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PUBLIC LAW 94 -587 -Oc t . 22, 1976 

Sec. 193. In order to assure an adequate supply of food to the 
Nation and to promote the economic v i t a l i t y of the High Plains 
Region, the Secretary of Commerce (hereinafter referred to in this 
section as the "Secretary"), act ing through the Economic Develop
ment Admin is t ra t ion, in cooperation w i th the Secretary of the 
Army , act ing through the Chief of Engineers, and appropriate 
Federal, State, and local agencies, and the pr ivate sector, is 
authorized and directed to study the depletion of the natural 
resources of those regions of the States of Colorado, Kansas, New 
Mexico, Oklahoma, Texas, and Nebraska presently ut i l iz ing the 
declining water resources of the Ogallala aqui fer, and to develop 
plans to increase water supplies in the area and report thereon to 
Congress, together w i th any recommendations for fur ther congres
sional ac t ion. In formulat ing these plans, the Secretary is directed 
to consider al l past and ongoing studies, plans, and work on depleted 
water resources in the region, and to examine the feasib i l i ty of 
various al ternat ives to provide adequate water supplies in the area 
including, but not l imi ted to , the transfer of water f rom adjacent 
areas, such port ion to be conducted by the Chief of Engineers to 
assure the continued economic growth and v i t a l i t y of the region. 
The Secretary shall report on the costs of reasonably available 
options, the benefits of various options and the costs of inact ion. 
If water transfer is found to be a part of a reasonable solut ion, 
the Secretary, as part of his study shall include a recommended 
plan for al locat ing and distr ibut ing water in an equitable fashion, 
taking into account existing water rights and the needs for future 
growth of al l a f fected areas. An in ter im report , w i th recommenda
t ions, shall be t ransmit ted to the Congress no later than October 
I, 1978, and a f inal report , w i th recommendations, shall be t rans
mi t ted to Congress not later than July I, 1980. A sum of $6,000,000 
is authorized to be appropriated for the purposes of carrying out 
this sect ion. 
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December 13, 1982 

The Honorable Thomas P. 
Speaker of the House of 

Representatives 
Washington, D.C. 20515 

The Honorable George Bush The Honorable Thomas P. O'Neill 
President of the Senate 
Washington, D.C. 20510 

The Honorable Malcolm Baldrige 
Secretary of Commerce 
U. S. Department of Commerce 
Washington, D.C. 20230 

Dear Sirs: 

The High Plains Study Council is pleased to submit its "Summary and Recommen
dations" report of the Six-State High Plains Ogallala Aquifer Regional study. This 
summary and the recommendations are based on a cooperative federal-state project 
to study the depletion of the natural resources of those parts of the States of 
Colorado, Kansas, Nebraska, New Mexico, Oklahoma, and Texas presently using the 
declining water resources of the Ogallala aquifer, and the declinir^ energy resources 
from petroleum bearing formations. 

The studies and the recommendations are in response to the directives of Public 
Law 94-587 90 Stat. 2943.193, in which the potentially serious economic environ
mental, and social consequences of decUnir^ supplies of natural resources of the 
High Plains area is recognized by Congress. 

Estimates of the effects of declining supplies of water and energy resources are 
presented in the study which also makes recommendations of ways in which local, 
state, and federal governments and the private sector can conserve water. Water 
conservation programs are identified as the single most important public policy and 
private sector action for immediate consideration. However, the studies show that 
even with the most effective water conservation program possible, over five million 
acres currently irrigated will be returned to dryland production or native vegetation 
by the year 2020 because of declining water supplies. Although the largest pro
portion of these acreages are in the southern parts of the study area, declining 
local area water supplies wiU result in the loss of irrigated acreages throughout the 
Ogallala area. On the other hand, total irrigation is projected to increase by about 
3.8 million acres by the year 2020, primarily because of irrigation expansion into 
heretofore unirrigated areas. » 

The water importation parts of the study focused upon making importation cost 
estimates for four import routes from adjacent areas and for several different 
project sizes. It was not possible to conclude that major multi-state conveyance 
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systems will be financially feasible in the foreseeable future; importation costs 
would be quite high in relation to ability of water users to pay for imported water. 
In addition, it was not possible to determine the quantities of water that might be 
surplus to the needs of adjacent areas, since, in some cases, future water plans 
have not been prepared for adjacent areas that could be studied under the terms of 
the authorizir^ legislation. The Council recommends that importation studies be 
continued in order to answer some of these questions, since it is clear that, even 
under the most frugal water use plans, large parts of the High Plains Region will 
ultimately be without sufficient quantities of water to continue irrigation and some 
areas may not have sufficient supplies of water for municipal and industrial pur
poses. 

High Plains Study Council members appreciate the assistance of the Congress and 
the cooperation of the Department of Commerce, .the Corps of Engineers, and other 
federal agencies in the support and conduct of this very important natural resources 
and economic development study. We urge you to give serious consideration to the 
recommendations contained in the report. 

Sincerely, 

The Honorable Richard D. 
Governor of Colorado 

/£/ 
Lamm Honorable BrucsKKing 

Governor of New Mexico; 1981 Chairman, 
High Plains ^tudy Council 

lonorable John Carlin 
/ernor of Kansas; 1980 Chairman, 

High Plains Study Council 

The Ho! 
Governo: 

The Honorable Charles Thone 
Governor of Nebraska 

U'TT-^ja-^ 
Pne Honorable Willi TRe Honorable William 

Governor of Texas; 1982 ChairmI 
High Plains Study Council 



HIGH PLAINS STUDY COUNCIL RESOLUTION NUMBER 13 

Approval of the Council's Report 

"A Summary of Results of the Ogallala Aquifer Regional Study, 
w i th Recommendations to the Secretary of Commerce and Congress" 

Report dated December 13, 1982 

December 16, 1982 

Whereas, the Congress of the United States, in P.L, 94-587 90 Stat. 2943.193, authorized 
".. . the Secretary of Commerce, act ing through the Economic Development Admin is t ra
t i on , in cooperation wi th the Secretary of the Army, act ing through the Chief of 
Engineers, and appropriate Federal, State, and local agencies, and the pr ivate sector, 
to study the depletion of the natural resources of those regions of the States of 
Colorado, Kansas, New Mexico, Oklahoma, Texas, and Nebraska presently u t i l i z ing the 
declining water resources of the Ogallala aqui fer, and to develop plans to increase 
water supplies in the area and report thereon to Congress, together w i th any recom
mendations for fur ther congressional ac t ion" ; 

Whereas, the Six States organized the High Plains Study Counci l , whose ".. .object is 
to determine potent ia l development al ternat ives for the High Plains; to describe the 
policies and actions required to carry out promising development strategies; and to 
evaluate the local, state and national implications of these al ternat ive development 
strategies; including, but not l imi ted to , providing the d i rect ion and control of the 
study contemplated under P.L. 94-587 90 Stat. 2943.193," and whose members ore a 
representative of the Federal Government and the states of Colorado, Kansas, Nebraska, 
New Mexico, Oklahoma, and Texas; State representation includes ".. . the Governor of 
each state or his designee, and three representatives appointed by and serving at the 
pleasure of the Governor re f lec t ing the various public and pr ivate interests and areas 
of the state impacted upon by the planning e f fo r ts ; and Federal representation is by 
the Economic Development Admin is t ra t ion; 

Whereas, the Secretary of Commerce, act ing through the Economic Development 
Adminis t rat ion, in cooperation w i th the Secretary of the Army, act ing through the 
Chief of Engineers, and In cooperation wi th the Six-State High Plains Study Council 
and Others, has engaged a General Contractor ; Camp Dresser & McKee Inc., and 
Associates Black & Veatch, and Ar thur D. L i t t l e , Inc.; and 

Whereas, the General Contractor , the U. S. Army Corps of Engineers, and the six 
part ic ipat ing High Plains States have completed the studies authorized by P.L. 94-587 
90 Stat. 2943.193, and hove prepared reports of the results; 

Now, therefore be it resolved that the High Plains Study Council hereby adopts the 
Council's report ent i t led , "A SUMMARY OF RESULTS OF THE OGALLALA AQUIFER 
REGIONAL STUDY, WITH RECOMMENDATIONS TO THE SECRETARY OF COMMERCE 
AND CONGRESS," such report bearing the dote of December 13, 1982, and authorizes 
that copies of said report be presented to the Secretary of Commerce, The Honorable 
Malcolm Baldrige, and to the Congress of the United States. 
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A SUMMARY OF RESULTS 
OF THE OGALLALA AQUIFER REGIONAL STUDY 

WITH RECOMMENDATIONS TO THE » 
SECRETARY OF COMMERCE AND CONGRESS 

Background 

The High Plains Ogallala Aqui fer Regional Study was authorized by Congress in 
1976 (P.L. 94-587). The authorizing legislation directed ".. . the Secretary of Commerce, 
act ing through the Economic Development Admin is t ra t ion, in cooperation w i th the 
Secretary of the Army , act ing through the Chief of Engineers, and appropriate Federal, 
state and local agencies, and the pr ivate sector to study the depletion of the natural 
resources of those regions of the states of Colorado, Kansas, New Mexico, Oklahoma, 
Texas and Nebraska presently u t i l i z ing the declining water resources of the Ogallala 
aqui fer , and to develop plans to increase water supplies in the area and report thereon 
to Congress, together w i th any recommendations for fur ther congressional ac t ion. " The 
legislation explains that the reasons for the study are to assure on adequate supply of 
food to the Notion and to promote the economic v i t a l i t y of the Region (Figure 1). 

The Governors and other representatives of the High Plains states, organized 
the High Plains Study Council in November, 1976 to guide and d i rect the study. In 
September, 1978, a General Contractor—Camp Dresser and McKee, Inc. in association 
w i th Ar thur D. L i t t l e , Inc., Black and Veatch, and others—was engaged. The General 
Contractor managed the study for the Federal Government and the Council and 
performed parts of the work. Each state performed parts of the work, and the U. S. 
Army Corps of Engineers conducted the water import studies. 

Presently, the Region has one percent of the Nation's population l iving on six 
percent of the Nation's land area, producing over 15 percent of the to ta l value of 
wheat, corn, sorghum, and cot ton and 38 percent of the tota l value of l ivestock 
produced in the Nat ion. The High Plains has approximately 14.3 mi l l ion acres of 
i r r igated land for which water is supplied f rom the underlying Ogallala format ion w i th 
more than 170 thousand i r r igat ion wel ls. The High Plains area also has about 18.3 
mi l l ion acres of dryland farming, which is interspersed wi th the i r r igated acreages. In 
addi t ion, there ore about 18 mi l l ion acres of dryland, a port of which is used for 
grazing, and a port is lef t fa l low in the dryland crop rotat ion system. In addit ion 
to i r r igated and dryland crop product ion, large-scale ca t t le feedlot and meat pocking 
Industries hove developed due to the avai labi l i ty of feed grains and c l imate that Is 
ideal for ca t t le feeding. 

The High Plains area has large quanti t ies of f l a t , productive agr icul tural land 
which is amenable to mechanized production of f iber, gro in, and livestock commodit ies 
of signif icant importance in notional and international markets. The area has deposits 
of oi l and gas, which ore f in i te in quant i ty , and deposits of ground water which receive 
signif icant recharge in the northern ports of the Region but receive very l i t t l e recharge 
in the southern parts of the Region. The northern ports of the Region have some 
f lowing streams; however, the to ta l quant i ty of surface water is re lat ively small in 
relat ion to the area's water needs. 

Precip i tat ion in the High Plains area, which ranges annually f rom 15 Inches in 
the west to around 22 inches in the east, is inadequate, in both quant i ty and seasonal 
re l iab i l i t y , to real ize the potent ial productive capacity of the area's land resources. 
The growing season ranges f rom 217 days in the south to 125 days In the nor th . The 
Region's c l imate and land resources support the production of co t ton , groin sorghum, 

* The principal source of Information summarized herein is the "Six-State High Plains 
Ogallala Regional Study Report , " High Plains Associates, Inc.: Camp Dresser & 
McKee, Inc., Block and Veatch, and Ar thur D. L i t t l e , Inc., March, 1982. 





Figure 1: THE HIGH PLAINS OGALLALA AQUIFER STUDY REGION^ 
*Portions of the Oga l l a la Aqu i fe r underl ie areas in South Dakota and 
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wheat, and short prai r ie pasture grasses wi thout supplemental water . With supplemental 
water , yields of co t ton , groin sorghum, and wheat con be increased f rom three to four 
t imes that of dryland product ion, and other crops including corn, sugar beets, vegetables, 
and Irish potatoes can be produced. 

The Ogallala fo rmat ion , the principal source of water for the area, is highly 
variable in thickness and in water reserves per unit of surface area. In 1977, of the 
to ta l 3.04 bi l l ion acre- feet avai lable, 2.3 bi l l ion acre-feet or 77 percent were located 
in Nebraska, where saturated thicknesses ranged f rom less than 100 feet to 1200 fee t . 
Approximately eight percent was located in Kansas, where saturated thicknesses ranged 
f rom less than 100 feet to 600 fee t . Colorado had about three percent of the to ta l 
in 1977, and saturated thicknesses range f rom less than 100 feet to 400 fee t . New 
Mexico had just under one percent of the t o ta l , w i th saturated thicknesses of 10 feet 
to 200 fee t . Texas hod nine percent of the to ta l w i th saturated thicknesses ranging 
f rom 10 feet to 600 feet . Oklahoma hod two percent of the 3.04 bi l l ion acre- feet of 
water in the Ogallala w i th saturated thicknesses ranging f rom less than 100 feet to 
600 fee t . It is clear that the d i f fe rent ports of the Ogallala ore faced w i th widely 
d i f fer ing quanti t ies of water and therefore hove widely d i f fer ing planning horizons 
insofar as water supplies ore concerned. 

Deposits of oil and gas ore located in Colorado, Kansas, New Mexico, Oklahoma, 
and Texas. The amounts of energy deposits and the recoverobi l i ty vary among the 
states. Most of the energy deposits are in the Anodorko and Permian Basins. The 
Anadarko Basin is noted pr imar i ly for natural gas product ion. It extends f rom eastern 
Colorado and western Kansas across the Texas Panhandle area and western Oklahoma. 
South of the Anodorko Basin and encompassing most of the New Mexico and Texas 
study areas is the Permian Basin. Most of the regional production has come f rom 
Texas. 

The Problem 

The High Plains Study Region has highly productive soils, level te r ra in , and a 
c l imate favorable to agr icul tura l enterprises. In addit ion to these resources, the area 
has signif icant but exhaustible quanti t ies of ground water and petro leum. The Region's 
economy has grown as these resources have been developed and used. Development 
of i r r igated agr icu l ture, largely supplied by water f rom the Ogallala Aqui fer , expanded 
rapidly fo l lowing World War I I . Total i r r igated acreage in the study area expanded 
f rom about 3.5 mi l l ion acres, mostly in Texas and Nebraska in 1950, to more than 
14.0 mi l l ion acres in 1980. Likewise, the discovery and production of oil and natural 
gas has occurred since World War I I . 

As i r r igated acreage expanded, water use increased. Less than seven mi l l ion 
acre- feet of water was wi thdrawn f rom the Ogallala In 1950. By 1980, more than 21 
mi l l ion acre- feet were pumped annually even though, over the some period, improved 
i r r igat ion ef f ic iencies hod reduced per acre appl icat ion of water by about 30 percent, 
f rom two acre-feet per acre to about 1.4 ocre- feet per acre. 

Feed groin crop production increased f rom 150 mi l l ion bushels in 1950 to 1.25 
bi l l ion bushels in 1980. The Region produced about 38 percent of the fed beef In the 
Nation by 1980. A complex inf rastructure of agr icul tural supply businesses, including 
fe r t i l i ze rs , fo rm equipment, and agr icul tura l market ing, storage, and processing, has 
been developed. 

Energy production f rom the oi l and gas reserves Is on important sector in the 
regional and subregionol economies. Petroleum production in the Ogallala region was 
1.17 bi l l ion barrels in 1950. In 1976, production was 1.58 bi l l ion barrels; the peak 
production years were 1970, w i th 1.72 bi l l ion barrels, and 1972, w i th 1.73 barrels. 
H is tor ica l ly , the regional production has accounted for 20 to 25 percent of U. S. 
domestic crude oi l and natural gas product ion. 



The High Plains Region Is highly dependent upon water and energy resources. 
The energy reserves ore f in i te in quant i ty , and production f rom known recoverable 
reserves is expected to decline s igni f icant ly in the foreseeable fu tu re . Although the 
area's aquifers receive some recharge each year, the quanti t ies of ground water that 
ore wi thdrawn and used for exceed the quanti t ies being replaced. The declining supplies, 
and impending exhaustion, of these two extremely important natural resources ore 
expected to result In severe economic consequences at the local, regional, and national 
levels. 

Principal Research Objectives 

The principal research objectives of this study were to ( I ) compute estimates 
of the extent of the local, s tate, and notional economic and social benefits derived 
f rom the energy and water resources of the High Plains Ogallala area, (2) project the 
probable consequences of water resources management al ternat ives for the High Plains 
Region, and (3) compute estimates of the costs of import ing water to the area. These 
analyses were mode In order to provide a basis for developing solutions to the problems 
of declining supplies of water and energy resources and to communicate the findings 
to local, s ta te, and notional public and pr ivate sector pol icymakers. 

A Summary of Study Results 

The principal results of the study are presented for : ( I ) water use and water 
remaining in storage, (2) energy, (3) agr icu l ture, (4) regional economic e f fec ts , and (5) 
water importat ion cost est imates. Estimates were mode for : ( D o Baseline Cose, in 
which it is assumed that there w i l l be no changes in laws wi th in each respective state 
that would a f fec t the use of ground water and that more e f f i c ien t technology wi l l be 
adopted as it becomes avai lable; (2) a l ternat ive water conservation cases, and (3) a 
cose in which suf f ic ient quanti t ies of water would be Imported to maintain i r r igated 
acreage in each respective state at the 1977 level . The monetary results of the 
various case analyses ore expressed in 1977 dollars. 

Baseline Cose Projections 

Estimates were mode of product ion, employment, and water use in the High 
Plains economy for the Baseline Cose as defined above. Baseline Cose est imates, as 
well OS estimates for all other coses considered, incorporate informat ion about the 
ef fects of notional and world markets upon prices for agr icul tural commodit ies, and 
estimates of expected technological improvements in crops, i r r igat ion methods, water 
conservation, and fo rm management. Data about water conservation technologies, crop 
y ie ld trends, and expected improvements in plant breeding were obtained f rom agr i 
cu l tura l scientists and leading farmers in the area. Crop prices and production costs 
were obtained f rom analyses of notional and international markets for agr icul tural 
commodit ies (see Tables I and 2, and Figure 2 for price and yield projections used in 
the analyses). 



Table I. High Plains Study - Notional Crop Price Projections for the Baseline Cose 

1977*** 

1985 

1990 

2000 

2020 

: Wheat* 
: ($/bushel) 

2.66 

3.03 

3.05 

3.12 

3.40 

: Corn* : 
: ($/bushel) : 

2.13 

2,54 

2.58 

2.76 

2.89 

Sorghum* : 
($/bushel) : 

1.95 

2.28 

2.32 

2.48 

2.60 

Cotton *•'<: 
($/lb) : 

.58 

.54 

.55 

.56 

.58 

Soybeans* 
($/bushel) 

6.43 

6.10 

6.14 

6.37 

7.05 

* Projected using the USDA NIRAP model. 
** Projected by Ar thur D. L i t t l e , Inc. 

* * * Average 1977 prices ore a 3-year overage in 1977 dol lars, i.e., 1976 in f la ted , 
1978 def la ted. 

Energy 

Crude oil production and natural gas production in the year 2020 ore projected 
to be only 9 percent of the 1977 levels. E lect r ic power production is projected to 
increase almost 400 percent by 2020. The pr imary fuel is expected to be cool . 
Employment and income f rom energy production in the six-state area are projected to 
almost double by 2000, but ore expected to decline to one-half of the present by 2020. 

Annual water use by energy industries is projected to increase about 77 percent, 
f rom the present level of 130,500 acre- fee t , by 2000, and then decline about 13 percent 
to 201,400 ocre- feet by 2020. In the early years of the project ion per iod, e lec t r ic 
power production uses about half of the water used In energy product ion, but by 2020, 
this use Increases to nearly 95 percent of water needed for energy Industries In the 
area. 

Agr icu l ture 

Production of the six major crops grown in the High Plains Region—wheat, corn , 
groin sorghum, soybeans, a l fa l fa , and cotton—is projected to increase between 1977 
and 2020. Wheat production Is projected to increase by almost 45 percent (Figure 3), 
groin sorghum, by more than 60 percent (Figure 4), corn (Figure 5) and cotton> by 
sl ight ly more than 100 percent, and soybeans, by more than 1,060 percent by 2020 
(Table 3). The major High Plains crops contr ibute signi f icant ly to nationwide p ro 
duction—and thereby a f fec t notional prices of these commodities—13 percent of corn 
product ion, 16 percent of wheat, 25 percent of co t ton , and 40 percent of grain sorghum 
(Table 4). Corn production is projected to Increase by almost 150 percent in the Nor th 
due to projected growth in acreage and production In Nebraska, but w i l l decline in 
Kansas, Texas, and Colorado. Both grain and cot ton are among the nation's major 
agr icul tural exports. 



FIGURE 2.-BASELINE CROP PRICE PROJECTIONS 
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Table 2. High P l a i n s Study - P r o j e c t i o n s of Average Y i e l d s f o r Four A/tajor 
Crops , by S ta te 

: 

State : 

Colorado 

Kansas 

Nebraska 

New 
Mexico 

Oklahoma 

Texas* 

• 

Year : 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
20004 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

Wieot : 

Dry 

23.7 
26.7 
29.3 
33.2 
42.7 

29.7 
33.3 
36.7 
42.5 
52.5 

33.3 
39.6 
41.9 
45.4 
50.7 

13.0 
15.8 
19.3 
22.8 
26.3 

20.5 
26.0 
28.2 
34.0 
46.0 

11.6 
12.7 
13.2 
14.0 
15.1 

: Irr. : 
bushel 

46.3 
.0-** 

. ~ 

19.\ 

37.3 
41.6 
45.9 
51.5 
61.5 

41.6 
44.7 
55.8 
65.0 
81.8 

45.7 
56.1 
74.9 
89.3 
114.8 

48.3 
45.1 
46.5 
35.4 
70.2 

29.0 
30.5 
29.6 
34.8 
37.8 

Corn : 
Irr. : 

Sorghum : 

Dry 
s per acre 

129.4 
141.8 
151.1 
166.6 
187.2 

91.4 
110.0 
120.8 
129.3 
149.2 

118.4 
144.0 
154.1 
16.8 
189.9 

113.9 
140.4 
149.7 
161.9 
174.6 

118.6 
139.6 
149.9 
166.1 
184.1 

115.4 
123.7 
122.6 
126.4 
134.4 

19.8 
21.8 
22.8 
25.6 
30.4 

39.6 
32.4 
35.5 
42.0 
54.8 

62.6 
74.4 
79.3 
82.0 
88.8 

23.1 
28.1 
30.9 
35.2 
39.4 

33.5 
41.2 
46.0 
51.5 
57.6 

20.8 
22.2 
23.0 
23.8 
25.2 

: Irr.: 
ba 

84.4 
87.5 
89.5 
85.7 
100.0 

65.8 
69.0 
76.1 
90.7 

.-

86.0 
100.8 
112.7 
130.2 
159.8 

79.1 
98.9 
108.5 
118.8 
91.8 

76.7 
101.4 
112.9 
123.2 
137.0 

93.9 
103.0 
110.1 
113.5 
121.7 

Cotton 
Dry : Irr 
Ies per acre 

N^ 

N/A 

N/A 

0.5 0.9 
0.5 
0.6 
0.6 
0.7 

N/A 

0.5 
0.6 
0.6 
0.6 
0.6 

.0 

.1 

.2 

.3 

.1 

.3 

.3 

.3 

.4 

* Planted acre yields. Yields for other f ive states ore on a harvested acre 
basis. 

** Yields ore not shown when no production for that crop was projected by 
linear programming models for a part icular year. 



FIGURE 3.—HIGH PLAINS STATES BASELINE PROJECTIONS OF WHEAT PRODUCTION 
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FIGURE 5.—HIGH PLAINS STATES BASELINE PROJECTIONS OF CORN PRODUCTION 
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Table 3 . Estimated Crop Production with Projections to 2020, High/ 
Baseline Cose of Projected Water Use, 1977 through 2020^' 

Plains States: 

State 

Crops 

Wieat ; Corn ; Sorqhun; Soybeans : Alfalfa ; Cotton 
(MIl.Bu.) (Mil.Bu.) (Mil.Bu.) (Mil.Bu.) (1000 T.) (1000 Boles) 

Colorado 

Kansas 

Nebraska 

New Max i co 

Oklahoma 

Texas 

Total 
Region 

1977 
2000 
2020 

1977 
2000 
2020 

1977 
2000 
2020 

1977 
2000 
2020 

1977 
2000 
2020 

1977 
2000 
2020 

1977 
2000 
2020 

36 
49 
64 

127 
199 
248 

79 
57 
60 

9 
1 
5 

8 
2 
2 

7 
.1 
8 

9.4 
15 
20 

22 
31 
42 

50 
32 
35 

327 
384 
471 

4 
6 

8 
.6 
7 

.9 

.2 

.0 

.5 

.6 

.8 

56 
68 
49 

91 
24 
27 

539 
1,286 
1,622 

12 
17 
13 

6 
12 
14 

157 
19 
II 

862 
1,429 
1,738 

4 
.9 
0 

.3 
4 
.5 

0 
.6 
0 

.4 
3 
.4 

.4 

.1 

.7 

.3 

.6 

.4 

.7 

.0 

.2 

6 
3 
2 

37 
70 
95 

.5 

.8 

.6 

.4 
8 
1 

108.0 
122 
153 

11 
13 
6 

14 
27 
32 

121 
180 
191 

299 
417 
480 

.0 
3 

.8 

.0 

.6 

.5 

.6 

.0 

.4 

.6 

.0 

.7 

.9 

.7 

0.0 
0.0 
0.0 

0.6 
4.2 
5.2 

8.5 
107.6 
161.3 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

5.4 
7.9 
3.4 

14.6 
119.7 
169.8 

180 
174 
137 

999 
1,370 
1,367 

3,315 
3,718 
3,795 

243 
496 
492 

230 
290 
296 

546 
677 
846 

5.5 
6.7 
6.9 

2 
5 
5 

2 
5 
5 

0 
0 
0 

0 
0 
0 

0 
0 
0 

42 
48 
55 

0 
0 
0 

921 
701 
,896 

,958 
,747 
,942 

a/ For the Baseline Cose, It is assumed that there will be no changes in lows of 
each respective state that directly affect or regulate the use of ground water 
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Table 4. High Plains Production as a Prop>ortion of National Production 

Crop 
Percent of National Production 

Total Irrigated Dry I and 

Wheat 

Corn 

K> Sorghum 

Cotton 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

16.4 
13.4 
12.8 
11.9 
10.4 

13.1 
13.1 
12.6 
13.2 
12.6 

39.7 
36.8 
34.5 
33.4 
29.8 

24.9 
31.2 
33.8 
35.5 
31.9 

3.1 
1.6 
1.0 
0.7 
0.4 

12.3 
12.7 
12.4 
13.1 
12.5 

22.8 
20.0 
18.4 
18.5 
15.0 

16.5 
22.6 
25.1 
26.8 
23.0 

13.3 
11.8 
11.8 
11.2 
10.0 

0.8 
0.4 
0.2 
0.1 
0,1 

16.9 
16.8 
16.1 
14.9 
14.8 

8.4 
8.6 
8.7 
B.7 
8.9 



The to ta l value of production f rom both i r r igated and dryland crops for the 
study area increases f rom approximately $4.6 bi l l ion in 1977 to $11.5 bi l l ion (in real 
terms) In 2020. The increase in the value of production between 1977 and 2020 for 
the study area is the combined e f fec t of s l ight ly higher real crop prices, increases in 
y ie ld per acre, and addit ional land brought into product ion. The assumption regarding 
Increasing real prices for agr icul tural commodit ies (I.e., increasing faster than the rote 
of inf lat ion) appears to be sensitive and questionable as it is contrary to histor ical 
trends in agr icul tura l product pr ices. The amount of land under I r r igat ion in the study 
area is projected to increase f rom 14.3 mi l l ion acres in 1977 to 18.0 mi l l ion acres In 
2020 (Table 5) (Figure 6). Most of this Increase is projected to occur in Nebraska, 
where the aquifer is th ickest . 

Est imated returns to land, water , and management Increase f rom just over $1 
bi l l ion in 1977 to almost $5 bi l l ion in 2020. The proportions of returns accounted for 
by i r r igated production are 46 percent and 60 percent for 1977 and 2020, respect ively. 

For the Baseline Cose In the six states, the to ta l production of foodstuf fs, feed 
groins, and f iber in the Ogallala Region is projected to increase over the study period 
for the fo l lowing reasons: ( I ) improvement in crop yields per unit of inputs, (2) new 
land developed into i r r igated crop production (pr imar i ly conversion of rongelond into 
i r r igated cropland in Nebraska), (3) a more e f f i c ien t (yield per unit of Input) use of 
I r r igat ion water , and (4) long-term real increases in agr icul tural pr ices. 

For the six-state study area, the annual volume of i r r igat ion water applied 
declines sl ight ly between 1977 and 2020 for the Baseline Cose analysis. The decline 
is not uni form over al l six states: Nebraska projects that water use wi l l almost double, 
whi le the remaining states show substantial declines. 

Regional Economic Impacts—1977 Constant Dollars 

Agr icu l tura l and energy production projected In the baseline analyses af fects 
business, value added (regional product), employment, household Income, per capi ta 
income, and government revenues of the regional economy. Value added is projected 
to Increase over the study period f rom about $21 bi l l ion In 1977 to more than $49 
bi l l ion in 2020 (all values ore in 1977 dollars). The southern Ogallala subregion (New 
Mexico, Oklahoma, and Texas) is somewhat less dependent upon the pr imary agr icul tura l 
sectors than is the northern subregion (Colorado, Kansas, and Nebraska) since the 
energy sectors ore s igni f icant ly larger in the South. Value added in energy sectors Is 
projected to decline f rom about $12 bi l l ion in 1990 to about $4 bi l l ion in 2020. From 
a peak of 51 percent of the southern subregion's value added in 1990, energy product ion 
would account for on est imated 15 percent by 2020. Agr icu l tura l ly - re la ted economic 
act iv i t ies in the High Plains regional economy account for 20 to 30 percent of to ta l 
regional value added. The projected growth In these sectors (led by production increases 
in the northern half of the region) tend to drive the overal l growth of the economy. 

Regional employment is projected to increase throughout the study period f rom 
o base of about 1.0 mi l l ion jobs In 1977 to about 1.3 mi l l ion by 2020. Growth In 
regional employment is strongest during the earl ier (pre-2000) periods and levels o f f 
thereaf ter . This is related mainly to nonagrlculturol employment in the southern three 
states, especially employment w i th in the energy sectors. Total household incomes are 
projected to increase by nearly 200 percent by 2020 under Baseline condit ions, w i th a 
s l ight ly smaller increase In the northern subregion (172 percent) and sl ight ly larger 
increase in the south (211 percent). 

Regional population is projected to Increase f rom 2.2 mi l l ion In 1977 to 2.9 
mi l l ion by 2020. The southern three states start f rom an est imated population base 
of 1.3 mi l l ion In 1977, about 58 percent of to ta l regional populat ion, and grow to 
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Table 5. Base l ine Acreage of Cropland — I r r i g a t e d and D r y l a n d , by S t a t e , 
Subregion and Regional T o t a l s (lOOO's a c r e s ) * 

State : 

Colorado 

Kansas 

Nebraska 

New Msx i co 

Oklahom 

Texas 

Base 
Year 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

1977 
1985 
1990 
2000 
2020 

Acreages 
: Irr. : 

600 
560 
530 
500 
365 

2,180 
1,785 
1,090 
760 
580 

4,700 
6,750 
7,860 
9,820 
11,465 

440 
445 
415 
355 
245 

395 
510 
345 
415 
450 

5,970 
5,920 
5,595 
5,500 
4,940 

(lOOO's) 
Dry : 

1,685 
1,710 
1,735 
1,750 
1,815 

3,965 
5,010 
5,470 
6,045 
6,450 

5,945 
4,940 
4,400 
3,660 
3,560 

505 
510 
545 
615 
730 

1,355 
1,240 
1,410 
1,340 
1,305 

4,815 
5,035 
5,150 
5,195 
5,690 

** . 

Tota 1 : 

2,285 
2,270 
2,265 
2,250 
2,180 

6,145 
6,795 
6,560 
6,805 
7,030 

10,645 
11,690 
12,260 
13,480 
15,025 

945 
955 
960 
970 
975 

1,750 
1,750 
1,755 
1,755 
1,755 

10,785 
10,955 
10,745 
10,695 
10,630 

Sub req i ons/Req i on 
Irr. 

7,480 
9,095 
9,480 
11,080 
12,410 

6,805 
6,875 
6,355 
6,270 
5,635 

14,285 
15,970 
15,835 
17,350 
18,045 

: Dry : 

North 

11,595 
11,660 
11,605 
11,455 
11,825 

South 

6,675 
6,785 
7,105 
7,150 
7,725 

Total Ftegion 

18,270 
18,445 
18,710 
18,605 
19,550 

Total 

19,075 
20,755 
21,085 
22,535 
24,235 

13,480 
13,660 
13,460 
13,420 
13,360 

32,555 
34,415 
34,545 
35,955 
37,595 

* These figures re f lec t acreage In product ion. In the cose of dry land, acreages 
planted ore approximately one-half the tota l dry cropland base as shown here. 
The remainder of dry cropland Is fa l low in the crop ro ta t ion . 

** Rounded to the nearest 5,000 acres. 
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FIGURE 6.-BASELINE IRRIGATED ACREAGE 
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nearly 1.8 mi l l ion by 2020, o 41 percent growth. Projected population growth trends 
in the South ore expected to d i f fe r s igni f icant ly f rom the Nor th . Having almost a 40 
percent projected growth by the year 2000 (on Increase of 500,000 people), the South 
is projected to decline thereaf ter , losing about 24,000 in population between 2000 and 
2020. The North is projected to hove very l i t t l e population growth between 1985 and 
2000. This period of l imi ted population change is related to lock of d ivers i f icat ion in 
the economy and fur ther mechanization in the expanding agr icul tural sector. A f te r 
2000, growth in the North is projected to increase by approximately 37,000 for the 
period 2000 to 2020. 

The Region has on est imated per capita income of about $5,800 In 1977, increasing 
to $12,660 by 2020. State and local government revenues ore est imated to rise more 
rapidly for the ent i re Region than population because of projected growth in real 
incomes and output . Constant growth in government revenue Is projected for the 
northern port ion of the Ogallala Region. However, a d i f ferent trend is projected for 
the South. Taxes paid by the oi l and gas Industry ore a signif icant port ion of government 
revenue in the Ogallala port ion of the three southern states. For the southern port 
of the Region, State and local government revenues are projected to increase by 73 
percent f rom 1977 to 1990, then ore expected to fa l l by 44 percent f rom 1990 to 2020 
OS the result of the projected decline In the quanti t ies of oi l and gas produced af ter 
1990. 

Water Resource Estimates 

During the 1977-2020 project ion per iod, for the Baseline Cose, it is est imated 
that 23 percent of the est imated 3.04 bi l l ion acre- feet of water in storage In the 
study area in 1977 wi l l hove been used (Table 6) . However, in the three southern 
states. New Mexico, Oklahoma, and Texas, more than 50 percent of the quant i ty of 
water in storage in 1977 wi l l hove been used by 2020 (Figure 7). Nearly two-th i rds 
of the Texas supply is est imated to be used during the project ion per iod. Although 
the water is hard and contains o low dissolved solid content , the Ogallala Is generally 
uni form in qual i ty . Large withdrawals for i r r igat ion purposes, especially in areas of 
low transmissiv i ty, may lower the head suf f ic ient ly to Induce upward migrat ion of 
water high in chloride content f rom lower aquifers. In addi t ion, the municipal and 
industrial requirements of the region ore met pr imar i ly by ground water supplies. As 
the demand for addit ional supplies to meet these needs Increases, ent i t ies wi l l hove 
to evaluate and assess a l ternat ive sources of supplies to meet ant ic ipated demands. 

Sustained pumping f rom the Ogallala Aquifer could result In the diminut ion of 
s t reomf low In some parts of the High Plains. If ground water usage were restrained 
to protect surface f lows, the projections of this study could be al tered in that there 
could be a somewhat reduced rote of i r r igat ion development. This type of restraint 
was not considered when the High Plains projections were made. 

Al ternat ives to the Baseline Case 

In this sect ion, the results of analyses using ( I ) Increased voluntary conservation 
of Ogallala water , (2) mandatory conservation of Ogallala water, (3) local water supply 
augmentat ion, (4) intrastate surface water interbasin transfer, and (5) voluntary con
servation of Ogallala water combined wi th imported water w i l l be presented and 
compared w i th those of the Baseline Cose. The conservation coses ore presented in 
greater detai l to show potent ial ef fects of reduced annual withdrawals of water f rom 
the Ogallala aquifer upon product ion, employment, income, taxes, and the quant i ty of 
water remaining in storage ot the end of the project ion per iod. 
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Table 6. Estimated Water In Storage in the Ogallala Aquifer In 1977 and 2020, with Projected 
Baseline Annual Water Use by State, Subregion and Region 

State/ 
Region 

Colorado 

Kansas 

Nebraska 

New Mex i co 

Oklahora 

Texas 

TOTAL 

North 
Subregion 

South 
Subregion 

£/ 

b/ 

Est irrated 
Water in 
Storage 

1977 

93.6 

244.4 

2,335.0 

23.8 

59.9 

283.7 

3,040.4 

2,673.0 

367.4 

1977 

1.150 

3.280 

7.835 

.965 

.670 

8.240 

22.140 

12.265 

9.875 

: 1985 
(M\ 

1.075 

2.590 

10.220 

1.000 

.755 

5.605 

21.245 

13.885 

7.360 

Annual Wat( 
: 1990 
11 ion Acre 

1.005 

1.540 

11.355 

.940 

.605 

3.820 

19.265 

13.900 

5.365 

* 
3r Use 
: 2000 
-feet) — 

.965 

1.015 

12.965 

.825 

.795 

3.575 

20.140 

14.945 

5.195 

: 2020 

.655 

.825 

14.800 

.555 

.820 

3.235 

20.890 

16.280 

4.610 

Estimated 
: Water in 

Storage 
: 2020 

70.6 

182.5 

1,956.0 

9.5 

29.0 

87.2 

2,334.8 

2,209.1 

125.7 

* All values rounded to nearest 5,000 ocre-feet. 
a/ North Subregion Includes Colorado, Kansas, and Nebraska. 
K/ South Subregion includes New Mexico, Oklahoma, and Texas, 



FIGURE 7.-BASELINE-OGALLALA WATER REMAINING IN STORAGE BY STATE 
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Voluntary Conservation to Reduce Annual Water Withdrawals f rom the Ogallala 
Aquifer \J 

For this case, it was est imated that i r r igat ion fa rm managers would be able to 
Increase water-use ef f ic iency through increased Investments in water-saving equipment, 
improved soil moisture moni tor ing, improved i r r igat ion scheduling, increased adoption 
of water e f f ic iency improving technology, increased i r r igat ion appl icat ion e f f i c iency , 
and perhaps the use of other water conservation techniques to reduce the quant i ty of 
I r r igat ion water applied per acre wi thout reducing crop yields. The projected results 
in 2020 compared to the Baseline Cose are as fo l lows: 

1. Agr icu l tura l product ion: 
. Very small increases (3.3 percent) in value of fa rm production in re lat ion 

to that of the Baseline Case, w i th northern subregionol increases greater 
than those in the southern part of the area; 

. Returns to land, water , and management increase sl ight ly (1.5 percent) 
because of reduced pumping costs; 

. Relat ively small change in water use In most states because farmers ore 
expected to adopt most water-saving technologies wi thout added incentive 
programs. 

2. Remaining ground water supplies and i r r igated acreages; 
. I rr igated acreage by IQilQ is 0.94 mi l l ion acres (5 percent) greater than 

i rr igated acreage of the Baseline Cose; 
. The quant i ty of water remaining in storage is reduced sl ight ly (0.1 percent) 

because improved water-use ef f ic iency would provide on economic incen
t ive to keep obout 100 thousand acres In i r r igat ion that would have been 
returned to dryland production in the Baseline Cose. 

3. Regional economy: 
. A re lat ive ly small increase (0.9 percent) In regional value added In 

comparison to the Baseline Cose; 
. Regional value added for the Voluntary Conservation Cose is increased 

by $364 mi l l ion (0.8 percent) in 2000, and $449 mi l l ion (0.9 percent) in 
2020; 

. Regional employment would be increased 1.1 percent, or 14,000 employees, 
by 2020 over the Baseline Cose employment pro ject ion. 

In order to increase water conservat ion, reasonably priced capital for long-term 
investments in conservation equipment w i l l hove to be available to farmers. In addi t ion, 
it w i l l have to be prof i tab le to remain in i r r igat ion fa rming, a condit ion which is 
marginal in the early I980's. 

Mandatory Conservation to Reduce Annual Water Withdrawals f rom the Ogallala Aqui fer 

In this "mandatory water conservat ion" case, the major impetus to conservation 
is to l im i t the quant i ty of water that con be pumped annually, whi le opplying the most 
\J The cases summarized in this repor t : Voluntary Conservation to Reduce Annual 

Water Withdrawals f rom the Ogallala Aqui fer , Mandatory Conservation to Reduce 
Annual Water Withdrawals f rom the Ogallala Aqui fer , Local Water Supply Augmen
ta t i on , Intrastate Surface Water Interbasin Transfer, and Voluntary Conservation 
of Ogallala Water Combined w i th Imported Water correspond to management 
strategies I, 2, 3, 4, and 5-a, respect ively. In the "Six-State High Plains Ogallala 
Aqui fer Regional Resources Study Report , " prepared by High Plains Associates, 
Inc.: Camp Dresser & McKee, Inc., Block & Veatch, Ar thur D. L i t t l e , Inc., March 
1982. 
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ef f ic ien t i r r igat ion methods in using the pumped water. For this Case, the appropriate 
product ion, fo rm management, and aquifer data developed for the other coses were 
used. However, it was assumed that the quant i ty of water that could be wi thdrawn 
for use in any one production season would be l imi ted to a percent of the quant i ty 
est imated to be wi thdrawn in the Voluntary Conservation Cose. For this analysis it 
was assumed that the quant i ty of water available for use In 1985 would be l imi ted to 
90 percent of that which would hove been used In the Voluntary Conservation Cose; 
the quant i ty In 1990 would be l imi ted to 80 percent of that which would hove been 
used In the Voluntary Conservation Case; and the quant i ty in 2000 and beyond to 2020 
would be l imi ted to 70 percent of that quant i ty which would hove been used during 
the periods 2000 and 2020 In the Voluntary Conservation Case. The projected results 
of this l imi ta t ion of annual water supply to the agr icul tural sectors In 2020 are presented 
OS a comparison to the Baseline Cose below. 

1. Agr icu l tura l product ion: 
. Somewhat decreased because of l imi tat ions on water use. Regional wheat 

production remains re lat ive ly stable compared to the Baseline Case, whi le 
corn, co t ton , and soybean production Is projected to decline 7.9 percent; 

. Total value of production Is lower; the decline in value Is less than the 
decline in regional crop production because the reduction In agr icul tural 
production in the High Plains forces national crop prices to increase; 

. Total returns to land, water , and management for the Region ore reduced 
(7.3 percent) re lat ive to Baseline Cose project ions, but not qui te as much 
OS decreases In to ta l value of product ion. 

2. Remaining ground water supplies and i r r igated acreage: 
. The quant i ty of water remaining In storage In 2020 Is 123.7 mi l l ion 

ocre- feet (5.4 percent) more than In the Baseline Cose; 
. Relat ive ly l i t t l e change In Irr igated acreage Is expected during the Study 

per iod; In the early years. I r r igated lands ore less than In the Baseline 
Cose, but by 2020, lands under i r r igat ion would be only 0.1 percent less 
than In the Baseline Cose. 

3. Regional economy: 
. Total projected value added for the region in 2020 is 2.1 percent below 

Baseline Cose projections—4.0 percent in the Nor th , and 0.9 percent in 
the South; 

. Total projected declines over the Baseline Cose In value added for the 
study per iod, 1977-2020, for the Region Is $1.05 b i l l ion. 

Locol Water Supply Augmentat ion 

The results of the study Indicate that whi le several technologies, such os weather 
modi f i ca t ion , snowpack management, and a r t i f i c ia l recharge, o f fer potent ial benefi ts 
in local areas, they do not provide a major breakthrough In meeting long-range regional 
I r r igat ion water requirements. Most of those that might result In signif icant augmenta
t ion ore OS yet largely unproven. Much more research and planning wi l l be necessary 
before the potent ia l con be assessed. 

Intrastate Surface Water Interbasin Transfer 

The Oklahoma Water Resources Board In cooperation w i th other state and federal 
agencies prepared the Oklahoma Comprehensive Water Plan In 1980, which contained 
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two extensive intrastate water conveyance systems. The Northern Water Conveyance 
System would d iver t surplus flows at Lake Eufoulo on the Canadian River and at Robert 
S. Kerr Reservoir on the Arkansas River , both In eastern Oklahoma, and convey the 
water for mul t ip le uses In Nor th Central and northwestern Oklahoma. The Southern 
Water Conveyance System would divert surplus yields f rom exist ing and authorized 
reservoirs in southeastern Oklahoma for uses in central and southwestern sections of 
the state. Of Interest in connection w i th Management Strategy 4 Is the Northern 
Water Conveyance System, in which water would be provided for i r r igat ion In Subregions 
1 and 11 of the Oklahoma High Plains area. The Northern Water Conveyance System, 
OS updated, would deliver about 780,000 ocre- feet per year to Oklahoma Subregion I 
and approximately 75,000 acre- feet per year to Subregion I I . Construct ion costs for 
the ent i re northern system would to ta l $5.3 b i l l ion. In 1978 dollars, over a 30-year 
construct ion per iod. Beckham County, in Subregion 11, w i l l receive 5,000 ocre- feet per 
year through the southern system. 

Nebraska also Investigated the possibi l i ty of intrastate diversions and transfers 
and found that It would be necessary to reexamine state policy before any plans could 
be implemented. In Colorado, the feasib i l i ty of d iver t ing up to 200,000 acre- feet f rom 
the South P la t te River to the northern High Plains is being studied. The other High 
Plains states concluded that very l i t t l e , i f any, surplus surface water Is available w i th in 
their borders that might be transferred to the High Plains area. 

Water Importat ion 

One of the objectives of the study, as speci f ical ly authorized In P.L. 94-587, 
Sec. 193, was to develop plans to Increase water supplies In the area. Thus, in accordance 
w i th direct ion f rom the High Plains Study Counci l , the U. S. A rmy Corps of Engineers 
has mode studies of four potent ia l importat ion sources and routes to the High Plains 
area as fol lows (Figure 8): 

A. Fort Randal l , South Dakota, southwesterly across Nebraska to terminal 
storage near Bonny Reservoir In eastern Colorado; 

B. St. Joseph, Missouri, southwesterly across Kansas to terminal storage near 
Ness C i t y , Kansas, w i th a l ternate route f rom the same source to terminal 
storage near Ober l ln, Kansas; 2/ 

C. Clarendon and Camden, Arkansas, and Totum, Texas, westward through 
Arkansas and northward through Texas, then westward through Oklahoma to 
terminal storage In Canadian Lake and Lake Meredi th , Texas, and Opt ima 
Lake, Oklahoma; and 2/_ 

D. Clarendon and Pine Bluf f , Arkansas, southwestward across Arkansas to 
Northeast Texas, then westward across North Texas to terminal storage at 
Blanco Canyon In the Southern High Plains of Texas. 

Transfer cost est imates. In 1977 dollars, range f rom a high of $569 per acre- foot for 
the smallest volume considered for Route C, to $227 per acre- foot for the largest 
volume considered for Route B. The transfer cost estimates do not Include costs of 
moving water f rom the terminal storage points and distr ibut ing It to forms. The cost 
of distr ibut ion of the Imported water to the using farms would vary widely depending 
on the elevations and locations of the users re lat ive to the terminal storage sites. 
The minimum distr ibut ion costs probably would be associated w i th Route A and the 

J7 These route descriptions do not coincide w i th the or iginal ly selected routes for B 
and D since d i f ferent terminal storage sites were used for capaci ty or e f f ic iency 
reasons. 



Figure 8: INTERSTATE WATER TRANSFER ROUTE ALTERNATIVES ASSESSED BY THE 
CORPS OF ENGINEERS 

Source: Adapted from Rgure 5, Review Draft, Water Transfer Elements of High Plains-
Ogailala Aquifer Study, January 1982, U.S. Army Corps of Engineers 
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maximums w i th Routes B or D. As part of its studies for the Oklahoma Comprehensive 
Water Plan, the U. S. Bureau of Reclomotlon est imated the capital costs of d is t r ibut ion 
f rom terminal reservoirs to fa rm heodgates to be $2,150 per acre (in 1978 dollars). 
The construct ion costs were est imated using o 15-year construct ion per iod; accelerated 
construct ion could substantial ly reduce this cost (Table 7). 

It is emphasized that the water import analyses of this study ore very general 
in nature and ore intended to give est imates of the potent ial costs of moving water 
f rom the generalized points of or ig in to the general destinations. In i ts Instructions to 
the Corps, the High Plains Study Council set fo r th a statement of pol icy pertaining 
to the water importat ion ports of this study. The instructions provided that the present 
and prospective future needs in the potent ia l basins of or ig in of surplus water would 
be considered as having prior r ights, that only water surplus to these needs would be 
considered for expor tat ion, and that transfers would be considered only on the basis 
of fu l l and frank discussion w i th al l d i rec t ly involved states (Study Council Resolution 
Number 6, January 16, 1980). The water import estimates were conducted in accordance 
w i th this pr inc ip le . However, It is not possible at this t ime to determine whether or 
not there are surplus surface waters, and If so, the potent ial quanti t ies of such surplus 
waters at each or iginat ing area for each route studied. Suff ic ient quanti t ies of surplus 
water would not be available for simultaneous development of al l four routes. Such 
estimates con only be made a f te r fu l l y assessing the water resources needs of the 
areas f rom which such surpluses might be obtained. 

Voluntary Conservation of Ogallala Water Combined With Imported Water —' 

Whereas in the previously described case, the source of water available for use 
Is the Ogallala aqui fer , analyses in this cose ore based on the assumption that the 
aquifer would be supplemented w i th imported water in suf f ic ient quanti t ies to continue 
i r r igat ion of acreage i r r igated in 1977 that would otherwise hove been lost because of 
ground water decl ine. The to ta l lands i r r igated in 2020 are est imated to be about 23 
mi l l ion acres of which 19 mi l l ion acres would be Irr igated f rom ground water supplies 
and the remainder (4 mi l l ion acres) would be Irr igated w i th imported water . It should 
be noted, however, that a signi f icant port of those lands being i r r igated f rom ground 
water In 2020 ore expected to go out of production short ly af ter 2020 because of 
fur ther declines in ground water supplies. The study methods and data ore the same 
OS those described previously in voluntary conservat ion, w i th the exception that the 
water supply available for use in each subarea Is adequate to sustain I r r igated acreage 
at the 1977 levels. The results ore presented for the year 2020 in the fo rm of 
comparisons w i th the projected results of the Baseline Cose; the dif ferences in Income 
between this cose and the Baseline Cose ore estimates of the returns to Imported 
water and to conservation measures. 

I . Agr icu l tura l product ion: 
. Signif icant increase (14.8 percent) in value of crop product ion, since 

water would be available for al l acreages i r r igated In 1977; 
. Wheat, the principal dryland crop, would decline by 7.5 percent w i th the 

avai labi l i ty of imported water for producing higher-valued crops; 
. Projected returns to land, water , and management ore 14.9 percent higher 

than for the Baseline Case, but Increased production results in lowered 
national prices of the commodit ies produced in the High Plains area. 

"Tl In the "Six-State High Plains Ogallala Aquifer Regional Resources Study Repor t , " 
Management Strategy 5-b Is defined as a mandatory reduction In water use combined 
w i th imported water . The results of this cose show a consistently negative e f fec t 
throughout the study per iod, and, therefore, it is not discussed In this repor t . 
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Table 4. Estimated Water Irrport Costs to the High Plains Ogallala Region, 1977 Dollars 

Ftoute 

Sizes of : 
Water Transfer : 

Foe iIi 11 es 
Studied a/; 

Total 
Length of 
Ftoute 

Elevation 
DI fference: 
Start to 
End 

(mi 11 Ion ac-ft 
annually) 

A 1.91 
3.40 

B 1.62 
3.40 

C 1.26 
7.51 

D 1.55 
8.68 

(mi Ies) 

813^/ 
813b/ 

376 
376 

611 , 
,135^/ 

568 
860 

(feet) 

2,400 
2,400 

1,745 
1,745 

3,280 

No. of Purping; 
Plants/Power : 
Generating ; 

Plan ts ; 

To ta l Energy: To ta l Costs :Average Annual Cost 
Ftequi renents : C o n s t r u c t i o n : ( A n o r t I z a t i o n . # 
of Punrping : and I n t e r e s t : I n t e r e s t , Purrping — ) 

S t a t i o n s ; d u r i n g C o n s t . h / : 
(M<WH/yr)f/ g / ( $ b i l l i o n s ) ( $ / a c r e - f o o t ) i / 

-P" 

,d/ 3,600^ 

2,610 
2,725 

18/0?/, 
18/0^' 

29/3 
29/3 

26/0 
46/0 

21/0 
30/0 

6,600 
14,300 

7,700 
15,600 

8,400 
49,700 

7,500 
49,000 

5.4 
8.9 

3.6 
6.5 

7.0 
27.8 

5.3 
20.6 

291 
291 

255 
227 

569 
430 

370 
308 

o / 

b/ 
1/ 
i/ 
el 
f/ 
1./ 
h/ 
Tl 

II 

The range of quanti t ies of water delivered for each route was generally defined by the quant i ty of water 
needed to restore and maintain Irr igated land that Is projected to go out of I r r igat ion between 1977 
and 2020, and the est imated avai labi l i ty of water f rom a part icular source or set of sources. It is not 
possible at this t ime to determine whether or not there are surplus surface waters, and If so, the 
potent ia l quanti t ies of such surplus waters at each or ig inat ing area for each Route studied. 
Includes 193.1 miles of side canal. 
Does not Include 209 miles of Arkansas River Navigation Channel. 
Maximum elevation di f ference (uses southern leg). 
Includes one pumping plant on side canal. 
Mi l l ion K i lowat t Hours per year. 
The output of a 500 Megawatt cool - f i red power plant averages about 3,100 mi l l ion K i lowat t Hours per year. 
Assumes a 15 year construct ion period w i th Interest rotes at 7 3/8 percent per annum, amort ized over 100 yeors. 
The energy cost used is the projected 1981 off-peak load rote in 1977 dol lars. If Increases in energy 
costs occur OS projected, the unit cost of water wi l l range f rom $320 to $880 (in 1977 dollars) per 
acre- foot in the year 2105. 
Distr ibut ion cost is not Included; therefore, these unit costs should not be d i rec t ly compared. 



2. Irr igated acreage and Import volumes: 
. 3.3 mi l l ion acres continued In i r r igated production In 2000, w i th 5.5 

mi l l ion acres in 2020 (30.7 percent greater than in the Baseline Cose 
project ions); 
1.7 mi l l ion acre- feet of Imported water needed in 2000; 

. 4.1 mi l l ion acre- feet of Imported water needed In 2020; 
Because ground water would be used throughout the study period where 
it is avai lable, i r r igated acreages would decrease in years a f te r 2020 
unless impor t volumes are Increased f rom those stated above. 

3. Regional economy: 
. imported water would result in Increased agr icu l tura l production and a 

stronger regional economy—13.2 percent increase regionwide in annual 
gross value added by fo rm product ion, in comparison to Baseline Cose 
projections for 2020; 

. Al l economic sectors show Increased annual value added; 

. Annual employment is about 9 percent higher In the Nor th , and nearly 
2 percent higher In the South than for the Baseline Cose by 2020. 

The analysis of the agr icul tural product ion e f fec ts of conservation and Imported 
water for 2020 Indicates on increase of $1.7 bi l l ion in annual value of production for 
the Region. Total value added in the regional economy would be Increased $1.0 bi l l ion 
annually (2 percent In 2000) and almost $2.0 bi l l ion annually (4 percent) in 2020 when 
compared to the Baseline Cose. Imported supplies of surface water would produce 
addit ional jobs In the Region. Employment in the Region Is projected to Increase by 
63,000 jobs in 2020 when compared w i th employment of the Boseline Cose in 2020. 
Of part icular signif icance is that the employment Increase associated w i th imported 
water Is suf f ic ient to holt the loss in jobs otherwise expected to occur In the southern 
Ogallala area as energy resources ore depleted. Total income payments to households 
in 2020 are projected to Increase by $1.3 bi l l ion annually. However, per capita Income 
is projected to be s l ight ly lower ($116 less) than for the Baseline Cose. Form Incomes 
nationwide would also be reduced. The value of exports would be $130 mi l l ion less 
than for the Baseline Cose because of lower crop prices, though the quontl t ies of 
exported grain and cot ton would Increase. 

The projections of returns to land, management, and water , for this cose, ore 
net of al l production costs except for costs of securing water . The costs of applying 
the water to the land hove been Included In the costs of product ion, however. In order 
to establish a basis for computing the net returns to water regardless of its source. 
The calculations hove been mode In this manner. In order to show the Income a farmer 
might receive that would be a basis f rom which payment could be made toward the 
cost of woter Impor ta t ion. In order to moke these estimates of d i rect benef i ts, the 
researchers computed the d i f ference between drylond and Irr igated returns to land, 
management, and water for each crop. In making this computat ion, the dryland and 
Irr igated returns est imated elsewhere in the study were used w i th the Irr igated returns 
appropriately adjusted for pumping costs, in order to est imate the net returns to water 
available at the fo rm on the surface of the land. The result ing value, expressed on 
a per acre- foot basis, is on est imate of the gross returns to the water resource, and 
is the maximum value that a farmer could consider paying for imported water del ivered 
to the f o rm . The actual price that o farmer wi l l pay for imported water would be 
somewhat less, since farmers would l ikely hove other water related costs to pay and 
other resources and services for which reimbursement would be required f rom these 
est imoted returns. 
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For the year 2000, the est imated d i rect gross benefits to Imported water ranged 
f rom $65 to $115 per acre- foot in Colorado, f rom $43 to $111 per acre- foot In Kansas, 
f rom $3.00 to $284 In Nebraska, f rom $73 to $92 In Oklohomo, and f rom $45 to $246 
in Texas; New Mexico researchers calculated a value of $103 per acre- foot of imported 
water . 

For the year 2020, the Colorado estimates of d i rect gross benefits range f rom 
$107 to $161 per acre- foot of water ; the Kansas estimates range f rom $44 to $172; 
the Nebraska est imates range f rom $83 to $116; the Oklahoma estimates ore $103 and 
$ 1 17 per acre- foot of Imported water ; the Texas estimates range f rom $70 to $324; 
and the New Mexico est imate is $150 per acre-foot of imported water . The lands 
which could pay the highest pr ice for water ore fe r t i l e cot ton lands in the South 
Plains, whi le est imated d i rect benefits for water generally decrease to the north and 
east since dry land/I r r igated d i f ferent ia ls ore lower In northern and eastern ports of 
the Region. It should be noted that the estimates presented here do not Include the 
Indirect economic benefi ts f rom Imported water . Studies show that a change of one 
dollar in fo rm production results In a change of about $1.60 in to ta l regional product ion. 
This regional f igure does not re f lec t the local var iat ions. For example, in Kansas a 
change of one dollar in production results In o change of about $2 In the Kansas 
regional economy; In Texas, o change of one dollar In agr icul tural production results 
in a change of about $2.87 in the Texas High Plains economy. ^/ 

Environmental Factors 

Some environmental ef fects and potent ial al terat ions which could be expected 
to occur w i th implementat ion of each of the al ternat ive coses were examined by the 
U. S. Fish and Wi ld l i fe Service In a November, 1981 report ent i t led "High Plains-Ogollola 
Aqui fer Regional Study, Potent ial Ef fects of the Al ternat ive Management Strategies 
on Fish and Wi ld l i fe Resources." The findings presented in this report were based on 
projected changes in fish and w i ld l i fe habitats and habitat values which could be 
expected w i th Implementat ion of the al ternat ive management strategies. 

One major concern centered on the potent ia l ly signif icant Increases in wind and 
water-caused soil losses, which could occur w i th the projected reversion of 5.1 mi l l ion 
acres of current ly I rr igated cropland to dryland production or rongelond over the 43-year 
study per iod. If administered in a posit ive fashion. Including act ive revegetot lon e f fo r ts , 
this major change in land-use could result In important Increases in acreage and overal l 
value of w i ld l i f e habi ta t , especially in the southern portions of the High Plains area. 

Another important consideration relates to reductions In streamflows which l ikely 
w i l l be perpetuated In many portions of the High Plains w i th continued overdraf t of 
the Ogallala Aqui fer . In the post, f lows hove been reduced and hose f lows even 
el iminated In many streams In the southern port ion of the area as water tables were 
lowered due to ground water pumping. As future i r r igat ion increases occur in the 
Nor th (Nebraska and portions of Kansas), streamflows are expected to decline in 
segments of the Loup, Niobrara, Elkhorn, Blue, P la t te , and Republican River systems 
in Nebraska and the Republican, Solomon, and Cimarron systems in Kansas. 

47 "Six-State High Plains Ogollolo Aquifer Regional Resources Study," Study Element 
B - 1 1 ; "Regional Economic Model Descr ipt ion," Ar thur D. L i t t l e , Inc.; "Ogallala 
Aqui fer Study In Kansas Input-Output Model , " M. Jarvin Emerson, Hossein Akhav i -
pour, and Bernard Wolther, Department of Economics, Kansas State Universi ty, 
Kansas Water O f f i ce , I 982; Weighted overage of output /mul t ip l iers for agr icul tural 
sectors 1-10 and 12: "An Input-Output Model of the Texas High Plains Economy 
in 1977," Ar thur L. Stoecker, Mickey L. Wright, and David A. Pyles, Texas A & M 
and Texas Tech Universi ty Cooperative Research Un i t , Department of Agr icu l tura l 
Economics, College of Agr icu l tura l Sciences, Texas Tech Universi ty and Texas 
Department of Water Resources, College of Agr icu l tura l Sciences Publication No. 
T - l - 199 , August, 1981. 
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Although large acreages of i r r igated lands are expected to be converted to 
dryland crops or rongelond In some local i t ies during the period of analysis, other areas 
ore projected to experience al terat ions of f ish and w i ld l i fe habitat due to Intensif ied 
land-use pressures, especially In the Nor th . As a result , lowered water tables. Increased 
introduct ion of sediment, and d i rec t drainage are expected to negatively Impact wet land 
habitats In Nebraska. Riparian habi tat also could be expected to be negatively impacted 
throughout the High Plains, ind i rect ly f rom lowered streamflow avai lab i l i ty and reduced 
water table levels, as wel l as f rom d i rect removal of habitat related to phreotophyte 
control programs. Conjunct ive uses and accelerated physical modi f icat ion of playo lakes 
in the South and rainwater basins and sandhill wetlands In the Nor th would result In 
degradation of habitat Important to migra tory water fowl and shorebirds, as wel l as for 
resident w i ld l i fe species, such as pheasant and pronghorn. 

From a posit ive perspective, aside f rom reversion of some i r r igated croplands 
to less intensive uses, widespread appl icat ion of such practices os cropland mulching, 
provision of water catchments in rongelands, ter rac ing, basin t i l l age , mult ipurpose brush 
cont ro l , revegetot lon of rangelonds, mult ipurpose wastewater reclamation/reuse pro
grams, and cer ta in land t reatment measures would provide considerable benefits to f ish 
and w i ld l i fe resources throughout the High Plains area. In addi t ion, many programs 
which may harbor potent ia l net negative impacts to f ish and w i ld l i fe resources could 
be modif ied to min imize or e l iminate adverse e f fec ts by u t i l i z ing input f r om professional 
f ish and w i ld l i fe planners. 

Both the intrastate and interstate water Importat ion al ternat ives present unique 
potent ia l Impacts to fish and w i ld l i fe resources throughout the High Plains area, as 
well OS w i th in adjacent regions. Source areas outside the High Plains could experience 
signif icant negative environmental Impacts associated w i th large-scale water wi thdrawals 
f rom streams and reservoirs. Construct ion of holding reservoirs as a port of these 
source fac i l i t ies would inundate large acreages of stream and r iparian habi ta t . Terminal 
storage reservoirs would Inundate large acreages of stream and r ipar ian habitats w i th in 
the High Plains, but ot the same t ime would create aquatic habitats wi th in a cur rent ly 
semi-ar id area. Distr ibut ion of water f rom terminal reservoirs to individual forms 
could o f fer opportunit ies for maintaining exist ing or developing addit ional aquatic and 
wetland habitats. 

Interpretat ions and Explanatory Comments 

A br ief discussion Is presented here to fur ther explain the nature of the results 
of the projections and informat ion developed by the study. In addi t ion, some i l lust rat ion 
is given of the sensi t iv i ty of the results to some of the project ion methods, data, and 
assumptions. 

The Northern Subarea 

The northern subarea of the High Plains study area, including Nebraska, Colorado, 
and Kansas, has a much larger supply of Ogollolo water in storage than the southern 
subarea. Thus, the analyses show signif icant economic development potent ia l in the 
foreseeable fu tu re . However, most of the opportuni ty for growth of the I r r igat ion 
sectors Is In Nebraska. This three-state northern area hod nearly 2.7 bi l l ion ocre- feet 
of Ogallala Aquifer water in 1977. For the Baseline Cose analysis, six percent of the 
water reserves would be wi thdrawn and used between 1977 and 1990. An addit ional 
12 percent to 13 percent of the water reserves of this area would be used between 
1990 and 2020 for the Baseline and Voluntary Conservation Case, respect ively, leaving 
between 2.21 bi l l ion and 2.19 bi l l ion acre-feet of water in storage In the area In 2020. 
However, 25 percent of Colorado's reserves, 25 percent of Kansos's, and 16 percent 
of Nebraska's reserves ore projected to have been used by 2020 In the Baseline Cose. 
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The Southern Suboreo 

The three southern states of New Mexico, Oklahoma, and Texas have smaller 
quantities of water In storage than the northern subarea. From only 367.4 million 
ocre-feet In storage In 1977, projected depletion is to 266.8 and 125.7 million acre-feet 
by 1990 and 2020, respectively, a loss of nearly two-thirds of the 1977 supply. 

In comparison to the North, where Increased conservation Is projected to have 
very l i t t le effect upon the quantity of water used each year, the conservation policies 
are projected to make a significant difference In the southern suboreo—about 11 percent 
more water would be left In storage in 2020 for the Voluntary Conservation Case, and 
about 30 percent more would be left In storage for the Mandatory Conservation Case 
than for the Boseline Cose. 5/ In the Mandatory Conservation Cose, the fundamental 
decision would be to reduce the rote at which the water supplies would be used. 
Although the result would be to leave more water in storage at the end of any planning 
period, this course of action would hove a negative effect upon the regional economy 
of about $2 billion In value added for the 1977-2020 study period. 

Crop Production 

The four major irrigated crops In the High Plains, listed In highest to lowest 
rank order of value of production In 1977—corn, wheat, groin sorghum, and c o t t o n -
accounted for 94 percent of crop production value in the region. Between 1977 ond 
2020, cotton increases In Importance In the South, while in Nebraska, corn remains 
the highest valued crop and dominates the value of crop production. Wheat, the 
region's most dependable dryland crop, remains important in oil states except New 
Mexico. The feed groins (primarily corn and groin sorghum) account for over 55 
percent of regional production value for the Baseline Cose and ore vital to the regional 
economy's feedlots and meat processors. Cotton, the fiber and oil crop, accounts for 
about 20 percent of regional total value of crop production and Is vital to the textile 
Industry and to seed-oil and seed-meal processors. 

Factors Affecting the Projections 

Long-term projections, such os ore mode in the High Plains Study, require 
qualification and explanation of the following important factors: crop yields per acre; 
world trade and agricultural products; drought; energy prices; conservation; and notional 
employment, monetory, and fiscol policies. The effects of trends, other than those 
used In the study, upon the economy and the water and energy resources of the area 
ore presented below. 

Crop Yields 

Yields per acre of the major High Plains crops are expected to increase but at 
a slower rate thon historically since 1946, when dramatic productivity Improvements 
began. However, if yield Increases were to be less than the projected levels, there 
would be an Increase in notional crop prices because of lower production. Wheat yields 
are projected to increase by an overage of 77 percent for the Region between 1977 

5/ Conservation has l i t t le effect on annual water use because improved water-use 
efficiencies mean that irrigation remains feasible on more acreage. 
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and 2020. Corn yields are projected to Increase by on overage of 49 percent over 
the study period. Projected overage regional yields of groin sorghum and cot ton 
Increase by 47 percent and 33 percent resiaectively for the 1977-2020 study period 
(Table 2). 

Form Commodi ty Export Demand and Crop Prices 

Domestic ond export demand combine to a f fec t crop prices. In the fu tu re , 
domestic demand for crops is projected to grow ot a moderate rote, due to slower 
populat ion, economic, and real per capita income growth than In former years. In the 
long-run, export demand for crops is projected to show strong growth due to o growing 
wor ld economy, continued agr icu l tura l shortages in several industr ial ized nations, ond 
a U. S. pol icy encouraging agr icul tural exports. This projected growth In export demand 
would result in r ising real prices for fo rm commodit ies, as wos projected In this study. 
The assumptions and estimates underlying this port of the analyses ore c r i t i ca l to the 
results; export demand is drast ica l ly a f fected by shifts in the trade pol icy which cannot 
be forecast In determinist ic models, such as those used in this study. 

Four of the six par t ic ipat ing states and the contractor conducted analyses to 
determine sensit iv i ty of the study results to crop prices. It wos concluded that the 
regional agr icu l tura l economy Is more sensitive to export f luctuat ions and the result ing 
crop price f luctuat ions than to any other economic indicator. Including energy prices, 
used In the study. 

Under the assumption of steady export g rowth , used in projected real crop pr ices, 
agr icul tural commodi ty prices are expected to Increase over the next 40 years (Figure 
1) — 28 percent for wheat, 36 percent for corn , 33 percent for gro in , and 10 percent 
for soybeans — wi th v i r tua l l y no change projected for cot ton prices (Table 6). 

Notional Policies 

Not ional policies a f fec t ing foreign t rade, fu l l employment. Income, interest rates, 
and Inf lat ion wi l l have signi f icant impacts upon the High Plains Region. The results 
of this study are par t icu lar ly sensitive to the commodi ty price project ions, which ore 
dependent upon the export demand for U. S. fa rm products. The assumptions used to 
est imate export demand ore reasonable i f re la t ive ly free trade in agr icu l tura l commodi 
ties continues, and there is no major shi f t in the relationship between domestic 
production and demand for food In the countries which ore current ly major customers 
for U. S. fa rm products. A collapse In the export market would have a major s igni f icant 
e f fec t on the economy of the High Plains Region than l ikely variat ions f rom the 
projected levels of energy pr ice, agr icul tural product iv i ty , or domestic economic growth 
used In this study. 

The High Plains Region mokes o very substantial contr ibut ion to the national 
agr icul tural production of many essential commodit ies and to the Nation's ab i l i t y to 
meet both domestic and internat ional demands for food and f iber (Table 4). In order 
to maintain that level of agr icul tural product iv i ty and to meet projected fu ture demands, 
the Region must make signi f icant long-term Investments In improved soil and water 
conservation object ives, water management fac i l i t ies and methods, and other cost ly 
changes. These Investment decisions and commitments must be mode w i th the prior 
knowledge of a diminishing ground woter supply and long-term prospect for c r i t i ca l 
water shortages In ports of the Region. 

The Importance of favorable national economic conditions and policies to decisions 
for long-range Investments in the High Plains agr icul tural economy cannot be overstated. 
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The Region has on immense capabi l i ty to support the Nation's agr icul tural product iv i ty 
but cannot sustain that support wi thout substantial and continuing new investment, 
both pr ivate and publ ic. 

Drought 

The projections mode in this study ore based upon the assumption that prec ip i 
ta t ion In the study area w i l l continue on a year-to-year basis at the histor ic overage. 
In order to test the sensi t iv i ty of the projections to drought condit ions, computations 
were mode for selected project ion variables for the year of the last 10 in each 
respective area during which precip i tat ion in the area was the lowest. Yields for this 
"worst year" cose were 25 percent lower for dryland wheat, groin sorghum, and cot ton 
than the yields used in the Baseline Case. Yields of i r r igated lands would be less than 
yields used In the Baseline Cose by 7 percent for corn, 16 percent for groin sorghum, 
and 25 percent for co t ton . As a result , o value added by form production in the 
northern suboreo during a drought year would be 10 percent below that of the Baseline 
Cose, and 16 to 18 percent less In the southern subarea. These changes do not re f lec t 
compensating adjustments in crop prices which might occur If production losses were 
not of fset elsewhere. 

The est imated drought year gains f rom water imports a f fec t the ent i re economy 
in o signi f icant way. For example, by 2020, water imports would shi f t a drought year 
economic loss of 2.8 percent below the Baseline Cose into a gain of 2.7 percent, giving 
o net saving of 5.5 percent or almost $2.7 b i l l ion. The stabi l iz ing e f fec t on employment 
is notable, par t icu lar ly In the northern area, which is more dependent on agr icul tura l 
product ion. For the ent i re Region, a drought year employment loss of 2.7 percent 
converts to o 3.8 percent gain w i th the import of enough water to maintain I r r igat ion 
at the 1977 acreage level . 

Increased Energy Prices 

If oi l and gas prices ore 20 percent higher than for the Baseline Cose, to ta l 
value added in the Region would rise by 6.8 percent in 2000 and 2.8 percent in 2020. 
A 20 percent energy price Increase boosts the regional economy by 7.0 percent In 2000 
and 2.0 percent in 2020. Employment rises by 7,000 jobs in 2000 and 5,000 In 2020 
— w i th most gains occurr ing in the southern subarea. Although higher energy prices 
may cause some shor t - term ef fects on crop switching and lower returns, they ore 
projected not to generate long-term effects on abandoning i r r igated production whi le 
water remains avai lable. 

With the possibi l i ty that it may not be economically feasible in some cases to 
pump water for I r r igat ion purposes, new energy supply technologies which might a f fec t 
the costs or demands for such production are being addressed. In the shor t - te rm, this 
is o serious problem. 

Eff ic iency of Water Use 

In the Baseline and al ternat ive cose analyses, each of the state research projects 
used the best available data about water conservation for Increased water-use e f f ic iency, 
result ing in o reduction in the quant i ty of water required per acre I r r igated. Water 
conservation depends upon form management and capital for Investment in water 
conservation equipment. If the rates of water conservation est imated for the study 
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ore not real ized, then the study results would be quite d i f fe ren t . For example, a 
separate analysis was mode by the Texas researchers which shows the ef fects of 
i r r igat ion ef f ic iency improvements upon i r r igated acreage In the Texas High Plains 
between 1977 and 2020 and the d i f ference in the quanti t ies of water that would have 
to be Imported to maintain i r r igated acreage at the 1977 level. The results of this 
a l ternat ive analysis ore presented below in order to i l lustrate the sensi t iv i ty of the 
results of water conservation upon the estimates of the quanti t ies of water that would 
need to be Imported In order to maintain i r r igat ion ot the 1977 acreage level . 

In the Baseline Case, It was est imated that technology and management would 
reduce the overage quant i ty of water use per acre f rom 1.38 ocre- feet in 1977 to 0.68 
ocre- feet In 1990, and 0.65 ocre- feet 2020. If it Is assumed that the adoption rate 
of technology and management to improve water-use ef f ic iency would be only one-half 
OS e f fec t i ve , the average quant i ty of water used per acre would be reduced f rom 1.38 
ocre- feet in 1977 to 1.03 ocre- feet In 2000, ond 1.01 acre- feet in 2020. Adoption of 
conservation techniques that ore one-half as e f fec t ive os the Baseline Cose results in 
a loss of two-th i rds of i r r igated acreage In the Texas High Plains by 2020 os opposed 
to a 20 percent loss if oil available technology and management pract ices ore successfully 
Implemented ot the rotes est imated for the Baseline Cose. Under the a l ternat ive to 
the Baseline Cose, the quant i ty of Imported water needed to maintain i r r igated acreage 
In the Texas High Plains in the year 2020 would be 5.25 t imes as much onnuolly as 
the 808,140 ocre- feet est imated for the Baseline Case. 

Development Potentials for the Nonaqrlcul tural Sectors of the High 
Plains Economy 

During the post 20 years, the High Plains Region's population increased by about 
f ive percent, a s igni f icant ly lower increase than the 26 percent Increase for the Uni ted 
States. The Region's employment Increased by 32 percent, compared to o U. S. increase 
of 50 percent. Agr icu l tura l employment declined throughout this per iod. Most of the 
Region's employment growth was the result of growth In the manufactur ing and service 
sectors. 

During the 1970s, the Region grew at about the some rote as the rest of the 
country. The major factors supporting this increased growth were: ( I ) o i l and gas 
booms in western Texas and southwestern Kansas due to pr ice Increases and price 
decontrol , and oi l f ie ld equipment, f inancia l , and technical services needs of this 
industry, and (2) increased number and sizes of feedlots, meat processing, cot ton 
ginning, text i les , ond growth of agr icul tura l production-input supply sectors. Manufac
turers have moved to the area to take advantage of the productive labor fo rce . Most 
growth In manufactur ing has occurred in three metropol i tan areas—Midland-Odessa, 
Lubbock, and Amari l lo—and In the High Plains of central Nebraska. Increases In 
agr icul tural production have been forecast for the Region for the study per iod, and 
the value of oi l and gas production Is expected to rise in the near t e r m . This presents 
opportunit ies for fur ther increases in Industries and services related to agr icul ture and 
energy. 

Recommendations 

The enabling legislation for the High Plains Study (P.L. 94-587, Sec. 193) states 
in por t , "...In order to assure on odequate supply of food to the Not ion, and to promote 
economic v i t a l i t y of the High Plains Region, the Secretary of Commerce...Is authorized 
and directed to study the depletion of the natural resources of those regIons...presently 
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ut i l iz ing the declining water resources of the Ogallala aquifer, and to develop plans 
and recommendations, to Increase water supplies in the area and report thereon to 
Congress..." 

The notional Impact this Region has is quite clear—one percent of the population 
l iving on six percent of the land Is producing over 15 percent of the to ta l value of 
wheat, corn, groin sorghum, and cot ton for the Not ion. The production of the Region 
depends upon its water and energy resources, both of which are decl ining. 

It appears that there ore four major groups of factors that influence and 
determine agr icul tura l production in the High Plains Region: ( I ) water resources, (2) 
market forces, (3) production technology, and (4) inst i tut ions. In most Instances, it Is 
possible to manage some of the water resources, transport some quantit ies to locations 
other than where they ore found, or change the quantit ies available per unit of t ime . 

The second category—market forces—determines the prices for the products 
which ore produced by the agr icul tural and other sectors of the High Plains. The 
number, incomes, and tastes and preferences of consumers, available substitutes, and 
locations of substitutes ore Important pr ice-determining factors. 

Production technology. Including production enterprise management, determines 
the funct ional relationship between the use of resources and the quant i ty and qual i ty 
of products and services produced. The supply of cap i ta l , the price of Inputs, and the 
production recipes oil a f fec t the results of the production ac t i v i t y . 

Inst i tut ional forces include the lows of the respective states which govern 
property r ights, set taxes, define the terms of t rade, and regulate resource use and 
business enterprise. Inst i tut ional forces also Include the public agencies which p a r t i 
c ipate In government and those which supply publ icly funded services, research, and 
education. 

In this discussion. It Is emphasized that agr icul tural product ion, energy product ion, 
and production of the other sectors are a funct ion of the supply of resources, prices 
of inputs and outputs, management, f inancing, production technology, c l imate , and other 
factors . The recommendations presented herein hove been selected because It appears 
that their Implementat ion would benef ic ial ly a f fec t agr icul tural production through 
lowered production costs and reduced water resource requirements for product ion. 
Proposed act ion to modify o condit ion Is evaluated to determine Its potent ial Impact 
upon product ion. This includes a discussion as to changes In the supply of a resource, 
changes in the demand for a resource, and the ident i f icat ion of pr ivate, local, s tate, 
or federal organizations upon which responsibil i ty for Implementation of the recom
mendation would rest. 

Four basic methods are available for achieving the goals set fo r th in the High 
Plains study legislat ion: ( I ) Improving Irr igat ion ef f ic iency, (2) restr ic t ing ground water 
use, (3) Increasing the Region's water supply, and (4) expanding opportunit ies for 
economic development In the Region. For the near te rm, it appears that a major 
commi tment to water conservation should be made, since many desirable results of 
water conservation can be realized re lat ively quickly and at re lat ive ly low cost. Both 
public and pr ivate act iv i t ies ore needed. 

Water conservation involves both water-use ef f ic iency improvements and some 
constraints on the quant i ty of water removed f rom the Ogallala Aquifer on an annual 
basis. Research f rom the High Plains Study indicates that improving water-use ef f ic iency 
con result In o reduction In the rate of expected decline In i r r igated acreage in the 
foreseeable fu tu re . However, constraints on ground water withdrawals wi thout improved 
water-use ef f ic iency could result In economic fa i lure of i r r igat ion in the near fu tu re , 
w i th devastating results to the Region. Conversely, Improved water-use ef f ic iency 
wi thout constraints on withdrawals could hasten aquifer deplet ion, according to the 
results of this study; I.e., improved water-use ef f ic iency would increase the value of 
product per unit of water used, which leads to abi l i ty to pay higher pumping costs. 
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Regulation of ground water wi thdrawal is o state responsibi l i ty. The High Plains 
Study Council recognizes that recommendations on water conservation can only be 
implemented by each Individual s tate, and in some cases may require changes in state 
lows, especially If conservation Involves the regulation of ground water wi thdrawals. 

In order to Increase water-use ef f ic iency through both technical and management 
methods, a combination of public and pr ivate programs ore needed. In each of the 
six states, the State Universi ty System and Agr icu l tura l Extension Service, in cooperation 
w i th federal ond state agencies, conduct research and demonstrat ion in agronomy. 
Irr igat ion and agr icul tura l production methods, crop breeding, l ivestock husbandry, and 
hor t icu l tu re , carry out educational programs, and provide technical assistance and 
service to farmers. Within Colorado, Kansas, Nebraska and Texas, local d is t r ic ts 
(ground water management, natural resources, and soil and water conservation) hove 
author i ty to provide technical assistance. In New Mexico, the State Engineer's O f f i ce , 
the Interstate Stream Commission and the Soil and Water Conservation Division of the 
National Resources Department hove outhor i t l tes and responsibil i t ies or iented in a 
manner similar to local water conservation d is t r ic ts In the other states. Oklahoma 
has several agencies which support local d is t r ic ts that assist farmers. 

Agencies and inst i tut ions oriented toward Improving water-use e f f ic iency through 
research and education ore generally in existence wi th in the area. It is emphasized 
that continued funding and operation of exist ing inst i tut ions is v i ta l to achieving useful 
goals of improved water-use ef f ic iency and water conservat ion. In some cases, public 
sector programs should be expanded, and In other coses redirect ion and improved 
program management ore needed. 

Becouse the ground water supply In the High Plains Region is recharged at a 
very low rate relat ive to withdrawals necessary for i r r igated product ion, the f i rs t two 
methods do not provide on adequate long-term solution to the problems of this Region. 
From the shorter-range perspective, water conservation methods s igni f icant ly Improve 
a farmer's chances of staying in business; f rom a long-range perspect ive, these methods 
extend the aquifer l i fe re lat ive ly few years. Augmentat ion at the level described also 
provides only a par t ia l solut ion. A coordinated e f fo r t among individual farmers, and 
local , s tate, and notional organizations and government agencies w i l l be required to 
accomplish the goals of solving some of the Region's important water resource and 
economic development problems. 

Recommendations pertaining to the Region's economy and natural resources are 
presented for the fo l lowing major areas of public and pr ivate progroms and act ions: 

. Water Conservation Technology, Research, and Demonstrat ion; 

. Public In format ion, Education, and Technical Assistance; 

. Energy; 

. Legal and Inst i tu t ional ; 

. Water Supply; 

. Environmental ; and 

. General Economic Development. 

The High Plains Study Council feels that the Implementat ion of the fo l lowing recom
mendations In whole or in part w i l l be beneficial to the High Plains Region, the High 
Plains states, and the Nat ion. The High Plains states wi l l take the in i t ia t ive In 
promoting early implementat ion of these recommendations and w i l l encourage the 
part ic ipat ion of appropriate neighboring states. 
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High Plains Study Council Recommendations 

Reg1ona1 
Reccmnendat i on 

A. Water Conservation Research and Demonstration 

1. Increase the levels of both public and pr ivate funding for research to 
increase water-use ef f ic iencies, decrease erosion losses and Improve agr icu l 
tura l product iv i ty for both i r r igated and dryland forms throughout the High 
Plains Region. 

2. Expand programs to demonstrate the use of water -e f f i c ien t i r r igat ion techn i 
ques and pract ices, and soi l /water conservation monogement systems. 

3. Increase public and pr ivate funding for research, demonstrat ion and market 
development for more water -e f f i c ien t crops adopted to High Plains growing 
condit ions. 

B. Public Infornnation, Education, Extension and Technical Assistance 

1. Expand public and pr ivate ly sponsored programs to publicize the need for 
water and soil conservation Improvements In High Plains agr icul ture and 
to disseminate widely the more e f fec t ive research results and management 
informat ion needed for farming operations in the High Plains Region. 

2. Conduct short courses and f ie ld tours in order to demonstrate on a f o rm 
basis the use of proven and cos t -e f fec t i ve management methods for both 
Irr igated and dryland forming conditions throughout the High Plains. 

3. Ini t iate o program for Informing domestic, municipal , commercial and 
industrial water users in the High Plains Region of e f fec t ive methods, 
practices and devices for improved water-use eff ic iencies and conservat ion. 

C. Water Supply 

1. Expand research, planning, development and use of technology and programs 
to Increase the quant i ty and protect the qual i ty of water resources available 
w i th in the High Plains Region. 
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High Plains Study Council Recommendations 
(Continued) 

Reccnmendat i on 
: : : : Regional : 
: Federal: State: Local : Institution:Private 

00 

2. Continue regional Interstate water transfer feasib i l i ty and planning studies, 
w i th appropriate consideration for the water needs and concerns of basins 
and states of or ig in of potent ia l export waters. 

3. Provide stote and federal funding to continue moni tor ing ground water 
quant i ty and qual i ty and the projected ef fects of continued ground water 
depletion on the Region and Not ion. 

D. Agricultural Energy Alternatives 

1. Demonstrate the use of on- farm energy use ef f ic iency and audit ing methods 
and devices to Increase energy ef f ic iencies for agr icu l tura l purposes. 

2. Increase research and demonstrat ion programs and projects for the develop
ment and use of a l ternat ive energy sources for agr icul tura l uses. 

E. Legal and Institutional 

1. Establish Technical Advisory Commit tees in each High Plains state to 
provide ongoing guidance and coordination for research, demonstrat ion, 
education and technical assistance programs for woter and energy-use 
ef f ic iency and conservation programs. 

2. Provide f inancial incentives to encourage improved methods for conserving 
soi l , water , and energy. 

3. Individual states should evaluate exist ing state lows and inst i tut ions for 
water management and, where appropr iate, suggest needed changes for state 
act ion to provide improved state or local management capabi l i t ies and more 
e f f i c ien t use of waters In each state. 
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High Plains Study Council Recommendations 
(Continued) 

CO 
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Reccmnendat i on 
: : : Regional : 

Federal : S ta t e : Local : I n s t i t u t i o n : P r i v a t e 

F. Environmental Maintenance and Protection 

1. Select and manage cropping systems, i r r igat ion and fo rm management 
pract ices, and I r r igated, dryland and rongelond vegetat ion to conserve soil 
and water resources and w i ld l i fe habi tats. 

2. Provide technical and f inancial assistance for re-establishing permanent 
vegetat ive cover on al l lands going out of cu l t iva t ion in order to control 
erosion and to restore habi ta t . 

3. Include provisions for management and protect ion of f ish , w i ld l i fe , and 
related environmental resources in all soil and water conservation or water 
supply development projects and plans. 

G. Economic Development Opportunities 

I. Assist ongoing programs to help diversi fy the economy of the High Plains 
Region, to develop less water- intensive enterprises, and to improve the 
economic v iab i l i t y of dryland forming, ranching and nonagrlculturol oppor
tun i t ies. 
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A. WATER CONSERVATION RESEARCH AND DEMONSTRATION 

RECOMMEWVATIOfl A-1: Inavease the teX)els of hoth. public and private funding 
for veseavoh to inavease water use effiaienaies, decrease erosion losses 
and improve agriaultural productivity for both irrigated and dryland farms 
throughout the High Plains Region. 

Purpose - A variety of opportunities for improved soil and water conser
vation, water and energy use efficiencies, agricultural productivity and 
related benefits to the High Plains Region agricultural economy are dependent 
upon further advances in agricultural research and technology developments. 
A significant correlation exists between the level of investment in agri
cultural research and the gains in productivity and efficiency which exem
plified U.S. agriculture until recent years. Private sector agricultural 
research investments have contributed significantly to advances in new tech
nology and development. Reductions in federal funding support for agricul
tural research and development (about 30 percent in real terms since 1970) 
have only partially been made up from increased state and private research 
investments. A renewed and continuing priority for agricultural research and 
development, with emphasis on more water efficient crops, cultural methods, 
irrigation technologies, water and soil conservation and related advances is 
needed if U.S. and High Plains agricultural productivity is to meet projected 
future demands. This recommendation reinforces earlier recommendations made 
by the High Plains Study Council to the U.S. Congress in February 1981 for 
an "Early Action Program for Improvements in Water Conservation and Water Use 
Efficiency for High Plains Agriculture." 

Benefits - Projections of increasing regional agricultural productivity and 
efficiencies, although at lower rates than those achieved in recent decades, 
nevertheless reflect critical assumptions about continued advances in agri
cultural research and the development of new technologies, superior crops and 
varieties and improved resource and farm management methods. Without these 
advances, the favorable long-term prospects for a strong agricultural economy 
in the High Plains Region are much more uncertain and difficult to sustain. 
A well planned and funded public and private agricultural research and devel
opment program, tailored to the needs of the High Plains Region, is critical 
to the Region's future. Study projections indicate almost one million more 
acres remaining in irrigated production by 2020 if voluntary water conser
vation objectives are achieved in comparison to projected losses of over five 
million irrigated acres (Baseline assumptions) without those advances. 

Implementation - A local, state and regional identification of those research 
and development needs with the best potential for sustaining the agricultural 
productivities and efficiencies of High Plains Region is a first step. 
Improved coordination and cooperation among public (local, state and federal) 
and private sources of research support and development of new crops, water 
stress tolerant varieties, improved water and farm management techniques, and 
related advances is also a necessary step. These need to be combined with a 
joint public/private investment in agricultural research to restore it to 
pre-1970 levels of support. This would require a three to four percent 
annual increase (in real terms) over the next ten years and at least the 
maintenance of that level of support indefinitely. 
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other Considerations - While the private sector has been an important and 
essential part of previous agricultural research and development advances, it 
cannot be expected to carry the principal burden of this activity, whose 
benefits are so diffused. The public sector, with particular responsibility 
on state and federal participants, needs to increase and maintain its support 
for agricultural research if national and world commodity needs are to be 
met. 

RECOMMENDATION A-2: Expand programs to demonstrate the use of water-
efficient irrigation techniques and practices, and soil/water conservation 
management systems. 

Purpose - The intent of this recommendation is to accelerate the widespread 
adoption of proven and cost effective resource conservation, efficiency of 
use and management improvements for the High Plains Region. These would 
include methods and technologies for improved irrigation water management, 
decreased ground water withdrawals per unit of production, and optimizing 
the use of available water supplies from sources other than the Ogallala 
Aquifer. 

An increased emphasis among the agricultural assistance-providing agencies at 
federal, state and local levels, including private sector sources, should be 
focused on the water management and conservation methods with the greatest 
potential for maintaining economic levels of agricultural production through
out the High Plains Region. Examples of conservation and resource use effi
ciency improvements that need to be emphasized through large scale and 
on-farm demonstrations are advances in water application methods and equip
ment, water stress tolerant crops and cropping systems, conservation tillage 
practices and other soil/water conservation and management improvements. 

Benefits - Irrigated acreages in the High Plains Study Region are projected 
to increase from 14.3 million acres in the 1977 base year to more than 18 
million by 2020 (Baseline), and as high as 23.6 million acres under the water 
importation strategy. Any significant improvement in water use efficiency, 
or ground/surface water conservation that diminishes the current rate of 
overdraft on the Ogallala Aquifer represents an extension of the effective 
economic life of irrigated agriculture in the High Plains Region. 

The demonstration of cost effective water management techniques suggested in 
the High Plains Study, if adopted and used extensively throughout the Region, 
are projected to result in 25 to 30 percent reductions in average water use 
per acre by 2020. When applied to the acreages projected for irrigation under 
the Study's voluntary water management strategy one, this could provide more 
than eight million acre-feet annual water use reduction over 1977 water use 
rates or a total water saving of more than 258 million acre-feet by 2020. 

Implementation - In addition to an expanded and water management-oriented 
research and development effort in this decade that produces significant 
agricultural water use improvements and methods, the most pressing need is 
for on-farm demonstration of these improved techniques as an incentive for 
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early, widespread and continuing use of these advances on the great majority 
of High Plains farms. 

A renewed program emphasis on irrigated agriculture by federal and state 
water and agricultural agencies, local districts, and private organizations 
could provide the necessary impetus and incentives for a cooperative 
demonstration, education, and assistance campaign. 

Other Considerations - There should be little need for any new institutional 
pr operational measures required to carry out this recommendation. A reor
dering of existing priorities, programs and funds among existing organiza
tions and agencies could accomplish the objectives of this recommendation. 

It is critically important that such a public/private cooperative effort be 
organized and implemented in the High Plains Region as early as possible. 
These are objectives that can be accomplished now (1982-1985) to provide 
immediate and continuing benefits to the entire Region. 

RECOMMENDATION A-3: Increase public and private funding for research, 
demonstration and market development for iwre txtter-efficient crops 
adapted to High Plains growing conditions. 

Purpose - Traditional irrigated crops grown in the High Plains Region—corn, 
cotton, sorghums, soybeans, alfalfa, and a few others--have evolved due to a 
complex set of selection factors including climatic and soil adaptations, 
market influences, water costs and availability, cultural practices, farmer 
preferences, and others. Under dryland farming traditions, wheat has been 
the dominant field crop in the Region, although it is possible to grow some 
of the more water efficient crops like cotton and grain sorghums without 
irrigation. The more traditional crops, however, are not the only ones with 
potential for successful and commercial production in the Region. This 
recommendation proposes a significant research, development, demonstration 
and marketing emphasis for new alternate crops for both irrigation and dry
land production conditions in the High Plains Region. 

Benefits - As depletion of ground water supplies in localized areas 
throughout the High Plains becomes a constraint on continued irrigated pro
duction of the more traditional crops, there will be shifts to less water 
demanding crops and a return to dryland farming in some locations. The iden
tification, development and availability of alternate crops and cropping 
systems for the High Plains, with emphasis on less water demanding varieties, 
is an urgent research and development need for the Region. More water effi
cient crop varieties and new crops not previously grown extensively in the 
Region offer significant regional benefits if developed and made available in 
a timely fashion. A broader array of available crop species for the High 
Plains would provide alternative sources of farm income and Increase the far
mers options for water management. 

Implementation - A significant research emphasis for both private and public 
investments in agricultural research in the 1980's and beyond should be 
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assigned to the development of more water-use efficient varieties of the 
principal High Plains crops, and the intensive investigation of new alternate 
crops for adaptation to both irrigated and dryland production conditions 
throughout the Region. Although a large number of alternative crops adapted 
to arid or semiarid growing conditions are currently undergoing field tests 
in other locations—e.g., Crambe sp. Sunflower, Milkweed and others--few have 
been examined for High Plains conditions. As locally adapted plants with 
commercial potential are identified in the research phase, a market develop
ment phase should be organized to insure local marketing capabilities. 
Concurrently, an intensive local information, extension and demonstration 
phase will be necessary to gain farmer acceptance and trials of new crops. 

Other Considerations - Other opportunities for diversifying High Plains crop 
production should not be overlooked. Both orchard (adapted fruit and nut 
species) and vineyard operations have potential for development in the High 
Plains Region. These crops carry the additional advantage of permitting 
the use of highly water-efficient drip irrigation methods. Certain shallow 
rooted truck crops can also be adapted to the Region, and provide water con
servation opportunities. 

B. PUBLIC INFORMATION, EDUCATION, EXTENSION AND TECHNICAL ASSISTANCE 

RECOMMENDATION B-1: Expand public and privately sponsored programs to publi
cise the need for water and soil conservation improvements in High Plains 
agriculture and to disseminate widely iihe more effective research results 
and management information needed for farming operations in the High Plains 
Region. 

Purpose - An effective information capability at the local and farm level of 
delivery is necessary to translate the agricultural research and development 
advances into meaningful and widespread use and adoption rates on farms 
throughout the High Plains. Existing informational media, education and 
extension programs, and local technical assistance programs need to be 
upgraded, focused carefully on the most successful and cost effective methods 
and technologies for improved water, land and energy management, and coor
dinated to achieve local conservation and resource efficiency objectives. In 
addition to resource conservation and efficiency research results, the local 
dissemination and use of relevant management information such as weather, 
soil moisture and crop requirements data needed for effective scheduling of 
irrigation and other farm operations are also needed. 

Benefits - A more direct and structured participation by both public and pri-
vate interests in identifying those resource management advances with the 
best potential for solving local problems or needs will inevitably lead to 
better acceptance and use of new techniques, crops and other research 
results. The coordination of available local media to widely disseminate 
information on effective new research results, and to expedite its availabi
lity for on-farm uses is almost as important as the new technology itself. 
Similar benefits can be expected from the timely and widespread availability 
of local management information to assist farmers with day-to-day operational 
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decisions for scheduling irrigation applications, cultural operations, and 
related marketing decisions. 

Implementation - State advisory committees, along with locally established 
counterparts throughout the High Plains, could provide the necessary organi
zational focus for implementing this recommendation. They could play an 
effective role in both identifying needs and the coordination of available 
informational media to disseminate research results and other related manage
ment information. Some highly effective information innovations, like the 
University of Nebraska's AGNET system, could be expanded and adapted to pro
vide needed informational capabilities throughout the Region. A similar 
agricultural information program in California has proven to be very popular 
and successful. 

Other Considerations - This type of local information capability needs to be 
established as early as possible in each state and locality in order to pro
vide an effective and ongoing service. An initial responsibility for each 
State advisory committee could be the planning and organization of such 
programs, with guidance from previously established programs like those in 
Nebraska and California. 

RECOMMENDATION B-2: Conduct short courses and field tours in order to 
demonstrate on a farm basis the use of proven and cost effective management 
methods, for both irrigated and dryland farming conditions throughout the 
High Plains. 

Purpose - Locally available information and extension programs with emphasis 
on specialized short course training and demonstrations, and pertinent field 
tours to show large scale on-farm applications, are a proven and cost effec
tive way to gain farmer acceptance and use of improved management methods, new 
crops, resource conservation practices and facilities, and similar management 
and technologic advances. This recommendation suggests an intensification of 
such programs, with emphasis on resource conservation and management effi
ciency objectives, for the High Plains Region. Consideration, planning and 
organization of these technology transfer programs should be tailored for both 
irrigated and dryland farming conditions at local levels of application. 

Benefits - A significant amount of potentially beneficial applied agricultural 
research never receives adequate on-farm trials nor widespread application, 
due to ineffective local information and demonstration efforts. Published 
research results have proven to be far less effective for achieving farmer 
acceptance of new technology, crops, or improved management methods than have 
local demonstrations, short courses and field tours of actual applications. 
The early and widespread use of emerging research for both irrigated and dry
land farming operations throughout the High Plains is the primary benefit of 
this recommendation. Improved water and energy use efficiencies, farm produc
tivities and more stable farm economies are the ultimate benefits. 

Implementation - A number of existing organizations with local representation 
throughout the High Plains Region have capabilities for expanding their infor
mation and education programs, to include demonstrations, short courses and 
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field tours, in order to promote and facilitate the use of cost effective 
resource conservation and management improvements. State and local Coopera
tive Extension Service (CES) offices have a long and commendable record in 
providing these kinds of services. Local ground water management districts, 
natural resource districts, soil and water conservation districts, county 
program committees, and other organizations have similar public information 
objectives in their charters. Private institutions like banks, chambers of 
commerce, agricultural service businesses, civic organizations, and others 
could all play a more effective and dynamic role in promoting improved farm 
management and stronger agricultural economies in their localities. Several 
federal agencies with local offices (SCS, ASCS, FHA) also can provide local 
information/education assistance. A local mechanism or organizational 
approach is needed to encourage cooperation and coordination among all the 
prospective participants, and to provide guidance, planning and priorities 
for implementing local Information and education programs. Locally organized 
committees, similar in representation and purpose to the proposed state advi
sory committees, could provide an appropriate mechanism. 

Other Considerations - Some of the public organizations and agencies suggested 
as participants in local cooperative information and education programs would 
require changes in existing budget allocations and staff assignments in order 
to become more actively involved. A stronger more stable and progressive 
local agricultural sector should provide a good motivation for such changes. 

RECOMMENDATION B-3: Initiate a program for informing domestic, municipal, 
commercial and industrial water users in the High Plains Region of effec
tive methods, practices and devices for improved water use efficiencies and 
conservation. 

Purpose - Although irrigation agriculture is the principal user of ground 
water from the Ogallala Aquifer throughout the High Plains Region, there are 
significant quantities used locally for domestic, municipal and industrial 
purposes as well. Because municipal and industrial well fields are commonly 
located near adjacent agricultural lands, and because they collectively 
contribute to the serious overdraft on the Aquifer, it is important to adopt 
water use efficiency and conservation objectives, and to establish effective 
implementation programs for these uses. This recommendation is addressed to 
that need. 

Benefits - With a projected regional population by the year 2020 of close to 
3 million, the annual water use for nonagricultural purposes in the High 
Plains is estimated at 650,000 to 700,000 acre-feet. A comparable improvement 
in water use efficiency and conservation by the nonagricultural users to that 
projected for High Plains irrigation by 2020 would result in a decreased 
annual water use of 195,000 to 210,000 acre-feet. This level of annual water 
use reduction, if achieved in the 1980's and continued through the study 
period to 2020, would reduce total water withdrawals from the Aquifer by over 
five million acre-feet. Such savings in water use, and the related energy 
requirements for producing that quantity of potable water would certainly 
justify a substantial effort and commitment to nonagricultural water conser
vation programs. 
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Implementation - While substantial research and development efforts have gone 
into a significantly improved water conservation and water use efficiency 
capability by High Plains agricultural water users, no similar commitment nor 
progress has been given to nonagricultural water saving methods or objectives. 
Isolated examples can be found, like the urban water conservation study funded 
in 1981-82 by local and state water agencies for the Lubbock, Texas area. A 
more organized and comprehensive investigation of effective methods, practices 
and devices for nonagricultural water use Improvements is needed as a first 
step. A cooperative program between municipal governments, local water supply 
utilities, ground water management districts, and other interested partici
pants, to inform the water using public and commercial/industrial water users 
of the more cost effective and practical methods for reducing water consump
tion is a logical second step. Providing some incentives (market or other
wise) to encourage the acceptance and use of water conservation methods by 
nonagricultural users would be a legitimate third step. 

Other Considerations - No existing agency, program or funding source exists 
for promoting and assisting nonagricultural water conservation research or 
related information/education programs. While some agencies have taken ini
tiatives in this area, like the example for Lubbock, Texas, a more formal and 
organized assignment of responsibility, at state or federal levels, would be 
desirable. 

C. WATER SUPPLY 

RECOMMENDATION C-l: Expand research, planning, development and use of tech
nology and programs to increase the quantity and protect the quality of 
water resources available within the High Plains Region. 

Purpose - Under existing conditions, irrigated agriculture and other signifi
cant water users in the High Plains Region are highly dependent upon the 
limited and shrinking water supplies of the Ogallala Aquifer. A variety of 
water supply alternatives offer good potentials for the Region to reduce the 
present dependence on the Ogallala and provide renewable water supplies to 
supplement and use conjunctively with ground waters. This recommendation pro
poses an expanded and accelerated program of research, planning, development 
and implementation of those local water supply alternatives with the best 
potential for each state or subregion. None of the alternatives apply equally 
or uniformly across the entire Region and local/state priorities will need to 
be established. When implemented in conjunction with effective water conser
vation programs already underway and proposed, the development of these alter
native sources of local water supply augmentation can further reduce the 
overdraft on the Aquifer and extend the effective life of Irrigated agri
culture in the Region. 

Benefits - The High Plains Study projections of water use and water remaining 
in storage in the Aquifer indicate a regional pattern of annual withdrawal 
from the Ogallala of up to 22 million acre-feet and a net depletion of the 
Aquifer of about 725 million acre-feet by the year 2020 or approximately 23 
percent of available water. A vigorous development and use of potential water 
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supply alternatives (non-Ogallala sources) could substantially reduce the rate 
of depletion of the Aquifer and provide a supplemental renewable resource to 
improve the Region's long-term self-sufficiency. Benefits of reducing the 
depletion rate of the Aquifer through developing supplemental water supplies 
can be expected in the near-term as well as extending the effective life of 
the Aquifer beyond 2020. Many of the more than five million acres projected 
to go out of irrigated production by 2020 could be potentially maintained in 
irrigation from these sources. 

Implementation - Among the local water supply opportunities with significant 
potential for reducing the current overdraft on the Ogallala are: 1) precipi
tation management to capture and make optimum use of available precipitation 
by decreasing surface runoff, improving Infiltration and deep percolation 
(natural recharge), reducing soil moisture evaporative losses and nonproduc
tive plant transpiration losses; 2) further development and use of emerging 
weather modification technologies; 3) identification and development of 
aquifer recharge opportunities; 4) expanded research and development of saline 
water uses, desalination technologies, and salt tolerant crops; 5) opportuni
ties to capture, store and use available runoff waters, either on-farm or in 
favorable surface water storage (reservoir) sites; 6) implementation of local 
(intrastate) water transfer opportunities already identified in state water 
plans; and others. Each separate water supply alternative will carry its own 
unique Implementation requirements. These will typically be local and/or 
state level initiatives to develop programs or incentives for local water 
supply projects, although federal participation would be required for some 
alternatives. For example, federal enabling legislation for a study of the 
potential for ground water recharge in the Great Plains States is already 
introduced. Large scale weather modification projects are another example 
which require federal coordination and support. An Initial requirement for 
all projects is the identification of alternatives with the best 1ocal poten
tial , and the establishment of organizational and funding relationships be
tween public and private interests to plan and Initiate the project(s). Local 
water management and conservation districts could provide an appropriate 
existing institutional mechanism for such local initiatives and the proposed 
state High Plains advisory committees could perform that function at state 
level s. 

Other Considerations - Most local water supply alternatives would require both 
public and private input and support. There needs to be an early effort to 
organize an appropriate local forum of all interests to examine potential 
water supply alternatives, select that set with the best local potential, and 
begin planning for implementation. 

RECOMMENDATION C-2: Continue regional interstate water transfer feasibility 
and planning studies, with appropriate consideration for the water needs 
and concerns of basins and states of origin of potential export waters. 

Purpose - The only long-term solution to declining ground water supplies and 
maintaining a permanent Irrigated agricultural economy in most of the High 
Plains Region is the development of alternative water supplies to augment the 
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waters from the Ogallala Aquifer. Although emerging technologies for local 
water supply augmentation (See Recommendation C-l) offer some potential for 
alleviating the overdraft on the Aquifer, none can provide sustained and 
replenishable supplies to meet the Region's needs. Regional water transfer 
potentials, examined at a preliminary level of investigation in the High 
Plains Study, should be continued and expanded to feasibility and planning 
levels to assure the availability of information on the optional transfer 
possibilities at a level of detail adequate for state and federal decision 
makers to make informed judgments about these potential water supply sources. 
The basins and states of origin of any further water transfer studies should 
be directly involved in the resulting Investigations and decisions. The eco
nomic and institutional considerations in further interregional water trans
fer studies need to be emphasized as well as the engineering feasibilities. 

Benefits - The preliminary level investigations of regional water transfer 
potentials for the High Plains Region Indicate the technical feasibility of 
several water supply opportunities. Study projections to 2020 of water impor
tation strategies designed to maintain in Irrigation all lands that would go 
out of irrigated production due to Aquifer depletion reflect annual benefits, 
in comparison to the most favorable water conservation strategies of more than 
$1.3 billion in Increased annual values of agricultural production. Techni
cally feasible water importation quantities in excess of minimum (maintenance) 
levels could significantly increase the Region's agricultural productivity. 

Implementation - A cooperative state/federal study effort to conduct detailed 
feasibility and planning level investigations of the most cost effective 
alternative water transfer options for bringing perennial supplementary water 
supplies to the High Plains Region is recommended. Building upon the prelimi
nary results of the High Plains Study, the detailed feasibility studies should 
further refine the engineering, economic and Institutional requirements of 
each alternative as a basis for selecting one or more for detailed planning. 
In addition to the appropriate federal participation in the recommended stu
dies, the High Plains states should be joined by appropriate officials from 
the basin states of origin for each of the alternative water transfer options 
selected for detailed investigation. 

Other Considerations - Due to the complexities of interstate and intergovern
mental interactions, negotiations, and institutional considerations in 
regional water transfer studies and plans, and the historical pattern of long 
lead-time requirements for major water development projects, the recommended 
feasibility and planning Investigations for the High Plains need to be 
authorized and organized as soon as possible. Further investigations of 
potential interbasin transfers from areas not Immediately adjacent to the 
High Plains Region are desirable, not only for High Plains agriculture, but 
to the domestic, municipal and industrial water needs of the western United 
States. Such Investigation should be international as well as national in 
scope. 
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RECOMMENDATION C-3: Provide state and federal funding to continue monitoring 
ground water quantity and quality and the projected effects of continued 

around water depletion on the Reaion and Nation. ground water depletion on the Region and Nation. 

Purpose - Current and accurate information on the local patterns of water use 
from the Ogallala Aquifer, and the associated status of water quantity and 
quality remaining in storage, are essential to making informed judgments and 
decisions about municipal, industrial and agricultural water developments 
and water use plans. Investment planning and projecting future impacts of 
declining local and regional water supplies are also facilitated by good 
current information. The Six-State High Plains-Ogallala Aquifer Regional 
Resources Study provides long-term projections to 2020 on the depletion of 
the aquifer and its Impacts. A companion study by the U.S. Geological Survey 
(USGS) on the Ogallala Aquifer—the High Plains Regional Aquifer Systems 
Analysis—is to be completed in the 1982-83 period and will also reflect only 
current conditions and assumed future changes. There needs to be established 
an ongoing monitoring program responsibility for the Ogallala Aquifer to con
tinuously update the water supply status and the related local and regional 
Implications of the Aquifer depletion. 

Benefits - Significant changes in water use rates and patterns of development 
have characterized local areas throughout the High Plains Region in recent 
years. These changes are likely to continue in the future, with some areas 
experiencing decreasing water use and others an intensification of development 
and use. Neither the High Plains Study nor the USGS regional aquifer study 
attempts to pinpoint the location of such future changes. A regional/state/ 
local program to monitor and publish changing patterns of Aquifer use in the 
High Plains Region, on a continuing basis, would provide valuable information 
and a variety of benefits to communities, farmers and other water users. 
Decreased uncertainties about future water supplies and water quality, 
improved planning and management decisions, more favorable investment con
ditions, and stronger local economies are all examples of the kinds of bene
fits that should come from up-to-date and accurate Aquifer Information. 

Implementation - A continuing assignment of responsibility and capability for 
effectively monitoring and reporting on the status of the Ogallala Aquifer, at 
local, state and regional levels of interpretation, is recommended for federal 
(USGS) or state/federal Implementation (state water agencies or universities 
in cooperation with USGS). A local level of participation and data input by 
ground water management districts is also recommended. Carefully defined 
federal, state and/or local responsibilities and functions will be needed, 
along with appropriate funding support assignments. The data base and auto
mated Information capability developed by the High Plains Study and the USGS/ 
RASA study will provide a valuable ongoing basis for implementing this recom
mendation. 

Other Considerations - The updating of projections of water requirements by 
agricultural, municipal and Industrial water users, along with probable short-
term (5 to 10 year) Impacts of changing water supply conditions in the Region 
also should be built into the ongoing Aquifer monitoring program. An effec
tive local/regional information distribution process should be a required part 
of the monitoring program. 
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D. AGRICULTURAL ENERGY ALTERNATIVES 

RECOMMENDATION D-1: Demonstrate the use of on-farm energy use efficiency 
and auditing methods and duevices to increase energy efficiencies for 
agricultural purposes. 

Purpose - Energy use efficiency and costs, and the adaptation of the most cost 
effective available energy sources to agricultural uses, is critically impor
tant to the economic success of High Plains agriculture. Irrigation costs are 
directly related to such variables as depth and size of wells, energy supply 
or source (electrical, natural gas, other), relative efficiencies of the well, 
pump and power units used, method of water application, and other factors. 
On-farm methods for determining relative energy efficiencies, and for moni
toring on a regular basis the energy use and effectiveness of the irrigation 
systems and other farm energy demands are essential to good farm management 
and the economic success of the farmer. As improvements in energy technology 
become available and any alternative energy supply sources such as solar, wind 
or biomass become adapted to on-farm uses, an effective information and demon
stration program is needed to Insure early adoption and use of those improve
ments. 

Benefits - Energy costs have become a major cost of production for High Plains 
farmers, particularly costs associated with intensive irrigated farming opera
tions. Cost effective and available methods for reducing energy requirements, 
achieving better energy use efficiencies, adopting on-farm alternative energy 
sources, and the ability to monitor energy uses on a regular basis all can 
contribute to improved management, reduced costs, and energy conservation 
objectives. The narrow margins of profit or loss in which many High Plains 
farms operate could be significantly improved by more energy efficient farming 
operations. Alternate on-farm energy supply capabilities could significantly 
Improve the farmer's ability to maintain his operations and productivity. 

Implementation - A structured program of information, education, extension and 
on-site demonstration of agricultural energy use Improvements and management 
capabilities, to include effective monitoring methods, needs to be developed 
for the High Plains Region. Such programs need to be tailored for local con-
ditions and on-farm delivery of services, comparable to existing county level 
demonstration and extension programs provided by the Cooperative Agricultural 
Extension Service, local soil and water conservation districts, ground water 
management districts, and others. An effective local energy extension and 
demonstration program, aimed initially at agricultural energy users but with 
capabilities to provide energy conservation services to all local energy 
users, is suggested. Initial planning and promotion of these programs could 
be initiated at the state level by the proposed state advisory committees, and 
Implemented at the local level through existing county or district organiza
tions. 

Other Considerations - High Plains Study projections indicate that the most 
critical period for maintaining the High Plains agricultural economy is likely 
to be in this decade, with conditions improving after 1990. The importance of 
energy costs to the present condition of many High Plains farms dictates an 
urgency and priority for achieving energy efficiency and conservation objec
tives immediately. This does not imply the need for a high cost new program 
or new Implementation agencies. It does mean a reordering of present priori
ties and program emphasis within some existing organizations. 

47 



RECOMMENDATION D-2: Increase research and demonstration programs and 
projects for i^he development and use of alternative energy sources for 
agricultural uses. 

Purpose - The dependence of the High Plains agricultural economy on the 
Region's basic energy resources is of comparable importance to its dependence 
on the ground water resources of the Ogallala. Escalating energy costs may be 
a cause of lands being forced out of irrigated production along with Aquifer 
depletion. The development of alternative energy sources to replace or sup
plement the more conventional energy sources for agricultural uses is an 
urgent need in the High Plains and should be given consideration in the design 
and conduct of future agricultural research and demonstration projects. Both 
energy use efficiency improvements and development of alternative energy 
sources such as wind, solar, biomass or others should be emphasized. 

Benefits - Many typical agricultural operations such as pumping of water, 
cultural/planting/till ing/harvesting practices, crop storage/drying/marketing/ 
transporting operations, and others are energy intensive and sensitive to the 
escalating costs of energy Inputs. Most are also adaptable to one or more of 
the emerging alternative energy technologies such as solar, wind, biomass 
conversion, or others, and need to be more thoroughly evaluated for these 
potentials. On-farm energy supply developments to achieve improved energy 
self-sufficiency are preferable. Reduced costs of energy inputs to routine 
farm operations would be the primary benefit of this recommendation. 

Implementation - The High Plains Regional Study Element B-8, "New Energy 
Supply Technology Assessment" report provides a preliminary review of the 
options and potentials for use of alternative energy sources and technologies 
in the Region. This report can be the basis for planning, designing and orga
nizing an appropriate research and demonstration program to develop and adapt 
new energy technologies for agricultural purposes. The recommended state 
advisory committees could be utilized to identify initial research priorities 
and to help organize and Implement appropriate local demonstration programs to 
encourage on-farm applications of proven cost effective energy technologies. 
Energy use efficiency and cost reduction should be a primary objective of new 
energy related research. 

Other Considerations - While this recommendation is aimed primarily at agri
cultural uses of new energy technologies and sources, there are similar oppor
tunities for residential, commercial and industrial uses of alternative energy 
sources to further lessen the regional dependence on oil , gas and electric 
resources. These opportunities can be addressed through comparable research 
and demonstration programs for nonagricultural purposes. 
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E. LEGAL AND INSTITUTIONAL 

RECOMMENDATION E-l: Establish Technical Advisory Committees in each High 
Plains state to provide ongoing guidance and coordination for research, 
demonstration, education and technical assistance programs for water and 
energy use efficiency and conservation programs. 

Purpose - Agricultural and energy related research, education, extension and 
technical/cost assistance programs relevant to the High Plains agricultural 
economy presently lack consistent coordination. A large number of federal , 
state, local and private organizations conduct programs and activities related 
to regional, state or local objectives of water and energy conservation, effi
ciency improvements, basic and applied research, education and extension pro
grams, and several existing technical and/or cost assistance programs. The 
purpose of this recommendation is to provide a cooperative arrangement in each 
High Plains state whereby all Interested agencies or organizations with pro
grams or activities pertinent to the High Plains agricultural economy can 
Interact and better coordinate their activities. A state High Plains Techni
cal Advisory Committee, with representation from all appropriate organiza
tions, is recommended as a means to provide this needed coordination and 
guidance. 

Benefits - As readily evident from the High Plains Study results and a general 
knowledge of the Region, the massive Ogallala/High Plains area has a N^ry 
complex and diverse set of characteristics, with significant state-to-state 
and even substate differences in climate, soils, water availability, cropping 
patterns, economic, cultural and social traditions and other factors. The 
needs and problems are not consistent across the Region and cannot realisti
cally be addressed from a regional or national perspective. State and local 
guidance and directon of programs Intended to address High Plains area needs 
is essential if relevant local objectives and priorities are to be met. A 
better level of coordination is necessary even at local levels if duplication 
and misallocation of available resources are to be avoided. As program costs 
continue to rise, it becomes increasingly important to coordinate and focus 
available funds on the most effective means of achieving local objectives. 

Implementation - The organization of a cooperative High Plains Technical 
Advisory Committee in each state could bring together on a regular and volun
tary basis all or most of the public and private agencies or entitles inter
ested in promoting the long-term success of the Region's economy. At the 
local level, such organizations as soil and water conservation districts, 
ground water management districts, agricultural cooperatives, financial insti
tutions, county planning committees, local governments, farm organizations and 
others would all have a role and a legitimate Interest. Federal and state 
agencies such as the agricultural experiment stations, extension services, 
SCS, ASCS, FHA, state departments of agriculture, water, natural resources, 
parks and wildlife, or others would also be invited to participate. Where 
appropriate, other organizations or agencies such as state land commissions, 
school districts, universities, the Bureau of Reclamation, Corps of Engineers, 
State Water Resource Institutes, and others, could be Involved. 

Other Considerations - An early initiative toward the establishment of coop
erative Technical Advisory Committees in each High Plains state is needed. 
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This initiative could come from a variety of sources or organizations, but 
should be centered within the Region if possible. A formal organizational 
structure should be adopted, with elected rotating leadership, by-laws, 
minutes, a schedule and other requirements of effective and ongoing organiza
tions. 

RECOMMENDATION E-2: Provide financial incentives to encourage improved 
methods for conserving soil, water and energy. 

Purpose - The continued agricultural productivity of the Nation and the Region 
are dependent on economically strong and stable farms and ranches with reason
able rates of return on invested capital and fair returns to labor and manage
ment. Recent agricultural economic Indicators reveal a dangerous national 
trend toward reversal of the historic favorable balance of total value of 
agricultural production over total costs. The narrow margins of returns over 
costs indicate a growing inability of the agricultural sector to sustain its 
past profitability or to justify and secure additional investment capital for 
making needed improvements. This recommendation recognizes the current cost/ 
return dilemma of the typical agricultural enterprise and urges the considera
tion of a variety of financial incentives to facilitate the availability of 
investment capital and to encourage the use of that capital on improved man
agement systems and facilities, to include soil, water and energy conservation 
measures and the long-term protection and maintenance of agricultural lands. 
Many conservation methods or facilities have complex technical requirements, 
high costs, perceived risks or other constraints that limit the ability of 
individual farmers to adopt and maintain the improvements. Others may convey 
benefits to neighboring farms or lands, require implementation on a scale 
greater than an individual land holding, or require public/private coopera
tion. There is a long-standing historical precedent for public (federal, 
state and/or local) assistance programs, in the form of both technical and 
financial (cost sharing) assistance, as incentives to encourage the widespread 
adoption of the more effective soil and water conservation methods. Both the 
scope (number and purpose) of these practices and the availability of tech
nical and financial assistance at the farm need to be expanded if conservation 
potentials are to be reached for the High Plains Region. These improvements 
often represent long-term capital investments with \jery long pay-back poten
tials. They may require specialized financing arrangements to facilitate 
widespread use. 

Benefits - A productive and efficient agricultural economy has been a foun-
dation on which the Nation has relied, and increasingly taken for granted. 
Maintenance of the long-term productivity of High Plains' farms is directly 
dependent on the success of soil and water conservation efforts throughout the 
Region. The study projections of increasing value of agricultural production, 
by more than 150 percent from 1977 to 2020 in real terms, would not be possi
ble without significant new investments in effective soil and water conserva
tion Improvements. Both the rate and extent of adoption of the most effective 
conservation practices can be accelerated and increased with expansion of 
existing technical and cost sharing assistance programs. The availability of 
such assistance must be tailored to local needs and priorities. The ability 
to adopt the best available management improvements, resource conservation and 
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to adopt the best available management improvements, resource conservation and 
efficiency of use methods and facilities, and the long-term protection and 
enhancement of its land and water resources is essential. 

Implementation - An array of financial incentives are suggested as the most 
cost effective way to ensure a continuing modernization of the Nation's agri
cultural sector and its long-term productivity. More realistic interest rates 
and financing terms, guaranteed loan provisions, favorable depreciation and 
ground water depletion allowances, expanded cost-sharing assistance, and other 
financial incentives should be tailored to encourage ongoing investment in the 
Nation's farms and ranches. Special consideration for incentives to promote 
the use of resource conservation and management improvements, and to ensure 
the permanent protection and productivity of the soil and water resources are 
essential components. A variety of federal, state and local assistance pro
grams which promote improved soil and water conservation objectives are 
already available to farmers in the High Plains Region. Examples are the 
Great Plains Conservation Program administered by the Soil Conservation 
Service; the Agricultural Conservation Program administered by the Agricul
tural Stabilization and Conservation Service; and a cooperative federal, 
state and local project in the Texas High Plains area to provide Mobile Field 
Water Conservation Labs in each local soil and water conservation district. 
A recent (February 1982) proposal by the USDA/SCS in each of the six High 
Plains states applies for "Targeted Funds" to address the unique conservation 
needs of irrigated agriculture in the High Plains Region. These and other 
technical and financial assistance programs need to be expanded and tailored 
carefully to address local needs and problems. 

Other Considerations - Significant regional differences are common within the 
Nation's agricultural sector. The High Plains Region has unique and special
ized problems and needs that should be recognized and provided for in planning 
and Implementing any state or national incentive programs. Local, state and 
regional needs for the most effective Incentives should be Identified. The 
immediate and ongoing benefits to farmers in the High Plains Region of effec
tive soil and water conservation accomplishments—reduced soil losses, more 
efficient water use, improved productivity and returns, long-term stability of 
the agricultural economy, and others, all give added emphasis to the need for 
early action and implementation of this recommendation. 



RECOMMENDATION E-3: Individual states should evaluate existing state laws 
and institutions for water management and, vhere appropriate, suggest 
needed changes for state action to provide improved state or local manage
ment capabilities and more efficient use of waters in each state. 

Purpose - Institutional and legal studies carried out in connection with the 
High Plains Study in relation to state water laws, water rights, and water 
management authorities, for both surface and ground water, reveal a '^ery 
diverse and complex basis for managing the waters available in the Region. 
This recommendation proposes a systematic study on a state-by-state basis of 
existing state/local institutions and laws which influence water use and water 
management in the High Plains Region. This is a first step in Identifying 
opportunities for improved state and local management capabilities and for 
achieving water conservation and water use efficiency objectives. 

Benefits - The existing and projected depletion and rate of overdraft of the 
Ogallala Aquifer, as an essentially finite resource, will be increasingly 
reflected in difficult management decisions by both private and public users. 
A comprehensive evaluation of existing state water laws and institutions, 
with the purpose of Insuring long-term equity and protection of the water 
resources, and with specific state objectives for water conservation and effi
cient water uses, will provide opportunities for improved water management 
which should benefit farmers, communities, industries and the state/local 
agencies charged with management responsibilities. 

Implementation - Each High Plains state is urged to make provisions for an in-
depth and Independent evaluation of its own water laws and institutions with 
respect to improved local/state capabilities for water management in the High 
Plains Region. Such a process should include considerations of existing poli
cies, water rights and allocations, state and regional objectives for water 
conservation, protection and enhancement, and the effectiveness of existing 
mechanisms, agencies or other institutions in carrying out present policies 
and laws. 

Other Considerations - Some degree of regional coordination and exchange of 
information on the individual state studies proposed in this recommendation 
would be beneficial. An ongoing High Plains regional advisory group could 
serve an effective role in that process. 
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F. ENVIRONMENTAL MAINTENANCE AND PROTECTION 

RECOMMENDATION F-l: Select and manage cropping systems, irrigation and farm 
management practices, and irrigated, dryland and rangeland vegetation to 
conserve soil and water resources and wildlife habitats. 

Purpose - Soil and water conservation objectives, wildlife protection and 
other environmental values can be built into normal farm and ranch management 
decisions and operations. Most agricultural operations in the High Plains 
Region, including Intensively managed irrigated farming enterprises, present 
many opportunities for maintaining favorable wildlife habitats, seasonal food 
and cover for most native species, and for reducing soil and water losses to 
nonproductive purposes. Various surface water sources characteristic of the 
High Plains Region--playa lakes, tailwater recovery pits, stockwater ponds, 
streams, wetlands and others provide excellent settings for planned wildlife 
areas and can provide many Indirect benefits to the farm and ranch operation 
as well. 

Benefits - Environmental protection and maintenance as routine components of 
farm and ranch management planning and operations can provide many direct and 
indirect benefits to the farm or ranch family, the community and the 
population-at-large. An environment without healthy communities of native 
birds, vegetation, animals and other fauna is sterile, depressing and unin
teresting. Unbalanced natural conditions tend to cause other management 
problems as well, such as infestations of noxious or damaging weeds. Insects, 
rodents and other pests. On-farm access to managed areas for fishing and 
hunting are also typical benefits of good environmental planning. Reduction 
in soil erosion losses, water runoff and other benefits are almost always 
associated with well planned and managed conservation and environmental pro
tection measures. 

Implementation - A variety of existing institutional arrangements, organiza
tions and programs are available in the High Plains Region to assist farm and 
ranch operators with information, demonstration and technical assistance for 
incorporating cost effective environmental protection objectives into their 
farm or ranch planning and management decisions. An increased emphasis and 
commitment to these objectives can be made part of the regular operations of 
local assistance programs. The proposed state advisory committees could take 
the lead in promoting the objectives of this recommendation. 

Other Considerations - Although environmental and wildlife management objec
tives are normally considered in the planning and implementation of publicly 
funded projects, it is not as common for these objectives to be included in 
farm and ranch management and conservation plans. This recommendation sug
gests the inclusion of such objectives as a routine part of High Plains 
agricultural operations. The U.S. Department of Agricultural has approved 
cost-sharing programs for certain practices that assist in achieving environ
mental and wildlife objectives. However, environmental improvements on the 
Region's farms and ranches must be cost effective in terms of potential bene
fits exceeding costs, and necessarily responsive to the same economic con
ditions and factors which influence other management decisions. 
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RECOMMENDATION F-2: Provide technical and financial assistance for reestab
lishing permanent vegetative cover an all lands going out of cultivation 
in order to control erosion and to restore habitat. 

Purpose - Lands forced out of cultivation due to ground water depletion in the 
High Plains Region will not naturally and safely return to native vegetative 
cover without significant damage from soil erosion losses and Invasion of 
unproductive or noxious weeds and brush. In order to provide landholders with 
Incentives for reestablishing permanent vegetative cover on such acreage, and 
to facilitate the conversion to noncultivated uses, it is recommended that 
special program assistance be provided for both technical and cost sharing 
purposes to encourage protection and enhancement of these lands for future 
agricultural uses and as suitable habitat areas for native species. 

Benefits - Projections of changes in agricultural land uses due to the gradual 
depletion of the Ogallala Aquifer in localized areas throughout the High 
Plains Region Indicate a potential for more than two hundred thousand acres 
of presently cultivated lands to be returned to noncultivated uses by 2020. 
The most practical and long-term solution for these lands is to return them 
to perennial native vegetation adapted to local soils, climate and other 
conditions. Such permanent vegetative cover will provide both immediate 
(short-term) benefits in reduced wind and water erosion losses and more long-
term benefits in restoring the lands to a productive (grazing) land use and 
a much more favorable and stable habitat for native flora and fauna. 

Implementation - While existing federally sponsored programs such as the Great 
Plains Conservation Program and the Agricultural Conservation Program offer 
technical and cost sharing assistance to agricultural landholders for re
storing abandoned lands to permanent vegetation, they are not adequate for 
the specific needs of the High Plains Region. Both the scope and probable 
timing of the problem with abandoned cultivated lands in the High Plains 
Region Indicate a need for a specialized program tailored to the needs of the 
Region. The proposed state advisory committees could play an effective role 
in identifying the areas and special needs for such a program. 

Other Considerations - The availability and cost of suitable native species 
seed stocks for large scale revegetation programs are often a constraint on 
effective reseeding projects. An additional planning requirement for the 
successful implementation of this recommendation is an adequate supply of 
varieties and species of native perennial vegetation adapted to High Plains 
conditions. 
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RECOMMENDATION F-3: Include provisions for management and protection of 
fish, wildlife and related environmental resources in all soil and water 
conservation or> water supply development projects and plans. 

Purpose - The management of the basic resources of the High Plains Region—Its 
lands and waters--and their development and use for agricultural. Industrial, 
municipal, recreational or other purposes can be accomplished successfuly in 
tandem with the protection and maintenance of other environmental and cultural 
resources and values of the Region and its people. This recommendation pro
poses the deliberate and Institutionalized inclusion of environmental protec
tion objectives, plans and implementation measures in all significant 
resource conservation and development projects and plans, including future 
agricultural water supply projects. 

Benefits - A rich and diverse natural environment, with suitable and healthy 
conditions and habitats for all native species, can be a universal benefit in 
and of Itself. The cultural value of a songbird, the aroma of flowering sage, 
crisp country air, a clean running stream, and an infinite variety of other 
environmental benefits are Incalculable for most people. These values and 
benefits can be maintained and sometimes even enhanced in most resource devel
opment activities. Environmental protection, maintenance and enhancement do 
not occur automatically however, without careful consideration, planning and 
deliberate efforts to achieve those objectives. Opportunities exist in vir
tually all resource conservation and development projects to plan and manage 
for better environments. 

Implementation - A formalized structuring of environmental objectives, 
considerations, plans and implementation measures into all significant 
resource planning, development and management projects for the High Plains 
Region is proposed. The requirement for such considerations in all federal 
supported projects is already institutionalized. An appropriate process and 
institutional basis for consideration of environmental values and objectives 
in state, local and even private resource development projects with potential 
significant environmental impacts should be adopted. The responsibilities and 
functions of state and local resource management agencies could be modified to 
include this function. 

Other Considerations - Several states in the High Plains Region have already 
adopted environmental protection policy statements, and in some cases for
malized impact assessment requirements. These could be amended to extend 
similar requirements to local resource management and development agencies, 
and a voluntary compliance procedure for private developers could also be 
established. 
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G. ECONOMIC DEVELOPMENT OPPORTUNITIES 

RECOMMENDATION G-1: Assist ongoing programs to help diversify the economy of 
the High Plains Region, to develop less water-intensive enterprises and to 
improve the economic viability of dryland farming, ranching and nonagrn.-
cultural opportunities. 

Purpose - Although known principally for the irrigated agricultural production 
of recent decades, the High Plains Region has maintained a strong base of dry
land production, and a large livestock industry. With more than 100 million 
acres of the study area still used for rangeland, or native perennial forage 
species, the Region provides a significant share of the range cattle which 
move annually through the Region's feedlot operations. Economic diversifica
tion outside of the agriculturally related sectors has also become a vital 
part of the regional economy. This recommendation is directed toward needed 
research, development and assistance programs to help sustain and improve the 
economic viability of the nonirrigated agricultural enterprises of the Region 
and to promote further diversification and strengthening of the nonagricul
tural potentials of the Region. 

Benefits - Crop and livestock production from dryland farming and ranching 
operations throughout the High Plains Region account for about 35 to 45 per
cent of the total value of regional agricultural production each year. The 
total value added to the regional economy by all nonagricultural related sec
tors contributes about 75 to 80 percent annually to total regional value added 
from all sectors. These two statistics point up the relative Importance to 
the regional economy of the nonirrigated agricultural sectors, and more impor
tantly, the overriding significance of the nonagriculturally related economic 
sectors. The regional benefits realized from these diverse economic enter
prises certainly justify a concerted effort to Improve and strengthen the 
nonirrigated agricultural sectors of the economy with research, technology 
development, education and Information assistance, and other incentives. 

Implementation - A comparable emphasis and priority to that suggested in pre
vious recommendations for assisting the long-term success and improvement of 
the irrigated agricultural economy of the High Plains Region should be given 
to the nonirrigated and nonagricultural sectors as well. An initial iden
tification of opportunities and priorities for each state and locality would 
be an appropriate assignment for the proposed state and local advisory commit
tees. More long-term assistance through research and development programs, 
information and education, technical and cost assistance, and other incentives 
would need to be established based upon the priorities and objectives adopted 
for each locality and each state. Program development within existing federal 
and state economic development agencies could be focused on this recommenda
tion. 

Other Considerations - One of the objectives for the Region should be the 
encouragement of less water demanding industries or economic activities. The 
overdraft on the Aquifer should not be accelerated in order to diversify the 
economy. Opportunities for attracting less water intensive users would be one 
priority for consideration. 
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s t a t e Agencies P a r t i c i p a t i n g in the Study 

Colorado Department of Agr icu l ture 
1525 Sherman Street 
Denver, Colorado 80203 

Kansas Water Of f ice 
503 Kansas Avenue, Suite 303 
Topeka, Kansas 66603 

Nebraska Natural Resources Commission 
301 Centennial Moll South 
P.O. Box 94876 
L incoln, Nebraska 68509 

New Mexico State Engineer 
Botoon Memorial Building 
State Capitol 
Santo Fe, New Mexico 87503 

Oklahoma Water Resources Board 
Northeast 10th and Stonewall 
Oklahoma C i t y , Oklahoma 73152 

Texas Department of Water Resources 
P.O. Box 13087 
Capitol Station 
Aust in , Texas 7871 I 
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