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CHAPTER 17
GREAT PLAINS

by Cynthia Rosenzweig and William E. Reibsame

FINDINGS

Agriculture in the Great Plains (this study focused on
Nebraska, Kansas, Oklahoma, and Texas) issensitiveto
climate fluctuations and would be at risk from global
warming. Although uncertainties remain regarding the
rate and magnitude of global climate change and the
models used to estimate impacts, results indicate that
climate change would cause reductions in regional
agricultural production. Demand for irrigationislikely
to increase, and quaity of water may diminish.
Regional electricity use may increase.

Agriculture

. The effects of awarmer climate alone would
generally reduce wheat and cornyields. Yield
changes range from + 15 to -90%. The direct
effects of CO, on crop photosynthesis and
water use may mitigate these effects, but the
extent to which the beneficial effects of CO,
on crop yields would be seen with climate
change is uncertain.

. Crop yields in Texas and Oklahoma may
declinerelativeto northern areas of the United
States. Thischangein productivity could lead
to a4 to 22% reduction of cultivated acreage
in these states.

. Because of increased reliability of yieldsfrom
irrigated lands relative to dryland yields, and
because of potentially higher crop prices,
demand for irrigation water on remaining
farms would probably increase as global
warming proceeds. The number of acres
irrigated may increase by 5 to 30%.

Ogallala Aquifer

. Warming and/or drying in the Great Plains
may place greater demand on regiona
groundwater resources. Many of the problems

associated with intense groundwater use --
water depletion,soil damage, altered farm and
rural economics, and potential reversion to
dryland farming — could be exacerbated by
global warming.

Water Quality

. Itisnot clear how climate change would affect
water quality inthe Great Plains. Groundwater
quality may be less at risk than surface water
quality because of increased evaporation and
less leaching. These results are very sensitive
to changes in the amounts and frequency of
rainfall, and groundwater impacts will be
affected by total acres under production, by

application rates, by soil type under
cultivation, and by changesinirrigated versus
dryland acres.

Electricity Demand

. Climate warming could cause the annual

demand for electricity in Kansas, Nebraska,
Oklahoma, and West Texas to rise by an
additional 5 to 9 billion kilowatthours (kWh)
(2 to 4%) by 2010, and by an additional 37 to
73 hillion kWh (10 to 14%) by 2055.
Summertime use for air-conditioning and
irrigation pumping could increaseand outpace
reductionsinwinter demand for space heating.

. Approximately 3 to 6 gigawatts (GW) of
generating capacity would be needed by 2010
to meet the additional increased demand, and
2210 45 GW would be needed by 2055 -- a27
to 39% increase over baseline additions that
may be needed without climate change. The
cumulative cost of these additions by 2055
would be $24 to $60 billion.
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Policy Implications

. Agencies with responsibility for agricultural
land use, such as the U.S. Department of
Agriculture(USDA) Agricultural Stabilization
and Conservation Service and the Soil
Conservation Service, should beginto analyze
how their missions may be affected by climate
change and to consider development of
flexible strategies to deal with potential
impacts. Water resource managers, such as
those on river basin commissions and in state
natural resource agencies, may wish to factor
the potential effects of climate change into
planning of land use, long-term water supply,
irrigation, drainage, and water-transfer
systems.

CLIMATE-SENSITIVE RESOURCES
IN THE GREAT PLAINS

The Great Plains consists of a predominantly
treelessregion of relatively flat topography betweenthe
Rocky Mountains and the Mississippi lowlands of
central North America. Although very productive, the
region (Figure 17-1) issensitiveto climatefluctuations,
a fact that has been made apparent in several major
droughts over the last few decades.

Despite this climate sensitivity, dryland
agriculture provides the chief economic base for this
thinly populated region with few cities. Theregion was
first settled by farmers in the late 1800s under the
Homestead Act, wluch created the family-farm system
in place today in the Plains (Bowden et al., 1981).

The Great Plains, including portions of
Nebraska, Kansas, Oklahoma, and Texas, constitutes a
vital part of the United States agricultural base and is
the focus of this report. Nearly 100,000 farms
encompassing over 111 million acres produce an
important array of dryland and irrigated crops. Major
dryland cropsinclude winter wheat and grain sorghum,
and key irrigated grainsincludecornandrice. Inall, the
four states have acombined production of over 80, 30,
and 25% of the nation's grain sorghum, wheat, and
cotton, respectively (Table 17-1).

Exploitation of water from the Ogallaa
Aquifer has supported significant irrigated agricultural

production in the Great Plains during the last two
decades. In many areas, irrigated farming of corn, rice,
and cotton has replaced dryland wheat production,
especialy in western Kansas and the Texas Panhandle
(Figure 17-1). However, the region's groundwater
resources have been overexploited in some aress,
leading to some reversion to dryland cropping.

OGALLALA
AQUIFER

Dryland Farming Area

Figure 17-1. Boundaries of the Ogallala Aquifer and
dryland wheat production in the Great Plains (Science
of Food and Agriculture, 1987, 1988).

Livestock congtitute another important
agricultural commodity intheregion. Almost 50% of all
cattle fattened in the country are raised in the four
states, accounting for 40% of the total U.S. value of
marketed livestock.

In addition to contributing substantially to
national food supplies, the four states are also major
exporters of agricultural products. Foreign exports of
grainand animal productsare especially notable (Table
17-2). Intotal, these four states provide approximately
one-fifth of the dollar value of al U.S. agricultural
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Table17-1. U.S. Agricultural Ranking for Great Plains States and Percent of U.S. Total (for the four states combined)

for Selected Products, 1982

U.S. total
Product Kansas Nebraska Oklahoma Texas (al four states) (%)

Sorghum harvested 2 3 5 1 80.5
Cattle fattened on grain 2 3 9 1 46.7
and concentrates sold

Value of cattle and

calves sold 2 3 ! ! o
Wheat harvested 1 9 6 318
Cotton harvested -- -- 9 2 25.8
Hay harvested 9 2 16 7 15.9
Market value of all 6 5 20 3 18.5

agricultural products

Source: USDA (1983).

Table 17-2. Agricultural Exports From Selected Great Plains States, Fiscal Year 1984 (millions of dollars)

Exports u.s Kansas Nebraska  Oklahoma Texas U.?(.%t)g)tal
Feed grains and byproducts 7,585 372 903 - 385 22
Wheat and byproducts 4,526 797 150 353 276 35
Live animal and meats 1,161 130 134 18 161 38
All agricultural products 31,187 1,719 1,762 1,471 2,031 19

Source: USDA (1985).

exports. Y et, dependence on foreign markets puts Great
Plains farmers at high risk. While large historical
fluctuationsin grain and livestock productionlevelsare
partly related to climatic variability, changing
international demand, and its effects on price, play an
important role in the region's continuing economic and
socid instability.

The Great Plainsisalso amajor source of coal
and ail, though such extractive industries vary more
with international energy markets than with climate.
Otherwise, the areaexhibitslittle economic diversity, a
pattern that has led to a net outmigration, especialy of
younger segments of the population. Regional
population isgrowing slowly mostly in the fringe cities
(e.g., Omaha), while rural population and the total
number of farms are slowly decreasing. The region's
economy remains inexorably linked to the fortunes of
agriculture and, thus, to the climate.

Dryland Agriculture

The dryland farming area of the Great Plains
is one of the most marginally productive agricultural
regions in the United States. Some observers have
stated that the southern Plains are simply too sensitive
to climate swings and that intensive dryland farming
should be abandoned (Worster, 1979; Popper and
Popper, 1987). Y et in many years, the Plains produce
bumper crops of small grains that add significantly to
the nation's export trade balance.

Dryland farmers in the Great Plains are
particularly vulnerableto climatevariability. The Great
Plains States of Nebraska, Kansas, Oklahoma, and
Texas were the hardest hit during the Dust Bowl of the
1930s(Worster, 1979; Hurt, 1981). Yieldsof wheat and
corn dropped as much as 50% below normal, causing
the failure of about 200,000 farms and migration of
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more than 300,000 people from the region.

The Dust Bowl, other droughts, and the desire
for continued expansion and intensification of dryland
farming have led to numerous technological and social
adjustments to climate and market fluctuations.
Especially critical, from adryland farming perspective,
has been the improvement of conservation tillage
practiceslike summer fallowing (Warrick and Bowden,
1981; Riebsame, 1983). These practicesaredesigned to
conserve moisture, reduce energy input, and minimize
erosion, and thus, to increase yields and profits.
Nevertheless, dryland crop yields still fluctuate widely
with temperature and precipitation variations between
years. The coefficient of variation of wheat yields is
close to 50% over much of the region, and
approximately 30-40% of the planted acreage is
abandoned every year because of poor crops, especially
on the western fringes of agriculture where the
dominant crop is dryland wheat grown on summer
falow (Michagls, 1985).

In addition to the developments in cropping
systems, government policies and programs have also
been devised to absorb or mitigate the impacts of
climate stresses in the Great Plains and elsewhere.
These include federal programs for crop insurance,
disaster grants and low-interest loans to farmers, and
government-sponsored drought research (Warrick,
1975). Such programs can be costly. For example, the
projected cost of the 1988 Drought Relief isabout $3.9
billion nationally (Schneider, 1988).

Despite the adoption of conservation tillage
techniques, drought-resistant cultivars, and risk
management programs, some analysts argue that the
region remains particularly vulnerable to
climate-induced reductions in crop yields and will be
one of the first U.S. agricultural regions to exhibit
impacts of climate change (e.g., Lockeretz, 1978;
Warrick, 1984). Rapid acreage increases in the 1970s,
destruction of windbreaks for larger fields to
accommodate bigger machinery, and speculative farm
expansion all raise the possibility of renewed land
degradation and economic losses similar to those of the
Dust Bowl period, if climate change creates an
increased frequency of heat waves and droughts in the
region. Most climate models indicate that the region
would become drier as global warming proceeds,
suggesting potentially severe impacts on dryland
farming.

Irrigated Agriculture

One response to the semiarid and highly
variable climate of the Great Plains has been
exploitation of surface and groundwater resources for
irrigation to replace dryland farming. In 1982, 19
million acres, or 12% of all Great Plains cropland,
mostly in the southern Plains, were irrigated.
Groundwater provides most of the water for irrigation:
61 to 86% of the water used in Nebraska, Oklahoma,
and Kansas as compared with only 20% nationally. In
this respect, irrigation farmers in the Great Plains are
less senditive to climate change relative to dryland
farmers. However, the demand for irrigation water
throughout the region is very sensitive to climate.

The improvement and application of well
drilling and pumping technology after World War 11
permitted the use of water from the immense Ogallala
Aquifer (Figure 17-1). Today, the aquifer supplies
irrigation for approximately 14 million acres in the
Great Plains States of Colorado, Nebraska, Kansas,
Oklahoma, New Mexico, and Texas (High Plains
Associates, 1982). Use of the aguifer allows the
irrigation of terrain too far from surface supplies. The
aquifer also provideswater for municipal and industrial
purposes.

Farmersin Nebraskarecently beganto usethe
aquifer to irrigate corn, which is grown mostly for
livestock feed. Corn, wheat, and some sugarbeets are
irrigated farther south, while in Texas the Ogallaais
tapped chiefly for cotton. The aquifer varies in depth
from the land surface, in rate of natural discharge, and
in saturated thickness across the region. In Nebraska,
the aquifer has a higher recharge rate (i.e., the rate at
whichtheaquifer isreplenished) thaninthe other Great
Plains States, and significant drawdown problems have
not yet occurred. In Texas and other states, high
withdrawal and low recharge rates of the aquifer have
already resulted in "mining" of the resource (i.e., the
rate of water withdrawal is greater than rate of
recharge) and in the abandonment of thousands of
irrigated acres (see Glantz et a., Volume 7).

Water Quality
Nonpoint pollution (runoff and leaching) isthe

main contributor to water quality problemsin the Great
Plains. Many of the groundwater suppliesin the region
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contain elevated levels of fertilizer and

pesticide-derived pollutants.

Electricity Demand

Electricity use in the region is sensitive to
climate fluctuationsin terms of space heating, cooling,
and agricultural operations such as irrigation and
livestock management (heating, cooling, etc.). Other
types of energy are also sensitive to climate, but this
study addresses only electricity.

PREVIOUSCLIMATE IMPACT
STUDIES

Many studiesof climateimpactson agriculture
inthe Great Plains have been performed using avariety
of approaches and models. Dozens of climate impact
studies have focused specifically on the 1930s drought
(e.g., Lockeretz, 1978; Bowden et al., 1981) and, more
generaly, on Great Plains droughts (Warrick, 1975).
Many recent studies have used crop-climate modelsto
estimate impacts of climate on yields. Warrick (1984)
analyzed the vulnerability of the region to a possible
recurrence of the 1930s drought by running a dryland
crop yield model tuned to 1975 technology with 1934
and 1936 temperature and precipitation conditions. He
found that recurrence of 1930s conditionsin the region
would result in wheat yield reductions of over 50%.
Terjung et al. (1984) used a crop water demand and
yield moddl to investigate irrigated corn production
sensitivity to differing temperature, precipitation, and
solar radiation fluctuations. They found that in the
central Great Plains, evapotranspiration and total water
applied for irrigation were very sensitive to climate
variations. Liverman et al. (1986) continued this
modeling and found that the lowest irrigated yields
occurred under cloudy, hot, and very dry climate
scenarios. Under dryland cropping, minimum yields
occurred under sunny-hot and sunny-warm scenarios
with very dry conditions.

Using an agroclimatic approach, Rosenzweig
(1985) found that lack of cold winter temperatures in
the southern Great Plains may necessitate a change
from winter to spring wheat cultivars with climate
change projected for a doubling of CO,. Changes in
temperature, precipitation, and solar radiation were
considered. Decreased water availability may also
increase demand for irrigation. In a later study,

Rosenzweig (1987) showed that although the combined
impact of doubled CO 2 climate change (temperature,
precipitation, and solar radiation changes) and the
direct effectsof elevated CO, (increased photosynthesis
and improved water use) compensated for the negative
effects of climate change in years with adequate
rainfall, this compensation did not reduce crop failures
indry years.

Robertson et al. (1987) estimated the
combined impact of temperature and precipitation
changes due to doubled CO, climate change and the
direct effects of increased CO, on rainfed corn and
wheat yieldsand erosion using the Erosion Productivity
Impact Cal culator (EPI C). Resultsshowed that model ed
wheat yields in Texas decreased and modeled corn
yieldsincreased dightly. Such changesin productivity
could result in long-term changes in cropping patterns.

Glantz and Ausubel (1984) suggested that the
Great Plains mining of the Ogallala Aquifer and its
susceptibility to future incidence of drought projected
by global climate models be combined in analyses of
the region, since both are critical to the habitability of
the area.

GREAT PLAINSSTUDIESIN THIS
REPORT

The studies for this report examine the
implications of climate change for several important
activities in the region: agricultural production and
economics, demand for irrigation water, and water
quality. Climate change impact research on livestock,
electricity use, and resource management policy
relevant to the Great Plains is also described. The
individual studies performed for thisreport arelisted in
Table 17-3.

The Great Plains studies explore the
sensitivities of regional activities to climate change
scenarios. Theresultsare not meant to be predictions of
what will happen; rather the studies aim to define the
ranges and magnitudes of potential responses of critical
regional systems to the predicted climate changes.
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GREAT PLAINS REGIONAL
CLIMATE CHANGE SCENARIOS

The estimated changesin seasonal and annual
temperatures and precipitation for the scenarios are
shown in Figure 17-2. For a description of the global
climate models, climate scenarios, and a discussion of
the likelihood of these changes, see Chapter 2; Climate
Change, and Chapter 4: Methodology. All three
scenarios show large increases in temperature for the
Great Plains States under a doubled CO, climate. The
GISS scenario has an annual warming of 4.5°C, the
GFDL scenario has an annual warming of 5.0°C, and
OSU has an annual warming of 3.3°C. In generdl,
winter temperatures increase more than summer
temperatures in the GISS modd, and summer
temperaturechangesaregreater thanwinter temperature
changes in the GFDL and OSU scenarios. The
differences between the models range from 0.2 to
1.5°C. The impact studies used only the GISS and
GFDL climate change scenarios because of time
limitations.

Average annua precipitation decreases by
0.26 millimeters per day (3.7 inches per year) in the
GISS scenario, while GFDL and OSU have dlight
increases. However, these annua values mask a
pronounced reduction in rainfall in Nebraska and
Kansas in the GFDL scenario (see Figure 17-3). The
large temperature increase and pronounced summer
drying combine to make the GFDL scenario severein
these states, and the most severe case among the climate
change scenarios.

The magnitudes of climate changes in the
spring and summer from the GFDL scenario and the
climate of the 1930s drought in Nebraska and Kansas
are compared in Figure 17-3. While the scenario
decreases in growing season preci pitation are about the
same as those during the most severe drought years
(1934 and 1936) in the area, the climate change
scenario temperatures are about 3°C higher than the
Dust Bowl temperatures.

Table 17-3. Great Plains Studies for EPA Report to
Congress on the Effects of Global Climate Change

Analyses Performed for This Case Study

. Potential Effects of Climate Change on
Agricultural Productioninthe Great Plains: A
Simulation Study - Rosenzweig, Columbia

University, NASA/Goddard Institute for
Space Studies (Volume C)
. Effects of Projected CO,-Induced Climatic

Changes on Irrigation Water Requirementsin
the Great Plains States - Allen and Gichuki,
Utah State University (Volume C)

National StudiesThat I ncluded Gr eat PlainsResults

. Economic Effects of Climate Changeon U.S.
Agriculture: A Preliminary Assessment -
Adams, Oregon State University and Glyer
and McCarl, TexasA&M University (Volume
®)

. Impacts of Climate Change on the Movement
of Agricultura Chemicals Across the U.S.
Great Plains and Central Prairie -Johnson,
Cooter, and Sladewski, Oklahoma
Climatological Survey, University of
Oklahoma (Volume C)

. Changing Animal Disease Patterns|nduced by
the Greenhouse Effect - Stem, Mertz, Stryker,
and Huppi, Tufts University (Volume C)

. Effect of Climatic Warming on Popul ations of
the Horn Fly, with Associated Impact on
Weight Gain and Milk Production in Cattle -
Schmidtmann and Miller, U.S. Department of
Agriculture, Agricultural Research Service
(Volume C)

. The Potential Impacts of Climate Change on
Electric Utilities:. Regional and National
Estimates - Linden and Inglis, ICF
Incorporated (Volume H)

. Climate Change and Natural Resources
Management in the United States - Riebsame,
University of Colorado (Volume J)
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Figure 17-2. Average change in (A) temperature, and
(B) precipitation over Great Plains gridpointsin GISS,
GFDL, and OSU global climate models (2X CO, run
less 1X CO, run).

RESULTSOF THE GREAT PLAINS
STUDIES

Crop Production

To better understand the potential physical
impact of climate change on crops, Rosenzweig
modeled changesin corn and wheat yieldsin the Grest
Plains using crop growth models.

Study Design

Two crop growth models, CERES-Wheat
(Ritchieand Otter, 1985) and CERES-Mai ze (Jonesand
Kiniry, 1986) were used to test the sensitivity of crop
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Figure 17-3. Comparison of observed drought (1943
and 1936) and GFDL climate change in Nebraska and
Kansas for (A) temperature, and (B) precipitation
(Rosenzweig, Volume C).

yieldsto the GISSand GFDL climate change scenarios.
These models are designed for large-area yield
prediction and for farm decisionmaking and have been
validated for a wide range of conditions (Otter-Nacke
et al., 1986). The CERES models smulate crop
responses to the major factors that affect crop yields:
climate, soils, and management. The models employ
simplified functions to predict crop growth stages;
development of vegetative and reproductive structures,
growth of leaves and stems; dieback of leaves; biomass
production and use; root system dynamics, and the
effects of soil-water deficit on photosynthesis and
biomass use in the plant.

At each of 14 locations, the crop models were
run with three soils present in the region representing
low, medium, and high productive capacity. Model
results were generated for changesin yield, water used
for irrigation (if crop is irrigated), crop
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evapotranspiration, and planting and maturity dates for
both dryland and irrigated cases. The direct effects of
CO, (i.e.,, increased photosynthesis and decreased
transpiration per unitleaf area) were simulated with the
climate change scenarios in another set of runs. A
method for approximating the direct effects in the
CERES models was devel oped by computing ratios of
daily photosynthesis and evapotranspiration ratesfor a
canopy exposed to elevated (660 ppm) CO, to those
ratesfor the same canopy exposed to current (330 ppm)
CO, conditions (see Peart et a., Volume C). Daily
photosynthesis rates of wheat and corn canopies were
increased 25 and 10%, respectively, based on published
results of controlled environmental experiments with
crops growing in air with increased CO, levels.

Limitations

This work does not consider changes in
frequenciesof extreme events, even though extremes of
climatic variables, particularly runs of extremes, are
critical tocrop productivity (see Chapter 3: Variability).
Development of the CERES models was based on
current climate; the relationships in the models may or
may not hold under differing climate conditions,
particularly the high temperatures predicted for
greenhouse warming.

The direct effects of CO, are only
approximated in the crop modeling study, because the
models do not include a detalled simulation of
photosynthesis. Also, experimental results from
controlled environments may show more positive
effects of CO, than would actually occur in variable,
windy, and pest-infested (e.g., weeds, insects, and
diseases) field conditions; thus, this study probably
overestimated the beneficial effects of increased CO,.
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Figurel7-4. CERES-Wheat yieldsin the Great Plainswith GI SS and GFDL climate change scenarioswith and without
the direct effects of CO,: (A) dryland, (B) irrigated (Rosenzweig, Volume C).
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Results

Climate change scenarios cause simulated
wheat (Figure 17-4) and corn (Figure 17-5) yields to
decrease in the southern and central Great Plains.
Results shown are means of modeled yields at study
sites grouped by latitude for 30 years of baseline and
climate change scenarios. With climate change alone,
decreases in modeled yields appear to be caused
primarily by increases in temperature, which would
shorten the duration of crop life cycle (the period
during which a crop grows to maturity). Thisresultsin
reduced yields. When the direct effects of CO, on crop
photosynthesis and transpiration are included in the
climate change simulations, modeled crop yields
overcome the negative effects of climate change in
some cases, but not in others. In general, the more
severe the climate change scenario, the less
compensation provided by direct effects of CO,.

Corn and wheat yields were estimated to
respond differently to dryland and irrigated climate
change conditions and to the direct effects of CO.,.
Dryland corn yield decreases were very high in the
hotter and drier GFDL scenario, particularly at higher
latitudes. Thesedecreaseswere caused by the combined
effectsof high temperatures shortening thegrain-filling

period and increased moisture stress. The GFDL
scenario has pronounced reductions in summer
precipitation (decreases of about 30 mm per month) in
the two northern gridboxes of the study area, which
occur during critical growth stages of corn. Irrigated
corn was more negatively affected than irrigated wheat
inthe combined climate and direct effectsrunsbecause
of the lower photosynthetic response of corn to CO,.

In general, the amount of water needed for
irrigation in the crop modelsis estimated to increasein
the areas where precipitation decreases and irrigation
reduces interannual variability in yields. These results
suggest an increased demand for irrigation in the

region.

Adjusting the planting date of wheat to later in
the fall, one potential farmer adjustment to a warmer
climate, was not estimated to significantly ameliorate
the effects of the GISS climate change scenario on
CERES-Wheat yields. Changing to varietieswith lower
vernalization requirements (need for a period of cold
weather for reproduction) and lower photoperiod
sensitivity (sensitivity to daylength), in addition to
delaying planting dates, overcomes yield decreases at
some sites but not at others.
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Figure17-5. CERES-Maizeyieldsin the Great Plainswith GISS and GFDL climate change scenarios with and without
the direct effects of CO,: (A) dryland, (B) irrigated (Rosenzweig, Volume C).
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Table 17-4. Estimated Changesin Agricultural Land Usage in Oklahoma and Texas (millions of acres)

y Base GISS GFDL
sage
acreage Acreage Change % Change  Acreage Change % Change
Agricultural land
Without
direct effects 54.7 42.6 -12.1 -22.1 52.0 2.7 -4.9
With direct 54.7 48.8 -10.9 -19.9 52.7 2.0 38
effects
Irrigated acreage
Without
direct effects 53 6.9 1.6 29.6 5.6 0.3 4.9
With direct 5.3 538 05 9.4 6.1 0.8 153
effects

Source: Adamset a. (Volume C).

Implications

Thereispotential for climate change to cause
decreased crop yields in the southern Great Plains.
Farmerswould need varietiesof cornand wheat that are
better acclimated to hotter and possibly drier conditions
to substitute for present varieties, and adjustment
strategies tailored for each crop and location.

Pressure for increased irrigation may grow in
the region, particularly with more severe climate
changes. Thiswould occur for two reasons: first, crops
currently irrigated would require more water where
precipitation decreases; and second, more acresge
would be irrigated as high temperatures increase the
risk of crop failures. Increased irrigation would be
needed to ensure acceptable and stable yield levels.
However, availability of and competition for water
supplies also may change with climate change, and
defining the extent to which irrigation can provide an
economic buffer against climate changerequiresfurther
study.

Agricultural Economics

Many economic consequences are likely to
result from the physical changes in crop yields and
water availability caused by climate change. Decreased
yields will further stress farmers already affected by
marginal productivity and economic fluctuations.
Additional irrigation needs could place greater demand

onthe OgallalaAquifer and other water resourcesinthe
region. To examine the agricultural implications of
climate change more closely, Adams et a. introduced
yield changes from the Great Plains and other regional
crop modeling studies, and changes in crop water use
and water availability from the GISS and GFDL
scenarios into an economic model to trandate the
physical effects of climate change into economic
conseguences. (For study design and limitations, see
Chapter 6: Agriculture.) Analyses were done both for
climate change alone and for the combined effects of
climate change and enhanced CO, concentrations to
explore the sensitivity of the agricultural system to the
projected changes. The economic study did not address
the issues of whether the physical and ingtitutional
changesrequired to accommodateincreased demand for
irrigated acreage are feasible or whether new crops
would be introduced. The study did not consider
changesin global agriculture.

Results

The estimates of Adamset a. (see Volume C)
for total agricultural and irrigated acreage changes in
the southern Great Plains States (Oklahoma and Texas
only) are shown in Table 17-4. Agricultura land is
estimated to decrease in the southern Gresat Plainsin all
scenarios, with and without the direct effects of CO..
Decreases range from 4 to 22%. Irrigated acreage, on
the other hand, increases in al scenarios, from 9 to
30%. Thisis because of increased stability of irrigated
yields relative to dryland yields, and because of arise
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in commaodity pricesthat makes expansion of irrigation
production economically feasible.

Implications

Theresultsof theagricultural economicsstudy
imply that wheat and corn production may shift away
from the southern Great Plains. This may weaken the
economic base of many rural communitiesintheregion
and cause dislocations of rural populations.
Uncertainties exist about adaptation in the region, such
as substitution of more heat- and drought-tolerant
varieties and crops. If irrigated acreage expands as
predicted in the economic analysis, changes in capital
requirements for agriculture would also occur.

If irrigated acreage does increase in the area,
groundwater overdraftsalsowould belikely, alongwith
associated increases in surface and groundwater
pollutionand other formsof environmental degradation.
The current analysis did not address the issue of
whether the physical and institutional changesrequired
to accommodate such an increase in irrigated acreage
arefeasible.

[rrigation

Higher air temperatures cause increased
evaporative demands, which largely govern crop water
use and irrigation water requirements. The climate and
crop production changes that might be associated with
global warming in the southern Great Plains are likely
to heighten farmer interest in irrigation, both because
evapotranspiration may increase and because irrigated
crops might obtain a larger economic advantage in a
less favorable climate. Therefore, climate change
impactsonirrigation water requirementswere analyzed
in more 