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ABSTRACT:

Irrigated crop production is a stabilizing element in the

agricultural economy of Southeast Ford County, Kansas. The important role

irrigation plays in the local economy creates a need to carefully consider

the potential impact of aquifer depletion. An examination of the spatial

and temporal characteristics of aquifer depletion in relation to irrigated

cropland provides a basis for understanding the potential impact of

aquifer depletion. This examination reveals that the impact of aquifer

depletion will be variable throughout Southeast Ford County. In addition,

this examination also reveals that aquifer depletion does not pose a

serious threat to crop production levels in the near future. However,

eventually, considerable acreages of high quality cropland could be af-

fected by aquifer depletion.

INTRODUCTION

Aquifer depletion in Southeast Ford County, Kansas has been well-

documented by a recent report prepared by the U.S. Geological Survey and

Southwest Kansas Groundwater Management District #3 (Spinazola and Dealy,

1983). This report provides a detailed hydrologic study of the Ogallala

Aquifer in Ford County and it indicates that aquifer depletion poses a

threat to irrigated crop production.

This paper will examine the spatial and temporal characteristics of

aquifer depletion in relation to cropland characteristics in order to

further understand the potential impact of aquifer depletion on crop
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production. The potential impact of aquifer depletion on crop production

revealed by this paper will be of value to farmers, businesses and govern-

ment agencies as they make long range plans.

The temporal impact of aquifer depletion is the most difficult aspect

of this problem to assess. Since so many variables could potentially

affect depletion rates, it is impossible to accurately predict the

temporal impact of aquifer depletion. However, these variables can be

identified and carefully examined, allowing for general conclusions to be

drawn about the temporal impact of aquifer depletion. The most important

variables affecting aquifer depletion include crop selection, energy

prices, precipitation, irrigation technology, and further irrigation

devel opment.

THE STUDY AREA

The area considered to be Southeast Ford County in this study in-

cludes six townships, three of which border Clark County to the south, two

of which border Kiowa County to the east. The total land area included in

this area is 216 square miles.

The Ogallala Aquifer and Other Geologic Conditions

Surrounding geologic conditions put this area in a much different

situation than most irrigated areas of Southwest Kansas. The Crooked

Creek Fault lies directly to the west and north of the study area. Since

the study area is on the upthrown side of the fault, this area has a

thinner saturated thickness, it has less depth to water and less depletion

has occurred when it is compared with the downthrown side of the fault.
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FIGURE 1. Soutt-.east Ford County in relation to the Crooked Creek
Fault and the Arkansas River.

The close proximity of the Arkansas River also puts this area in a

unique situation. In fact,

between Dodge City and Ford;

considerable distance. A

that it is hydrologically

Lindgren and Sauer, 1985).

area could cause more of the

adverse impact on the ri

the Arkansas River becomes a gaining stream

upstream from there, the river is dry for a

significant fact about the Arkansas River is

linked with the Ogallala Aquifer (Dunlap,

As a result, groundwater depletion in this

river to dry up, potentially resulting in an

:h diversity of wildlife which inhabit the

riparian woodlands along the river.

The surrounding physiographic areas also put Southeast Ford County in

a unique situation. The Great Bend Prairie is of particular importance
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since it is a large area of highly permeable sand, it has significant

acreages of interior drainage and it is used only for rangeland. These

conditions may prevent the Arkansas River from drying up to the east of

Is zo,."I..

Source: U.S. Geological Survey, 1969

FIGURE 2. Physiographic Areas in the Vicinity of Southeast Ford County.
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the study area since it is adjacent to the Great Bend Prairie. These

conditions may also be beneficial to irrigated agriculture in at least

part of the study area.

To the south of the study area lie the Red Hills. The Ogallala

Aquifer basically ends at the Red Hills, thus,this area has little hydro-

logic significance in this study. However, aquifer conditions underlying

the High Plains to the east and west of the study area area of some impor-

tance. Subsurface flow moves from west to east in this area. Presently,

this involves only relatively small amounts of inflow and outflow, so it

has a negligible impact on the water table (Spinazola and Dealy, 1983).

Eventually, high levels of depletion could result in the Crooked Creek

Fault preventing inflow. There is no danger of this occurring soon. In

fact, when and if it does occur, the area will already be in the process

of reverting land to dryland farming.

Cl imate

The only climatic station in the study area is located 4 miles south-

east of Bucklin and records only precipitation. The U.S. Weather Bureau

Station at Dodge City is the nearest station providing complete climato-

logical information. The climatological information from the Dodge City

Weather Bureau is a fairly good indicator of climate in the study area,

although certain information does indicate some climatic variation between

Dodge City and Bucklin. Since 1945, annual precipitation has averaged

20.82 inches at Dodge City while it has averaged 24.15 inches at Bucklin.

(U.S. Department of Commerce, 1945-1983). The incidence of hail provides

additional information which indicates climatic variation between Dodge
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City and Bucklin. In fact, the incidence of hail varies substantially

within the study area. Hail damage is twice as great in T 29 S, R 21 W

(the southeast portion of the study area) than it is in T 28 S, R 23 W

(Crop-Hail Insurance Actuarial Association, 1985).

The average length of the frost free season at Dodge City is 184

days. (Gale Research Co., 1978). This permits a wide variety of crops to

be grown in the area. However, untimely frost can often reduce the length

of the growing season. Early Fall frosts can reduce yields of summer

crops by not allowing them to fully mature. Unusually late Spring frosts

can be devastating to the wheat crop if it is already headed out. This

can cause winterkill, a phenomenon which has at times in the past des-

troyed the entire area's wheat crop. Where it takes an unusually late

frost to cause winterkill, fruit production is routinely damaged by Spring

frosts. Some of the earliest irrigators established peach orchards and by

1969 there were five orchards, all of which were from 10 to 20 acres in

size (U.S.G.S., 1969, 1984). However, the problem with frost damage along

with the incentive to install center pivots and plant grain or hay crops

caused all of these orchards to be removed in the 1970s.

The high summer temperatures combined with the low humidity and wind

experienced in the area are factors which make irrigation essential for

growing most summer crops. In fact, grain sorghum and cane are generally

the only dryland crops planted during the summer. Even these xerophytic

crops are subject to failure when a fairly common hot, dry period occurs

during July or August.

The precipitation maximum in the area does occur during the early

part of the irrigation season. During wet years this can substantially
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FIGURE 3. Climatic Data for Dodge City and Bucklin

reduce pumping rates. However, it is important to remember that much of

this precipitation comes from heavy thunderstorms. In fact, on average,

54 thunderstorms occur annually at Dodge City (Gale Research Co., 1978).

As a result, a considerable percentage of precipitation ends up as runoff.

Agriculture

Agriculture is the primary economic activity in the study area. The

only town exceeding 100 people is Bucklin which has about 850 people.

Economic activities in Bucklin consist almost exclusively of support

services for the surrounding agricultural community.



Approximately 85,000 acres of non-irrigated cropland exist in the

study area, most of which is utilized for summerfallow wheat farming.

Another 28,000 acres are used for pasture and 19,200 acres are irrigated

(NHAPP imagery, 1981). Most of this land is irrigated by center pivot

systems, although some flood irrigation and a small amount of hand-move

sprinkler irrigation is also used.

While it is not the dominant land use in terms of acreages, irriga-

tion is the key ingredient in agricultural production in Southeast Ford

County. The most important aspect of irrigation is the stability it

brings to farmer's incomes as well as the economic stability it brings to

the entire community. Due to the large acreages of dryland wheat produced

in the area, farmers are still quite susceptible to crop failure from

hail, drought or frost. Irrigation acts as a hedge against the cash flow

problems caused by wheat crop failure.

Irrigation plays a crucial role in the area's livestock production.

In fact, irrigation development has caused an expansion of herd sizes as

significant amounts of irrigated grain and hay are now grown to be fed on

the farm. The most common cattle operation is one that buys steers in the

Fall and sells them in the Spring or Summer. This allows farmers to take

advantage of a fairly common Spring/Fall price differential. This market

timing also allows farmers to pasture the extensive wheat acreages in the

area, a practice which improves yields if properly managed. Wheat pasture

has to be supplemented by hay, thus, prior to the development of irriga-

tion, farmers were unable to utilize their wheat pasture to the extent

they now do. Pastureland, dominated by Buffalo Grass, is also

supplemented by irrigated grain and hay. This allows for better



utilization of the grass in wet years and can prevent overgrazing in dry

years.
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FIGURE 4. Irrigated Cropland in Southeast Ford County, 1981

AQUIFER CONDITIONS IN RELATION TO CROPLAND

The situation created by aquifer depletion in the study area is much

different than the situation in the expansive irrigated area to the west

which overlies the downthrown side of the Crooked Creek Fault. The aaui-

fer conditions to the west of the study area (a greater depth to water, a

greater saturated thickness and higher levels of depletion) create a
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burden on agriculture because of increasing pumping costs and the costs of

drilling new wells. These costs could eventually get so high that they

would outweigh the benefits of irrigation.

In Southeast Ford County, the concern is over having enough water

available in the aquifer to maintain desired pumping levels. A shrinking

saturated thickness can cause declines in the amount of water wells are

capable of pumping. As this becomes more severe, insufficient amounts of

water will be available for certain crops. Eventually, this might reach a

point where some wells wouldn't be able to pump enough water to irrigate

wheat with its low water requirements.
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FIGURE 5. Saturated Thickness and Depletion, 1939-1981
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FIGURE 6. Depth to Water, 1981.

The increasing costs associated with an increasing depth to water

could eventually cause problems for a few farmers in the study area. How-

ever, the depth to water in area wells doesn't appear to be great enough

to cause land to be removed from irrigation. The greatest concern over

increasing pumping costs is associated with energy prices. Diesel and

natural gas are used to pump water in the study area. If significant

price hikes were to occur for these fuels, the higher costs associated

with pumping water from greater depths would be magnified, and the deeper

wells in this area could conceivably cease to be economically viable.
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Soils and Other Cropland
Quality Characteristics

Some irrigated cropland is threatened much more by depletion than

other cropland, as Figure 5 indicated. In order to understand the poten-

tial impact on crop production, we need to understand the quality and

quantity of cropland threatened by depletion.

Soil and slope conditions vary dramatically in the study area. Ex-

tremely sandy soil exists near the Arkansas River while silt loam soil

exists throughout most of the remaining areas. The following table shows

all of the soil associations in the study area.

TABLE 1.

Soil Associations of Southeast Ford County

SOIL ASSOCIATION Soil Type Predominant Permeability
Texture (inches per hr)

HARNEY-SPEARVILLE- Silt Loam 0.2-0.5
ULYSSES

Spearville Silty Clay Loam 0.05-0.2
ULYSSES-MANSIC- Silt Loam 0.2-0.5
MANSKER

HOLDREDGE Silt Loam 0.2-0.5
PRATT-TI VOLI-ORTELLO Sand --

Ortello Clay Loam 0.2-0.5
Ortello Fine Sandy Loam 0.5-1.0
Pratt Loamy Fine Sand 1.0-2.0
Pratt Fine Sand 2.0-5.0
Tivoli Fine Sand 2.0-5.0

DALE-LESHARA-LAS ANIMAS -- --

Dale Silt Loam 0.2-0.5
Leshara Clay Loam 0.2-0.5
Las Animas Silty Clay Loam 0.5-1.0
Las Animas Fine Sand and Gravel 5.0 +
Leshra Fine Sand and Gravel 5.0 +

TIVOLI Sand 2.0-5.0

Source: U.S.D.A., Soil Conservation Service, 1965.
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Crop yields vary considerably among the different soils in the study

area. This is indicated in Table 2, which shows soil associations similar

to the ones found in Southeast Ford County. Keep in mind that these are

average yields and many farmers in the study area consistently have yields

well above these levels.

TABLE 2.

Average Irrigated Crop Yields for Ford County Soils, 1984
(All yields given in bushels per acre)

Soil Type Corn Wheat Grain Sorghum Soybeans Oats

Harney, Ulysses,
Wakeen 132 44 94 42 45

Harney,
Spearville 119 40 67 40 41

Manter,
Pratt 101 21 71 32 22

Source: Frees, 1985.

Besides soil quality, various other cropland quality conditions are

relevant. The most important is usually slope. Numerous center pivots

are located on land with steep slopes. Soil has often been damaged by

erosion on this land and row crop production is generally unfeasible

because of the high erosion potential.



g.XFERENCE 3ETVE HIGHEST & LOWEST ELEVATION

ZOft iOtoéOft
Oo o 30 to 40 ft 70 to 80 ft

SOIL ASSOCIATIONS

TiveLt
:

Da1e-Leslara-Las Aninias

Hoidredge U1ysses-Nanaic-ansker
Pract-TLvoLi-

Harney-Spearvt1te-U1ysse

14

Source: U.S.G.S., 1969 & 1984. U.S.D.A., SCS, 1965.

FIGURE 7. Slope and Soil Associations.

Cropland Characteristics in Relation to Aquifer Depletion

Various other conditions can affect cropland quality besides soil and

slope. Two important conditions affecting cropland quality in the study

area are lagoons and ephemeral streams. The following set of maps show

these conditions along with soil and slope in relation to aquifer deple-

ti on.
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The digit in each irrigated unit represents the percent of depletion
since 1939.
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FIGURE 8. Irrigated Cropland and Aquifer Depletion Grouped by
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(d) 50 to 60 feet between highest and lowest elevation

(e) 70 to 80 feet between highest and lowest elevation
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The preceeding series of maps indicates that some of the highest

quality cropland in the study area is threatened by aquifer depletion.

Approximately 2,000 acres of cropland in the lowest slope category in the

Harney-Spearville-Ulysses soil association rely on wells which have been

depleted more than 10 percent. Approximately 1,800 acres in the same soil

association and the next two slope categories also rely on wells which

have been depleted more than 10 percent. In addition to this crepiand,

substantial acreages of cropland in the Harney-Spearville-Ulysses soil

association rely on wells which are close to being 10 percent depleted.

FACTORS AFFECTING AQUIFER DEPLETION

Irrigation Development

The historical development of irrigation compared to depletion

information may provide one of the best clues as to what will occur in the

future. Irrigation development is, for the most part, a recent phenomena

in Southeast Ford County. Irrigation development began in the mid-1940s,

then proceeded slowly until center pivots began to be utilized in the mid-

1960s.

Both dryland and irrigated farmers were prospering in the 1970s as a

result of favorable commodity prices, above average rainfall, and mineral

rights leasing for oil and gas. This gave farmers the financial

capability to develop irrigation. However, the major incentive to develop

irrigation came with the formation of Groundwater Management District #3

and the development regulations it brought with it. Farmers began to fear

that if they didn't develop their irrigation, that chance would be lost

forever. Indeed, in most cases this fear was well-founded because these
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farmers had established water rights before development regulations began

to be enforced. Had farmers not developed their irrigation, those rights

would have been stripped after a three-year period due to the "use it or

lose it" law. In order to reestablish water rights, these farmers would

have had to meet the strict development regulations imposed by GMD #3.

TABLE 3.

Irrigation Development, 1945-1981

Acres Developed Percentage of Development
By This Time Which Had Occurred

1945 0 0

1952 577 3

1956 2,692 14

1960 3,076 16

1964 3,076 16

1968 4,614 24

1972 6,344 33

1976 10,574 55

1981 19,165 100

Source: National High Altitude Photography Program imagery, 1981.
Spinazola and Dealy, 1983.

The regulations imposed by GMD #3 should prevent future irrigation

development throughout most of the study area. The guidelines for grant-

ing water rights basically involves examining the saturated thickness and

existing well density in the nine sections surrounding a proposed well

(Jorgensen, et al., 1982). Due to the high density of wells and thin
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saturated thickness of the aquifer, only the southeast and southwest

portions of the study area appear to have the potential to support further

irrigation development. However, since the topography in these areas is

generally not conducive to irrigation, it is unlikely that significant

acreages of land will be developed for irrigation in the future.

The job of determining past, let along future depletion rates,

becomes a difficult one due to the recent surge of irrigation development.

Although the information on depletion being used in this paper goes back

to 1939, it is quite likely that much of that depletion has occurred in

recent years. However, when the following map is examined, it is evident

that some wells which have been used for a number of years have had more

of an impact on depletion than recently developed wells. This indicates

\. .IJ.[U$...m.. -

....... pNj
:Y ..... :::C:.C: ....

:: .::::::: :

1945-1951 1956-1959 1964-1967 j 1972-1975 Depletion in feet

1952-1955 3960-1963 1968-1971 1976-1981 0

Source: Spinazola and Dealy, 1983

FIGURE 9. Irrigation Development and Aquifer Depletion, 1939-1981
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at least some depletion prior to the surge of development in the 1970s.

This map also shows that in light of comparable development with other

areas, the northeast portion of the study area has not experienced deple-

tion. This is probably related to the sandy texture of the soil, but it

could also be influenced by the close proximity of the Arkansas River or

the sand hills of the Great Bend Prairie.

Precipitation

Precipitation is a very important consideration when the temporal

aspect of aquifer depletion is being examined. Between 1920 and 1945, the

average annual precipitation at Bucklin was 20.01 inches. Since that time

average precipitation has been well above that level as Table 4 indicates

(U.S. Department of Commerce, 1945-1983).

TABLE 4.

Average Annual Precipitation at Bucklin, 1945-1983

Average Precipitation Since
(in inches)

1945 24.15 1968 27.32

1952 24.02 1972 27.16

1956 25.40 1976 25.21

1960 25.69 1980 23.01

1964 25.66

Source: U.S. Department of Commerce, 1945-1983
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These high precipitation levels could have some important implica-

tions for aquifer depletion rates. If future precipitation levels drop

for extended periods, as can often happen on the High Plains, depletion

rates could increase. This increase would not only be a result of

decreased recharge, but also a result of increased withdrawal.

The spatial consequences of a decrease in rainfall is of particular

significance for the focus of this paper. Since the sandy areas are

characterized by high permeability, infiltration of rainfall occurs at

higher rates in these areas. Thus, these areas would seem to have more to

lose from decreased rainfall. To compound matters, these areas have

higher irrigation requirements than silt loam areas and this disparity

increases with higher levels of potential evapotranspiration such as would

occur during a drought period. On the other hand, the higher water-

holding capacity of the silt loam areas means that irrigation can be

foregone longer after rainfall. Thus, the silt loam and sandy areas could

end up having similar increases in depletion rates caused by lower precip-

itation levels.

Irrigation Technology

An improvement in irrigation technology could decrease withdrawal

rates. A wide variety of water saving techniques presently exist, but it

is doubtful that these techniques will have much of an impact in this area

in the near future. The major reason for this is because the conversion

to new equipment is quite expensive, and in most cases, the benefits

probably wouldn't outweigh the costs. Furthermore, since most of the

irrigation was recently developed, many systems are already relatively
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water-efficient and are capable of lasting for a number of years. How-

ever, some of the systems which were installed in the 1960s, generally

water-drive systems, may be prime candidates for conversion to more water-

efficient systems. In addition, withdrawal rates could be decreased by

installing sprinkler irrigation on land which is presently flood irri-

gated.

Another factor which is important in the discussion over irrigation

technology is its adaptability. One of the best water-saving techniques

requires land with a low enough slope so that it can be furrowed. Drop

tubes on center pivot and linear systems have proven to be quite efficient

and are growing in popularity in other areas experiencing water shortages

such as the High Plains of Texas (Wyatt and Bruno, 1983). Some potential

does exist for this technology in the study area. Nearly all of the land

which is presently flood irrigated has the potential to utilize this

technology. However, the slope on many pivots would prevent this tech-

nique from being used in a number of instances. Furthermore, since the

only immediate savings a farmer would see would be slightly lowered pump-

ing costs, converting to this technology might not be economically justi-

fiable in the instances where it could be used. There are situations in

which farmers would likely adopt more water efficient techniques. This

would include a situation where an old system needs to be replaced or a

situation where increasing pumping costs were resulting from rising energy

prices. Finally, if the saturated thickness is depleted to a point where

pumping rates are low, farmers could also be forced into adopting conser-

vation techniques.
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Croo Selection

The types of crops which will be grown in the future may have the

most important impact on depletion rates. Water requirements for wheat

are considerably different than for summer crops. However, the small

amount of water which is applied to wheat generally provides a tremendous

return on investment. As a result of this, and the fact that farmer's

return on investment for irrigating other crops was declining in the late

1970s (due to increasing energy prices and poor commodity prices) much

more wheat began to be irrigated.

It is difficult to predict what the future crop mix will be. If soy-

bean prices continue to be favorable, it appears as if this newcomer will

take a permanent place in the area's crop mix, particularly in light of

TABLE 5.

Irrigation Requirements for Selected Crops in Ford County

(I) Fine Sand, Sandy-Loam (II) Silty Loam (III) Silty Clay Loam

1980 Crop Year 1981 Crop Year

Corn I 27.91 28.40
II 24.23 24.77

III 23.93 24.77

Wheat I 4.22 9.97
II 0.00 9.47

III 0.00 9.39

Sorghum I 27.91 28.40
II 24.23 24.77

III 23.93 24.77

Alfalfa I 35.18 34.72
II 28.41 31.99

III 28.11 31.99

Source: Spinazola and Dealy, 1983.
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its low water requirements. Likewise, grain sorghum should continue to be

the major summer crop in the area. Grain sorghum has proven itself to be

the most durable crop during the extremely hot, dry periods which are

often characteristic of this area in July and August. Since corn has

proven less durable during these periods, it may never again reach the

acreage levels it was at in the 1970s. Finally, the high water require-

ments of alfalfa may spell out a limited role for it in the future.

However, it is unlikely that either alfalfa or corn will totally disappear

in light of the important roles they often play in area range and feedlot

cattle operations.

The most important variable in future depletion won't be the summer

crop mix as much as the mix between summer crops and wheat. Spring oats

and barley could also be classified along with wheat since they have very

low water requirements. Recently, government commodity programs have

TABLE 6

Estimated Irrigated Crop Production, 1964-1982

1964 1968 1972 1976 1980 1982

Wheat 769 903 1,175 1,359 4,024 6,041

Grain Sorghum 990 2,120 1,910 2,276 4,836 5,473

Corn 205 844 2,374 4,846 6,044 3,615

Hay* 269 323 609 1,048 1,745 1,741

Soybeans - - - 871 1,426

Totals 3,076 4,614 6,344 10,574 19,165 19,165**

Source: U.S. Dept. of Commerce, 1982 *Includes alfalfa **1981 data
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resulted in increasing numbers of farmers planting small acreages of these

crops, particularly oats. Thus, if oats take a permanent place in the

crop mix and wheat acreages continue at their present level, depletion

rates could be considerably different than if farmers begin to grow more

summer crops.

Southeast Ford County is located just far enough south so that double

cropping is often possible. Double cropping is a risk because of the

limited time available to do necessary farming activities, and the danger

of premature frost. However, it has often been done with great success.

If double cropping becomes more popular in the future it could increase

depletion rates.

FACTORS AFFECTING CROP PRODUCTION LEVELS

Changing Cropland Quality

The most important factor affecting future cropland quality in the

study area is erosion. As Figures 7 and 8 indicated, a significant amount

of land is erosion prone. However, this doesn't mean that this land will

suffer from erosion. Many farmers who irrigate such land use a variety of

conservation techniques including terracing, contour farming, increased

planting rates or the planting of perennial crops such as clover or

alfalfa. On the other hand, there are cases of farmers failing to use

such techniques. Overall, though, much of the land in the study area is

not highly erodible and since the erosion danger has been mitigated on

much of the land which is erosion prone, erosion doesn't appear to pose a

serious threat to crop production levels.
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Farmers in the study area are fortunate in the fact that they do not

face alkalinity problems as do many farmers in the Western United States.

Alkalinity is the most serious cropland quality problem in many areas, but

this isn't the case in Southeast Ford County where farmers have been

blessed with soil and water which have a favorable pH balance (U.S.D.A.,

SCS, 1965. Spinazola and Dealy, 1983).

Agricultural Management

The physical production base which has been discussed so far sets the

parameters within which agricultural production takes place. Ultimately,

though, it is the farmer who plays the pivotal role in determining produc-

tion levels.

The management implications in regard to irrigation technology, crop

selection and soil conservation have already been alluded to. In addi-

tion, one of the most important factors in regard to agricultural manage-

ment is the expertise farmers possess in irrigated crop production.

Much of the irrigation which was developed in the 1970s was developed

by farmers without any experience with irrigation. As a result, yields

were undoubtedly affected by this lack of experience. Enough time has now

passed so that most farmers could be considered experienced irrigators.

However, one would expect that some slight increases in production levels

could still await this area due to farmers having an increasing expertise

with irrigation.

Possibly the most important increase in production levels could come

from an improving expertise with specific crops. A variety of crops have

come on the scene in this area in recent years; soybeans and oats being



the most important, but also such crops as barley and sunflowers. A

prerequisite to successful crop production is practical experience with a

crop, and if these crops take a permanent place in this area's crop mix,

experience will be translated into increasing production levels.

Likewise, increasing expertise with some of the more conventional crops

may provide at least some potential for increased production levels.

Other Devel opments

The historical trend for crop production levels throughout this

country has been a constant trend towards higher yields. A number of

factors account for this, including mechanization, improving crop

varieties and the utilization of agricultural chemicals to name a few. If

this trend continues in the future, this could create some production

increases which would be another factor helping to offset production

losses from aquifer depletion.

FUTURE CROP PRODUCTION LEVELS

This paper has examined a wide variety of factors which will affect

future crop production levels. Agricultural management decisions along

with various other factors which could increase production may help to

offset losses from depletion.

The temporal impact of aquifer depletion is difficult to determine as

this paper has illustrated. Such factors as further irrigation

development, crop selection, energy prices, precipitation and technology

will play an important role in determining depletion rates. Even though

depletion rates cannot be accurately predicted, the information presented
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in this paper will allow certain conclusions to be drawn about aquifer

depletion.

Since some irrigation wells are threatened much more than other

wells, the following scenario will eventually occur if aquifer depletion

continues: A shrinking saturated thickness will force a few irrigators to

make adjustments. The easiest adjustment will be to plant crops requiring

less water. This may also force irrigators to adopt more water-efficient

technologies. If depletion continues, these irrigators will eventually be

forced to revert to dryland farming. As these farmers revert to dryland

farming, other farmers will reach the initial stage of adjustment. As

more farmers find themselves in this situation, depletion rates could

decline and possibly even stop altogether. Thus, some irrigators might

not ever have to adjust crop production because of aquifer depletion.

A considerable amount of cropland in the study area appears not to be

threatened at all by depletion. Most of this land lies in the sandy soils

of the north central and northeast portion of the study area. Factors

such as the changing conditions of the Arkansas River or decreasing pre-

cipitation levels could cause this to change. However, certain conditions

do seem to indicate that the water table in these areas should continue to

be relatively stable. One important condition is the high permeability of

the soil in this area. A second important condition may be the fact that

this area borders the sand hills of the Great Bend Prairie. The absence

of irrigation development in the sand hills, combined with high soil

permeability and interior drainage in this area could have an important

effect on nearby irrigation wells.

Aquifer depletion certainly doesn't pose a serious threat to the



30

overall production of crops in Southeast Ford County in the near future.

However, a small percentage of cropland does appear to be in immediate

danger. This land is located on the best soil in the area, has little

slope and includes some of the area's longest developed irrigation. The

percent of depletion which has occurred in this area (located in the

southwest part of T 28 S, R 22 W) has reached an alarming 20% in a few

instances. Although it would probably have a negligible impact on the

area's overall economy, losses caused by depletion could be a serious

economic setback to a few farmers in this area in the near future.

Eventually, much of the irrigated land located on the Harney-

Spearville-Ulysses soil association could be threatened by depletion.

This could potentially involve considerable acreages. As a result,

community-wide economic repercussions could be felt, particularly in light

of the high quality of this cropland.

LONG RANGE PLANNING IMPLICATIONS

Management by Government Agencies

The two strategies which can be pursued in groundwater management are

to increase rates of recharge or decrease rates of withdrawal. The most

common and generally least expensive strategy is to decrease withdrawal

rates. Groundwater Management District #3 has already used this strategy

by limiting irrigation development. However, GMD #3 has not attempted to

decrease withdrawal rates by managing existing irrigation. A great deal

of water conservation could be achieved by managing crop selection and

irrigation technology. However, mandatory regulations may be the only way

a significant impact on depletion rates can be achieved. Such regulations



31

present some economic and political problems. A political problem exists

because having GMD #3 or any other government agency become directly

involved in farm management decisions would not be welcomed by area farm-

ers. The economic problem comes from the costs of decreasing withdrawal

rates. It could be quite expensive to administer a mandatory conservation

program. There would be costs for both personnel and equipment, particu-

larly if well-metering were to be used. In addition, farmers might have

to pay some if not most of the costs through purchasing improved irriga-

tion equipment or being forced to plant crops which produce less revenue.

When the costs involved with mandatory regulations are compared with

the benefits of such regulations, it becomes apparent that this

groundwater management strategy would probably not be wise at this point

in time. The benefits of such regulations would occur so far into the

future that when the costs are discounted, the cost/benefit ratio would be

far from favorable. Furthermore, some farmers would benefit from

mandatory regulations while others would have nothing to gain. A

potential solution to this equity problem would be to have farmers who

would benefit from regulations compensate those who wouldn't. However,

this might create more of a financial burden than would the impact of

aquifer depletion.

Another potential method for decreasing depletion rates would be to

utilize the high levels of precipitation runoff in the vicinity of the

study area. This runoff could be utilized either through capture or

diversion. Since highly permeable sand exists at some of the lower eleva-

tions in the study area, diversions could be made to recharge ponds in

these areas. Stream capture might allow for greater recharge or
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substitution of surface water for groundwater. The total amount of pre-

cipitation runoff which could potentially be utilized is fairly substan-

tial. The Mulberry Creek represents the greatest potential source of this

water as it drains approximately 175 square miles.

The problem with utilizing precipitation runoff is the same problem

that faces mandatory groundwater pumping regulations. The benefits of

such a strategy would occur so far into the future that a favorable cost/

benefit ratio could not be achieved and once again there would be an

inequitable distribution of benefits.

Implications for Businesses

Since aquifer depletion will not have a significant impact on crop

production for a number of years, it is unlikely that the planning hori-

zons of area businesses go far enough into the future to be affected by

depletion. However, plans for business expansion or plans for establish-

ing a new business could involve the kind of long range planning in which

the impact of aquifer depletion would need to be considered.

Implications for Farmers

Groundwater is a common pool resource. As a result, an individual

cannot have a significant impact on depletion rates. Thus, a farmer's

primary consideration is not how to affect depletion rates, rather it is a

consideration of how to adjust to aquifer depletion. For some farmers in

the study area, adjustments to aquifer depletion may have to be made

relatively soon. In fact, farmers could already begin to prepare them-

selves for the lowered pumping rates which depletion will eventually
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cause. For instance, if a farmer owning cropland threatened by depletion

needed to replace his irrigation equipment, it would be wise to invest in

extremely water-efficient equipment.

Farmers purchasing irrigated cropland in the study area should be

well-informed about aquifer conditions. If farmers purchase cropland

based on the expectation of long-term irrigation, they could face some

financial hardships if aquifer depletion were to inhibit or even prevent

irrigation.
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Methodol ogy

Cropi and Acreage Estimates
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Aerial photography was used to identify the location and acreages of

cropland. There was some difficulty in identifying flood irrigation and

particularly hand-move sprinkler irrigation since 9 x 9 inch black and

white prints were used. In order to more accurately assess acreages for

these types of irrigation, the fields were drawn on topographic maps prior

to making acreage estimates. The contours on these maps often provided

clues as to the exact size and shape of fields.

The identification of center pivot systems was fairly easy. Since

most pivots irrigate 132 acres, and pivots wiht one extra or one less

tower could be identified, a fairly accurate assessment of center pivot

acreages was probably made. However, there could have been situations

where a pivot wasn't being used for irrigation and did not reflect the

characteristic circular pattern.

Well location information from the Spinazola and Dealy report aided

in irrigation cropland identification. It was particularly helpful in

confirming whether or not land was flood irrigated.

Saturated Thickness and Depletion

The actual data on saturated thickness was taken from information on

individual wells (Spinazola and Dealy, 1983). The other data on saturated

thickness and all of the data on depletion was estimated from maps in the

same publication.
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Depth to Water

Actual figures and interpolations were combined to make Figure 6.

Some cropland was excluded since interpolations could not be made.

Elevation Differences

United States Geological Survey topographic maps (7.5 minute series,

1:24,000 scale) with 10 foot contour intervals were used to determine

elevation differences on cropland. One of the problems with using only

this information is that some pivots grouped in a high slope category have

as much as one-half circle of low slope land. Thus, part of the circle

could be utilized differently from the rest of the circle.

Irrigation Development

Cropland locations and acreages were matched with well development

information (Spinazola and Dealy). This may have involved a certain

amount of overestimation of acreage levels for earlier years. This is due

to the fact that some irrigation was converted from flood or hand-move

sprinkler to center pivot irrigation. It is likely that this would have

resulted in an expansion of irrigated acreages.

Irrigated Crop Production

This report utilized Census of Agriculture information for data on

crops. This was done by determining the percentage of irrigated land

which existed in the Southeast portion of Ford County for each census

year. This percentage was then weighed against county-wide census figures

on irrigated crop acreages.



Interpolations were made for years which fell between census years in

order to keep all data in this paper comparable. The 1982 figures were

included to provide the most recent information.


