funds can be put 
to use can be evaluated as research progresses. 

11. Cost ot Operational Projects 

At present, some operational projects are run for as little as 
$0.03 to $0.05 per acre per season. I believe that this is so 
little that it does not support\ a sound prof ect nor cwar\ the 
costa that such projects will be required to carry in ir few years. 
If these projects are producing 3 10 percent increase in rain, the 
benefit-to-cost ratio is on the order of 2011 or even greater. 
A reason why costs are kept so low may be a lack of credibility. 
If credibility existed, the projects might be upgraded to include: 

1. More pilots and meteorologists 
2. More recording radars, soundings, and analyses for evaluation 
3. Use of hygroscopic treatment 
4. Reimbursement for possible disbenefits 
5. Public information 
6. Legal aspects 
7. Economic and social studies 



It seems to me that as the field matures, the costs will rise to 
at least 20 percent of the benefits. I think that for this report 
to be responsible, it should prepare the reader to expect much more 
sophisticated and expensive projects. I 
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Weather mod1 f f ca t  i on (c  loud seed i ng) i n M i  nnesota was1 @4 r s t  attempted? 

Donald G. Baker 
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I n  1959. And according t o  the two ind iv idua ls  most d l  rect' ly i nvolved, L:.,./ .! 

Mr.  Vince Stegner o f  O r t o n v i l l e  and Mr. Gerald Michealson of  Dawson, o ther  

years probably include 1960, 1961, 1968 and' 1970. The seeding i n  a l l  years 

was performed by t h e  Water Resources Development Corporation, Pa l m  Sp ri ngs, 

, J l  1 
California. The seeding a c t i v i t y  has centered around Big  Stone and Lac Qui 

Ji 
Par ie Counties, both o f  which ad jo in  South Dakota. I n  l a t e r  years, the area 

Financial  support o f  t h e  cloud seeding was by voluntary cont r ibut ions.  

I n  t he  f i r s t  year, w i t h  on ly  two counties involved and l i t t l e  t ime ava i lab le  

was expanded t o  include a t  least  three more Minnesota counties, Chippewa, 
I 

Stevens, and Yellow Medicine, as wet I as Grant and Roberts Counties i n  r i . i / -  

f o r  organization, t he  money came from donations o f  a few businesses and 

South Dakota. 

farmers who were asked t o  con t r ibu te  about $5 per quarter  section. There 

. T Y Y I  h n c  3\ +:I ,-: i s.rlj ;,,~3qi-, .+.1017c2d :,I- 

was no t  enough t ime t h a t  f i r s t  year t o  c o l l e c t  from absentee landlords. I n  

l a t e r  years, the means o f  obta in ing funds was b e t t e r  organized. One year 

the major source was the  Chambers o f  Commerce o f  a number o f  tho  towns and 

I n  another year, county funds were suppl led by the commissioners i n  perhaps 

three o f  the  counties--Lac Qui Par le and Chlppewa i n  Minnesota and Grant. 

County i n  South Dakota. I * ' I br~'1 13 T ,w '29 ; 1 ; f ik  c41-l I 
s ( Z ~ E ~ L  3' . ? i .  - t r , -  J T : ,  ( f i n  ,M r a n ,  ,q ~,e~l,l 1 ,  ( ' ,  

s - f n  , 1;; r ~ j j ! ? ~ l s i p . ~ ,  



\i 

,9$&j <, k4t-,r,,,, 

I n  any case t he  per acre fee f o r  c loud seeding has amounted t o  about 

one cent  per acre. I f  seeding had been done I n  1975, t h e  acre r a t e  would 

have been appreci ab l e h 1 ghey af _ab*t__t!,ve,-cents per acre. 

The largest  area t o  be contracted f o r  was i n  1970 and equaled 

about 2.5 m i  l l ion acres. 

E f f o r t s  were made I n  1975 t o  es tab l i sh  a c loud seeding project ,  bu t  

they were w l  thout  success. There were probably two reasons f o r  t h i s .  The 

group i n  southwestern Minnesota t h a t  had been instrumental I n  r a i s i ng  funds 

i n  previous years may have placed most o f  t h e i r  e f f o r t s  and hopes i n  legis-  

?7a t i ve  act ion t h i s  year. But t h e  l eg i s l a tu re  fa1 led t o  pass any weather. 
t \  

modi f ica t lan b i l l s .  I n  addit ion, t h e  above normal r a i ns  o f  Ap r i l  and again 

f i n  June may have dampened any remaining enthusiasm f o r  cloud seeding. F ina l l y ,  

..,"3l be I ieve t h a t  spec i a l note shou l d be made o f  t he  f a c t  t h a t  t he  Water Resources 

Development Corporation advlsed t he  southwestern Minnesota group l a s t  w in ter  

t h a t  1975 would no t  be a drought year. Rather they were advised t o  prepare 

fo r  seriousdroughts I n  1976 and 1977. 

:. The Water Resources Development Corporation emp loys on l y ground generators. 

Orginal ly ,  the  A I source was from-the ground based generators i n  which Agl 9 
' I t  

lmpregnated coke was burned. dewer generators are now used and are e l  e c t r l c  

(220 V . )  wi th  Agl lmpregnated electrodes. The generators are  usual ly  located 

a t  gas s ta t ions  o r  motels so t h a t  the generators can be s ta r ted  o r  turned o f f  

any t ime dur ing the day o r  n i gh t  as advised by the Water Resources Develop- 

ment Corporation. The operators are pa ld  $ 1  per hour f o r  thelr services by 
1 .  ' 

t he  co ipbrat  I on. '2 . 3 ~4 4 1 ?;I- &; p 9% .zit .. , + . , . , .+  
I I. Leg is la t ion - . ; . ) :  ~2 . 17. ., l L  , - I 

The e a r l i e s t  weather modi f ica t ion l eg i s l a t i on  occurred i n  1969. This 

l eg i s l a t i on  (Chapter 771) allowed nine Minnesota counties t o  spend up t o  

85.000 Der vear f o r  weather mod i f l cs t ion  o r  weather cont ro l .  The nine counties 



are B ig  Stone, Chippewa, Grant, Lac Qui Parle, Pope, Stevens, Swift, Traverse 

and Yellow Medicine. 

The f l r s t  piece o f  l eg i  s 1 a t  ion concern] ng weather mod1 f l ca t i on  presented 

t o  t h e  1974-1975 M i  nnesota leg1 s l  a t u re  would have permit ted L i  nco l n County 

i n  southwestern Minnesota t o  spend up t o  $15,000 per year on modi f ica t ion 

a c t i v i t i e s .  The n ine prev ious ly  l i s t e d  western Minnesota count ies a lso  have 

t h i s  power bu t  are l i m i t e d  t o  $5,000. Th is  b i l l  was withdrawn by t he  author 

ra the r  than havi ng it defeated. Strenuous ob jec t ion  t o  t h l  s b i l l was ra ised 

by a t  least  one l e g i s l a t o r  who represented a downwind constituency. Three 

amendments t o  t h e  b l I I were presented, wh i ch may be of  some I nterest .  The 

f i r s t  one would have requ i red a statement from t h e  C r e a t w  au thor i z ing  mere 

morta ls t o  engage i n  rainmaking. The second amendment would have author ized 

surrounding count ies t o  ob ta in  t h i e r  own a i r  fo rce w i t h  which t o  shoot down 

the  weather mod i f i ca t ion  f l i g h t s .  The f i r s t  amendment was defeated by 31-19, 

and t he  second l o s t  by 32-7. The f i n a l  amendment was successful and forced with-- 

drawal o f  t h e  b i l l  so it would no t  be defeated bu t  remain on t h e  calendar 

un t i  l some f u tu re  date. This amendment requi  red approval of t he  surroundi ng 

counties, and f u r t he r  t h a t  L inco ln  County was t o  ca r ry  l i a b i l i t y  insurance. 

A second weather modification b i l l  (House F i l e  385 and Senate F i l e  461) 

was presented t o  t h e  l eg i s l a t u re  i n  t h e  1974-1975 session. Hearings were 

held, and a t  one t ime it seemed t he  b i l l  would be passed. However, it t o o  

was withdrawn f o r  f u r t he r  considerat ion a t  a l a t e r  date. Apparently, t he  

sponsors bel ieved t h a t  o ther  pieces o f  l e g i s l a t i o n  had higher p o l l t i c a l  and 

' f i nanc ia l  p r i o r i t y .  There was no d iscern ib le  organized oppos i t ion  so t h i s  

b i l l  may we l l  be successful I n  t he  next session o f  t he  Minnesota leg is la tu re .  

Because t h i s  b i l l  w i l l  probably be presented again, t he  d e t a i l s  may be 

o f  some in te res t .  The b i l l  c a l l s  f o r  a $200,000 appropr ia t ion f o r  weather 

mod i f i ca t ion  and t he  l i cens ing o f  the  weather mod i f i ca t ion  operators. The 

supervis ion o f  weather modi f ica t ion a c t i v i t i e s  i s  placed w i th  t h e  Commissioner 

o f  Agr icu l ture .  



r. .. 

The app l i ca t ion  fee i s  $35 and a $100 l icense I s  required. The l icense 

i s  t o  be issued on ly  t o  appl lcants  Ifwho demonstrate t o  t he  sa t i s f ac t i on  of the  

comm i ss i oner reasonab l y suf  f i c f ent  competence i n t he  f i e l d of  meteor0 1 ogy . . . ". 
The annua I renewa l o f  the  l icense requ i res a fee of  $100. 

An i n t e res t  1 ng feature  o f  the b i  l l I s t h e  proof  o f  f i nancia l respons i- 

b i l i t y  requirement which reads as fol lows: !'The app l icant  sha l l  demonstrate... 

That he has t he  a b i l i t y  t o  respond i n  damages f o r  l i a b i l i t y  which might 

reasonab i y  r e s u l t  from t h e  operat ion f o r  which t h e  permit  I s  sought." This 

i s  t h e  ex tent  t o  which t h e  b l l l  deals w l t h  t he  l i a b i l i t y  o f  t he  licensee. 

There i s  no i nd i ca t i on  o f  what const i tu tes  a reasonab ie ab i I i t y  t o  pay f o r  

damages. 

The b i l l  c a l l s  f o r  an appropr ia t ion of  $200,000 f o r  t he  biennium commencing 

Ju l y  1, 1975. These funds were f o r  t he  commissioner who was t o  "carry on 

operat ions and research and experimentat ion r e l a t ed  t o  weather modification 

on a statewide basis by s t a f f  members, o r  by con t rac t  w i t h  approved c loud 

seeding organizat ions o r  i n  cooperat ion w i t h  o the r  agencies as provided by lawf1. 

I l l .  Pub l i c  Education 

The Countryside Council, an organ izat ion o f  17 southwestern Minnesota 

count ies formed as a r e s u l t  o f  a Ke l I ogg Foundat ion grant, i s  prepar i  ng a 

book le t  on weather mod i f i ca t ion  f o r  the  e d i f i c a t i o n  o f  the  general pub l i c  and 

local h igh school students. 

The Ag r i cu l t u ra l  Extension Service o f  the  Un ive rs i t y  of  Minnesota i s  

a l so  planning t o  pub l ish  Fact Sheets descr ib ing weather mod i f i ca t ion  p r in -  

c ip les ,  po ten t i a l  value, possib le hazards and the  problems o f  evaluation. 

I V .  Research 

There i s  no weather modi f ica t ion research p e r  se i n  t he  s t a te  o f  Minnesota. 

Representatives o f  t h e  Bureau o f  Reclamation have met w l t h  Mr .  Kuehnast 

( t he  Minnesota s t a t e  c l ima to l og i s t )  and me on two occasions. A t  t h e  f i r s t  



meet i ng, representat  I ves of  number of d 1 f ferent  un 1 vers i t y  departments and 

s t a t e  agencies who wou Id have an I n t e res t  I n  t h e  top1 c were 1 nv f ted.  The 

Bureau representat  i ves I nd i cated t h a t  resea rch proposa 1 s wou l d be y e  1 mfned- 
' 8  * ~ ; I . J . I ~  

None have been submitted as f a r  as I know. 

Mr.  Kuehnast and I have developed a r e l a t i v e l y  dense state-wide network 

o f  precipitation gages. There i s  t he  equivalent  o f  one gage every 42 square 

mi les  f o r  t he  84,000 square m i les  of  the state.  Of course, the  d i s t r i b u t i o n  

i s  no t  uniform and the  greatest  dens i ty  Is i n  t h e  ag r i cu l t u ra  1 areas of  

t h e  west and t he  southern one-thl r d  o f  t h e  s ta te .  With seeding t ak i ng  place 

i n  both North Dakota and South Dakota the network could be useful  i n  evalu- 

a t i o n  o f  t h e  downwind e f f ec t .  

I t  should be pointed ou t  t h a t  r e s u l t s  from our  "fine-meshf1 p r e c i p i t a t i o n  

gage network i n  t h e  Twin C i t y  met ropo l l tan area ind ica te  t h a t  r e l a t i v e l y  

minor topographic features can be e f f ec t i ve  modi f ie rs  o f  p r e c i p i t a t i o n  under 

c e r t a i n  wind condi t ions.  Because these topographic features are no t  operat ive  

under a l l  p r e c i p i t a t i o n  condit ions, they can be e a s i l y  overlooked and the  

r e s u l t s  i nco r rec t l y  ascribed t o  an urban Influence, f o r  example. This r e s u l t  

p lus  t he  extreme v a r l a b i l l t y  o f  p r e c l p l t a t l o n  make It appear t h a t  the  

eva luat ion o f  cloud seeding i s  a most d i f f i c u l t  task  i n  which a f i v e  year 

study per iod would be an over l y  o p t i m i s t i c  minimum. 

O f  specia l  i n t e res t  i s  a t hes i s  study i n  t h e  Department o f  So i l  Science 

t o  determine t h e  inf luence o f  weather upon crops i n  Minnesota. The appl ica- 

t i o n  t o  c loud seeding I s  t h a t  t h i s  study can be used t o  measure the  e f f e c t  

of  water, e i t h e r  t he  lack  o f  it o r  i t s  addi t ion,  on var ious crops a t  d i f f e ren t  

t imes dur ing t h e  growing season. This i s  a more de ta i l ed  study than others 

of  a s i m i l a r  nature i n  t h a t  t h e  s t a t e  y i e l d s  are not  lumped together as one 

un i t .  Rather t h e  s t a te  i s  considered as composed o f  d i f f e r e n t  c l i m a t i c  and 

ag r i cu l t u ra l  regions. This i s  p a r t i c u l a r l y  important as Minnesota Is a Itborder" 



s ta te  i n  several respects. F i r s t ,  it i s  on t h e  northern margin o r  border o f  

the  corn b e l t  and temperature i s  usua l l y t h e  most i mportant c l  i mati c element. 

Second, Minnesota i s  on t h e  border of  the  subhumid t o  semiarid areas and i n  

t he  western p a r t  o f  t he  s t a te  water i s  usua l ly  t h e  a l l  important c l i m a t i c  

e lement. These two features make M i  nnesota an i n t e res t i ng  and r e l a t i v e l y  unique 

area t o  study, and the  r e s u l t s  o f  such a study can be most valuable. 

I t  i s  be1 ieved t h a t  t h i s  study w i l l  be o f  a i d  I n  determining the t im ing  

of weather mod i f i ca t ion  operat ions. I t  can a lso  be used t o  show the  po ten t ia l  

advantages and po ten t ia l  hazards o f  such operat ions. 

I am endebted t o  t he  fo l l ow ing  ind lv idua ls  f o r  prov id ing me w i t h  in for -  

mation f o r  t h i s  paper. I remain, however, responsible f o r  a l l  statements made. 

I. H is to ry  

Orvi  l l e  Gunderson, Area Sol l Agent, Morris, MN. 

Gerald Michealson,Businessman, Dawson, MN. 

Vince Stegner, Businessman, Or tonv i l l e ,  MN. 1. 
I I. Leg is la t ion  

Randall D. Young, Administ rat ive Assistant, Department o f  Agr icu l ture ,  

State o f  Minnesota, S t .  Paul, MN. 
- .  - 



Assessing The Costs and Returns 
of Weather Modification 

*Willis Peterson 

Costs 
There a r e  two major components i n  t h e  o v e r a l l  cos t  of weather modificat ion:  

1. t h e  cos t  of t h e  research which produces t h e  knowledge t h a t  i n  t u r n  enables man 
t o  modify t h e  weather, and 2.  t h e  c o s t  of t h e  a c t u a l  weather modificat ion procedures, 
e.g. cloud seeding. I n  regard t o  t h e  f i r s t  component, we should expect a consider- 
ab le  l a g  between t h e  research expenditure and t h e  t i m e  t h e  knowledge is forthcoming. 
I n  a g r i c u l t u r a l  research,  t h e r e  i s  some evidence t o  suggest t h a t  t h e  l a g  between 
research and t h e  s t a r t  of i ts  payoff i s  i n  t h e  neighborhood of 5 t o  8 years .  As 
expected, a longer l a g  tends t o  be associa ted  with b a s i c  research than wi th  more 
applied o r  developmental e f f o r t s .  Because of t h i s  t i m e  l a g ,  i t  is  necessary t o  
accumulate t h e  research cos t s  forwar$ i n  t i m e  ( a s  opposed t o  j u s t  summing these  
cos ts )  us ing t h e  fo rnu la  .f C i  ( l + r ) l  where "Ci" i s  research c o s t s  i n  yea r  "if', and 

1- "r" i s  t h e  i n t e r e s t  r a t e .  $he "i" is  t h e  year  i n  which t h e  expenditure is  made. 
For example, "i" would be 1 f o r  research done one year  ago, 2 f o r  two years  ago, e t c .  
The i n t e r e s t  rate should be  t h e  r a t e  of r e t u r n  (before taxes)  the  research funds 
could ea rn  i n  t h e i r  next  bes t  a l t e r n a t i v e  use i n  e i t h e r  t h e  publ ic  o r  p r i v a t e  s e c t o r s  
of the  economy. 

3e tu rns  

The re tu rns  t o  weather modificat ion can be measured by the  value  of a d d i t i o n a l  
cztput  t h a t  s o c i e t y  receives  a s  t h e  r e s u l t  of more "favorable" weather. I n  agr icu l -  
t u r e  t h i s  would be the  value  of add i t iona l  a g r i c u l t u r a l  output .  Economists genera l ly  
rzfer t o  t h i s  value a s  " c o n s u ~ r  surplus". It is a r e t u r n  t o  consumers and should 
n x  be confused with a d d i t i o c r l  revsnue t o  farmers: Indeed, i f  t h e  demand f o r  
a g r i c u l t u r a l  products is su& t h a t  market p r i c e  decl ines  nore than i n  propor t ion t o  
the  inc rease  i n  output ,  t o t a l  revenue received by farmers a s  a group w i l l  dec l ine .  
This phenomenon is  more l i k e l y  t o  occur i f  a l l  farmers i n  t h e  country a r e  a f f e c t e d  
by a p a r t i c u l a r  innovation. I f  a r e l a t i v e l y  small proport ion of a l l  farmers a r e  
a f fec ted  by an  innovatioil,  t o t a l  revenue of these  farmers l i k e l y  w i l l  increase .  Of 
course, even where t o t a l  revenue t o  a l l  farmers a s  a group dec l ines ,  i t  is t o  t h e  
advantage of each ind iv idua l  fariner t o  adopt o r  u t i l i z e  t h e  new technology because 
by doing s o  each farmer's pror'itls a r e  l a r g e r  than they would otherwise be.  

The value  of consumer su rp lus  stemming from a new innovation i s  measured by t h e  
a rea  between t h e  supply curve of a g r i c u l t u r a l  products without t h e  new technology 
and the  supply with the  improved technology bounded o t h e  r i g h t  by t h e  demand curve. 19 The consumer surplus  i s  t h e  shaded a rea  i n  Figure 1.- 

Department of Agr icu l tu ra l  and Applied Economics, Universi ty of Minnesota 

1/ For a d d i t i o n a l  discussion on the  measurement of t h e  re tu rns  t o  research s e e  -- 
Gri l iches  1958, Peterson 1967, 1971, and 1974, and Schultz 1953. 



Figure 1. Consumer Surplus Resulting From New Technology 

- --  .- - 

Quantity 

Because the returns to new technology such as weather modification are forth- 
coming over a long period of time, it is necessary to assess future as well as 
present returns. However, future returns should be "discounted" back to the 
preseilt, rather than simply adding them up using the formula,? R / (l+r) where Ri 

=1 i 
is the returns in year "in and the r is the same interest rate mentioned above. 
The "if' would be 1 for returns forthcoming one year in the future, 2 for two years, 
e t c .  

If one is mainly interested in evaluating the social profitability of weather 
xodification research, the cost of the weather modification procedures, the second 
cmpone2t mentioned above, should be subtracted from the returns (value of consumer 
szrplus) to obtain an annual net return tc this research. 

:>cia1 Profitability 

In evaluating the pr~fi~bility of an investment, it is common to accumulate 
t 3e  costs up to the point w5ere the i~vestaent begins to pay off using the cost 
accululation formula presented ab~ve. Similarly the future returns generally are 
discounted back to the saze paiat in time, using the discounting formula presented 
earlier. The investnent is deezed socially profitable if the sum of the discounted 
returns is at least equal to but preferably larger than the sun of the accumulated 
costs. Frequently the discounted returns are divided by the accumulated costs to 
obtain a benefit/cost ratio. -4n investment is worthwhile if its benefit/cost ratio 
is at least equal to but preferably greater than one. Alternatively one can 
compute an internal rate of return to the investment. The internal rate of return is 
that interest rate (the r in the above formulas) that makes the accumulated costs 
equal to the discounted returns. An investment is socially profitable if its internal 
rate of return is at least equal to the rate of return (before taxes) on the next 
best alternative use of these funds. 

Expected Versus Actual Costs and Returns 

In weather modification research, as in any other investment, one can never 
be certain of the returns until after the investment has been made and has yielded 
its payoff. In many cases, the actual costs are never known with certainty either. 
Before a decision is made to undertake an investment it is important to estimate 
as closely as possible the expected costs and returns of that investment. Admittedly 
these estimates are based on limited and imperfect information but if liberal 
estimates of costs and conservative estimates of the returns are made,'large mistakes 
can be avoided. It is important also that once an investment has been made and 
yielded a return, an assessment is made of actual costs and returns. This is 
particularly true if similar investments can be made in the future, or in other 
areas or countries. 



Average Versus Marginal Costs and Returns 

In many kinds of investment,.including that of weather modification research, 
it is possible to assess its profitability at alternative stages. On the one hand 
it is possible to estimate the overall costs and returns to the entire investment, 
either expected or actual. The resulting internal rate of return in this case 
applies to the average dollar invested in the entire project. On the other hand, 
it is possible, and common, to estimate the costs and returns to additional invest- 
ment in the project under consideration. In this case we are computing the rate of 
return on the additional dollars invested. Economists call this a marginal rate of 
return. 

In making decisions to invest or not to invest more money in a project, the 
relevant criterion is the marginal rate of return to this investment. The rate of 
return to past investment (average or marginal) should not influence future 
investment decisions, unless of course, there is reason to believe the future 
rate of return will be the same as the past rate. In matters of economics as in 
many other activities, we should let bygones be bygones except to the extent we 
can learn from past experience. 

Externalities 

In recent years society has become more concerned with the "spillover" or 
external effects of investment. This problem would seem to be particularly im- 
portant for weather modification. In evaluating the returns to weather modification 
fron the standpoint of society, it would be necessary to subtract any losses that 
x e  ~ 2 r t  of the country might experience from the benefits enjoyed elsewhere. For. 
exarqls, if cloud seeding in one state reduced rainfall in another, the resulting 
losses would have to be subtracted from the measured returns. Of course, where 
lcsses  are significant and can be anticipated in advance, legal action by the 
state :o be ~dversly affected m y  prever,t the investment in the first place. 

SFnilar to other new techaology, weather modification also may have an 
impact (favorable or unfavorable) on certain industries. For example, more adequate 
rainfall Fay reduce the demand for irrigation wells and pumps. As a rule, such 
effects have not been considered serious enough to prevent investment in research 
and new technology or to require an adjustment to the measured benefits because 
the released resources are available for other uses. 

Griliches, Zvi, "Research Costs and Social Returns: Hybrid Corn and Related 
Innovations", Journal of Political Economy, October 1958. 

Peterson, Willis, Principles of Economics: Elicro, Revised Edition, Chapter 12, 
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in Walter I,. Fishel, (ed.) Resource Allocation in Agricultural Research, 
Univ. of Minn. Press, Minneapolis, Minnesota, 1971. 

Schultz, T. W., Economic Organization of Agriculture, McGraw-Hill, New York, 
1953, pp. 99-124. 



V-8. CHARLES APJDERSO$ PROFESSOR OF METEOROLOGY, UNIVERSITY OF WISCONSIN 

I don' t  have any prepared remarks which means t h a t  I d i d n ' t  come 
he re  wi th  my mind a l r eady  made up t o  what was going t o  happen. L i s t en ing  
t o  t h e  conversa t ions  t h i s  morning reminds m e  of an i n s t a l l a t i o n  we have 
on campus a t  t h e  Un ive r s i t y  of Wisconsin. It is  a b i g  square  bu i ld ing  
t h a t  doesn ' t  have any windows, i t  looks  something l i k e  a  f o r t r e s s  and it 
is  c a l l e d  a  Biotron,  I n s i d e  t h i s  bu i ld ing  t h e r e  are va r ious  rooms i n  
which one can completely va ry  v a r i o u s  elements t h a t  have t o  do wi th  t h e  
growth of va r ious  p l an t s .  So one can c o n t r o l  t h e  l i g h t  l e v e l ,  one can 
c o n t r o l  t h e  spectrum of l i g h t  t h a t  i s  f a l l i n g  on t h e  p l a n t ,  one can 
c o n t r o l  t h e  temperature i n  t h e  room, temperature c y c l e s  t h a t  t h e  room 
undergoes, one can c o n t r o l  t h e  humidity, one can c o n t r o l  t h e  moisture,  
one can c o n t r o l  t h e  a i r f l o w  through t h e  room, one can c o n t r o l  t h e  hydrometeors 
t h a t  f a l l  on t h e  p l a n t ,  one can c o n t r o l  t h e  p o l l u t a n t s  t h a t  t h e  p l a n t s  
are exposed t o ,  and one can c o n t r o l  t h e  q u a l i t y  of t h e s e  th ings ,  whether 
i t  is  water q u a l i t y  o r  e t c .  So i t  seems t o  m e  t h a t  t h e  a g r i c u l t u r a l i s t s  
a r e  handing t h e  weather mod i f i e r s  a  shopping l i s t  o r  something l i k e  t h a t ,  
w e  want you people t o  do t h i s  f o r  us. I don ' t  know what t h e  weather 
mod i f i e r s  have t o l d  t h e  a g r i c u l t u r i s t s  i n  t h e  p a s t  bu t  I would say  t h a t  
w e  cannot make r a i n  on demand, we cannot s t o p  r a i n  on demand, we cannot 
make h a i l  on demand, and I don' t  t h i n k  we can s t o p  h a i l  on demand. We 
cannot make droughts  on demand and I don' t  t h i n k  we can s t o p  droughts  on 
demand. W e  c a n ' t  make f l o o d s  on demand and I don ' t  t h i n k  w e  can s t o p  
f l o o d s  on demand. So I t h i n k  out  of t h e s e  next  few hours  t oge the r ,  
we have go t  t o  come t o  some kind of a  common understanding of what we 
can do f o r  one another .  I came wi th  t h e  expec ta t ion  of app rec i a t ing  t h e  
problems t h a t  t h e  a g r i c u l t u r i s t s  f a c e  and I hope t h a t  i n  our d e l i b e r a t i o n s  
t h a t  you can a p p r e c i a t e  what we a r e  prepared t o  o f f e r .  Perhaps ou t  of 
t h a t  s o r t  of d i a logue  we w i l l  r each  a much b e t t e r  understanding of how 
we can a s s i s t  one another .  C e r t a i n l y  we won't be  a b l e  t o  provide you 
with b io t ron ,  t h a t  is  f o r  sure.  

' I C"C - 
1 '.. 

It seems t o  m e  -- and I d iscussed  t h i s  w i th  my roommate last  n i g h t  -- 
I t h i n k  one wonderful t h ing  t h e  conference d i d ,  maybe it  was j u s t  a c c i d e n t a l  
i n  my case ,  bu t  they j u s t  put people t oge the r  a lphabe t i ca l ly .  I don ' t  
know how -- but  I got  t o  room wi th  a n  a g r i c u l t u r i s t  and s o  we got  t o  t a l k i n g  
and comparing t h i n g s  and we kicked around i d e a s  and i t  seems t o  me i n  t h e  
world of weather modi f ica t ion ,  p a r t i c u l a r l y  i n  t h e  a r e a  of water ,  and 
water demands might have a  r o l e  t o  p l ay  n o t  so  much i n  t r y i n g  t o  ame l io ra t e  
c r i s e s  s i t u a t i o n s  -- we had a drought and w e  need r a i n  o r  we have a  f lood  
and we want t o  s t o p  r a i n ,  but  i t  i s  perhaps t r y i n g  t o  work wi th in  t h e  
hydrologic  c y c l e  t o  h e l p  those  d i f f e r i n g  elements i n  t h e  hydrologic  
cyc l e ,  t h e  s t o r a g e  capac i ty  so  t o  speak, so  t h a t  you can have a  more r e l i a b l e  
flow o r  d i s t r i b u t i o n  of water subs tance  when needed. So, I t h i n k  i t  would 
be f a tuous  i n  t h e  weather modi f ica t ion  community t o  say  yes,  w e ' l l  be  a b l e  
t o  g ive  you an  inch  of r a i n  when t h e  corn  is g e t t i n g  ready t o  go i n t o  
t h e  t a s s e l i n g  s tage .  l a y b e  we can say  yes,  we can perhaps enhance 
p r e c i p i t a t i o n  when i t  i s  p r e c i p i t a t i n g  maybe s e v e r a l  months be fo re  t h a t  
t ime o r  ha l f  a year  be fo re  that t i m e  t o  i n c r e a s e  t h e  s t o r a g e  capac i ty  
o r  whatever you a r e  going t o  u s e  whether underground o r  subsur face  water ,  
i r r i g a t i o n  water ,  e t c .  Maybe we can do t h a t  s o  t h a t  t h a t  w i l l  b e  a v a i l a b l e  
a t  t h e  t i m e  t h a t  you need it. But i f  we are going t o  t a l k  i n  terms of r e a l  
s i z a b l e  goa ls ,  I t h i n k  we have t o  come back t o  t h e s e  a c t u a l  f a c t s ,  I 
a m  hopeful  t h a t  ou t  of t h e  d e l i b e r a t i o n  of t h e  next  couple of days, t h a t  
I come away wi th  what I cons ider  r e l i a b l e  knowledge about t h e  a g r i c u l t u r a l  
needs. I am going t o  do my b e s t  from my experience t o  t r y  t o  temper 
your enthusiasm about what weather modi f ica t ion  can do f o r  your problem. 



V-9. EARL G . DROESSLER, RESEARCH ADMINISTRATION, NORTH CAROLINA STATE UNIVERSITY 

I understood from our co-chairmen, Lew Grant and Sylvan Wittwer, 
t h a t  our workshop purpose was an attempt t o  c h a r t  i n  bold s t rokes  t h e  
f u t u r e  of weather modification a c t i v i t i e s  f o r  t h e  benef i t  of agr icul ture .  
Under t h i s  theme I wish t o  o f f e r  one point  f o r  t h e  conference t o  
consider, and I w i l l  do t h i s  by asking and answering th ree  questions. 

My f i r s t  quest ion is, i n  t h e  years  ahead w i l l  s e r ious  drought 
condit ions r e t u r n  t o  t h e  major g ra ine r ies  of t h e  United S ta tes?  My 
answer i s  a f i rm YES. I say yes a f t e r  l i s t e n i n g  t o  our bes t  c l imatologis ts ,  
such a s  Murray Mitchell  and Reid Bryson, who say simply t h a t  cycles  
of drought a r e  n a t u r a l  events i n  t h e  steady march of t h e  climate. 

My second quest ion is, i f  t h e  f u t u r e  drought condit ions p e r s i s t ,  
w i l l  t h e  farmers and t h e  people demand ass i s t ance  from t h e i r  govern- 
ments t o  combat t h e  drought? Again I say, yes, because of our recent  
experience with drought i n  Texas, Oklahoma and Florida. The people, 
who were mainly farmers, went t o  t h e i r  governors and t h e  governors 
went t o  Washington t o  seek fo rces  t o  f i g h t  t h e  drought. The Bureau 
of Reclamation, t h e  mi l i t a ry ,  and NOAA a l l  became involved, Emergency 
funds were made ava i l ab le  f o r  t h e  White House, cloud seeding operat ions 
began, and NOAA ddd a n i c e  job i n  coordinating t h e  program under t h e  
emergency conditions. 

My t h i r d  quest ion i s  t h i s :  Where i n  t h e  federa l  government i s  
t h e  r e s p o n s i b i l i t y  t o  respond and provide leadership  f o r  drought 
amelioration ac t ions?  Who does t h e  planning? Who c a r r i e s  on? Who 
nur tures  and expands on t h e  experiences w e  gain? My answer t o  t h i s  
more complex question is "no one has t h e  responsibi l i ty ."  There is  a 
gap i n  our government s t r u c t u r e ,  and we  ought t o  do something about 
it. But what? 

On another occasion, and l a r g e l y  t o  s t imula te  discussion and hope- 
f u l l y  ac t ion ,  I wrote t h e  following: 

"There i s  one ac t ion  we should push, and push hard: Senator 
Bellman's B i l l  S-3313 authorizing t h e  Secretary of Agriculture t o  
carry  out  an emergency drought a ss i s t ance  program i n  any s t a t e  i n  which 
l ives tock  o r  crops a r e  threatened by drought. On t h e  b a s i s  of a pro- 
posal  from t h e  drought-stricken s t a t e ,  the  Secretary would make matching 
f e d e r a l  funds ava i l ab le  t o  a s t a t e  organizat ion t o  i n i t i a t e  weather 
modification operat ions t o  combat t h e  drought conditions. It is  
e s s e n t i a l  t h a t  t h i s  au thor i ty  be vested i n  t h e  Department of Agriculture 
because t h a t  i s  where t h e  r e s p o n s i b i l i t y  rests f o r  our na t iona l  
e f f o r t s  on l ives tock and crops. Also i t  is  about time f o r  t h e  Department 
of Agriculture t o  become more v i s a b l e  as a major support agency f o r  
weather modification research and technology, After  a l l ,  h a i l  and 
l igh tn ing  suppression, r a i n  and snowfall management, severe storm 
amelioration, etc. ,  a r e  a l l  c r i t i c a l  t o  our a g r i c u l t u r a l  e n t e r p r i s e  -- 
and it  has been too long now t h a t  t h e  Department of Agriculture was 
looking t h e  o ther  way when leadership  f o r  weather modification programs 
was ca l l ed  for .  I am going t o  add one add i t iona l  idea and suggest t h a t  
t h e  Congress a l s o  author ize  t h e  Secretary of Agriculture t o  e s t a b l i s h  
a National I n s t i t u t e  f o r  Weather Management f o r  Agr icul tura l  Purposes, 
With an ongoing I n s t i t u t e ,  t h e  Department of Agriculture would have 
t h e  exper t i se  and t h e  suppl ies  and equipment t o  a s s i s t  t h e  states 



in the design and in carrying out weather modification field -2erations 
under drought conditions. We also lack some know-how and experience 
in mounting any long-term, frontal attack to relieve drought situations. 
I see the Department of Agriculture getting on with this and related 
work, if the Congress will pass a favorable law and appropriate the 
required budget . I 1  

I!** cin.a.4 arb . i i  . : o ~  tr j& r i ; ~ ~ ?  * 
I hope that this workshop will get behind this suggestion and 

make it one of its strong recommendations. I am very optimistic 
that meteorologists and agriculturists working together can make 
vreat things happen. , . , , .  i . , .  a *  ,&,. ,..", -, .... -. ,,.... 
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85 percent .  AR p i c t o r i a l l y  shown on t h e  l e f t  po r t ion  of Fig. 1, t h e  

l a r g e s t  por t ion  of tncoming s o l a r  energy i f i  absorbed by the  oceans. Most 

of  t h i s  energy subsequently goes i n t o  evaporation. Because t h i s  evapor- 

a t i o n  energy t r anspor t  from t h e  ocean is  not  d i r e c t l y  dependent on s o l a r  

r a d i a t i o n ,  bu t  goes on during both t h e  day and n igh t ,  t h e  oceanic boundary 

l a y e r  does not  experience a l a r g e  d a i l y  hea t ing  cyc le  a s  is connuon over 

land.  

I f  a s i g n i f i c a n t  p o r t i o n  of t h e  incoming s o l a r  energy over  t h e  oceans 

could be absorbed i n  t h e  atmospheric boundary l a y e r  over  a meso-scale 

a r e a  during t h e  day l igh t  hours,  an a r t i f i c i a l  s t imula t ion  of meso-scale 

convection would l i k e l y  r e s u l t .  This  might be  accomplished by a e r o s o l  

i n t e r c e p t i o n  of s o l a r  r a d i a t i o n  a s  shown on t h e  r i g h t  s i d e  of Fig. 1. 

Figure  2 compares t h e  e x t r a  boundary l a y e r  s h o r t  wave heat ing  which is 

p o s s i b l e  i n  10 hours due t o  15  percent  q x t r a  absorpt ion  of i n c i d e n t  s o l a r  

r a d i a t i o n  wi th  t h e  u s u a l  10 hour n e t  long and s h o r t  wave r a d i a t i o n  of 

t h e  t r o p i c a l  t roposphere as determined by Cox and Suomi (1969). 

Carbon black is formed by t h e  con t ro l l ed  incomplete combustion of 

foss i l .  f u e l s  according t o  a v a r i e t y  of processes. I f  put  out  i n  s i z e s  

l e s s  than a f e w  microns, i t  has n e g l i g i b l e  f a l l  ve loc i ty .  Most carbon 

blacks can be produced i n  quan t i ty  f o r  about $.05 t o  $.lo per kg. The 

high r a d i a t i v e  a b s o r p t i v i t y  and low hea t  capaci ty  (about .I25 ca l lgoc )  of 

carbon dus t  make i t  an i d e a l  agent  f o r  i n t e r c e p t i o n  of s o l a r  r a d i a t i o n  

and t r a n s f e r  of t h i s  hea t  t o  t h e  surrounding a i r  molecules by conduction. 

Being hydrophobic, carbon dus t  does not  r e a d i l y  absorb water vapor. I f  

pu t  out  i n  small s i z e s  i t  w i l l  no t  a c t  a s  a condensation nucleus. Par- 

t i c l e s  of 0.1 micro~i  r ad ius  maximize t h e  s o l a i  absorpt ion  per  u n i t  mass 

but  t h i s  s i z e  i s  not  c r i t i c a l .  Solar  absorpt ion  t o  weight i s  not  g r e a t l y  

a l t e r e d  by v a r i a t i o n s  i n  s i z e  from . O l u  t o  0 . 2 0 ~  rad ius .  One kilogram 
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(kg) oZ carbon black dust can absorb mare than 40 b i l l i o n  ca lor ies  of 

so l a r  radia t ion i n  a s i ng l e  10 hour period. On the  other hand, coal,  

current ly  the  cheapest of conventional combustible fue l s ,  provides on 

complete combustion about 7 mil l ion c a l  per kg, o r  about 1/6000 as much 

heat per un i t  mass a s  the  carbon. The r e l a t i v e  costs  of energy 

avai lable  from carbon black dust and coal  a r e  shown i n  Table 1. The 

cost  of complete combustion coal heat is about 280 times greater  than 

the  cost  of carbon heat per 10 hour period. Among energy sources 

normally used by man only nuclear energy compares with carbon black a s  

a source of accumulation of energy per un i t  mass, and no known substance 

compares a s  a source of heat  per un i t  cost .  

TABLE 1 

RELATIVE AMOUNTS AM) COSTS OP COAL AM) CARBON BLACK DUST ENERGY 

Fuel Cost Heat Heat per Unit Cost 
(dol lar  / ~ g )  (ca l  /Kg) (ca l /do l la r s )  

Coal 

Carbon 
Black 

o, 4x10~' cal/l(g 1 4 . 0 1 ~ 1 0 ~ ~  cal/dol.lar 
per 10 hrs.  per 10 h r s .  

Katio 
(Carbon Black) 'b 20 

Coal 1 

c . Physical Hypotheses 

The energy budget of the  globe d i c t a t e s  t ha t  the  average global 

p rec ip i ta t ion  be about a meter per year. The la rger  portion of t h i s  

p rec ip i ta t ion  f a l l s  over the oceans and is  of no benef i t  t o  man, If man 

could be t t e r  organize meso-scale convection over land, a small percentage 
I 



increase  of g lobal  land p r e c i p i t a t i o n  might r e s u l t .  This could have a 

s i z a b l e  b e n e f i c i a l  economic impact. The proper tapping of s o l a r  energy 

with carbon dus t  might g ive  man con t ro l  of an  energy source s u f f i c i e n t l y  

l a r g e  t o  allow him t o  ob jec t ive ly  contemplate such p o s s i b i l i t i e s .  

On a less ambitious s c a l e  it i s  hypothesized t h a t  benef ic ia lmeso-  

s c a l e  weather modificat ion may be poss ib le  i n  the  coming decade o r  two 

by s o l a r  absorpt ion of carbon dus t  i n  t h e  following s i t u a t i o n s :  

1) r a i n f a l l  enhancement along t r o p i c a l  and sub-tropical  c o a s t l i n e s ,  

2) c i r r u s  cloud generation; 

3) cumulonimbus enhancement over s e l e c t i v e  land regions i n  need of 

p r e c i p i t a t i o n ,  

4 )  a l t e r a t i o n  of ex t ra - t rop ica l  cyclones, 

5) accelemt%ng sawl~tlt i n  a g r i c u l t u r a l  areas, 

6)  i n h i b i t  northern hemisphere cooling trend.  

These are a Pew of t h e  p o t e n t i a i  app l i ca t ions  t o  which t h e  intercep- 

t i o n  of s o l a r  energy on al.meso-scale might be put t o  use by man. There 

are l i k e l y  many o t h e r  atmospheric s i t u a t i o n s  i n  which man could benef i t  

from app l ica t ion  of a  heat  source of t h e  magnitude t o  be discussed.  

The most l i k e l y  loca t ion  f o r  carbon d i s p e r s a l  i s  over the  oceans 

where t he  p lanetary  boundary l a y e r  does not  experience a d i u r n a l  tempera- 

t u r e  cycle  and where t h e  s t imula t ion of e x t r a  evaporation is possible.  

Extra evaporation. The d i r e c t  heating of a i r  by carbon absorption 

i s  but  one of two inf luences  which can occur. I f  accomplished over water 

bodies, the  enhanced s o l a r  heating of t h e  a i r  should a l s o  s t imula te  an  

inc rease  i n  evaporation. The increased warming of the  a i r  w i l l  s t imula te  

e x t r a  v e r t i c a l  mixing and downward penet ra t ion  of upper l e v e l  dryer  a i r  



t o  the  ocean surface .  This  dryer  a i r  w i l l  i nc rease  the  water  vapor 

p res su re  d i f f e r e n c e  between t h e  ocean and the  a i r  (or  qs - q ,  where q 
S 

r e p r e s e n t s  s a t u r a t e d  s p e c i f i c  humidity equivalent  t o  t h e  ocean s u r f a c e  

temperature and q the  va lue  of a i r  s p e c i f i c  humidity j u s t  above the  ocean) 

and l i k e l y  l ead  t o  increased  evaporat ion r a t e s .  Evaporation r a t e s  may 

perhaps be  increased  by double o r  more t h e i r  normal va lues .  This  evap- 

o r a t i o n  in f luence  can a l s o  cont inue  f o r  many hours a f t e r  t h e  hea t ing  

has  taken place.  The energy f o r  t h i s  increased  evaporat ion,  however, w i l l  

come l a r g e l y  from t h e  ocean and no t  t h e  a i r .  Thus, i t  may be p o s s i b l e  

f o r  the  carbon d u s t  s o l a r  hea t ing  t o  l o c a l l y  e x t r a c t  energy from t h e  

ocean t h a t  would n o t  n a t u r a l l y  occur. The p o t e n t i a l  buoyancy of t h e  low 

l e v e l s  w i l l  be enhanced by t h e  e x t r a  water  vapor content .  

Method of d i s ~ e r s i o n .  I t  appears  t h a t  i t  w i l l  be poss ib le  t o  manu- 

f a c t u r e  smal l  s 0 .1  micron (p) s i z e  carbon p a r t i c l e s  d i r e c t l y  from l i q u i d  

petroleum products  ( i .e .  hydrocarbons) on a i r c r a f t  o r  from s h i p  o r  land 

s u r f a c e  s i t e s .  The paper by Gray e t  a 1  (1974) d i scusses  how i t  is  

p o s s i b l e  t o  o b t a i n  about 50% mass y i e l d  of small  carbon p a r t i c l e s  d i r e c t -  

l y  from t h e  burning of l i q u i d  hydrocarbons. Thus, carbon p a r t i c l e s  can 

be generated i n  t h e  d e s i r e d  s i z e  range and d ispersed  without s t o r i n g .  

This  prevents  handling and clumping problems. F e a s i b i l i t y  s t u d i e s  are 

i n  progress t o  determine t h e  b e s t  methods of manufacture. It is highly  

d e s i r a b l e  t h a t  t h e  carbon p a r t i c l e s  be manufactured a t  i nd iv idua l  d i s -  

pers ion  sites. Liquid petroleum can be much more e a s i l y  handled and 

d ispersed  than c m  s o l i d  carbon dus t  which is purchased from the  fac tory .  

d. Discussion of s p e c i f i c  phys ica l  hypotheses 

R a i n f a l l  enhancement alon? t r o p i c a l  and sub- t ropica l  c o a s t l i n e s .  



P r e c i p i t a t i o n  enhancement from weather system genes is  o r  in tenrs i f ica t ion  

upwind from c o a s t l i n e s  with on-shore flow is bel ieved to be a very 

l i k e l y  p o s s i b i l i t y .  There a r e  many c o a s t a l  and adjacent  in land regions  

i n -  the t r o p i c s  ;ryl sum7hropics which. need a d d i t i o n a l  p r e c i p i t a t i o n  and 
I 

which have o n - s h k e  flow. If 'ciopo&heric v e r t i c a l  wind shea r s  a r e  not  

too l a r g e ,  i t  i s  very  l i k e l y  t h a t  meso-scale weather system genes i s  o r  

enhancement is' poss ib le .  

It must be emphasized t h a t  we are d i scuss ing  meso-scale hea t  sources  

o f  the  approximate magnitude shown i n  Fig. 3 and t h e  r e s u l t i n g  meso-scale 
I .. ,- .r .*, "2, 8 

convect ive p a t  t e r n s  which a r e  induced. We a r e  not  d i scuss ing  thkh d i r e c t  

s t i m u l a t i o n  of i n d i v i d u a l  cumulus elements. The ind iv idua l  cumulus - 
elements w i l l  r e s u l t  a s  a consequence , .,... of -...+. t h e  e x t r a  meso-scale low l e v e l  

- ' 9  , 1 1 

mass and water  vapor convergence. Most previous weather niodif icat ion 

schemes have d e a l t  only wi th  t h e  a l t e r a t i o n  of a l r eady  e x i s t i n g  cumulus. 

It i s  envisaged t h a t  an a r t i f i c i a l  meso-scale hea t  source would or- 

ganize  or  enhance a meso-scale a r e a  of cumulus convect,ion. A s i z a b l e  

amoynt of e x t r a  low l e v e l  mass and water*'vapor convergence should occur. 

I \--+$, * .  . I *, J 

If enough e x t r a  convection occurs ,  and, i f  t ropospher i c  v e r t i c a l  wind 

s h e a r s  a r e  not  too  l a r g e ,  t h i s  e x t r a  cumulus hea t ing  is  l i k e l y  t o  feed- 

back t o  t h e  meso-system , . and keep i t  going o r  i n t e n s i f y  i t .  Maintenance 
E .,, 1 

and growth can dccur a f t e r  t h e  o r i g i n a l  hea t  source has d i s s i p a t e d .  

Figure 4 shows how a weak meso-sc@l,e cloud c l u s t e r  system might be gen- 
s, 

/.' 
e r a t e d  upwind from a t r o p i c a l  c o a s t l i n e .  
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Fig. 3. Comparison of t y p i c a l  hurr icane  c l u s t e r  a r e a  (6' l a t i t u d e  dia- 
meter) wi th  the  area (dotted) of 10 percent  carbon black coverage 
which i s  poss ib le  with var ious  amounts of carbon black dust .  
Estimating t h e  cos t  of carbon dust  t o  be ~ $ 0 . 1 0  per kg, these  
th ree  a rea  coverages would requ i re  carbon amounts of $10,000, 
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Fig. 4. Plan view por t raya l  of how carbon dust  seeding $ t o  2 days up- 
wind from t r o p i c a l  and sub t rop ica l  coas t l ines  might a c t  t o  
generate o r  enhance a weak meso-scale weather system. 



Generation of cirrus clouds for a g r i c u l t u r a l  gain. A number of i m -  

por tant  b e n e f i t s  could be derived i f  man could a r t i f i c i a l l y  form a c i r r u s  

sh ie ld  i n  t h e  upper troposphere. The authors  bel ieve  t h i s  can be econ- 

omically accomplished through t h e  dispensing of carbon p a r t i c l e s  i n  t h e  

upper troposphere. This is made poss ib le  by t h e  na tu ra l  condit ions of 

t h e  atmosphere being mostly t ransparent  t o  s o l a r  energy, t h e  l apse  rate 

being c lose  t o  t h e  dry ad iaba t i c ,  and t h e  very high v e r t i c a l  gradients  

of sa tu ra ted  mixing r a t i o  with respect  t o  water (w,) and i c e  (wsi) 

which e x i s t  i n  the  upper troposphere. The following t a b l e  lists what 

these  s a t u r a t i o n  values  are: 

Pressure  Level 

Table 2 

Temperature 

Satura t ion Mixing Ratios 

f o r  Water -- -- f o r  Ice 

-67 ( i n  t r o p i c s )  

The very l a r g e  percentage change of ws and w with pressure should be 
s i  

noted. Saturated mixing r a t i o  values decrease 80 t o  95% f o r  a i r  l i f t e d  

v e r t i c a l  d is tances  of but  50 t o  100 mb. Even when air humidity is very 

low s a t u r a t i o n  can be obtained f o r  t h i s  a i r  by l i f t i n g  i t  25 t o  50 mb. 

This l i f t i n g  can be brought about by warming t h e  a i r  with carbon p a r t i c l e s .  

Assuming r e l a t i v e  humidit ies  with respect  t o  water as low as 50 and 25 



$ m l i ~ ,  h . A .  - a .  . t~ , y..d. 

pe rcen t ,  t h e  amount of l i f t i n g  r equ i r ed  t o  b r i n g  about s a t u r a t i o n  with 

r e s p e c t  t o  i c e  can be c a l c u l a t e d  from t h e  above t ab l e .  For t h e  tempera- 

t u r e  l apse - r a t e s  of t h i s  t a b l e ,  t h e s e  v e r t i c a l  displacements  i n  m i l l i b a r s  

y1.1 i ~ n d ~ ~ j  ' 3  a t , . I . M ? . r r , ~  t b  :,n 3 i j a u ~ r  j , -+&R - j L l d o u  ~LIL:>IJ~~, 

and t h e  amount of l a y e r  h e a t i n g  requi red  t o  b r i n g  about a dry-adiaba t ic  

,iT - 
l a p s e  rate t o  t h e  condensat ion l e v e l  are: 

For 50% R e l a t i v e  Humidity w i t h  Respect t o  Water f,:l ~ - 
,) . . .,, 

A f "- 
For 25% R e l a t i v e  Humidity w i th  Respect t o  Water 

C' : + .a . *,, <$ 

t e r f i c a l  L i f t i n g  J'5 :hw Approximate Amount of 
S t a r t i n g  from V e r t i c a l  L i f t i n g  f o r  
t h i s  Pressure,''"'.'' ' '  S a t u r a t i o n  w i t h  ~ e s p e c t ~ i a '  
Level  t o  I c e  

:q11- ? * I  J u b  

V e r t i c a l  L i f t i n g  
S t a r t i n g  from 
t h i s  P re s su re  , 
I, eve I. 

l l  Amount of Warming a t  
O r i g i n a l  Level t o  
Bring About Dry Adia- 
b a t i c  Lapse Rate t o  

-'bcLevel of S a t u r a t i o n  

Approximate Amount of 
V e r t i c a l  L i f t i n g  f o r  
S a t u r a t i o n  wi th  F.espect 
t o  I c e  

f - ' 9  ' ' \ .  

O c 

Amount of Warming a t  
O r i g i n a l  Level  t o  
Bring About Dry Adia- 
b a t i c  Lapse Rate t o  
Level of  S a t u r a t i o n  

O c  

Summary. I t  is observed how l i t t l e  upper t roposphe r i c  warming and 

v e r t i c a l  motion a r e  necessary  t o  b r i n g  about s a t u r a t i o n  even when upper 
r r r i t  1 7 ~  - r . !  - I * ,  IL. , 1 

t r oposphe r i c  r e l a t i v e  humid i t i e s  a r e  q u i t e  low. It  is  l i k e l y  t h a t  carbon 
I 



dust  absorption of s o l a r  energy can br ing about t h e  necessary warming t o  

accomplish t h i s  upper l e v e l  condensation. 

Other Methods of Forming Ci r rus  Shields.  It has been proposed t h a t  

c i r r u s  s h i e l d s  be formed by high f ly ing  j e t  a i r c r a f t  whose vapor exhaust 

and turbulence b r ings  about sa tu ra t ion .  Condensation t r a i l s  do form 

when upper l e v e l  temperatures a r e  very low o r  when upper l e v e l  humidity 

i s  high. They o f t e n  do not form with warmer temperatures o r  when humidi- 

ties are low. The condensation t r a i l s  which a r e  formed i n  t h i s  way o f t e n  

do not p e r s i s t ,  and those few which do p e r s i s t  o f t e n  do not have a major 

inf luence  on t h e  incoming s o l a r  o r  outgoing I R  radia t ion.  

To r e a l l y  inf luence  t h e  troposphere's r a d i a t i o n  i t  is important 

t h a t  r a t h e r  th ick  and p e r s i s t a n t  c i r r u s  be formed. These should be 

formed i n  t h e  morning and be a b l e  t o  l a s t  through t h e  day and i n t o  t h e  

n ight .  This can be accomplished, we  be l ieve ,  wi th  carbon p a r t i c l e  seed- 

ing from j e t  a i r c r a f t .  Assuming incoming s o l a r  energy i n  t h e  upper t ro-  

posphere i n  a cloud-free sky t o  be equal t o  2/3 of t h e  s o l a r  constant  

- 2 
(" 1.3 c a l  cm min-I) w e  can es t imate  the  amount of s o l a r  heat ing re- 

quired t o  br ing about a dry-adiabatic l apse  r a t e  from any l e v e l  t o  t h e  

l e v e l  of condensation above i t  f o r  upper l e v e l  humidit ies  of  50 and 25% 

a s  w e  have previously discussed,  W e  a r e  thus d iscuss ing t h e  s o l a r  energy 

requf rement t o  warm ail: say a t  275 mh t o  bring about condensation a t  225 mi) 

o r  the warnling required t o  form a rea  A on the tcphigram p l o t  o f  Fig. 5 



permit con t inua l  s o l a r  warming of t h e  l aye r .  This  con t inua l  s o l a r  warming 

should a l low a gradual  inc rease  i n  t h e  c i r r u s  th ickness  u n t i l  opac i ty  i s  

reached. A t  t h i s  t ime t h e  e x t r a  s o l a r  absorpt ion  on t h e  top of t h e  c i r r u s  

deck should l a r g e l y  balance t h e  e x t r a  IR coal ing  o f f  of t h e  top (Hall ,  

1968a, 1968b). I f . s e e d i n g  would go on f o r  a  number of hours, t h e  l a t t e r  

seeding r u n s  would probably have t o  go on top of t h e  c i r r u s  sh ie ld .  

Once a t h i c k  c i r r u s  cloud deck is  formed wi th  i ts  t y p i c a l  prism- 

5 3 shape - 200 m long, 3% wide, 5 x 10 pa r t i c l e s /m (Weickmann, 1947), i t  

should p e r s i s t  f o r  many hours - probably even through t h e  evening hours. 

C i r rus  p a r t i c l e s  can l a s t  a  long t i m e  according t o  Braham and Syre r s -h ran  

(1967). 

Assuming a 747 a i r c r a f t  pay load of % 200,000 l b  (and generate 

Q 100,000 l b  of carbon dus t ,  see paper by Stokes, 1974) i t  i s  seen  t h a t  

one a i r c r a f t  could genera te  and dispense 10% coverage of carbon d u s t  

(% 15% s o l a r  i n t e r c e p t i o n  - s e e  r e p o r t  of Frank, 1973) over an  a r e a  a t  the  

2 very minimum which is  % 500 m i  vs  t h e  "brute force" method of ca r ry ing  

2 
water  t o  t h e  upper atmosphere of but  % m i  . If  only 20 t o  30 mb l i f t i n g  

were requi red  f o r  h igher  humidity condi t ions  and hor i zon ta l  advect ion of 

the  carbon and c i r r u s  p a r t i c l e s  a r e  allowed f o r ,  t he  a r e a  of c i r r u s  

genera t ion  wi th  t h e  pay load  of one 747 a i r c r a f t  i s  l i k e l y  t o  be 1000- 

2 
2000 m i  . Thus, depending on t h e  number of a i r c r a f t  used, very broad scale 

genera t ion  of c i r r u s  clouds should be poss ib le .  

Conclusion. We thus  f e e l  t h a t ,  by f a r ,  t h e  b e s t  way i n  which c i r r u s  

clouds can be produced is through a s o l a r  absorpt ion  mechanism. The 

d i r e c t  "brute  force' '  method of ca r ry ing  l i q u i d  water t o  t h e  upper tropo- 

sphere i s  obviously unfeas ib le  for t h i c k  and p e r s t s t i n g  c i r r u s .  



Benef i t s  from a r t i f i c i a l  cloud production. The a b i l i t y  t o  form t h i c k  

and p e r s i s t e n t  c i r r u s  s h i e l d s  a t  w f l l  could have important b e n e f i c i a l  

imp l i ca t ions  f o r  a number of t h e  n a t i o n ' s  needs. A c i r r u s  a h i e l d  could 

1) Reduce daytime s u r f a c e  temperatures  and prevent  t h e  r e g i o n a l  

formation of "hot spots"  i n  t h e  lowest  l a y e r  of t h e  atmosphere. 

If a p p l i e d  dur ing  a number of t h e  h o t t e s t  summer days, t h i s  

could have a tremendously h igh  b e n e f i c i a l  i n f l u e n c e  on a g r i -  

c u l t u r a l  p r o d u c t i v i t y  . Benci and Runge (1974) have 

r e c e n t l y  completed a d e t a i l e d  s tudy  f o r  t h e  Department of 

T ranspor t a t ion  showing t h a t  t h e  v a r i a t i o n  of d a i l y  h igh  

temperature i n  t h e  U.S. Corn Be l t  of a few degrees can have 

a very  l a r g e  i n f l u e n c e  on corn  p roduc t iv i ty .  According t o  

t h e i r  model estimates where they  i s o l a t e  t h e  e f f e c t  of 

average maximum temperature on corn product ion  they conclude 

"Based on average long term (1901-1969) co rnbe l t  
weather  our  c a l c u l a t i o n s  i n d i c a t e  t h a t  corn y i e l d  
would i n c r e a s e  (decrease)  approximately 11.3% f o r  
each 1°c decrease  ( inc rease )  i n  average maximum 
tempera ture  and would decrease  ( inc rease )  1.5% 
f o r  each 10% dec rease  ( i n c r e a s e )  i n  prec ipa t ion ."  

There may be a number of ways t h a t  t h e  formation of c i r r u s  

by carbon p a r t i c l e  i n t e r c e p t i o n  of  long-wave r a d i a t i o n  could 

h e  used t o  enhance t h e  U.S. crop product ion  and a l s o  t h a t  of 

o t h e r  c o u n t r i e s .  

2) C i r r u s  cloud r e d u c t i o n  of  s u r f a c e  hea t ing  might a l s o  be u t i l -  

i zed  a s  an  i n h i b i t o r  of spr ingt ime and summer s e v e r e  weather 

genera t ion .  Purdom (1973) has  shown how morning c loud ines s  

can reduce a f t e rnoon  thunderstorms and i n h i b i t  s eve re  weather.  



Reinking (1968) has a l s o  discussed t h i s .  Tn a combined NOAA- 

NASA press  r e l e a s e  of 17 May 1974, Dr. Peter  M. Kuhn s t a t e s  

" the  sun is inh ib i t ed  from forming hot plumes 
of a i r  over open f l a t  land by t h e  presence of a 

. , , .  1 j , , c i r r u s  cloud cover at a l t i t u d e s  of 30,000 t o  
40,000 f e e t .  The l a y e r s  of i c e  c r y s t a l s  contained 

I ,-,,B 1 1  f u  ., - i n  t h e  c i r r u s  clouds block t h e  l a r g e  input of 
s o l a r  power over the  area ,  r e f l e c t i n g  sun l igh t  

. . ,e . t , b  :B.nK:,,! . back i n t o  t h e  atmosphere. This r e s u l t s  i n  a cool- 
er e a r t h  su r face  temperature s i m i l a r  t o  condit ions 

I t .  Jn+>ulji i .iz which occur when a swel ter ing hot  day changes t o  
more acceptable coolness with the  onset  of a c i r r u s  

y&;f  ( . J , I ' ~  canopy. " 

3)  The c i r r u s  cloud might a l s o  be used i n  a s i g n i f i c a n t  way t o  

reduce t h e  s e v e r i t y  of e a r l y  morning f r o s t  condi t ions  through 

t h e  i n h i b i t i o n  of long wave r a d i a t i v e  cooling. Cox (1968, 1971, 

1973) and h i s  graduate s tudents  have been studying t h e  influence 

of c i r r u s  s h i e l d s  on t h e  n e t  t ropospheric in f ra red  ( I R )  

-.'L !A. , r * % ,  Y +  cooling and they have found a major reduction i n  the  amount 

jiri ,+lor, ( .o£, net putgoing cooling compared t o  c l e a r  skies .  Figure 
1 1  7-rf).  11, ' c, - 5 1  

*q ,, compares t h e  IR cooling d i f fe rences  between a c l e a r  atmosphere 
.:.r-,l$:,r,, , 

, 1 r ., and an atmosphere which conta ins  a th ick  c i r r u s  shie ld .  The 
I' 

. I  1 4 1  1, * *  0 
di f fe rences  i n  IR cooling between these two environments can 

," t > , T G c F  
2 amount t o  a s  much a s  'L 200 cal/cm per  day, o r  30-50 percent 

. . . I .  

of t h e  n e t  incoming s o l a r  radia t ion.  

There a r e  undoubtedly many o the r  beneficial .  uses t o  whi.ch t h e  

a r t i f i c i a l  formation of c i r r u s  clouds could be put t o  use. 

Conclusion. It is  important t h a t  the  s c i e n t i f i c  community explore 

i t s  capab i l i ty  of a r t i f i c i a l l y  manufacturing of c i r r u s ~ c l o u d  .covers 

f o r  a g r i c u l t u r a l  and o the r  benef i t s .  



Fig. 6. Comparison of infrared cooling occurring in a clear environment 
and an environment with a thick cirrus shie.ld, from the informa- 
tion of Cox (1971) 



Cumulonimbus enhancement over  s e l e c t e d  land regions  i n  need of 

y r e c i p i t a t i o n .  It is  hypothesized t h a t  a s i g n i f i c a n t  loca t ion  change 

h 4 

and/or  enhancement of cumulonimbus convection may be poss ib le  over land 

a r e a s  where the  p o t e n t i a l  f o r  cumulus convection is a l r eady  high. This  

is  a n  e s p e c i a l l y  l i k e l y  s i t u a t i o n  i f  t h e  land a r e a s  have a high amount 

of evapot ranspi ra t ion .  I f  t h e  land a r e a s  a r e  moist o r  have dense vegeta- 

t fon ,  much of t h e  incoming r a d i a t i o n  goes t o  evaporat ion o r  s to rage  and 

the d i u r n a l  warming curves a r e  damped. I n  these  s i t u a t i o n s  t h e  carbon 

dus t  could be used t o  warm t h e  boundary l a y e r  more r ap id ly  and t o  d i c t a t e  

where the  i n i t i a l  daytime convection would occur. A l o c a l i z e d  concentra- 

I t  I ~ 
t i o n  of  the  morning and e a r l y  af te rnoon s o l a r  hea t ing  would l i k e l y  pro- 

duce e x t r a  Cb convection and p r e c i p i t a t i o n  i f  t h e  p o t e n t i a l  f o r  cumulus 

convection was a l ready high. 

Over land t h e  carbon d u s t  might a l s o  be used i n  s e l e c t i v e  s i t u a t i o n s  

a s  an e levated  heat  source  ( i f  dispensed from a i r c r a f t )  and could a c t  a s  

. '  rl7.a s t imulant  t o  e a r l i e r  and more concentrated cumulus convection. Es- 
.T  - 

p e c i a l l y  f avorab le  s i t u a t i o n s  would be a r e a s  where la rge-sca le  low l e v e l  

convergence is  p resen t ,  such a s  around low p ressu re  systems and along 

f r o n t s .  Here daytime cumulus convection would be expected t o  break out  

i n  the s e l e c t i v e l y  seeded a r e a s  where the  e a r l i e s t  atmospheric warming 

occurs.  

Carbon d u s t  hea t ing  might thus  be used t o  d i c t a t e  where t h e  e a r l i e s t  

thermal d e s t a b i l i z a t i o n  and cumulus convection would take  p lace .  Early 

morning s tab ' le  condi t ions  a c t  t o  i n h i b i t  convection. Any large-sca le  

upward forced  c i r c u l a t i o n  would l i k e l y  r e l i e v e  i t s e l f  i n  t h e  a r e a s  which 

f i r s t  become thermally uns table .  



~ l t e r a t i o n  of e x t r a - t r o p i c a l  cyclones.  A s i g n i f i c a n t  economic ga in  

might r e s u l t  i f  weak e x t r a - t r o p i c a l  s torm systems could be i n t e n s i f i e d  

i n  dry  r eg ions  such a s  t h e  wes tern  U.S. This  would l i k e l y  r e s u l t  i n  

e x t r a  p r e c i p i t a t i o n .  Modest cyclone i n t e n s i f i c a t i o n  might be  accomplished 
r - , * 5 *  i XI * . . 

by warming up s e l e c t i v e  a r e a s  t o  t h e  e a s t  of t h e  e x t r a - t r o p i c a l  cyclone 

a n d . s t i m u l a t i n g  e x t r a  cumulus convect ion j u s t  e a s t  of t h e  s torm c e n t e r .  

The s ink ing  motion a s s o c i a t e d  w i t h  t h i s  a d d i t i o n a l  convect ion should 

warm and s l i g h t l y  i n t e n s i f y  t h e  cyclone. Trac ton  (1972) has  p rev ious ly  

ind ica t ed  t h a t  cumulus convect ion p l ays  a s i g n i f i c a n t  r o l e  i n  ex t r a - t ro -  
I .  6 

p i c a 1  cyclone genes is .  

When cyclones are i n t e n s e ,  move s lowly,  o r  a r e  s t a t i o n a r y ,  f l ood ing  

cond i t i ons ,  heavy snow, and h igh  s e a  c o n d i t i o n s  can produce cons ide rab le  
. 1, , \ A  ; . ?l: l;  ,'! -,-- -..- 

economic lo'sg,- This  i s Z s p T c i a l l y  t r u e  i n  t h e  h e a v i l y  populated areas 

a long  the  U.S. East Coast and i n  wes tern  Europe, Economic b e n e f i t  would -. 1 

r e s u l t  i n  some cases  i f  t h e  i n t e n s e  cyc lones  could be a r t i f i c i a l l y  weakened. 

So la r  energy inpu t  t o  t h e  co ld  c e n t e r  of t h e  e x t r a - t r o p i c a l  cyclone a t  

middle o r  upper t roposphe r i c  l e v e l s  would l i k e l y  a c t  t o  produce a modest 
_ ' I  1 l 1  

," , ,,!*, 2 , l ' i p i f -  1 
L 

bu t  s i g n i f i c a n t  cyclone weakening. 
9 * 

Accelera t ing  snowmelt i n  a g r i c u l t u r a l  regions. '  There a r e  s e v e r a l  

l a r g e ,  r e l a t i v e l y  f l a t  a g r i c u l t u r a l  a r e a s  i n  t h e  world where a snow 

cover p e r s i s t i n g  l a t e  i n t o  t h e  s p r i n g  can cause a c o s t l y  r educ t ion  i n  t h e  
1 :  

l e n g t h  of t h e  growing season. The Great P l a i n s  of North America and 
a c 2  ' < i !  

Russia  a r e  good examples. When t h e s e  areas a r e  snow covered, they  typ i -  

c a l l y  have s u r f a c e  a lbedos  of  from 40-90% depending upon t h e  age and 

cond i t i on  of t h e  snow and have r e l a t i v e l y  s t r o n g  i n v e r s i o n s  j u s t  above 

the  boundary l aye r .  Large amounts of carbon dus t  p a r t i c l e s  can be d i s -  

pensed from inexpens ive  ground g e n e r a t o r s  i n t o  t h e  boundary l a y e r .  By 



warming the boundary l a y e r  a i r  under proper condi t ions  i t  should be pos- 

s i b l e  to a c c e l e r a t e  the  spr ing melt of the  snowpack, thereby increasing 

the growing season. The high albedo of t h e  snow surface  would cause a 

s t rong  upward d i f f u s e  s o l a r  r a d i a t i o n  f l u x  and thus increase  t h e  e f f i c iency  

of the  c a r ~ o n  absorption.  Absorption would take  p lace  from both t h e  up- 

ward and downward f luxes .  I n  addi t ion ,  t h e  carbon p a r t i c l e s  should have 

a r e l a t i v e l y  long boundary l a y e r  residence t i m e  due t o  t h e  s t rong inver- 

s i o n  which should permit mul t ip le  day use of t h e  carbon. This scheme is  

not t o  be confused wi th  previous experiments of p lac ing carbon dus t  on 

top of t h e  snow, where the  mass of carbon t o  a rea  coverage r a t e s  a r e  pro- 

h i b i t i v e .  

Inh ib i t ing  t h e  Northern Hemisphere cooling trend. I f  some of t h e  

recent  c l imatological  es t imates  of North American and Eurasian cooling 

a r e  cor rec t  (R. Bryson, Univ. of Wisconsin and many o the rs ) ,  then man 

may be faced with massive new environmental problems i n  t h e  next few 

decades. A s  t h e  albedo of snow of 50-90 percent ,  a new earth-atmosphere 

energy gain  would be poss ib le  from massive carbon dus t  seeding over snow 

regions i n  the  spr ing and summer. Mult iple day use of t h e  carbon par- 

t i c l e s  would be got ten  as t h e  ra inout  and washout of t h e  atmospheric 

p a r t i c l e s  would be very much l e s s  than over regions with a c t i v e  cumulus 

convection. I f  one were t o  comtemplate funding l e v e l s  a s  high a s  1-2 per 

cent  of t h e  average cos t  of t h e  V i e t  Nam war t o  the  United S t a t e s  between 

1965-70, then i t  would appear t h a t  t h i s  Northern Hemisphere cooling 

trend could indeed by overcome by e x t r a  a r t i f i c i a l  s o l a r  energy gain 

from carbon dust .  1 .  . I 



2. comparison of t h i s  hypothes is  wi th  previous  r a d i a t i o n  a l t e r a t i o n  

. j ,  I , I L  modi f i ca t ion  programs . -i, , 3 ,  t ,  

I 

To d a t e ,  r e sea rch  on t h e  eub jec t  of s o l a r  weather  mod i f i ca t ion  has 
?(  - 

been centered  on fog  and n a t u r a l  cloud d i s s i p a t i o n  and on developing and 

enhancing i n i d i v d u a l  cumulus. Downie (1960), Fenn and Oser (1962) and 

I I 

Van S t r a t e n  e t  a l .  (1958) have p rev ious ly  d i scussed  t h e  use  of carbon. 

, '  
The Naval Research Laboratory seeded 8 cumulus c louds  wi th  1-3 kg 

of carbon b1ac.k i n  J u l y ,  1958 (Van S t r a t e n  e t  a t ,  1958). A l l  of t h e  clouds 

d i s s i p a t e d  t o  some e x t e n t ,  bu t  obse rva t ion  and in s t rumen ta t ion  c a p a b i l i t i e s  

e' . . - i 
were i n s u f f i c i e n t  t o  e s t a b l i s h  a  d e f i n i t e  c a u s a l  r e l a t i o n s h i p .  I n  addi- 

t i o n ,  c l e a r  a i r  a t  t h e  approximate l e v e l  of e x i s t i n g  cumulus cloud bases  

was seeded on 5 runs dur ing  the same s e r i e s  of tests. Small c louds  were 

r 1 
observed t o  form i n  a l l  c a ses .  ~;;c&:~ain it was imposs ib le  t o  e s t a b l i s h  

d e f i n i t e  causa l  r e l a t i o n s h i p s .  The o v e r a l l  f e e l i n g  of t h e  test group was 

- - r J  k , .  I .  t 1 ,  8 .  

t h a t  t h e  carbon b lack  d id .  seem t o  h e l p  d i s s i p a t e  e x i s t i n g  c louds  and form 

, > 
small  ones i n  c l e a r  a i r ,  bu t  t h e  n a t u r a l  v a r i a b i l i t y  of cumulus c louds  and 

- .  

t h e  inadequacy of monitor ing techniques  p roh ib i t ed  any conclus ive  r e s u l t s .  

Laboratory t e s t s  by t h e  Naval Research Laboratory i n  1958 showed 

t h a t  carbon black, d id  i n c r e a s e  d i s s i p a t i o n  r a t e s  of a r t i f i c i a l l y  c r ea t ed  

I I P I ~ - . .  6 , >br . . * T I I  * , , I  11 . . 1, 

' fogs  i n  cloud chambers which were sub jec t ed  t o  'heat  lamps. However, 

r ,  I .  

n e i t h e r  t h e  d i s s i p a t i o n  mechanism nor  t h e  r a d i a t i v e  p r o p e r t i e s  of carbon 

{: i > l l ' f , ' . )  
black  were q u a n t i t a t i v e l y  w e l l  e s t a b l i s h e d .  

1 . r ' , i :  , * ,  . II 
The Geophysics Research ~ i % c t o r a t e  made 18  runs seedine  smal l  c louds 

and c1.car a i r  i n  October,  1958-April, 1959 (Downie, 1960). Carbon amounts 

From 1-3 kg per  mission were used. Resu l t s  were l e s s  successful than 

those  observed e a r l i e r  by t h e  Naval Research Laboratory.  A few-clouds d i s s i -  

pa ted ,  bu t  o t h e r s  d i d  not .  C lea r  a i r  seeding  prodyced no obvious r e s u l t s  

1 1 :  ' I . . I r I I J I I L ; ? .  1 1 . <  . l , ! l ,  -1 



a l t h o u g h  a  f e w , s m a l l  c l o u d s  o c c a s i o n a l l y  formed i n  t h e  t e s t  a r e a s ,  The 

t e s t  p e r s o n n e l  concluded t h a t  no d e f i n i t e  e f f e c t s  of  ca rbon  b l a c k  on c l o u d s  

cou ld  be  s u b s t a n t i a t e d  th rough  t h e i r  test r e s u l t s .  

I n  g e n e r a l ,  t h e s e  early exper iments  w i t h  ca rbon  b l a c k  s u f f e r e d  from 

f o u r  major  shor tcomings :  

1 )  The e x i s t i n g  knowledge of  t h e  r a d i a t i v e  p r o p e r t i e s  of ca rbon  b l a c k  

was e n t i r e l y  i n a d e q u a t e  t o  p r o v i d e  r e a l i s t i c  e s t i m a t e s  of  t h e  

energy  p r o c e s s e s  o c c u r r i n g  i n  t h e  a tmosphere .  

2) The amounts o f  ca rbon  used  were  much t o o  small. Smal l  s c a l e  

d i f f u s i o n  e f f e c t s  c o u l d  e a s i l y  d i s s i p a t e  t h e  h e a t  absorbed  and 

overpower t h e  e f f e c t s  o f  t h e  h e a t  accumula t ion .  

3) S e v e r e  l o g i s t i c a l  and clumping problems a s s o c i a t e d  w i t h  t h e  

h a n d l i n g  and d i s p e r s a l  o f  t h e  c a r b o n  p a r t i c l e s  were encounte red .  

4 )  Adequate o b s e r v a t i o n  and i n s t r u m e n t a t i o n  c a p a b i l i t i e s  t o  e n a b l e  

c o n c l u s i v e  a n a l y s i s  of  f i e l d  test  r e s u l t s  were n o t  a v a i l a b l e .  

* 
Tile p r e v i o u s  r e s e a r c h  by C.  Downie 'and B. S i lverman (U. S .  A i r  Force  

k. . lh * * 
Cambridge Research Lab.) ,  F. Van S t r a t e n  , R.  Ruskin (U.S. Navy Research 

* 
Lab.)  and T. Smith ( P r i v a t e  I n d u s t r y ) ,  e t c . ,  i n  g e n e r a l ,  proved n o t  t o  be 

promising.  Tile amounts o f  carbon used (5-20 Kg) were  n o t  c o n s i s t e n t  w i t h  

t h e  purposes .  D i s p e r s i n g  and clumping problems were  encounte red .  Pre- 

v i o u s  work i n  t h e  l a t e  1 9 5 0 ' s  and e a r l y  1 9 6 0 ' s  was conducted on a  s c a l e  

( g e n e r a t i n g  o r  i n t e n s i f y i n g  i n d i v i d u a l  cumulus) 'and w i t h  a technology  

( d i s p e r s i n g  a l r e a d y  manufactured ca rbon)  wtlich is  e n t i r e l y  d i f f e r e n t  

t h a n  ttie o n e  proposed i n  t h e s e  p a p e r s .  

Iiy con t rns t ,  t h i s  r e s e a r c h  is  concerned w i t h  t h e  f e a s i b i l i t y  of 

ca rbon  p a r t i c l e  m o d i f i c a t i o n  on t h e  meso-scale (Q 100-200ikm on a  s i d e )  

u s i n g  anlounts of 1-2 m i l l i o n  Kg. We a r e  p l a n n i n g  t o  d i r e c t l y  manufac tu re  

tllc ca rbon  d u s t  on a i r c r a f t  o r  from carbon p a r t i c l e  g e n e r a t i n g  s o u r c e s  on 



dl . / I  

s h i p s  o r  a t  s u i f a c e  s i t e s .  By d i r e c t  manufacture of t h e  carbon b lack  

, 3'> , 
. # , a ,  d u s t  from f i e l d  sources ,  one avo ids  t h e  clumping, packing, and l o g i s -  

t i c a l  problems involved wi th -us  ng carbon p a r t i c l e s  ob ta ined  from t h e  

-.\'(. . 1:) factory 

i f h  

\ . >.' - tic! f .  Coating s u r f a c e s  w i t h  b l ack  m a t e r i a l  

The ESSO O i l  Company of New J e r s e y  (Black and Tormy, 1963a, Black, 

1963b) h a s  explored t h e  p o s s i b i l i t y  of  boundary l a y e r  hea t  augmentation 

from c o a t i n g  land s u r f a c e s  w i th  black-top ( t a r ) .  .These r e s u l t s  have n o t  

been very encouraging. The black-top program has s u f f e r e d  from t h r e e  

a .  GW b a s i c  drawbacks: ?I 

1)  The s u r f a c e  a i r  blows over  t h e  few miles of b l a c k  t a r  f i e l d  i n  
-- 7 P. q >, [ 

j u s t  a few minutes .  Only a r e l a t i v e l y  small h e a t  lput can b e  
1 .  . . .  

made per  u n i t  mass of a i r .  The carbon d u s t  scheme, 4 -  d n t r a s t ,  
4 ,  1 .  

has  t h e  carbon p a r t i c l e s  moving w i t h  t h e  a i r  mass. The energy 
I 

I 1: I. 1 ,?,::,. 
i npu t  over  a number of hours  can be  v e r y  l a r g e .  

J .  
2)  The land  s u r f a c e  would n a t u r a l l y  warm up and h e a t  t h e  a i r  above 

t o  a n  apprec i ab le  e x t e n t  wi thout  t h e  b l ack  t a r .  The b l ack  top  

h e a t i n g  i s  only  t h e  d i f f e r e n c e  between i t s  h e a t i n g  and the  n a t u r a l  

s u r f a c e r l a n d  hea t ing  which would normally occur.. I n  c o n t r a s t ,  
I r.. . 
I - 4  ,*.l 

when app l i ed  over  t h e  ocean, n e a r l y  a l l  of t h e  'sblar a b s o r p t i o n  

by the  carbon dus t  is  e x t r a  energy g a i n  r e l a t i v e  t o  t h e  surrounding 

a i r .  

2 
3 )  The envisaged a r e a  coverages of t h e  b l ack  top  of % 100 km a r e  

t o o  sma l l  t o  have a s i g n i f i c a n t  in f luence .  By comparison the  

3 2 ' .  , 
au tho r s  a r e  proposing t h e  carbon d u s t  h e a t i n g  of a r e a  amounts 

2 
equal  t o  10,000 t o  100,000 km . 



3) How will the carbon warming affect the vertical diffusion and 

advection of the carbon dust during the heating day? How will the 

shielding of the carbon by the clouds affect the energy gain? 
I . (  ', t t ~ q ~ r  7 - 1 ~ 3 1  1; * 

4 )  - To' wha't extent d l 1  the art if icially enhanced cumulus convection 

act as a 'feed back' mechanism to further intensify the meso-scale flow 

system in which it is embedded? 

i. Synopsis 

Many previously unexplored avenues of beneficial utilization of 

solar energy may be available to man. It is time for man to explore 

these areas of potential meso-scale weather modification. The dis- 

cussion in this paper is very different than m6sfL current weather mod- 

ification schemes which concentrate on alteration of individual cumulus 
.. J.. 

elements . 
-.c * I  ' r  

j. The following research reports and conference proceedings discuss 

this subject in more detail. 

1. William M. Frank - "Characteristics of Carbon Black Dust as 
a Large-Scale Tropospheric Heat source". Atmospheric Science 
Paper No. 195, 1973, 52 pp. 

2.  William M. Gray - "~easibilit~ of Beneficial Hurricane Modi- 
fication by Carbon Dust Seeding". Atmospheric Science Paper 
No. 196, 1973, 130 pp. 
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3. William M. Gray, Will iam M. Frank,  Plyron L. C o r r i n ,  and 
Cha r l c s  A. Stokes  - "Wca t h c r  Mod i f i ca t i on  by 'Carbon 1)us t 
Absorp t ion  o f  S o l a r  Energy". Atmospheric Sc i ence  Paper  No. 
225,  1.974, 191  pp. I 

a .  Paper  I .  - "Background Tnforn~a t ion  and Hypothesis"  by 
William M. Gray and Wil l iam M. Frank. 

.,, t t .  1 

b. Papcr 11. - "Radia t ion  C h a r a c t e r i s t i c s "  by Wil l iam M. 
Frank. 

c .  Papcr 111. - "Cene rn t i on ,o f  Carbon P a r t i c l e  Clouds" by 
Cha r l e s  A. S t o k e s ,  Sc.D. 

d .  Papcr  I V .  - "Ent i ronmental  Impact" by Wil l iam M .  Frank 
n and Myron L. Co r r in .  , -  . . i 

4 
e. Paper  V .  - "Evidence f o r  l lypothes i s  and Proposed Re- 

s e a r c h  Program" by W i l l i a m  M. Gray and W i l l i a n ~  M ,  Frank. 

CONFERENCE PROCEEDINGS AND TALKS 

1. Frank,  W. M.  and W. M. Gray, 1973: C h a r a c t e r i s t i c s  o f  Carbon 
Black as a P o s s i b l e  Large S c a l e  Weather Mod i f i ca t i on  
Agent. Paper  p r e sen t ed  b e f o r e  MIS Eighth  Techn ica l  
Conference on l l u r r i c anes  and T r o p i c a l  Meteorology, May 
14-17, 1973, M i a m i .  F l o r i d a .  

2, Gray, W. M. and S .  L. Rosen tha l ,  1973: Proposed Use of 
Carbon Black as a Hurr icane  Mod i f i ca t i on  Agent. (Paper  
p resen ted  b e f o r e  AMS ~ i g l l t h  T e c l ~ n i c a l  Confercuce on 
Hurr icanes  and T r o p i c a l  Meteorology, May 14-17, 1973, 
Miami, F l o r i d a ) .  

3. Gray, W. N,, and W. PI. Frank,  1973: F e a s i b i l i t y  of Mcso- 
and Synopt ic -sca le  Wea t l ier  Flodtf i c a  t i on  from Carhon 
n l n c k  Dusting. Papcr  rend a t  WIOIIAMAP S c i e n t i f i c  
Conference on Weather Mod i f i ca t i on .  Tashkent ,  Russ i a ,  
Oct.  1-7, 1973. 

4 -  Gray, W .  M . ,  R .  E. Lopez and W. M. F rank ,  1974: Feasibility 
of P r e c i p i t a t i o n  Auy,mcntation by Carbon l l u s t  Sccding.  
Paper npllenring, i n  procccJiny,s o f  tllc WEIO/AP~S In t c rnn -  
t ionnl .  T r o p i c a l  Nctcorology Conference ,  N a i r o b i ,  K e n y a ,  
Jon .  31-1:eb. 6 ,  1974,  18  pp. 

5. E l s b e r r y ,  R . ,  E. Har r i son ,  and  W.  M. Gray, 1974: S imu la t i on  
of Devclopmcnt of t l csosca lc  Convcction Regions by 
A r t i f i c i a l  l lcat  Sources .  Paper  ':?ppc;lriny, i n  t h e  wlO/ 
AMS Interns t i o n a l  T r o p i c a l  Eleteorology Conference.  
N a i r o b i ,  Kenya, J a n .  31-Feb. 6 ,  1974, 6 pp. 



Lew, I hadn't planned t o  say anything, but  I w a s  concerned about t h e  
perspective t h a t  may have been l e f t  by D r .  chamberlain's remarks although 
I c e r t a i n l y  d idn ' t  d isagree  with a th ing he said.  I th ink the re  is. 
however, another perspective t h a t  might be brought t o  bear on t h e  i s s u e  
t h a t  we  a r e  t ry ing  t o  address and I would j u s t  l i k e  t o  throw it out  f o r  
your consideration. I am c e r t a i n l y  no t  t ry ing  t o  sell  t h e  idea but  I 
would be in te res ted  i n  your feedback. The perspective comes from t h e  
environmental s i d e  of things.  

W e  put ,  i n  t h i s  country, severa l  b i l l i o n s  of d o l l a r s  over t h e  l a s t  10 
years  i n t o  environmental research,  p r a c t i c a l l y  a l l  designed t o  control  t h e  
kinds of environmental problems caused by man, po l lu t ion  problems generally. 
It is my hunch, and I could be dead wrong, t h a t  over t h e  next few years  
we  a r e  going t o  l ea rn  that as we br ing a i r  and water po l lu t ion  problems 
more under control ,  t h a t  low and behold we  w i l l  be faced with a whole 
a r ray  of o ther  problems t h a t  a r e  b a s i c a l l y  environmentally caused. We 
a r e  going t o  f ind  t h a t  once we ge t  t o  where we thought w e  were going, 
we a r e  s t i l l  not  going t o  have man comfortably i n t o  a jus taposi t ion  with 
h i s  environment so t h a t  the  q u a l i t y  of l i f e  is  going t o  be what we 
thought i t  would t en  years  ago. We a r e  still  going t o  have hurricanes,  
tornadoes, earthquakes, crowds, those many environmental i s sues  t h a t  
d i r e c t l y  a f f e c t  t h e  q u a l i t y  of man's l i f e .  Now, it t u r n s  ou t  t h a t  t h e r e  
are, it seems t o  m e  anyway, severa l  mi t igat ion devices o r  techniques f o r  
these  many kinds of environmental r i s k s  o r  hazards. W e  can th ink of land 
use  planning, we  can th ink of engineering approaches. One th ing is c l e a r  
it  seems t o  m e  and i t  comes from t h e  energy experience; t h e r e  is  probably 
no panacea. There is  probably no s i n g l e  way t o  get  a t ,  control ,  o r  
mi t iga te  these many environmental r i s k s  o r  hazards t h i s  country faces. It 
would be f o o l i s h  i t  seems t o  me ,  t o  pursue any one course of act ion.  It 
seems t o  m e  t h a t  D r .  Chamberlain is  dead r i g h t ,  t h a t  we a r e  probably not 
going t o ,  through t h e  weather modificat ion route ,  answer a l l  t h e  world's 
food problems, we a r e  not going t o  make a l l  mankind more comfortable with 
h i s  physical  environment, but  w e  a r e  going t o  make a small inroad i n  t h a t  
area.  Inroads i n  say drought reduction,  o r  t h e  many kinds of p o t e n t i a l s  
t h a t  Er ic  Walther and o the rs  have al luded t o  here. I f  we  put t h i s  a c t i v i t y  
t h a t  we a r e  embarked upon here  today i n t o  t h a t  context ,  i n t o  t h e  context 
of making a small s t e p  i n  a b ig  spectrum of a c t i v i t i e s  t o  improve t h e  
q u a l i t y  of l i f e ,  we  may be a l i t t l e  b e t t e r  of f .  

Now I want t o  make one other  point  very quickly, one of t h e  
problems t h a t  D r .  Chamberlain and everybody has al luded t o  i s  t h e  problem 
of a c c e p t a b i l i t y  of weather modification. I have had t h e  g rea t  for tune  i n  
t h e  l a s t  two days of being down a t  NCAR and heard what I considered t o  
beasp lend id  presenta t ion by a representa t ive  of t h e  Universi ty of Colorado. 
The p a r t  t h a t  r e a l l y  captured my imagination was Barbara Farhar's presen- 
t a t ion .  I am going t o  use  some of her  ideas  here concerning what she 
viewed a s  t h e  f i v e  major c h a r a c t e r i s t i c s  of innovation and t h e  adoption 
of innovation. Let m e  j u s t  quickly run through thoee. I submit t h a t  i n  
t h e  repor t  you people a r e  going t o  be working toward you might want t o  
s e r i o u s l y  consider somehow working i n  these  ideas  of t h e  c h a r a c t e r i s t i c s  
of t h e  innovation. The f i r s t  one was the  r e l a t i v e  advancement of t h e  
innovation and i n  t h i s  case where t h e  advantage is: Well, the  question 



is, is i t  b e t t e r  than the  th ing i t  supercedes i n  t h i s  case we a r e  t ry ing  
t o  supercede mother na tu re  and t h e  reason we have got a problem is 
t h a t  occasionally mother nature  is no t  as bount i fu l  o r  perhaps more 
bount i fu l  than we would l i k e  her  t o  be. And so it seems t o  me  t h a t  weather 
modification does o f f e r  some r e l a t i v e  advantages. The second e o i n t  --- 
t h a t  she brought t o  our a t t e n t i o n  was t h e  I s sue  of compatibi l i ty.  
Compatibility i n  terms of t h e  e t h i c s ,  ethos,  morays, and folkways of 
society.  We have a l i t t l e  b i t  of a problem here, we a r e  tampering with 
mother nature. That is  one of t h e  i t e m s  t h a t  should be given some 
thought t o  i f  we a r e  going t o  be e f f e c t i v e  i n  our a c t i v i t y .  
Third i s  complexity, is t h e  technology of innovation understandable. Can 

! I  -., w e  explain it t o  t h e  l e g i s l a t o r s ,  t o  t h e  many people we  have t o  do business 
with, and we have a problem here  too, i t  seems t o  me. Let m e  come back 
t o  compatibi l i ty f o r  a moment. Weather modification is  a l i t t l e  
ind i f fe ren t  here. There a r e  people who a r e  considerably very much i n  
favor of weather modification, i n  favor of t ry ing  t o  see what we can do 
t o  b e t t e r  meet t h e  needs of the  a g r i c u l t u r a l  community through weather 
modification. Fourth point ,  t r i a l a b i l i t y ,  t h e  degree t o  which we can 
t r y  t h e  innovation on a l imi ted  b a s i s  and we do have a problem here. 
 he sca l ing  up problem is se r ious  from labora tory  t o  major f i e l d  
experiments. It i s  one of t h e  d i f f i c u l t i e s  we should keep i n  mind. 
~ i f t h ,  obse rvab i l i ty  is  t h e  i s s u e  of whether o r  not t h e  man on t h e  ground 
can r e a l l y  see t h e  e f f e c t s  of w h a t  you a r e  doing bas ica l ly ,  and o f ten  
again i n  t h e  weather modification business t h a t  is  a problem. So when we 
t h i n k , i t  seems t o  me, about t h e  i s s u e  of accep tab i l i ty ,  i f  we  approach 
i t  on a somewhat scholar ly  b a s i s ,  we may be a b l e  t o  couch our repor t  i n  
terms t h a t  w i l l  enable u s  t o  a t  least see i f  we  can overcome some of these  
is8ues.t :. V a , , -  T - ,  J i , r ,  2lav9' 
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V-12. D. E. SCIILEGEL, CHAIRMAN OF PLANT PATHOLOGY, UNIVERSITY OF CALIFORNIA 

Crop protec t ion is  a general  t e r m  used t o  descr ibe  i n  a broad way 
those a c t i v i t i e s  s p e c i f i c a l l y  designed t o  protec t  crops. Weather a f f e c t s  
crop protec t ion,  consequently, weather modification has se r ious  implica- 
t i o n s  f o r  crop protec t ion systems. To my knowledge t h e r e  have been no 
d i r e c t  s tud ies  on t h i s  in te rac t ion ,  however, the re  is  a considerable volume 
of l i t e r a t u r e  on t h e  e f f e c t s  of environment on t h e  epidemiology and 
ecology of d iseases  and insects .  An example of t h e  concern a g r i c u l t u r i s t s  
have f o r  weather is  seen i n  t h e  September 75 meeting of B r i t i s h  Association 
of Applied Sc ien t i s t s .  The e n t i r e  week long meeting i s  devoted t o  crop- 
weather in ter - re la t ionships .  

Because p a r t i c i p a n t s  i n  t h e  present  workshop represent  a wide 
v a r i e t y  of d i s c i p l i n e s  and the  terminology and jargon of each v a r i e s  
widely, p a r t i c u l a r l y  between t h e  f i e l d s  of meteorology and agr icu l tu re ,  
a few d e f i n i t i o n s  a r e  probably i n  order. 

P lant  pathology is  one of severa l  d i s c i p l i n e s  concerned with p lant  
protect ion.  Other d i s c i p l i n e s  include entomology, nematology, and weed 
science. Plant  pa thologis ts  dea l  with a number of types of organisms 
causing disease ,  e.g. v i ruses ,  fungi ,  bac te r i a ,  mycoplasma, p a r a s i t i c  
p lants ,  etc. The des t ruc t ion  caused by these  organisms, with a few 
exceptions, is  heavily influenced by t h e  environment -- p a r t i c u l a r l y  
moisture. In tegra ted  pes t  management i s  a system of crop protec t ion 
which u t i l i z e s  a l l  poss ib le  ecological  sound con t ro l  procedures t o  keep 
pes t  l e v e l s  a t  o r  below an economic threshold. Pes t i c ides  may be a 
component i n  t h i s  system but they a r e  general ly in tegra ted  with var ious  
environmental, c u l t u r a l ,  and genet ic  manipulations t o  achieve a control .  

Small s h i f t s  i n  micro-climatic condit ions o f t en  determine whether 
o r  not  a s p e c i f i c  pes t  w i l l  become a problem during a p a r t i c u l a r  growing 
season. The general  tendency i s  f o r  pes t  problems t o  increase  with increasing 
humidity, thus t h e  concern f o r  poss ib le  adverse e f f e c t s  of cl imate modi- 
f i c a t i o n  a r e  well  founded. Generally, increases  i n  humidity and temperature 
increase  pes t  a c t i v i t y  but  t h i s  is  no t  universal .  Ef fec t s  w i l l  depend 
upon d i s t r i b u t i o n  of moisture. 

The e f f e c t  of a pes t  may be dramatic o r  so small a s  t o  be d i f f i c u l t  
t o  assess.  Even thosepescs causing minimal damage a r e  l i k e l y  t o  be q u i t e  
important, because they r e s u l t  i n  a s teady o r  cont inual  reduction i n  y ie ld  
or  income. Production c o s t s  do not  dec l ine  with l o s s e s  due t o  pes t s  a s  
most cos t s  a r e  f ixed -- e.g., land preparat ion,  p lant ing,  i r r i g a t i o n ,  
cu l t iva t ing ,  pruning. Costs may even increase  if control  measures f o r  
t h e  pes t  a r e  taken. Thus, a 10% reduction i n  y ie ld  due t o  the  ac t ion  of a 
pa r t i cu la r  pes t  may seem r e l a t i v e l y  inconsequential,  however, i f  production 
c o s t s e q u a l 6 0  t o  80% of t h e  market value of the  commodity t h i s  10% 
represents  25 t o  50% of t h e  n e t  income from t h e  crop. I n  developing 
countr ies  bordering on famine t h e  p e s t s  take  t h e i r  r a t i o n  before t h e  poor 
of t h e  country ge t  t h e i r s .  

P lant  Diseases: A s  mentioned above, p lant  d iseases  a r e  caused by a 
wide v a r i e t y  of microorganisms and vi ruses .  Their mode of a c t i v i t y  and 
t h e  l o s s e s  t h a t  they cause vary widely from d i sease  t o  d i sease  and crop 
t o  crop. In  some cases,  when seeds a r e  planted they r o t  before they 
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germinate. The r e s u l t  is a poor s tand  and reduced y i e ld .  I n  o t h e r  cases ,  
good s t ands  a r e  achieved, bu t  t h e  d i s e a s e  s t r i k e s  dur ing  t h e  growing 
period of t h e  crop. The a f f e c t e d  p l a n t s  may be  reduced i n  v igo r  o r  even 
k i l l e d .  I n  e i t h e r  case ,  t h e  crop y i e l d  is  reduced al though t h e  q u a l i t y  
of t h e  product may remain accep tab le  -- o r  it may be  reduced. I n  o t h e r  
ca ses  d i s e a s e s  s t r i k e  t h e  commodity being grown f o r  sale and cause major 
r educ t ions  i n  q u a l i t y  due e i t h e r  t o  Dhe d i r e c t  d e s t r u c t i o n  of t h e  product ,  
r e d u c t i o n i n q u a l i t y  of t h e  product ,  increased  ha rves t  c o s t s ,  o r  develop- 
ment of t o x i c  materials i n  t h e  food crop. Regardless  of t h e  type  of 
damage, less food and f i b e r  a r e  produced, and t h e r e  is u s u a l l y  a l o s s  
i n  income f o r  t h e  grower. Where t o x i c  compounds develop, t h e r e  i s  a l s o  
a p o t e n t i a l  h e a l t h  hazard t o  t h e  publ ic .  

In sec t s :  I n s e c t s  are recognized as t h e  cause  of crop l o s s e s  by a 
l a r g e r  propor t ion  of t h e  popula t ion  of t h e  world than  o t h e r  pes t s .  
The reason i s  q u i t e  c l e a r .  The i n s e c t s  and t h e  damage they  do can b e  seen 
by t h e  farmers.  Masses of i n s e c t s  feeding  on a l e a f  can be  seen r e a d i l y  
and damage a s soc i a t ed  wi th  t h e  feeding  a c t i o n  is  recognized. An app le  
r i d d l e d  by t h e  larvae of t h e  coddling moth i s  n o t  very  s a l a b l e  i n  com- 
p e t i t i o n  wi th  h igher  q u a l i t y  products.  Few housewives l i k e  t o  f i n d  a corn 
e a r  worm feeding  on an e a r  of corn purchased a t  t h e  market. The gypsy 
moth, and t h e  spruce  bud worm are t h r e a t e n i n g  huge acreages  of f o r e s t  on 
t h e  east coas t .  

Weeds: Weeds cause  hugh l o s s e s  i n  many a g r i c u l t u r a l  systems. Thei r  
p r i n c i p l e  e f f e c t  i s  t o  reduce y i e l d s  through competi t ion f o r  l i g h t ,  
moisture,  and n u t r i e n t s .  Add i t i ona l ly  t hey  can i n t e r f e r e  i n h a r v e s t i n g  
procedures and end up as contaminants,  lowering t h e  grade  of t h e  product. 
Some weeds a r e  p a r a s i t i c  on green p l a n t s  and as such r ep resen t  a d i r e c t  
d r a i n  on t h e  product ion capac i ty  of t h e  crop. Weeds a l s o  s e r v e  as h o s t s  
f o r  many p l a n t  d i s e a s e s  and i n s e c t  spec ies .  I n s e c t  p e s t s  f l o u r i s h  on 
weeds and as t h e  weeds mature and t h e  i n s e c t s  l eave ,  looking f o r  more 
appe t i z ing  surroundings i n  a g r i c u l t u r a l  crops. Some of t h e s e  i n s e c t s  c a r r y  
wi th  them d i seases ,  u s u a l l y  v i r u s e s ,  which may b e  t r ansmi t t ed  t o  crop 
p l an t s .  Other weeds a r e  i n f e c t e d  by d i s e a s e s  which then  spread t o  t h e  
a g r i c u l t u r a l  c rops  i n  t h e  community. 

Nematology: Nematodes a r e  a s e r i o u s  so i lbo rne  p e s t  and a r e  widely 
d i s t r i b u t e d .  They may cause d i r e c t  damage by feeding  on t h e  r o o t  system 
of a p l a n t  and some even t r ansmi t  v i ruses .  They a r e  n o t ,  however, a s  
l i k e l y  t o  b e  inf luenced  by b r i e f  r a i n s  such a s  t h o s e  obtained by weather 
modi f ica t ion  procedures.  

Rodents: Rodents i nc lude  animals  such as gophers,  r a t s ,  s q u i r r e l s ,  
r a b b i t s ,  e t c .  These animals  do t h e i r  damage by k i l l i n g  t h e  p l a n t s  o r  
feeding  on t h e  p l a n t  ma te r i a l .  I n  many a r e a s  of t h e  world, where r i c e  
i s  grown, r a t s  g e t  an  almost unbel ievable  percentage of t h e  crop. I n  
such c o u n t r i e s  a c t i v e  rodent  abatement programs a r e  u s u a l l y  underway. 
It would no t  appear t h a t  t h e s e  p e s t s  would respond s i g n i f i c a n t l y  t o  t h e  
gene ra l ly  smal l  amounts of p r e c i p i t a t i o n  r e l ea sed  i n  weather modi f ica t ion  
procedures. 



Weather Modification i n  Ca l i fo rn ia  

There a r e  a s u b s t a n t i a l  number of weather modification programs 
underway i n  California.  A l l  of these  programs a r e  over mountain a reas  
where t h e  primary goal is t o  increase  spring runoff t o  provide more 
hydroelec t r ic  power and/or more water f o r  use  during t h e  dry  summer months. 
Some summer seeding has been done, but  general ly t h i s  has been i n  t h e  
higher elevations.  

This r a t h e r  unique s i t u a t i o n  i n  Ca l i fo rn ia  minimizes t h e  influence 
of weather modification on p e s t s  because i t  does not bring about sudden 
changes i n  t h e  c l imate  a f f e c t i n g  a g r i c u l t u r a l  crops. Because most seeding 
i s  done during t h e  dormant winter and e a r l y  spr ing months, t h e r e  appears 
t o  be l i t t l e  e f f e c t  even on the  f o r e s t  ecosystem. My f o r e s t  pathology 
f r i e n d s  say, however, t h a t  a s i g n i f i c a n t  increase  i n  summer and f a l l  
moisture could have some very s t r i k i n g  e f f e c t s  on spread of c e r t a i n  f o l i a r  
diseases. They expressed r e a l  concern about t h e  months of September, 
October, and November. However, t h e r e  has been e s s e n t i a l l y  no a c t i v i t y  
i n  those months i n  California.  

The s i t u a t i o n  i n  t h e  corn b e l t  is  l i k e l y  t o  be q u i t e  d i f f e r e n t  from 
t h a t  i n  Cal i fornia .  Each period of r a i n  is  accompanied by a period of very 
high humidity and it is during such periods t h a t  a e r i a l  pathogens r e a l l y  
begin t o  move. Bac te r i a l  and fungal  pathogens move a s  aerosols  i n  t h e  
wind. Cal i fornia  farmers i n s t a l l e d  t h e i r  own weather modification equip- 
ment beginning i n  the  '50's. They turned t o  overhead sp r ink le r  i r r i g a t i o n  
instead of t h e  furrow i r r i g a t i o n  used u n t i l  t h a t  t i m e .  This r esu l t ed  
i n  huge acreages being watered from overhead sp r ink le r s  and t h e  fo l i age  
was w e t  every few days. With t h e  very high temperatures of t h e  a rea  humidities 
i n  t h e  microenvironment a t  p lan t  l e v e l s  soared t o  unprecedented heights. 

The - r e s u l t s  w e r e  predic table  - t h e  d i seases  of t h e  midwest appeared 
everywhere. Angular l ea f  spot  of cotton became very abundant - i t  has 
never been seen before. Cal i fornia  growers had f o r  years  supplied t h e  
dry bean plant ing seed f o r  t h e  country because t h e  hot dry summers pre- 
vented disease  organisms from being established.  With t h e  in t roduct ion 
of t h e  sp r ink le r s  a l l  t h e  d isease  t h a t  had been avoided previously became 
se r ious  problem. 

Weather modificat ion holds broad implicat ions f o r  pes t  con t ro l  
a c t i v i t i e s  i n  addi t ion  t o  t h e  d i r e c t  ac t ion  of moisture and temperature. 
Pes t  management systems involve var ious  types of p e s t i c i d e  appl ica t ions  
and c e r t a i n  of these  can be g r e a t l y  reduced i n  ef fec t iveness  by untimely 
ra ins .  Thus, c lose  coordination i s  needed, Disease and insec t  forecas t ing 
is  r e a l l y  only j u s t  beginning, and i s  t i e d  inex t r i cab ly  with weather and 
weather forecast ing.  To t h e  extent  t h a t  weather modification a c t i v i t i e s  
may change f o r e c a s t s  t h e r e  w i l l  be c o n f l i c t  which w i l l  have t o  be resolved. 
Therefore, i t  is  e s s e n t i a l  t h a t  the re  by a two-way communication between 
t h e  weather modification people, weather fo recas te r s ,  and crop l o s s  
forecas ters .  Temperature i s  t h e  o ther  most c r i t i c a l  environmental f a c t o r ,  
and i f  manipulation of t h i s  f a c t o r  becomes poss ib le ,  t h e  concerns expressed 
above a l s o  apply, 
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Weather Modification i n  Michigan 

After  experiencing severa l  seasons of inadequate p rec ip i t a t ion ,  
farmers i n  th ree  mid-Michigan counties (Gratiot  , I s a b e l l a  , Montcalm) 
formed non-profit corporat ions t o  conduct cloud seeding i n  t h e i r  area.  
Their f i r s t  opera t ional  period w a s  t h e  surmner of 1972. Since t h a t  t i m e  
cloud seeding has spread t o  o ther  a reas  and is  a c t i v e  t h i s  summer i n  
severa l  Michigan counties. 

P r io r  t o  embarking upon a cloud seeding program, many of t h e  
counties approached t h e  Agricul tura l  Experiment S ta t ion  seeking 
information about rainmaking. Although information was l imi ted  and 
our exper t i se  i n  cloud seeding almost non-existent, t h e  extension s t a f f  
welcomed help of any s o r t  t h a t  we  could o f fe r .  We made numerous 
presenta t ions  around t h e  s t a t e  t e l l i n g  of the  v a r i a b i l i t y  of summer 
time r a i n f a l l  and what we knew about current  cloud seeding technology. 

Since a g r i c u l t u r a l  groups were o r i g i n a l l y  responsible f o r  cloud 
seeding re-entering the  s t a t e  and s ince  it represented a p o t e n t i a l l y  
l a r g e  d o l l a r  d ra in  on Michigan's economy, a monitoring and evaluation 
program was i n i t i a t e d  wi th in  t h e  experiment s t a t i o n  under t h e  d i rec t ion  
of t h e  Department of Agr icul tura l  Engineering. Exist ing National 
Weather Service weather s t a t i o n s  were augmented with dense rain-  
gauge networks i n  t h e  areas.  This program has expanded t o  now include 
counties i n s i d e  and outs ide  t h e  t a r g e t  areas.  Computer ana lys i s  of 
a l l  r a i n f a l l  da ta  allows us  t o  keep up wi th  current  conditions. 

Pas t  analyses have been l imi ted  t o  post  mortums of each season's 
r a i n f a l l .  1975 marks the  four th  year of cloud seeding i n  the  o r i g i n a l  
t a r g e t  area. Combining da ta  from a l l  years  should show p r e c i p i t a t i o n  
pa t t e rn  changes due t o  cloud seeding i f  they a r e  present .  

We have examined De t ro i t  radar da ta  f o r  1973. It revealed a 
s i g n i f i c a n t l y  g rea te r  number of r e tu rns  i n i t i a t e d  within the  t a r g e t  area  
than within adjacent  areas. Radar da ta  from other  years w i l l  have t o  
be examined t o  determine i f  indeed cloud seeding was responsible f o r  
t h e  radar  re turns .  

Comparisen of t h e  contrac tors  r epor t s  (I.P. Krick's group) and our 
ana lys i s  revealed a problem with base normals. I n  Michigan t h e  
d i f fe rence  between 1911-1940 and 1940-1969 normal p r e c i p i t a t i o n  amounts 
t o  about l o%,  t h e  same order as  can be a t t r i b u t e d  t o  cloud seeding. 
I f  an ana lys i s  uses "percent of normal" t o  show r a i n f a l l  d i s t r i b u t i o n ,  
the  r e s u l t s  could be misleading t o  a l a y  reader. We a r e  ca re fu l  t o  
caution our extension s t a f f  i n  the  i n t e r p r e t a t i o n  of normals and 
percent of normals and t h e  e f f e c t  of t h e  base period. 

In  depth economic ana lys i s  of weather modification i n  Michigan 
has not been attempted. 



Weather Modification Research 
. I 

I n  t h e  pas t ,  c l imatologis ts  have used the  calendar month t o  break 
down meteorological data. Climatological analyses need t o  be done on 
periods other than a calendar month i n  order t o  account f o r  crop 
growth periods. Ef fec t s  of p r e c i p i t a t i o n  upon crop growth could be 
determined e a s i e r  i f  t h e  data  were ava i l ab le  on shor te r  t i m e  periods 
and combinations of periods. This is  espec ia l ly  important when 
di f ferences  i n  planting and harvest  da tes  a r e  considered. 

Such analyses can a l s o  give some ins igh t  i n t o  locat ion and timing 
of r a i n f a l l  maximums and minimums. Models such a s  those proposed by 
Changnon can then help i d e n t i f y  a r e a s  and time periods where cloud 
seeding may be p r o f i t a b l e  based s o l e l y  upon h i s t o r i c a l  data. 

Ra in fa l l  analyses i n  conjunction with cumulus cloud climatology 
perhaps from radar data  can help separa te  t h e  types of r a i n f a l l ,  causal  
agent, and amounts received i n  an area.  Since each s i t u a t i o n  may 
require  s p e c i f i c  cloud seeding techniques, these  cl imatologies can 
a i d  i n  t h e  design of operat ions i n  s p e c i f i c  areas. 

The cumulus cloud modeling being undertaken by severa l  groups 
needs t o  be encouraged. Much of t h e  r a i n f a l l  during t h e  summer months 
comes from cumulus clouds. Their dynamical and physical  processes 
must be understood before seeding can be a v i a b l e  operation, 

The study of cumulus cloud dynamics can a l s o  lead t o  a b e t t e r  
understanding of plume c h a r a c t e r i s t i c s ,  The controversy between 
ground based and a i r c r a f t  seeding demands an answer. It w i l l  not be 
found u n t i l  some good hard work i s  put i n t o  ground generated plume 
s tudies .  

This leads  then t o  inadvertent  weather modification. Such th ings  
a s  r a i n f a l l  Ph change and v a r i a t i o n  over space need f u r t h e r  study. 
What i s  the  e f f e c t  of dus t  clouds generated i n  farming a c t i v i t i e s  or  
odors released by o ther  a c t i v i t i e s ?  Plume s tud ies  w i l l  a l s o  help  
answer quest ions i n  these  areas.  

The r o l e  of ozone and where i s  it produced comes under t h i s  
heading. Dry bean production i n  Michigan i s  showing t h e  e f f e c t s  of 
ozone damage probably from inadvertent  weather modification. 

Another aspect  of weather i n  Michigan is  sunshine. W e  a r e  
blessed with t h e  Great Lakes on t h r e e  s i d e s  of our s t a t e .  They help 
generate cloud cover t h a t  a t  times we could do without. Studies on 
t h e  d i s s ipa t ion  of s t r a t u s  decks should be undertaken t o  increase 
sunshine during c r i t i c a l  growing periods. 

And f i n a l l y ,  has anyone undertaken an independent study of opera- 
t iona lc loud  seeding p r o j e c t s  t h a t  have been underway f o r  a number of 
years  i n  severa l  areas?  This could be very benef ic ia l  t o  determine i f  
indeed t h e  claims f o r  cloud seeding stand up under ca re fu l  scrutiny.  



ADDITIONAL INPUT 

Weather Modification i n  the  Microclimate 

The preceeding sec t ions  s t r essed  l a r g e  sca le  weather modification 
programs. There a r e ,  however, severa l  types of modification t h a t  need 
t o  be done on a l o c a l  o r  f i e l d  sca le .  Many techniques a r e  already 
thoroughly researched and what i s  needed a r e  sound educational programs 
f o r  farmers demonstrating t h e i r  genef i t s ,  Small annual windbreaks 
would f i t  i n t o  t h i s  category, 

A promising area  i n  need of work i s  heatlmoisture s t r e s s  control  
through m i s t  i r r i g a t i o n .  Some work has s t a r t e d  on orchards and t ruck 
crops with t h e  technique slowly becoming p rac t i ca l .  

.>k?l r t  , < . 

Radiation con t ro l  i n  crop canopies may be a misnomer. We can 
only (prof i tably)  work with what Mother Nature i s  supplying. However, 
crop a rch i t ec tu re  i s  an  important con t ro l  mechanisms a s  i s  crop-soil 
albedo. A r t i f i c i a l  control  of l i g h t  i n  orchards through r e f l e c t o r s  
i s  one p o s s i b i l i t y  of such weather modification. Other high value  
crropscanalso be i d e n t i f i e d  t h a t  could p r o f i t  from l i g h t  modification 
expecia l ly  those crops with c r i t i c a l  l i g h t  needs. 

We must not fo rge t  animals and i n s e c t s  when we d iscuss  weather 
modification. Al ter ing l o c a l  cl imates through crop canopies o r  bui ld ings  
can lead t o  o r  a l l e v i a t e  many stress condit ions f o r  animals and insects .  
Although l o c a l  i n  nature ,  they can be very important. Once again, 
many of t h e  techniques a r e  i n  exis tence  and what is  needed is  education 
t o  see  them implemented. 

I n  t h i s  respect ,  what is needed is  a method of appraising l o c a l  
c l imatological  condit ions so t h a t  on s i te  recornendations can be made 
wtthaminimum of l o c a l  data.  
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MODlFICATION PROGRAM FOR GRATIOT COUNT, MICRZIAN 1972-1975 - 
The Gratiot County dry  navy bean and corn yields appear t o  be i n  

direct  relation t o  the amount of ra infa l l  tha t  they received during the 
l a s t  two weeks of July and the f i r s t  two weeks of August. 

The 1971 season was very dry and the county corn yie ld  was 65.1, 
the bean yields were 9.3 cwt. Many of our farmers asked me t o  look in to  
weather modification. I asked fo r  and received 2 months sabatical leave. 
I traveled t o  areas i n  the U.S.A. tha t  had weather programs and W e d  
with both commercial and government weather people. 

Pk hired the M n g  P. Krick Cb. f o r  the summer of 1972-73-74. lhey 
are under contract again f o r  this sutmner. ?hey provide our fanners with 
-two serpices: 1 )  a weekly weather report and also a long range report f o r  
the ent i re  growing season and 2 )  weather modification program f o r  the 
months of June, July and August. 

How have the farmers l iked the program? They all fee l  tha t  the week- 
ly weather report is very good. Most f ee l  tha t  they get more rain from 
this program (the main disadvantage i s  that  some bean and pickle growers 
fee l  they got too much). 

.. . , . . . .. 
How is the program financed? The farmers have a drive' and t r y  t c  

collect  %# per acre from those that  w i l l  give. The cost runs $L,000.00 
per Township (36 sections ). 

Who controls when you activate the generators? h c h  Rwnship elects  
a director and it takes a 2/3 vote of these directors. 

I don't know. k appeared to  get more rain when the  generators were 
on then the area outside the program. Bzt summer rainfal ls  i n  Gnt ra l  
Hchigan always have been verg spotty. Maybe we were lucky for  three 
years. 

Our crop yields were verg good. Ihe average corn yield i n  Gratiot 
County fo r  the three years was 92.3 bushels, the Sta-te average was 71 
bushels. Again, maybe we were lucky. 

I have a few suggestions : Mbch work needs to  be done on monitoring 
r a i n f a l l  not only on t o t a l  amount of ra infa l l  but maybe more important 
fo r  our area, intensi ty of ra infa l l .  Ole inch of slow, small droplet 
rain can do a l o t  of good, two inches of violent large driving ra in fa l l  
can hurt us. 
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, - -3  lhere should be a large educational program explaining h a t  you can 
and cannot do. When you1 re doing it and what the resul ts  are, People 
should know tha t  erery time they get a ra in  that  it wasn't caused by the 
program. The Agriwlture Wension Service can play a big par t  here. 

I , 
lkather affects  everyone and should be financed and controlled by 

the government with a local appointed board t o  advise on conditions, 
Weather affects vacationers, sports men^ etc. both fram too much ra in  
and too dry. 'Ihe D. N. R and the hpartment of Agriculture should both 
be i n  on this program. 

Qoud Qearing - 
Ik shouldnot stop a t  just rain making. 'Ihe northern Dnited States 

has a short growing season. I& should consider cloud clearing, using 
s i lver  iodized, o r  what ever it takes. Five more sunny days in 
September and early October would save a l o t  of energy in drying corn. 
Soybeans and dry beans would have much better  quality if we could 
harvest them in sunny weather. !this would be a very easy program t o  
s e l l  as everyone wants sunshine. 

I believe the biggest boom to crops fo r  the l a s t  quarter of the 
20th century will be weather modification. - . .  . ._ . . . _ . .  / 



My work i n  weather modif icat ion has involved looking a t  t h e  s c i e n t i f i c  
11. f e a s i b i l i t y  of weather modification. What I ' d  l i k e  t o  t ake  up a s  an agenda 

item wi th  t h i s  group today is what might be c a l l e d  t h e  t r a n s f e r  funct ion  
from t h e  demonstration of t h e  s c i e n t i f i c  f e a s i b i l i t y  t o  how t h e  demonstra- 
t i o n  i s  going t o  be used t o  he lp  wi th  food production. I n  order  t o  do 
t h a t  we have t o  s t a r t  wi th  where we  s tand i n  f e a s i b i l i t y  and not  only 
where we a r e  r i g h t  a t  t h i s  moment but  where w e  a r e  l i k e l y  t o  s tand i n  t h e  
next  f i v e  years  and t h e  next  t e n  years ,  Actual ly I come from what might 
be c a l l e d  t h e  conservat ive  o r  r i g h t  wing por t ion  of t h e  s c i e n t i f i c  community 
and f r ank ly  t h i s  i s  t h e  f i r s t  time I f e e l  t h a t  t h e  f e a s i b i l i t y  demonstration 
i s  f a r  enough along i n  weather modif icat ion so  t h a t  I personal ly  consider  
i t  a worthwhile t o  address  a conference and p a r t i c i p a t e  i n  a conference 
on t h i s  topic .  I do not  sha re  t h e  pess imis t i c  no i ses  t h a t  a r e  fashionable 
t o  be  made i n  many circles about weather modif icat ion today. I th ink  we 
have more reason t o  be  o p t i m i s t i c  today than w e  ever  have had before. 
I would l i k e  t o  s t a r t  wi th  t h e  f e a s i b i l i t y  base l ine  t o  demonstrate t h a t  
and then make suggest ions on how we go on t h e  t r a n s f e r  from f e a s i b i l i t y  
t o  use£ ulness.  

Let u s  consider  t h r e e  a r e a s  of weather modif icat ion which a r e  somewhere 
between demonstrated and hopeful,  a s  f e a s i b i l i t y .  

1. P r e c i p i t a t i o n  augmentation 
2.  Hai l  suppression 
3. Hurricane mi t iga t ion  

I be l i eve  if t h e  experiments t h a t  a r e  on-going and planned and 
hurr icane  mi t iga t ion  a c t u a l l y  f u l f i l l  t h e i r  promise and i t  is  found t h a t  
t h e  d e s t r u c t i v e  e f f e c t s  of hurr icanes  t o  some ex ten t  can be modified -- 
t h i s  can be an  enormous b e n e f i t  t o  food production. One hurr icane  can 
wipe out a whole o r  s e v e r a l  whole crops i n  a key food production area.  
So, al though t h i s  is  not  a demonstrated concept a s  y e t ,  i t  i s  a hopeful 
one and one t h a t  food production people ought t o  keep t h e i r  eyes on. 

Let  u s  move from t h e r e  t o  h a i l  suppression. Hai l  suppression, t h e r e  
has been no conclusive demonstration by a proper ly  con t ro l l ed  s c i e n t i f i c  
experiment t h a t  h a i l  suppression w i l l  work. However, I w i l l  b e t  you a beer  
t h a t  wi th in  t h e  next  f i v e  t o  t e n  yea r s  t h e r e  w i l l  be  such a demonstra- 
t i on .  This  is  a very hopeful a r e a  of weather modif icat ion,  and one i n  
which many promising soundly based ope ra t iona l  programs a r e  underway i n  
seve ra l  p l aces  i n  t h e  world. I am going t o  save p r e c i p i t a t i o n  augmentation 
till l a s t  and say a l i t t l e  b i t  more about h a i l  suppression f i r s t .  Hai l  
suppression has a d i f f e r e n t  charac ter  from most a spec t s  of p r e c i p i t a t i o n  
augmentation because i t  is  used on a f i r e  f i g h t i n g  bas i s .  And we wanted 
t o  d i s t i n g u i s h  between use  on a f i r e  f i g h t i n g  b a s i s  of weather modif icat ion 
and use on a long range bas is .  I n  a h a i l  suppression p ro jec t  people a r e  
l ea rn ing  how t o  i d e n t i f y  h a i l  producing clouds, they have t h e i r  a i r c r a f t  
i n  readiness ,  they run out  and t r e a t  t hese  clouds a s  they a r e  approaching 
these  so c a l l e d  protec ted  a reas ,  and t h e  b e n e f i t s ,  i f  t h e r e  a r e  any 
b e n e f i t s ,  a r e  immediate. I n  p r e c i p i t a t i o n  augmentation we have an 



e n t i r e l y  d i f f e r e n t  s i tua t ion .  I n  most cases  we  have two d i f f e r e n t  
s i t u a t i o n s  which I th ink  we ought t o  d i s t ingu i sh  between i n  t h i s  
conference. One, t h e  f i r e  f i g h t i n g  type of s i t u a t i o n ,  where we may be 
a b l e  t o  do something r i g h t  a t  t h e  t i m e  t h e r e  is  a drought o r  t h e  growing 
season, i s  c r u c i a l  and t h e  farmers need t h e  r a i n ,  we'll t a l k  about t h i s  i n  
a minute. And then t h e  most conclusively soundly demonstrated p r e c i p i t a t i o n  
augmentation experiment's a r e  ones t h a t  a r e  wintertime p r e c i p i t a t i o n  
s i t u a t i o n s ,  wintertime cyclonic storms, i n  I s r a e l  i n  p a r t i c u l a r ,  and i n  
severa l  places i n  t h e  U. S. such a s  Santa Barbara and Aus t ra l i a  where it 
is sound and has been demonstrated conclusively and t h e  r a i n f a l l  can be 
increased something on t h e  order of 15-20% by s c i e n t i f i c a l l y  sound control led  
experiments. However, l e t  m e  use I s r a e l  as an example because I th ink 
t h i s  i s  one place  where they have gone not  only through t h e  successful  
demonstration of t h e  science but  t h e  a c t u a l  app l i ca t ion  t o  t h e  water 
resources i n  t h e  a g r i c u l t u r e  of t h e  country. The seeding has been 
shown over an 11 year period t o  make a 15-20% increase  i n  t h e  winter 
season r a i n f a l l .  The seeding i s  done i n  the  watershed of t h e  main rese rvo i r  
of t h e  country which app l i es  t o  t h e  main aquafer of t h e  country. Hydrologic 
ca lcu la t ions  have been made t h a t  show how much of t h i s  water evaporates, 
how much of it runs o f f ,  how much of i t  becomes useful  t o  food production. 
I was over t h e r e  looking a t  t h i s  experiment a n d i t ' s v e r y  i n t e r e s t i n g  t h a t  
t h e  food production i s  not  j u s t  the  kind of food w e  th ink of i n  crops but  
is a l s o  f i s h  farms. Right off t h e  River Jordan where the  water from 
Lake T iber i s  i s  flowing down t h e  main aquafer, t h e r e  i s  some of t h e  most 
s u c c e s s f u l  f i s h  farms i n  t h e  world which a r e  a l s o  being aided by t h e  demon- 
s t r a t e d  water increase  t o  t h e  water supply of t h e  nation. But t h i s  is  the  
kind of th ing t h a t  r equ i res  planning through a number of centers .  You 
don't  j u s t  s t a r t  screaming when t h e r e  is  a drought, because i n  t h e  dry 
season i n  t h e  summer t h e r e  is no rain.  There have been plans  made t o  
hold t h e  r a i n  from t h e  w e t  season and make i t  ava i l ab le  i n  t h e  dry season. 
Unfortunately i n  many of t h e  successful  p r e c i p i t a t i o n  increase  experiments 
i n  t h i s  country such as t h e  orographic snowpack which i s  another a rea  
where w e  have had conclusively successful  r e s u l t s ,  I am not  su re  whether 
o r  not  the  concrete s t e p s  have been taken t o  t ake  t h e  increased snowpack 
i n  the  winter and somehow see how much of t h i s  can be made ava i l ab le  t o  
food production. How it is t o  be made a v a i l a b l e  t o  food production and 
t h i s  is a top ic  wel l  worth consideration. 

Now, I want t o  conclude b r i e f l y  on t h e  f i r e  f i g h t i n g  aspect.  I 
am not a s  pess imis t ic ,  i n  t h i s  a rea  of weather modificat ion a s  some other  
meteorologists  are.  We had some opportunity t o  bootleg a drought study 
i n  our Flor ida  cumulus program. I bootlegged a s  much of t h i s  a s  I could 
till t h e  management caught up wi th  m e  and we learned very i n t e r e s t i n g  
th ings  about drought. For one thing,  i n  t h e  most severe drought on record 
i n  Florida,  the re  was one day i n  t h r e e  i n  which dynamically seedable 
clouds were ava i l ab le  i n  f a i r l y  s i g n i f i c a n t  quan t i t i e s .  I am not  su re  
t h i s  would be t r u e  i n  o the r  non-tropical places,  but  a t  l e a s t  i n  a key 
watershort a rea  the re  were periods within t h e  most severe drought on record 
when the re  were seedable clouds avai lable .  It was a l s o  i n t e r e s t i n g  t o  
no te  t h a t  t h e  drought was much more pronounced over t h e  land than it 
was over t h e  surrounding water. We had a radar  which made a comparative 
study of t h e  drought condit ions over t h e  land and over t h e  water. There 
was something t h a t  was going on i n  t h e  i n t e r a c t i o n  between t h e  p a r t i c l e s  
and t h e  dynamics t h a t  w a s  aggravating t h e  drought over t h e  land. I 



th ink w e  ought t o  undertake much more ca re fu l  s tud ies  of drought 
because I am op t imis t i c  t h a t  something can be done about it. And I 
th ink Arnett Dennis and h i s  co l l abora te r s  i n  North and South Dakota, 
which i s  the  top ic  I want t o  conclude on, show t h a t  t h e r e  i s  a growing 
season when they made cumulus experiments and ca re fu l ly  s t r a t i f i e d  
t h e  data  so t h a t  they w e r e  working on showering clouds and r e l a t i v e l y  
undisturbed atmospheric conditions. They had something l i k e  a f a c t o r  of 
two o r  th ree  increases  i n  p r e c i p i t a t i o n  and it  was during t h e  c r u c i a l  
t i m e  of year f o r  crops. So I th ink we can both pursue t h e  f i r e  
f i g h t i n g  approach and t h e  s t o r i n g  approach a t  t h e  same time. I hope 
t h a t  w e  can discuss  these  top ics  f u r t h e r  during t h e  coming meeting. 
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v-16. ARNETT DENNIS: PROFESSOR OF ATMOSPHERIC SCIENCE, SOUTH DAKOTA SCHOOL OF 
MINES 

The message I want t o  give t o  t h e  members of t h e  b r ide ' s  family, 
they s i t  on t h e  r i g h t  don't  they? is t h i s .  ~ o n ' t  judge t h e  present  s t a t e  
of weather modification technology by what was published p r io r  t o  1965 
o r  anything t h a t  was done by a d is t inguished panel consis t ing  of people 
over 65 t h a t  was published before 65, because a l l  of that s t u f f  is  out  
of da te  very badly. Not t h e  people, j u s t  what they said.  

The point  is, w e  have now f in ished a second generation of cloud seeding 
experiments i n  which we brought i n ,  i n  a s m a l l  way, and I repeat ,  i n  a 
small way, such techniques a s  da ta  s t r a t i f i c a t i o n ,  proper use  of covar ia te  
analys is ,  t h e  f i r s t  beginnings of computer s imulat ions of experiments 
o r  what we  c a l l  Monte Carlo techniques and very importantly t h e  use of 
cloud models i n  predic t ion of seeding e f fec t s .  D r .  Kessler of t h e  
National Severe Storms Lab put  it b e a u t i f u l l y  a t  t h e  Third Conference 
on Weather Modification when he sa id  "cloud models demonstrate what they 
a r e  supposed t o  demonstrate." So don't buy t h e  cloud models u n c r i t i c a l l y .  
But properly used, t h e  cloud model can help. What a cloud model r e la ted ,  
computer r e l a t e d ,  radar r e la ted ,  experiment does show is t h a t  t h e  c u m l u s  
clouds of t h e  northern Great P la ins  a r e  suscept ib le  t o  modification. 
Some of them a r e  susceptible.  A t  t he  present  time we th ink t h e  clouds 
whichare suscept ib le  e x i s t  i n  the  proper quant i ty  of t i m e  and space 
d i s t r i b u t i o n  t o  permit t h a t  one inch of e x t r a  p r e c i p i t a t i o n  per growing 
season. But f o r  heaven's sake, don't ask i t  t o  be delivered t h e  week t h a t  
t h e  corn t a s s e l s  o r  t h a t  t h e  June bugs come out ,  o r  anything of t h a t  kind. 
W e  a r e  t a lk ing  here  about an i n f a n t  technology. The question i s  not is  
t h i s  a perfected technology, but  is t h i s  in fan t  technology now a t  t h e  
point  where we  can j u s t i f i a b l y  present  it t o  you and say, i s  t h i s  any 
good? Would t h i s  help? I ha te  t h e  word p a l l i a t i v e  because t h a t  seems t o  
play it down too f a r ,  but i s  i t  enough t o  make a r e a l  contr ibut ion?  
My est imate of an e x t r a  inch of growing season r a i n f a l l ,  I am a l i t t l e  
more op t imis t i c  than Joanne, about h a i l  suppression. I th ink there  is  a 
h a i l  suppression e f f e c t  and t h a t  it i s  of t h e  order of 50%. But a s  I say, 
these  a r e  es t imates  which w i l l  be  f u r t h e r  refined.  

We now have an obl igat ion,  having done t h i s  generation of experiments, 
t o  convey t h e  r e s u l t s  t o  you and t h e  users.  W e  a l s o  have t o  convince 
some of our fel low meteorologists  who haven't had time ye t  t o  get  through 
t h e  numbers. It took t e n  years t o  thrash  out what Arizona One and White- 
top had t o  say. And it took t h a t  long on experiments which r e a l l y  d idn ' t  
have very much t o  say. What i s  i t  going t o  take about t h e  current  
generation of experiments o r  the  ones j u s t  passed l i k e  t h e  Florida cumulus, 
some of our work, the  work a t  F lags ta f f ,  I s r a e l ,  Soviet Union, so on. 
The HIFLEX p a r t  of Skywater I predic t  w i l l  not  be t e l l i n g  us anything 
before a t  the  e a r l i e s t  1982-1985. For one th ing,  they haven't f in ished 
the  environmental impact statement. We had t h e  advantage we d idn ' t  have 
t o  wr i t e  one. Of course, we have a lawsui t ,  which i s  something e lse .  
We a r e  going t o  l a y  t h e  numbers out  f o r  you. I w i l l  do it  i n  t h e  working 
session. We a r e  put t ing  them i n  the  August i s sue  of t h e  Journal  of 
Applied Meteorology. And i f  you th ink t h a t  i s  t h e  l a s t  of what you a r e  
going t o  hear about t h e  northern Great Pla ins ,  you're crazy. Because I am 
mfngt-okeep t a lk ing  t o  you u n t i l  you a r e  s i c k  of hearing me. The inch 
of r a i n  is there. What you do with i t  is  your business. 



V-18. EVERETT RICHARDSON, PROFESSOR & ADMINISTRATIVE ENGINEER, CIVIL ENGINEERING, 
COLORADO STATE UNIVERSITY 

Enhancement of Snowpack i n  t h e  Mountain 
Ranges of t h e  West 

I r r i g a t e d  a g r i c u l t u r e ,  i n  deference t o  its c r i t i c s ,  is an important 
aspect  i n  food production of t h e  na t ion  and t o  t h e  economics of t h e  
17 western s t a t e s .  

I r r i g a t i o n  water is i n  shor t  supply i n  most r i v e r  bas ins ,  
p a r t i c u l a r l y  t h e  Colorado River Basin, Rio Grande Basin, Arkansas 
River Basin, P l a t t e  River Basins. Addit ional  water would 
inc rease  production of food and i n  p a r t i c u l a r ,  foods t h a t  have high 
market va lues  such a s  sugar,  c i t r u s ,  and va r ious  vegetables.  Most 
of t h e  water would go t o  t h e  d e s e r t  a r e a  where, wi th  adequate water,  
continuous cropping can be  done, 

The va lue  of t h i s  water ranges from $2.5/acre f o o t  t o  $1001 
a c r e  foo t .  Cloud seeding c o s t s  produces water about $2 t o  $3 per 
a c r e  foot .  

Addit ional  w a t e r  would a l l e v i a t e  t h e  decrease i n  i r r i g a t e d  
acreage t h a t  is p resen t ly  taking p lace  by urbanizat ion.  Every a c r e  
of land t h a t  changes from a g r i c u l t u r e  t o  urban r e q u i r e s  approximately 
t h e  same amount of water a s  one crop of i r r i g a t e d  ag r i cu l tu re .  Thus, 
land  l o s t  from a g r i c u l t u r e  t o  urban a rea  cannot be  replaced,  even 
though land may be ava i l ab le .  

Addit ional  water i s  needed t o  he lp  decrease t h e  s a l i n i t y  of t h e  
stream. This  i s  p a r t i c u l a r l y  t r u e  of t h e  Colorado River. 

Snowpack water is  needed t o  produce t h e  energy needed by 
ag r i cu l tu re .  This  energy can be i n  t h e  form of hydropower. But 
more important ly,  v a s t  amounts of water  a r e  needed f o r  coa l  l i q u i f i c a -  
t i o n  o r  g a s i f i c a t i o n ,  and o i l  sha le  conversion. For example, i t  takes: 

a .  20,000 AF of water f o r  100,000 b a r r e l s  of o i l  from coa l  
b. 10-45,000 AF of water f o r  7 x 1 0 h 3  of gas from coal .  

Snowpack water  is  needed f o r  reclamation of t h e  land t h a t  is 
dis turbed by s t r i p  mining. The water f o r  energy and land reclamation 
i s  and w i l l  be i n  shor t  supply i n  t h e  Colorado, Yellowstone and p a r t s  
of t h e  upper Missouri River Basin. 

These r i v e r  bas ins  -- Colorado, Rio Grande, Arkansas, P l a t t e ,  
Yellowstone and upper Missouri -- can use a l l  t h e  water t h a t  can be 
produced by snowpack augmentation without damaging t h e  ecology 
of t h e  high mountain area.  The snow produced w i l l  increase  f o r e s t  
products a s  an a d d i t i o n a l  by-product i n  add i t ion  t o  hydropower. 

Implementat ion  

P i l o t  programs i n  t h e  S i e r r a  and Rockies have developed the  
technology. The technology i s  ava i l ab le .  Action is needed t o  
implement a l a r g e  s c a l e  program managed and financed by t h e  f e d e r a l  
government. It could be financed by a f e e  on a l l  water d iver ted  f o r  
a g r i c u l t u r e ,  i n d u s t r i a l  o r  domestic use. This f e e  would probably 



b e l e s s t h a n  0.10 c e n t s  pe r  a c r e  f o o t ,  i f  app l i ed  uniformly t o  a l l  
d ive r t ed  water i n  watersheds where augmentation t a k e s  place.  A l l  
u s e r s  would b e n e f i t  -- a l b e i t  some more than  o t h e r s  bu t  by a s ses s ing  
a l l  u s e r s ,  t h e  assessment would be  small, c o s t  of c o l l e c t i o n  small, 
and a sus ta ined  f low of money would be  a v a i l a b l e .  

S tud ie s  need t o  b e  made of where t o  augment, when t o  augment, 
app ropr i a t e  methods f o r  each site,  t h e  environmental impact, p o t e n t i a l  
ga ins  i n  water  and cos t s .  

Addit ional  base l i n e  d a t a  should be c o l l e c t e d  before  and a f t e r  
seeding programs a r e  i n i t i a t e d .  Data needs are stream flow, p r e c i p i t a -  
t i o n ,  water q u a l i t y ,  temperature and s o l a r  r a d i a t i o n .  Mathematical 
models of each watershed should be  developed t o  hold des ign  of 
t h e  weather modi f ica t ion  program and t o  monitor t h e  r e s u l t s .  Pub l i c  
information should be  cont inuous and timely. 
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Weather Modification i n  Nebraska 

R. E. Neild, Professor 
Agricultural  Climatology 

I n s t i t u t e  of Agriculture and Natural Resources 
University of Nebraska, Lincoln 

Large var ia t ion  is a cha rac t e r i s t i c  of Nebraska's climate. Ef for t s  t o  

modify o r  otherwise cope with these weather uncer ta int ies  a r e  t r ad i t i ona l  

a c t i v i t i e s  i n  our agriculture.  W e  are v i t a l l y  in te res ted  i n  any promising 

control  of weather. W e  w i l l  quickly adopt what is pract ical .  F o l l a ~ i n g  is 

a br ie f  review of some of our e f f o r t s  i n  t h i s  regard. 

1. Tree planting. The planting of trees t o  provide shade from the 

hot summer sun and a b a r r i e r  against  cold winter winds was one of t he  f i r s t  

e f f o r t s  i n  modifying ~ e b r a s k a '  s weather. These read i ly  recognized benef i ts ,  

prerequis i te  t o  es tabl ishing homestead claims, continue today. In contras t  

with s t a t e s  t o  the  eas t ,  there  a r e  many more t r e e s  i n  Nebraska now than when 

pioneers f i r s t  entered the  t e r r i t o ry .  

2. So i l  and water conservation. Contour farming, terracing,  s t r i p  

cropping, summer fallow, tree windbreaks, stubble mulching, farm ponds 

and deferred grazing are among the  many maaggement p rac t ices  adapted by 

Nebraskans following the  drought, dust  and depression of the  "dir ty  th i r t i es" .  

Like tree planting, these prac t ices  were sponsored by government, but 

carr ied out by individual farmers. They a l so  are i n  grea t  evidence through- 

out Nebraska today. 

3. I r r igat ion.  Water resource development has had a tremendoue effect 

on our agriculture.  I r r iga ted  acreage increased from 282,000 acres  i n  1930 

t o  4,783,000 acres i n  1974. Two th i rd s  of t h i s  acreage is i r r i ga t ed  by 

wells developed by individual farmers. The e f f e c t  of t h i s  a b i l i t y  t o  apply 

supplemental moisture during periods of c r i t i c a l  need is dramatically seen 

by comparing agr icu l tu ra l  s t a t i e t i c s  for corn during two drought years; 

1934 and 1974. 



Corn ocreo hsrveeted 6,700,000 5,600,000 
Corn bushels harvested 21,400,000 380,8CO,OOO 
Corn bushels per acre  3.2 68.0 

Dry land 1974 Irrigated 1974 

Corn acres harvested 2,550,000 3,050,000 
Corn bushela harvested 66,650,000 341,150,000 
Corn bushels per acre 26.1 103.0 

I r r iga t ion  i n  1974 produced 14 times more corn than was grown i n  1934 

Gn Leas than the acres. During last years' drought, i r r iga ted  corn 

yields were 4 times greater than on dry land acres. These programs are, 

i n  my opinion, prac t ica l  and prwen examples of weather modification. The 

list could be extended t o  Include others. 

4. Cloud seeding. Moisture deficiencies and periodic drought continue 

t o  plague the much larger  area of Nebraska farms and ranches that  is not 

irrigated. The poss ib i l i ty  of improving these conditions through cloud 

seeding naturally is of in te res t .  The following a r e  comments re la t ive  t o  

cloud seeding i n  general and i n  Nebraska specifically.  

A. Implications suggested by the poss ib i l i ty  of increasing r a in  

or  reducing h a i l  by cloud seeding has captured our imaginations. 

B. The desire  f o r  cloud seeding ac t iv i ty  usually is highest i n  

areas naturally deprived of moisture. It becomes part icular ly strong 

during periods of drought. 

C. It has caused a clamor f o r  action before means of control a re  

a prac t ica l  rea l i ty .  

D. In  response to  t h i s  clamor: 

a. Numerous federal  agencies have become involved i n  

uncoordinated and perhaps even competing ac t iv i t i e s .  



b. Legislators have made special appropriations and ins t i tu ted  

other actions i n  hopes of causing more ra in  t o  f a l l  on the i r  s tates .  

c. Private operators have responded t o  the desire fo r  more 

r a i n f a l l  and have conducted seeding operations financed by farmer 

group sign-up. 

5 .  Nebraska is not involved i n  cloud seeding. I am not aware of 

resul t s  from any of the abwe a c t i v i t i e s  tha t  a r e  suff icient ly conclusive 

t o  convince me t o  recommend cloud seeding as  an operation t o  increase agri- 

cul tural  production i n  Nebraska. My colleagues a t  the Insti tute.  of Aeric~~l tuxo  
.e .. r. 

and Natural Resopggsq _fire *gj the same opinion. 
.!:L r;. . j .+ 

f l , f I  

6 .  I wish t o  emphasize, however, ~ebraska ' s  in teres t  , research and 

i n  a l l  forms of weather modification. Cloud seeding as  a research ac t iv i ty  

certainly should continue. The complexity, the scope, the uncertainties 

and the costs of cloud seeding and the possible widespread application of 

resul t s  from a limited number of experimenta&.aites qre among the reasons 

why t h i s  type of weather modification should be through well  planned and 

coordinated federal and regional projects rather than individual s t a t e  

efforts .  
rL., .; 8; : j, ..* r ., , h ' . l , , . r .k .  -. ..l!c, 
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Fig. 3. Cedar Rapids soil-moisture 
profiles at selected dates. 
(After Shaw, et al., 1972) 
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Fig. 5. Ames soil-moisture profiles 
at selected dates. (After 
Shaw et al., 1972) 
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Fig. 4. Doon soil-moisture profiles at 
selected dates. (After Shaw 
et al., 1972) 
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case. To me this would indicate that seeding should probably be considered 
in this area, only if the April 15 moisture were below 60% available. 

At Doon, in extreme northwest Iowa, the driest part of the state, the 
situation is normally quite different. Soil moisture rarely reaches field 
capacity under natural conditions and the difference between an assumed 100% 
start and 60% start on April 15 are quite large (Fig. 7). At Ames, in central 

DOON 

WET CASE 

MEDIUM CASE 

DRY CASE 

n 

Y I ELD. Kg/ha x lo'* 

Figure 7. Distribution of corn yields' predicted from 
moisture stress regression equation, 1951-70. 
(After Zanzalari and Shaw, 1974) 

Iowa, the results are somewhat intermediate but would indicate to me that  
seeding should probably be done only for a low soil moisture situation. 
Once the crops are in, and if the moisture is still low, seeding operations 
would have a better chance of being economically beneficial. 



The next one i s  t h a t  v a r i a b l e  c o s t s  t o  f ixed cos t s  a r e  very high r a t i o  
and t h i s  is  an advantage. It i s  a p a r t i c u l a r  advantage when you con t ras t  
i t  with o the r  methods of water resource management such as dam bui ld ing 
which involves long lead t i m e s ,  tremendous investments, a f ixed plant  
t h a t  sits the re  and you can ' t  ge t  r i d  of i t  even i f  you wanted t o  shor t  
of blowing t h e  th ing up. Weather modification, on t h e  o the r  hand i s  a 
very f a s t  response thing. Joanne mentioned f i r e  f i g h t i n g  and I th ink t h i s  
p a r t i c u l a r  economic c h a r a c t e r i s t i c  of weather modification makes it  i d e a l  
f o r  t h a t  providing t h a t  it is  physica l ly  e f fec t ive .  

High r a t i o  of evaluation c o s t s  t o  operat ing c o s t s  and t h i s  means t h a t  a 
l o t  of programs a r e  j u s t  not  going t o  put up t h e  money t o  do a good 
evaluation. W e  have a l l  seen that .  A l o t  of marginal programs a r e  going 
t o  e x i s t  because it  is very expensive t o  evaluate  properly. 

Vis ib le  apparatus. We a l l  know what t h a t  means. The planes a r e  f ly ing  
around. The radar ' s  working. A l l  t hese  th ings  a r e  very v i s i b l e .  
This is  good because it  means t h a t  p o l i t i c i a n s  even i f  they want t o  can' t  
keep the  th ing a s e c r e t  from t h e  public. On t h e  o the r  hand, the re  may 
be cases where it is p o l i t i c a l l y  poss ib le  t o  appeal t o  weather modification 
i n  a c r i s i s  s i t u a t i o n  simply t o  show t h e  public t h a t  you a r e  doing some- 
thing. Whether it is good, bad, o r  i n d i f f e r e n t ,  you a r e  doing something. 
And I th ink thg t ,_ i s  something t h a t  has t o  be watched. 

e ' ,:to 1 
Next one is t h a t  weather modification w i l l  not  be a b l e  i n  t h e  
foreseeable  f u t u r e  t o  e l iminate  r i s k  t o  t h e  individual  farmer. And t h a t  
implies t h a t  a successful  program is going t o  have t o  opera te  on the  long 
run I th ink on a b a s i s  something l i k e  t h e  low b e l t  tobacco farmer's 
cooperative where you combine insurance with modification. So t h a t  t h e  
guy who s t i l l  g e t s  wiped ou t  i n s p i t e  of t h e  f a c t  t h a t  modification reduced 
t h e  mean l e v e l  of damage i s  going t o  be supportive of t h e  program. 

Next thing i t  e x p l o i t s  a common property resource and t h a t  implies a 
l a r g e  p o t e n t i a l  f o r  c o n f l i c t ,  f o r  over u t i l i z a t i o n  and so fo r th .  We a r e  
i n  the  robbing Peter  t o  pay Paul th ing here. And t h e  f a c t  t h a t  while 
seven s t a t e s  have s t a t u t e s  t h a t  l a y  claim t o  a l l  t h e  water above t h e i r  
borders, t h a t  i t  is  t h e i r  cloud, nobody has been a b l e  t o  f i g u r e  out how 
to-opera t ional ly  implement t h a t  law. 

* I L ~  

Next one p o t e n t i a l l y  l a r g e  ex te rna l  e f f e c t s  which imply t h a t  people have 
t o  get  together in order t o  keep an opera t ional  program going. It is  
expensive t o  get  together and t o  agree and t h e  p r i v a t e  market is  not  
going t o  be a b l e  t o  handle t h i s .  

And the  l a s t  one, r e v e r s a b i l i t y  of environmental e f f e c t  and t h a t  of 
course is  a b i g  advantage. I th ink most of us  here  would agree. It is  
hard t o  see  where you a r e  going t o  do any permanent damage t o  t h e  
ecology once you shut  off  a cloud seeding program. It may take  a l i t t l e  

\while f o r t h e  synoptic s c a l e  events t o  go back t o  where they were before,  
but very few of us would expect t h a t  they wouldn't r e tu rn  t o  previously 
normal conditions. And with respect  t o  environmental damage, I agree 
with those preceeding m e  who sa id  t h a t  t h i s  needs more a t t en t ion .  I 
want t o  remind you t h a t  we should be humble about t h e  f a c t  t h a t  our 
advanced technology proud a s  we a r e  of i t ,  has not  benef i t t ed  everybody 
i n  t h i s  society.  I 



V-23. CHARLES HOSLER*, DEAN, COLLEGE OF EAIZTII & MIN.  RESOURCES, PENNSYLVANIA 
STATE UNIVERSITY 

The obvious advantages of p r e c i p i t a t i o n  control ,  i f  i t  can be - 

managed i n  a predic table  manner, w i l l  undoubtedly be w e l l  covered 
by other  par t ic ipants .  I would, therefore ,  l i k e  t o  mention a few 
other  a reas  of weather and c l imate  con t ro l  not  a s  frequently discussed 
but  of perhaps equal importance. 

P lan t s  grow i n  a microclimate which i n  p a r t  they themselves 
control .  The microclimate not  only controls  environmental f a c t o r s  
a f f e c t i n g  production such a s  temperature, and hence growth, but  it  
a l s o  controls  t h e  development of p lan t  d i sease  and insects .  E f f o r t s  
have been made t o  determine t o  what extent  manipulation of t h e  micro- 
cl imate by control led  grazing, combinations of pas ture  grasses ,  e t c . ,  
might be used t o  control  p e s t s  and disease.  I am not awave, however, 
t h a t  t h i s  has received t h e  a t t e n t i o n  which might be deserved i n  
a g r i c u l t u r e  i n  general.  Perhaps a g r i c u l t u r a l  p a r t i c i p a n t s  can ela-  
bora te  on t h i s  point.  Factors such a s  spacing of crops o r  combination 
of crops have e f f e c t s  not  only on condit ions which bear upon disease  
o r  p a r a s i t e s  but  a l s o  upon t h e  extremes of temperature, humidity, 
s t r e s s  due t o  evapotranspirat ion,  etc. which d i r e c t l y  a f f e c t  p lan t  
development o r  survival .  The e f f e c t  of an e a r l y  o r  l a t e  f r o s t  o r  
f reeze  may w e l l  be s i g n i f i c a n t l y  changed by such microclimatic manipula- 
t ion.  Growing seasons might be extended by some b e t t e r  knowledge of 
the  degree of manipulation of p lan t  temperatures poss ib le  and what 
t h i s  would do i n  a given climate. Modification of t h e  microclimate 
would appear t o  deserve in tense  inves t igat ion.  

Also, control  of cloudiness both day and night  t o  e f f e c t  
temperature extremes is not  beyond reason. A day o r  two of sunshine 
on a vineyard i n  September, achieved by d i s s i p a t i n g  stratocumulus 
clouds which occur i n  a cold outbreak i n  f a l l  could enhance sugar 
product ion i n  t h e  grapes. 

Agr icul tura l  and f o r e s t  hydrologis ts  a r e  w e l l  aware of t h e  e f f e c t  
of crop densi ty ,  spacing and character  on water r e ten t ion  i n  t h e  s o i l .  

Some time ago I proposed a method of water s torage  which has yet  
t o  be t r i e d .  I n  t h e  northern t ier of s t a t e s  and i n  hj-gher e levat ions ,  
it would be poss ib le  t o  spray water i n  t h e  winter time over a l a r g e  
a rea  t o  produce a layer  of i c e  up t o  severa l  hundred f e e t  thick.  
I n  t h i s  way, without building a containment s t r u c t u r e ,  l a r g e  q u a n t i t i e s  
of water can be s tored and would automatical ly be slowly released during 
t h e  h o t t e s t  period of t h e  year. This presumes t h a t  water i s  ava i l ab le  
i n  winter which would otherwise run off and be l o s t  t o  t h e  region 
and t h a t  unused land i s  ava i l ab le  f o r  storage. During years of 
abundant water i n  winter ,  enough water can be s tored t o  l a s t  beyond 
the  next summer. The same i c e  can be used f o r  cooling t h e  c i r c u l a t i n g  
water from a power p lan t ,  i f  des i red ,  and then the  m e l t  used f o r  
i r r i g a t i o n .  I have done ca lcu la t ions  on the  f e a s i b i l i t y  of t h i s  and 
i t  would seem t o  be q u i t e  a reasonable e n t e r p r i s e  although i t  is  
perhaps too unconventional f o r  most people t o  take  ser ious ly .  



V - 2 4 .  BRUCE CURRY: DEPT . OF AGRICULTURAL ENGINEERING, OHIO AGRICULTURAL 
RESWCH AND DEVELOPMENT CENTER . . 

So many th ings  have a l ready been sa id  t h a t  I j u s t  have a point  o r  two. 
Things t h a t  may have been a l ready sa id  but  a r e  worth r e i t e r a t i n g .  

Being i n  Ohio and i n  t h e  eas te rn  por t ion  I am downwind of much of the  
a c t i v i t y  which has been discussed here. That is  of considerable concern t o  
us, That is the  f i r s t  point.  

The second is  t h a t  we do already a l o t  of weather modification i n  the  
humid area  a s  w e  manage our crop systems. W e  don't c a l l  it weather modification, 
we c a l l  i t  environmental control .  

Thirdly, I would l i k e  t o  urge us,  a s  we  a r e  considering t h e  d i f f e r e n t  
a spec t s  here, t o  t a l k  not only of t h e  eu-ranomicaspects and b e n e f i t s  but a l s o  t o  
consider t h a t  i n  t h i s  day and age we must consider a l s o  the  energy ef f ic iency,  
I ' v e  heard very l i t t l e  sa id  today about energy e f f i c iency  of various weather 
modification techniques. 

A s  we move t o  t h e  e a s t  i n  t h i s  discussion,  w e  have more people, a more 
populous area. Thus, we have more heterogeneousness i n  terms of a c t i v i t y  i n  
both a g r i c u l t u r a l  and non-agricultural  sec to r s ,  Therefore, t h e  in te rac t ions  
of weather modification wi th  man's a c t i v i t i e s  becomes more complex. The 
point  w a s  f a i r l y  w e l l  s a i d  a l i t t l e  b i t  ago. The s i t u a t i o n  is  simpler fo r  a 
mono-culture. I n  Ohio w e  have anything but  a mono-culture. 

My l a s t  point  i s  t h a t  I hope t h a t  simulation techniques w i l l  be emphasized 
a s  a t o o l  f o r  any reseatch  proposed. I th ink such techniques a r e  coming 
of age and have a s i g n i f i c a n t  r o l e  t o  play a s  a t o o l  i n  such research 
programs. I 



A dozen years  ago four southwest North Dakota counties and then 7 
e lec ted  t o  form weather modificat ion associa t ions  and those assoc ia t ions  
h i red  some par ty  and then p a r t i e s  t o  attempt t o  reduce h a i l  damage and 
then t o  increase r a i n f a l l  through cloud seeding. About four years ago 
t h e  Bureau of Reclamation supported a study by an i n t e r d i s c i p l i n a r y  
team a t  North Dakota S t a t e  which was aimed t o  come up wi th  a quick and 
d i r t y  est imate of t h e  impact of weather modification upon t h e  economy of 
t h e  s t a t e  which is  b a s i c a l l y  agr icul ture .  Now t h i s  s tudy a f t e r  th ree  
years  bas ica l ly  showed t h a t  an add i t iona l  inch of growing season r a i a f a l l  
was best.  An add i t iona l  inch of water i n  t h e  s t a t e  of North Dakota, 
r a i n f a l l  o r  otherwise conver ts , to  about 2-112 bushels of wheat, o r  about 
100-150 lbs.  of hay per acre. The economists, t h e  a g r i c u l t u r a l  economists 
i n  our p ro jec t ,  even went as f a r  a s  converting t h e  f i g u r e  t o  $300,000,000 
per inch of add i t iona l  water, i n  t h a t  r epor t  we  s a i d  that add i t iona l  
growing season r a i n f a l l .  One th ing was q u i t e  f n t e r s t i n g  a t  t h e  time 
t h i s  r epor t  came out. The i r r i g a t i o n  equipment supp l ie r s  i n  t h e  s t a t e  
us-d our repor t  and s a i d  l e t  us  g e t  you t h e  add i t iona l  inch of r a i n  t h a t  
converts  t o  $300,000,000/year. You should see the  advertisements i n  
some of the  farm magazines. 

In  my mind, t h e  most s i g n i f i c a n t  consequence i n  t h i s  study f o r  t h e  Bureau 
w a s  t h e  development of a s tatewide publ ic  educational  program on t h e  
technology of weather modification and on t h e  probably impact t h a t  i t  
could have i n  t h e  s t a t e ,  which was r a t h e r  successful .  This publ ic  educa- 
t i o n a l  program w a s  r a t h e r  successful .  1Je were invi ted  t o  go out  i n t o  
towm meetings and t e l l  them about how weather modification is  done. And 
t h e n  the  a g r i c u l t u r a l  economists, who were quick t o  follow, t h a t  t h i s  would 
mean an add i t iona l  2-112' bushels of wheat per  acre. It is not  su rpr i s ing  
t h a t  a f t e r  a f u l l  summer of town meetings, p ress  c l ippings ,  unso l i c i t ed  
t v  and rad io  interviews,  almost twenty of t h e  53 counties i n  t h e  s t a t e  have 
e i t h e r  aweather  modification assoc ia t ion  o r  something else which w e r e  
prepared t o  h i r e  someone t o  seed some clouds. We made su re  t h a t  i n  thes  
these  town meetings, w e  pointed out  t h e  controversies,  t h e  uncer ta in t i e s ,  
t h a t  s t i l l  e x i s t  but t h e  farmer very understandably took i t  t h i s  way. 
Even a 30% chance of success 2-112 bulacre of benef i t  agains t  a dime per 
acre  cos t  i s  too much t o  ignore. Furthermore, e a r l i e r  t h i s  year,  our 
state l e g i s l a t o r s  passed a b i l l  which b a s i c a l l y  pledges f i n a n c i a l  support 
on a matching b a s i s  t o  count ies  which decide t o  have an opera t ional  
program, overseen by a state weather modification board which is  a l s o  
created by t h e  b i l l .  

So much has been sa id  about world food supply and weather modification, so 
much has been sa id  abour research and weather modificatfon i n  North 
Dakota, so much has been sa id  about t h e  b ig  i t e m s .  Let me come t o  t h e  
t r i v i a l  i t e m s  t h a t  I was r e f e r r i n g  to. Let me s t r e s s  i t  t h i s  way. L e t  m e  
r e c r e a t e  a conversation I had with a couple of farmers where the re  was an 
approved weather modification program. This farmer on behalf of o ther  
farmers i n  t h e  county offered us,  t h e  Universi ty,  $3,000 t o  evaluate f o r  
&hemwhether or  not  the  program is  working. It was most d i f f i c u l t  t o  
t e l l  him t h a t  t h e  money was insuf f i c ien t .  W e  came up with an a l i b i .  So 
then he sa id ,  wel l  i f  you cannot do it,  how about t h e  s t a t e ?  How about 
t h e  federa l  government? How about a na t iona l  program of evaluation of 
these  things t h a t  a r e  now going on? And I sa id ,  "Yeah, how about tha t?"  



When i t  comes t o  t h e  weather o r  t h e  environment of p lan t s ,  I th ink we 
a l l  agree t h a t  temperature and water a r e  of major importance. Radiation 
has been mentioned today and it has d i r e c t  e f f e c t s  on photosynthesis and 
i n d i r e c t  e f f e c t s  on evaporation o r  t r ansp i ra t ion ,  but  a s  Bob Shaw w a s  
pointing out ,  the re  i s  ample evidence accumulating t h a t  i n  terms of 
photosynthesis,  r i g h t  now t h e  p lan t s  we have a r e  r e a l l y  not  using t h e i r  
f u l l  photosynthetic capacity anyway. Often t h i s  is  because of temperature 
and water l imi ta t ions .  Actually i n  terms of types of modificat ion 
such a s  i r r i g a t i o n  o r  p r e c i p i t a t i o n  modification, o r  canopy micro-climate 
modification, water appears t o  be t h e  e a s i e r  t o  modify. We e i t h e r  have too 
much o r  too l i t t l e  most of t h e  t i m e .  It is  t h e  too l i t t l e  p a r t  which r e a l l y  
influences y ie ld  because i f  w e  g e t  too l i t t l e  it does prevent t h e  C02 
uptake and without t h a t  you don't g e t  any production. But t h e r e  a r e  o ther  
things t h a t  come on a t  water de f ic ienc ies  within t h e  p lan t  much e a r l i e r  
than t h a t  which s tops  photosynthesis,  and which a l s o  influence growth i n  
some crops; not  a l l ,  but some. We need t o  l e a r n  more about these  processes 
within t h e  crops t o  r e a l l y  say what water w i l l  do. 

I .  > 3 l 

F. H. King, t h e  f i r s t  a g r i c u l t u r a l  phys ic i s t  i n  t h e  U. S. a t  t h e  tu rn  
of t h e  century, pointed out  a t  t h a t  time t h a t  it  w a s  r a r e  i n  t h e  humid 
regions t h a t  t h e r e  was land o r  crops i n  any year t h a t  did not s u f f e r  from 
a deficiency of water t o  reduce y i e l d s  i n  some way, t o  some extent .  It 
would be very r a r e  i f  t h i s  were not  t rue .  H e  recommended supplemental 
i r r i g a t i o n  ins tead of weather modification, but  he was a t  it way back i n  
the  time when t h a t  was h e r e t i c a l  t o  th ink  of supplemental i r r i g a t i o n .  
Here i n  Colorado two gentlemen by t h e  names of Briggs and Schantz very 
ea r ly ,  though i t  was incomplete, gave t h e  s t a r t i n g  c lue  a s  t o  how water 
r e la ted  t o  y ie ld .  Their work has been updated a l i t t l e  b i t ,  but  it is  kind 
of humbling t o  see  how l i t t l e  we  have come s ince  those two o r  t h r e e  e a r l y  
men. A t  t h e  same t i m e ,  I do want t o  say t h a t  an extension of Briggs's 
and Schantz's work does show a very i n t e r e s t i n g  thing and t h i s  i s  t h e  one point 
I would r e a l l y  l i k e  t o  make t o  you today. That is  t h a t  when you a r e  ta lk ing 
about modification, when you go i n  t h e  humid regions and t h e  sub-humid, 
you ge t  f a r  more out  of an inch of water than you do here  i n  a r i d  regions. 
It is a b e t t e r  inch of water when you get  i t  i n  humid regions,  and the re  is 
already a l o t  of water t o  i r r i g a t e  with when you a r e  d e f i c i e n t  of water. 
This is something t h a t  people simply do not seem t o  keep i n  mind very o f ten  
about water. So i f  I were t o  t a l k  about t h e  economy of i r r i g a t i o n  or  
weather modification, I would say go East young man, go East: 



V-27 Agricultural Applications for Weather Modification 

James G. Ross, South Dakota State University 

Historically the chief limiting factor for crop production in South 

Dakota has been available moisture. Consequently, there was an early 

interest in the application of cloud seeding technology ever since Langmiur 

and Schaefer first demonstrated an ability to modify clouds. Preliminary 

researches aimed at expldring this technology were carried out at South 

Dakota State Univerbsity in the 1950's. Intensified researches at the 

Institute of Atmospheric Sciences after its establishment in 1959 have applied 

modern techniques to the problems. Schleusener (Dennis -- et al., 1974) 

indicated that the objectives of the institute were the development of means 

to increase rainfall and suppress hail in the northern Great Plains region and 

to assist in the development of operationa.1 projects. These objectives were 

pursued through theoretical and laboratory studies as well as randomized 

field experiments. 

The following is taken directly From the final report under contract 

no. 14-06-D-6796 (Bureau of Reclamation) made by Dennis -- et al. (1974). 

"INTROGUCTION AND SUMMARY OF ACCOMPLISHMENTS 

1.1 Overview of Precipitation Management Concepts 

Much of ,the g~?owing season rainfall in the northern Great Plains falls 

from cumulus and cumulonimbus clouds, which occur either individually or in 

organized groups (Fig l.la). The precipitation efficiency of these clouds is 

often small, meaning that only a small fraction of the condensed water falls 

to the ground as precipitation. The remainder is lost by evaporation around 

the edges of t h e  cloud or blown downwind in the form of a large anvil cloud 

shearin!: off from thc cloud top. 



Nearly a l l  of  t h e  p r e c i p i t a t i o n  which reaches t h e  ground i n  t h e  summer 

over  t h e  nor thern  Great P l a i n s  is formed by t h e  acc re t ion  process,  i n  which 

l a r g e  p a r t i c l e s  fa l . l ing  wi th in  a cloud sweep up t h e  smal ler  cloud d rop le t s .  

The f a l l i n g  p a r t i c l e s  a r e  c a l l e d  p r e c i p i t a t i o n  embryos. Some embryos a r e  

l i q u i d  d r o p l e t s  formed around unusual ly l a r g e  cloud condensation n u c l e i  o r  

by chance c o l l i s i o n s  among ordinary  cloud d r o p l e t s ;  o t h e r s  a r e  i c e  p a r t i c l e s  

formed a s  t h e  r e s u l t  of  condensat ional  growth around i c e  n u c l e i  o r  frozen 

cloud d r o p l e t s .  - 1  ' -  

:I 

One of  t h e  s imples t  concepts of  cloud seeding is t h e  in t roduc t ion  of 

a r t i f i c i a l  embryos t o  has ten  t h e  formation of  p r e c i p i t a t i o n  i n  new cloud 

towers. The a r t i f i c i a l  embryos may be l a r g e  hygroscopic p a r t i c l e s  (Fig.  l . l b )  

o r  i c e  p a r t i c l e s  formed around a r t i f i c i a l  i c e  n u c l e i ,  such a s  s i l v e r  iodide  

c r y s t a l s  (F ig .  1 . 1 ~ ) .  The commercial seeding programs i n  t h e  Great P l a i n s  i n  

t h e  1950's gene ra l ly  involved s i l v e r  iod ide  seeding from ground genera tors  

with a view toward production of a r t i f i c a l  frozen p r e c i p i t a t i o n  embryos. 

Cloud seeding techniques have a l s o  been used i n  a t tempts  t o  suppress 

h a i l .  The concepts involved he re  a r e  t h a t :  

1. Glacia t ion  of t h e  cloud water  w i l l  reduce l i q u i d  water  concent ra t ions  

i n  supercooled r eg ions ,  thereby slowing t h e  h a i l s t o n e  growth r a t e s ;  and 

2. Some of t h e  f rozen p a r t i c l e s  become a d d i t i o n a l  competing h a i l s t o n e  

embryos. Assuming t h a t  t h e  t o t a l  supply of supercooled water  

a v a i l a b l e  i n  a cloud is f i x e d  and i s  a ' l imi t ing  f a c t o r  i n  determining 

f i n a l  h a i l s t o n e  s i z e ,  t h i s  e f f e c t  could reduce h a i l s t o n e  s i z c .  

Evolving understanding of  t h e  dynamics of cumulus clouds and of t h e  

microphysical  processes wi th in  them over  t h e  l a s t  20 yea r s  has  shown t h a t  the  

t o t a l  r a i n f a l l  production from a convect ive cloud depends upon many i n t e r a c t i n g  

f a c t o r s ,  notably ,  t h e  c loud ' s  s i z e .  A t  t h e  same time, evidence has been 



' 1 .  
(STATIC EFFECT) (DYNAMIC EFFECT') 
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Fig. 1.1 Zlementary seeding concepts applied to typ ica l  ciinulus c l m d  
of the northern Great 2 l s i n s .  

4 1  , * 1 . ,rr  



accumulating t h a t  seeding can affect not  only t h e  p r e c i p i t a t i o n  formation 

processes but  a l s o  t h e  cloud dynamics (Fig.  l . l d ) .  The concept of dynamic 

seeding o f f e r s  much g r e a t e r  promise f o r  success fu l  weather modificat ion programs 

than t h e  mere llmilkingll of  e x i s t i n g  water suppl ies  s to red  i n  t h e  clouds. For 

example, small  cumulus clouds have a very low p r e c i p i t a t i o n  e f f i c iency ,  zero 

i n  t h e  case of f a i r  weather cumulus. If seeding could induce t h e  growth of 

one cumulonimbus cloud ins tead  of s e v e r a l  i s o l a t e d  fair-weather cumulus, a 

s u b s t a n t i a l  shower might be r e a l i z e d  where none would occur otherwise and 

without any o v e r a l l  increase  i n  t h e  t o t a l  amount of water vapor condensed i n t o  - --- --- 
cloud d rop le t s .  

A s  we s h a l l  see  i n  Section 2 below, t h e  t o t a l  r a i n f a l l  i n  a region is  

influenced s t rong ly  by moisture supply, atmospheric s t a b i l i t y ,  topographic 

f e a t u r e s ,  and t h e  l a r g e r  s c a l e  wind f i e l d s .  The developing cumulus clouds 

i n t e r a c t  with one another and with t h e i r  environment, including t h e  topographic 

f e a t u r e s  and t h e  l a r g e r  s c a l e  wind f i e l d s .  Although seeding t o  d e l i b e r a t e l y  

a l t e r  those  i n t e r a c t i o n s  is sca rce ly  more than a promising idea  a t  t h i s  time, 

it may be t h a t  weather modificat ion programs i n  t h e  f u t u r e  w i l l  involve de l ibe ra te  

at tempts t o  i n i t i a t e ,  slow down, speed up, i n t e n s i f y ,  o r  weaken t h e  l a r g e r  

s c a l e  systems i n  which much of t h e  cumulus a c t i v i t y  occurs. 

1.2 Summary of Accomplishments 

A s  noted i n  t h e  Foreword, t h e  I n s t i t u t e ' s  research program, which began 

i n  a small way i n  1 9 6 2 ,  has been aimed a t  t h e  development of weather modification 

techniques appl icable  t o  t h e  convective clouds of t h e  northern Great Pla ins .  

The r e s u l t s  obtained from our randomized f i e l d  experiments (Fig.  1 . 2 )  supported 

by numerical cloud modeling s t u d i e s  and labora tory  s t u d i e s  of seeding agents 

have es tab l i shed  the  r e a l i t y  of t h e  b a s i c  concepts of p r e c i p i ~ a t ~ o n  managqment 

mentioned i n  Section 1.1. This is not t o  say t h a t  t h e  concepts are appl icable  



Fig. 1.2 
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Locations of r a n d o ~ i z e d  field experixents conducted by t h e  
I n s t i t u t e  u d e r  P ro jec t  Skywater. , 



in all clouds. A given concept Ps applicable to some clouds and not to 
1 

others. Some clouds do not respond to any seeding techniques used so far. 

llowever, a sufficient number of the convective clouds over the northern Great 

Plains are susceptible to artifical modification for rainfall stimulation to 

justify limited operational programs at this time, even while research continues 

into the more advanced techniques involving cloud groups and systems extending 

over larger areas. I *  
I 

The large scale operational weather modification program started by the 
I 

State of South Dakota in 1972 implies that the basic objectives of the 

Institute's research program (Schleusener, 1966) have been reached. Specifically, 

1. It has been established that some of the convective clouds which 

occur over the northern Great Plains during the summer months 

yield increased rainfall when seeded with silver iodide. The 

potential rainfall increases average 25 to 50 mm (1 to 2 inches) 

per growing season, or about 10 to 20% of the seasonal normal. 

2. Rules have been developed which permit the identification of those 

clouds most likely to yield rainfall increases from seeding. While 

optimum results require radiosonde data and a compute to run cloud 

models, useful distinctions are possible on the basis of more 

elementary considerations such as cloud top temperatures. 

3 .  Hail data collected on our projects show that hailfalls from 

seeded storms have been less severe than those from unseeded storms. 

Although the differences for individual projects are of marginal 

statistical significance, at best, the consistency of results over 

many project seasons suggests some physical effect. 

4. Burning a solution of silver iodide and ammonium iodide in acetone 

generators on aircraft operating in updrafts below cloud base has 
I 



been shown t o  be a good and economical method of  d e l i v e r i n g  i c e  
I 1'1 

n u c l e i  t o  convect ive clouds.  
,., , * j 3  .E ,.,I 

5. The r e s u l t s  of  ou r  r e sea rch  experiments us ing  s i l v e r  iodide  a s  a 
8 2 I q+- 

seeding agent were communicated t o  t h e  South Dakota Weather 
i- ;pi 

Modification Commission and t o  agencies  of t h e  s t a t e s  of North 
- . a  '-30 

Dakota, Montana, Nebraska, and Kansas. On t h e  b a s i s  o f  t h e s e  
- :a 

r e s u l t s  and on t h e  assumption t h a t  they  could be ex t rapo la t ed  

t o  l a r g e r  a r e a s ,  t h e  S t a t e  of South Dakota embarked on an ope ra t iona l  

seeding program i n  1972 which has  now been enlarged t o  cover about 

two-thirds of t h e  S t a t e ' s  67 count ies .  Weather Modification 
1- , 6 , * iP 5: - , * s L J A  : I L " '  : .31~5d 

Author i t i e s  have been s e t  up t o  cover 22 of  North Dakota's 45 
1 L. 

coun t i e s ,  and seeding opera t ions  a r e  being conducted i n  many of  
I ! 316 

t hose  count ies .  
, - c  6 t 

The a t ta inment  of  our  b a s i c  o b j e c t i v e s  was made poss ib le  through f i e l d  
L 

experiments supported by l abora to ry  t e s t i n g  of  seeding m a t e r i a l s  and by 
' i  I 

cloud modeling s t u d i e s .  Inl a d d i t i o n  t o  t h e  f i v e  i tems l i s t e d  above, t h e  
3 ; 5,:v.. 4 -  1 1  L 

fol lowing re sea rch  accomplishments can be noted: 
, - 1  1 ,*l% , : I .  

6. Q u a n t i t a t i v e  weather r a d a r  d a t a  systems incorpora t ing  on- l ine  
, ' i.. : f I 

minicomputers have been designed, b u i l t ,  and operated.  Their  

va lue  i n  t h e  conduct and evalua t ion  of  f i e l d  experiments has  been 
. I. :I :. . -. 

demonstrated. Judging from our  s t u d i e s  of  r a i n f a l l - r a d a r  r e l a t i o n -  

s h i p s ,  such systems could be used t o  monitor r a i n f a l l  over l a r g e  

a r e a s  i n  r e a l  t ime. 

7. Although not  y e t  proven a s  an ope ra t iona l  t o o l ,  seeding w i t h . a  

hygroscopic agent  (common s a l t )  has  been shown t o  have promise i n  

t r e a t i n g  cumulus clouds.  



i T 

8. The superiority of solutions of silver iodide and ammonium iodide 

in acetone as compared to previously used solutions has been established 

by wind tunnel/cloud chamber tests. The silver iodide-ammonium 

iodide solutions have been used on field experiments with satisfactory 

results. A quality control program has led to guidelines for 

increased effectiveness of silver iodide generator operation in field 
. . ... 

i' " "  r r ,  [ 2 .! ,'<TILr ,. : .- , -: . . , . . -  . 
programs. 

" L ' u3 5 . . I :  
9. Numerical cloud models have been used in the conduct and evaluation 

.! 1: 
of field experiments. Randomized experiments which would otherwise 

have been judged inconclusive have yielded strong indications of 

seeding effects when analyzed with the aid of the models. Simulations 

of seeding treatments have been included in cloud models and help to 

explain certain observations of seeded clouds," 
I. : ripr~n 

' The technical ability available for application of weather modification 
/.;uq,:. : 2 

technology was summarized by Schock et al. 1974. This summary of their methods -- 
..' 1 . :., 7 ' < , 

of evaluations and results are indicated below. I 

llSumrnarv of Technical Abilitv 

The effects of seeding for rain increase and hail reduction vary with 

cloud size. As the cloud size becomes bigger, the technology is less capable 
n t 3, .-, I , , n . :  

of modifying it. Overall benefits for a season which the cloud seeding 
5 f-> 

technology can provide depend on the variable weather of the seqson. General 
.,ar a i  -3 LA 6-  . . , . r f t - * L  , d q ~  r . L  ,- , r J-2 
results from research projects are given below. 

"-:r b > -  
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Clouds of depths greater than 
10,000 feet rain naturally; 
thus, the effect is to h e l p  
the clouds prcduce more rain. 
The best results are achieved 
on the smaller clouds. 

A 

Overall bcnefit is 10-208 
rainfall i n c r e a s e .  

Cloud Depth, 1000's. of f e e t  1%' - I  

A 100 i n c r e a s e  in r a i n f a l l  fron cloud seeding amounts to an 
additional 0.60 i n c h e s  f o ~  d r y  years and 1.2 in~hes during - -  , 

a normal rainfall seasan. i [ i f .  -q :' 21- 

I '  

Hail Damage Reduzti~n 
I__ - 

Damage 

d Depth, 1 0 0 0 ' s  o f  feet 

t 

j I Y 1: 4 1:i - :> < 
Seeding reduces the sizes of 
hailstones but cannot redace 
winds from storms. Winds 
contribate significantly t o .  
hail damage. 

Overall benefit is 30-60% 
less hail damage. I I 



South Dakota 's Resul t s  

Weather modif icat ion f o r  inc reas ing  r a i n f a l l  and reducing h a i l  damage 

has baa11 conductcsl nctiva1.y i n  South Dakota s i n c e  1951. Most o f  these  

p r o j e c t s  were not  adequately funded s o  complete eva lua t ions  were not  

conducted. When a v a i l a b l e ,  r e s u l t s  have been ind ica ted .  The t a b l e  below 

-1 , . ' summarizes a c t i v i t y  from 1951. 
% I ,  1 L ~ . i  %.r~r>;:  I [ . ! ' ,  ,,: $3.3 t l J i ) O ,  J ' 

~ i , ?  > Z :  , : ~ : , , 7 ' : 3  - .. .)-'I i ~ r f ~ i  
, . . . 

[' ;:A;.-: 9 . r  ., 3 4 .;;j.>.: 3 ;  C '  , , , ' I 

y.3 .: (3 ri 2 Date & 2 3 i .:,: 5 T : Area Seed,ed 
043 - r 3  i La ::; 

1951-1954 Por t ions  o r  a l l  of 
coun t i e s .  

. ....*. ..- - 

Delivery 
Systems 

Ground 
genera tors  

I 

--. 

S 

Resul ts  

Inconclusive 
due t o  inad- 

--," equate number 
,- of cases  

1957-1958 Black H i l l s  and 937 -, A i r c r a f t  3 ' Inconclusive 

1 
Brookings due t o  inad- 

equate number 

'X C: . of cases  
, , c  r -  i . 3 : ; j , 0 8 ,  j r . r  3 J $ I .  i f  : I  ; 

1961-1964 ;1:. F a l l  River,  Custer  . ( - :  -, " A i r c r a f t  
- f j  ' No evaluat ion  

and Pennington C ' : ; r J ? : :  6 ..a 3 

I 

F a l l  River ,  Custer  
and Pennington 

I 
1968-1969 Miner - @-A 

? - ! sflp e'ici;  > 
3 : , 1968r0n,zp3 3 ..J i Brule,  Buffalo 

, 1 .e,r;quye 
1 , ;  1970-1971: j 7 4 ~  2 Brule, Buffalo, 

I 

I , Y Lyman and Gregory 

r A l 3 2  , :1*1 ,1" ,  ' ' i "L,' 

1971 I 3 uq ,,I,AA. :;Perkins, Corson 

A i r c r a f t  7% r a i n f a l l  
. .  - . -. A - ++- i nc rease  

I 

A i r c r a f t  No *evaluat ion  

A i r c r a f t  No evalua t ion  

A i r c r a f t  48% r a i n f a l l  
i nc rease  
suggested 

A i r c r a f t  8% r a i n f a l l  
i nc rease  

I 

A l l  p r o j e c t s  which were evalua ted  f o r  h a i l  damage reduct ion  d id  not  

show any l a r g e  e f f e c t s  because s e v e r a l  seasons of  d a t a  a r e  necessary.  A 

s tudy has shown t h a t  5 o r  more seasons of  d a t a  a r e  necessary t o  proper ly  

eva lua te  o p e r a t i o n a l  programs. 
I 



The technology's a b i l i t y  t o  increase  r a i n f a l l  and decrease h a i l  damage 

has been demonstrated by t h e  research p ro jec t s .  Based on these  research 

r e s u l t s  the  DWM has proceeded, accordingly,  t o  u t i l i z e  t h i s  technology i n  

conducting t h e  cloud seeding program. 

Evaluation of t h e  e f f e c t  of  t h e  South Dakota Weather Modification 

P1.ogram on r a i n f a l l  and h a i l  damage is  undertaken t o  determine how well  

t h i s  technology is  being appl ied ,  not  t o  prove t h a t  weather modification 

works. Five o r  more years  of opera t ions  a r e  necessary t o  determine r e l i a b l y  

. t h e  seeding e f f e c t s  from p r o j e c t s  such a s  South Dakota's. 

Evaluation of impact and e f fec t iveness  of  t h e  South Dakota Weather 

Modification Program includes determining t h e  amount of r a i n f a l l  which 

would have occurred had no t  seeding been conducted. The d i f fe rence  between 

t h i s  amount and t h e  a c t u a l  r a i n f a l l  measurements can be a t t r i b u t e d  t o  a 

seeding e f f e c t .  

Actual amounts,of r a i n f a l l  a r e  recorded d a i l y  by 370 volunteers f o r  

t h e  program a t  loca t ions  shown below. In  add i t ion ,  nea r ly  90 o t h e r  

cooperators f g r  t h e  Weather Bureau r e p o r t  r a i n f a l l  t o  them. , . 
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The South Dakota Weather Modification Program began i n  1972 an'd h a s  

been conducted during t h e  months o f  May, June, J u l y ,  and August each year  

s i n c e .  Both h a i l  suppression and r a i n  inc rease  a c t i v i t i e s  were conducted 
A 
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over those  coun t i e s  shown on t h e  maps below. 
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Evaluation Procedures 

Since the beginning of the state sponsored program in 1972, two 

evaluation techniques 'have been used to determine the effectiveness of 

rain increase efforts. These techniques, termed "area-of-effect" and 

"target-control", are briefly described below. 

Locations of aircraft seeding are plotted on a map of South Dakota. 

Using wind data near cloud altitudes, a target area (area-of-effect) is 

drawn within which the effects.of seeding should have occurred. A control 

area (area-of-no-effect) of equal size is drawn nearby. It is generally 

located upwind of the target area in order to eliminate any possibility of 

seeding effects within it. . 

Then the rainfall observations in the target and control areas are 

tallied and the results compared with the following restrictions: 



1. The con t ro l  a r e a  must be a t  l e a s t  100 miles downwind of  any o the r  

seeded area  t o  insure  c o n t r o l  p u r i t y .  

2. Both t h e  con t ro l  and t a r g e t  a r e a  must have experienced p r e c i p i t a t i o n  

on t h e  day of  seeding. This reduces t h e  p o s s i b i l i t y  of d i f f e r i n g  

cloud condit ions i n  t h e  two a r e a s  influencing t h e  evaluation.  

The average r a i n f a l l  i n  t h e  t a r g e t  a rea  i s  divided by t h e  average r a i n f a l l  

i n  t h e  c o n t r o l  a rea  t o  determine t h e  percentage of r a i n f a l l  a t t r i b u t a b l e  t o  

seeding. Such small s c a l e  area-of-effect  analyses  a r e  ind ica t ing  between 18 

and 22% increases  i n  r a i n f a l l  through seeding. 

Target-Control 

In order  t o  evaluate  t h e  l a r g e  s c a l e  e f f e c t  of seeding, t h e  r a i n f a l l  f o r  

a  month o r  season over s e v e r a l  count ies  (now r e f e r r e d  t o  as a t a r g e t  a r e a )  

is  compared t o  t h e  r a i n f a l l  repor ted  i n  an adjacent  con t ro l  a rea  of s i m i l a r  

s i z e .  
I 

.I 

F i r s t ,  t h e  average o r  normal r a i n f a l l  over a 30 year period is obtained 

f o r  each a rea .  The r a t i o  of these  normals i n d i c a t e s  how much more r a i n f a l l  

one a rea  t s i c a l l y  receives .  
0 

Then t h e  r a i n f a l l  f o r  t h e  seeded period is determined f o r  each area .  

The r a t i o  of these  amounts is adjus ted  f o r  t h e  c l imatological  d i f ference  by 

dividing through by t h e  normal t a rge t -con t ro l  r a t i o .  Were t h e r e  no seeding 

e f f e c t ,  t h e  r a t i o  should be 1.00. The d i f fe rence  between 1.00 and t h e  

ca lcula ted  r a t i o ,  mul t ip l ied  by 100 is  t h e  ~ e r c e n t a ~ e  of r a i n f a l l  

a t t r i b u t a b l e  t o  seeding, 



These large-scale analyses are indicating about 10% more 
rzinfall thzn  would have occurred without seeding. , 

a 1 , ;  , Y k  . 

These large-scale analyses are indicating about 10% more rainfall 
>t - , ,  t l h :  

than would have occurred without seeding. I 



Evaluation 
Period 

Resul ts  of t h e  

South Dakota Weather Modification Program 

Type 
Evaluat ion Scale Results  

May - August, 1972 Rain Increase Small 21% 'Increase 
(Target/Control) 

May - August, 1973 Rain Increase Small 22% Increase 
(Area-of-Effect) 

May - June, 1974 Rain Increase Large * 10% Increase 

May - August, 1972 Hail  Suppression Large 40% Decrease 
(Target/Control) 

May - August, 1973 Hai l  Suppression Large 20.5% Decrease 
(Target/Control) 

May - Sugust, 1974 Hai l  Suppression Large No Data 
(Target/Control) Available Unt i l  

January, 1975. 

i'~ Evaluation no t  completed. Prel iminary ind ica t ions  of  10% f o r  
l a r g e  a rea  evaluat ions .  11 

, A decrease of  18% h a i l  damage f o r , h a i l  depression 1974 was l a t e r  
estimated by Schock et  a l . '  (1975). -- 



The e f f e c t  of a d d i t i o n a l  p r e c i p i t a t i o n  during t h e  growing season was 

' s tud ied  by a study team a t  South Dakota S t a t e  Universi ty.  The following 

is  taken from t h e  summary ,of t h e  f i n a l  r e p o r t  f o r  con t rac t  14-06-D-7158 with 

t h e  Bureau of Reclamation. 
- ,  

: , ,.'* ' I t -  . - i L .,< 

"Yield responses t o  a d d i t i o n a l  r a i n f a l l  a r e  influenced by t h e  presence 

o r  absence of o the r  l i m i t i n g  f a c t o r s  a f f e c t i n g  production. Yield responses 

t ake  t h e  form of - a  sigmoid curve i n  which t h e  beginning of  t h e  curve g ives  

l i t t l e  o r  no increase  i n  y i e l d  s ince  a c e r t a i n  s i z e  of p l a n t  is necessary before 
i 

I e i t h e r  seed o r  forage y i e l d  might be obtained. The s t eep ly  r i s i n g  p a r t  of  

t h e  curve is s i t u a t e d  where f a c t o r s  a f f e c t i n g  growth a r e  abundantly ava i l ab le .  

41."rE. i 
A s  one o r  more of these  become l i m i t i n g ,  t h e  slope of  t h e  curve decreases till 

no increase  i n  y ie ld  r e s u l t s  from added increments of water.  
'19 . - I  

It is c l e a r ,  the re fo re ,  t h a t  any increase  i n  production a s  a r e s u l t  of 

an added increment of  r a i n f a l l  is  dependent upon t h e  part of  t h e  curve where 

t h e  increase  occurs. For example, a l f a l f a  y i e l d s  a t  Redfield i n  B 5 1  increased 

921 l b s .  pe r  a c r e  f o r  each inch .o f  added water up t o  f i v e  inches a t  which 

point  no f u r t h e r  increase  occurred. I n  1952 i n  t h e  same experiment a warmer 

season occurred so temperature was not  a l i m i t i n g  f a c t o r  s o  quickly.  Each inch 

of i r r i g a t i o n  up t o  f i v e  inches increased y i e l d s  1,685 l b s .  per  a c r e ,  and 

from 5 t o  14  inches t h e  increase  was 160 l b s .  The use of l i n e a r  regress ion 

c o e f f i c i e n t s  tends t o  underestimate t h e  y i e l d  increases  a t  t h e  middle increment 

and overest imate them a t  t h e  lower and higher  increments. The optimizing of 

f a c t o r s  inf luencing production w i l l  tend t o  extend t h e  s t e e p  p a r t  of t h e  curve 

and make t h e  l i n e a r  regress ion c o e f f i c i e n t  approximate t h i s  s lope .  

Another example of t h e  e f f e c t  of l i m i t i n g  f a c t o r s  on production was shown 

i n  t h e  y i e l d  of C h r i s  sp r ing  wheat on t h e  Poinsett-Kranzburg s i l t y  p r a i r i e  

s o i l  a s soc ia t ion  occurring i n  nor theas tern  South Dakota. An increase  of 5.26 



bushels/acre was observed f o r  each of added r a i n f a l l  f o r  10 p l o t  yea rs  on 

t h e  t h r e e  experiment farms i n  t h i s  a r e a ,  but when 11 commercial farms were 

added, an increase  of only 1.75 bushels/acre was noted. The f a c t o r s  l i m i t i n g  

production (weeds, i n s u f f i c i e n t  preseasonal  s o i l  moisture, and lack of 

f e r t i l i t y )  had caused t h e  curve t o  f l a t t e n  ou t ,  and t h e  l i n e a r  regress ion l i n e  

r e f l e c t e d  t h i s  occurrence. In  eas te rn  South Dakota d isease  on spr ing wheat 

caused a negat ive  e f f e c t  with one inch of r a i n f a l l ,  -0.66 bushels/acre pe r  

inch a t  t h e  experiment s t a t i o n  at  Brookings. A di f fe rence  i n  response between 

d i f f e r e n t  s o i l  a s soc ia t ions  was a l s o  found when experimental p l o t s  were 

placed on farmers1 y i e l d s .  In  t h e  c e n t r a l  region of South Dakota using s i x  

p l o t  yea rs  on t h e  Glenham Glacia l  P la in ,  u n f e r t i l i z e d  sp r ing  wheat y i e l d s  

were 1.55 bushels/acre/ inch of r a i n f a l l  while t h e  f e r t i l i z e r  y i e l d  increase  

was 2.44 bushels/acre.  Prote in  decreased s l i g h t l y  l e s s  on t h e  f e r t i l i z e r  . 

(0.09 percent)  than on t h e  u n f e r t i l i z e d  (0.10 percent)  spr ing wheat f o r  each 

inch of added r a i n f a l l .  

In  western South Dakota, an opportunity t o  study t h e  e f f e c t s  of  

p r e c i p i t a t i o n ,  temperatures throughout t h e  growing season and s o i l  moisture 

a t  time of seeding on y i e l d  of spr ing wheat was afforded from da ta  co l l ec ted  

from 1909 t o  19 36 (108 p l o t  yea rs )  a t  Newel1 and from similar da ta  co l l ec ted  

from 19 5 1  t o  1932 (52 p l o t  yea rs )  a t  Ardmore. Using simple regress ion of 

y i e l d  on ava i l ab le  moisture a t  Newell, including s o i l  moisture a t  p lan t ing  

and r a i n f a l l  during t h e  growing season, one inch of  increased r a i n f a l l  would 

g ive  3.1 bushels/acre increased y ie ld .  When t h e  various f a c t o r s  were broken 

down i n t o  s i x  v a r i a b l e s ,  one inch of a d d i t i o n a l  June p r e c i p i t a t i o n  could be 

expected t o  add 3 . 1  bu./ac. and J u l y  r a i n f a l l ,  1.57. For every one-degree 

ris i n  J u l y  temperature a decrease of 0.03 bu./ac. may be expected, whileban 

increase  of  0.54 f o r  each degree of Apr i l  temperature may be expected. For 



every inch of s o i l  moisture a t  p lan t ing ,  2.54 bushels /acre  may be a n t i c i p a t e d .  

These s i x  f a c t o r s  comprise 68 percent  o f  t h e  v a r i a t i o n  a s  ind ica ted  by t h e  

mul t ip l e  c o r r e l a t i o n  c o e f f i c i e n t .  

The d a t a  c o l l e c t e d  a t  Ardmore on s p r i n g  wheat have 91 percent  of  t h e  

v a r i a b i l i t y  accounted f o r  by s i x  v a r i a b l e s .  The r eg ress ion  l i n e  is  c u r v i l i n e a r  

and r e p r e s e n t s  p a r t  of a sigmoid-type curve s o  response t o  r a i n f a l l  v a r i e s  

according t o  l o c a t i o n  on t h e  curve. If June r a i n f a l l  were increased  from one 

t o  two inches ,  8.58 bushels /acre  would be added. An a d d i t i o n a l  inch of  s o i l  

moisture would add 1.72 bushels /acre  , and an inch of  additi .ona1 r a i n f a l l  

above s i x  inches f o r  t h e  season would g ive  an a d d i t i o n a l  2.78 bushels /acre .  

Every degree above 85° F. would reduce y i e l d  by 0.361 bushel /acre .  

An example of t h e  e f f e c t  o f  t i m e l i n e s s  o f  r a i n f a l l  a s  wcll  a s  e f f e c t  o f  

optimum f e r t i l i t y  was shown i n  small  g r a i n  experiments s i t u a t e d  throughout 

t h e  s t a t e .  The growing season was d iv ided i n t o  t h e  f irst  9 weeks (from 

seeding t o  a n t h e s i s )  and from 5 days t o  69 days before  ha rves t  (from l a t e  

t i l l e r i n g  t o  j u s t  before h a r v e s t ) .  It was found t h a t  t h e  f i r s t  9-week period 

was more importantthan t h e  l a t e r  per iod .  S o i l  moisture a t  time of  seeding 

w a s  a l s o  s i g n i f i c a n t  i n  t h e  a n a l y s i s .  A t  30 l o c a t i o n s  one a d d i t i o n a l  inch 

o f  s o i l  moisture a t  p l an t ing  gave an inc rease  i n  bushels/acre of  1.66, 3.12, 

and 2.08 f o r  wheat, o a t s ,  and ba r l ey ,  r e s p e c t i v e l y ,  on t h e  u n f e r t i l i z e d  p l o t s  

and 3.70, 6.9 4 ,  and 4.62 on t h e  f e r t i l i z e d  p l o t s .  For 52 loca t ions  an inch 

of a d d i t i o n a l  r a i n f a l l  i n  t h e  seeding t o  a n t h e s i s  period gave an increase  i n  

bushels /acre  of  1.86, 3.50, and 2.33 f o r  wheat, o a t s ,  and ba r l ey ,  r e s p e c t i v e l y ,  

on t h e  u n f e r t i l i z e d  p l o t s ,  and 3..49; 7.18, and 4.79 on t h e  f e r t i l i z e d  p l o t s .  

When 90 l o c a t i o n s  o r  p l o t  yea r s  were included,  it was found t h a t  a decrease i n  

y i e l d  was ind ica ted  f o r  J u l y  r a i n f a l l .  For a l l  smal l  g r a i n s  t h e  dec rease , in  

y i e l d  f o r  each inch above normal was 97.6 l b s ; / a c r e  f o r  t h e  u n f e r t i l i z e d  and 



186.3 l b s . / a c r e  f o r  t h e  f e r t i l i z e d  p l o t s .  

For corn t h e  time of a d d i t i o n a l  r a i n f a l l  i s  extremely important.  

I n  experiments i n  eas te rn  South Dakota and adjacent  Minnesota, seventy-six 

experiments i n  s i x  years  were s tud ied ,  It was shown t h a t  t h e  e f f e c t  of an 

inch of a d d i t i o n a l  r a i n f a l l  above normal va r ied  from -6.7 bushels/acre 

between May 1 5  and 31 t o  f13.4 during J u l y  15 t o  31 and t o  t12.37 between 

August 1 and 14.  The e f f e c t  of one inch above normal f o r  J u l y  1 t o  21 was 

an increase  of 3.9 bushels/acre,  but  from Ju ly  22 t o  August 11, t h e  increase  

was 19.5. 

Yields of na t ive  range g rasses  i n  western and nor th  c e n t r a l  South Dakota 

were measured over a period of  26 years  a t  Cottonwood and 21 years  a t  Eureka, 

r e spec t ive ly .  A t  Cottonwood.annua1 harves t  of mainly western wheatgrass gave 

an increase  of  116 l b s .  of  forage  per  inch of r a i n f a l l  during Apr i l  t o  June, 

while a t  Eureka i n  a needle g rass  dominant a ssoc ia t ion ,  an increase  of  396 

l b s .  of forage occurred. 

The e f f e c t  of increased r a i n f a l l  on annual value of crops produced i n  

South Dakota has been s tudied.  A t  lower l e v e l s  of  r a i n f a l l  in . the  northwestern 

p a r t  of  t h e  s t a t e ,  increased production ($0.35/acre/inch inc rease )  i s  less 

than a t  t h e  higher r a i n f a l l  l e v e l s  i n  t h e  southeastern a r e a  ($3.75/acre/inch 

inc rease ) .  Land p r i c e s  l ikewise  a r e  a f f e c t e d  i n  a nonl inear  fashion so  a 

d ispropor t ionate  increase  per  inch of  r a i n f a l l  occurs a t  t h e  higher r a i n f a l l  

A . . )<  

l e v e l s .  

The response of crop y i e l d s  t o  added moisture indicated  i n  t h i s  r epor t  

is based upon da ta  co l l ec ted  i n  t h e  pas t  and does not  adequately r e f l e c t  t h e  

e f f e c t s  of increased technology t h a t  w i l l  most probably be employed i n  t h e  

fu tu re .  Therefore, t h e  es t imates  of increased y i e l d  response w i l l  be found 

t o  be conservative f o r  t h e  f u t u r e  unless  t h e a p p l i c a t i o n  of technology is 



i n t e r f e r e d  with through d i s rup t ion  of research and extension programs. I f  

it is poss ib le  t o  maintain moisture increases  i n  t h e  s t e e p  p a r t  of  t h e  sigmoid 

y i e l d  curve re fe red  t o  i n  t h i s  r e p o r t ,  then l a r g e  increases  per  inch of 

increased r a i n f a l l  can be expected i n  t h e  f u t u r e .  Such moisture increases  

po in t  up t h e  necess i ty  f o r  increased emphasis on research and app l i ca t ion  of 

f ind ings  r e l a t i v e  t o  t h e  l i m i t i n g  f a c t o r s  a f f e c t i n g  y i e l d .  Otherwise t h e  

expense e n t a i l e d  i n  weather modificat ion cannot be j u s t i f i e d .  

Changes i n  l ives tock  production a s  t h e  r e s u l t  of increases  i n  growing 

season p r e c i p i t a t i o n  a r e  dependent on increases  i n  feed and forage produced. 

Data presented here suggest forage a v a i l a b l e  f o r  grazing would be increased 

on t h e  order  of 50 pounds pe r  a c r e  pe r  inch of  growing season p r e c i p i t a t i o n .  

This would i n d i c a t e  an average carrying capaci ty  improvement of one add i t iona l  

AUM pe r  12 a c r e s  of range. 

For t h e  major feed g r a i n  producing a r e a s  of  eas te rn  South Dakota g r e a t e s t  

use of  g ra ins  f o r  l ives tock  includes corn, o a t s ,  ba r l ey ,  and sorghum. 

Product iv i ty  increases  f o r  corn suggest  t h a t  f i n i s h i n g  of market animals 

could increase  approximately 1 .4  t o  4.8 percent  f o r  swine and sheep, and 0 . 2  

t o  0.5 percent  f o r  c a t t l e .  " 
I ' (  

I 
Recommendations f o r  research investments f o r  
t h e  f u t u r e  i n  t h e  weather modificat ion area .  

In  genera l ,  I consider t h e  g r e a t e s t  need is  f o r  independent evaluation of 

t h e  e f f e c t s  of cloud seeding both of p a s t  operat'ions t h a t  have been c a r r i e d  

ou t  i n  South Dakota and i n  t h e  f u t u r e .  Any opera t ional  plan should have b u i l t  

i n t o  it t h e  provision f o r  an evaluat ion by a separa te  imported organizat ion.  

If t h i s  is no t  done, sus ta ined p o l i t i c a l  support  cannot be counted on over a 

long period of  years .  If poss ib le ,  a c t u a l  crop y i e l d  inc reases  should be 

obtained from randomized f i e l d  p l o t s  i n  seeded and unseeded a reas .  The a c t u a l  
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and po ten t ia l  benef i t s  i n  economic t e rns  could then be computed. - 

74 c 

Specific research needs, f o r  increasing the  effect iveness  of operations, 

t h a t  have been suggested t o  me by Martin Schock, Director of t h e  Division 

of Weather Modification i n  South Dakota and by D r .  Arnett Dennis, Director 

of t he  I n s t i t u t e  of Atmospheric ScienceSb8-South Dakota School of Mines and 

Technology a r e  as , fol lows:  
1 - a i , 

1. About 60% of p rec ip i ta t ion  occurs from night-time clouds. Specific 

research has not been done t o  l ea rn  how t o  best  seed these.  

2. How can s t ra t i fo rm clouds be induced t o  increase t h e i r  r a i n f a l l  

3 .  How ef fec t ive  i s  non-growing season prec ip i ta t ion  i n  increasing 

yie lds?  

4. What a r e  t he  po ten t ia l  ecdnomic benef i t s  f o r  weather modification 

i n  dry coinpared with wet years? 
I 
I 

5 .  Is it possible  t o  increase t he  d i s t r i bu t ion  of r a i n f a l l  more 

favorably throughout t h e  season? What would be t he  economic 

benef i t s  of such? 

6. In a diverse  crop a rea ,  what a r e  t h e  economic advantages o r  d i s -  

qdvavtages f o r  weather modification. 

7. Does the  e f f e c t  of increasing r a i n f a l l  have an e f fec t  on 
L t  

temperature? Is there  a delayed e f f e c t ?  I 

8. Better methods a r e  necessary i n  assessing the  e f fec t s  of 

reducing h a i l  damage. 

9. Better methods. of communicating r e s u l t s  t o  farmers a r e  necessary. 

Increased prec ip i ta t ion  is  only one of t he  l imi t ing  fac tors  fo r  

production. A l l  f a c to r s  must be optinized t o  r e a l i z e  maximum yie lds .  



7 
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1 There is a need for short-time forecasting with a lea( ime of 

two hours. 

11. More precise statistical techniques are necessary for some 

evaluation procedures. 

12. More information on the best delivery 'systems is needed. 

13. More Q ~ o ~ ~ ~ t i o n  on large area effect%-,is,necessar including 
\ > , %I ' ' 2,y 1 :: j 7 rrW:2.c 

down wind effects. 
" .s-, j  - 1 .  , 

4 Is it possible to reduce torrential rains such as have caused 

extensive damage in the Red River valley area near Fargo in 1975. 



Summary and Conclusions 

Since South Dakota is a land of too little rain, there has been an 

interest in potentials for increasing moisture ever since the demonstration 

of cloud modification by Langmuir and Schaefer. Efforts to modify rainfall 

by means of ground generators were inconclusive during the 1950's and 

interest in the application of the technology in its state at that time 

died out. Intensified researches at the Institute of Atmospheric Sciences 

/ at Rapid City after 1959 have applied modern techniques to the problem. 

Success in defining the methods of seeding daytime cumulus clouds for 

greatest rain efficiency has been achieved. Cloud models have been 

defined so morning weather data fed into a computer will give the likelihood 

of seedable clouds occurring that day. This information has been applied 

by a state funded Division of Weather Modification located at Pierre. A 

system of weather modification units situated strategically throughout the 

state provide instant response to opportunities for aerial seeding with 

silver and ammonium iodide within precise areas of clouds when the radar 

station indicates opportunities. Local control of whether more rain is 

needed within the area is provided by locally based elected officials. 

Each of the areas in the state are in constant communication with the 

Pierre office,which gathers the weather data from the meteorological service, 

and feeds it into a computer at Denver to determine by means of the cloud 

model whether seeding should be made. The radar sites with ancillary aerial 

cloud seeding facilities determine the actual operations. Their evaluations 

for 1972-74 of rain increases through lltarget-controltt and ltarea-of-effectll 

methods and also large area evaluations have hdicated increases of 10% to 

22% rain increase. Hail suppression decreases from 18% to 40% were calculated. 



What increased p r e c i p i t a t i o n  of these  proport ions would mean t o  t h e  

s t a t e  of South Dakota was determined by a study team from South Dakota 

S t a t e  Universi ty.  It was shown t h a t  t h e  e f fec t iveness  of  increased 

p r e c i p i t a t i o n  was d i r e c t l y  propor t ional  t o  t h e  removal of o the r  l i m i t i n g  

f a c t o r s  inf luencing y i e l d  of f i e l d  crops.  Under any set of circumstances 

t h e  response of y i e l d  t o  increased p r e c i p i t a t i o n  is sigrnoidal so  t h e  

g r e a t e s t  e f f e c t  would occur i n  t h e  s t e e p  p a r t  of t h e  curve before o the r  

f a c t o r s  become l imi t ing .  The e f f i c i e n c y  of weather modificat ion 

would be determined by how c lose  t o  optimum o ther  f a c t o r s  inf luencing 

production a r e  maintained. Therefore, weather modificat ion should be 

conducted a s  p a r t  of  a package designed t o  increase  crop y i e l d s .  

From t h e  standpoint  of an o v e r a l l  recommendations regarding na t iona l  

weather modificat ion pol icy ,  t h e  g r e a t e s t  immediate need is f o r  evaluation 

of weather modificat ion programs now underway o r  about t o  be launched. 

This should be done by an agency independent of  t h e  agency a c t u a l l y  doing 

t h e  work but  should be l inked t o  resea rch  f a c i l i t i e s  capable of recognizing 

problems and a t t ack ing  these  a s  they occur. I t  would seem t h a t  f e d e r a l  

monies should be a v a i l a b l e  f o r  evaluat ion and research while s t a t e  money 

is used f o r  t h e  p r a c t i c a l  app l i ca t ions .  By a l i n k i n g  of p r a c t i c a l  app l i ca t ion  and 

bas ic  research t h e  maximum progress i n  extending and improving t h e  technology 

should be a t t a i n e d .  
d 
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V-28. RICHARD DIRKS: ATMOSPHERIC SCIENCE DEPARTMENT, - UNIVERSITY OF WYOHING 

One of t h e  problems t h a t  I th ink s t i l l  e x i s t s  amongst atmospheric s c i e n t i s t s  
and user  d i s c i p l i n e s  is  acceptance of t h e  f a c t  t h a t  we can modify t h e  weather, 
t h a t  weather modificat ion can work and we can p red ic t  t h e  r e s u l t s ,  I th ink one 
a rea  where t h i s  has been shown is t h e  f i e l d  of inadvertent  weather modification 
and p a r t i c u l a r l y  on t h e  l o c a l  s c a l e  on t h e  study of changes i n  c l imate  and 
weather i n  c i t i e s .  Many of t h e  kind of modifications t h a t  w e  a r e  t a lk ing  

I 

about using a g r i c u l t u r a l l y ,  I th ink have been shown t o  be present  i n  urban 
areas ,  I might j u s t  review some of these. 

I 

Temperature changes a r e  the  most obvious, urban a reas  a r e  t y p i c a l l y  
warmer, minimum temperatures are of ten  4-10' warmer i n  urban areas.  I am 
sure  t h i s  i s  associa ted  with a longer f r o s t  f r e e  period, longer growing season. 
Moisture v a r i a t i o n s  have been shown t o  e x i s t  of t h e  order of 10% from very 
nearby areas.  Cloud cover is  a l t e red .  A s i g n i f i c a n t  d i f fe rence  i n  type 
and coverage of clouds, p rec ip i t a t ion ,  and i n  p a r t i c u l a r  summer p rec ip i t a t ion  
which i s  t h e  biggest  quest ion mark i n  planned weather modification, 
is  documented t o  be a l t e r e d  by urban areas.  Amounts of 10-30% a r e  apparently 
downwind increases.  Solar r ad ia t ion  has been reduced by values of 5-10%. 
There have been evidences of o ther  a l t e r e d  e f f e c t s ,  severe weather, h a i l ,  
tornadoes, thunder and so on. 

The problem with t h e  urban s t u d i e s  of course is  i n  i s o l a t i n g  t h e  mechanisms. 
There a r e  severa l  major mechanisms involved. The a l t e r e d  land use, t h e  a l t e r e d  
aerosols  and p a r t i c u l a r l y  t h e  atmospheric r e l a t e d  aerosols .  Hygroscopic . 
nuc le i ,  i c e  n u c l e i  and those pe r t inen t  t o  radia t ion.  And i t  is  a problem t h a t  
remains t o  be solved a s  t o  which of these  mechanisms is  dominant i n  many 
cases. However, t h e  e f f e c t s  a r e  t h e r e  and I th ink they c e r t a i n l y  give support 
t o  weather modificat ion t h a t  we  can change these  kinds of f ea tu res  t h a t  we 
are looking a t  and t a l k i n g  about. 



v-29. WAYNE DECKER: CNAIRMAN OF ATMOSPHERIC SCIENCE DEPARTMENT, ~ I ~ R S I T Y  
OF MISSOURI 

I would l i k e  t o  r e i t e r a t e  a couple things.  Perhaps those of you who 
heard m e  over a t  NCAR yesterday w i l l  say t h e r e  he goes again. But p a r t  
of i t  is i n  r e l a t i o n  t o  t h e  going e a s t  again and t h i s  has t o  do with t h e  
f a c t  t h a t  w e  have i n  t h e  world recognizable a r e a s  t h a t  make t h e  major 
contr ibut ion t o  t h e  food supply of t h e  world of 8 b i l l i o n  people t h a t  
w i l l  be on t h e  e a r t h  i n  t h e  year 2000. If w e  a r e  indeed going t o  do 
s i g n i f i c a n t  th ings  about increas ing productivi ty,  be i t  b e t t e r  management, 
o r  b e t t e r  r a i n f a l l ,  I would suggest t h a t  t h i s  is  t h e  a rea  w e  need t o  go 
t o ,  t h e  a r e a s  t h a t  a r e  now producing t h e  abundant foodstuff .  These a r e  
t h e  a reas  t h a t  w i l l  continue t o  bear t h e  brunt  of t h e  r e s p o n s i b i l i t i e s  
f o r  producing food i n  t h e  area. Fortunately f o r  me,  t h a t  happens t o  be 
a b i t  e a s t  of here  a s  f a r  a s  American is concerned. Water and farm 
management problems t h a t  a r e  involved i n  those a r e a s  of t h e  world w i l l  
be t h e  ones t h a t  w i l l  t e l l  whether indeed we a r e  going t o  make our I 
r e s p o n s i b i l i t y  f o r  t h e  a g r i c u l t u r e  of t h e  country and of t h e  world. It I 
doesn't  mean I a m  agains t  producing food i n  t h e  o ther  a reas  of t h e  world 
a t  a l l .  I am j u s t  saying l e t  us  look a t  t h e  b i g  problem i n  our de l ibe ra t ion  
here todayand when we go back t o  our own respect ive  kind of p laces  and 1 
look a t  th ings  through our own eyes w e ' l l  t r y  t o  apply them t o  t h a t  I 

p a r t i c u l a r  area. 

Another th ing I wanted t o  s t r e s s  again and t h a t  i s  the  concept of 
dependability. The quest ion many a r e  asking t h e  modifiers  today is, i s  
the  system dependable, as f a r  a s  t h e  addi t ion  of supplemental water t o  
America's farms? Is t h e  t r ans fe r  from t h e  experimental work t o  the  opera- 
t i o n a l  programs there?  Are we  ge t t ing  t h e  people operat ing i n  our a reas  
t h a t  know t h e  th ings  you guys a r e  developing i n  your research programs 
and I am not pointing f i n g e r s  a t  anyone. We j u s t  don't  know out  i n  t h e  
f i e ld .  We a r e  not  aware of how complete t h i s  t r a n s f e r  mechanism is. 
You need t o  i n t e r a c t  with us  a b i t  i n  t h e  next two days t h a t  w e  a r e  here  
to  make su re  t h a t  we understand t h e  extent  of t h i s  t r a n s f e r  process. I 
have t o  say t h a t  I a m  concerned about the  p o s s i b i l i t y  of r a i n f a l l  decreases 
during a seeding projec t .  I f  it means t h a t  I have t o  support i n  the  National 
Science Foundation o r  any o the r  agency, I have t o  support work t h a t  goes 
back t o  t h e  bas ic  fundamentals of microphysics of clouds and t h e  cumulus 
dynamicsand a l l  the  th ings  t h a t  deal  wi th  predic t ing what a cloud is  
going t o  do. I don't th ink t h i s  job is done and t h e  process w i l l  not 
be complete u n t i l  we have again gone back and studied some of t h e  bas ic  
th ings  dealing with cloud s t ruc tu re .  The a g r i c u l t u r a l  community ought 
t o  support t h a t  kind of research because i t  is  something t h a t  we w i l l  
have t o  have before we w i l l  ge t  the  appl ica t ion i n  t h e  f i e l d ,  t h a t  we 
a r e  here t o  t a l k  about today. So I th ink t h i s  i s  t h e  second major point  
t h a t  has been made by o the r  people and I shouldn't  have even sa id  it. 

My t h i r d  point  has t o  do with t h i s  people problem -- don't  worry about 
t h e  people problem. The people problem is i n  t h i s  room, I f  somehow 
w e  could come t o  a complete understanding of t h e  p o t e n t i a l  f o r  weather 
modification i n  a g r i c u l t u r e  we have the  mechanism f o r  s e l l i n g  t h i s  t o  
t h e  American farmer. The extension service  works and sometimes i t  works 
too good. There a r e  p rac t i ces  go out  t h a t  we would l i k e  t o  p u l l  back. 
W e  a r e  not anxious t o  make mistakes i n  t h i s  area  or  any other.  I would 
l i k e  t o  emphasize t h a t  t h e r e  a r e  mechanisms t h a t  a r e  i n  t h e  f i e l d  today 
t h a t  w i l l  allow us  t o  extend ideas  very eas i ly .  

I 



One other  point  that was brought up and I thought w a s  -ite -9od ~ ~ l a t  
needs t o  be  thought about. That is t h a t  t h e r e  is only rai ble a f i n i t e  
amount of resource materials f o r  u s  a l l  t o  work with. Those of u s  i n  
Univers i t ies  a r e  becoming more aware of t h i s  a l l  t h e  time. We a r e  asked 
t o  squeeze our a c t i v i t i e s  i n t o  a c e r t a i n  d o l l a r  va lue  a l l  t h e  time. I f  
t h e r e  is t o  be increased resources t o  go i n t o  weather modification evalua- 
t ion ,  weather modification research, research i n  agr icu l tu re  t h a t  supports  
weather modification which is  what you guys a r e  t e l l i n g  us  t h a t  we need 
to  do, then something else has t o  give o r  else t h e r e  has t o  be add i t iona l  
resources put i n t o  t h e  program. And so, we a r e  going t o  have t o  be 
helping a l o t  of people i n  important pos i t ions  in American education and 
research administrat ion assess  some p r i o r i t i e s  because i f  we a r e  going 
t o  ask  them t o  do these  things,  then something else has t o  be cur ta i l ed .  
We w i l l  have t o  s e l e c t  t h e  th ing  t h a t  has t h e  bes t  payoff. There a r e  th ings  
t h a t  w i l l  have t o  change. W e  can ' t  do th ings  a s  we have always done 
them before i n  our educational  research i n s t i t u t i o n s .  But we need t o  be 
sure  t h a t  t h e  p r i o r i t i e s  are t h e  r i g h t  p r i o r i t i e s .  
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An Aaseasment of Weather Mdification Research 

Man has always opeed for a safe environment in which to live, 

free from unexpected calamities and attendant suffering. Dreams 

of modifying his environment to make it more secure have 

frequently preceded the fulfillment of such hopes. However, 

capricious weather continues to plague mankind, It is natural then, 

that man dreams of exercising control over the weather, ald comple- 

ments these dreams with scientific investigations to detetmine their 

feasibility, These investigations have now spanned abut 28 

years. What has happened during these 28 years? Undoubtedly, 

different people would have various answers to this question. 

Xt seems to me this period ha8 been one of slow and erratic 

progress in weather modification research, This is due in large 

part to the extrems difficulty in measuring, understandiqg, and 

predicting atmospheric behavior, which if not first in camplexity, 

must rank second only to the intricateness of human behavior. 

The period has been spiced by a few distinguished discoveries. 

A few experiments were well conceived, msticulously plmned and 

perserveringly carried out, They represent milestones along our 

journey, However, poorly designed experiments have also been 

performed. Certain experiments, past and present, under close 

examination reduce to pathetic attempts to verify hypotheses, 

which were inadequately scrutinized at the start, Charlatans have 

appeared to pervert the field. Some remain today. A few well-meaning 

scientists, brilliant in peripheral scientific areas, but naive about 



complex multi-scaled atmospheric behavior, have contributed tor 

and then lingered to hinder the overall research effort. In 

spite of, growth pains accompanying the emergence of I is new and 

inherently controversial science and technology, we c-1 point to 

\portant progress. 
I 1  

Certain capabilities for perturbing weather systems have been 
r. . r  . y r .  

recognized and developed. These include: 
.I+ 

1. generating and invigorating convection 
2. developing cirrus clouds 
3. dissipating certain types of stratus clouds ~d fog 
4. introducing aerosols into the atmosphere to dfect the 

m3lcropk~ysics US cloud and precipitation processes or to 
produce t h e m 1  or chemical effects 

5 .  manipulating the latent energy inherent within water 
1 phase changes - " - v - -  ---a. - .  . ,, 
I 

But after 28 years of plod<ang research, what do the advances 
-.a, L a L C .  

add up to? What accomplishments do we embrace wit1 ~e confidence? 

We cansider these next. 

The success in dissipating cold (droplets are supercooled 

or below freezing) fog to improve visibilities attained a level 

sufficient to warrant appli~ati~n ~f the technology to operational 
1 &,A -&.-A 1-r - -  

problems. More than a dozen airports are using this technology 

on an operational basis at the present time. Warm fog dispersal 
J has proven more difficult to obtain, although direct heating 

i from burners, mixing of drier air into the fog by helicopter" 

downwash and seeding with some hygroscopic (salt, urea, etc.) 
1 ,&f9 

substances have shown promise. 

Notable success has been obtained in augmenting precipitation 

1 from.cold oragraphic clouds (clouds that form when moist air is 
I 

lifted over mountainma terrain). Results of several emeriments 

I 



suggest that seeding under certain cloud conditions can enhance 

winter precipitation by 1094 to 30% over mountain ranges of I the 
! > : , .'! western U. S. f 

Suc~essful precipitakion augmentation has also been indicated 

by experiments in Israel and Southern California. The treatable 

cloud systems in these cases were convective clouds embedded 

in cyclonic storms which moved into mountainous terrain from the 

ocean. Seeded cloud systems produced 10% to 40% more ~reci~itation 

compared to the non-seeded clouds. 
3 - .._ 4 > ,  JL. 

Dynamic sdeding, I& ich increases the available buoyant 

energy to a developing cumulus cloud, has under certain conditions 
.c 

more than doubled the precipitation from isolated tropical 
I 

2 t m - f i x -  3:-a &V.%L: i& k l L- L a i d 1 1  

cumulus clouds. It is still unclear what &ese increase! inean in 

terms of areal rainfall, since the amount of convection is L' 

ultimately controlled by larger scale atmospheric processes, and 

invigoration of bonvection leads to increased stabilization of the 

near environment. This modificatd,on technique, as well as those 

techniques employed with the two previous~~cloud systems, require 
:;J7 - 

clouds that contain supercooled droplets. 

Recently, studiee, have shown that swnnsr rains have been 

increased from 10% to 30% in the vicinity of larger Midwestern 

cities. There is still aome uncertainty regarding the exact cause 
" ' e i C  

of these observed increases, i . e. &ether the1-ciky con~plex a£ £ ects 

the dynamics, thermodynamica'or mkrophysics of the cloud system, 

There are several modification techniques in the experimental 

stage. Some progress has been made in using hygroscopic materials 



to increase precipitation from warn clouds. This technique 

accelerates the formation of rainfall by enhancing the coalescence 

growth of cloud droplets to precipitation size. 

Modification technique8 to mitigate severe weather effects have 

been slow evolving but some progress has been made. Controlled 

field experiments in lightning suppression are now in progress 

and preliminary results appear promising. Seeding lightning 

storms with nylon chaff has apparently reduced the number of 

cloud to ground strokes by 75% in one experimental program. Major 

programs in hail suppression carried out in Russia, Canada and 

more recently in the United Skates are adding to our knowledge. 

However, Russian claims of 70-90% reduction in hail damage have 

not been duplicated elsewhere. Recent numerical studies, combined 

with data from case studies of the National Hail Research 

Experiment, suggest the present seeding hypothesis m y  need 

re-examination, end may not be applicable to certain types of 

high plains hailstorms. 

The modification of other severe convective storms, including 

tornadoes, is still very much in the research phase. Recent 

research this country aimed understanding and predicting 

the evolution of the severe storm environment in greater detail may 

point the way toward reasonable hypotheses for severe stonn 

mitigation. 

Tho mitigation of severe weather effects attending hurricanes 

is still in its infancy, even though serious modification research 

has been u~denray nearly 15 years. During this period the modi- 

fication hypothesis has been altered, and the validity of the 

present one is seriously questioned in some quarters. Determination 

of the feasibilitv of modifvina hurricanes anwar; to be many 



years away. 

While progress has been mde during the past, end important 

results have been tepocted in the Lest seven yesre, federal support 

of weather modiEication has been ebbing (For a full discussion 

of this paradox the reader is referred to "The Paradox of Planned 

Weather Modification" by S. A. Chan~non, Jr., Bull. of Amer, Meteor- 

logical Society, Vol. 56, NO. 1, Jan. 1975) . The lack of support 
for weather modification research by the Department of Agriculture, 

the agency most apt to be affected significantly by its developent, 

is an even greater paradox. This non-supportive role has been 

odopted in spite of substantial grass roots enthusiasm and 
and 

recornendations by their owduniversity scientists. As we 

attempt to assess the present and potential role of weather 

modj.fication in agricultural production, it may be wise to 

analyzdi the present attitude of the DepaNnent of Agriculture 

toward weather modification. 

We believe the- potential of weather modification in agri- 
L'9"T 

cultyre production for the goreseeable future lies mainly in 

modifications performed on the mesoscale of atmospheric motion 

(weather systema with characteristic dimensions of 20 to 500 km). 

Consequently, we believe present day weather modification can 

profit from a broader outlook and approach. Past reasearch efforts 
hp i.:'? 

have been severely constrained to modifications on the smaller 

cloud scale. For too long, weather modification research has 

been considered within the exclusive damin of cloud physics, 

and other talents within the atmospheric sciences have not been 

fully arployed. More creative and imaginative thinking is required 



in future research. 

The inmediate future appeara to be an excellent time for 

a concerted m v e  into Mesoscale weather mdification. Firstly, 

results of some modification experiments on the more limited ' 

cloud scale suggest that even if successful, precipitation enhance- 
It A & &  

ment is not always economically feasible. Increases in rainfall 

frofi single clouds may not always produce fnough additional 

water to make such operations practical. At the same time, it 

has been observed that W.bm clouds organize into meso-systems, 

more substantial rainfalls are produced. Secondly, our capability 

for observing mesoscale weather systems has improved trei~~elldously 

in the past few years and is becoming adequate for the problem. 

Thirdly, the technology for treating weather systems on the larger 

meso%!cale is within 'Sup capability to develop and employ. 

Finally, the mitigation of severe weather attending extratropical 

weather systems will likely depend on modification &kG&&ts 

introduced on the mesoscale to be effective. The d~ort: life-time 

of most sev e convective stoms decreases our capability to 
3 ,'*., a. 
respond erxectively after identification. A m r e  promising 

approach is likely to be the inhibition or suppression of 
2#zs r 6 . ' 

the storm by modifying the eevere storm dronsnent prior 
q??': ,.:>':: . . 

to generation of convection. , . 

1:':. L t.":ye. , 4;.J -7;. >&- f l > &  ,7 ,qt - : .  . ,  .,-, ?y . "1 : - 7 .  , 7 q ; ;,: I. : Y . .  
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Professor Decker sa id  one th ing t h a t  s t imulated me t o  respond t o  very 
b r i e f l y .  The people problem is a term t h a t  has been used t o  cover a v a r i e t y  
of things. I th ink t h a t  Professor Decker was using it t o  r e f e r  t o  t h e  
problem of communicating t o  the  people who a r e  i n  a pos i t ion  t o  apply 
weather modification once i t  is  es tabl ished t h a t  i t  is  usable. The 
S i e r r a  Club was mentioned. I th ink t h e r e  are a few o the r  segments out 
t h e r e  t h a t  c o n s t i t u t e  t h e  people problem but  I th ink one very important one 
is t h e  s t a t e  l e g i s l a t u r e s  t h e  na t iona l  congress and t h e  people who e l e c t  
them. 

I th ink  t h e r e  a r e  a l o t  of i n t e r e s t s  involved. There c e r t a i n l y  have 
been a number of c o n f l i c t s .  One i n  Colorado, t h e  bar ley  growers down i n  
t h e  San Luis Valley, were convinced t h e  weather modification technology 
being used t h e r e  benef i t t ed  them. There were a l o t  of o the r  people 
convinced it was doing them harm and they went t o  t h e i r  l e g i s l a t o r s  and t h e  
upshot was t h a t  a committee w a s  appointed i n  t h e  Colorado l e g i s l a t u r e  t o  
consider new regula tory  l e g i s l a t i o n  t o  con t ro l  weather modification i n  
Colorado. I th ink primari .3~ because of t h e  e f f o r t s  of Lew Grant who served 
a s  an advisor t o  t h e  In ter im Committee t h a t  worked on t h i s  problem, they 
had extremely good s c i e n t i f i c  input. They came up with t h e  weather modificat ion 
law of 1972, which I th ink  is  an extremely good one i n  t h a t  i t  provided a frame- 
work f o r  allowing t h e  p o t e n t i a l  of weather modification t o  be explored i n  
t h e  s t a t e .  It a l s o  provides, through l i cens ing  and permits and procedures 
t h a t  involve publ ic  hearings, t h a t  t h e  publ ic  i n t e r e s t  is protected. I 
th ink i t  is  a good law. I l l i n o i s  r ecen t ly  passed one which had t h e  same 
s o r t  of input  from Stan Changnon and some other  people. My point  here  i s  
t h a t  I th ink  a col labora t ion between t h e  s o r t s  of people who are i n  t h i s  
room, t h e  exper ts  both i n  t h e  f i e l d s 0 6  meteorology and agr icu l tu re ,  and 
t h e  input  you can give t o  l e g i s l a t o r s  and t h e  public who e l e c t  them is 
extremely important. 

Personally it appears t o  m e  very l i k e l y  t h a t  na t iona l  regula t ion w i l l  
come along sooner o r  l a t e r  unless  adequate s t a t e  l e g i s l a t i o n  is  established.  
My personal  opinion is  t h a t  na t iona l  l e g i s l a t i o n  might not  be too des i rable .  
There a r e  so many d i f f e r e n t  s i t u a t i o n s  i n  d i f f e r e n t  regions of t h e  country 
t h a t  regula tory  l e g i s l a t i o n  t h a t  i s  patterned t o  t r y  and take  i n t o  con- 
s i d e r a t i o n  a l l  t h e  d i f f e r e n t  sets of condit ions,  a l l  t h e  d i f f e r e n t  appl ica t ions ,  
a l l  t h e  d i f f e r e n t  requirements might leave  something t o  be desired.  Good 
laws l i k e  t h e  ones Colorado, I l l i n o i s  and severa l  o the r  s t a t e s  have now 
seem t o  m e  much more d e s i r a b l e  than na t iona l  l e g i s l a t i o n .  However, I 
th ink  f e d e r a l  l e g i s l a t i o n  is  l i k e l y  t o  come along i f ,  by de fau l t ,  t h e  s t a t e s  
don't  consider t h i s  subject .  

: , p .  q \ *  gb 
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V-32 POSSIBLE SHORT-TERM EFFECTS OF WEATHER MODIFTCA'SION ON 

RUNOFF FROM RANGELAND WATERSHEDS IN 'THIi SOLIrl'HWKS'I" 
;, Y -I .I. x-. 

'1 .. . 
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I n  t h e  Southwest, most runoff  occurs  from snowmelt o r  thunder- 

storm r a i n f a l l .  Most of t h e  land s u r f a c e  of Arizona and New Mexico 
\ I .: 

''id 1 ti.: i s  a r i d  o r  semiar id ,  and i n  t he se  l ands ,  summer thunderstorms a i e  
1 : a ? :  

' ' 1  t he  major source  of runo f f .  On rangelands i n  sou theas t e rn  Arizona, 
j ; > *  - r  

f o r  example, about 70 percent  of t h e  r a i n f a l l  and almost a l l  runoff 
f t 3 f  , , ,  , I ; : ;  ,,v 

- Y,nB : I r e s u l t s  from i n t e n s e  thunderstorm r a i n s .  
) 7 1 '  

- . , ,  I,-~. pysa, ., r Thunderstorm runoff r e s u l t s  from shor t -dura t ion ,  i n t e n s e  r a i n  
i s  
r ,. 

of l im i t ed  a r e a l  e x t e n t .  Runoff producing r a i n f a l l  on a semiar id  

rangeland watershed such a s  t h e  USDA 58-square-mile (150 km2) 

Walnut Gulch Experimental Watershed i n  sou theas t e rn  Arizona, r e s u l t s  

from thunderstorm c e l l s  t h a t  cover only a po r t i on  of t he  watershed 

(Figure 1 ) .  E f f o r t s  t o  i n c r e a s e  runoff gene ra l l y  a r e  concentrated 

on inc reas ing  t h e  d u r a t i o n  o r  i n t e n s i t y  r a t h e r  than inc reas ing  the  

a r e a l  ex t en t  (and t hus  decreas ing  t h e  i n t e n s i t y ) .  

A s imple schematic c r o s s  s e c t i o n  of thunderstorm r a i n f a l l  wi th  

maximum depth  of 0 .1  in , (2 .54  mm) is  shown i n  F igu re  2.  For t h i s  

a n a l y s i s ,  a s  a s imple,  f i r s t  approximation, t h e  assumed r e s u l t  of 

cloud seeding,  0.3 in. ( 7 . 6  mm) is  added t o  t h e  c e n t e r  dep th  wi th  no 
/ 

i n c r e a s e  i n  a r e a l  e x t e n t .  

Excerpt from a paper e n t i t l e d ,  "Ef fec t  of Cloud Seeding on Runoff 
i n  Arizona and New Mexico", H .  B. Osborn, and L.  J .  Lane, ASAE 
Annual Meeting, Davis,  C a l i f o r n i a ,  June,  1975. 

Research Hydraulic Engineer,  United S t a t e s  Department of Agr i cu l tu re ,  
A g r i c u l t u r a l  Research Se rv i ce ,  Western Region, Southwest Watershed 
Research Center ,  442 East Seventh, Tucson, Arizona 85705. 



Radar o r  mathematical models a r e  used i n  most e f i o r t s  t o  e s t ima te  

t h e  e f f e c t s  of convect ive cloud modi f ica t ion .  I n  t h i s  a n a l y s i s ,  storm 

cen te r  depth and runoff were determined f o r  311 storms o n  Walnut Gulch  

f o r  12 years  of record (1960 - 1971). Storms were grouped i n  0.1 i n .  

(2.54 mm) increments,  0  t o  0.10 in .  (0  t o  2.5 mm), 0.10 t o  0.20 i n .  

(2 .5  t o  5 .1  mm), e t c .  To ta l  runoff f o r  a l l  storms i n  each 0 .1  i n .  

(2.5 mm) increment and average runoff per incremental storm cen te r  

depth were p l o t t e d  a g a i n s t  sotrm cen te r  depth (Figure 3 ) .  Storms 

were grouped by increments because the  accuracy of es t imat ing  runoff 

from ind iv idua l  thunderstorms is  highly unce r t a in .  Twelve years  were 

used so t h e  l e s s  f requent  except iona l  storms were included.  

The g r e a t e s t  volume of runoff r e s u l t e d  from storms of about 1 . 5  in-  

( 3 . 8  mm). Above 1.5 in, the  number of events  decreased .more r ap id ly  

than the  inc rease  i n  runoff per event .  The two incremental curves 

c r o s s  between 2 .6  and 3.0 in, i n d i c a t i n g  t h a t  an event i n  t h i s  range 

probably has a  recur rence  i n t e r v a l  of about 1 2  years .  In  12 years  of 

I il . 
record ,  t h e r e  were two storms t h a t  produced runoff equal t o  the  

average annual runoff from Walnut Gulch. Obviously, such events  can 
- 

b i a s  cloud seeding programs based on seasonal  o r  annual runoff a s  we l l  

a s  randomized cloud seeding experiments.  

To ta l  runoff f o r  12 years  of record on Walnut Gulch was about 

3,500 a c r e - f t  (4.32 x lo6 m 3 ) .  R a i n f a l l  increments were combined t o  

look a t  t h e o r e t i c a l  r a i n f a l l  and runoff i nc reases  from an assumed 

inc rease  of 0.3 inch i n  each event .  The combined increments were 

0 t o  0.40 in r (O  t o  10.2 mi), 0.40 t o  0.80 i n ( ( 1 0 . 2  t o  20.3 mm), and 
i(i 

0.80 t o  1.20 in.(20.3 t o  30.5 mm) (Table 1 ) .  Roughly 320 events  of 

l e s s  than 0.4 in .(10.2 m) :cen te r  depth occurred i n  t he  1 2  years  of 

I 

r . .  * , , I  -* 



r e c o r d .  T o t a l  r a i n f a l l  f o r  t h e s e  e v e n t s  w a s  2bc )u t  .'C) ,000 ocrcl-t t 

(3 .58 x l o 7  m 3 ) .  Assuming a n  i n c r e a s e  ol. 0 . 3  i n .  ( 7  . O  mln) e n t e r  

dep th  f o r  each e v e n t ,  r a i n f a l l  volumc was i n t  rcl,~secl ti) it)au t- 7 7 , 0 0 0  

a c r e - f t  (9 .49  x l o 7  m3) which is  a  large nntl .lpprc>c i , t b J  t >  i n r r e n s e  i n  

r a i n f a l l  f o r  range f o r a g e  and smal l  stocsk pontl st ora);c, t o r  t l x , implc .  

tiowever, t h e  p r e d i c t e d  i n c r e a s e  i n  runoff  f ronl Walnut Gu 1c .h  is allnos t 

n e g l i g i b l e  because  runof f  p roduc t ion  i s  normally s m , l l L  l o r  sucl l  srn'il l 

e v e n t s ,  and what does  runoff  i s  a b s t r a c t e d  w i t h i n  t l ~ c  c-.phumer,ll s , lnd 
I 1 

channe l s  b e f o r e  r e a c h i n g  t h e  watershed o u t l e t .  The p r o j e c t e d  i n c r e a s e  

i n  runof f  f o r  12 y e a r s  was roughly 3  p e r c e n t .  
I - +  

There were 160 s to rms  i n  t h e  next  combined increment ,  0 .40  t o  

0.80 in.(10.2 t o  20.3 mm) and about  47,000 acre-f  t  (5 .8  x 10 '  m") ot. 

r a i n f a l l .  The t h e o r e t i c a l  i n c r e a s e  from seed ing  was abou percen t  
2 '  

t o  72,000 a c r e - f t  (8.88 x lo7  m3),  which r e s u l t e d  i n  a n  e s t i n a t e d  

i n c r e a s e  of 1 7  p e r c e n t  i n  t o t a l  r u n o f f .  For t h e  75 s to rms  between 

0.80 and 1.20 in . (20 .3  t o  30.55 mm), s e e d i n g  i n c r e a s e d  r a i n f a l l  from 

37,000 a c r e - f t  (4.56 x l o 7  n3) t o  48,000 a c r e - f t  (5.92 x l o 7  m3) ,  and 

runoff  a g a i n  by abou t  17 p e r c e n t .  For 32 s to rms  between 1 . 2 0  and 

1 .60 i n . ( 3 0 . 3  and 40.4 mm), s e e d i n g  i n c r e a s e d  r a i n f a l l  from 23,000 

a c r e - f t  (2 .81  x l o 7  m3) t o  27,000 a c r e - f t  (3 .33 x l o 7  m"),  and 

runoff  by abou t  9 p e r c e n t .  Adding 0 . 3  i n . t o  t h e  approximately  600 

thunders torm r a i n s  would i n c r e a s e  t h e  r u n o f f , b y  a b o u t 5 0  p e r c e n t .  

I n c r e a s e s  i n  summer r a i n f a l l  i n  t h e  2outhwest a r e  normal ly  most 
*. iJ , , 1 ' f T 5  , 

d e s i r e d  e a r l y  i n  t h e  thunders torm season  when t h e  s to rms  a r e  most 

l i k e l y  t o  be s m a l l .  , S u c c e s s f u l  s e e d i n g  of t h e s e  e v e n t s  would improve 

range  c o n d i t i o n s ,  bu t  would have l i t t l e  e f f e c t  on runoff  from l a r g e r  . .  . " I  1.1 ' 

-. 

watersheds .  
f . 
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For downstream water u s e r s ,  t h e  g r e a t e s t  va lue  from cloud 

seeding would be t o  i nc rease  r a i n f a l l  from the  moderate. 

s torms.  1 :  

TABLE 1 

Actual  ve r sus  t h e o r e t i c a l  seed ing  va lues  f o r  r a i n f a l l  \ 
I I and runoff  on Walnut Gulch, 1 2  yea r s  of record .  . . #  

P AP* AQ* -k * 
P Events (ac-f t )  (ac-f t )  (ac-f Q~ t )  ( a c - f t )  

-- 
* I n d i c a t e s  seeded cond i t i ons  

** Q = 3,500 a c - f t  ( t o t a l  Walnut ' ~ u l c h  runo f f ,  1960 - 1971) 









There a r e  organizat ional  problems and t h e r e  a r e  problems of learning 
. and it  is  cheap t o  seed clouds and it is expensive t o  evaluate  seeding 

experiments. One of t h e  most i n t e r e s t i n g  freudian s l i p s  t h a t  has occurred 
was t h a t  t h e  leader  of t h e  h a i l  p ro jec t  at  NCAR spoke about "hell" 

, suppression and it passed almost unnoticed i n  t h e  meeting. But i n  a 
sense no one has anything good t o  say about h a i l  and nobody has anything 
bad t o  say about food. And i n  a sense we are t a l k i n g  about bhings t h a t  
we can do without and cannot do without. But we  are fo rge t t ing ,  I 

- think, t h a t  t h e  weather doesn't j u s t  a f f e c t  t h e  crops, it a f f e c t s  people 
a s  a group and I don't  th ink t h a t  we are ta lk ing  j u s t  about t h e  S i e r r a  
Club. T - .  - T 

I I .  I L .- " 7  , '. 1 *I 

I s a t  with J u l e s  Charney who i s  chairman of t h e  Department of Meteorology 
a t  MIT a few weeks ago and we were t a lk ing  about pol icy  formation with 

r ,  regard t o  weather modification. H e  sa id  "Well, I don't  th ink much of 
weather modification". I asked him why, and thought t h e  response would 
be because he d idn ' t  be l ieve  t h e  technology was ready ye t ,  but  no he 

; sa id  "I don't  th ink people ought t o  f o o l  around with t h e  weather". Well, 
it was i n t e r e s t i n g  because we had been t a l k i n g  j u s t  a few minutes before 
t h i s  about h i s  own work, i n  which he had been working on t h e  dynamics of 
d e s e r t s  and he has found t h a t  t h e  common explanation f o r  t h e  formation 
and development of d e s e r t s  is inadequate and t h a t  t h e  dominant f a c t o r  i n  
t h e  enlargement and growth of d e s e r t s  is  a change i n  t h e  albedo and t h e  
sinking of a i r .  That d e s e r t s  a r e  not  sources of heat  a s  people might think,  
but s inks  f o r  heat ,  and t h e  r a d i a t i v e  cooling a t  n ight ,  low heat  s torage  
capaci ty  i n  t h e  daytime, causes t h e  very d ry  high atmospheric a i r  t o  s ink  
and produce t h e  very a r i d  condit ions t h a t  represent  dese r t  climate. H e  
sa id  i f  they r e a l l y  want t o  do something about t h e  weather, they can 
p lan t  t r e e s  along t h e  Mediterrean Coast i n  Algeria and change t h e  weather 
on a g lobal  scale.  H e  is  working with one of the  most sophis t ica ted  
simulat ion models i n  exis tence  a t  t h i s  t i m e .  The feedback is enormous 
and t h e  work is of considerable signif icance.  I s a i d  J u l e s  - your're i n  
t h e  weather modificat ion business and I th ink he was gentleman enough 
t o  admit i t  when he made t h e  remark and he was se r ious ly  considering t h e  
f a c t  t h a t  t h e r e  could be some benef ic ia l  e f f e c t s  from a l t e r i n g  land use 
i n  some dese r t  a r e a s  a s  a r e s u l t  of t h e  implicat ions of h i s  work. 

One of t h e  th ings  we can do most e f f e c t i v e l y  i n  t h i s  kind of conference 
i s  t o  look a t  t h e  means of e f f e c t i n g  b e t t e r  communication and a r r i v i n g  a t  
consensus. I thought Earl Droessler 's  remarks t h i ~  morning were eloquent 
i n  t h a t  they addressed i n  a way t h a t  we a l l  understood quest ions t h a t  have 
t o  be answered. I th ink weather modification research i s  essen t i a l .  
I am not  t a lk ing  about weather modification i n  t h e  narrow sense. I a m  
not j u s t  t a l k i n g  about cloud seeding. The meteorologists  among u s  I th ink 
can a l l  put forward suggestions where weather on small o r  l a r g e  s c a l e  can 
be s i g n i f i c a n t l y  a l tered .  And a l t e r e d  and even f i n e  tuned. I'll give  
you an example. On t h e  Is land of Oahu t h e  r a i n f a l l  gradients  are very 
steep. There is  a very sharp escarpment on t h e  windward s i d e  and deeply 
eroded v a l l e y s  running inland. The r a i n f a l l  v a r i e s  from 300-inches j u s t  
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near the  eroded valleys. Now, i t  wouldn't take a l o t  of ea r th  moving equip- 
ment t o  a l t e r  t he  r a i n f a l l  regime here. But nobody i n  h i s  r i gh t  mind 
would go t o  the  l eg i s l a to r s  and suggest doing this .  People l i v e  there  
because they l i k e  t o  look a t  the  waterfa l ls ,  they l i k e  t o  grow something. 
There a r e  a l l  kinds of reasons and people could not agree on how 
conditions should be changed. 

In a general sense, tha t  is the  kind of problem we a r e  going t o  have t o  
deal with. In  order t o  deal  with it ,  we a r e  going t o  have t o  know, i f  
we know we a r e  going to  have t o  study it. People l i v e  i n  c i t i e s  
and people w i l l  decide. W e  aren ' t  j u s t  ta lking t o  each other. I don't 
think t ha t  is  enough. Since they l i v e  i n  c i t i e s ,  it has already been 
pointed out tha t  the  vast  majority of people i n  t h i s  country, Changnon 
has repeatedly said t h i s ,  l i v e  i n  man-altered climates. The big weather 
modification areas  a r e  Los Angeles, Mexico City, no one can deny tha t  
smog is weather. The f a c t  is tha t  we a r e  going t o  have t o  deal  with 
these subjects and the  problem is how do we deal  with i t  i n  a way where 
we  can a r r i ve  a t  consensus. This means studying and the  study 
w i l l  come and i t  should come i n  a way tha t  optimizes the  benef i t s  
f o r  us a l l .  



WEATHER MOD1 FICATION AND RANGELAND PRODUCTIVITY 

M. J .  Trlica 
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Colorado Sta te  Uni versi t y  

Roughly one-half of the land surface area is classif ied as rangelands 

primarily because they are  too ar id  t o  be used fo r  something more productive. 

In general these areas receive 30 inches or  less  of precipitation per year, 

and more commonly rangelands receive i n  the neighborhood of 15 inches or  

less  of precipitation per year. I have done some calculations concerning 

the effects  tha t  one inch of additional precipitation would have on range- 

lands here i n  the ar id  west. I calculated something l ike  60 additional 

pounds of air-dried forage produced per acre on some of our native range- 

lands as a r e su l t  of one additional inch of precipitation. This i s  really 

pretty insignificant when one considers tha t  t h i s  additional forage might  

be ut i l ized by some grazing herbivore and converted into approximately 5 

pounds of additional animal protein. Therefore, we are  not looking toward 
i 

any great increases i n  productivity of rangeland w i t h  only a 

increase i n  precipitation as a resu l t  of weather 
b 

i f  we can reduce the frequency or  intensi ty  of drought, t h i s  wbuld make 
' b 

ranching a more economically s tab le  enterprise. If  we could only reduce 

the frequency of below average precipitation years, t h i s  would certainly 

make i t  more economically feasible  for  a grazing s i tuat ion to  be more 

productive. There are  numerous data i n  the l i t e ra tu re  which indicate that  
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Table 1- An assessment of the eens i t iv i& of the  primary productivity model predictions fc l u e  . . 

gra& (Bouteloua g r a c i l i s )  t o  var ia t ions  i n  driving variables,  c'oefficients and constants. 

The actual  values of the  model are  compared t o  output produced when ra ther  d r a s t i c  pertur- 

bations are  introduced by a l t e r ing  the i n d ' i c a t e  var iables  o r  constants (Brown and Trlica, 1976). 

season t o t a l s  (g n1,o c2 ground area) 
z. 

C 
Translo- Root Shoot Root Npp AGB msx 2 

pgl Pn AGR cation resa. &ath death 

Orig$nal Predictions -412 1188 224 1083 474 115 182 714 99 

Changes made t o  the model 
2 2  : 5 r. 

-eraturcs increased . >#,. 
385 294 90 291 260 17 129 34 35 

by 5 C I 

T q e r a t u r e s  reduced 
- 1660 1472 187 . 1279 365 200 197 110: 3 

h 7 5 c  
0 - 

Teqera tu res  increas 

by 10 C 

T q r a t u r e s  reduced 

ay 10 c 
Sofl water potent ia ls  

set a t  0 bars 

Soil water potent ia ls  

s e t  a t  -50 bars or 
- 

I f b i b l e  irradiance 

reduced by 10% 

Dry matter coef &ibAdnt 

changed from 0.53 x AGB 1640 1380 260 1261 509 130 198 870 109 

t o  0.56 x AGR . .. 

Xkproductive translocation 

changed from 0.55 to  0.45 
1680 1422 259 1271 '488 160 192 934 

Reproductive translocation 
1224 1023 199 853 464 changed from 0.55 to  0.65 

- - 
'Abbreviatims used a re  s imi lar  t o  those used i n  the text.  *AGB max = peak standing crop of above- 

-2 ground biomass. 3 1 ~  g CH20 . m ground area was the value used t o  i n i t i a l i z e  the e l .  1 
5- .9 8 \ I 1 : ,  *. I . ,  , < . * J - " 71, I 

1 . i  3 , ' ' I (  - 
. 2  1 - t i  1 '  I ,  6 , '1 +PI J 

I I 
.( i 
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I n  weather modificat ion i n  29 years  what have we learned? How q! , ,  9!96,, 

can we put t h e  knowledge we've got t o  use? I hope as a r e s u l t  of 
t h i s  conference we w i l l  be  a b l e  t o  do tha t .  I 've got t o  suggest t h a t  
we've learned a g rea t  deal.  

I s a t  i n  a meeting about 2-3 years  ago and heard a cloud seeder ,  
t e l l  a l a r g e  group of people t h a t  i f  he seeded, he would e l iminate  
drought from t h e  Great Plains.  There wouldn't be any h a i l  and fur ther-  
more the re  wouldn't be any tornadoes. So they passed t h e  h a t  and they 
developed a weather modificat ion p ro jec t  r i g h t  t h e r e  on t h e  spot. I 
am too young t o  remember. I th ink  t h a t  is  how weather modification 
was. How is it now? I n  con t ras t  t o  that I w i l l  j u s t  use t h e  s t a t e  % I7 1 I" 

of South Dakota and although you have had a b r i e f i n g  on it from J i m  
we had another kind of weather modification p ro jec t ,  an operat ion projec t .  
I am ta lk ing  about now where most of t h e  s t a t e  (about 46 counties)  

+s-> 
have organized and they have a good means of funding t h e  th ing and 
representa t ion from t h e  grass%.ai@ots a l l  t h e  way up through t h e  s t a t e  
l e v e l  a s  w e l l  a s  input  from s c i e n t i s t s  both wi th in  t h e  state and from 6 1 .  ,G? 

outs ide  the  s t a t e .  They are using what I consider t o  be t h e  s t a t e  
of the  art. A r n e t t  Dennis has wr i t t en  two r e p o r t s  so f a r  where he i<'W 

has reviewed the  t e n  years  of research of t h e  South Dakota School of - 
Mines. H e  sa id ,  1, 2,  3, 4, 5, these  a r e  t h e  recommendations t h a t  we 
would make a s  s c i e n t i s t s  f o r  opera t ional  weather modification projec ts .  
Here t h i s  p ro jec t  is  using th i s .  The f i v e  a reas  of weather modification 
people have t o  work a r e  cloud se lec t ion ,  mater ia l  se lec t ion ,  material 
delivery,  observations, analys is ,  and report ing.  I th ink t h e  p ro jec t  
is doing great  th ings  i n  t h i s  area. I don't mean t o  s i n g l e  it  out  a s  
t h e  only one but  point  it ou t  a s  an example of how weather modification 
i n  an opera t ional  sense has come along way i n  29 years. The research.,_ .,i: 
I won't even mention because you have already heard a l o t  of what has , 
been learned today. I 3 

" - 
'T' Well, i f  a l l  t h i s  ia t r u e ,  why i s - t h e r e  such a massive acu te  b .F 

l e tha rgy  i n  t h e  f i e l d  of weather modification. Why can ' t  we ge t  it  'i 1 

a l l  together. Why is  it t h a t  i f  t h e r e  is  such a tremendous p o t e n t i a l  
f o r  weather modification, I agree t h a t  the re  is, why is  it t h a t  we . , ,  
are s t i l l  j u s t  having sca t t e red  l i t t l e  p ro jec t s  here, one p ro jec t  

G ' -  q d 

over there.  Why i s  i t  that we a r e  only spending 15 o r  so mi l l ion  , , ,, 

d o l l a r s  on i t  a year i n  research i f  t h e r e  is  such a great  p o t e n t i a l  
here. Maybe the re  i s n ' t  a s  D r .  Chamberlain s a i d  t h i s  morning. But 
I suggest the re  i s  a g rea t  po ten t i a l .  What is  t h e  reason f o r  i t ?  I 
suggest t h a t  it is  because we have not  had on a na t iona l  eca le  an 
organized e f f o r t  t o  p u l l  together those th ings  we've learned,  That is  
why I am so glad t o  hear about t h i s  conference. Because i t  is  an 
attempt t o  get  meteorologists  and a g r i c u l t u r a l  exper ts  a11 i n  t h e  
same room. Maybe a s  a r e s u l t  of t h i s  conference we w i l l  p u l l  some of 
what we have together. Now, I am suggesting t h a t  u l t imate ly  we  have 
t o  have a na t iona l  pol icy  on weather modification. I am worried 
about how t o  develop th i s .  And, I couldn't  f ind  any other  way except 
t o  simply suggest l e g i s l a t i o n  a t  t h e  f e d e r a l  level .  I have here  a 
copy of what I have suggested. This is  cur ren t ly  being considered i n  
Washington. I th ink it w i l l  be introduced and I w i l l  s o l i c i t  your 

T 



support and t h e  support of t h i s  conference on t h i s  s o r t  of idea. 
In  essence t h i s  is  a followup t o  t h e  Orv i l l e  Committee. A suggestion 
i s  a s  follows: a commision should be composed of n ine  members t o  be 
appointed by t h e  pres ident  and not  more than two of whom a r e  represen- 
t a t i v e s  of t h e  following categories:  f edera l  government, the  s t a t e s ,  
t h e  col leges ,  p r i v a t e  indust ry  and so fo r th .  The pres ident  s h a l l  
appoint individuals  who are known f o r  t h e i r  experience and compete*nce 
i n  f i e l d s  of weather modification research,  opera t ional  weather 
modification, ag r icu l tu re ,  a g r i c u l t u r e  economics, energy development, 
weather modification law, s o c i a l  f a c t o r s ,  ecological  f a c t o r s  and so on. 
I n  o ther  words I a m  suggesting t h a t  a body made up of a l l  t h e  segments 
t h a t  a r e  concerned with weather modification work i n  a concerted 
e f f o r t  f o r  a t  l e a s t  a year t o  develop a na t iona l  policy i n  weather 
modification. The commission would look i n t o  (1) t h e  present  s t a t e  of 
development of weather modification technology, (2) the  problems t h a t  
s t i l l  face  t h e  development of opera t ional ly  use fu l  techniques i n  weather 
modification technology, (3) t h e  s o c i a l  and l e g a l  obs tac les  t o  t h e  
development of it ,  (4) how people who don't want t h e  r a i n  should be 
compensated by those who do. I n  essence I a m  suggesting t h a t  a 
commission be developed and appointed by the  president  authorized by 
congress t o  develop a document. I n  t h i s  document t o  summarize t h e  
s t a t e  of our knowledge and put a l l  t h i s  on a sheet  of paper. Hopefully, 
i f  we  chose t h i s  commission c o r r e c t l y  w e  could ge t  a body of evidence 
with t h e  maximum poss ib le  degree of concurrence, Something t h a t  says 
t o  t h e  maximum number of people - yes, t h a t  i s  probably about t h e  
bes t  we can do i n  terms of a consensus of what we  have learned i n  
weather modification and i ts appl ica t ion.  Then t h e  next th ing  would say 
where should t h i s  na t ion be going, why is  weather modification important 
i f  i t  i s ?  I suggest it  is  most important f o r  agr icul ture .  Perhaps 
f a r  more important f o r  a g r i c u l t u r e  than f o r  anything else. I f  i t  i s  t h e  
most important, and i f  so why. If  i t  is  t h i s  important, then t h e  
decisions t h a t  a r e  made i n  Washington regarding where the  funds go and 
how much funds could su re ly  be guided by t h i s .  I would hope t h a t  t h e  
policy could be wr i t t en  wi th  need t o  l e g i s l a t i o n  regarding t h e  funding 
f o r  weather modification research and guidance a s  f a r  a s  f edera l  and 
s t a t e  p a r t i c i p a t i o n  i n  opera t ional  weather modification. Hopefully, 
out  of a l l  of t h i s  we  could aaswer what we have learned about t h i s .  
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This summarizes a few re levant  points  from t h e  viewpoint of one 
who has been involved f o r  over 25 years  i n  t h e  p r i v a t e  sec to r  of t h e  
weather modificat ion f i e l d .  My company s t a r t e d  applying adaptat ions 
of Pro j e c t  Cir rus  methods toward orographic snowpack enhancement f o r  
hydroelec t r ic  power generat ion i n  t h e  e a r l y  1950's and has continued 
s ince  then, adding innovative improvements i n  de l ive ry  systems, such 
a s  high e levat ion rad io  control led  generators,  and i n  methods f o r  
monitoring operat ions along t h e  way. W e  were a l s o  involved i n  a 
minor way i n  t h e  e a r l y  day seeding of summer cumulus; f o r  example, 
i n  Iowa where we  employed ground generators,  an a e r i a l  seeding system, 
and a monitoring radar. We withdrew from t h i s  a c t i v i t y  ea r ly ,  but  
have recen t ly  returned ( t o  South Dakota) following t h e  excel lent  
f i e l d  research ca r r i ed  out  a t  t h e  I n s t i t u t e  of Atmospheric Sciences of 
South Dakota School of Mines and t h e  implementation of t h e  South Dakota 
s t a t e  weather modificat ion program. 

The seeding of western mountain watersheds f o r  increasing hydro- 
e lec t r i cenergyresources  has benef i t t ed  a g r i c u l t u r e  by providing 
severa l  mi l l ion  e x t r a  a c r e  f e e t  of i r r i g a t i o n  water over t h e  l a s t  
20 years, and t h i s  has  been paid f o r  by t h e  u t i l i t y  companies. 

With t h i s  perspective,  i t  appears t o  m e  t h a t  weather modification 
has been timely, t o  use  D r .  W i t t w e r ' s  t e r m ,  s ince  t h e  e a r l y  work of 
Langmuir and Schaefer. I view t h e  development of weather modifica- 
t i o n  as being an evolutionary process, still on t h e  accelera t ing 
port ion of a growth curve, but  i n  d e t a i l  f i l l e d  with many s t e p s  and a 
few setbacks. One such forward s t e p  was t h a t  taken by t h e  Advisory 
Committee of Weather Control i n  t h e  mid-1950's which lead t o  t h e  
ass ignmkt  t d  t h e  NSF of a weather modificat ion research mission. 
Perhaps t h i s  meeting w i l l  l ead  t o  another forward step.  

I n  t h e  technological  area ,  I have seen t h e  slow but  steady develop- 
ment of more e f f e c t i v e  means of monitoring t h e  chain of physical  
processesleadingfrom t h e  emission of nucleant through i ts t ranspor t  
and dispersion,  t h e  conversion of supercooled water t o  i c e  p a r t i c l e s  
on t h e  nucle i ,  t h e  growth of these  p a r t i c l e s  and t h e i r  f i n a l  f a l l o u t  
onto t h e  t a r g e t  area. These developments have improved t h e  con t ro l  
of seeding a s  w e l l  a s  t h e  evaluation of r e s u l t s .  I n  e a r l i e r  days 
such evaluation w a s  focused on t h e  end po in t s  of t h i s  chain, t h a t  i s  
on generator  loca t ions  and r a i n f a l l  i n  t h e  t a r g e t  a rea  (and i n  control  
areas) .  I f  something went awry along t h e  chain i t  was a l l  but  impossible 
t o  discover t h e  er ror .  Nowadays t h e  p ic tu re  is somewhat b e t t e r .  

I 



I n  the  a rea  of cos t  ef fec t iveness ,  again using D r .  w i t t w e r t s  t e r m ,  
t he  economic value of the  seeding produced e x t r a  hydropower c l e a r l y  
exceeds a l l  a l t e r n a t i v e  p o s s i b i l i t i e s .  With respect  t o  t h e  e x t r a  
i r r i g a t i o n  water, t h e  assessment is less c lear .  To judge from t h e  
Stanford Research l n s t i t u t e t s  Technology assessment f o r  t h e  proposed 
Bureau of Reclamation Colorado River Basin P i l o t  P ro jec t ,  it is  of 
l i t t l e  value i n  a nat ion where r e s t r i c t i o n  of farm production is  (has 
been) subsidized. A Nader book on t h e  Bureau of Reclamation a l s o  
suggests t h a t  a zero value i s  appropr ia te  f o r  i r r i g a t i o n  water produced 
by any f u t u r e  reclamation. On t h e  o the r  hand, t h e r e  have appeared 
many resounding statements about t h e  need t o  enhance a g r i c u l t u r a l  
production i n  a l l  ways poss ib le  i n  order t o  feed a growing world 
population. I hope t h a t  t h e  a g r i c u l t u r i s t s  gathered here  can c l a r i f y  
these  matters  so we can set c l e a r  cu t  goals  f o r  our task. 

Under t h e  environmental (usually environmental/social) heading, I 
have seen a steady evolution i n  t h e  considerat ion of the  impact of 
seeding on diverse  economies and environments within proposed t a r g e t  
areas.  It was during t h e  1950's t h a t  t h e  publ ic  meeting got its 
s t a r t .  A more ac id  test occurred when w e  were sued, along 
with our c l i e n t ,  t h e  P a c i f i c  Gas and E l e c t r i c  Company, f o r  causing t h e  
Yuba City, Cal i fornia  flood of December 1955. It was a long drawn out  
case and i t  was not  u n t i l  1964 t h a t  t h e  judge ruled t h a t  w e  had not  
caused, or contr ibuted t o  the  flood. The p l a i n t i f f s  did not  a t  f i r s t  
know t h a t  w e  had not  seeded any p a r t  of t h e  flood storm except t h e  
very beginning, and theyhad t o  change t h e i r  approach t o  include a 
claimed enhancement of snowpack by seeding i n  the  flood watershed 
duringthemonth p r i o r  t o  t h e  flood. However, t h e  t a r g e t  watershed l a y  
j u s t  nor th  of t h e  flood watershed, and a l l  runoff was contained 
behind a dam. The p l a i n t i f f s  were unable t o  prove t h a t  we had 
slopped over i n t o  t h e  unprotected flood watershed. 

The various weather modifiers, and o the rs  in te res ted  i n  cloud 
seeding have joined together i n  an organizat ion ca l l ed  the  Weather 
Modification Association. Among other  things,  t h i s  organizat ion has 
taken a pos i t ion  favoring t h e  establishment of a Weather Modification 
Commission whose membership would include representa t ives  
from a broad spectrum of weather modification users.  The purpose of 
such a commission would be t o  formulate a National Weather Modification 
Policy. I n  my opinion, such an approach is sore ly  needed. 
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Risk continues t o  be a major problem i n  a g r i c u l t u r e .  Floods, droughts,  

and i n s e c t  i n f e s t a t i o n s ,  a s  w e l l  a s  o the r  n a t u r a l  hazards, have plagued 

a g r i c u l t u r e  throughout t h e  ages. Modern sc ience  and technology have done 

much t o  quant i fy  and t o  some extent  a l l e v i a t e  these  r i s k s ;  however, some 

of these  bas ic  a g r i c u l t u r a l  r i s k s  t h a t  can lead t o  reduced crop production 

a r e  s t i l l  wi th  us. + ! +, 

.*I, r . - 2d  

Emerging technologies, such a s  weather modificat ion,  can f u r t h e r  a s s i s t  

t h e  a g r i c u l t u r i s t  i n  a l l e v i a t i n g  some of h i s  r i s k s .  One p a r t i c u l a r l y  in-  

t r igu ing  aspec t  of i n t e n t i o n a l  weather modificat ion is  t h e  p o t e n t i a l  f o r  

p r e c i p i t a t i o n  augmentation. 

P r e c i p i t a t i o n  augmentation can have considerable impact on a g r i c u l t u r e .  

However, t o  be r e a l i s t i c ,  t h e  add i t iona l  increments of water must be iden- 

t i f i e d  as t o  quant i ty  and where they en te r  the  hydrologic cyc le .  Only then 

can q u a n t i t a t i v e  analyses  be made a s  t o  t h e  exact benef i t s .  

Tangible i d e n t i f i c a t i o n  of t h e  add i t iona l  increments of water may a l s o  

become important i n  those S t a t e s  whose water law is based on the  d o c t r i n e  of 

p r i o r  appropr ia t ion .  This doc t r ine ,  simply s t a t e d ,  is--the f i r s t  t o  put  t h e  

water t o  b e n e f i c i a l  use  i s  f i r s t  i n  r i g h t .  Thus i n  these  a r e a s ,  i f  addi- 

t i o n a l  water i s  added t o  t h e  system by i n t e n t i o n a l  weather modif ica t ion,  i t  

w i l l  go i n t o  t h e  p r i o r i t y  system unless  otherwise claimed. 

Most western S t a t e s  a l s o  recognize the  concept of developed waters  o r  

imported waters. Although individual  S t a t e  s t a t u t e s  may vary ,  these  waters  

a r e  genera l ly  a l loca ted  t o  those who import o r  develop new waters  without  

regard t o  t h e  p r i o r i t y  system, provided t h e  new water i s  adequately i d e n t i f i e d .  

Recent s t u d i e s  by t h e  author i n d i c a t e  t h a t  it would be p o t e n t i a l l y  

poss ib le  ( a l b e i t  d i f f i c u l t )  i n  severa l  western S t a t e s  f o r  an  ind iv idua l  o r  

group of water use r s  t o  ob ta in  some type of water r i g h t  based on water 

L'~repared f o r  Workshop on Weather Modification and Agricul ture  held a t  
Colorado State Universi ty,  J u l y  15-18, 1975. 
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developed through t h e  i n t e n t i o n a l  a p p l i c a t i o h  of weather modif ica t ion .  

However, adequate proof of t h e  amount of water developed must be provided 

t o  t h e  c o u r t  o r  a p p r o p r i a t e  j u d i c i a l  body. The S t a t e  of Utah is  a  no tab le  

exception t o  t h i s  s i t u a t i o n .  Utah has passed s p e c i f i c  l e g i s l a t i o n  which 

i n  e f f e c t  proposes t o  t r e a t  any a d d i t i o n a l  water  produced a s  p a r t  of t h e  

n a t u r a l  f low of t h e  stream, and hence s u b j e c t  t o  p r i o r  appropr ia t ion .  

Although f i l i n g s  f o r  water developed through weather modif ica t ion  a r e  

p o t e n t i a l l y  poss ib le ,  they appear t o  be f r augh t  wi th  d i f f i c u l t i e s .  

Courts  o r  appropr i a t e  j u d i c i a l  bodies must be  convinced t h a t  s p e c i f i c  

amounts of water  were a c t u a l l y  produced. Such proof should b e  hydrologi- 

c a l l y  o r i en ted  t o  show t h e  a d d i t i o n a l  "water i n  t h e  stream" a t  some 

s e l e c t e d  po in t .  A r i g h t  claiming developed water  would probably be  granted 

only  a f t e r  i t  i s  shown t h a t  t h e r e  would be  no damage t o  those  who opera te  

i n  t h e  p r i o r i t y  system. Th i s  means t h a t  l o s s e s  would have t o  be  shared,  

and any doubts  a s  t o  quan t i ty  would be resolved i n  favor  of t h e  stream. 

Even i f  such a  r i g h t  were t o  be  granted ,  i t  would no doubt c r e a t e  consider- 

a b l e  community s o c i a l  s t r e s s  during t i m e s  of low flow. A basin-wide con- 

servancy d i s t r i c t  o r  t h e  S t a t e  i t s e l f  might b e t t e r  be a b l e  t o  f i l e  on such 

water .  

The p o s i t i o n  of Utah should not  be overlooked. It has  a s p e c t s  t o  

recommend i t ,  even though it may l i m i t  t h e  a c t i v i t i e s  of e n t e r p r i s i n g  groups 

and ind iv idua l s .  The ques t ion  of proof be fo re  a  j u d i c i a l  body is foregone, 

and what may i n i t i a l l y  appear t o  be a  windfa l l  b e n e f i t  t o  t h e  jun io r  appro- 

p r i a t o r  can conceivably b e n e f i t  t h e  e n t i r e  body of water u s e r s  on t h a t  

s tr eam . 
The use  of i n t e n t i o n a l  p r e c i p i a t i o n  augmentation t o  provide a d d i t i o n a l  

water  f o r  a g r i c u l t u r e  is  of apparent  s i g n i f i c a n t  va lue ,  b u t  t h e  manner i n  

which t h e  a d d i t i o n a l  water i s  i n j e c t e d  i n t o  t h e  system i s  a l s o  important .  

I n  order  t o  maximize ob ta inab le  b e n e f i t s  from p r e c i p i t a t i o n  augmentation 

programs, po l i cy  should be c a r e f u l l y  developed p r i o r  t o  a c t u a l  implementation, 

whether t h e  p r o j e c t  be i n  t h e  western por t ion  of the  United S t a t e s  o r  some 

other  p a r t  of t h e  world. Po l i cy  on t h i s  a spec t  of weather modi f i ca t ion  

should t a k e  i n t o  account not  only hydrologic cond i t ions ,  but  s o c i a l ,  l e g a l ,  

and economic condi t ions  a s  we l l .  Considerat ion and implementation of these  

i tems i n  a  systems approach should Lead t o  f u r t h e r  r educ t ion  of a g r i c u l t u r a l  

r i s k .  

M. W. BlTTlNGER AND ASSOCIATES, INC. 
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The two quest ions we  a r e  concerned with here are:  (1) can weather modi- 
f i c a t i o n  be done from a meteorological standpoint; (2) should i t  be done. 
These a r e  t h e  i s sues  a t  hand t h a t  we have t o  grapple with. I th ink a f t e r  
doing a l o t  of work i n  both h a i l  and r a i n  considerat ions i n  I l l i n o i s ,  
we came up with t h e  f a c t  t h a t  i f  w e  a r e  looking a t  urban, i n d u s t r i a l  
water suppl ies  and a l l  kinds of users ,  i t  was very c l e a r ,  a t  l e a s t  i n  
I l l i n o i s  and other  comparable p a r t s  of the  midwest, t h a t  ag r icu l tu re  is  
t h e  main beneficiary.  It is obvious by the  attendance here. Another 
f a c t  t r u e  of much of the  midwest is  t h a t  the  benef i t s  from r a i n  exceed 
those of h a i l  suppression. Another one of my platform i s sues  is  t h a t  
t h e r e  is a r e a l  need f o r  e s tab l i sh ing  t h e  economic value of weather. 
That is apparently what t h e  a g r i c u l t u r a l  input  i s  i n  a l l  t h i s ,  i f  we a r e  
going t o  de f ine  the  use r s  and properly set t h e  p r i o r i t i e s  out of t h i s  
meeting o r  any other meeting. I f  t h e  r i g h t  use r s  and t h e  r i g h t  p r i o r i t i e s  
aren ' t  set, you j u s t  can't  sel l  it. I would l i k e  t o  mention a s  a p a r t  
of my membership on t h i s  NC 94 committee t h a t  you have heard about, 
most of t h e  members a r e  here, Sylvan W i t t w e r  got the  committee t o  do l a s t  
f a l l  a statement on weather modification a s  i t  app l i es  t o  t h e  north c e n t r a l  
region. We have struggled over th i s .  I guess we have got a t  l e a s t  a semi- 

ff inished document wr i t t en  t h a t  does t h e  th ings  Ray Booker is  ta lk ing  about. 
There i s  a review of t h e  s t a t u s  of the  f i e l d ,  i t  i d e n t i f i e s  t h e  key 
a g r i c u l t u r a l  problems t h a t  weather modification might solve o r  a l l e v i a t e  
and comes up with some recommendations including t h e  need f o r  f i r s t  c l a s s  
experimentation i n  t h e  region. z ~ ' , .  1 

The f i n a l  i ssue ,  which some of you may be aware o f ,  i s  t h a t  w e  have had 
reasonable advances i n  weather modification, inadvertent  and advertent  
i n  t h e  l a s t  f i v e  t o  t en  years,  every august body the re  is  has reviewed 
weather modification a s  go, great ,  i t  i s  needed, na t iona l  need, and yet  
there  has been a decl ine  o r  l eve l ing  off  i n  f edera l  funding. A s  we a l l  
know, l e v e l  funding is a decl ine ,  so possibly one of t h e  solut ions  t o  
t h i s  is  what Ray t a l k s  about. The reasons a s  f a r  a s  I perceive why 
weather modification has a t  l e a s t  been a minature science i n  the  federa l  
scene i s  t h a t  it is s t i l l  by more than one and a majori ty of t h e  decision 
makersconsideredto be an uncer ta in  science,  emerging technology and it is  
probably f a i r  game and so you don't  put too many chips on something l i k e  
tha t .  The s o c i a l  economic b e n e f i t s  and d i sbenef i t s  have not been c lear .  
It has j u s t  been i n  t h e  l a s t  two years  t h a t  NSF and the  Bureau of Reclama- 
t i o n  has sponsored enough study t h a t  it is  beginning t o  dimensionalize 
t h i s .  I would say the re  has been quest ionable management not  only on the  
federa l  l e v e l  but  I th ink t h e r e  has been a l o t  of s c i e n t i f i c  poor 
management. Solutions t o  t h i s  might be a s  f a r  a s  I am concerned a major 
breakthrough l i k e  any b ig  emerging technology t h a t  makes th ings  go high 
order. It is obvious t h a t  i f  some fore ign nat ion comes along with a 
major claim a s  they did with h a i l  ten  years ago, t h a t  t h a t  might put the  
old boom i n t o  weather modification. Overcoming it  with a s t ronger  consti-  
tuency a t  a l l  l e v e l s  which I suspect is  where we say w e  th ink we a r e  o r  
might be. 

1' 



F i n a l l y ,  even wi th  a bigger  f e d e r a l  commitment, I t h i n k  t h e r e  a r e  s t i l l  a 
couple of key problems. The weather mod i f i e r s  would say  t h a t  we a r e  s t i l l  
dea l ing  wi th  a ve ry  complex s u b j e c t ,  t h a t  our  knowledge is no t  adequate  
t o  t h e  t a s k  and t h a t  t h a t  p l u s  d e t e c t i o n  and eva lua t ion  t imes a r e  going 
t o  mean t h a t  f o r  t h e  next  f i v e  t o  twenty yea r s ,  no matter what w e  do, 
developing technology f o r  a p p l i c a t i o n  t o  r a i n ,  and h a i l  and hu r r i canes  
and every th ing  e l s e  i s  a long way away. I don ' t  t h i n k  t h a t  should 

' l J (  
be  denied. It has  t o  be  whatever t h i s  group o r  any group t h i n k s  t h a t  t i m e  
is. There has  t o  be  a po in t ,  however, a t  which you go sell  somebody, 

, because t h a t  r e sea rch  is c o s t l y  and i t  is  going t o  r e q u i r e  a long term 
commitment o r  as C h a r l i e  s ays  a cont inuing  optimism about t h e  eventua l  
prospec ts  of weather modif icat ion.  . . ..,. -I . 1 ~ 1 - c ~ ~ -  

I 



We have experience i n  cloud s i t u a t i o n s  t h a t  vary from t r o p i c a l  
oceans t o  t h e  a r t i c  during t h e  summer and t h e  middle of t h e  desert .  
I th ink w e  a l l  recognize t h a t  t h e r e  has been a l o t  of bad news about 
commercial operations. But I would l i k e  t o  take Arnet Dennis's 
pos i t ion  and say l e t  us fo rge t  about everything before 1965 o r  so, l e t  
us  look a t  some of t h e  good news t h a t  i s  coming f o r t h  i n  some of t h e  
most recent  years. 

The t r a n s f e r  of technology a s  D r .  Decker asks from research i n t o  
operat ions I th ink is  going very slowly. We a r e  conducting c e r t a i n  
opera t ional  programs t h a t  don't  f l y  t h e  technology t h a t  i s  avai lable .  
I th ink t h e r e  is considerable technology avai lable .  I a l s o  disagree 
with t h e  contention t h a t  evaluation is  expensive. To a c e r t a i n  extent  
i t  is. On t h e  o the r  hand i f  t h e  opera t ional  programs a r e  conducted 
i n  an appropr ia te  manner, a type of monitoring is going on t h a t  is  
necessary t o  make the  decis ion as t o  when where and how much t o  seed. 
The evaluation expense is  considerably reduced. I th ink w e  have t o  
take t h a t  i n t o  considerat ion a s  we look a t  t h e  t o t a l  cos t  of operat ional  
programs i n t o  t h e  fu ture .  

I n  h a i l  suppression, I th ink w e  a r e  developing considerable evidence 
t h a t  we can suppress h a i l  i n  c e r t a i n  types of clouds i n  c e r t a i n  areas.  
On t h e  o the r  hand, it i s  reasonably expensive t o  run a sophis t ica ted  
radar with computerized processing and a couple of jet a i r c r a f t  f o r  
del ivery.  I n  t h a t  case I th ink you have t o  look a t  the  value of t h e  
crops t h a t  you are t ry ing  t o  protec t .  I n  some a r e a s  you a r e  going t o  be 
q u i t e  p ro f i t ab le .  Other a reas  a r e  going t o  be very marginal. We 
a l s o  support t h e  concept t h a t  you r e a l l y  need an a c t i v e  passive insurance 
program which w e  a r e  developing i n  South Africa. It has been reasonably 
successful .  When we ge t  down t o  t h e  n i t t y  g r i t t i e s  I th ink we w i l l  
f i n d  i t  i s  very d i f f i c u l t  a t  t h i s  time t o  j u s t i f y  a h a i l  suppression 
program j u s t  f o r  h a i l  suppression. It has t o  be combined with r a i n  
augmentation because t h e  f a c i l i t i e s ,  equipment and type of people you 
need f o r  h a i l  suppression is  s imi la r  t o  what you need t o  do cumulus 
type r a i n  augmentation. I th ink it has been sa id  severa l  t i m e s  t h e  
economic re tu rn  i n  terms of r a i n  augmentation a r e  considerably higher 
a t  l e a s t  with t h e  s t a t e  of t h e  a r t  we  have now than h a i l  suppression. 
The economical s i z e  of opera t ional  u n i t s  a s  w e  see  it is an area  t h a t  
is about 60 m i l e s  r ad ius  centered on a radar opera t ional  center .  
This g ives  you the  a b i l i t y  t o  opera te  with a 2-3 a i r c r a f t  with a s t a f f  
of 8-10 people. 

I n  t h e  area  of r a i n  augmentation I th ink t h a t  we have demonstrated 
the  r e s u l t s  t h a t  Joanne o r i g i n a l l y  came up with t h a t  milking individual  
i so la ted  clouds is a beau t i fu l  cloud physics experiment t h a t  has very 
l i t t l e  economic value except i n  a few l imi ted  cases where l imi ted  
r a i n  a t  a very c r i t i c a l  t i m e  i s  economically worthwhile. 



Therefore, i n  the  area  of r a i n  augmentation 1 would l i k e  t o  push very 
hard f o r  research app l i ca t ions  i n  mesoscale dynamics i n  cumulus clouds. 
Worldwide convective r a i n f a l l  a t  t h i s  time has t h e  most economic 
r e t u r n  t h a t  I have been a b l e  t o  experience anyway. We f i n d  t h a t  
techniques utilizing t h e  promotiop of cloud c l u s t e r s  can lead t o  
considerable increased r a i n f a l l .  When you speak about drought i f  you 
look a t  the  frequency of p r e c i p i t a t i o n  c l a s s  ca tegor ies  during t h e  
drought you tend t o  f ind  what is missing is  t h e  4-5 mesoscale storms 

T t h a t  pass your a rea  dropping 1-2 inches per storm. The frequency of 
the  l i g h t  r a i n s  r e a l l y  don't change t h a t  much. The mesoscale storms 
t h a t  produce 80-90% of your seasonal r a i n  don't  show up because t h e r e  
is  a change i n  synoptic pat tern .  Through understanding mesoscale 
dynamics, promoting the  c l u s t e r s ,  we th ink the re  a r e  marginal periods 
during these  droughts t h a t  you can t r i g g e r  a dynamic ac t ion  t h a t  w i l l  
lead t o  increased r a i n f a l l  t h a t  could be of considerable economic 
value. 

l i i  
. .. 

The quest ion came up can you tu rn  on and tu rn  off weather modification. 
Obviously you can't .  W e  do have crude but useful  techniques f o r  
determining seedabi l i ty .  When you apply these  t o  t h e  climatology 
of various a reas ,  we have done t h i s  i n  many a reas  i n  Africa,  and 
then we  got i n  and a c t u a l l y  operated f o r  a season o r  two, it is  
amazing how well  t h e  p r o b a b i l i t i e s  check out. P a r t i c u l a r l y  f o r  
dynamic seedab i l i ty  of cumulus clouds. I would urge t h a t  we not  say 
w e  a r e  going t o  tu rn  on o r  tu rn  off but look a t  the  p robab i l i ty  of 
seedab i l i ty  and see  how they l i n e  up with t h e  p robab i l i ty  of need a t  
any c e r t a i n  period of time t h a t  a crop needs r a i n f a l l ,  

F inal ly ,  I want t o  say a couple of words about evaluation. 
We've been working a t  t h i s  problem f o r  many years. In  the  opera t ional  
p a r t s  of weather modification t h e  proof i s  extremely d i f f i c u l t .  
However, I th ink t h a t  the re  a r e  a l o t  of encouraging th ings  coming along. 
we've been working with Paul Mielke on some new d i s t r i b u t i o n s ,  with 
Joanne Simpson. I th ink you w i l l  f ind  i n  the  next few years t h a t  we 
w i l l  come up with some reasonably good techniques t h a t  a r e  l i k e  a 
lawyer t ry ing  t o  build a case on t h e  b a s i s  of considerable c i rcumstant ia l  
evidence. While each s t e p  may not be very conclusive t h e  s e r i e s  of 
events i s  ra the r  persuasive. We need t o  proceed i n  t h i s  d i rec t ion.  

,I 
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One of  t h e  a g r i c u l t u r i s t s  a t  t h e  Port  Co l l ins  meeting regardb$. ,  . A . , 

weather modif icat ion and a g r i c u l t u r e  was heard t o  say:  "There i s  no 

people problem!" This  a s s e r t i o n  was based on a  prgfpgnd f a i t h  i n  t h e  

Agr icu l tu ra l  Extension Service  i n  d isseminat ing  information t o  American 

farmers and i n  persuading them t o  adopt innovations.  

Cer t a in ly  the a g r i c u l t u r i s t  was c o r r e c t  i n  p o i n t i n g  t o  t h e  Extension 

Service  as  a  nationwide organiza t ion  with a  h i s t o r y  of e f f e c t i v e  t r ans -  

mission of  research  r e s u l t s  t o  t h e  g ras s roo t s  l e v e l .  But t h e  nomination 

of t h e  Extension Service  a s  t h e  panacea f o r  a l l  t h e  soc io log ica l  complex- 

i t i e s  o f  cloud seeding d i sp lays  a  lack o f  f a m i l i a r i t y  with t h e  unique ,?,.. 

aspects  o f  t h i s  technology. 7 L I ;  'r ' 1 i .  - ,i( d .fr, , I I , 

There a r e  two major reasons why t h e  Extension Se rv ice ,  while it can 

be q u i t e  he lp fu l  i n  disseminat ing information about weather modif icat ion,  

cannot be considered a  c u r e - a l l  f o r  "people problems" i n  weather modifica- 

t i o n .  These two reasons a re :  (1) Weather modif icat ion i s  a c o l l e c t i v e  

innovation decis ion  r a t h e r  than an indiv idual  dec i s ion ,  and (2)  Hetcro- 
. 1  

genei ty  of weather needs and a  complex o f  ot l ler  f a c t o r s  go i n t o  t h e  

acceptance o r  r e j e c t i o n  of  any given weather modif icat ion p r o j e c t .  Thus, 

knowledge alone does not  a  proponent make. ,-; . A B /110i.J8',' 



The Col lec t ive  Innovation Decision 

We a re  a l l  aware t h a t  t h i s  century has produced inc red ib le  numbers 

of technological  innovations -- innovations t h a t  have been implemented 

and have had profound consequences fox our individual  l i v e s  and our 

soc ie ty ,  some of them t o t a l l y  unanticipated.  . Many of  these  innovations, 

once they were developed and introduced t o  the  pub l ic ,  have been adopted 

by individuals .  An individual  can decide t o  p l a n t  hybrid seed corn o r  t o  

use the  b i r t h  control  p i l l  -- adoption o f  these  innovations i s  a personal 

mat ter  requir ing no p a r t i c u l a r  d e c i ~ i g n  on t h e  p a r t  of t h e  community, once 
I 

t h e  technology i s  ava i l ab le .  

Other new technologies,  such a s  nuclear  power p l a n t s  and f luor idat ion,  

r equ i re  decis ion making a t  t h e  community l e v e l  f o r  adoption t o  occur. We 

L I miist ~ g b b i z k  wkither modificat ion a s  an innovation which was widely used 

by individuals  - -  by a farmer o r  small group of farmers, f o r  example -- 

e a r l y  i n  i t s  h i s to ry .  A s  i t s  appl ica t ion became more soph i s t i ca ted ,  a s  

it began t o  depend more on pub l ic  funding, and a s  it was used over more 

extensive land a reas ,  general  awareness increased t h a t  t h e  a c t i v i t . ~  had 

implicat ions f o r  e n t i r e  communities r a t h e r  than only f o r  t h e  individual  

user .  Weather modificat ion thus  became a c o l l e c t i v e  innovation decision,  

o r  a publ ic  decis ion,  r equ i r ing  ac t ion  on t h e  p a r t  o f  a community o r ,  . 

l a r g e r  s o c i a l  aggregate i n  order  f o r  it t o  be adopted. I ,  I 

Because of  t h e  nature  o f  the  weather modificat ion c o l l e c t i v e  

decision,  it i s  important t o  study both systemic (or  community-level) 

and individual  va r iab les  i f  we a r e  t o  understand t h e  r e a l i t i e s  of  the  - 
technology's s o c i a l  impact. Lest we view t h e  adoption of  weather modi- 

f i c a t i o n  as r equ i r ing  an inordinate  length of  time t o  occur, l e t  us 

examine research f indings  about t h e  adoption r a t e  of innovations. 
I 



Five c h a r a c t e r i s t i c s  o f  innovat ions  have been found t o  c o n t r i b u t e  t o  

t h e i r  r a t e  o f  adoption.  These a r e :  ~ 
(1) Re la t ive  advantage i s  t h e  degree t o  which an innovat ion  i s  

perce ived  a s  b e t t e r  t han  t h e  i d e a  it supersedes .  In t h e  case  o f  weather 
< , $ - I  . I ;  

modif ica t ion ,  t h e  i d e a  it supersedes i s  "Mother Nature," o r  f o r  some, 

God, o r  pas s ive  acceptance o f  t h e  vaga r i e s  o f  t h e  weather.  A s  one oppo- 

nen t  pu t  i t :  llRefore we had only  God and t h e  Devil t o  blame f o r  t h e  

weather ,  bu t  now we have God, t h e  Devil  and t h e  weather modif iers!"  I t  

ma t t e r s  l i t t l e  whether t h e  innovat ion  has  a  g r e a t  d e a l  o f  "objec t ivef1  

advantage. What m a t t e r s  i s  whether i n d i v i d u a l s  p e r c e i v e  - t h e  innovat ion 
*J3 

as being advantageous, i nc lud ing  coris iderat ion o f  t h e  r i s k s  involved.  

The g r e a t e r  t h e  perce ived  r e l a t i v e  advantage of  an innovat ion ,  t h e  more 

r a p i d l y  it w i l l  be adopted. A sense  o f  high r e l a t i v e  advantage i s  ex- 

pressed  by t h e  farmer who says ,  "If I can p o s s i b l y  g e t  some add i t i ona l  
F r ! l ( l  

r a i n f a l l  f o r  my crop a t  34 an a c r e  wi th  l i t t l e  o r  no r i s k ,  it i s  wel l  

worth a  t r y .  1'11 support  a program." A high b e n e f i t  t o  c o s t  r a t i o  w i l l  

a f f e c t  pe rcep t ions  o f  r e l a t i v e  advantage. 

(2)  Compat ib i l i ty  i s  t h e  degree t o  which an innovat ion  i s  

a s  being c o n s i s t e n t  with e x i s t i n g  va lues ,  p a s t  exper iences  and t h e  needs 
I " ,  ( . . a  ~ ' 4  . T !  

o f  r e c e i v e r s .  A compatible i d e a  w i l l  be adopted more r a p i d l y .  
-ria 

With regard  t o  compa t ib i l i t y ,  weather  modi f ica t ion  i s  i n  an ambiva- 

l e n t  p o s i t i o n ,  \'?here i t s  a p p l i c a t i o n  i s  c a r r i e d  out  i n  t h e  r e g u l a r  f r e e -  
I l l j ~ i  

e n t e r p r i s e  f a sh ion ,  it i s  c o n s i s t e n t  wi th  t h e  norms governing p r i v a t e  

e n t e r p r i s e .  To t h e  e x t e n t  t h a t  t h e s e  norms a r e  acccp tab le ,  t h i s  mode o f  
+,.b ;< ! j f iq* i  

t h e  technologyls  a13plication would be acccptab lc .  Il lc i d e a  o f  mastcry 

over  n a t u r e  has a 1,ong t r a d i t i o n  i n  Wcstern c i v i l i z a t i o n ;  y e t  t h e  r i s e  

o f  t h e  envi ronmenta l i s t  s o c i a l  movement i s  a t  odds with t h a t  anc ien t  
. r  I,[ t 7 I , . , , -I, i ' ,  ~ I t n .  ~ ~ f , ~ '  



. *  I ' i  I 
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des i re .  This aspect  of t h e  technology could thus  be unaCceptablk t o  
. t 

members of  t h i s  s o c i a l  movement. 

The concept of "weather needs" i s  h ighly  soph i s t i ca ted ;  most people 

would require  an explanation of t h e  idea.  Yet needs f o r  weather modifi- 

ca t ion a r e  evident  i n  such s o c i a l  f a c t s  as  crop damage from h a i l  and 
I ~ 

drought, and des t ruc t ion  r e s u l t i n g  from severe storms and f loods.  Where 

t h e  expression of such needs a r i s e s  spontaneously i n  t h e  populat ion,  

acceptance of t h e  technology would proceed more rapidly .  

(3) Complexity i s  t h e  degree t o  which an innovation i s  perceived 

a s  d i f f i c u l t  t o  understand and use.  Some innovations a rc  r e a d i l y  under- 
I * ,  I 

stood by most members of  a s o c i a l  system; o the rs  a r e  not  and w i l l  be 

adopted more slowly. With regard t o  t h i s  va r iab le ,  weather modification 

i s  dest ined t o  a long time l ag  i n  adoption, s ince  it is  a highly complex 

technological  innovation. Understanding t h e  physica l  mechanisms of  

meteorolonical condit ions i s  no simple matter ,  ye t  such understanding i s  

a grasp of weather modificat ion.  Cloud seeding.techniques require  

,he , ~ e  of  soph i s t i ca ted  equipment and chemicals. Widespread use of t h e  

terminologies of meteorology and weather modification does not  e x i s t .  

In addi t ion  t o  t h e  complexities of t h e  physica l  scicnce aspects ,  t h e  

appl ica t ion of weather modification i s  uniquely bound up i n  l e g a l ,  cnviron- 
, . r '  I I 

mental, economic, s o c i a l ,  a g r i c u l t u r a l  and p o l i t i c a l  ramif ica t ions  d i f f i -  

c u l t  f o r  t h e  student  t o  s o r t  o u t ,  much l e s s  an individual  adopter. Based 

on pas t  experience i n  d i f fus ion  of innovations,  t h e  r a t e  of  adoption f o r  

weather modification w i l l  be slowed a great  deal  by i t s  complexity. 

(4) T r i a l a b i l i t y  i s  t h e  degree t o  which an innovation may be 
.i 

experimented with on a l imi ted  b a s i s .  An innovation t h a t  i s  t r i a l a b l e  

represents  l e s s  r i s k  t o  t h e  individual  who i s  considering it.  New ideas 



which can be t r i e d  out  w i l l  be  adopted more qu ick ly .  Here aga in ,  weather 

modi f ica t ion  may be i n  f o r  slow d i f f u s i o n  due t o  t h e  d i f f i c u l t y  of t r i a l  

runs .  A t  b e s t ,  an experimental  f i e l d  p r o j e c t  may be h e l d  i n  an a r e a  i n  

o r d e r  t h a t  l o c a l s  can observe its r e s u l t s  ( i n  a d d i t i o n ,  o f  course ,  t o  i t s  

s c i e n t i f i c  purposes) .  But many l o c a l s  w i l l  remain unaware o f  p r o j e c t  

e f f e c t s  and w i l l  n o t  have t h e  oppor tun i ty  t o  observe t h e  ope ra t ions  

d i r e c t l y .  These d i f f i c l t l t i e s  r e l a t e  t o  t h e  next  c h a r a c t e r i s t i c .  

( 5 )  Obse rvab i l i t y  i s  t h e  degree t o  which t h e  r e s u l t s  o f  an innovat ion 

a r e  v i s i b l e  t o  o t h e r s .  The e a s i e r  i t  is  f o r  an i n d i v i d u a l  t o  s ee  t h e  

r e s u l t s  of an innovat ion ,  t h e  more l i k e l y  he i s  t o  adopt i t .  The remark- 

a b l e  d i f f i c u l t y  wi th  weather modi f ica t ion  i s  t h a t  it i s  v i r t u a l l y  impossible  

t o  d i s c e r n  i t s  e f f e c t s  " a t  t h e  ground." The problem with o b s e r v a b i l i t y  

i n  weather modi f ica t ion  revolves  around t h e  n a t u r a l  v a r i a b i l i t y  of  t h e  

weather ,  making it extremely d i f f i c u l t  f o r  t h e  ca sua l  obse rve r  t o  d i s t i n -  

gu ish  a c c u r a t e l y  which weather e f f e c t s  a r e  t h e  r e s u l t  of c loud seeding 

and which a r e  n o t .  Weather mod i f i ca t ion ' s  r a t e  o f  adoption w i l l  be slowed 

by t h e  d i f f i c u l t y  i n  observing i t s  e f f e c t s .  

O f  t h e s e  f i v e  c h a r a c t e r i s t i c s  a f f e c t i n g  r a t e  o f  adoption,  t h r e e  

suggest  a  very  slow adoption r a t e  f o r  weather modi f ica t ion  (complexity,  

t r i a l a b i l i t y ,  and o b s e r v a b i l i t y ) ,  one i s  u n c l e a r  ( compa t ib i l i t y )  and one 

may tend  toward a  f a s t e r  adopt ion r a t e  ( r e l a t i v e  advantage) .  We can a l s o  

sense ' f rom t h i s  d i scuss ion  t h a t  a  r a t h e r  slow and measured r a t e  o f  

adoption can be considered q u i t e  nornlal. 

I t  sllould be noted t h a t  t h e s e  c h a r a c t e r i s t i c s  r e l a t e d  t o  t h e  d i f f u -  

s ion  of  innov:~t ions stem from re sea rch  on i n d i v i d u a l  adopt ion dec i s ions .  

The d i f f u s i o n  o f  weather modi f ica t ion ,  a s  a  c o l l e c t i v e  d e c i s i o n ,  may no t  

fol low p r e c i s e l y  t h e  same p a t t e r n s .  But t h e r e  a r e  probably s i m i l a r i t i e s  

. .  ..~ r a t 3 ,  



i n  adoption p a t t e r n s  between individual  and commynity l eve l s  -- with t h e  

pa t t e rns  ext rapola ted  from t h e  individual  t o  t h e  cdmmunity l eve l .  

Very long time lags  have been observed i n  t h e  adoption of most col lec-  

t i v e  innovations; f o r  example, adoption o f  kindergarten by v i r t u a l l y  a l l  

of t h e  publ ic  schools required 50 ;ears. Collect.ive decis ions  themselves 

requ i re  more time t o  occur than individual  decis ions ;  on t h e  o the r  hand, 

they tend t o  be more s t a b l e  than individual  decis ions  once they a r e  made. 

The Extension Service has been q u i t e  successful  i n  involving farmers 

i n  t h e  adoption of new and favorable technologies t o  increase  food pro- 

duction. These innovations -- plan t ing  a new kind of seed, contour farm- 

ing,  and t h e  l i k e  -- are  applied as  a r e s u l t  of an individual  farmer making 

up h i s  own mind t o  implement them. The a p p l i c a b i l i t y  of ~ x t e n s i o n ' s  

appr-uach t o  t h e  appl ica t ion of weather modification would no doubt be of 

grea ass is tance  t o  t h e  process of informing a g r i c u l t u r i s t s  about what 

t h e  tei - goy can and cannot do, but  it would be of l imi ted  ass is tance  

,n t - ~ \ r ~ l o p m e n t  o f  t h e  r e q u i s i t e  innovative decis ion mechanisms ' . ' 

r e l a t i v e  t o  program p a r t i c i p a t i o n .  

Factors Affecting Acceptance of Weather Modification 
I \ 

A t  t h e  individual  l e v e l ,  severa l  a . t t i tudes  and b e l i e f s  have been 

found t o  be r e l a t e d  t o  acceptance of weather modification p ro jec t s .  

Belief  t h a t  it works, agreement with t h e  idea of in tervent ion i n  na tu ra l  
1 

processes,  and an t i c ipa t ion  of economic benef i t  a r e  dssocinted with 

favorable program evaluation.  In addi t ion  t o  majori ty f a v o r a b i l i t y  i n  

survey r e s u l t s ,  we have found an approximate 11 t o  20% opposed i n  South 

Dakota, Colorado and I l l i n o i s .  This f ind ing  suggests t h a t  wherever a 

weather modification p ro jec t  might be proposed, opposition sentiment 
' I  

w i l l  be held by a t  l e a s t  a t en th  and poss ib ly  a f i f t d  of  t h e  population 



i n  t h e  a r e a .  Such sent iment  might n o t  be s o  keenly f e l t  a s  t o  e rup t  i n t o  

' '1' cont roversy ;  however, i t s  e x i s t e n c e  i s  a s o c i a l  f a c t  t h a t  i s  b e s t  no t  

ignored by those  who wish t o  apply programs. 

Whether o r  n o t  oppos i t ion  sen t iment  w i l l  emcrge i n t o  organized 
A J 

controversy and p o l a r i z a t i o n  a t  t h e  community l e v e l  seems t o  depend upon 
I *  , C' 

a number of f a c t o r s  regard ing  n o t  s o  much i n d i v i d u a l s ,  bu t  r a t h e r  e n t i r e  
. , -4 '3 ' 

communities o r  a r e a s .  
J 8 

I n  our  r e sea rch  on s o c i a l  response t o  weather  modi f ica t ion  technology 
- , - I ,  "f;-f ,=: .. 

i n  t h e  IJnited S t a t e s ,  we have i n d e n t i f i e d  f a c t o r s  t h a t  appear  t o  be re la . ted  

t o  t h e  e x i s t e n c . ~  o f  organized oppos i t ion  and acceptance of  p r o j e c t s .  We 

know, of  course,  t h a t  weather modi f ica t ion  p r o j e c t s  can be  h a l t e d  by 
r .  . . (  J 

organized oppos i t ion .  We have observed t h a t  once an organized oppos i t ion  

h a s  formed i n  a  l o c a l  a r e a ,  it d i s p l a y s  p e r s i s t e n t ,  t enac ious  a c t i v i t y  
- I : > ?  v . , r ,  

u n t i l  it has s u c c e s s f u l l y  h a l t e d  i t s  l o c a l  p r o j e c t .  We know o f  no case  

where an organized oppos i t i on  spontaneously d i e d  out  wi th  i t s  goal  
, J  - 

unaccomplished. 

We ha.ve observed and t r a c e d  t h e  development o f  an organized opposi- 

t i o n  network i n  t h e  United S t a t e s .  The oppos i t i on  is  no t  a s  wel l-organized 

a s  t h e  proponent network, bu t  t h e y  have e s t a b l i s h e d  and a r e  cont inuing t o  
- [,.<? 

e s t a b l i s h  l inkages  between p rev ious ly  more i s o l a t e d  l o c a l  oppos i t ion  
L\- , ; 

yroups. The sha r ing  o f  resources  t h a t  t h e s e  l inkages  allow makes t h e  

oppositi .on network more e f f ec t i . ve  i n  d e a l i n g  wi th  l o c a l  s i t u a t i o n s ,  a l -  

though i t s  power does n o t  approach t h a t  o f  t h e  proponent network. 

We have found t h a t  nega t ive  weather  events  -- t h o s e  caus ing  economic 

l o s s  -- a r e  a s s o c i a t e d  wi th  0p"p'bition t o  cloud seeding.  Iiowever, drought 

a t t r i b u t e d  t o  cloud seeding  appears t o  be t h e  one weat.her event,  more 1 1 ~ 1 ~ " ;  
1 



p e r s i s t e n t l y  a s s o c i a t e d  wi th  t h e  formation o f  organized oppos i t i on  than 

any o t h e r  nega t ive  weather event .  

We have found t h a t  respons ive  l o c a l  governmental involvement i n  t h e  

c i v i c  a spec t s  of t h e  weather modi f ica t ion  dec i s ion  process  i s  a s soc i a t ed  

wi th  acceptance of  p r o j e c t s .  "Civic aspects1 '  p e r t a i n  t o  p a r t i c i p a t i o n ,  

p o l i c y ,  suspension d e c i s i o n s ,  and t h e  l i k e ,  no t  t o  t e c h n i c a l  dec i s ions .  - 
We t h i n k  t h a t  weather modifi .cation i s  inadequate ly  r egu la t ed ,  with 

almost h a l f  t h e  s t a t e s  (40%) hav ing  no s t a t u t e s  whatsoever.  Those having 

s t a t u t e s  may n o t  have comprehensive ones.  There i s  some evidence t h a t  

t h e  e x i s t e n c e  o f  comprehensive l e g i s l a t i o n  m i t i g a t e s  a g a i n s t  t h e  formation 

of  organized oppos i t ion .  Our i n t e r p r e t a t i o n  o f  t h i s  i s  t h a t  organized 

oppos i t i on  may be more l i k e l y  t o  s p r i n g  up i n  t h e  absence o f  app ropr i a t e  

i n s t i t u t i o n a l  c o n t r o l s  of  t h e  technology ' s  a p p l i c a t i o n .  

Heterogenei ty  of  weather  needs i n  a l o c a l  p r o j e c t  a r e a  may lead  t o  

c o n f l i c t s  o f  i n t e r e s t .  Some crops ,  f o r  example, may need r a i n  when o t h e r s  

need sunny, d ry  weather.  Given t h e  p o t e n t i a l  f o r  manipulat ing p r e c i p i -  

t a t i o n ,  who should dec ide  whether t h e r e  w i l l  be more o r  l e s s  r a i n f a l l ?  

By what procedure should such d e c i s i o n s  be made? I f  some people will 

experience d i s b e n e f i t  from a p r o j e c t ,  should they  be  reimbursed? By what 

process  s h a l l  such dec i s ions  be  made? These problems a r e  n o t  i n so lub le ;  

t hey  need no t  be  ignored.  
1 

Innovation Packages 

Innovat ion packages invo lv ing  t h e  s imultaneous i n t r o d u c t i o n  o f  

s e v e r a l  a c t i v i t i e s  have been u t i l i z e d  i n  t h e  d i f f u s i o n  o f  new a g r i c u l t u r a l  

techniques.  For example, i n  i n t roduc ing  hybr id  secd corn t o  farmers ,  it 

was necessary  t o  educa te  them i n  t h i c k  p l a n t i n g  p r a c t i c e s  arid proper  

a p p l i c a t i o n  of  f e r t i l i z e r s  i n  o r d e r  t o  make t h c  scecl  con^ most productj.vc. 



The concurrent  adopt ion o f  t h e  t h r e e  innovat ive  i d e a s  was necessary  f o r  .; 
> 

b e s t  r e s u l t s .  I 

The analogy can be  drawn t o  weather modi f ica t ion .  Up u n t i l  now, ;.! , , I , ,  

a t t e n t i o n  has been coi lcentrated almost e n t i r e l y  upon t h e  ph)sical  aspec ts  

of weather modi f ica t ion .  Yet weather  modi f ica t ion  p r o j e c t s  should be p , i ,  

conceptua l ized  a s  inhovat ion  packages. There a r e  two o t h e r  elements t h a t  

must be in t roduced  when cloud seeding  i s  in t roduced .  These a r e  t h e  

concomitant physi c a l  adjustments  t o  weather modi f ica t ion  and t h e  necessary  
I 

dec i s ion  m6chanislns t o  permit  s o c i a l  adjustments .  

1. Phys ica l  adjustments .  I f  r a i n f a l l  can be enhanced i n  a given 

a r e a ,  farmers  w i l l  need t o  make adjustments  i n  p l a n t i n g  p a t t e r n s  i n  o rde r  

t o  a t t a i n  t h e  most b e n e f i t  from t h e  inc reased  r a i n f a l l .  If h a i l  suppresn,. , ,  

s i o n  r e s u i t s  i n  decreased r a i n f a l l ,  s i m i l a r  a4justments  w i l l  have t o  be . 

made. I f  snowpack enhancement produces 20% more mois ture  a t  t h e  s p r i n g  , ,  

run-of f ,  t hen  phys i ca l  adjustments  i n  dams, placement o f  towns, use  of  r o , -  

a g r i c u l t u r a l  l ands ,  o r  levees  might need t o  be implemented. These a r e  

examples of  phys i ca l  adjustments  which might be r equ i r ed ;  t h e i r  exac t  

s p e c i f i c a t i o n  would depend on l o c a l  cond i t i ons .  

I t  i s  with regard  t o  t h e s e  phys i ca l  ad jus tmer~ts  t h a t  t h e  Extension 

Serv ice  could be o f  g r e a t  a s s i s t a n c e  t o  a g r i c u l t u r e  i n  maximizing t h e  

p o t e n t i a l  b e n e f i t  from weather modi f ica t ion  f o r  food product ion .  Actions 

t h a t  t h s  farmer needed t o  t a k e  t o  enhancc t h e  b e n e f i t  o f  a d d i t i o n a l  

r a i n f a l l ,  f o r  examplc, involve  an ind iv idua l  d c c i s j  on. This  colnjloncnt 

of  t h e  innovat ion  package i s  of  c r u c i a l  i~npor tancc .  

2 .  Decision mechanisms. Decision mechanisms need t o  be  developed 

which t ake  i n t o  cons ide ra t ion  s o c i a l ,  environmcntal and economic a spec t s  

o f  a proposed p r o j e c t .  F e a s i b i l i t y  s t u d i e s  should involve  more than  



climatology, ag r i cu l t u r a l  needs, and hydrology. Problem areas  need t o  be 

i den t i f i ed  on a project-by-project  bas i s  and a l t e rna t i ve  solut ions  worked 

out f o r  these before implementation. The par t i c ipa t ion  of t he  a t t en t i ve  

publ ic  i n  the  decision prscess w i l l  increase community s a t i s f ac t i on  with 

the  f i n a l  decision as  well as provide valuable information t o  t h a t  process. 

Avoidance of respons ib i l i ty  f o r  soc i a l ,  environmental, and economic 

impacts of p ro jec t s  on the  p a r t  of those running them w i l l  i n  t he  end be 

counter-productive f o r  everyone. Acceptance of respdns ib i l i ty  w i l l  aid 

i n  the an t ic ipa t ion  of problematic s i t ua t i ons  and w i l l  make preventive 

action possible.  

Because it knows local  areas well ,  the  Extension Service can no 

doubt contribute t o  the  weather modification decision process, but it 

cannot i t s e l f  make the  necessary decisions.  T t  can advise and counsel, 

it can work t o  develop a constituency, bu t ,  i n  t he  end, a decision by the  

p o l i t y  w i l l  have t o  be made. it r~ f , 1 > I  
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V-41 C l i m a t e  Modification a ~ d  Weather Modification 

John D. Reid 

Department of Atmospheric Science 
Colorado S t a t e  Universi ty 

Some t h i r t y  years a f t e r  t h e  dawn of t h e  modern era of weather 
modification i t  remains a con t rovers ia l  subject .  A few modification 
techniques have been demonstrated ef fec t ive .  Operational technologies 
ex i s t .  These can be immediately use fu l  i n  enhancing a g r i c u l t u r a l  
production. Encouraging r e s u l t s  a r e  slowly emerging i n  o ther  
modification e f f o r t s .  I n  t h e  a rea  of p r e c i p i t a t i o n  enhancement from 
summertime cumulus clouds, so p o t e n t i a l l y  important t o  agr icu l tu re ,  
t h e r e  is s u f f i c i e n t  evidence of e f f e c t  t h a t  we can a t  l e a s t  see hope 
f o r  use fu l  add i t iona l  growing season p r e c i p i t a t i o n  input. 

There are, however, d is turbing e f f e c t s  of weather modification 
which have now been iden t i f i ed .  Extra-area enhancement of p rec ip i t a t ion  
is an e f f e c t  deserving add i t iona l  study. For a long while, a perceived 
problem of weather modificat ion was t h a t  it  would r e d i s t r i b u t e  pre- 
c i p i t a t i o n ;  robbing Pe te r  t o  pay Paul. Studies a r e  now accumulating 
which ind ica te  t h a t  t h i s  is  not  t h e  case. I n  f a c t  it appears t h a t  
p r e c i p i t a t i o n  i s  enhanced not  only i n  t h e  t a r g e t  area ,  but a l s o  i n  t h e  
downwind region. This e f f e c t  leads  t o  an in-balance i n  t h e  hydrologic 
cycle  which can be corrected by two methods: 

1. Redis t r ibut ion of p r e c i p i t a t i o n  occuring but  t h e  decrease 
being very  s l i g h t  and spread out  over a wide area. 

2. Water is pumped around t h e  hydrologic cycle  f a s t e r ,  with 
t h e  increased p r e c i p i t a t i o n  being counteracted by increased 
evaporation, mainly i n  t h e  moisture source regions. 

I n  e i t h e r  case, because t h e  e f f e c t  i s  f e l t  a t  g rea t  d is tance  from t h e  
s i te  of intended modification, t h e  t o t a l  e f f e c t  is  one of cl imate 
modification. t 

The e f f e c t  on cl imate may be small,  but  would i n  a l l  p robab i l i ty  
increase  i f  weather modificat ion were undertaken on a massive scale.  
A r e  widespread conventional seeding a c t i v i t i e s  l i k e l y  t o  produce 
s i g n i f i c a n t  cl imate change? Probably not ,  but  we a r e  s t i l l  very 
ignorant about t h e  mechanisms of t h e  e a r t h ' s  climate. We cannot 
af ford  t o  j u s t  ignore poss ib le  c l ima t ic  implicat ions of such a c t i v i t i e s .  

A number of proposals f o r  advertent  c l ima t ic  change have a l s o  
been made. Some of these  have been noted i n  a recent  review a r t i c l e  
ca l l ed  "Climate S tab i l i za t ion :  For Better o r  Worse?" by Kellogg and 
Schneider, published i n  t h e  27 December i s s u e  of "Science". They 
list such proposals as: 



Eliminating Arc t i c  Sea i c e  pack 
Divert ing r i v e r s  t h a t  flow i n t o  t h e  Arct ic  Ocean 

1 . Damming t h e  Bearing S t r a i t  
Damming t h e  Gulf Stream - 
Transporting blocks of ~ n t a 2 c t i c  i c e  t o  lower l a t i t u d e s  
Creating dust  l a y e r s  i n  t h e  upper atmosphere 

The list goes on. Imagine t h e  in te rna t iona l  impacts of any one of 
these  schemes. 

Does t h i s  p o s s i b i l i t y  of causing d r a s t i c  a l t e r a t i o n s  t o  t h e  
world cl imate suggest t h a t  w e  should immediately cease a l l  modification 
a c t i v i t y ?  I th ink not.  We should remember t h a t  t h e  cl imate modifica- 
t i o n  schemes proposed were proposed because they s t r i k e  a t  suscept ib le  
" t r igger  points" f o r  such e f f o r t s .  The smaller s c a l e  weather modifica- 
t i o n  a c t i v i t i e s  a r e  not  so d e l i b e r a t e l y  d i rec ted ,  and our inadvertent  
weather modification, such a s  from urban areas ,  is  l i k e l y  t o  be much 
more s i g n i f i c a n t  than these  over t  a c t i v i t i e s .  

So what, i f  anything, should w e  do about a c t i v i t i e s  t h a t  could 
bring about c l ima t ic  change. It i s  c l e a r  t h a t  w e  have l i t t l e  a b i l i t y  
t o  predic t  t h e  consequences of advertent  cl imate modification e f f o r t s .  
Thus, they should be banned u n t i l  we have a c a p a b i l i t y  t o  understand 
t h e i r  important implications. It is  not  impossible t h a t  they could 
be predominantly unfavorable and i r r e v e r s i b l e .  On t h e  o ther  hand, 
small s c a l e  weather modification e f f e c t s  a r e  l i k e l y  t o  be swamped by 

< ; I  t h e  e f f e c t s  of man's o ther  a c t i v i t i e s  (power generat ion,  chemical 
waste disposal ,  autamobile emissions). W e  should continue and increase  
monitoring of t h e  atmosphere i n  remote loca t ions  t o  e s t a b l i s h  c l ima t ic  
trends. Final ly ,  we should increase  our e f f o r t s  i n  c l ima t ic  modeling 
i n  order t h a t  we may b e t t e r  understand t h e  impact of a l l  man's 
a c t i v i t i e s  on climate. 
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Lew, I have t o  say, t h i s  is  one of t h e  most exci t ing  groups 
i t  has been my pleasure t o  meet with i n  a long t i m e .  I suppose 
everyone i s  wondering what w i l l  become of these  de l ibe ra t ions ,  and 
t h a t  i s  t h e  r e a l  crux of it a l l .  

I n  addi t ion  t o  enjoying yourselves, I guess 1 ' m  j u s t  t i ck led  
t o  death t h a t  it seems t o  be a s  productive a s  it is, because we're 
i n  trouble. We're i n  r e a l  t roub le  i n  a g r i c u l t u r a l  research. Our 
funding, our recognit ion,  t h e  kind of apprecia t ion we have from t h e  
tax-payers. It is nothing new. we've heard it before. But i t  r e a l l y  
comes i n t o  very  good focus p a r t i c u l a r l y  t h i s  week. 1 ' m  i n  favor of 
detente.  Most of you a r e  too, I suspect. I ' m  i n  favor of space 
research too, i n  f a c t  my labora tory  i s  funded by NASA today and it 
has been f o r  a good p a r t  of f i f t e e n  years. So I ' m  i n  favor of it. 
But t h e  Apollo-Soyuez launch which i s  circumnavigating t h e  globe 
today and yesterday is  cos t ing more than a l l  t h e  a g r i c u l t u r a l  research 
supported by t h e  USDA f o r  an e n t i r e  year. That launch, important a s  
i t  is, c o s t s  more than t h e  aggregate of a l l  t h e  s t a t e  experiment 
s t a t i o n s  of a l l  50 s t a t e s  f o r  an e n t i r e  year. That launch c o s t s  
more than hal f  of t h e  e n t i r e  NSF budget f o r  an e n t i r e  year. So my 
question is  e i t h e r  our p r i o r i t i e s  a r e  a l i t t l e  b i t  twisted o r  we 
haven't done a very good job of s e l l i n g  t h e  s igni f icance  of what we  
a r e  about. And so, t h e  kinds of th ings  you a r e  doing today a r e  c r u c i a l ,  
c r u c i a l  i n  that area. , ' 1  , , t  

I ' m  a l s o  t i ck led  t o  see t h a t  you a r e  fac ing t h e  problems of 
pol icy ,  and t h e  implicat ions of policy,  s t a t e ,  na t iona l  and in te r -  
na t ional .  A s  we have seen over t h e  pas t  th ree  o r  four years,  t h e  
s t roke  of a couple of pens can have more impact on t h e  a g r i c u l t u r a l  
economy than a l l  t h e  research t h a t  we've p i l ed  up during t h a t  same t i m e  
period. We've got t o  have people i n  t h e  agencies who know what t h e  
d e a l  is. Here i n  Colorado we've been put t ing  experiment s t a t i o n  
personnel f o r  shor t  periods of a s  l i t t l e  a s  two weeks t o  a th ree  o r  
four  month period i n t o  key s t a t e  agencies t o  t r y  and develop t h a t  
kind of rapport .  To develop t h a t  kind of appreciat ion,  t h a t  kind 
of interdependency t h a t  says you have knowledge, we've got t o  t r y  
and f i t  it together t o  meet t h e  pragmatic problem. Of course, w e  
haven't done any b e t t e r  a t  improving s t a t e  funding f o r  a g r i c u l t u r a l  
research i n  Colorado than w e  have nat ional ly .  When I say a g r i c u l t u r a l ,  
I ' m  t a lk ing  i n  t h e  broadest sense, i n  t e r m s  of weather modification, 
i n  terms of weather research,  i n  terms of land use and so on. Let 
m e  be speci f ic .  We arm wres t l e  over 20-, 30-, 50-, 100,000 d o l l a r  
programs l i k e  they were t h e  end of t h e  e a r t h  f o r  t h e  s t a t e  experiment 
s t a t i o n  and a year ago t h e  Governor with h i s  b less ing and so on 
opened a whole new program i n  energy research f o r  about a mi l l ion  
d o l l a r s  a year and the re  wasn't even a plan on paper a s  t o  how they 
were going t o  go about it. So it  is  obvious t h a t  we haven't done 
something r igh t .  So, policy implicat ions,  involvement i n  t h e  o f f i c e s  
of people who a r e  making policy,  i s  extremely important and I ' m  
glad t h a t  you did address yourselves t o  that question. 



we've got  t o  worry a l i t t l e  b i t ,  I th ink ,  about t h e  kind of 
communication we're engaged i n  now,, t h i s  is exci t ing .  We're 
t a lk ing  about weather modif icat ion people t a l k i n g  t o  a g r i c u l t u r a l  
people back and fo r th .  We're t a l k i n g  about importance of t a l k i n g  t o  
t h e  farmer about being w i l l i n g  t o  put  up wi th  weather modif icat ion 
e f f o r t s  and so on. But we've a l s o  got  t o  t a l k  about t h e  b i g  mass 
of t h e  American populous, t h e  urban (and more than urbane) populous. 
Those a r e  t h e  f o l k s  who do c a l l  t h e  s h o t s  when t h e  r e a l  sho t s  a r e  

, Y . ] :  c a l l e d  i n  t h e  e l e c t i o n  process. I th ink  we've got  t o  t a l k  t o  them 
about a l o t  of th ings ,  one of which i s  t h a t  again t h i s  year  ~ u s s i a ' s  
food production i s  going t o  come up wi th  a roughly 10% s h o r t f a l l .  
That 's  a p r e t t y  b ig  s h o r t f a l l  when you t a l k  about a country t h e  s i z e  
of Russia. ch ina ' s  having some problems, Ind ia  too. We've got  t o  
worry about how we t a l k  t o  them. u.ln$ . , -  - . . - ' > I  

The n a t i o n a l  planning committee is  an organ wi th in  t l  USDA-State 
Agr icu l tu ra l  S t a t i o n  system t h e  purpose of which is t o  t r j  -nd prevent 
unnecessary dup l i ca t ion  of research ,  t o  t r y  t o  bu i ld  on s t r eng ths  
and be a b l e  t o  t e l l  l e g i s l a t o r s  and executive branch agencies 
unequivacably t h a t  we know where ~ ~ e ' r e  going and why we're going 
there .  These e f f o r t s  a r e n l t w o r t h  a darn un les s  t h e  f o l k s  t h a t  r e a l l y  
a r e  involved i n  making t h a t  work mesh and mesh r i g h t .  And so from 
my poin t  of view, i t  is  a b ig  round of applause f o r  you a l l  and f o r  
t h e  National  Science Foundation i n  funding t h i s  p a r t i c u l a r  workshop. 
These e f f o r t s  a r e  extremely important,  

1 D r  Jordan ' s  remarks were presented a t  t he  c lose  of t h e  confr 
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