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Effect of Irrigation Practices on Water Use in the
Groundwater Management Districts Within the Kansas

High Plains, 1991-2003

By Charles A. Perry

Abstract

Data compiled for the High Plains region of Kansas that
includes five Groundwater Management Districts (GMDs)
were analyzed for trends in irrigation water use, acres irrigated,
precipitation, irrigation system types, and irrigated crop types to
determine the effects of irrigation practices on water use over
time. For the study period 1991 through 2003, precipitation
decreased significantly (with 95-percent confidence) in north-
western and west-central Kansas but not in the southwestern
and south-central parts of the State. Irrigation water use had no
statistically significant trend during this period. There was a
good (R=-0.77) relation between average regional precipitation
and total GMD irrigation water use. When irrigation water use
was adjusted for this relation, there was a positive trend
(90-percent confidence level) in the adjusted irrigation water
use. Another adjustment to water use was made using the ratio
of annual precipitation to 1991-2005 average precipitation,
which resulted in a negative trend (95-percent confidence level)
in irrigation water use. This demonstrated the contradictory
nature of precipitation adjustments to water use, making their
utility somewhat suspect. GMD 3 in southwestern Kansas used
63 percent of the total acre-feet of irrigation water within all the
GMDs.

When all GMDs are considered, the number of irrigated
acres for flood and center pivot systems without drop nozzles
decreased significantly during the study period. At the same
time the number of drop nozzle irrigated acres increased signif-
icantly. The number of irrigated acres of water-intensive crops
(corn, alfalfa, and soybeans) also increased significantly,
whereas the number of less- or non-water-intensive crops (grain
sorghum and wheat), and multiple crop type acres decreased.
Drop nozzle irrigation systems used approximately 2 percent
less water in a year-by-year comparison than center pivot sys-
tems and 8 to 11 percent less water than flood irrigation.

The best estimator of irrigation water use incorporated
total acres irrigated and annual average or March—October
regional precipitation. A conclusion that can be drawn from the
trend analyses described in this report is that, although irrigation
water use for all GMDs showed no statistically significant

trend, an apparent increased efficiency of center pivots irriga-
tion systems with drop nozzles has allowed more water-
intensive crops to be grown on more irrigated acres.

Introduction

Background

The High Plains aquifer underlies parts of Colorado, Kan-
sas, Nebraska, New Mexico, Oklahoma, South Dakota, Texas,
and Wyoming (fig. 1). Approximately 90 percent of the total
water used for irrigation in Kansas in 2003 was pumped from
wells in counties underlain by the High Plains aquifer. Histori-
cally, the saturated thickness of the High Plains aquifer has been
declining in Kansas since the 1940s (McGuire and Sharpe,
1997). These declines have been mitigated somewhat by imple-
menting various conservation strategies such as local regula-
tion, changes in irrigation management practices, and signifi-
cant advances to improve the efficiency of irrigation systems
(McGuire and Sharpe, 1997).

In an effort to reduce consumptive use of ground water in
western Kansas, State government has promoted various pro-
grams such as cost sharing for more efficient irrigation systems,
assistance with irrigation scheduling, and preparation of conser-
vation plans. These efforts have been ongoing for more than
10 years, during which time State and Federal agencies have
invested substantially in equipment cost sharing and technical
assistance to irrigators. Cost sharing is implemented locally
through the county conservation districts. In State fiscal year
2003, Kansas conservation districts eligible for irrigation initia-
tive allocations received approximately $388,000 to implement
irrigation efficiency practices (Kansas State Conservation
Commission, 2005).

Five Groundwater Management Districts (GMDs) were
created in the 1970s in the western and south-central parts of the
State. GMDs provide water-use administration, planning, and
information. The districts are governed by local boards and
have been instrumental in providing information and identify-
ing research and regulatory needs within their boundaries.
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There is substantial interest from State water agencies,
GMDs, and irrigators in evaluating the effectiveness of the cost-
sharing investments in actually reducing consumptive irrigation
water use. There is anecdotal evidence in some areas of the
State that improved irrigation system efficiency has led to a net
increase in water use as a result of either increases in the number
of acres irrigated, increases in the length of the irrigation season
by growing multiple crops, or irrigating crops with greater
water requirements. This 1-year study by the U.S. Geological
Survey (USGS), done in cooperation with the Kansas Water
Office, was conducted to determine the effect of more efficient
irrigation systems on irrigation water use in areas underlain by
the High Plains aquifer in Kansas.

There are many factors that affect irrigation water use
including precipitation, temperature, wind, number of acres irri-
gated, soil permeability, crop types, crop application rates,
length of irrigation season, and irrigation system type. The
question of whether water use has decreased or not as a result of
the addition of cost-shared drop nozzles to center pivot irriga-
tion systems needed to be addressed.

Purpose and Scope

The purpose of this report is to describe changes in irriga-
tion water use during the past 13 years (1991-2003) in areas of
Kansas in proximity of the High Plains aquifer and to evaluate
the effect of more efficient irrigation systems on water use.
Relations between irrigation water use and changes in precipi-
tation, acreage, crop type, and system type are described using
existing county data. Irrigation water use data in this report pri-
marily but not exclusively represent withdrawals from the High
Plains aquifer.

The study area was limited to 33 counties, of which at least
one-third or more of the county lies within one of the five
GMDs (fig. 1). Reported water-use data from 1991 to 2003
(Kansas Water Office and Kansas Department of Agriculture,
1993-2005), including acre-feet applied, acres irrigated, crop
type, and irrigation system type, along with the climatic vari-
able precipitation were analyzed statistically. Site-specific data
reported by irrigators each year to the Kansas Department of
Agriculture, Division of Water Resources, and aggregated by
county were used in this investigation to indicate any significant
changes over time in Kansas irrigation water use, the geo-
graphic distribution of any such changes, and whether these
changes in water use may be related to irrigation practices. The
1991 start year was chosen because that was the first year the
State collected data on irrigation system type. Summaries of
county irrigation withdrawals by method of reporting, acres irri-
gated by crop type, and acres irrigated by system type were pre-
pared for each year from 1991 through 2003. These data were
used to develop annual county-level estimates for irrigation
water use, number of acres irrigated and acre-foot per acre
application rates, using flood, center pivot with and without
drop nozzles, or other systems, and number of acres planted to
alfalfa, corn, grain sorghum, soybeans, wheat, and multiple

Data Compilation 3

crop types. Additional data considered in this investigation
included precipitation from weather stations monitored by the
U.S. Weather Service throughout western and south-central
Kansas.

Statistical analyses of the data were conducted with simple
procedures such as trend analyses and multiple least-squares
regression to identify significant variables that affect irrigation
water use. Statistical relations between irrigation water use and
precipitation, crop types, and irrigation system type were eval-
vated and interpreted. County and GMD tables showing
changes in irrigation water use and percentage of drop nozzle
systems were generated and compared (see tables 1-19 in sec-
tion on “Data Tables” at the back of this report).

The scope of this report did not include computing actual
consumptive water use. Consumptive water use is difficult to
measure even on a highly instrumented individual test site. Effi-
cient irrigation systems reduce both evaporation and deep per-
colation. The rate of deep percolation of applied water returning
to the aquifer can only be estimated. However, if the assumption
that a certain percentage of applied water finds its way back to
the water table under nonefficient irrigation systems, a lesser
percentage of water would return to the aquifer under more effi-
cient irrigation systems. More efficient systems would imply
that less water would return to the aquifer.

Data Compilation

Precipitation Data

Precipitation data used in this study have been collected by
the National Oceanic and Atmospheric Administration (1895-
2004) since 1895. Average monthly values for 1895-2004 for
the nine meteorological regions in Kansas (fig. 1) were com-
piled by the National Oceanic and Atmospheric Administra-
tion’s National Climatic Center in Asheville, North Carolina.
These precipitation data also have been aggregated into average
monthly values for each county in Kansas and are available
through the Kansas State University Weather Data Library
(http://www.oznet.ksu.edu/wdl/) for the period 1981 through
2004. Monthly precipitation values were used to compute a sea-
sonal (March through October) precipitation total for each
county for the time period 1991 through 2003 (table 1 at the
back of this report).

Irrigation Data

Irrigation data for this study have been collected by the
Kansas Department of Agriculture, Division of Water
Resources, on an annual basis since 1989. Annual water-use
reports are required of all irrigators in Kansas, and return rates
of the reports to the Kansas Department of Agriculture are about
99 percent as a result of penalties for nonreporting (Statutory
Authority: K.S.A. 82a-701 et seg., K.S.A. 82a—1501 through
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1508, as amended) (http://www.kwo.org/
Reports%20&%20Publications/REDBOOK/kda_dwr.pdf).
These data are published in annual reports (Kansas Water Office
and Kansas Department of Agriculture, Division of Water
Resources, 1993-2005). This data set has evolved as irrigation
practices have changed. Center pivots with drop nozzle irriga-
tion systems were incorporated into the data set beginning

in 1992.

Information is reported by point of diversion and includes
the amount of water pumped, acres irrigated, crop type, and irri-
gation system type. Follow-up letters and phone calls are made
to obtain missing data and to confirm or correct anomalous data
(for example, excessive application rates). Where water use
from multiple points of diversion is reported with a single total
for acres irrigated, the acres are prorated among the diversion
points. Beginning with the 2001 irrigation data, there has been
an increasing number of reports with missing data due to
decreased follow-up efforts. The most common problems are
missing acres, crop type, and system type.

Irrigation data used in this report were aggregated by
county and by GMD. The water-use reports were coded both
with county location and GMD number. If the location was out-
side of the GMD boundary, it still was included in its respective
county. For each of the five GMDs and the 33 counties included
in this study, water use and acres irrigated were summarized by
major crop type and by system type. Acre-feet per acre applica-
tion rates were calculated for irrigation water use and also for
each major crop and system type within each county and GMD.
A description of crop and system types is provided in the fol-
lowing paragraphs.

Water applied to acres of single crops was identified for
five major crop types—alfalfa, corn, grain sorghum, soybeans,
and wheat. Because it is common to irrigate multiple crop types
with single points of diversion, the largest number of irrigated
acres reported on the questionnaire was for other or multiple
crops. By prorating the numbers of acres reported for specified
combinations of major crop types, an estimate was made of total
acres of the five major crop types irrigated. This prorating tech-
nique assigned acres to each specified crop type in equal per-
centages. For example, if multiple crops were listed and corn
and wheat were specified, 50 percent of the acres were assigned
to each crop. If three crops were specified, then each was
assigned 33.3 percent of the acres.

The major categories of irrigation system type identified
on the water-use reports were flood, drip, center pivot, center
pivot with drop nozzles, sprinkler other than center pivot, and
combinations. In 1991, no identification of center pivot sys-
tems with drop nozzles was made, and the sprinkler other than
center pivot was used primarily for golf course irrigation. Since
1992, water use and acres irrigated have been reported in
increasing numbers for center pivot systems with drop nozzles.

Soil Permeability Data

Soil permeability for each county in the study area was
estimated from soil permeability data for Kansas

(U.S. Department of Agriculture, 1994) (fig. 2). Permeability
estimates were made for three randomly selected basins within
each county that was underlain by the High Plains aquifer. Sub-
basins were those available from the Kansas stream statistics
Web page (http://ks.water.usgs.gov/Kansas/studies/strmstats/
ks/?test=basin). These three estimates were averaged to provide
an estimate of the mean soil permeability for the county

(table 1).

Data Sets

For this report, irrigation information was compiled into
two sets of data. The first data set included irrigation data from
1991 through 2003 for each county having at least one-third of
its area within a GMD (tables 1 and 2 at the back of this report).
There were 33 counties that fell into this category (fig. 1). Data
included irrigation water use, total acres irrigated, and irrigation
application rates for system type (flood, center pivot, center
pivot with drop nozzle, and other systems) and for crop type
(alfalfa, corn, grain sorghum, soybeans, wheat, and other/mul-
tiple use). In addition to this irrigation information, average
annual precipitation and an estimate of mean county soil perme-
ability were included (table 1). The second set of data (tables 3
and 4 at the back of this report) included all irrigation informa-
tion for each GMD. Soil permeability for each GMD was not
determined. The average precipitation for each GMD was esti-
mated as the average precipitation for their respective meteoro-
logical region (fig. 1) and is included in table 5 at the back of
this report.

Effects of Iirigation Practices on Water Use

Statistical Analyses

Kendall’s Tau trend analysis (Kendall and Gibbons, 1990)
was used in this report to determine objectively if trends in
water-use data exist. Kendall’s Tau is a mathematical technique
that compares each data point in a time series with the other data
points and determines the degree to which the data values are
increasing or decreasing. The method provides a measure of the
probability (p) of the trend whether positive or negative. The
user then can choose the degree of confidence of accepting the
computed trend. In most cases, the user wants to be 95-percent
confident that the trend is real. Therefore, p must be equal to or
less than 0.05. For a less confident 90-percent level, p must be
equal to or less than 0.10. If p=0.01, the confidence would be
99 percent. The slope provided by Kendall’s Tau analysis is a
measure of the rate (magnitude) of the trend—the greater the
slope, the greater the magnitude of the trend. A positive slope
indicates a positive trend, and a negative slope indicates a
negative trend.
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Linear regression was used to determine the relation
between an independent variable such as precipitation and a
dependent variable such as water use. From this analysis a
correlation coefficient was computed, which indicated the
degree of fit between the two variables. The correlation coeffi-
cient, R, can vary from R=0, which is no fit, to R=+1.0, a perfect
positive correlation, or to R=-1.0, a perfect negative correlation.
When the correlation coefficient is squared, the result provides
a measure of the variability within the data. For example, a rela-
tion with R=0.8, would have 64 percent of the variability within
the relation explained by the independent variable.

Precipitation Trends

In analyzing irrigation data for trends, the factor that seems
most important is the amount of precipitation. Irrigation sup-
plies water needed for plant growth that is not supplied by rain-
fall, and the annual or growing-season precipitation should be
linked directly to the amount of water applied through
irrigation.

On average for the counties in the study area, 87 percent of
the annual precipitation occurs from March through October.
The remainder occurs during the winter months November
through February. However, precipitation during the winter is
crucial for antecedent moisture conditions for spring planting
and winter wheat growth. Therefore, annual precipitation val-
ues were used in most of the analyses described in this report.

Figure 3 shows the distribution of annual precipitation for
four of the meteorological regions (1, 4, 7, and 8) in Kansas.
Table 6 (at the back of this report) is a compilation of Kendall’s
trend analysis (Kendall and Gibbons, 1990) of various time
intervals of annual regional precipitation. The intervals were
1895 to 2003, 1950 to 2003, 1970 to 2003, 1980 to 2003, and
finally the period 1991 through 2003, which is the time interval
that includes the irrigation data described in this report. To be
significant at the 95-percent confidence interval, the p-value
must be equal to or less than 0.05. For the first four periods, the
only significant trend (positive) was during the period 1950 to
2003 in meteorological region 9 in southeastern Kansas (fig. 1).
For 1991 through 2003, two regions had significant decreases in
precipitation. Those decreases occurred in northwestern Kansas
(region 1) and west-central Kansas (region 4). Average regional
precipitation was defined as the average of the precipitation in
meteorological regions 1, 4, 7, and 8. No statistically significant
trend occurred in the average annual regional precipitation.

Irrigation Trends by Groundwater Management
Districts

Total GMD irrigation water use for 1991 through 2003
was analyzed for trend, and it too did not show a significant
trend. However, when average regional precipitation was

compared with total GMD irrigation water use (fig. 4), a fairly
good relation existed. The correlation coefficient was R=-0.77,
by which average annual regional precipitation explained

60 percent of the variability (R?=0.60) of total GMD irrigation
water use. The negative correlation indicates that more water
was used during years with less precipitation.

A trend analysis for each of the GMDs was performed on
precipitation, irrigation water use, acres irrigated, and irrigation
application rate according to system type and crop type
(tables 7-12). The rate of trend is reflected in the slope of the
trend. The only significant trend (95-percent confidence level)
in total irrigation water use was for GMD 2. The trend was pos-
itive and was slightly more than 6,000 acre-ft/yr (table 8). For
total acres irrigated, all GMDs except GMD 1 had a statistically
significant increase at the 95-percent confidence level
(tables 8—11). However, the increase for GMD 3 (the largest)
was only 99 acre/yr (table 9). GMD 5 had the largest significant
increase in acres irrigated at 4,617 acre/yr (table 11), GMD 4
had an increase of 2,330 acre/yr, and GMD 2 had an increase of
2,843 acre/yr. The trend for total acres irrigated for all GMDs
was a positive 8,311 acre/yr and was significant at the
90-percent level (p=0.059) (table 12). In every GMD the num-
ber of acres decreased significantly for flood and center pivot
systems without drop nozzles and increased significantly for
center pivot systems with drop nozzles (tables 7-12).

The total number of acre-feet used and number of acres
irrigated, by system type and crop type, varied among GMDs
because of their comparative sizes and geographic locations.
Figure SA—F shows the irrigation water use in thousands of
acre-feet, figure 6A—F shows the number of acres irrigated for
each system type, and figure 7A—F shows the number of acres
irrigated for each crop type. GMD 3 had the largest amount of
irrigation water use and the most acres irrigated of any of the
GMDs—63 percent of the total GMD water use and 57 percent
of the total acres. For the number of acres irrigated by system
type, the graphs in figure 6 show the decrease in acres irrigated
using flood and center pivot systems and the concurrent
increase in acres irrigated by center pivot systems with drop
nozzles. This trend is apparent in each GMD (tables 7-12).
GMD 3 had the largest number of acres converted to drop noz-
zle irrigation, approximately 800,000. The number of acres
planted to corn (after other or multiple crops were prorated) was
the largest for any crops for all GMDs (fig. 7).

Trends in irrigation water use and number of acres irri-
gated for each crop suggested that more water-intensive crops
are being irrigated simultaneously with the trend toward more
acres irrigated by center pivots with drop nozzles. During 1991-
2003, irrigation water use and acres irrigated increased signifi-
cantly (at the 95-percent confidence level) for alfalfa, corn, and
soybeans (table 12). Concurrently, the less water-intensive
crops of grain sorghum and wheat had significant (at the 95-
percent confidence level) negative trends in number of acres
irrigated. A conclusion that can be drawn from these analyses is
that, although total irrigation water use for all GMDs showed no
statistically significant trend, an apparent increased efficiency
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Figure 3. Annual precipitation by meteorological region, 1895-2003 (data from National Oceanic
and Atmospheric Administration, 1895-2005).
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Figure 4. Relation between irrigation water use for Groundwater Management Districts
and average precipitation for meteorological regions 1, 4, 7, 8, 1991-2003 (water-use data
from Kansas Water Office and Kansas Department of Agriculture, Division of Water
Resources, 1993-2005, and precipitation data from National Oceanic and Atmospheric and

Administration, 1895-2005).

of center pivot irrigation systems with drop nozzles has allowed
more water-intensive crops to be grown on more irrigated acres.

Irrigation Trends by County

Kendall’s Tau analyses were performed on county data for
irrigation water use and total acres irrigated. Trend analyses
also were performed on annual county precipitation for compar-
ison. These results are listed in table 1. The largest significant
positive trends at the 95-percent confidence level for either irri-
gation water use or total acres irrigated occurred in Harvey,
Pratt, Reno, Seward, Sherman, and Stevens Counties. The larg-
est significant negative trends at the 95-percent confidence
level for either irrigation water use or total acres occurred in
Grant, Haskell, and Stanton Counties.

Effect of Precipitation on Irrigation Water Use

As noted in the section on ‘“Precipitation Trends,” irriga-
tion water use has a general link to precipitation. To test this
relation in more detail, average annual county precipitation was
compared to irrigation water use for each county for each year
from 1991 through 2003. Individual county analyses showed a
range of correlation coefficients from a high of R=0.91 for Paw-
nee County to a low of R=0.07 for Reno County (table 13). The
average correlation coefficient for all 33 counties was R=0.58.

Irrigation application rate did not correlate with precipitation
amounts (average correlation coefficient of 0.12).

When irrigation water use in each GMD was considered
with its respective regional precipitation, GMD 4 had the best
relation, with 68 percent of the variability (R?=0.68) explained
using annual precipitation from region 1 precipitation
(table 14). Sixty percent of the irrigation water use for all of the
GMDs was explained by the average regional precipitation
(average of regions 1, 4, 7, and 8). When this relation was
examined on a year-to-year basis (fig. 8), the data generally fell
into a pattern of 1991 through 1996 data (center pivots with
drop nozzles less than 10 percent of total acres irrigated, from
table 3) plotting above the line of regression, while data from
1997 through 2003, except 2000 (center pivots with drop noz-
zles greater than 28 to 60 percent of total acres irrigated), plot-
ting below the line of regression. If the data are separated into
two data sets, the resulting regression lines show a decrease in
irrigation water use with respect to precipitation from approxi-
mately 400,000 acre-ft at 20 in. of precipitation to 300,000 acre-
ft at 25 in. of precipitation for all GMDs. The difference
between the y-intercepts for the two regression lines was found
to be statistically significant using the statistical t test.

Because the shortage of precipitation necessitates the
application of irrigation water, two equations were developed to
factor in the effect of precipitation variability on collective irri-
gation water use for all GMDs. These equations were generated
to explore the effect of annual precipitation on the amount of
irrigation water use. A regression equation was developed to
estimate adjusted water use from the relation between average
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A. Groundwater Management District 1 (west-central Kansas, fig. 1)
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Figure 5. Irrigation water use and annual regional precipitation by Groundwater Management District, 1991—
2003 (water-use data from Kansas Water Office and Kansas Department of Agriculture, Division of Water Re-
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E. Groundwater Management District 5 (south-central Kansas, fig. 1)
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2005).—Continued

annual precipitation for the four meteorological regions in the
study area and the measured irrigation water use. The equation
becomes:

Estimated water use (acre-feet) = 96,300 x
(average regional precipitation, inches) + 5,500,000. (1)

The second equation used to adjust irrigation water use for the
variability of precipitation consisted of multiplying each
annual water use times the ratio of the 13-year precipitation
average to the annual precipitation:

Estimated water use = Annual water use x
(Average regional precipitation)
Annual regional precipitation -

@

As noted in a preceding section, the measured irrigation water
use had no statistically significant trend during the 13-year
study period. The regression-equation estimate (equation 1)
showed a positive trend in water used that had a p-value of 0.076
(that is, significant at the 90-percent level). The estimate of
water use using the ratio of average to annual regional precipi-
tation (equation 2) resulted in a statistically significant (at the
95-percent confidence level) negative trend in water use (fig. 9).
The trend analyses of the results from the comparison of two
methods of adjusting irrigation water use for precipitation were
contradictory. This demonstrates the problem of adjusting irri-
gation water use for precipitation where both equations are
valid.

The average total water received for each year for all the
irrigated area within the GMDs was estimated from the average
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E. Groundwater Management District 5 (south-central Kansas, fig. 1)
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Figure 6. Acres irrigated by system type for Groundwater Management Districts, 1991-2003 (data
from Kansas Water Office and Kansas Department of Agriculture, Division of Water Resources, 1993

2005).—Continued

precipitation over the study area plus the average irrigation
application rate. Irrigation water use in acre-feet was divided by
the number of acres irrigated for each year to obtain the average
irrigation application rate. This number was converted to inches
and added to the average precipitation for the study area. The
results are listed in table 16 and shown in figure 10. The graph
shows that the total water applied has decreased from 1991 to
2003. Kendall’s Tau analysis on this time series shows a statis-
tically significant decrease (p=0.003) with a Kendall’s slope of
-0.46 in/yr. Linear regression on this data results in a slope of
-0.48 in/yr and an R?=0.60.

Effect of Drop Nozzles on Irrigation Water Use

One method of analyzing the effect of drop nozzle irriga-
tion systems on irrigation water use is to compare irrigation

application rates for each year. From the information in table 3,
graphs comparing flood and center pivot application rates to
center pivots with drop nozzle application rates were con-
structed for each GMD and for the combination of all GMDs. A
least-squares regression was performed on each data set, and the
resulting relation was forced to a y-intercept of 0. The slope of
the resulting line shows the percentage of water used by one
irrigation system compared to the other. For the center-

pivot to drop-nozzle comparison, slopes ranged from 0.98 to
1.05 (fig. 11A-E) for individual GMDs. When irrigation water
use and total acres irrigated for each year were used to compute
a total application rate, the slope was 0.98 (fig. 11F), indicating
that the drop nozzle application rate used approximately 2 per-
cent less water than the center pivot application rate. When
flood irrigation was compared with the drop nozzle application
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E. Groundwater Management District 5 (south-central Kansas, fig. 1)
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rate, the slope ranged from 0.82 to 1.10 (fig. 12A—F), and for
the total application rate for all GMDs, the slope was 0.92
(fig. 12F). This analysis indicated that drop nozzle systems on
average used 8 percent less water than flood irrigation systems.
An analysis was done using the county data as well. Both GMD
and county analyses are summarized in table 17 for the time
period 1992-2003.

Effect of Crop Conversion on lrrigation Water Use

Total irrigated acres increased from 2,681,000 to
2,746,000 acres between 1991-93 and 2001-03, a 2.4-percent
increase; however, during this time, the total acres of corn,
alfalfa, and soybeans increased from 25 to 40 percent,
depending upon whether total prorated acres (1,483,000 to
1,859,000 acres) or only the actual corn-alfalfa-soybean
reported acres (828,000 to 1,167,000 acres) are used (table 12).
Using either figure, there has been a substantial increase in

crops that traditionally are water intensive. When the

average irrigation water use for the first 3 years (1991-93,
3,344,000 acre-ft) is compared with the last 3 years (2001-03,
3,470,000 acre-ft) (table 3), there has been a 3.8-percent
increase in irrigation water use from one period to the next. This
increase in the total number of acres and the number of acres
with water-intensive crops probably would result in an increase
in water use in excess of the actual increase were irrigation effi-
ciency not increasing.

Correlation of Factors Affecting Irrigation Water Use

An attempt was made to correlate the factors that affect
irrigation water use using data from tables 1 and 2. Table 18 is
a correlation matrix from a stepwise multiple regression analy-
sis for water-use factors for the 33-county data set. Correlation
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coefficients ranged from R=0.97 to R=-0.67. The major factor
in irrigation water use is the total number of acres irrigated
(R=0.97). The next most significant factor was average annual
county precipitation or March—October precipitation. The best
estimate of irrigation water use involved the use of total number
of acres irrigated and the average annual regional precipitation.
Table 19 summarizes the multiple regression analyses for irriga-
tion water use and for irrigation application rates for corn and
alfalfa, the two most common crops grown in the Kansas High
Plains GMDs.

Summary

Data compiled for the High Plains region of Kansas that
includes five Groundwater Management Districts (GMDs)
were analyzed for trends in precipitation, irrigation system
types, and crop types to determine the effects of irrigation prac-
tices on water use. For the study period 1991 through 2003, pre-
cipitation decrease significantly at the 95-percent confidence
level in northwestern and west-central Kansas, but there was no
statistically significant increase or decrease in southwestern and
south-central Kansas. When the precipitation from four meteo-
rological regions was averaged, there was no statistically signif-
icant trend (at the 95-percent confidence level) in precipitation.
There was a good (R=-0.77) relation between average regional
precipitation and irrigation water use for all GMDs. Actual irri-

gation water use had no significant trend, but when adjusted for
the ratio of the 1991-2003 average precipitation to yearly pre-
cipitation, there was a significant decrease in adjusted water use
at the 95-percent confidence level. GMD 3 in southwestern
Kansas used 63 percent of the total number of acre-feet of irri-
gation water and had 57 percent of the total acres irrigated
within all of the GMDs.

The number of flood irrigation and center pivot irrigated
acres decreased significantly during the study period. At the
same time, the number of drop nozzle irrigated acres increased
significantly. Irrigated acres of water-intensive corn, alfalfa,
and soybeans also increased significantly, whereas irrigated
acres of less water-intensive grain sorghum and wheat, and mul-
tiple crop type decreased significantly. Irrigation application
rates for drop-nozzle irrigation systems averaged approxi-
mately 2 percent less than application rates for center pivot sys-
tems in a year-by-year comparison and were 8 to 11 percent less
than application rates for flood irrigation systems. However,
both were not statistically different from zero change.

The best estimator of irrigation water use incorporated
total acres irrigated and average annual or March—October
regional precipitation. A conclusion that can be drawn from
these analyses is that, although irrigation water use for all
GMDs showed no statistically significant trend, an apparent
increased efficiency of center pivots irrigation systems with
drop nozzles has allowed more water-intensive crops to be
grown on more irrigated acres.
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E. Groundwater Management District 5 (south-central Kansas, fig. 1)
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- A. Groundwater Management District 1 (west-central Kansas, fig. 1)
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Figure 12. Relation between irrigation application rates for flood irrigation systems and center
pivot systems with drop nozzles for Groundwater Management Districts, 1992—-2003.
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E. Groundwater Management District 5 (south-central Kansas, fig. 1)
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Figure 12. Relation between irrigation application rates for flood irrigation systems and center pivot
systems with drop nozzles for Groundwater Management Districts, 1992—2003.—Continued
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet;
acre-ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Flood irrigation

Center pivot irrigation

Center pivot irrigation with

Other irrigation systems

March— drop nozzle

Ammual - gotober 10t Rate of Rate of Rate of Rate of

Vear  PreciP i irrigation  Total acres . a Fj_° a Pj_o a ?_0 a Pj_o
itation C wateruse  irrigated otal  Water  irri Total ~ Water  irri Total ~ Water irri Total ~ Water  irri

(inches) 210N (acre-ft) acres  used  gation acres  used  gation acres  used  gation acres  used  gation

(inches) irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Barton County (estimated mean soil permeability = 1.2 inches per hour)
1991 1905 1558 50,874 37,908 17,398 22,791 131 19,627 27,085 1.38 NA NA NA 883 997  1.13
1992 3259 2728 20,220 32,508 11,892 5827 .49 18,745 13,496 .72 1364 709 52 507 187 37
1993 3822 3297 17,959 31,882 12,137 6,554 54 18,9000 10,962 .58 428 223 52 417 220 .53
1994 18.00 1504 43,754 35,425 14,731 17,825 121 19,292 24308 1.26 737 921 125 665 700 1.05
1995 2655 2538 33,487 36,004 15,547 13,837 .89 19,001 18241 .96 914 960  1.05 542 450 .83
1996 3152 2874 33,203 36,416 14,864 13,080 .88 19,865 18,077 .91 1,170 1310 112 517 735 142
1997 2636 2294 24,952 36,395 14,099 8459 .60 14,978 10,934 .73 6,962 5,361 77 356 198 .56
1998 29.69 2358 30,239 36,235 13,526 10,145 .75 14,587 13274 91 7,677 6,525 85 445 295 .66
1999 2859  25.66 28,049 36,867 13,945 9622 .69 14,042 11,936 .85 8,455 6,172 73 425 319 .75
2000 2932 2467 38111 37,538 13,014 12,624 .97 12,556 13,184  1.05 10,374 10,893  1.05 1,594 1411 .88
2001 29.66 2457 39,885 36,665 13,387 12,985 .97 10,933 12,573 115 1,660 13292  1.14 685 1,034 151
2002 1901 1777 40,168 38,204 12,598 11,968 .95 6917 7,678 L1l 16,438 18,082  1.10 2251 2,440 1.08
2003 2132 1828 42814 37,675 13,300 14,630  1.10 5248 5563  1.06 18276 21,931  1.20 851 690 .81
Average 2691 2326 34,132 36,132 13,880 12,334 .87 14,976 14,409 .97 7,038 7,198 94 780 744 95
p-value .50 -- .30 .01 -- - - -- - - -- - - -- - -
Slope 233 - 1,196 293 - S — - S - - - S —
Cheyenne County (estimated mean soil permeability = 1.3 inches per hour)

1991 24.99 22.38 56,064 43,979 13,981 20,133 1.44 25,190 28,969 1.15 NA NA NA 4,808 6,962 145
1992 19.64 16.54 39,541 42,214 11,412 10,385 91 23,686 21,317 .90 3,148 2,928 93 3,968 4911 1.24
1993 19.58 16.83 44,230 43,707 11,821 14,185 1.20 21,503 20,428 95 4,969 4,224 .85 5,414 5,393 1.00
1994 15.40 12.63 55,075 45,719 10,592 15,358 1.45 23,107 25,649 1.11 6,618 6,883 1.04 5,402 7,186  1.33
1995 20.72 19.26 40,621 42,804 9,033 10,749 1.19 22,971 20,674 .90 7,261 5,301 73 3,539 3,898 1.10
1996 19.19 18.35 48,994 46,737 8,912 11,853 1.33 25,035 24,034 .96 8,630 8,285 .96 4,160 4,823 1.16
1997 16.68 14.86 59,570 48,494 7,605 11,103 1.46 15,669 17,863 1.14 20,737 25,507 1.23 4,483 5,098 1.14
1998 19.26 16.67 49,947 47,522 5,514 7,278 1.32 11,581 11,813 1.02 24751 25,494 1.03 5,676 5,362 94
1999 18.36 17.33 49,835 47,593 5421 7,156 1.32 12,309 12,186 .99 25,183 25,183 1.00 4,680 5311  1.13
2000 15.58 14.31 65,272 49,219 4,093 6,753 1.65 10,037 11,743 1.17 30,458 41,118 1.35 4,631 5,657 1.22
2001 16.96 14.09 50,835 46,893 2,742 3,619 1.32 9,481 9,197 97 28,817 30,834 1.07 5,853 7,185 1.23
2002 11.07 9.86 65,242 46,576 2,295 3,718 1.62 6,653 9,115 1.37 31,105 44,169 1.42 6,523 8,241  1.26
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems
March— drop nozzle
Anngal October . Totql
Y precip- - irrigation  Total acres Rate of Rate of Rate of Water  Hateof
ear itation P CP" \vateruse irrigated ~ total  Water irri- Total ~ Water irri- Total ~ Water  irri- Total irri-
(inches) tation (acre-ft) acres  used  gation acres  used  gation acres  used  gation acres o cre-ft) gation
(inches) irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-ft) (acre- irrigated acre (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Cheyenne County (estimated mean soil permeability = 1.3 inches per hour)—Continued
2003 13.65 12.01 57,683 46,586 1,722 2,325 1.35 8,123 9,585 1.18 32,390 40,811 1.26 4,351 4,962 1.14
Average 17.78 15.78 52,531 46,003 7,319 9,586 1.35 16,565 17,121 1.06 18,672 21,728 1.07 4,884 5,768 1.18
p-value 0 -- .06 .06 -- - - -- - - -- - - -- - -
slope -.67 - 1,248 395 - - - -- - - - - - - - -
Edwards County (estimated mean soil permeability = 3.9 inches per hour)
1991 22.44 19.46 134,667 94,833 4,777 7,834 1.64 89,643 126,397 1.41 NA NA NA 413 436 1.06
1992 33.17 27.72 79,543 94,801 4,196 3,525 .84 86,595 73,606 .85 3,377 2,263 .67 633 150 24
1993 32.52 27.05 75,378 92,703 3,935 3,187 .81 86,289 69,894 .81 1,909 2,176 1.14 570 121 21
1994 18.87 15.59 124,957 93,019 2,871 4,393 1.53 88,052 117,990 1.34 1,325 1,776 1.34 771 800 1.04
1995 30.08 28.15 104,652 92,835 2,517 3,373 1.34 86,430 96,802 1.12 2,974 3,450 1.16 914 1,028 1.12
1996 37.37 34.80 74,959 94,891 2,659 2,047 77 88,029 69,543 .79 3,052 2,289 75 1,151 1,079 94
1997 36.85 31.67 77,679 96,756 2,044 1,880 .92 74,943 60,704 .81 19,582 14,882 .76 187 212 1.13
1998 24.22 19.43 126,379 97,971 1,780 1,887 1.06 59,543 77,406 1.30 31,238 39,360 1.26 5,410 7,726 1.43
1999 25.11 22.16 108,909 100,065 1,885 2,055 1.09 58,763 65,227 1.11 35,849 38,000 1.06 3,568 3,628 1.02
2000 30.27 27.08 126,017 100,031 1,942 2,486 1.28 55,352 70,297 1.27 40,791 50,581 1.24 1,946 2,654 1.36
2001 24.34 20.55 127,470 99,786 1,771 2,107 1.19 43471 55,643 1.28 46,696 59,771 1.28 7,848 9,949 1.27
2002 18.92 16.85 134,264 101,294 1,553 2,159 1.39 33,965 43,815 1.29 64,352 86,875 1.35 1,424 1,415 .99
2003 19.24 17.27 127,702 100,527 1,231 1,822 1.48 26,200 33,274 1.27 69,309 87,329 1.26 3,787 5,277 1.39
Average  27.18 23.68 109,429 96,886 2,551 2,981 1.18 67,483 73,892 1.13 26,705 32,396 1.11 2,202 2,652 1.20
p-value .29 -- .10 0 -- - - -- - - -- - - -- - -
slope -.99 -- 2,800 754 -- - - - [ — -- - -- -- - -
Finney County (estimated mean soil permeability 1.9 inches per hour)
1991 19.50 16.72 408,799 253,357 111,485 179,491 1.61 130,393 212,541 1.63 NA NA NA 11,479 16,768 1.46
1992 23.63 19.10 289,956 250,194 101,956 103,995 1.02 128,806 168,736  1.31 4,741 4,836 1.02 14,691 12,390 .84
1993 26.75 22.30 266,562 241,411 93,313 83,982 .90 118,936 149,859 1.26 11,946 17,800 1.49 17,216 14,921 .87
1994 17.85 15.47 348,399 243,085 89,163 114,129 1.28 117,657 183,545 1.56 16,478 28,013 1.70 19,787 22,712 1.15
1995 20.73 19.23 309,058 243,298 76,362 87,816 1.15 125,751 172,279  1.37 20,576 28,395 1.38 20,609 20,568 1.00
1996 22.74 21.06 296,412 240,283 74,761 88,218 1.18 118,068 149,946 1.27 30,627 41,040 1.34 16,827 17,208 1.02
1997 25.84 22.97 292,861 243,130 65,394 71,279 1.09 84,582 115,032 1.36 72,802 86,634 1.19 20,352 19,915 .98
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

vz

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation - wateruse  irrigated otal Water irri Total Water irri Total Water irri Total sed rri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Finney County (estimated mean soil permeability 1.9 inches per hour)—Continued
1998 21.36 17.98 295,060 240,956 59,493 53,544 0.90 83,663 117,128  1.40 73,783 97,394 1.32 24,017 26,995 1.12
1999 22.29 20.70 263,257 241,634 54,534 46,899 .86 64,587 82,025 1.27 95,227 108,559 1.14 27,286 25,774 .94
2000 19.01 17.71 321,831 236,280 51,426 53,997 1.05 54,882 86,714 1.58 102,468 150,628 1.47 27,504 30,492 1.11
2001 18.83 17.06 284,764 241,713 45,689 39,749 .87 35,544 45,852 1.29 128,058 165,195 1.29 32,422 33,968 1.05
2002 14.04 13.04 369,960 244,296 45,673 68,510 1.50 31,908 48,181 1.51 132,503 206,705 1.56 34212 46,565 1.36
2003 16.09 14.78 322,310 235,065 34,438 45,803 1.33 33,794 47,650 1.41 129,857 184,397 1.42 36,976 44,461 1.20
Average  20.67 18.31 313,018 242,669 69,514 79,801 1.13 86,813 121,499 1.40 68,256 93,300 1.36 23,337 25,595 1.10
p-value .06 -- 1.0 .08 -- - - -- - - -- - - -- - -
slope -.56 -- -195 -764 -- - - -- - - -- - - -- - -
Ford County (estimated mean soil permeability = 2.5 inches per hour)
1991 13.50 10.40 141,455 93,300 18,433 33,179 1.80 65,182 95,166 1.46 NA NA NA 9,685 13,110 1.35
1992 25.41 21.30 92,433 89,827 16,955 22,211 1.31 60,888 57,844 95 5,505 5,890 1.07 6,479 6,488 1.00
1993 25.66 20.68 88,526 89,023 14,700 17,640 1.20 61,536 58,459 95 3,762 4,138 1.10 9,025 8,288 92
1994 19.28 16.57 111,336 91,698 13,971 19,140 1.37 63,671 74,495 1.17 4,478 5,642 1.26 9,578 12,058 1.26
1995 23.54 22.06 100,312 89,654 12,183 15,594 1.28 62,550 66,303 1.06 5,268 7,270 1.38 9,653 11,145 1.15
1996 33.56 30.55 82,198 89,347 9,728 8,172 .84 63,224 58,166 92 6,617 6,485 .98 9,778 9,376 .96
1997 28.49 24.68 74,438 86,938 7,309 5,482 75 51,306 43,097 .84 21,995 19,576 .89 6,328 6,284 .99
1998 22.20 18.33 99,973 86,708 6,111 6,844 1.12 37,098 42,663 1.15 32,984 38,921 1.18 10,515 11,545 1.10
1999 21.84 19.83 89,491 87,610 4985 5,135 1.03 29,366 29,953 1.02 42917 45,063 1.05 10,342 9,340 .90
2000 23.38 21.62 104,815 90,356 4914 6,044 1.23 29,072 32,851 1.13 45,250 54,753 1.21 11,120 11,167 1.00
2001 17.50 14.55 107,713 91,476 4,281 5,094 1.19 27,015 31,878 1.18 48,628 58,840 1.21 11,552 11,901 1.03
2002 17.84 16.32 115,809 93,396 3918 5,328 1.36 21,162 24,125 1.14 55,977 71,091 1.27 12,339 15,265 1.24
2003 19.07 17.19 98,452 90,029 3,352 3,553 1.06 22,640 24,225 1.07 54,788 61,910 1.13 9,249 8,764 95
Average  22.40 19.54 100,535 89,951 9,295 11,801 1.20 45,747 49,171 1.08 27,347 31,632 1.14 9,665 10,364 1.07
p-value .30 -- .05 1.0 -- - - -- - - -- - - -- - -
slope -48 -- 553 -11 -- - - -- - - -- - - -- - -
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems
March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri

(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation

(inches) irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Graham County (estimated mean soil permeability = 1.5 inches per hour)
1991 20.15 16.69 15,629 12,339 2,431 4,522 1.86 8,021 8,663 1.08 NA NA NA 1,887 2,445 1.30
1992 25.27 20.80 6,632 11,164 1,163 1,093 94 7,514 4,058 .54 1,011 536 .53 1,476 945 .64
1993 37.58 33.44 3,122 8,888 939 714 .76 7,024 1,967 .28 383 153 .40 542 288 .53
1994 16.27 12.23 10,275 11,312 1,315 1,854 1.41 8,288 6,962 .84 762 686 .90 947 774 .82
1995 25.96 24.05 10,806 11,374 939 1,268 1.35 8,340 7,673 92 1,282 1,051 .82 813 815 1.00
1996 26.44 23.19 9,708 12,164 962 1,126 1.17 8,793 6,683 .76 1,596 1,181 74 813 719 .88
1997 22.51 19.12 11,448 12,604 859 1,220 1.42 6,874 5912 .86 4,338 3,948 91 533 369 .69
1998 23.74 19.41 11,531 13,764 564 778 1.38 6,524 5,219 .80 5,895 5,070 .86 781 463 .59
1999 20.92 19.64 9,626 13,838 515 659 1.28 6,819 4,705 .69 5,529 3,649 .66 975 612 .63
2000 20.00 17.32 14,681 14,590 659 1,061 1.61 6,661 6,128 92 6,803 7,075 1.04 467 417 .89
2001 22.35 18.94 11,972 14,098 669 896 1.34 5,609 4,487 .80 7,085 5,810 .82 735 779 1.06
2002 14.40 13.55 17,127 14,774 479 666 1.39 4347 4,434 1.02 9,139 10,784 1.18 809 1,243 1.54
2003 13.65 12.39 15,383 14,759 428 496 1.16 4512 4,422 .98 8,649 9,254 1.07 1,170 1,210 1.03
Average 2225 1929 11,380 12,744 917 1258 131 6,871 5485 .81 4373 4,100 .83 919 852 93
p-value .04 -- .03 0 -- - - -- - - -- - - -- - -
slope -.83 -- 695 392 -- - - -- - - -- - - -- - -
Grant County (estimated mean soil permeability = 2.4 inches per hour)

1991 19.36 16.62 236,163 142,038 86,579 139,392  1.61 37,394 65,440 1.75 NA NA NA 18,065 31,331 1.73
1992 11.79 9.20 212,451 143,886 84,177 122,057 1.45 36,900 58,302 1.58 9,136 12,973 1.42 13,673 19,120 1.40
1993 22.60 18.81 158,507 138,752 67,988 74,787 1.10 41,424 54,680 1.32 8,413 8,750 1.04 20,927 20,291 .97
1994 17.36 15.90 196,856 139,096 58,423 82,376 1.41 41,965 62,948 1.50 11,676 14,829 1.27 27,032 36,704 1.36
1995 15.45 15.20 186,807 136,205 45,898 65,175 1.42 44,565 61,945 1.39 12,453 15,691 1.26 33,289 43,996 1.32
1996 22.56 21.32 172,941 134,228 42,468 54,784 1.29 44,736 61,736 1.38 11,824 13,243 1.12 35,200 43,178 1.23
1997 19.29 18.55 144,617 137,703 32,925 32925 1.00 29,835 34,012 1.14 35,910 38,783 1.08 39,033 38,897 1.00
1998 16.57 14.65 143,152 134,983 24,581 21,385 .87 26,822 33,259 1.24 40,744 48,485 1.19 42,836 40,021 93
1999 15.44 13.97 144,243 130,566 18,429 17,508 95 25,199 32,759 1.30 45,725 50,755 1.11 41,213 43,222 1.05
2000 18.50 17.75 167,867 126,929 11,195 11,419 1.02 25,795 37,661 1.46 50,422 71,599 1.42 39,517 47,188 1.19
2001 1691 16.04 121,369 119,984 7,202 5,762 .80 20,825 22,283 1.07 51,413 57,068 1.11 40,544 36,256 .89
2002 11.75 10.86 166,915 120,861 6,089 7,611 1.25 14,604 19,715 1.35 65,494 95,621 1.46 34,674 43,967 1.27
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-

ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Flood irrigation

Center pivot irrigation

Center pivot irrigation with

Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation - wateruse  irrigated otal Water irri Total Water irri Total Water irri Total sed rri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Grant County (estimated mean soil permeability = 2.4 inches per hour)—Continued
2003 15.32 14.33 144,167 117,232 4,551 4,278 0.94 14,137 17,954 1.27 63,792 86,119 1.35 34,752 35,816 1.03
Average 17.15 15.63 168,927 132,497 37,731 49,189 1.16 31,092 43284 1.37 33,917 42,826 1.24 32,366 36,922 1.14
p-value .10 -- 0 0 -- - - -- - - -- - - -- - -
slope -.36 -- -6,778 2,172 -- - - -- - - -- - - -- -- --
Gray County (estimated mean soil permeability = 2.0 inches per hour)
1991 2096  17.64 318,248 197,652 65,390 115,740 1.77 118,959 183,197 1.54 NA NA NA 13,303 19311 145
1992 2771 2125 234,663 192815 62,571 82,594 132 104,756 122,565 1.17 12,741 15,799  1.24 12,747 13,706  1.08
1993 2737 2175 210,610 187,749 54,146 67,141 124 116,515 128,167 1.10 4963 3,921 79 12,125 11,382 94
1994 1732 15.18 255990 189,857 48,740 74,572 153 112,570 147,467 131 11,809 15,116  1.28 16,738 18,835  1.13
1995 19.81 1850 249,139 191,401 41,995 66,352 158 117,669 143,556 1.22 15315 19297  1.26 16422 19934  1.21
1996 3099 2949 217,497 188,268 33,518 46,255 138 123,790 136,169 1.10 12,301 14269  1.16 18,659 20,804  1.11
1997 2285  20.12 223,707 193,405 20,748 28,010  1.35 86,094 94,703  1.10 62,101 75,142 121 24462 25852  1.06
1998 18.15 1535 254,503 194,869 16,422 26275  1.60 76,398 97,789  1.28 76,388 100,068  1.31 25,661 30,370  1.18
1999 23.29 22.06 207,754 196,852 13,436 17,198 1.28 70,347 70,347 1.00 86,700 93,636 1.08 26,369 26,573 1.01
2000 17.48 16.46 262,448 196,639 11,805 18,180 1.54 54,826 66,888 1.22 104,458 141,018 1.35 25,550 36,362 1.42
2001 17.05 14.87 242,452 193,058 9,062 12,868 1.42 58,037 66,743 1.15 103,222 132,124 1.28 22,737 30,717 1.35
2002 12.85 11.64 268,045 184,726 7,280 13,031 1.79 50,502 66,158 1.31 102,352 150,457 1.47 24,592 38,399 1.56
2003 19.73 17.98 233,741 181,426 5429 7,221 1.33 33,938 46,156 1.36 121,067 153,755 1.27 20,992 26,610 1.27
Average  21.20 18.64 244,523 191,440 30,042 44,264 1.47 86,492 105,377 1.22 59,451 76,217 1.23 20,027 24,527 1.22
p-value .06 -- 1.0 .58 -- - - -- - - -- - - -- - -
slope -.60 -- 390 -367 -- - - -- - - -- - - -- - -
Greeley County (estimated mean soil permeability = 1.2 inches per hour)
1991 20.55 17.42 39,803 27,211 18,519 27,779 1.50 6,950 10,008 1.44 NA NA NA 1,742 2,016 1.16
1992 19.82 16.23 34,118 28,347 14,819 19,265 1.30 6,245 5,308 .85 5,264 7,264 1.38 2,019 2,281 1.13
1993 20.67 16.74 28,895 26,874 14,138 15,552 1.10 5,227 4,809 92 5,686 6,994 1.23 1,823 1,541 .85
1994 18.76 17.04 34,724 27,044 13,187 17,143 1.30 7,325 9,889 1.35 3,189 3,572 1.12 3,343 4,121 1.23
1995 18.64 17.35 28,223 28,029 10,372 11,513 1.11 4,971 5,468 1.10 10,651 9,692 91 2,035 1,549 .76
1996 21.88 21.10 32,404 29,743 8,163 10,122 1.24 7,167 7,310 1.02 12,336 13,323 1.08 2,077 1,649 .79

92

£00Z—-1661 ‘suie|d ybiy sesuey ay) ui s}auysi Juawabeueyy 18)empunoin ay) ul asq) Jajepp Uo saonaeld uonebij jo 1oay3



Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of

Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-

ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Flood irrigation

Center pivot irrigation

Center pivot irrigation with

Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Wate a e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Greeley County (estimated mean soil permeability = 1.2 inches per hour)—Continued
1997 24.72 21.91 28,153 28,997 7,367 7,809 1.06 3,697 3,660  0.99 15912 14,639 0.92 2,021 2,045 1.01
1998 17.49 15.20 27,964 30,367 5,755 5,813 1.01 4,571 4,525 .99 18,248 15,876 .87 1,793 1,750 .98
1999 21.38 20.24 26,227 29,740 5,299 5,140 97 3,604 3,288 .89 17,439 15,172 .87 3,308 2,627 .79
2000 14.67 13.46 31,874 29,451 3,120 3,557 1.14 3,859 3,782 .98 19,758 20,943 1.06 2,714 3,592 1.32
2001 13.07 10.98 28,056 28,464 2,056 2,611 1.27 3,475 3,614 1.04 20,786 19,955 .96 2,147 1,876 .87
2002 10.21 9.62 33,752 29,261 2,377 2,971 1.25 3,304 3,833 1.16 21,563 23,935 1.11 2,017 3,013 1.49
2003 16.70 15.83 28,574 28,438 2,012 2,072 1.03 2,350 2,609 1.11 21,347 20,493 .96 2,729 3,400 1.25
Average  18.35 16.39 30,982 28,613 8,245 10,104 1.18 4,833 5,239 1.06 14,348 14,321 1.04 2,290 2,420 1.06
p-value .04 -- .08 .16 -- - - -- - - -- - - -- - -
slope -.64 -- -436 156
Harvey County (estimated mean soil permeability = 1.2 inches per hour)
1991 24.96 20.20 32,641 27,337 11,421 15,190 1.33 13,860 15,662 1.13 NA NA NA 2,056 1,789 .87
1992 34.89 24.94 18,593 26,211 10,302 8,139 .79 14,416 9,515 .66 133 64 48 1,360 876 .64
1993 41.21 35.35 16,865 25,369 9,360 6,739 72 14,524 9,586 .66 97 60 .62 1,388 480 35
1994 25.42 20.85 29,135 26,878 9,941 11,730 1.18 15,278 16,042 1.05 79 27 34 1,580 1,336 .85
1995 36.75 35.03 24,695 27,701 9,106 9,015 .99 16,288 14,008 .86 277 177 .64 2,030 1,496 74
1996 32.07 27.79 24,981 28,860 9,167 8,892 97 17,345 14,570 .84 165 101 .61 2,183 1,418 .65
1997 33.20 27.05 21,350 29,390 8,309 6,564 .79 13,498 10,124 75 5,359 3,376 .63 2,224 1,286 .58
1998 39.72 27.71 27,425 30,126 8,354 8,438 1.01 10,623 8,817 .83 8,254 8,006 .97 2,895 2,164 5
1999 36.76 30.70 23,261 30,000 7,432 6,689 .90 9,320 6,244 .67 10,810 8,756 .81 2,438 1,572 .64
2000 29.09 25.00 30,603 31,432 8,274 9,019 1.09 4,823 4,341 .90 14,126 13,561 .96 4,209 3,683 .87
2001 29.09 23.98 35,737 31,181 7,812 9,531 1.22 5,722 6,294 1.10 14,848 16,778 1.13 2,799 3,134 1.12
2002 28.61 26.03 33,307 31,844 7,852 9,658 1.23 3,774 3,472 92 17,267 17,440 1.01 2,951 2,737 93
2003 36.05 33.02 37,459 32,962 7,119 9,326 1.31 3,514 3,444 .98 18,098 20,089 1.11 4,231 4,601 1.09
Average 3291 27.51 27,389 29,176 8,804 9,148 1.04 10,999 9,394 .87 7,459 7,370 78 2,488 2,044 82
p-value 1.0 -- .03 0 -- - - -- - - -- - - -- - -
slope -.04 - 1,291 614 - - - - - - - - - - -- -
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

8¢

March— drop nozzle

Annoal - gotoper 102! Rate of Rate of Rate of Rate of

Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri

(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation

(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Haskell County (estimated mean soil permeability = 2.0 inches per hour)
1991 16.18 13.32 390,649 218,666 173,326 306,787 1.77 27,151 45,614 1.68 NA NA NA 18,189 38,248 2.10
1992 16.77 1291 331,144 217,245 162,954 257,467 1.58 30,958 43,651 1.41 3,282 2,954 .90 20,051 27,072 1.35
1993 22.20 18.05 280,433 216,578 150,017 204,023 1.36 37,417 45,275 1.21 3,649 3,977 1.09 25,495 27,158 1.07
1994 16.28 14.87 338,265 218,088 130,875 215,944  1.65 39,261 55,358 1.41 4,621 7,255 1.57 43,331 59,708 1.38
1995 14.73 13.80 322,206 213,309 98,663 160,821 1.63 53,293 74,077 1.39 3,383 3,451 1.02 57,970 83,857 1.45
1996 23.93 22.40 283,368 212,300 79,310 122,931 1.55 61,830 72,341 1.17 2,978 2,561 .86 68,182 85,536 1.25
1997 21.71 19.58 266,590 213,416 68,622 98,129 1.43 40,655 51,225 1.26 42,412 50,470 1.19 61,727 66,765 1.08
1998 18.74 16.04 259,642 214,409 57,196 77,215 1.35 41,452 50,986 1.23 47,060 57,413 1.22 68,701 74,028 1.08
1999 23.81 22.25 230,834 212,874 46,298 60,187 1.30 40,815 43,672 1.07 46,806 51,019 1.09 78,955 75,956 .96
2000 17.28 16.42 275,682 210,115 39,840 58,963 1.48 29,624 38,807 1.31 66,585 87,892 1.32 74,066 90,019 1.22
2001 12.63 10.37 240,724 200,480 31,059 43,483 1.40 23,428 26,942 1.15 77,448 94,487 1.22 68,545 75,813 1.11
2002 11.86 10.72 303,666 213,401 25,285 47,030 1.86 25,650 34,371 1.34 76,074 103,461 1.36 86,392 118,804 1.38
2003 13.98 13.14 249,435 199,953 18,106 28,245 1.56 20,536 22,590 1.10 76,927 96,928 1.26 84,384 101,672 1.20
Average 17.70 15.68 290,203 212,372 83,196 129,325 1.53 36,313 46,531 1.29 37,602 46,822 1.18 58,153 71,126 1.22
p-value .30 -- .01 0 -- - - -- - - -- - - -- - -
slope -.36 - -8,922 -979 - - - - - - - - - - -- -
Kearny County (estimated mean soil permeability = 2.4 inches per hour)

1991 18.76 15.75 168,070 98,578 46,072 65,883 1.43 48,078 91,829 1.91 NA NA NA 4,428 10,358 2.34
1992 18.62 15.54 133,546 97,766 46,238 45,776 .99 47,605 82,357 1.73 629 1,107 1.76 3,294 4,306 1.31
1993 21.65 18.33 125,288 98,361 42,890 37,743 .88 49,430 80,571 1.63 1,555 2,208 1.42 4,486 4,766 1.06
1994 24.22 22.10 149,561 97,871 35,785 42,942 1.20 49,623 88,825 1.79 3,394 4,718 1.39 9,069 13,076 1.44
1995 20.98 20.42 129,483 96,063 30,170 27,455 91 46,772 78,577 1.68 6,656 8,253 1.24 12,465 15,198 1.22
1996 23.20 22.29 131,765 97,004 28,028 27,187 97 52,148 84,480 1.62 6,699 9,379 1.40 10,129 10,719 1.06
1997 24.42 22.38 131,882 104,172 25,776 20,621 .80 38,677 61,883 1.60 25,973 37,141 1.43 13,746 12,236 .89
1998 20.96 17.67 131,906 103,819 22,644 16,530 73 42,474 67,534 1.59 23,093 33,947 1.47 15,608 13,895 .89
1999 16.75 15.35 133,931 103,050 20,706 14,908 72 35,116 53,025 1.51 32,607 50,215 1.54 14,621 15,782 1.08
2000 17.01 15.94 161,529 103,217 18,780 16,526 .88 15,867 30,147 1.90 56,383 101,489 1.80 12,187 13,365 1.10
2001 18.86 16.84 132,076 101,111 18,118 11,958 .66 12,852 19,792 1.54 54,961 85,739 1.56 15,180 14,587 .96
2002 10.51 9.43 185,629 107,275 17,534 23,846 1.36 12,711 25,803 2.03 59,970 112,144 1.87 17,060 23,835 1.40
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation

Center pivot irrigation

Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Kearny County (estimated mean soil permeability = 2.4 inches per hour)—Continued
2003 18.06 16.36 146,641 103,846 14,169 13,886 0.98 11,731 19,122 1.63 59,041 91,514 1.55 18,905 22,120 1.17
Average 19.54 17.57 143,177 100,933 28,224 28,097 .96 35,622 60,303 1.70 27,580 44,821 1.54 11,629 13,403 1.15
p-value .16 -- .20 .06 -- - - -- - - -- - - -- - -
slope -.36 -- 936 642 -- - - -- - - -- - - -- - -
Kiowa County (estimated mean soil permeability = 3.7 inches per hour)
1991 18.77 15.65 75,245 49,214 1,426 2,467 1.73 46,826 71,644 1.53 NA NA NA 962 1,134 1.18
1992 26.89 22.47 47,130 48,883 936 936 1.00 46,425 44,568 .96 1,075 1,118 1.04 447 508 1.14
1993 31.50 26.32 51,802 48,559 930 1,163 1.25 45,279 47,543 1.05 1,546 2,180 1.41 804 917 1.14
1994 21.60 18.17 66,869 48,812 1,044 1,608 1.54 45,630 62,969 1.38 1,777 2,044 1.15 361 249 .69
1995 24.59 23.28 55,885 48,684 868 1,215 1.40 45,470 52,291 1.15 1,714 1,937 1.13 632 442 .70
1996 31.44 29.14 45,897 50,672 830 838 1.01 46,147 41,994 91 3,022 2,508 .83 673 557 .83
1997 31.01 26.89 44,379 51,365 585 649 1.11 32,328 27,479 .85 18,164 16,166 .89 288 85 .29
1998 22.41 18.17 69,232 51,852 604 918 1.52 25,207 33,525 1.33 23,721 32,023 1.35 2,320 2,765 1.19
1999 21.66 20.55 59,727 52,023 409 519 1.27 23,074 26,535 1.15 25,932 30,081 1.16 2,608 2,591 .99
2000 33.72 31.02 64,090 51,852 261 326 1.25 16,010 20,013 1.25 33,672 42,090 1.25 1,909 1,661 .87
2001 24.16 17.81 70,605 51,539 413 297 72 15,593 22,454 1.44 33,846 45,692 1.35 1,687 2,161 1.28
2002 22.33 20.85 69,065 52,851 431 491 1.14 12,353 17,788 1.44 37,464 47,205 1.26 2,603 3,581 1.38
2003 19.00 17.31 67,440 52,629 385 485 1.26 10,304 14,838 1.44 39,894 49,070 1.23 2,046 3,047 1.49
Average  25.31 22.13 60,567 50,687 702 916 1.25 31,588 37,203 1.22 18,486 22,676 1.17 1,334 1,515 1.14
p-value .67 -- .36 0 -- - - -- - - -- - - -- - -
slope -.20 -- 1,382 360 -- - - -- - - -- - - -- - -
Lane County (estimated mean soil permeability = 1.2 inches per hour)
1991 2156 1874 27,668 24,427 21,865 26,019  1.19 1,707 1349 .79 NA NA NA 855 300 35
1992 25.66 20.44 16,615 20,264 15,898 14,785 93 2,301 1,220 53 0 0 0 2,065 610 .30
1993 29.73 23.97 11,164 17,080 13,171 9,351 71 1,821 819 45 490 431 .88 1,598 562 35
1994 22.78 18.73 20,020 18,490 14,635 16,099 1.10 1,508 1,191 .79 864 1,140 1.32 1,483 1,590 1.07
1995 21.13 20.07 21,075 21,705 14,669 15,402 1.05 1,729 1,245 72 1,305 1,736 1.33 4,002 2,692 .67
1996 32.79 31.21 15,347 21,230 13,299 10,240 77 2,014 1,611 .80 2,168 1,734 .80 3,749 1,761 47
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of

Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-

ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres Total  Wat a e__o Total  Wat a ‘“j_o Total Wt a e__o Tota | Water é_‘e__o
itation ration wateruse  irrigated ota ater irri ota ater irri ota ater irri ota irri
(inches) . (acre-ft) _acres used  gation _acres used  gation _acres used gation _acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Lane County (estimated mean soil permeability = 1.2 inches per hour)—Continued
1997 24.81 21.29 14,951 21,445 12,731 9,548 0.75 1,876 1,219 0.65 3,044 1,918 0.63 3,794 2,265 0.60
1998 24.43 19.91 15,083 22,295 10,479 8,069 17 2,075 1,432 .69 4,030 2,539 .63 5,711 3,044 .53
1999 18.48 17.58 16,707 23,162 9,890 8,901 .90 1,379 1,269 92 4982 3,089 .62 6,911 3,448 .50
2000 19.92 17.90 18,864 22,912 8,026 7,464 93 484 581 1.20 7,206 4,900 .68 7,196 5,919 .82
2001 19.53 17.57 16,858 19,507 6,403 6,403 1.00 593 433 73 6,358 4,578 12 6,153 5,445 .88
2002 13.66 12.50 18,488 18,965 4921 5,856 1.19 1,330 1,796 1.35 5,765 4,554 .79 6,949 6,282 .90
2003 19.45 18.20 20,973 20,137 7,225 8,598 1.19 255 467 1.83 7,083 6,304 .89 5,574 5,605 1.01
Average  22.61 19.85 17,986 20,894 11,786 11,287 .96 1,467 1,125 .88 3,608 2,744 77 4311 3,040 71
p-value .02 -- .67 1.0 -- - - -- - - -- - - -- -- --
slope -.70 -- 119 24 -- - - -- - - -- - - -- -- --
McPherson County (estimated mean soil permeability = 0.9 inches per hour)
1991 24.36 20.11 36,866 30,435 16,609 22,256 1.34 12,077 12,802 1.06 NA NA NA 1,749 1,808 1.03
1992 37.63 30.75 12,316 27,899 14,571 7,431 51 10,813 3,785 35 796 279 35 1,719 821 48
1993 46.78 40.53 12,389 25,109 12,372 6,928 .56 10,982 4,503 41 245 103 42 1,510 855 .57
1994 20.33 15.41 30,414 29,532 15,211 17,645 1.16 11,030 9,817 .89 246 308 1.25 3,045 2,645 .87
1995 37.90 35.59 23,802 28,217 13,453 13,049 97 12,143 8,743 172 258 219 .85 2,363 1,791 .76
1996 31.41 27.84 24,149 30,722 13,147 12,095 92 14,093 9,583 .68 698 719 1.03 2,784 1,752 .63
1997 35.66 29.77 22,168 31,455 12,397 10,537 .85 8,714 4,967 .57 7,039 4,435 .63 3,305 2,229 .67
1998 38.06 28.85 27,394 32,724 11,387 11,501 1.01 9,657 6,663 .69 7,118 5,623 .79 4,562 3,607 .79
1999 38.69 32.78 20,366 32,561 10,785 8,304 17 7,963 4,300 .54 9,745 5,067 .52 4,068 2,694 .66
2000 31.96 26.69 28,787 33,088 11,303 12,320 1.09 8,050 5,474 .68 9,759 7,710 .79 3,976 3,283 .83
2001 28.26 23.45 33,159 33,269 10,815 12,978 1.20 6,795 5,640 .83 10,779 9,809 91 4,880 4,732 .97
2002 29.02 25.65 35,375 34,548 10,195 12,336 1.21 5,920 5,565 94 12,709 11,946 94 5,724 5,528 .97
2003 31.80 28.21 39,036 33,988 9,307 12,471 1.34 6,270 6,709 1.07 12,634 13,392 1.06 5,777 6,464 1.12
Average  33.22 28.13 26,632 31,042 12,427 12,296 .99 9,577 6,812 73 6,002 4,967 .80 3,497 2,939 .84
p-value .85 -- .06 0 -- - - -- - - -- - - -- - -
slope -40 - 1,836 595 - - - - - - - - - - -- -
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems
March— drop nozzle

Annoal - gotoper 102! Rate of Rate of Rate of Rate of

Vear  PrECIPTcini irrigation  Total acres Total  Wat a e__o Total  Wat a ‘“j_o Total Wt a e__o Tota | Water é_‘e__o
itation ration wateruse irrigated ota ater irri ota ater irri ota ater irri ota used irri

(inches) . (acre-ft) _acres used  gation _acres used  gation _acres used gation _acres (acre-ft) gation

(inches) irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Meade County (estimated mean soil permeability = 2.2 inches per hour)
1991 19.14 14.88 216,129 124,784 84,112 160,654 1.91 23,287 31,670 1.36 NA NA NA 17,385 23,805 1.37
1992 18.90 15.02 168,859 123,552 84,747 126,273 1.49 24,077 24,318 1.01 1,070 1,102 1.03 13,658 17,166 1.26
1993 17.89 13.88 161,882 124,442 83,461 120,184 1.44 25,808 26,066 1.01 2,000 1,700 .85 13,173 13,932 1.06
1994 21.87 20.34 182,199 122,846 73,467 119,017 1.62 28,608 35,760 1.25 2,768 3,654 1.32 18,003 23,769 1.32
1995 20.66 19.43 173,885 119,254 65,295 102,513 1.57 31,331 41,357 1.32 1,091 1,353 1.24 21,537 28,662 1.33
1996 26.76 23.53 166,599 124,793 65,867 97,483 1.48 38,692 44,109 1.14 1,728 1,503 .87 18,506 23,504 1.27
1997 28.14 22.48 144,351 124,399 48,169 61,656 1.28 26,595 27,925 1.05 20,463 22919 1.12 29,172 31,852 1.09
1998 27.42 26.46 170,925 124,726 34,202 51,987 1.52 22,098 28,064 1.27 32,483 42,878 1.32 35,943 47,996 1.34
1999 27.35 26.19 142,101 126,820 28,241 36,431 1.29 21,333 24,106 1.13 38,255 41,315 1.08 38,991 40,248 1.03
2000 21.38 19.82 179,978 128,336 25,546 39,341 1.54 14,869 22,304 1.50 51,214 71,187 1.39 36,707 47,146 1.28
2001 2463 1692 160400 118,987 16,424 23486  1.43 15242 22,558  1.48 51326 67,750  1.32 35,995 46,605  1.29
2002 2336 21.06 201,544 125,890 17,978 28,945  1.61 16013 27382 171 53,905 87,326  1.62 37,994 57,891  1.52
2003 3372 3241 156,630 122,229 13,148 16,829 1.8 11,734 13,025 1.11 57,672 77280  1.34 39,675 49,495  1.25
Average 2394 2096 171,191 123,928 49281 75,754 1.50 23,053 28357 126 26,165 34,997 121 27441 34775 127
p-value .03 -- .30 .76 -- - - -- - - -- - - -- - -
slope .87 -- -1,282 108 -- - - - - -- - - -- - -
Morton County (estimated mean soil permeability = 2.5 inches per hour)

1991 18.40 15.50 83,832 50,778 34,871 58,235 1.67 10,113 16,080 1.59 NA NA NA 5,794 9,518 1.64
1992 14.92 12.70 74,013 49,648 31,931 47,897 1.50 7,448 10,278 1.38 2,112 2,577 1.22 8,157 13,261 1.63
1993 19.65 16.43 67,257 53,025 28,607 36,903 1.29 12,580 16,228 1.29 2,163 2,877 1.33 9,675 11,249 1.16
1994 18.51 16.85 65,899 52,123 24,102 30,128 1.25 12,262 16,799 1.37 2,835 2,920 1.03 12,924 16,052 1.24
1995 15.74 14.41 60,528 49,624 18,184 22,730 1.25 14,203 16,902 1.19 3,755 4,243 1.13 13,482 16,654 1.24
1996 21.78 20.79 56,036 52,208 19,814 19,616 .99 13,032 14,726 1.13 5,213 6,256 1.20 14,149 15,438 1.09
1997 19.30 17.10 53,473 50,965 13,122 11,941 91 13,205 14,790 1.12 14,112 15,100 1.07 10,526 11,642 1.11
1998 20.92 18.63 54,533 49,924 8,182 7,527 92 11,243 12,929 1.15 19,675 21,446 1.09 10,824 12,630 1.17
1999 18.14 16.87 48,298 52,460 8,755 7,267 .83 11,255 11,368 1.01 24,146 21,973 91 8,304 7,691 93
2000 16.54 16.01 55,442 50,547 6,666 6,799 1.02 11,228 13,698 1.22 26,148 29,286 1.12 6,505 5,659 .87
2001 18.53 16.02 44,290 47,586 5,580 3,683 .66 11,320 12,905 1.14 22,464 21,116 94 8,222 6,586 .80
2002 13.09 11.43 49,960 42,406 3,146 3,870 1.23 7,323 9,666 1.32 24,593 28,282 1.15 7,344 8,143 1.11
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

[43

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation - wateruse  irrigated otal Water irri Total Water irri Total Water irri Total sed rri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Morton County (estimated mean soil permeability = 2.5 inches per hour)—Continued
2003 19.22 17.38 39,507 42,786 1,954 1,583 0.81 11,127 10,682  0.96 24,391 21,464 0.88 5,314 5,779 1.09
Average  18.06 16.16 57,928 49,545 15,763 19,860 1.10 11,257 13,619 1.22 14,301 14,795 1.09 9,325 10,792 1.16
p-value .67 -- 0 .08 -- - - -- - - -- - - -- - -
slope -.09 - -2,968 -532 - - - - - - - - - - -- -
Pawnee County (estimated mean soil permeability = 1.2 inches per hour)
1991 1408 1072 106,932 77,085 35,727 54,662  1.53 40,418 50,523  1.25 NA NA NA 940 1,747  1.86
1992 32.14 2655 45,543 70,536 29419 18240 .62 38,004 25463 .67 1,734 1,231 71 1,379 609 44
1993 38.05 3099 31,209 64,354 23,952 10,778 .45 38,512 19256 .50 723 289 40 1,167 885 76
1994 1483 1172 90,564 74,522 31,653 39,250  1.24 40,513 49,021 1.21 423 326 77 1,933 1,968  1.02
1995 24.52 22.38 75,112 77,576 33,064 31,411 95 39,920 39,122 .98 3,124 3,186 1.02 1,468 1,393 95
1996 32.01 28.58 53,184 74,372 27,290 20,468 75 40,253 28,177 .70 4932 3,600 73 1,897 939 49
1997 27.34 23.64 53,515 75,503 24,555 18,171 74 28,019 19,333 .69 19,278 13,880 12 3,651 2,131 .58
1998 25.25 20.51 77,546 80,600 24,263 22,807 94 22,154 21,711 .98 29,720 28,531 .96 4,463 4,497 1.01
1999 24.92 22.32 67,624 80,135 22,619 18,774 .83 21,726 18,684 .86 31,173 27,121 .87 4,617 3,045 .66
2000 26.74 23.08 84,802 79,215 19,061 21,348 1.12 16,664 18,830 1.13 37,624 38,753 1.03 5,866 5,870 1.00
2001 24.35 20.94 82,947 79,534 18,317 19,233 1.05 11,907 11,907 1.00 43,371 45,973 1.06 5,939 5,834 .98
2002 17.37 15.98 94,792 79,512 16,944 19,655 1.16 11,734 14,198 1.21 43,154 51,353 1.19 7,680 9,586 1.25
2003 19.06 17.12 83,221 74,912 12,124 15,276 1.26 9,905 10,995 1.11 45,815 49,938 1.09 7,068 7,012 .99
Average  24.66 21.12 72,846 75,989 24,538 23,852 97 27,671 25,171 95 21,756 22,015 .88 3,698 3,501 95
p-value .30 -- .20 .10 -- - - -- - - -- - - -- - -
slope -.81 -- 2,374 450 -- - - -- - - -- - - -- - -
Pratt County (estimated mean soil permeability = 4.1 inches per hour)
1991 28.72 24.61 97,761 71,656 1,838 2,831 1.54 67,299 91,527 1.36 NA NA NA 2,519 3,404 1.35
1992 27.42 22.73 62,151 70,424 1,687 1,805 1.07 64,142 57,086 .89 2,882 2,306 .80 1,713 954 .56
1993 33.23 27.98 68,322 70,944 1,759 1,812 1.03 66,325 63,672 .96 1,328 1,687 1.27 1,532 1,151 5
1994 19.40 16.31 102,272 71,198 1,470 2,984 2.03 65,759 93,378 1.42 1,866 2,762 1.48 2,103 3,149 1.50
1995 26.11 23.76 82,056 70,901 1,269 2,119 1.67 65,473 75,949 1.16 2,457 2,138 .87 1,702 1,850 1.09
1996 33.15 29.09 68,821 71,351 1,546 1,701 1.10 65,598 62,974 .96 2,925 2,984 1.02 1,282 1,163 91
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of

Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-

ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Flood irrigation

Center pivot irrigation

Center pivot irrigation with

Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Wate a e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Pratt County (estimated mean soil permeability = 4.1 inches per hour)—Continued
1997 34.67 28.46 57,970 73,131 1,349 1,187 0.88 46,462 35,311 0.76 24,132 20,754 0.86 1,188 718 0.60
1998 24.23 19.06 92,301 75,305 1,183 1,644 1.39 37,791 45,727 1.21 34,652 42,968 1.24 1,679 1,962 1.17
1999 28.26 25.52 92,628 80,233 1,165 1,445 1.24 39,427 44,553 1.13 37,541 44,674 1.19 2,100 1,958 93
2000 34.92 29.51 91,301 81,714 920 1,040 1.13 28,988 32,177 1.11 49,397 55,325 1.12 2,409 2,760 1.15
2001 15.01 12.75 109,599 82,459 957 1,522 1.59 22,725 29,543 1.30 55,908 74,917 1.34 2,869 3,618 1.26
2002 28.14 24.83 99,366 83,607 672 753 1.12 22,221 26,443 1.19 57,178 68,042 1.19 3,536 4,129 1.17
2003 24.43 21.40 110,278 84,191 887 1,153 1.30 23,435 30,934 1.32 57,402 74,623 1.30 2,467 3,568 1.45
Average 27.51 23.54 87,294 75,932 1,285 1,692 1.31 47,357 53,021 1.14 27,306 32,765 1.14 2,085 2,337 1.12
p-value .67 -- .06 0 -- - - -- - - -- - - -- - -
slope 13 - 3,349 1,285 - S — - S - - - -
Rawlins County (estimated mean soil permeability = 1.3 inches per hour)
1991 22.55 19.27 19,212 16,397 4,826 6,805 1.41 6,899 6,416 93 NA NA NA 4,672 5,991 1.28
1992 25.11 21.63 9,316 14,753 4,225 3,549 .84 5,686 2,786 .49 1,580 980 .62 3,262 2,001 .61
1993 26.89 23.19 10,943 15,300 3,305 3,636 1.10 6,642 3919 .59 2,711 1,762 .65 2,642 1,627 .62
1994 23.14 18.97 15,870 17,909 3,377 3,884 1.15 6,974 5,091 73 2,364 1,962 .83 5,194 4,933 95
1995 22.49 21.33 16,629 19,293 2,779 3,363 1.21 8,747 6,298 172 3414 2,902 .85 4,353 4,066 93
1996 25.16 23.97 13,625 17,245 2,685 2,631 98 5,862 4,455 .76 4,770 3,053 .64 3,928 3,486 .89
1997 18.36 16.25 19,379 17,932 2,508 3,536 1.41 4,463 4,954 1.11 7,329 7,695 1.05 3,632 3,193 .88
1998 21.08 18.48 16,211 17,904 1,864 2,125 1.14 4316 4,273 .99 7,509 6,308 .84 4215 3,506 .83
1999 21.43 20.77 12,993 17,288 1,522 1,233 .81 3,195 2,876 .90 8,840 6,276 71 3,731 2,608 .70
2000 17.93 15.22 23,121 18,259 1,296 1,737 1.34 2,205 2,514 1.14 10,311 13,611 1.32 4,447 5,260 1.18
2001 21.52 18.43 16,039 17,995 1,351 1,689 1.25 2,057 1,810 .88 10,603 9,543 .90 3,984 2,997 5
2002 11.09 9.95 23,276 19,099 1,321 1,625 1.23 2,282 2,350 1.03 10,658 13,536 1.27 4,838 5,765 1.19
2003 17.07 15.79 19,454 19,110 1,560 2,122 1.36 1,924 1,751 91 11,122 10,900 .98 4,504 4,682 1.04
Average  21.06 18.71 16,621 17,576 2,509 20918 1.17 4,712 3,807 .86 6,768 6,544 .89 4,108 3,855 94
p-value .01 -- .06 .01 -- - - -- - - -- - - -- - -
slope -.69 -- 752 249 -- - - -- - - -- - - -- - -
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems
March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation - wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used rri

(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation

(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Reno County (estimated mean soil permeability = 4.7 inches per hour)
1991 25.65 22.30 38,133 33,755 3,457 3,492 1.01 26,698 31,237 1.17 NA NA NA 3,600 3,405 0.95
1992 31.52 25.07 20,433 31,999 3,084 1,881 .61 25,281 16,180 .64 1,123 752 .67 2,511 1,619 .64
1993 33.54 28.38 21,051 31,549 2,393 1,340 .56 25,571 17,388 .68 1,071 793 74 2,514 1,530 .61
1994 24.01 20.01 34,772 33,232 2,371 2,086 .88 26,874 28,486 1.06 323 210 .65 3,664 3,989 1.09
1995 33.31 31.60 29,421 33,164 2,139 1,604 75 27,867 25,080 .90 623 617 .99 2,535 2,120 .84
1996 26.01 22.69 31,536 36,923 1,869 1,589 .85 30,830 26,514 .86 1,520 1,170 77 2,704 2,263 .84
1997 32.22 27.16 27,613 38,161 1,859 1,153 .62 20,885 15,455 74 13,694 9,586 .70 1,723 1,420 .82
1998 32.04 24.70 41,331 40,263 1,533 1,134 74 17,345 17,865 1.03 17,232 18,094 1.05 4,153 4,238 1.02
1999 30.67 26.86 38,276 44,301 1,826 1,059 .58 16,148 15,179 94 23,077 19,385 .84 3,250 2,653 .82
2000 33.67 28.20 48,685 44,632 1,842 1,750 95 11,720 12,423 1.06 29,050 32,827 1.13 2,020 1,686 .83
2001 26.59 21.68 53,643 46,125 1,755 1,878 1.07 11,853 12,564 1.06 29,418 35,890 1.22 3,099 3,311 1.07
2002 32.16 28.67 49,356 47,673 1,787 1,716 .96 12,105 13,073 1.08 29,200 30,368 1.04 4,581 4,199 92
2003 32.18 29.13 55,372 47,766 1,520 1,854 1.22 10,340 11,271 1.09 31,749 38,099 1.20 4,157 4,149 1.00
Average  30.27 25.88 37,663 39,196 2,110 1,734 .83 20,271 18,670 95 14,840 15,649 92 3,116 2,814 .90
p-value 43 -- 0 0 -- - - -- - - -- - - -- - -
slope .07 - 2,859 1,618 - - - - - - - - - - -- -
Rice County (estimated mean soil permeability = 1.8 inches per hour)

1991 18.89 15.39 27,412 21,182 2,087 2,880 1.38 18,402 23,555 1.28 NA NA NA 693 978 1.41
1992 33.86 29.18 10,793 20,546 1,714 1,063 .62 17,344 8,672 .50 1,124 652 .58 364 406 1.12
1993 39.15 33.31 9,966 19,863 1,257 528 42 17,119 8,560 .50 1,045 784 75 442 94 21
1994 17.56 14.41 25,946 21,450 1,598 2,125 1.33 17,809 21,549 1.21 1,360 1,836 1.35 683 436 .64
1995 31.48 29.67 17,621 20,314 1,252 1,064 .85 17,032 14,477 .85 1,421 1,336 94 609 744 1.22
1996 25.97 22.12 19,344 21,446 1,358 1,317 97 17,893 15,746 .88 2,030 2,050 1.01 165 230 1.39
1997 3.46 25.83 17,739 21,752 1,120 1,109 .99 12,555 10,295 .82 7,767 6,058 78 310 277 .89
1998 28.93 24.07 18,857 21,815 1,236 1,075 .87 12,563 10,553 .84 7,703 6,933 .90 313 296 95
1999 26.46 23.32 20,041 22,803 1,276 1,059 .83 9,608 7,879 .82 11,589 10,894 94 330 209 .63
2000 31.22 26.02 23,217 22,852 1,089 904 .83 8,688 8,080 93 11,835 12,900 1.09 1,240 1,333 1.07
2001 22.42 17.96 28,147 23,260 1,455 1,644 1.13 6,974 7,741 1.11 14,428 18,035 1.25 403 727 1.80

2002 27.73 25.57 23,516 23,207 1,348 1,375 1.02 5,638 5,356 .95 15,107 15,409 1.02 1,114 1,376 1.24

ve
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of

Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-

ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Flood irrigation

Center pivot irrigation

Center pivot irrigation with

Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Rice County (estimated mean soil permeability = 1.8 inches per hour)—Continued
2003 24.01 21.96 28,993 22,801 1,054 1,423 1.35 3,085 3,579 1.16 17,581 22,504 1.28 1,081 1,487 1.38
Average  27.55 23.75 20,892 21,792 1,373 1,351 97 12,670 11,234 91 7,749 8,283 .99 596 661 1.11
p-value 43 -- .03 0 -- - - -- - - -- - - -- - -
slope =54 - 1,161 237 - - - - - - - - - - -- -
Scott County (estimated mean soil permeability = 1.2 inches per hour)
1991 21.53 18.07 89,217 66,737 62,014 82,479 1.33 1,575 2,000 1.27 NA NA NA 3,148 4,738 1.51
1992 22.29 17.62 68,154 60,801 57,975 65,512 1.13 1,614 1,614 1.00 352 197 .56 860 831 .97
1993 28.23 23.61 45,229 52,291 45,434 39,982 .88 3,020 2,325 77 1,210 750 .62 2,627 2,172 .83
1994 18.59 15.55 68,869 58,816 48,409 56,639 1.17 2,701 3,052 1.13 2,354 2,260 .96 5,352 6,919 1.29
1995 17.69 17.03 66,414 61,306 44,264 50,018 1.13 5,973 6,451 1.08 3,371 2,865 .85 7,698 7,079 92
1996 25.13 23.09 53,285 59,206 40,126 35,311 .88 7,685 6,763 .88 3,716 3,307 .89 7,679 7,905 1.03
1997 21.02 19.02 52,927 59,997 35,963 32,007 .89 7,441 6,027 .81 6,919 6,504 94 9,674 8,389 .87
1998 18.41 15.13 52,090 60,720 29,596 26,932 91 12,280 10,070 .82 6,413 5,323 .83 12,431 9,765 .79
1999 18.66 17.70 53,342 57,992 25,324 26,084 1.03 12,588 10,448 .83 9,724 7,390 .76 10,356 9,420 91
2000 18.26 15.85 65,186 61,174 23,908 26,299 1.10 6,199 7,129 1.15 20,765 21,180 1.02 10,302 10,578 1.03
2001 17.80 16.04 51,564 58,450 19,041 18,279 .96 6,868 6,525 95 21,034 19,562 93 11,507 7,198 .63
2002 13.18 12.60 70,469 61,338 18,278 21,568 1.18 5,739 7,059 1.23 24,054 28,384 1.18 13,267 13,458 1.01
2003 16.95 16.09 61,369 59,597 17,237 17,926 1.04 5,158 5,622 1.09 25,985 25,205 .97 11,217 12,615 1.12
Average  19.83 17.49 61,393 59,879 35,967 38,387 1.05 6,065 5,776 1.00 10,491 10,244 .88 8,163 7,774 95
p-value .01 -- 43 95 -- - - -- - - -- - - -- - -
slope -.50 -- -589 -20 -- - - -- - - -- - - -- - -
Sedgwick County (estimated mean soil permeability = 2.9 inches per hour)
1991 2540 2054 42,425 35,420 13,912 17,807 1.28 18,450 21,771  1.18 NA NA NA 3,058 2,847 93
1992 35.51 27.81 25,462 33,004 11,301 9,380 .83 18,529 12,970 .70 713 435 .61 2,461 2,677 1.09
1993 37.44 32.07 28,513 34,379 11,942 10,867 91 19,256 15,020 78 295 224 .76 2,886 2,402 .83
1994 25.82 21.34 37,948 35,423 12,498 14,498 1.16 18,823 19,199 1.02 585 509 .87 3,517 3,742 1.06
1995 36.38 34.55 30,594 36,317 12,471 10,974 .88 19,793 16,428 .83 1,117 525 47 2,936 2,666 91
1996 30.57 26.18 32,879 36,763 11,359 11,132 98 22,039 18,733 .85 495 515 1.04 2,870 2,500 .87
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

1

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres Total  Wat a e__o Total  Wat a ‘“j_o Total Wt a e__o Tota | Water é_‘e__o
itation ration wateruse  irrigated ota ater irri ota ater irri ota ater irri ota irri
(inches) . (acre-ft) _acres used  gation _acres used  gation _acres used gation _acres (acre-fi) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Sedgwick County (estimated mean soil permeability = 2.9 inches per hour)—Continued
1997 34.70 28.14 27,267 37,063 10,802 9,614 0.89 16,203 10,694  0.66 6,816 4,499 0.66 3,242 2,460  0.76
1998 3491 27.13 37,601 38,113 10,210 11,435 1.12 17,622 16,036 91 6,428 6,557 1.02 3,853 3,574 93
1999 41.10 34.84 31,010 38,730 10,565 9,931 94 16,075 11,735 73 8,329 6,663 .80 3,761 2,681 71
2000 30.64 25.63 37,079 38,084 10,180 11,809 1.16 10,326 8,984 .87 13,882 12,494 .90 3,696 3,793 1.03
2001 28.64 22.43 42,954 38,554 9,840 12,398 1.26 10,369 10,887 1.05 13,749 14,436 1.05 4,596 5,232 1.14
2002 34.80 31.38 42,381 41,243 9,944 12,231 1.23 7,188 6,757 94 18,532 17,605 95 5,579 5,788 1.04
2003 31.08 28.13 42,752 39,432 9,115 11,211 1.23 6,283 6,409 1.02 17,668 18,728 1.06 6,366 6,404 1.01
Average 32.84 27.70 35,297 37,117 11,088 11,791 1.07 15,458 13,509 .89 7,384 6,932 .85 3,755 3,597 .96
p-value .95 -- .08 0 -- - - -- - - -- - - -- - -
slope .02 -- 1,260 529 -- - - -- - - -- - - -- - -
Seward County (estimated mean soil permeability = 3.1 inches per hour)
1991 21.77 17.98 199,783 109,896 57,574 112,845 1.96 41,146 69,948 1.70 NA NA NA 11,176 16,989 1.52
1992 19.40 14.39 174,163 109,293 56,447 94,831 1.68 40,783 63,621 1.56 4221 5,150 1.22 7,842 10,561 1.35
1993 22.94 18.56 150,954 107,865 53,299 77,284 1.45 40,564 57,601 1.42 2,676 2,783 1.04 11,326 13,287 1.17
1994 20.70 18.84 165,559 109,022 50,035 81,557 1.63 42,542 59,984 1.41 2,572 3,652 1.42 13,873 20,365 1.47
1995 15.47 14.32 168,353 108,298 41,102 69,873 1.70 45,942 70,291 1.53 1,395 2,609 1.87 19,859 25,579 1.29
1996 23.45 21.62 164,911 108,727 36,566 57,043 1.56 52,663 80,574 1.53 3,265 4,734 1.45 16,233 22,559 1.39
1997 17.86 15.76 151,370 116,582 31,919 43410 1.36 41,706 55,469 1.33 21,701 29,296 1.35 21,256 23,195 1.09
1998 25.85 24.81 157,773 123,217 23,808 30,712 1.29 38,916 52,537 1.35 33,082 41,683 1.26 27,411 32,841 1.20
1999 20.58 19.61 135,520 122,761 19,427 22,341 1.15 36,815 40,497 1.10 38,220 43,189 1.13 28,299 29,493 1.04
2000 20.92 20.17 161,124 122,163 19,261 27,351 1.42 27,580 36,406 1.32 50,435 66,070 1.31 24,887 31,298 1.26
2001 15.64 13.42 157,073 126,340 13,739 17,174 1.25 22,650 30,125 1.33 60,664 79,470 1.31 29,287 30,305 1.03
2002 15.14 13.15 204,566 130,913 12,401 20,338 1.64 19,767 29,255 1.48 57,001 94,622 1.66 41,744 60,352 1.45
2003 19.77 18.30 147,422 117,791 9,518 11,326 1.19 18,824 21,648 1.15 62,359 78,572 1.26 27,000 35,876 1.32
Average  19.96 17.76 164,505 116,374 32,700 51,237 1.48 36,146 51,381 1.40 28,133 37,652 1.36 21,560 27,131 1.26
p-value .30 -- 13 .02 -- - - -- - - -- - - -- - -
slope =31 -- -1,941 1,877 -- - - -- - - -- - - -- -- --
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems
March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri

(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation

(inches) irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Sheridan County (estimated mean soil permeability = 1.3 inches per hour)
1991 20.18 17.11 106,056 72,711 25,236 41,892 1.66 37,491 49,113 1.31 NA NA NA 9,984 15,051 1.51
1992 30.04 25.73 52,518 67,069 19,013 17,682 93 30,634 21,750 71 8,441 6,331 75 8,981 6,755 5
1993 33.03 28.77 37,556 67,138 16,780 12,082 72 32,319 16,160 .50 11,920 6,556 .55 6,119 2,759 45
1994 20.05 16.87 82,758 71,739 16,402 22,799 1.39 31,462 34,294 1.09 15,350 17,039 1.11 8,525 8,628 1.01
1995 23.66 22.65 85,854 71,711 14,580 20,120 1.38 31,471 36,821 1.17 17,075 18,953 1.11 8,585 9,959 1.16
1996 24.40 22.83 72,327 73,368 11,889 14,029 1.18 31,480 30,221 .96 18,485 16,821 91 11,514 11,256 .98
1997 20.87 18.41 71,798 75,041 9,184 9,735 1.06 26,393 24,809 94 29,963 27,566 92 9,501 9,688 1.02
1998 20.49 16.15 71,006 74,876 6,906 8,011 1.16 21,180 19,909 94 36,458 33,177 91 10,332 9,909 .96
1999 22.37 21.42 62,029 75,310 5,637 5,468 97 21,950 17,780 .81 35,215 28,524 81 12,508 10,258 .82
2000 18.16 15.94 97,567 76,762 5,234 7,799 1.49 13912 17,112 1.23 47,070 59,779 1.27 10,546 12,878 1.22
2001 2260  19.86 81,265 74,168 3,197 3,900 1.22 11,416 12,558  1.10 48,340 52,207  1.08 11215 12,600  1.12
2002 10.44 9.82 103,788 76,432 3,573 5324 1.49 9,683 12,878  1.33 51,612 71,225 138 11,564 14361  1.24
2003 13.86  12.83 98,120 77,645 2475 3,539 143 10,072 12,187 121 54,668 69,975  1.28 10,430 12418  1.19
Average 21.55  19.11 78,665 73,382 10,777 13260 1.24 23,805 23,507 1.02 31216 34,013  1.01 9,985 10,501  1.05
p-value .06 -- .36 0 -- - - -- - - -- - - -- - -
slope 113 - 2,515 694 - S — - S - - - -
Sherman County (estimated mean soil permeability = 1.3 inches per hour)

1991 23.24 20.39 134,181 107,024 40,720 63,608 1.56 59,639 62,064 1.04 -- - - 6,665 8,509 1.28
1992 21.93 20.53 90,380 103,480 32,740 37,137 1.13 54,167 41,460 77 11,002 7,417 .67 5,571 4,365 78
1993 27.98 26.00 88,641 105,369 31,124 35,884 1.15 54,332 39,668 73 13,784 8,666 .63 6,129 4,424 72
1994 15.84 13.65 113,957 110,456 27,033 34,438 1.27 56,455 55,350 .98 18,095 16,771 93 8,873 7,398 .83
1995 20.82 19.80 97,823 103,751 20,617 24,577 1.19 61,606 55,726 .90 13,782 11,795 .86 7,746 5,725 74
1996 19.23 18.69 116,340 114,599 18,411 22,801 1.24 68,502 67,305 .98 19,045 17,518 92 8,641 8,716 1.01
1997 18.67 16.44 132,015 116,825 15,828 20,067 1.27 44,234 46,913 1.06 50,580 58,426 1.16 6,183 6,609 1.07
1998 18.31 15.33 120,595 116,611 12,206 12,476 1.02 29,983 29,972 1.00 67,164 70,830 1.05 7,258 7,316 1.01
1999 20.29 19.27 104,481 114,015 9,419 9,949 1.06 24,774 20,925 .84 70,224 65,368 93 9,598 8,240 .86
2000 16.82 15.17 142,948 115,596 7,048 10,592 1.50 18,452 22,779 1.23 83,083 101,880 1.23 7,013 7,696 1.10
2001 18.35 15.35 128,139 114,314 6,378 7,851 1.23 16,310 19,093 1.17 85,417 94,619 1.11 6,209 6,576 1.06
2002 11.02 10.43 156,184 115,501 4,869 7,897 1.62 15,946 22,470 1.41 88,097 117,703 1.34 6,589 8,114 1.23
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

1

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation - wateruse  irrigated otal Water irri Total Water irri Total Water irri Total sed rri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres ( ) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated acre (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Sherman County (estimated mean soil permeability = 1.3 inches per hour}—Continued
2003 14.70 13.98 144,636 116,603 4,182 5,762 1.38 14,268 17,991 1.26 91,727 113,302 1.24 6,426 7,582 1.18
Average  19.02 17.31 120,794 111,857 17,737 22,541 1.28 39,898 38,594 1.03 51,000 57,025 1.00 7,146 7,021 .99
p-value 0 -- .02 -- - - -- - - -- - - -- - -
slope -.69 -- 4,699 1,054 -- - - -- - - -- - - -- -- --
Stafford County (estimated mean soil permeability = 6.3 inches per hour)
1991 1525  11.83 108,602 78,445 5975 8,604  1.44 69,563 96,693  1.39 NA NA NA 2907 3305 1.14
1992 3147 2460 62,469 77,325 5383 4,199 .78 65,646 53,830 .82 4,134 3473 84 2,162 968 45
1993 3873 3267 50,492 76,489 5103 3,776 .74 67,871 44,795 .66 1212 582 48 2303 1,339 58
1994 16.99 13.92 106,461 79,224 5,164 7,694 1.49 68,916 93,037 1.35 2,270 3,201 1.41 2,874 2,530 .88
1995 32.04 29.65 82,086 76,641 4,608 5,622 1.22 68,761 73,574 1.07 1,902 1,617 .85 1,370 1,273 93
1996 26.49 23.80 71,546 79,422 4,738 4,359 92 71,300 64,883 91 1,781 1,389 78 1,603 915 .57
1997 32.62 26.74 62,052 80,183 4,450 3,204 72 54,868 43,346 .79 19,413 14,948 77 1,452 554 .38
1998 27.99 21.66 89,716 81,781 3,760 4,286 1.14 44,075 47,601 1.08 31,638 35,751 1.13 2,308 2,077 .90
1999 29.86 26.10 80,130 82,256 3,540 3,469 98 39,123 38,341 .98 36,855 36,486 .99 2,738 1,834 .67
2000 29.87 24.81 94,055 81,946 3,521 3,767 1.07 33,797 38,867 1.15 42,287 49,053 1.16 2,341 2,368 1.01
2001 25.52 21.36 100,190 82,397 3,582 4,155 1.16 28,050 33,941 1.21 48,613 59,794 1.23 2,152 2,301 1.07
2002 30.06 27.07 102,565 82,670 3,142 4,053 1.29 20,838 25,422 1.22 56,001 70,561 1.26 2,689 2,528 .94
2003 23.82 21.51 104,854 80,950 2,986 3,942 1.32 17,674 22,799 1.29 57,548 74,812 1.30 2,742 3,300 1.20
Average  27.75 23.52 85,786 79,979 4,304 4,702 1.10 50,037 52,087 1.07 25,305 29,306 1.02 2,280 1,946 .85
p-value .85 -- 0 -- - - -- - - -- - - -- - -
slope -.20 -- 2,908 475 -- - - -- - - -- - - -- - -
Stanton County (estimated mean soil permeability = 1.8 inches per hour)
1991 18.22 15.20 236,953 151,971 92,302 148,606  1.61 32,928 47,416 1.44 NA NA NA 26,741 40,930 1.53
1992 15.37 12.46 221,141 151,103 88,751 134,902 1.52 28,737 41,669 1.45 2,056 2,262 1.10 31,559 42,309 1.34
1993 20.97 17.46 179,287 143,334 68,417 94,415 1.38 33,269 38,925 1.17 4,895 4,944 1.01 36,753 41,003 1.12
1994 17.04 15.49 198,112 140,109 51,219 77,853 1.52 31,465 39,961 1.27 16,858 24,613 1.46 40,567 55,686 1.37
1995 15.46 14.69 182,745 134,596 33,602 50,403 1.50 38,762 48,453 1.25 14,003 22,265 1.59 48,229 61,624 1.28
1996 2391 22.85 156,832 130,683 32,998 42,567 1.29 36,219 39,117 1.08 18,296 23,968 1.31 43,170 51,180 1.19
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of

Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-

ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Flood irrigation

Center pivot irrigation

Center pivot irrigation with

Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Stanton County (estimated mean soil permeability = 1.8 inches per hour)—Continued
1997 19.72 17.90 145,945 135,102 25,567 31,959 1.25 29,475 28,886  0.98 32,000 35,520 1.11 48,060 49,581 1.03
1998 19.12 17.03 140,609 134,864 16,699 19,538 1.17 32,177 29,925 93 42,147 43,833 1.04 43,841 47,314 1.08
1999 16.76 15.40 150,627 135,914 15,687 19,922 1.27 18,910 18,532 .98 55,320 59,746 1.08 45,997 52,427 1.14
2000 17.52 16.90 167,664 132,508 10,154 15,028 1.48 17,956 19,752 1.10 61,813 77,884 1.26 42,585 55,000 1.29
2001 19.54 17.17 125,333 127,360 6,235 7,295 1.17 14,520 13,213 91 60,539 58,117 .96 46,066 46,707 1.01
2002 12.87 11.24 161,130 141,815 7,935 8,252 1.04 8,339 9,673 1.16 71,754 91,128 1.27 53,787 52,077 .97
2003 15.53 13.84 138,028 116,663 3,708 5,636 1.52 12,304 11,689 95 63,049 75,659 1.20 37,602 45,044 1.20
Average 17.85 15.97 169,570 136,617 34,867 50,491 1.36 25,774 29,785 1.13 36,894 43,328 1.20 41,920 49,299 1.18
p-value .50 -- 0 .01 -- - - -- - - -- - - -- - -
slope -20 - -7,520 2,032 - S — - S - - - -
Stevens County (estimated mean soil permeability = 3.1 inches per hour)
1991 23.33 19.47 235,817 137,515 47,441 87,291 1.84 62,747 105,415 1.68 NA NA NA 27,327 43,110 1.58
1992 14.85 11.48 225,734 140,364 41,411 74,540 1.80 55,380 89,716 1.62 6,812 8,106 1.19 36,761 53,372 1.45
1993 20.63 16.73 180,710 136,350 28,177 40,293 1.43 59,007 78,479 1.33 8,938 8,759 .98 40,228 53,178 1.32
1994 20.96 19.21 206,797 137,627 24,331 41,849 1.72 63,455 95,183 1.50 9,259 10,926 1.18 40,582 58,840 1.45
1995 13.04 12.01 209,056 140,006 21,394 36,798 1.72 70,212 101,807 1.45 7,600 9,956 1.31 40,800 60,495 1.48
1996 21.53 20.67 212,109 141,371 21,905 33,953 1.55 74,093 111,140 1.50 12,065 16,046 1.33 33,308 50,970 1.53
1997 20.66 17.74 207,239 156,542 16,252 25,678 1.58 66,646 87,973 1.32 39,026 48,783 1.25 34,618 44,805 1.29
1998 15.38 14.56 217,128 161,139 10,669 14,723 1.38 60,906 78,569 1.29 48,544 66,505 1.37 41,020 57,331 1.40
1999 19.47 17.83 197,888 169,084 8,550 11,457 1.34 50,380 56,929 1.13 73,410 88,092 1.20 36,744 41,410 1.13
2000 17.04 16.85 236,647 171,907 7,962 11,784 1.48 40,350 52,859 1.31 91,783 130,332 1.42 31,812 41,673 1.31
2001 15.04 12.42 210,617 168,675 6,018 7,161 1.19 32,731 40,259 1.23 103,016 131,860 1.28 26,910 31,336 1.16
2002 12.87 11.04 282,752 172,069 3,093 6,124 1.98 27,788 43,905 1.58 106,621 176,991 1.66 34,567 55,732 1.61
2003 24.81 23.76 203,187 171,049 3,461 4,603 1.33 22,124 26,991 1.22 119,410 139,710 1.17 26,054 31,883 1.22
Average 18.43 16.44 217,360 154,131 18,513 30,481 1.56 52,755 74,556  1.40 52,207 69,672 1.28 34,672 48,010 1.38
p-value 43 -- .85 0 -- - - -- - - -- - - -- - -
slope -40 -- 203 3,384 -- - - -- - - -- - - -- - -
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

ot

March— drop nozzle

Annoal - gotoper 102! Rate of Rate of Rate of Rate of

Vear  PrECIPTcini irrigation  Total acres Total  Wat a e__o Total  Wat a ‘“j_o Total Wt a e__o Tota | Water é_‘e__o
itation o wateruse  irrigated ota ater irri ota ater i ota ater i ota i

(inches) . (acre-ft) _acres used  gation _acres used  gation _acres used  gation _acres (acre-fi) gation

(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-

ft/acre) ft/acre) ft/acre) ft/acre)

Thomas County (estimated mean soil permeability = 1.3 inches per hour)
1991 20.98 18.14 132,056 97,627 15,297 23,404 1.53 77,124 101,032  1.31 NA NA NA 5,206 7,619 1.46
1992 25.57 22.38 62,986 92,800 9,821 8,151 .83 62,032 40,321 .65 15,895 10,650 .67 5,052 3,864 .76
1993 29.74 26.23 71,509 95,163 9,346 9,066 97 57,393 44,193 77 23,332 14,699 .63 5,092 3,551 .70
1994 22.36 19.35 107,334 98,737 9,266 11,583 1.25 55,464 62,120 1.12 26,072 26,072 1.00 7,935 7,560 95
1995 21.80 20.90 98,976 95,327 6,850 7,946 1.16 58,488 62,582 1.07 26,624 24,760 93 3,365 3,687 1.10
1996 21.61 20.88 98,411 98,853 5,546 6,378 1.15 59,155 59,155 1.00 28,970 27,811 .96 5,182 5,067 .98
1997 20.97 18.52 109,941 99,975 5,227 6,272 1.20 37,263 40,989 1.10 51,926 56,080 1.08 5,559 6,599 1.19
1998 22.45 18.91 98,810 98,595 2,877 3,050 1.06 27,458 28,007 1.02 63,572 62,936 .99 4,688 4,817 1.03
1999 20.64 19.95 82,629 99,190 2,097 1,950 93 24,760 21,294 .86 67,169 55,079 .82 5,164 4,306 .83
2000 16.32 14.35 133,946 101,694 1,721 2,513 1.46 19,756 26,473 1.34 73,269 96,715 1.32 6,948 8,245 1.19
2001 21.23 18.16 110,032 99,864 1,521 1,856 1.22 13,674 15,862 1.16 79,062 86,178 1.09 5,607 6,137 1.09
2002 12.69 12.19 135,487 101,526 1,285 1,953 1.52 11,547 14,780 1.28 82,751 110,886 1.34 5,943 7,868 1.32
2003 14.00 13.32 121,408 101,552 600 912 1.52 11,353 12,602 1.11 83,070 99,684 1.20 6,529 8,210 1.26
Average  20.80 18.71 104,887 98,531 5,496 6,541 1.22 39,651 40,724 1.06 51,809 55,963 1.00 5,559 5,964 1.07
p-value .01 -- .08 0 -- - - -- - - -- - - -- - -
slope -.85 - 3,402 580 - - - - - - - - - - -- -
Wallace County (estimated mean soil permeability = 1.4 inches per hour)

1991 21.05 18.03 87,142 60,361 32,528 53,671  1.65 22906 25426  1.11 NA NA NA 4927 8,045 1.63
1992 21.10 1754 67,807 56,743 27293 37,664  1.38 19,577 20,947  1.07 6,443 5,541 86 3430 3,654 1.07
1993 2539 2158 54381 58,275 22241 25355  1.14 17,631 14,986 .85 11,897 8,447 71 6,506 5,593 86
1994 1675 1411 75377 59,008 18,654 28,168  1.51 21,122 24290 1.15 10218 11,035  1.08 9014 11,884  1.32
1995 22.37 21.22 68,972 57,233 16,133 25,167 1.56 21,451 21,022 .98 11,692 12,510 1.07 7,957 10,272 1.29
1996 18.87 18.23 80,443 61,595 17,533 30,157 1.72 19,540 21,494 1.10 16,733 18,406 1.10 7,789 10,386 1.33
1997 22.38 19.31 64,362 60,573 13,730 19,634 1.43 14,762 13,138 .89 23,696 22,037 93 8,385 9,553 1.14
1998 18.09 15.63 66,462 60,573 10,491 13,428 1.28 12,587 12,209 .97 30,255 31,465 1.04 7,240 9,358 1.29
1999 24.81 23.88 59,611 60,660 7,772 9,326 1.20 11,834 9,941 .84 33,007 31,027 94 8,047 9,317 1.16
2000 19.85 17.39 81,560 60,832 6,801 11,222 1.65 7,630 7,630 1.00 38,095 50,285 1.32 8,306 12,423 1.50
2001 15.98 13.15 70,014 59,998 5,740 8,954 1.56 8,270 8,187 .99 38,008 42,949 1.13 7,980 9,923 1.24
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Table 1. Precipitation, irrigation water use, acres irrigated, irrigation application rate by system type, and soil permeability for counties in the Groundwater
Management Districts within the Kansas High Plains, 1991-2003.—Continued

[Precipitation data from Kansas State Climatologist (2005). Irrigation data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). Soil permeability from U.S. Department of
Agriculture (1994). Blue shading indicates trend is significant at 95-percent confidence level (p<0.05). Green shading indicates trend is significant at 90-percent confidence level (p<0.10). acre-ft, acre-feet; acre-
ft/acre, acre-feet per acre; NA, data not available; --, not computed]

Center pivot irrigation with

Flood irrigation Center pivot irrigation Other irrigation systems

March— drop nozzle
Annoal - gotoper 102! Rate of Rate of Rate of Rate of
Vear  PrECIPTcini irrigation  Total acres T a e__o a ‘“j_o a e__o Water 2@ e__o
itation X wateruse  irrigated otal Water irri Total Water irri Total Water irri Total used irri
(inches) 'tatlon (acre-ft) acres used gation acres used gation acres used gation acres (acre-ft) gation
(inches) irrigated (acre-ft) (acre- irrigated (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
Wallace County (estimated mean soil permeability = 1.4 inches per hour)—Continued
2002 13.49 12.28 84,891 59,227 4,784 8,563 1.79 5,916 6,981 1.18 37,957 53,140 1.40 10,570 16,207 1.53
2003 18.63 16.94 65,132 56,883 3,374 4,859 1.44 6,654 6,388 .96 39,859 45,041 1.13 6,996 8,845 1.26
Average  19.90 17.64 71,243 59,382 14,390 21,244 1.49 14,606 14,818 1.01 24,822 27,657 1.06 7,473 9,651 1.29
p-value .16 -- 1.0 -- - - -- - - -- - - -- - -
slope -45 -- -38 36 -- - - -- - - -- - - -- - -
Wichita County (estimated mean soil permeability = 1.2 inches per hour)
1991 15.58 11.95 119,283 90,211 84,379 113,068 1.34 3,894 3,855 0.99 NA NA NA 1,938 2,360 1.22
1992 23.35 18.77 89,822 84,679 76,173 82,267 1.08 2,884 2,769 .96 353 124 35 5,269 4,663 .89
1993 27.10 22.44 62,140 74,155 61,279 53,313 .87 4,486 3,185 71 3,033 1,880 .62 5,357 3,762 .70
1994 19.34 17.29 89,985 80,031 60,342 68,790 1.14 5,606 6,095 1.07 8,174 8,746 1.07 5,819 6,355 1.09
1995 19.17 18.42 81,526 80,759 53,672 56,892 1.06 9,933 9,039 91 7,221 7,221 1.00 9,933 8,374 .84
1996 19.13 17.75 78,341 79,777 47,274 48,692 1.03 14,353 12,631 .88 10,340 8,582 .83 7,810 8,436 1.08
1997 27.02 23.05 71,603 82,188 38,545 37,774 98 15,922 11,145 .70 21,541 17,017 .79 6,180 5,666 92
1998 18.96 15.85 68,012 77,496 30,928 28,454 92 15,205 11,100 73 22,943 22255 .97 8,420 6,204 74
1999 21.64 21.05 70,294 82,218 30,178 28,066 93 12,602 9,830 78 31,751 25,718 81 7,687 6,681 .87
2000 20.62 18.85 86,257 83,347 26,326 28,169 1.07 11,686 10,050 .86 36,444 37,537 1.03 8,891 10,501 1.18
2001 19.82 17.46 62,082 75,350 19,986 17,788 .89 11,185 8,277 74 36,345 28,713 .79 7,834 7,305 93
2002 15.62 15.05 86,350 81,497 22,564 24,369 1.08 9,379 8,441 .90 36,845 39,793 1.08 12,709 13,747 1.08
2003 20.04 18.69 64,063 75,681 18,136 16,322 .90 5,593 3,580 .64 41,887 36,023 86 10,065 8,138 81
Average  20.57 18.20 79,212 80,568 43,829 46,459 1.02 9,448 7,692 .84 21,406 19,467 85 7,532 7,092 .94
p-value .67 -- .08 -- - - -- - - -- - - -- - -
slope -.09 -- -2,723 491 -- - - -- - - -- - - -- - -
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003.

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

[}

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres  water gation acres  water gation acres  water gation acres  water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre-
(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Barton County
1991 2,737 3,722 1.36 11,359 16,016 1.41 3,206 3,623 1.13 1,840 2,668  1.45 1,055 580 0.55 17,711 24,264 1.37

1992 2,518 1,410 .56 11,687 8,064 .69 2,016 766 .38 2,083 1,062 S1 900 270 .30 13,304 8,648 .65
1993 2,377 1,046 44 12,284 7,616 .62 2,215 952 43 1,261 681 .54 259 111 43 13,486 7,552 .56
1994 3,028 3,512 1.16 13,433 17,732 1.32 2,575 2,498 .97 2,691 3,471 1.29 336 373 1.11 13,362 16,168 1.21
1995 2,938 2,115 12 10,971 11,629 1.06 3,207 2,437 .76 2,819 2,960 1.05 254 112 44 15,815 14,234 .90
1996 2,897 2,231 7 12,900 13,803 1.07 2,881 2,046 71 2,106 2,064 .98 140 202 1.44 15,492 12,858 .83
1997 3,170 2,029 .64 12,678 10,396 .82 2,405 1,395 .58 3,697 2,218 .60 262 121 46 14,183 8,793 .62
1998 3,354 2,884 .86 12,401 11,533 93 1,855 1,187 .64 3,749 3,749 10 512 113 22 14,364 10,773 75
1999 3,240 1,976 .61 10,625 9,244 .87 1,763 1,075 .61 6,012 5,351 .89 203 37 18 15,024 10,367 .69
2000 2,929 2,578 .88 11,556 12,249  1.06 1,683 1,532 91 5,218 5,896 1.13 451 469 1.04 15,701 15,387 98
2001 2,520 1,915 .76 10,693 13,152 1.23 1,606 1,799 1.12 6,650 7,714 1.16 869 547 .63 14,327 14,757 1.03
2002 4,075 3,953 97 11,689 13,209 1.13 1,871 1,983  1.06 5,238 6,390 1.22 530 276 52 14,801 14,357 97
2003 4,455 4,188 .94 10,645 13,306 1.25 2,012 2,052 1.02 4,132 5,289  1.28 642 295 46 15,789 17,684 1.12
Average 3,095 2,582 .82 11,763 12,150 1.04 2,253 1,796 .79 3,654 3,809 1.01 493 270 .60 14,874 13,526 .90
Cheyenne County
1991 3,072 4454 145 16491 24242 147 1,949 1813 .93 745 946 127 1,840 1,546 84 19,882 23,063 1.16
1992 3,030 3,909 1.29 16,823 15309 91 2,560 3,021 118 780 593 76 1,578 836 53 17443 15873 91
1993 3,206 3,623 1.13 20,150 22,770  1.13 531 446 .84 843 624 74 2,077 1,558 75 16,900 15,210 .90
1994 2,759 3,725  1.35 18,929 25,365 1.34 55 61 1.11 636 611 .96 1,635 1,439 .88 21,705 23,876 1.10
1995 3,165 3,450 1.09 14,046 16,855 1.20 160 170  1.06 567 425 5 1,615 888 55 23,251 18,833 .81
1996 3,422 3,388 .99 23,068 27,451 1.19 112 47 42 130 74 .57 2,479 1,735 .70 17,526 16,299 93
1997 3,537 4,068 1.15 24,188 33,379  1.38 80 67 .84 640 710  1.11 2,443 1,979 .81 17,606 19,367 1.10
1998 3,270 3,989 1.22 22,002 25,742 1.17 50 83 1.66 1,923 1,731 .90 792 475 .60 19,485 17,926 92
1999 3,075 3,137  1.02 22,493 26,767 1.19 0 0 O 2,133 2,112 .99 1,543 756 49 18,349 17,065 93
2000 2,484 3,627 146 22,851 34,048 149 134 66 49 1,793 2,492 1.39 1,642 1,067 .65 20,315 23972  1.18
2001 2,543 3,331 1.31 17,744 22,003 1.24 890 1,077 1.21 2,926 2,955 1.01 1,841 939 Sl 20,949 20,530 .98
2002 2,496 3,844 1.54 18,256 26,836 147 632 455 12 2,769 4,237 1.53 880 572 .65 21,543 29,298 1.36
2003 2,391 3,300 1.38 13,936 19,928 1.43 1,314 1,472 1.12 2,415 3,429 142 3,811 2,973 .78 22,719 26,581 1.17

Average 2,958 3,680 1.26 19,306 24,669 1.28 651 675 .89 1,408 1,611 1.03 1,860 1,289 .67 19,821 20,607 1.03
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of

Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres  water gation acres  water gation acres  water gation acres  water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre-
(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Edwards County
1991 15,697 23,389 1.49 39,844 59,368 1.49 2,359 2,878  1.22 9,371 12,932 1.38 4315 3,323 0.77 23,247 32,778 141
1992 13,843 13,012 .94 48,574 42,259 .87 2,774 1,664 .60 5,925 4,740 .80 4,021 2,332 .58 19,664 15,535 .79
1993 12,876 9,271 12 46,277 42,112 91 1,108 565 51 6,036 4,829 .80 2,183 677 31 24,223 17,925 74
1994 12,767 17,618 1.38 47,295 66,686 1.41 987 957 .97 8,387 10,316 1.23 1,427 1,241 .87 22,156 28,138 1.27
1995 12,844 14,000 1.09 47498 57,473 1.21 716 630 .88 8,052 9,340 1.16 2,154 991 46 21,571 22,218 1.03
1996 10,887 8,274 .76 55,345 45,936 .83 970 349 .36 8,684 5,905 .68 1,369 561 41 17,636 13,932 .79
1997 13,425 11,948 .89 48,336 40,602 .84 1,304 600 46 16,457 12,672 17 1,314 394 .30 15,920 11,462 12
1998 10,903 14,392  1.32 48,038 62,930 1.31 1,150 1,748 1.52 18,438 23,969 1.30 776 194 25 18,666 23,146 1.24
1999 12,005 12,485 1.04 46,959 52,124 1.11 1,467 1,467  1.00 16,982 20,378 1.20 1,810 778 43 20,842 21,676 1.04
2000 8,898 11,478 1.29 54,547 69,275 1.27 794 691 .87 18,118 24,097 1.33 1,490 894 .60 16,184 19,583 1.21
2001 9,773 12,509 1.28 50,421 67,060 1.33 1,115 702 .63 13,719 19,207 140 2,204 1,829 .83 22,554 26,163 1.16
2002 12,702 17,275 1.36 51,654 70,766  1.37 1,141 993 .87 12,272 17,672 1.44 2,598 1,819 .70 20,927 25,740 1.23
2003 12,289 14,624  1.19 45,524 62,823  1.38 1,828 1,408 77 12,932 17,717  1.37 3,284 1,773 54 24,670 29,357 1.19
Average 12,224 13,867 1.13 48,486 56,878 1.18 1,363 1,127 .82 11,952 14,136  1.14 2,227 1,293 54 20,635 22,127 1.06
Finney County
1991 28,061 51,071 1.82 39,728 75,880  1.91 6,979 9910 1.42 3,598 5,541 1.54 22,420 25,335 1.13 152,571 241,062 1.58
1992 27,788 41,126  1.48 42,285 65,119 1.54 5,052 4,395 .87 6,028 5,847 .97 24,885 27,871 1.12 144,156 145,598 1.01
1993 29,270 42,149 1.44 46,346 69,982 1.51 2,516 2,113 .84 2,855 2,912 1.02 21,049 19,786 .94 139,375 129,619 .93
1994 36,202 65,888 1.82 42,596 70,709 1.66 4,577 6,591 1.44 2,458 4,154 1.69 16,834 22,726 1.35 140,418 178,331 1.27
1995 37,740 59,629 1.58 49,436 76,626  1.55 3,220 3,478  1.08 1,857 2,563  1.38 13,060 10,840 .83 137,985 155,923 1.13
1996 33,362 49,709 149 60,964 89,007 1.46 1,994 1,236 .62 759 592 78 9,966 7,973 .80 133,238 147,894 1.11
1997 38,902 62,243 1.60 61,271 85,167 1.39 2,438 2,072 .85 2,093 1,967 .94 10,614 9,765 92 127,812 131,646 1.03
1998 42314 70,664 1.67 60,268 87,389 145 1,137 796 .70 1,945 2,820 1.45 9,504 7,603 .80 125,788 125,788 10

1999 42,257 59,582 1.41 56,376 77,799 1.38 2,414 2,486 1.03 2,325 2,604 1.12 12,167 7,300 .60 126,095 113,486 .90
2000 37,547 71,339  1.90 55,670 93,526 1.68 1,174 845 72 4,417 7,067 1.60 8,022 6,658 .83 129,450 142,395 1.10
2001 50,557 81,902 1.62 44233 61,926 1.40 1,572 1,289 .82 6,989 11,392  1.63 13,890 11,251 .81 124,472 117,004 .94
2002 54,458 98,024  1.80 39,774 70,002 1.76 2,817 2,732 .97 6,997 12,595 1.80 9,842 9,251 94 130,408 177,355 1.36
2003 50,167 82,776  1.65 35,070 53,657 1.53 4,020 4543 1.13 8,304 13,536  1.63 9,018 8,477 94 128,486 159,323 1.24
Average 39,125 64,316 1.64 48,771 75,138  1.56 3,070 3,268 .96 3,894 5,661 1.35 13,944 13,449 .92 133,866 151,186 1.12
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

144

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)
Ford County
1991 10,562 19,645 1.86 19,634 32,789 1.67 10,468 13,504 1.29 2,034 2990 147 6,261 5,572 0.89 44,341 66,955 1.51
1992 10,366 14,098 1.36 20,819 23,942  1.15 11,533 9,572 .83 1,963 1,727 .88 5,165 3,512 .68 39,981 39,581 .99
1993 8,577 11,322 1.32 27,166 31,513 1.16 8,517 6,217 .73 1,219 939 77 4,001 1,760 44 39,543 36,775 .93
1994 8,133 13,419 1.65 31,065 43,180 1.39 5,461 4,423 .81 1,793 1,667 .93 5,061 2,834 .56 40,185 45,811 1.14
1995 7,529 11,068 1.47 33,583 41979 1.25 4,262 3,921 .92 1,216 1,313  1.08 3,570 2,142 .60 39,494 39,889 1.01
1996 8,201 10,497 1.28 36,360 39,632 1.09 3,524 2,150 .61 1,819 982 .54 2,582 1,291 .50 36,861 27,646 75
1997 6,996 10,284 147 41,947 38,172 91 3,957 2,572 .65 962 789 .82 1,969 847 43 31,107 21,775 .70
1998 7,240 11,584 1.60 39,793 50,935 1.28 1,616 1,293 .80 2,769 3,517  1.27 1,631 669 41 33,659 31,976 95
1999 6,439 9,272 144 37,258 40,984 1.10 1,537 999 .65 3,534 3,887 1.10 2,169 976 45 36,673 33,372 91
2000 5,766 9,283 1.61 39,375 51,975 1.32 1,158 753 .65 4,369 5,854 1.34 2,285 1,417 .62 37,403 35,533 .95
2001 6,345 10,723  1.69 34,810 44,905 1.29 1,607 1,286 .80 5,957 7,923 1.33 2,451 1,765 72 40,306 41,112 1.02
2002 6,349 9,587 1.51 31,391 45,831 1.46 4,187 3,601 .86 5,687 7,848 1.38 2,008 1,667 .83 43,774 47,276  1.08
2003 6,552 9,042 1.38 28,767 38,835 1.35 5,143 4,474 .87 4,421 5,615 1.27 4,687 2,859 .61 40,459 37,627 .93
Average 7,620 11,525 1.51 32,459 40,359 1.26 4,844 4213 .81 2,903 3,466 1.09 3,372 2,101 .60 38,753 38,871 .99
Graham County
1991 1,133 1,620  1.43 2241 4,191 1.87 1,320 1,333 1.01 121 172 142 1,255 540 43 6,269 7,774 124
1992 1,162 616 .53 1,487 1,130 .76 1,396 530 .38 430 576 1.34 900 306 .34 5,789 3,473 .60
1993 1,712 308 18 3,201 1,921 .60 342 41 12 125 23 .18 397 52 13 3,111 778 25
1994 1,656 1,275 17 5,598 6,718 1.20 645 258 .40 50 40 .79 434 169 .39 2,929 1,816 .62
1995 1,451 1,146 .79 5,616 6,739 1.20 315 192 .61 0 0 O 822 288 .35 3,170 2,441 77
1996 1,310 812 .62 7,132 6,918 97 258 124 48 0 0 O 898 314 .35 2,566 1,540 .60
1997 1,598 1,183 74 7,721 8,416 1.09 274 55 .20 45 34 76 547 164 .30 2,419 1,597 .66
1998 1,662 1,263 .76 8,934 8,666 97 498 239 48 127 98 77 768 200 .26 1,775 1,065 .60
1999 1,559 1,060 .68 8,104 6,078 75 303 33 11 555 427 77 819 278 .34 2,498 1,749 .70
2000 1,625 1,381 .85 8,215 9,283 1.13 245 164 .67 728 786  1.08 614 252 41 3,163 2,815 .89
2001 2,174 1,891 .87 5,751 5,693 .99 495 203 41 600 522 .87 649 208 32 4,429 3,455 .78
2002 1,891 2,647 140 5,891 7,540 1.28 500 510 1.02 728 655 .90 822 238 .29 4942 5535 1.12
2003 2,204 2,182 .99 4,186 4,772 1.14 681 674 .99 733 931 1.27 1,402 771 .55 5,553 6,053 1.09

Average 1,626 1,337 .82 5,698 6,005 1.07 559 335 .53 326 328 8 794 291 34 3,739 3,084 76
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-
Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-
(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Grant County
1991 8,614 18,089  2.10 7,769 15,538 20 1,586 2,236 1.41 4 5 1.13 3,862 4,364 1.13 120,203 195,931 1.63
1992 7,702 13,633 1.77 10,440 18,061 1.73 1,934 1,663 .86 0 0 0 3,584 4,767 1.33 120,226 174,328 145
1993 6,654 11,112 1.67 13,878 22,344  1.61 610 323 53 162 183 1.13 2,959 2,042 .69 114,489 122,503 1.07
1994 5,127 9,741 1.90 13,000 24,440 1.88 362 442 1.22 0 0 0 2,938 2,204 75 117,669 160,030 1.36
1995 5,375 10,428 1.94 12,513 22,774 1.82 396 693 1.75 0 0 0 1,831 1,996 1.09 116,090 150,917 1.30
1996 4,716 7,876  1.67 15,002 23,853 1.59 586 498 .85 0 0 0 1,904 1,809 95 112,020 138,905 1.24
1997 5,865 9,149  1.56 16,471 21,906 1.33 470 334 1 875 1,050 1.20 2,818 2,085 74 111,204 110,092 .99
1998 5,975 10,456  1.75 16,257 23,898 1.47 290 55 .19 410 578 1.41 3,282 2,658 .81 108,769 105,506 97
1999 5,816 8,724  1.50 20,423 31,043 1.52 874 507 .58 130 221 1.70 2,533 1,950 77 100,790 101,798 1.01
2000 5,977 11,834  1.98 23,836 39,329  1.65 1,321 1,110 .84 245 453 1.85 2,601 1,743 .67 92,949 113,398 1.22
2001 5,441 8,216  1.51 19,417 27,572 142 1,187 985 .83 125 83 .66 6,834 3,622 53 86,980 80,891 93
2002 7,115 13,590 191 16,820 31,790 1.89 1,535 1,489 .97 0 0 0 3,260 2,119 .65 92,131 117,928 1.28
2003 7,882 13,557 1.72 16,022 26,597 1.66 2,690 1,883 .70 160 250 1.56 2,430 1,507 .62 88,048 100,375 1.14
Average 6,328 11,262 1.77 15,527 25,319 1.66 1,065 940 .88 162 217 .82 3,141 2,528 .83 106,274 128,662 1.20
Gray County

1991 24592 51,397  2.09 34239 66,766 195 11,566 16,077 139 2,576 3916 152 19224 19,801  1.03 105455 160,292 1.52
1992 24,540 39,509  1.61 38,420 54,556 142 8438 7932 .94 1444 1473 102 16,723 15,552 93 103,250 115,640 1.12
1993 24,287 35,702 147 47,071 66,841 1.42 7,559 5,820 77 1,843 1,972 1.07 15,248 10,369 .68 91,741 89,906 .98
1994 22,098 38,672 1.75 49,379 81,969  1.66 5,196 5,092 98 1,619 1,943  1.20 12,992 8,055 .62 98,573 120,259 1.22
1995 24293 38,140 1.57 49,422 81,052 1.64 5,238 4,295 .82 1,406 1,982 141 11,792 7,547 .64 99,250 116,123  1.17
1996 24,329 31,871 1.31 60,893 82,814 1.36 4,484 3,139 .70 1,057 1,194 1.13 9,147 6,586 72 88,358 91,892 1.04
1997 26,909 43,323 1.61 68,948 86,874 1.26 3,123 2,061 .66 1,649 1,847 1.12 9,363 7,022 75 83,413 82,579 .99
1998 31,132 54,170 1.74 67,892 105,233  1.55 1,806 1,029 .57 3,804 5,097 1.34 7,460 5,371 72 82,775 83,603 1.01
1999 32,171 43,109 1.34 69,099 89,829  1.30 1,741 1,027 .59 6,259 5,883 .94 7,714 4,011 52 79,868 63,894 .80
2000 29,646 53,066 1.79 70,610 111,564 1.58 1,649 1,468 .89 6,488 8,953 1.38 6,725 3,430 51 81,521 83,967 1.03
2001 33,119 56,633 1.71 62,654 90,848 1.45 1,758 1,565 .89 8,589 11,252 1.31 8,510 4,510 53 78,428 77,644 .99
2002 33,009 59,746  1.81 57,248 100,184 1.75 2,778 2,778 10 6,990 10,415 1.49 8,665 5,199 .60 76,036 89,722  1.18
2003 32,408 53,797 1.66 47,618 75,236  1.58 5,831 5,423 .93 6,744 8,970 1.33 11,531 7,610 .66 77,294 82,705 1.07
Average 27,887 46,087 1.65 55,653 84,136 1.53 4,705 4,439 .86 3,882 4,992 1.25 11,161 8,082 .69 88,151 96,787 1.09
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

9

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-
(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Greeley County

1991 7 7 1.01 11,588 18,541 1.60 567 1,083 191 0 0 0 497 527 1.06 14,552 19,645 1.35
1992 102 165 1.62 15,152 19,849 1.31 312 222 1 0 0 0 940 620 .66 11,841 13,262 1.12
1993 0 0 0 14,531 16,711 1.15 430 228 53 0 0 0 122 48 .39 11,791 11,909 1.01
1994 245 169 .69 14,774 20,684 1.40 506 476 94 120 122 1.02 555 261 47 10,844 13,013 1.20
1995 120 202 1.68 14,927 15,524 1.04 80 82 1.03 0 0 0 358 372 1.04 12,544 12,042 .96
1996 245 250  1.02 15,967 19,160 1.20 580 238 41 0 0 0 673 478 71 12,278 12,278 10

1997 245 262 1.07 16,944 17,113 1.01 119 88 74 120 82 .68 808 493 .61 10,761 10,115 94
1998 476 457 .96 17,253 16,045 93 60 65 1.08 135 173 1.28 490 108 22 11,953 11,116 93
1999 477 582 1.22 16,069 15,908 .99 314 195 .62 125 128 1.02 550 17 .03 12,205 9,398 77
2000 519 862 1.66 14,210 16,484 1.16 353 441 1.25 115 16 14 728 546 75 13,526 13,526 10

2001 350 648  1.85 9,444 11,616 1.23 979 920 94 0 0 0 925 453 .49 16,766 14,419 .86
2002 599 1,174  1.96 9,021 12,900 143 466 489  1.05 0 0 0 1,315 1,328 1.01 17,860 17,860 10

2003 377 622 1.65 4581 6,184 1.35 490 358 73 125 15 12 1,356 746 .55 21,509 20,649 .96
Average 289 415 1.26 13,420 15,902 1.22 404 376 .92 57 41 33 717 461 .61 13,725 13,787 1.01

Harvey County

1991 124 77 .62 5,878 8,053 1.37 1,330 1,011 .76 2,941 3,176 1.08 392 318 .81 16,672 20,006 1.20
1992 188 107 .57 4,847 3,296 .68 1,907 1,201 .63 2,796 2,125 .76 131 97 74 16,342 11,766 72
1993 163 64 .39 4,506 3,289 73 798 279 35 2,698 2,050 .76 0 0 0 17,204 11,183 .65
1994 411 469 1.14 4569 5391 1.18 1,006 865 .86 4,372 4,591 1.05 22 2 .08 16,498 17,818 1.08
1995 103 131 1.27 5,048 5,199 1.03 2,252 1,689 75 3,575 3,146 .88 300 78 .26 16,423 14,452 .88
1996 46 15 32 6,324 6,830 1.08 1,376 963 .70 3,416 2,938 .86 218 76 .35 17,480 14,159 .81
1997 130 243 1.87 7,201 5,689 .79 734 477 .65 3,892 2,685 .69 272 71 .26 17,161 12,184 1
1998 410 533 1.30 6,882 6,676 97 629 346 .55 4,893 4,306 .88 27 8 .30 17,285 15,557 .90
1999 30 8 25 7,547 5,736 .76 612 306 .50 6,354 4,893 17 67 7 11 15,390 12,312 .80
2000 30 11 .37 6,461 5,944 92 532 399 75 7,958 8,674  1.09 60 3 .05 16,391 15,571 95
2001 0 0 0 7,053 8,252 1.17 869 626 12 6,872 8,040 1.17 200 204 1.02 16,187 18,615 1.15
2002 20 9 44 8,154 9,051 1.11 591 349 .59 6,346 6,663 1.05 0 0 0 16,733 17,235 1.03
2003 89 72 81 10,606 13,045 1.23 1,688 1,148 .68 4,954 5,449 1.10 60 1 .01 15,565 17,744 1.14

Average 134 134 12 6,544 6,650 10 1,102 743 .65 4,697 4,518 .93 135 66 31 16,564 15,277 92
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of

Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-
(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Haskell County
1991 2,607 4,693 1.80 26,811 54,963  2.05 3,146 5,380 1.71 517 822 1.59 6,260 7,387 1.18 179,325 317,405 1.77
1992 1,977 3,045 1.54 29,427 50,909 1.73 1,940 2,076  1.07 381 431 1.13 5,285 5,549 1.05 178,235 269,135 1.51
1993 1,912 3,117 1.63 36,131 62,145 1.72 325 146 45 470 602 1.28 7,116 6,262 .88 170,624 208,161 1.22
1994 2,223 3,201 1.44 37,060 68,932 1.86 535 514 .96 735 1,029 140 6,344 7,803 1.23 171,191 256,787 1.50
1995 2,243 3,409 1.52 38,254 66,179 1.73 210 271 1.29 230 350 1.52 5,989 5,749 .96 166,383 246,247 1.48
1996 1,925 2,464  1.28 42,659 61,856 145 270 348  1.29 325 198 .61 3,280 3,870 1.18 163,841 214,632 1.31
1997 2,220 3,064 1.38 53,421 75,858 142 1,458 1,108 .76 425 531 1.25 2,083 1,458 .70 153,809 184,571 1.20
1998 2,523 3,785 1.50 59,138 88,116 149 0 0 O 1,005 1,417 141 2,280 1,915 .84 149,463 164,409 1.10
1999 2,037 2913 143 59,992 79,189 1.32 124 100 .81 2,444 2,591 1.06 2,693 1,912 71 145,584 144,128 .99
2000 1,934 3,249 1.68 62,158 99,453  1.60 0 0 0 3,396 4,415 1.30 2,977 2,382 .80 139,650 166,184 1.19
2001 2,490 3,461 1.39 60,180 85,456 1.42 0 0 O 3,118 4,459 143 1,982 1,368 .69 132,710 145981 1.10
2002 5,981 10,168 1.70 56,574 95,044  1.68 1,376 1,459 1.06 1,424 2,278  1.60 1,328 1,049 .79 146,718 193,668 1.32
2003 6,353 11,054 1.74 48,045 72,068 1.50 1,979 2,870  1.45 1,903 2,303 1.21 1,928 1,832 .95 139,745 159,309 1.14
Average 2,802 4432 1.54 46,912 73,859 1.61 874 1,098 .83 1,259 1,648 1.29 3,811 3,734 .92 156,714 205,432 1.29
Kearny County

1991 20,647 43,565 2.11 17,282 32,317 1.87 1,736 2,899  1.67 405 595 1.47 4447 4,358 .98 54,061 84,335 1.56
1992 18,360 34,884 1.90 21,649 33,772 1.56 1,103 1,004 91 259 347  1.34 4,696 5,119 1.09 51,699 58,420 1.13
1993 18,441 34,116  1.85 24,078 37,080 1.54 1,776 1,279 72 0 0 0 3,953 3,202 .81 50,113 49,612 .99
1994 20,325 40,447 1.99 23,535 40,716 1.73 1,175 1,575 134 130 283 2.18 2,976 2,887 97 49,730 63,654 1.28
1995 22,428 40,595 1.81 20,336 34978 1.72 788 630 .80 0 0 0 2,689 1,963 73 49,822 51,317 1.03
1996 21,517 37,224  1.73 27,406 41,657 1.52 509 448 .88 0 0 0 1,691 1,048 .62 45,881 51,387 1.12
1997 24,356 43,597 1.79 30,368 43,123 142 275 146 .53 0 0 0 1,833 990 54 47,340 44,026 93
1998 26,995 49,131 1.82 32,017 41,622 1.30 0 0 0 550 798 145 1,004 562 .56 43,253 39,793 92
1999 23,254 39,299 1.69 34932 49,603 142 152 214 141 380 464 1.22 1,119 705 .63 43213 43,645 1.01
2000 24,783 51,301  2.07 35,429 58,104 1.64 680 932 1.37 1,133 1,835 1.62 1,941 1,863 .96 39,251 47,494 1.21
2001 28,477 51,543  1.81 24,025 31,473 1.31 510 372 73 1,148 1,940 1.69 4,082 2,163 53 42,869 44,584 1.04
2002 34,244 72,255 2.11 24268 42954 1.77 235 362 1.54 1,326 2,254 1.70 985 1,251 1.27 46,217 66,552 1.44
2003 32,457 61,019 1.88 20,351 30,527 1.50 695 813 1.17 824 1,211 1.47 1,676 922 .55 47,843 52,149 1.09
Average 24,330 46,075 1.89 25,821 39,840 1.56 741 821 1.01 473 748 1.09 2,546 2,079 .79 47,022 53,613 1.13
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation

irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Kiowa County
1991 8,274 12,659 1.53 14,358 23,978 1.67 1,795 2,100  1.17 4,412 6,794 1.54 1,412 890 0.63 18,963 28,824 1.52
1992 5,735 6,079 1.06 19,562 19,758 1.01 1,202 889 74 3,785 3,671 97 1,202 553 46 17,397 16,179 .93
1993 5,413 4,926 91 19,918 23,902 1.20 687 357 52 4,584 5,226 1.14 844 279 .33 17,113 17,113 10
1994 5,618 7,528 1.34 19,414 28,150 145 962 875 91 4,421 6,234  1.41 390 133 34 18,007 23,949 1.33
1995 4,510 4,059 .90 20,000 26,000 1.30 832 874  1.05 3,501 4,691 1.34 1,668 634 .38 18,173 19,627 1.08
1996 4,930 4,141 .84 24,118 24,600 1.02 439 206 47 4,510 3,563 .79 638 236 37 16,037 13,150 .82
1997 4,175 2,964 1 23,067 22,144 .96 537 397 74 7,452 6,632 .89 730 380 52 15,404 11,861 17
1998 3,310 4,535 1.37 23,104 33,501 1.45 130 78 .60 9,201 12,329 1.34 990 347 .35 15,117 18,443 1.22
1999 3,779 3,817 1.01 20,562 25,291 1.23 240 230 .96 10,197 13,154 1.29 2,064 991 48 15,181 16,244 1.07
2000 3,733 4,666 1.25 20,862 27,121 1.30 130 104 .80 8,431 10,792  1.28 2,250 1,508 .67 16,446 19,900 1.21
2001 4,605 6,447  1.40 20,624 30,524 1.48 528 517 98 7,976 11,964  1.50 1,473 737 .50 16,333 20,416 1.25
2002 5,262 7,419 141 24,057 34,402 143 922 821 .89 7,132 9,700 1.36 899 396 44 14,579 16,328 1.12
2003 5,122 6,351 1.24 23,924 34211 143 1,682 1,732 1.03 5,531 7,633  1.38 971 573 .59 15,399 16,939 1.10
Average 4,959 5815 1.15 21,044 27,199 1.30 776 706 .84 6,241 7,876 1.25 1,195 589 47 16,473 18,383 1.11
Lane County

1991 98 90 .92 2,478 4,039 1.63 517 729 141 0 0 0 588 612 1.04 20,746 22,198 1.07
1992 559 347 .62 2,637 3,244 1.23 758 561 74 0 0 0 593 362 .61 15,717 12,102 77
1993 100 139  1.39 4,244 4456 1.05 210 90 43 0 0 0 409 299 73 12,117 6,180 Sl
1994 0 0 0 4478 5,821 1.30 206 173 .84 0 0 0 236 184 78 13,570 13,841 1.02
1995 0 0 0 5,664 6,230 1.10 392 396 1.01 0 0 0 258 289 1.12 15,391 14,160 92
1996 123 68 .55 7,309 6,578 .90 487 253 .52 0 0 0 192 52 27 13,119 8,396 .64
1997 120 64 .53 5971 4717 .79 248 117 47 0 0 0 483 256 .53 14,623 9,797 .67
1998 120 106 .88 5,648 5,083 .90 111 89 .80 431 315 73 244 46 .19 15,741 9,445 .60
1999 196 102 52 4,293 3,778 .88 417 463  1.11 32 40 1.24 323 152 47 17,901 12,173 .68
2000 0 0 0 5,572 5,182 93 448 327 73 835 785 .94 410 209 51 15,647 12,361 .79
2001 123 154  1.25 2,549 2,600 1.02 733 462 .63 544 435 .80 54 29 54 15,504 13,178 .85
2002 248 337  1.36 1,499 2,189 1.46 797 948  1.19 546 519 95 244 271 1.11 15,631 14,224 91
2003 120 188 1.57 1,775 2,112 1.19 400 372 .93 208 154 74 1,010 525 52 16,624 17,621 1.06
Average 139 123 74 4,163 4,310 1.11 440 383 .83 200 173 42 388 253 .65 15,564 12,744 .81
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)
McPherson County
1991 493 611 1.24 5,505 7,212  1.31 1,980 1,445 .73 2,859 3,088 1.08 111 151 1.36 19,487 24,359 1.25
1992 523 220 42 5,622 2,249 40 1,418 510 .36 2,812 1,097 .39 128 64 .50 17,396 8,176 47
1993 294 74 25 5451 2,671 49 871 174 .20 2,566 1,257 .49 138 3 .02 15,789 8,210 52
1994 353 219 .62 6,392 7479 1.17 1,020 479 47 3,051 2,959 97 0 0 0 18,716 19,277 1.03
1995 403 97 24 5,591 5,144 92 1,079 615 .57 3,349 2,813 .84 270 62 23 17,525 15,072 .86
1996 196 139 71 7,404 6,812 92 680 333 49 3,658 2,231 .61 316 44 .14 18,468 14,590 79
1997 140 50 .36 7,075 5,306 75 851 408 48 5,863 3,811 .65 316 28 .09 17,210 12,563 73
1998 180 74 41 8,718 6,887 .79 945 473 .50 5,863 5,453 .93 318 146 46 16,700 14,362 .86
1999 288 271 .94 7,513 4207 .56 339 264 .78 7,416 4,969 .67 143 31 22 16,862 10,623 .63
2000 224 105 47 7,476 5,607 75 493 424 .86 6,966 6,269 .90 143 19 13 17,786 16,363 .92
2001 187 101 .54 7,491 17,116 .95 610 482 .79 6,987 7,616 1.09 393 67 17 17,601 17,777 1.01
2002 846 601 71 8,291 8,788 1.06 1,282 1,231 .96 7,168 7,455 1.04 24 25 1.04 16,937 17,276  1.02
2003 550 319 .58 11,090 12,421 1.12 948 853 .90 6,007 8,049 1.34 0 0 0 15,393 17,394 1.13
Average 360 222 .58 7,201 6,300 .86 963 592 .62 4,967 4,390 .85 177 49 .34 17,375 15,080 .86
Meade County

1991 685 795 116 9910 19424 196 5089 9466 1.86 260 351 135 3469 4857 140 105371 181,238 1.72
1992 397 202 51 17,480 25,870 148 4,036 4722 117 355 277 78 3364 2,658 79 97,920 135,130 1.38
1993 834 892  1.07 20,583 33,139 1.61 1,925 1,867 97 250 103 41 2,379 1,808 .76 98,471 124,073 1.26
1994 1,390 1,432  1.03 28,763 48,034 1.67 890 1,068 1.20 0 0 0 1,985 1,429 72 89,818 130,236 1.45
1995 1,997 2,736  1.37 22,521 38,736 1.72 2,356 2,285 97 0 0 0 1,070 1,380 1.29 91,310 128,747 1.41
1996 1,660 1,710  1.03 26,951 42,044 1.56 1,935 2,032  1.05 205 176 .86 1,025 646 .63 93,017 119,992 1.29
1997 2,320 1,879 .81 30,012 41,417 1.38 2,020 1,959 97 505 833 1.65 1,188 190 .16 88,354 98,073 1.11
1998 2,466 2,984 1.21 39,537 63,655 1.61 835 443 .53 485 475 .98 1,332 1,678 1.26 80,071 101,690 1.27
1999 1,861 1,991 1.07 43267 55,382 1.28 177 156 .88 1,059 1,387 1.31 1,958 1,547 .79 78,498 81,638 1.04
2000 2,452 3,335  1.36 46,343 72,295 1.56 1,165 1,433  1.23 788 1,174  1.49 1,777 1,670 94 75,811 100,071 1.32
2001 2,842 3,666 1.29 43,666 66,809 1.53 880 933  1.06 1,352 2,339  1.73 2,062 2,103 1.02 68,185 84,549 1.24
2002 2,593 4,071 1.57 43,450 80,817 1.86 1,382 1,520 1.10 744 1,354  1.82 1,779 1,388 .78 75,942 112,394 148
2003 3,147 3,147 10 42,141 65,319 1.55 1,929 1,659 .86 1,587 1,841 1.16 2,486 1,666 .67 70,939 82,999 1.17

Average 1,896 2,218 1.11 31,894 50,226 1.60 1,894 2,273 1.07 584 793 1.04 1,990 1,771 .86 85,670 113,910 1.32
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation

irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Morton County
1991 2,017 4,135 2.05 1,544 2964 1.92 1,449 2,029  1.40 0 0 0 1,847 2,235 1.21 43921 72,470 1.65
1992 1,279 2,468 1.93 3,266 5,422 1.66 1,674 2,411 1.44 0 0 0 1,427 1,969 1.38 42,002 61,743 1.47
1993 1,593 2,788  1.75 2,634 3,424 1.30 313 291 93 0 0 0 1,158 648 .56 47,327 60,105 1.27
1994 1,568 2,885 1.84 2,596 3,349 1.29 947 578 .61 0 0 0 1,876 1,313 .70 45,136 57,774 1.28
1995 1,247 1,958 1.57 4,191 5951 142 885 770 .87 0 0 0 1,117 1,229 1.10 42,184 50,621 1.20
1996 981 1,334 1.36 3,050 4,667 1.53 1,490 581 .39 0 0 0 1,721 1,790 1.04 44966 47,664 1.06
1997 1,123 1,595 1.42 5,001 6,401 1.28 1,358 1,304 .96 0 0 0 1,633 1,486 91 41,850 42,687 1.02
1998 1,243 2,175 1.75 6,971 9,550 1.37 704 704 10 0 0 0 1,894 1,818 .96 39,112 40,285 1.03
1999 1,044 1,691 1.62 8,040 9,326 1.16 720 518 72 45 48  1.07 2,106 1,474 .70 40,505 35,239 .87
2000 614 1,124 1.83 9,138 12,610 1.38 1,275 956 75 607 680 1.12 3,057 2,782 91 35,856 37,290 1.04
2001 915 1,812 1.98 7,981 8,220 1.03 1,393 919 .66 113 96 .85 4,469 3,799 .85 32,715 29,444 .90
2002 364 535 147 7,440 9,821 1.32 1,621 1,459 .90 0 0 0 4,407 4,143 94 28,574 34,003 1.19
2003 303 648 2.14 6,373 6,500 1.02 1,997 1,058 .53 0 0 0 4,023 2414 .60 30,090 28,886 .96
Average 1,099 1,934  1.75 5,248 6,785 1.36 1,217 1,044 .86 59 63 23 2,364 2,085 91 39,557 46,016 1.15
Pawnee County

1991 9,150 12,810 140 11,623 16,040 1.38 5,499 6,819 1.24 4,507 6,039 1.34 2,469 2,099 .85 43,837 63,125 1.44
1992 8,854 7,614 .86 14,797 10,950 74 6,055 2,604 43 3,568 2,391 .67 4982 2,939 .59 32,280 19,045 .59
1993 9,477 5,118 54 17,720 10,100 57 4,866 1,557 32 4,061 1,827 45 3,161 1,075 34 25,069 11,532 46
1994 9,303 12,745  1.37 18,441 24,158 1.31 4,211 4,127 98 4,386 5,483 1.25 2,766 1,909 .69 35,415 42,144 1.19
1995 8,860 8,151 92 19,554 22,878 1.17 6,028 4,220 .70 4,746 4,366 92 2,378 927 .39 36,010 34,570 .96
1996 9,210 6,908 5 18,939 15,719 .83 6,156 3,817 .62 4,696 3,475 74 1,495 568 .38 33,876 22,697 .67
1997 8,053 6,120 .76 17,284 13,309 77 4,499 2,429 .54 8,161 6,039 74 1,092 491 45 36,414 25,126 .69
1998 9,461 10,123  1.07 20,741 21,363  1.03 3,119 1,653 53 7,574 6,817 .90 649 487 75 39,056 37,103 95
1999 9,337 8,030 .86 22,017 18,274 .83 1,838 1,507 .82 9,271 8,158 .88 1,079 550 Sl 36,593 31,104 .85
2000 8,771 10,262  1.17 21,894 23208 1.06 1,919 1,401 73 9,911 11,299 1.14 783 180 23 35,937 38,453 1.07
2001 8,977 10,324  1.15 21,468 22,327 1.04 2,135 1,900 .89 9,736 11,002  1.13 1,147 963 .84 36,071 36,432 1.01
2002 11,706 14,515 1.24 22,451 29411 1.31 2,081 2,123 1.02 9,366 11,614 1.24 1,729 1,089 .63 32,179 36,040 1.12
2003 11,847 12,439  1.05 19,504 23,795 1.22 3,265 2,971 91 8,741 11,188  1.28 3,363 1,816 54 28,192 31,011 1.10
Average 9,462 9,628 1.01 18,956 19,349 1.02 3,975 2,856 75 6,825 6,900 .98 2,084 1,161 55 34,687 32,952 93
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation

irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Pratt County
1991 7,019 9,335 1.33 35,052 50,475 1.44 2,821 3,272 1.16 3,858 5,208  1.35 2,642 1,506 0.57 20,264 27,964  1.38
1992 6,798 6,118 .90 38,122 35,453 93 1,568 1,223 78 2,412 1,930 .80 1,461 774 .53 20,063 16,652 .83
1993 6,613 5,621 .85 40,588 41,806 1.03 933 634 .68 3,135 3,041 .97 1,245 448 .36 18,430 16,771 91
1994 6,901 9,730  1.41 40,673 60,603  1.49 645 703 1.09 4,638 6,725 1.45 1,666 1,666 10 16,675 22,845 1.37
1995 7,135 6,636 93 38,489 48,881 1.27 163 139 .85 4,478 5,194  1.16 1,950 839 43 18,686 20,368 1.09
1996 5,268 4,636 .88 43,696 45,007 1.03 604 399 .66 4,897 3,673 15 701 379 54 16,185 14,728 91
1997 3,746 1,910 S1 46,455 39,022 .84 369 122 33 6,202 4,838 78 887 319 .36 15,472 11,759 .76
1998 3,365 3,500 1.04 45,912 58,308  1.27 255 423 1.66 9,876 11,950 1.21 1,809 651 .36 14,088 17,469 1.24
1999 2,621 2,385 91 48,077 58,654 1.22 747 620 .83 10,761 12,806  1.19 2,518 1,259 .50 15,509 16,905 1.09
2000 2,203 2,379 1.08 48,267 54,059 1.12 636 623 .98 11,974 14,608 1.22 2,192 1,381 .63 16,442 18,251 1.11
2001 2,873 3,361 1.17 42,999 59,769  1.39 764 665 .87 12,290 17,821 1.45 2,195 1,098 .50 21,338 26,886 1.26
2002 4,145 5,098 1.23 42,827 54,819 1.28 508 483 95 10,138 12,774  1.26 2,067 1,075 52 23,922 25,118 1.05
2003 5,117 5987 1.17 45,880 66,067 1.44 2,361 2,408  1.02 7,736 10,057 1.30 1,733 763 44 21,364 24996 1.17
Average 4,908 5,131 1.03 42,849 51,763 1.21 952 901 91 7,107 8,510 1.15 1,774 935 52 18,341 20,055 1.09
Rawlins County

1991 2,011 2,192 1.09 4355 5662 1.30 1,582 1,962 1.24 170 83 .49 593 551 93 7,686 8,762 1.14
1992 2,006 1,585 .79 4,082 2612 .64 2393 861 .36 206 97 47 323 255 79 5743 3,905 .68
1993 2,234 1,296 .58 4,993 3,795 .76 967 367 .38 308 92 .30 366 183 .50 6,432 5,210 .81
1994 2,310 1,756 .76 5,322 6,120 1.15 606 351 .58 122 95 78 725 312 43 8,824 7,236 .82
1995 2,591 2,202 .85 4,895 6,070 1.24 545 480 .88 265 183 .69 559 492 .88 10,438 7,202 .69
1996 2,055 1,582 17 8,669 7,369 .85 556 389 .70 0 0 0 631 391 .62 5,334 3,894 73
1997 2,533 2,204 .87 9,181 11,017 1.20 471 495 1.05 122 106 .87 538 420 78 5,087 5,138 1.01
1998 2,681 2,198 .82 7,536 8,139 1.08 245 147 .60 245 181 74 159 56 35 7,038 5,490 78
1999 2,310 1,409 .61 7,069 6,503 92 337 189 .56 480 274 .57 1,031 557 54 6,061 4,061 .67
2000 2,082 2,373 1.14 7,635 10,994 1.44 19 10 S1 161 233 145 1,014 619 .61 7,348 8,891 1.21
2001 1,953 1,582 81 5,929 6,996 1.18 445 334 75 758 841 1.11 1,045 387 37 7,865 5,899 75
2002 2,570 2,776 1.08 5,669 7,596 1.34 440 418 95 1,021 1,623  1.59 717 445 .62 8,682 10,418 1.20
2003 2,508 2,433 97 3,584 4,516 1.26 483 290 .60 591 786  1.33 2,035 1,323 .65 9,909 10,107 1.02
Average 2,296 1,968 .86 6,071 6,722 1.10 699 484 .70 342 354 .80 749 461 .62 7,419 6,632 .89
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

as

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)
Reno County

1991 1,662 2,044 1.23 11,266 14,758  1.31 3,141 2,419 0.77 2,694 3,098 1.15 485 291 0.60 14,507 15,522  1.07
1992 1,474 811 .55 10,800 7,992 74 3,578 1,825 51 3,034 2,184 72 414 128 31 12,699 7,492 .59
1993 1,470 882 .60 11,385 8,880 .78 2,819 1,494 .53 2,578 1,779 .69 753 113 .15 12,544 7,903 .63
1994 1,355 1,721 1.27 9,820 11,686 1.19 1,971 1,892 .96 3,720 4,129 1.11 477 91 .19 15,889 15,253 .96
1995 1,395 809 .58 8,112 8,680 1.07 2,439 2,073 .85 3,841 3,803 .99 296 50 17 17,081 14,006 .82
1996 1,974 1,461 74 11,898 12,612 1.06 2,952 1,948 .66 4,613 4,152 .90 628 220 .35 14,858 11,144 75
1997 1,788 930 52 12,865 10,935 .85 2,103 1,073 S1 7,385 5,686 77 825 281 34 13,195 8,709 .66
1998 1,870 1,739 .93 13,194 14,777 1.12 1,667 1,367 .82 9,519 11,613 1.22 615 178 .29 13,398 11,656 .87
1999 1,650 1,320 .80 15,085 14,632 97 1,704 1,005 .59 12,751 12,113 .95 547 159 .29 12,564 9,046 72
2000 1,019 1,202 1.18 14,224 15,362 1.08 1,201 925 77 15,746 19,053 1.21 506 207 41 11,936 11,936 10

2001 1,515 1,364 .90 16,207 18,800 1.16 1,415 1,330 94 12,546 15,808 1.26 857 583 .68 13,585 15,759 1.16
2002 1,361 1,429 1.05 15964 17,720 1.11 1,938 1,492 77 12,124 13,700 1.13 578 249 43 15,708 14,766 94
2003 1,751 1,348 77 18,262 23,193 1.27 3,353 4,024 1.20 9,524 11,715 1.23 996 797 .80 13,880 14,296 1.03
Average 1,560 1,312 .86 13,006 13,848 1.05 2,329 1,759 .76 7,698 8,372 1.03 614 257 .39 13,988 12,115 .86

Rice County

1991 392 561 143 9,508 12,861 134 811 697 .86 1,583 1884 1.19 60 50 83 8,738 11,359 1.30
1992 486 214 44 9,952 4976 .50 1,495 583 .39 932 457 .49 163 52 32 7,518 4,511 .60
1993 238 119 .50 9,845 5,218 53 1,138 364 32 1,183 793 .67 590 106 18 6,869 3,366 49
1994 285 1,174  4.12 9,564 11,572 1.21 1,188 1,069 .90 1,217 1,387 1.14 151 69 46 9,045 10,673 1.18
1995 329 184 .56 8,993 8,723 97 1,549 867 .56 1,302 1,133 .87 132 66 .50 8,009 6,647 .83
1996 288 112 .39 11,009 11,449 1.04 1,475 1,047 71 961 942 .98 162 130 .80 7,551 5,663 75
1997 122 93 76 10,372 9,542 92 940 658 .70 2,958 2,130 72 487 93 .19 6,873 5,223 .76
1998 516 392 .76 10,264 8,930 .87 601 319 .53 3,480 3,236 .93 0 0 0 6,954 5,980 .86
1999 476 243 Sl 10,165 8,945 .88 400 276 .69 3,393 3,088 91 59 10 17 8,310 7,479 .90
2000 252 161 .64 10,427 9,801 94 360 230 .64 3,757 4,170  1.11 166 17 .10 7,890 8,837 1.12
2001 173 206 1.19 10,082 12,098 1.20 284 99 .35 4,657 6,147 1.32 0 0 0 8,064 9,596 1.19
2002 103 139  1.35 9,726 10,601 1.09 1,228 995 .81 5,707 5,650 .99 209 209 10 6,234 5,922 .95
2003 319 354 1.11 9,444 12,844 1.36 1,442 1,182 .82 4,116 5,474 1.33 245 167 .68 7,235 8,971 1.24

Average 306 304 1.06 9,957 9,812 .99 993 645 .64 2,711 2,807 97 186 74 40 7,638 7,248 94
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)
Scott County

1991 1,617 1,827 1.13 7,964 10,672 1.34 9,776 11,145 1.14 132 120 91 963 1,117 1.16 46,285 64,336 1.39
1992 909 1,600 1.76 9,253 12,121 1.31 8,027 6,903 .86 590 749  1.27 1,676 1,592 .95 40,346 45,188  1.12
1993 604 821 1.36 11,111 12,667 1.14 4,683 2,763 .59 67 17 .26 729 532 73 35,097 28,429 .81
1994 844 1,097 1.30 7,315 10,314 1.41 4,936 3,702 75 77 221 2.87 707 509 72 44937 53,026 1.18
1995 702 835 1.19 8,269 10,832 1.31 4,723 3,731 .79 0 0 0 1,625 1,349 .83 45,987 49,666 1.08
1996 805 668 .83 11,235 13,145 1.17 3,870 2,593 .67 0 0 0 1,065 138 .13 42,231 36,741 .87
1997 814 700 .86 12,561 13,817 1.10 3,181 1,622 S1 58 72 1.24 941 640 .68 42,442 36,076 .85
1998 618 655 1.06 13,293 15,686 1.18 1,384 747 .54 345 290 .84 1,157 891 77 43,923 33,821 77
1999 525 1,150 2.19 15,527 17,080 1.10 1,988 1,491 75 370 466 1.26 261 125 48 39,321 33,030 .84
2000 435 579 1.33 17,271 23,834 1.38 920 764 .83 127 118 .93 927 473 Sl 41,494 39,419 .95
2001 435 813 1.87 14,967 17,212 1.15 1,661 947 .57 113 104 .92 791 506 .64 40,483 31,982 .79
2002 475 817 1.72 12,220 19,674 1.61 2,079 2,183  1.05 214 289 1.35 733 520 71 45,617 46,986 1.03
2003 435 796 1.83 7,353 9927 1.35 3,467 2,704 78 228 228 10 1,212 812 .67 46,902 46,902 10

Average 709 951 142 11,411 14,383 1.27 3,900 3,177 .76 179 206 .99 984 708 .69 42,697 41,969 .98

Sedgwick County

1991 484 455 94 8,393 11,079 132 2,012 1,771 .88 9,651 12,257 1.27 171 96 56 14,709 16,768 1.14
1992 743 438 .59 7228 5710 .79 4008 2445 .61 3,808  7.652 .86 379 53 14 11,748 9,163 .78
1993 244 351 1.44 7,385 6,277 .85 2,154 1,465 .68 9,166 8,983 .98 255 56 22 15,175 11,381 75
1994 60 93 1.55 8,032 9,317 1.16 1,726 1,588 .92 10,571 11,945 1.13 321 144 45 14,713 14,860 1.01
1995 344 275 .80 8,607 8,177 .95 2,413 1,279 .53 9,463 8,327 .88 461 212 46 15,029 12,324 .82
1996 40 42 1.05 9,206 9,758 1.06 2,338 1,403 .60 8,707 7,836 .90 384 165 43 16,088 13,675 .85
1997 352 158 45 8,709 6,880 .79 1,735 920 .53 12,302 9,103 74 96 81 .84 13,869 10,124 73
1998 200 148 74 8,388 8,807 1.05 1,505 1,069 71 12,644 13,023 1.03 212 148 .70 15,164 14,406 .95
1999 149 67 45 10,071 7,755 77 1,355 759 .56 12,274 10,678 .87 176 134 .76 14,705 11,617 .79
2000 204 114 .56 9,945 9,050 91 1,404 856 .61 11,431 12,460 1.09 150 98 .65 14,950 14,502 97
2001 289 277 .96 10,658 12,363 1.16 870 800 .92 12,998 14,558 1.12 102 91 .89 13,637 14,864 1.09
2002 447 425 95 13,248 14,175 1.07 759 554 .73 12,573 13,327 1.06 267 230 .86 13,949 13,670 .98
2003 78 9 12 13,245 14,834 1.12 1,478 1,315 .89 10,405 11,966 1.15 224 65 .29 14,002 14,562 1.04

Average 280 220 .82 9,470 9,553 10 1,827 1,248 1 10,853 10,932 1.01 246 121 .56 14,441 13,224 92
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation

irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Seward County
1991 7,093 18,726  2.64 6,912 14,100 2.04 3,361 4,403 1.31 126 158 1.25 5,781 6,475 1.12 86,623 155,921 1.80
1992 5,532 13,664 247 10,268 17,969  1.75 1,426 1,440 1.01 0 0 0 5,633 6,253 1.11 86,434 134,837 1.56
1993 6,204 11,664  1.88 10,575 18,718 1.77 1,930 2,567 1.33 0 0 0 4,433 4,477 1.01 84,723 113,529 1.34
1994 5,652 10,682  1.89 14,892 25,614 1.72 881 696 .79 0 0 0 3,488 3,244 93 84,109 125,322 1.49
1995 6,367 14,135 2.22 14,458 24,723 1.71 1,332 1,372 1.03 0 0 0 3,000 2,580 .86 83,141 125,543 1.51
1996 7,549 15,023  1.99 20,646 36,543 1.77 3,060 3,182  1.04 205 84 41 2,298 2,873 1.25 74,969 107,206 1.43
1997 7,914 14,008 1.77 21,361 32,255 1.51 1,902 2,111 1.11 0 0 0 3,130 3,443 1.10 82,275 99,553 1.21
1998 8,519 15079 1.77 25,519 41,596 1.63 1,649 1,468 .89 821 731 .89 1,812 1,268 .70 84,897 97,632 1.15
1999 9,027 10,923  1.21 26,159 36,884 1.41 956 908 95 4,024 3,783 94 1,209 822 .68 81,386 82,200 1.01
2000 7,019 10,037 143 27,984 45,334 1.62 890 685 77 3,670 5,432 1.48 1,724 1,776 1.03 80,876 97,860 1.21
2001 6,936 11,167 1.61 30,964 46,756  1.51 877 754 .86 2,087 2,859 1.37 1,546 696 45 83,930 94841 1.13
2002 8,679 15,188 1.75 29,245 58,782  2.01 305 296 .97 1,702 2,774  1.63 2,196 1,449 .66 88,786 126,076 1.42
2003 8,843 12,469 141 23,603 37,293  1.58 1,049 808 77 4,245 4,712 1.11 2,712 1,654 .61 77,339 90,487 1.17
Average 7,333 13,289 1.85 20,199 33,582 1.69 1,509 1,592 .99 1,298 1,579 .70 2,997 2,847 .89 83,038 111,616 1.34
Sheridan County

1991 1,466 2,067 141 32,022 50,595 1.58 4483 5335 1.19 605 962 1.59 1,455 1,019 70 32,680 46,079 1.41
1992 938 507 54 35,531 31,623 .89 2,559 1,356 53 806 524 .65 1,136 761 .67 26,099 17,747 .68
1993 1,538 677 44 40,105 25,667 .64 1,563 750 48 1,110 544 .49 1,127 372 33 21,695 9,546 44
1994 1,101 683 .62 42,504 53,130 1.25 1,744 1,500 .86 301 403  1.34 500 430 .86 25,589 26,613 1.04
1995 1,460 1,241 .85 39,769 52,495 1.32 2,223 2,090 94 608 663 1.09 1,122 449 .40 26,529 28917 1.09
1996 1,445 1,170 81 44289 47,389 1.07 1,934 1,431 74 293 384 1.31 562 337 .60 24,845 21,615 .87
1997 1,992 1,833 .92 49,432 50,915 1.03 1,739 1,165 .67 1,196 909 .76 729 416 57 19,953 16,561 .83
1998 1,561 1,655 1.06 52,776 53,304  1.01 1,132 1,041 92 598 574 .96 509 158 31 18,300 14,274 78
1999 1,872 1,498 .80 51,600 45,408 .88 821 608 74 2,221 1,310 .59 240 31 13 18,556 13,175 71
2000 1,707 1,690 .99 54,723 74,423  1.36 814 773 95 1,546 1,840 1.19 510 332 .65 17,462 18,510 1.06
2001 1,508 1,342 .89 46,946 54,927 1.17 256 143 .56 4,536 4808 1.06 320 61 .19 20,602 19,984 .97
2002 1,477 1,684 1.14 45,600 66,120 145 935 1,262 1.35 3,557 47766  1.34 125 23 .18 24,738 29,933 1.21
2003 1,854 2,225 1.20 34,977 50,017 1.43 1,749 1,732 .99 2,988 3,944  1.32 2,496 1,248 .50 33,581 38954 1.16
Average 1,532 1,405 .90 43,867 50,463 1.16 1,689 1,476 .84 1,567 1,664 1.05 833 433 47 23,895 23,224 94
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use

Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation

irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Sherman County
1991 2,106 3,138 149 24,571 34,154 1.39 5,812 7,962  1.37 1,289 1,315  1.02 7,863 6,055 0.77 65,383 92,190 1.41
1992 1,184 1,409 1.19 30,821 30,513 .99 5,208 3,958 .76 1,319 712 .54 6,561 3,740 57 58,387 39,703 .68
1993 1,700 1,530 .90 31,267 29,704 95 116 65 .56 1,140 718 .63 8,540 4,697 55 62,606 27,547 44
1994 1,403 1,557 1.11 36,387 45,120 1.24 385 281 73 473 284 .60 6,546 3,862 .59 65,262 67,872 1.04
1995 1,927 2,100 1.09 31,107 38,262 1.23 2,481 1,786 72 365 318 .87 9,205 4,418 48 58,666 63,946 1.09
1996 1,780 1,833 1.03 48,320 57,501 1.19 281 180 .64 219 230 1.05 6,883 3,579 52 57,116 49,691 .87
1997 1,945 2,529  1.30 51,009 69,882 1.37 459 326 1 1,739 1,948 1.12 6,977 3,837 .55 54,696 45,398 .83
1998 2,906 3,516 1.21 52,390 64,440 1.23 944 396 42 2,508 2,383 .95 5,396 2,914 54 52,467 40,924 78
1999 3,056 3,362 1.10 53,013 57,254 1.08 879 563 .64 1,755 1,843  1.05 6,216 3,294 53 49,096 34,858 71
2000 2,609 3,574  1.37 55,260 77917 141 417 334 .80 5,064 6,786 1.34 4377 2,670 .61 47,869 50,741 1.06
2001 2,929 4276  1.46 51,427 69,941 1.36 1,994 1,336 .67 4,217 5,018 1.19 6,153 3,815 .62 47,594 46,166 97
2002 3,269 5,557 1.70 48,102 74,558 1.55 695 862 1.24 3,838 6,409 1.67 5,059 3,339 .66 54,538 65,991 1.21
2003 3,217 4,632 1.44 39,032 61,280 1.57 1,361 1,810 1.33 2,294 3,074 1.34 7,196 4,390 .61 63,503 73,663 1.16
Average 2,310 3,001 1.26 42,516 54,656 1.27 1,618 1,528 .81 2,017 2,387 1.03 6,690 3,893 .58 56,706 53,745 94
Stafford County
1991 3,206 4392  1.37 33,049 48913 148 2,507 2,607 1.04 3,839 5,336 1.39 2,921 2,249 77 32,923 45,105 1.37
1992 3,744 2,583 .69 34,166 27,674 .81 2,581 1,549 .60 2,602 2,342 .90 1,990 915 46 32,242 27,406 .85
1993 3,136 1,505 48 34,819 25,070 72 1,469 617 42 3,028 2,271 5 2,881 778 27 31,156 20,251 .65
1994 2,739 3,369 1.23 37,906 52,310 1.38 915 540 .59 2,938 4,554 1.55 828 265 32 33,898 45423 1.34
1995 2,833 2,266 .80 37,039 43,7706 1.18 1,772 1,329 75 3,311 3,940 1.19 1,913 1,071 .56 29,773 29,773 10

1996 3,206 2,565 .80 40,741 39,926 98 919 414 45 5,046 4,440 .88 1,604 481 .30 27,906 23,720 .85
1997 3,432 1,956 57 39,373 33,073 .84 562 461 .82 9,112 7,563 .83 1,721 551 32 25,983 18,448 1
1998 4,631 4,677 1.01 39,702 44,466 1.12 340 214 .63 12,437 13,556  1.09 612 337 55 24,059 26,465 1.10
1999 4,632 3,428 74 36,279 36,642 1.01 293 267 91 13,502 14,717  1.09 1,297 661 Sl 26,253 24415 .93
2000 3,242 3,566 1.10 36,126 41,906 1.16 647 705  1.09 13,195 16,494  1.25 755 325 43 27,981 31,059 1.11
2001 3,361 3,395  1.01 40,576 51,532 1.27 885 903  1.02 10,114 12,845 1.27 1,570 707 45 25,891 30,810 1.19
2002 4,645 5,620 1.21 37,703 49,014 1.30 864 1,158 1.34 15,026 19,384 1.29 1,220 695 57 23,212 26,694 1.15
2003 5,620 6,294  1.12 35,741 49,323 1.38 2,089 2,298 1.10 13,195 17,945 1.36 1,840 1,362 74 22,465 27,632 1.23
Average 3,725 3,509 93 37,171 41,812 1.13 1,219 1,005 .83 8,257 9,645 1.14 1,627 800 48 27,980 29,015 1.04
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-
Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-
(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)

Stanton County
1991 290 400 1.38 5,852 9,656 1.65 406 857 2.11 0 0 0 4373 4,592 1.05 141,050 221,449 1.57
1992 880 1,461 1.66 4,592 6,934 1.51 2,027 1,500 74 0 0 0 5,859 4,629 79 137,745 206,618 1.50
1993 949 1,300 1.37 9,892 14,047 1.42 502 628 1.25 0 0 0 4,190 3,562 .85 127,801 159,751 1.25
1994 776 1,513 195 9,692 16,961 1.75 292 298  1.02 0 0 0 2,963 2,400 .81 126,386 176,940 1.40
1995 530 843  1.59 10,539 18,443 1.75 673 814 1.21 0 0 0 3,000 2,040 .68 119,854 160,604 1.34
1996 610 939 1.54 10,927 18,467 1.69 972 953 98 0 0 0 2,099 1,826 .87 116,075 134,647 1.16
1997 1,450 2,349 1.62 13,558 19,252 1.42 1,601 1,537 .96 0 0 0 2,929 1,465 .50 115,564 121,342 1.05
1998 2,552 2,731 1.07 16,283 21,656 1.33 898 853 95 0 0 0 1,575 677 43 113,556 114,692 1.01
1999 2,250 2,048 91 14,390 20,434 1.42 570 507 .89 0 0 0 1,248 786 .63 117,456 126,852 1.08
2000 3,370 3,471 1.03 18,424 30,031 1.63 120 31 .26 0 0 0 1,370 877 .64 109,224 133,253 1.22
2001 3,450 4,520 1.31 19,493 24,756  1.27 795 795 10 0 0 0 2,329 2,073 .89 101,293 93,190 92
2002 2,751 5,034 1.83 19,598 28,613 1.46 632 910 1.44 0 0 0 1,758 1,301 74 117,076 125,271 1.07
2003 3,620 5,285 1.46 11,186 17,115 1.53 632 430 .68 360 360 10 3,937 2,402 .61 96,928 112,436 1.16
Average 1,806 2,453 144 12,648 18,951 1.53 778 778 1.04 28 28 .08 2,895 2,202 73 118,462 145,157 1.21
Stevens County

1991 6,340 13251  2.09 15216 29215 192 2715 4507 1.66 0 0 0 3,699 4,809 130 109,545 184,036 1.68
1992 5,011 10,423 2.08 16,789 30,724 1.83 1,841 2,154 1.17 255 204 .80 2,234 2,882 1.29 114,234 179,347 1.57
1993 4,875 7,410 1.52 19,752 29,035 1.47 245 255 1.04 0 0 0 2,026 1,722 .85 109,452 142,288 1.30
1994 5,448 10,515 193 22,001 36,522 1.66 60 16 27 0 0 0 1,742 1,516 .87 108,376 158,229 1.46
1995 4,740 10,949 231 22,676 37,415 1.65 872 1,247 1.43 0 0 0 2,698 2,455 91 109,020 156,989 1.44
1996 4,664 9,981 2.14 25,744 47,112  1.83 1,015 1,654 1.63 485 858 1.77 1,221 965 .79 108,242 151,539 1.40
1997 5,875 10,751 1.83 35,609 53,414 1.50 462 587 1.27 215 217  1.01 1,261 870 .69 113,120 141,400 1.25
1998 4,798 9,164 191 43,645 65,031 1.49 80 78 .98 395 419  1.06 1,207 338 .28 111,014 142,098 1.28
1999 2,778 4,111 1.48 49,687 71,052 143 1,353 501 .37 890 1,121 1.26 2,207 1,081 49 112,169 120,021 1.07
2000 2,201 3,390 1.54 62,127 100,646 1.62 0 0 O 252 277  1.10 2,276 2,071 91 105,051 130,263 1.24
2001 2,412 3,883  1.61 58,009 84,693 1.46 475 290 .61 906 788 .87 3,033 1,547 S1 103,840 119,416 1.15
2002 2,843 4862 1.71 50,906 101,303 1.99 860 697 .81 1,359 2,732 2.01 2,611 2,924 1.12 113,490 170,235 1.50
2003 3,928 5,264 1.34 49,490 70,771 1.43 2,183 939 43 120 162 1.35 3,235 2,750 .85 112,093 123,302 1.10
Average 4,301 7,996 1.81 36,281 58,226 1.64 935 994 .90 375 521 .86 2,265 1,995 .84 109,973 147,628 1.34
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)
Thomas County
1991 533 965 1.81 54,600 82,992 1.52 5,373 6,394 1.19 2,542 2,872  1.13 3,217 1,512 0.47 31,362 37,321 1.19
1992 901 649 72 44989 32,842 73 11,795 7,785 .66 3,345 2,174 .65 3,417 1,674 49 28,353 17,862 .63
1993 561 847 1.51 57,875 49,773 .86 2,178 1,024 47 948 502 .53 2,198 835 .38 31,403 18,528 .59
1994 826 1,330 1.61 60,345 73,621 1.22 2,021 1,597 .79 2,108 2,045 97 1,422 569 40 32,015 28,173 .88
1995 734 749  1.02 56,035 67,242 1.20 1,605 1,316 .82 1,651 1,833  1.11 3,304 958 .29 31,998 26,878 .84
1996 815 791 97 67,052 72,416 1.08 1,427 1,127 79 1,701 1,412 .83 1,987 934 47 25,871 21,732 .84
1997 900 1,233 1.37 72,028 83,552 1.16 1,146 1,020 .89 2,354 2,613  1.11 2,229 1,271 57 21,318 20,252 .95
1998 1,213 1,589 1.31 65,349 71,230 1.09 1,008 615 .61 4,004 3,604 .90 1,835 1,119 .61 25,186 20,653 .82
1999 747 769  1.03 63,680 57,949 91 420 265 .63 4,080 2,897 71 2,175 1,088 .50 28,088 19,662 .70
2000 722 989 1.37 63,197 89,740 1.42 242 174 72 5,303 6,311 1.19 1,939 989 Sl 30,291 35,743  1.18
2001 1,161 1,416 1.22 54,418 68,023 1.25 1,463 775 .53 6,318 6,823  1.08 3,369 1,516 45 33,135 31,478 .95
2002 1,508 2,533  1.68 52,141 76,126  1.46 1,032 815 79 6,084 8,153 1.34 1,793 1,488 .83 38,968 46,372 1.19
2003 1,673 2,443  1.46 38,859 54,014 1.39 2,647 2,118 .80 6,458 7,039 1.09 5,595 3,917 .70 46,320 51,878 1.12
Average 946 1,254  1.31 57,736 67,655 1.18 2,489 1,925 75 3,607 3,714 .97 2,652 1,375 Sl 31,101 28,964 91
Wallace County

1991 1,248 2309 1.85 16422 25454 155 1,481 1,377 .93 40 113 282 3,454 1,692 49 37,716 56,197 1.49
1992 1271 2,072 1.63 19,840 26,387 133 1,771 1,913 1.08 120 126 105 3,000 1,650 55 30,741 35660 1.16
1993 1,347 1,576  1.17 20,016 21,617 1.08 1,045 700 .67 0 0 0 2,430 729 .30 33,437 29,759 .89
1994 1,889 2,588 1.37 20,420 31,038 1.52 669 622 .93 0 0 0 1,691 609 .36 34,339 40,520 1.18
1995 1,473 2,121 1.44 18,761 26,265 1.40 856 805 .94 0 0 0 3,698 2,145 .58 32,445 37,636 1.16
1996 1,803 3,137 1.74 24,211 35,590 1.47 341 280 .82 0 0 0 2,727 1,445 .53 32,513 39,991 1.23
1997 1,481 2,310 1.56 25,094 31,117 1.24 430 232 54 0 0 0 5,621 3,035 54 27,947 27,668 .99
1998 1,018 1,619 1.59 24,538 31,899 1.30 640 282 44 245 196 .80 4416 3,047 .69 29,716 29,419 .99
1999 913 1,187 1.30 23,337 27,071 1.16 346 197 .57 495 396 .80 2,359 1,203 Sl 33,210 29,557 .89
2000 1,007 1,541 1.53 24,094 37,828 1.57 369 284 17 130 215 1.65 2,131 1,641 77 33,101 40,052 1.21
2001 1,314 2,707  2.06 19,374 27,705 1.43 665 479 72 250 363 145 2,437 1,365 .56 35,958 37,396 1.04
2002 1,211 1,720 1.42 19,482 32,535 1.67 253 235 .93 365 299 .82 2,596 1,713 .66 35,320 48,388  1.37
2003 1,409 1,930 1.37 13,876 19,426 1.40 257 129 .50 247 319 1.29 4,572 2,789 .61 36,522 40,539 1.11

Average 1,337 2,063 1.54 20,728 28,7764 1.39 702 580 .76 146 156 .82 3,164 1,774 .55 33,305 37,906 1.13
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Table 2. Irrigation water use, acres irrigated, and irrigation application rate by crop type for counties in the Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-foot; acre-ft/acre, acre-foot per acre]

84

Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple use
Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of Irriga-  Rate of
Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri- Total tion irri-

Year acres water gation acres  water gation acres water gation acres water gation acres  water gation acres  water gation
irrigated used  (acre- irrigated wused (acre- irrigated used (acre- irrigated used (acre- irrigated wused (acre- irrigated used (acre-

(acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre) (acre-ft) ft/acre)
Wichita County
1991 403 669 1.66 3,936 6,091 1.70 3,915 4933 1.26 261 318 1.22 2,383 1,978 0.83 79,313 104,693 1.32
1992 420 735 1.75 2,660 2,899 1.09 2,568 2,208 .86 206 130 .63 1,896 1,536 .81 76,929 82,314  1.07
1993 396 372 .94 9,792 10,380 1.06 4,102 3,733 91 0 0 0 2,197 945 43 57,668 46,711 .81
1994 570 781 1.37 4993 7,340 147 4,106 3,819 .93 120 60 .50 1,489 983 .66 68,753 77,003 1.12
1995 342 595 1.74 7911 10,601 1.34 3,800 3,382 .89 0 0 0 1,744 1,325 .76 66,962 65,623 .98
1996 674 674 10 10,975 12,951 1.18 4211 3,706 .88 118 81 .69 738 391 .53 63,061 60,539 .96
1997 861 1,076  1.25 11,011 11,782 1.07 3,376 2,296 .68 366 264 72 1,914 1,225 .64 64,660 54,961 .85
1998 947 1,127 1.19 11,121 13,012 1.17 1,015 619 .61 282 133 47 824 577 .70 63,307 52,545 .83
1999 712 790 1.11 11,617 13,824 1.19 403 520 1.29 515 633 1.23 2,410 1,277 53 66,561 53,249 .80
2000 666 852 1.28 10,155 14,826 1.46 773 665 .86 541 487 .90 2,683 1,583 .59 68,529 67,844 .99
2001 434 573 1.32 10,307 10,513  1.02 1,420 966 .68 357 332 .93 1,419 568 .40 61,413 49,130 .80
2002 327 592  1.81 7,682 11,600 1.51 1,371 1,549 1.13 471 542 1.15 1,182 898 .76 70,464 71,169 1.01
2003 347 507 1.46 5,321 6,811 1.28 1,509 936 .62 106 123 1.16 3,386 1,727 51 65,012 53,960 .83
Average 546 719 1.38 8,268 10,248 1.27 2,505 2,256 .89 257 239 74 1,867 1,155 .63 67,126 64,595 95
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Table 3. Irrigation water use, acres irrigated, and irrigation application rate by system type for the Groundwater Management Districts within the Kansas High Plains, 1991-2003.

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft/acre, acre-foot per acre]

Ground-  Total irrigation water Total acres irrigated  Aver- Flood irrigation Center pivot irrigation Center pivotirrigation with drop Other irrigation systems
water use age nozzle
Manage-
ment p p rate of Rate of Rate of Rate of Rate of
ot ercen- ereen- jryj- irri- irri- irri- irri-
District tage of tage of : Total acres Water used . Total acres Water used . Total acres Waterused . Total acres Water used .
Acre-feet Acres gation ™ gation . gation o gation . gation
(GMD) total for total for (acre- irrigated (acre-ft) (acre irrigated (acre-ft) (acre irrigated (acre-ft) (acre irrigated (acre-ft) (acre
number ) N ) ”
(fig. 1) all GMDs all GMDs ft/yr) ft/acre) ft/acre) ft/acre) ft/acre)
1991
1 355,589 84 262,528 9.6 1.35 216,196 299,120 1.38 34,172 39,671 1.16 0 0 0 12,160 16,798 1.38
2 112,604 2.7 97,833 3.6 1.15 37,604 47,438 1.26 52,475 57,681 1.10 0 0 0 7,754 7,485 97
3 2,660,233  63.1 1,593,191 58.0 1.67 823,757 1,417,562 1.72 604,248 974,993 1.61 0 0 0 165,186 267,678 1.62
4 478,854 114 360,109 13.1 1.33 111,066 173,659 1.56 218,417 263,077 1.20 0 0 0 30,626 42,118 1.38
5 606,672 144 4347745 15.8 1.40 66,906 98,928 1.48 358,046 494,995 1.38 0 0 0 9,793 12,749 130
Totals 4,213,952 100 2,748,406 100 1.53 1,255,529 2,036,707 1.62 1,267,358 1,830,417 1.44 0 0 0 225,519 346,828 1.54
1992
1 270,143 8.7 244,582 9.1 1.10 188,730 216,103 1.15 30,403 30,008 .99 12,209 13,003 1.07 13,240 11,029 .83
2 57,195 1.8 92,880 3.5 .62 33,125 22,523 .68 52,029 30,556 .59 1,608 619 .38 6,118 3,497 .57
3 2,178,273 70.2 1,580,084 59.0 1.38 783,385 1,120,560 143 574,112 773,720 1.35 52,305 62,683 1.20 170,282 221,310 1.30
4 268,217 8.6 340,522 12.7 .79 83,917 82,776 .99 186,421 133,135 1 43,379 31,187 72 26,805 21,119 .79
5 330,406 10.6 418,749 15.6 .79 53,548 34,700 .65 342,227 278,906 81 15,919 11,997 75 7,055 4,803 .68
Totals 3,104,234 100 2,676,817 100 1.16 1,142,705 1,476,662 1.29 1,185,192 1,246,325 1.05 125,420 119,489 95 223,500 261,758 1.17
1993
1 197,600 7.3 223,046 8.5 .89 153,685 141,603 92 30,312 24,862 .82 21,564 17,978 .83 17,485 13,157 75
2 59,150 2.2 90,525 3.5 .65 31,261 22,283 1 52,474 33,068 .63 1,048 711 .68 5,742 3,088 .54
3 1,887,823 69.6 1,550,396 59.2 1.22 688,521 859,444 1.25 601,448 740,184 1.23 56,285 62,973 1.12 204,142 225,222 1.10
4 261,648 9.6 343,660 13.1 .76 77,960 79,034 1.01 180,509 127,103 .70 60,882 38,516 .63 24,309 16,995 .70
5 308,474 114 410,330 15.7 75 48,087 27,207 .57 346,260 268,263 7 8,495 8,095 95 7,488 4,909 .66
Totals 2,714,695 100 2,617,957 100 1.04 999,514 1,129,571 1.13 1,211,003 1,193,480 .99 148,274 128,273 .87 259,166 263,371 1.02
1994
1 281,921 79 236,993 8.8 1.19 152,462 183,734 1.21 35,593 41,356 1.16 24,495 26,488  1.08 24,443 30,343 1.24
2 100,583 2.8 97,243 3.6 1.03 33,648 38,253 1.14 53,525 52,899 .99 1,108 872 .79 8,962 8,559 .96
3 2,239,152 62.5 1,555,565 58.0 1.44 602,004 903,099 1.50 609,548 868,895 143 88,960 124,034  1.39 255,053 343,124 1.35
4 396,603 11.1 367,070 13.7 1.08 74,031 97,211 1.31 184,188 191,807 1.04 73,774 73,634  1.00 35,077 33,951 97
5 565,785 15.8 428,022 159 1.32 56,293 73,273 1.30 352,781 469,318 1.33 9,305 12,269 1.32 9,643 10,925 1.13
Totals 3,584,044 100 2,684,893 100 1.33 918,438 1,295,570 1.41 1,235,635 1,624,275 1.31 197,642 237,297 1.20 333,178 426,902  1.28
1995
1 258,857 7.9 242,512 9.1 1.07 136,550 155,854 1.14 41,565 40,900 98 33,328 32,913 .99 31,069 29,190 94
2 84,940 2.6 97,814 3.7 .87 31,246 29,015 93 56,895 48,279 .85 1,669 1,094 .66 8,004 6,552 .82
3 2,109,913 64.5 1,533,409 57.8 1.38 486,039 708,401 1.46 657,248 882,965 1.34 93,271 125,052  1.34 296,851 393,495 1.33
4 361,778 11.1 355,259 134 1.02 60,157 73,850 1.23 195,033 193,008 .99 74,158 69,698 .94 25911 25,222 97
5 453,515 139 426,810 16.1 1.06 57,069 56,766 .99 348,025 375,065 1.08 14,367 14,473 1.01 7,349 7,211 98
Totals 3,269,003 100 2,655,804 100 1.23 771,061 1,023,886 1.33 1,298,766 1,540,217 1.19 216,793 243230 1.12 369,184 461,670 1.25
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Table 3. Irrigation water use, acres irrigated, and irrigation application rate by system type for the Groundwater Management Districts within the Kansas High Plains,
1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft/acre, acre-foot per acre]

Ground-  Total irrigation water Total acres irrigated  Aver- Flood irrigation Center pivot irrigation Center pivotirrigation with drop Other irrigation systems
water use age nozzle
Manage-
ment p p rate of Rate of Rate of Rate of Rate of
ot ercen- ereen- jryj- irri- irri- irri- irri-
District tage of tage of : Total acres Water used . Total acres Water used . Total acres Waterused . Total acres Water used .
Acre-feet Acres gation ™ gation . gation o gation . gation
(GMD) total for total for (acre- irrigated (acre-ft) (acre irrigated (acre-ft) (acre irrigated (acre-ft) (acre irrigated (acre-ft) (acre
number ) N ) ”
(fig. 1) all GMDs all GMDs ft/yr) ft/acre) ft/acre) ft/acre) ft/acre)
1996
1 250,042 8.3 242,642 9.1 1.03 123,648 131,803 1.07 48,318 46,961 0.97 42,166 41,796  0.99 28,510 29482 1.03
2 86,645 2.9 103,597 39 .84 29,702 28,537 .96 63,406 50,110 .79 2,289 1,924 .84 8,200 6,074 74
3 1,949,992  64.5 1,524,257 57.0 1.28 442,764 597,295 1.35 684,371 857,864 1.25 113,215 141,655 1.25 283,907 353,178 1.24
4 364,688 12.1 370,641 13.9 .98 52,973 62,599 1.18 199,944 192,755 .96 85,604 78,055 91 32,120 31,279 97
5 371,749 123 431,379 16.1 .86 49,876 41,465 .83 355,894 309,488 .87 18,249 15,647 .86 7,360 5,149 .70
Totals 3,023,116 100 2,672,516 100 1.13 698,963 861,699 1.23 1,351,933 1,457,178 1.08 261,523 279,077  1.07 360,097 425,162  1.18
1997
1 225,872 7.8 246,497 9.0 92 106,858 105,247 .98 41,150 33,529 .81 69,341 60,145 .87 29,148 26,951 92
2 76,457 2.6 106,771 39 72 27,709 22,793 .82 42,920 29,687 .69 28,158 18,578 .66 7,984 5,399 .68
3 1,851,794 63.7 1,576,430 57.3 1.17 355,973 431,904 1.21 516,487 623,105 1.21 393,274 465,788  1.18 310,696 330,997 1.07
4 413,066 14.2 381,935 139 1.08 44,908 54,950 1.22 136,971 142,795 1.04 170,738 184,679  1.08 29,318 30,642 1.05
5 341,855 11.8 439,038 16.0 78 46,642 34,089 73 269,480 211,070 78 115,490 91,938 .80 7,426 4,758 .64
Totals 2,909,044 100 2,750,671 100 1.06 582,090 648,983 1.11 1,007,008 1,040,186 1.03 777,001 821,128  1.06 384,572 398,747 1.04
1998
1 223,380 7.1 244,883 8.8 91 86,245 81,677 95 44,591 37,746 .85 79,805 75,122 .94 34,242 28,844 .84
2 100,825 3.2 110,441 4.0 91 26,502 27,643 1.04 39,608 32,975 .83 32,294 29,975 93 12,037 10,232 .85
3 1,940,161 61.6 1,583,403 57.2 1.23 280,187 326,765 1.17 481,008 619,532 1.29 474,580 599,184 1.26 347,628 394,680 1.14
4 376,852 12.0 380,712 13.8 .99 32,801 36,220 1.10 104,022 101,738 98 212,541 209,301 .98 31,348 29,593 .94
5 511,214 16.2 448,803 16.2 1.14 43,939 41,606 95 219,963 254,895 1.16 167,639 194,692 1.16 17,262 20,021 1.16
Totals 3,152,441 100 2,768,242 100 1.14 469,674 513911 1.09 889,192 1,046,886 1.18 966,859 1,108,274  1.15 442,517 483,370  1.09
1999
1 219915 7.7 246,636 8.8 .89 77,205 75,953 .98 40,196 33,389 .83 93,569 79,546 .85 35,666 31,027 .87
2 85,121 3.0 114,635 4.1 74 26,588 22,574 .85 35,230 24,622 .70 42,404 30,645 72 10,413 7,280 .70
3 1,759,432 61.5 1,594,865 57.1 1.10 239,048 259,471 1.09 409,610 468,742 1.14 586,912 663,830 1.13 359,295 367,389  1.02
4 331,370 11.6 378,827 13.6 .87 26,988 28,555 1.06 95,372 80,905 .85 219,918 189,915 .86 36,549 31,995 .88
5 463,473 16.2 457,878 164 1.01 42,592 35,707 .84 209,721 217,124 1.04 189,085 195,702 1.03 16,480 14,940 91
Totals 2,859,311 100 2,792,841 100 1.02 412,421 422,260 1.02 790,129 824,782 1.04 1,131,888 1,159,638  1.02 458,403 452,631 .99
2000
1 275,750 7.9 250,274 9.0 1.10 66,913 75,083 1.12 27,605 27,129 98 119,262 131,780 1.10 36,494 41,758 1.14
2 112,448 32 116,186 4.2 97 26,875 30,136 1.12 25,159 21,843 .87 52,818 50,443 .96 11,334 10,026 .88
3 2,117,282 60.4 1,584,541 56.9 1.34 207,349 265,080 1.28 327,109 444,594 1.36 716,366 995,219  1.39 333,717 412,389 1.24
4 472,688 13.5 374,945 135 1.26 20,792 30,969 1.49 70,750 86,909 1.23 250,894 316,092 1.26 32,509 38,718 1.19
5 528,801 15.1 458,336  16.5 1.15 38,213 41,422 1.08 174,385 204,296 1.17 229,741 265,459  1.16 15,997 17,624  1.10
Totals 3,506,969 100 2,784,282 100 1.26 360,142 442,690 1.23 625,008 784,771 1.26 1,369,081 1,758,993 1.28 430,051 520,515 1.21
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Table 3. Irrigation water use, acres irrigated, and irrigation application rate by system type for the Groundwater Management Districts within the Kansas High Plains,

1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft/acre, acre-foot per acre]

Ground- Total irrigation water

Total acres irrigated  Aver-

Flood irrigation

Center pivot irrigation

Center pivot irrigation with drop

Other irrigation systems

water use age nozzle
Manage-
ment p p rate of Rate of Rate of Rate of Rate of
- ercen- Ereen- i irri- irri- irri- irri-
District Acre-feet tage of Acres tage of gation Total acres Water used ation Total acres Water used ation Total acres Waterused ation Total acres Water used ation
(GMD) total for total for (acre- irrigated (acre-ft) ?acre irrigated (acre-ft) ?acre irrigated (acre-ft) ?acre irrigated (acre-ft) ?acre
number ) . ) N
(fig. 1) all GMDs allGMDs ) ft/acre) ft/acre) ft/acre) ft/acre)
2001
1 226,216 7.0 237,016 8.7 0.95 52,491 53,405 1.02 29,663 26,016  0.88 120,284 115,239  0.96 34,578 31,556 091
2 131,639 4.1 117,476 4.3 1.12 25,419 31,743 1.25 25,522 26,152 1.02 54,087 60,227 1.11 12,448 13,517 1.09
3 1,889,226 58.7 1,552,436  56.7 1.22 163,657 187,146 1.14 277,253 338,657 1.22 771,727 974,471 1.26 339,799 388,952 1.14
4 402,236 12.5 367,627 13.4 1.09 16,830 20,649 1.23 57,955 64,016 1.10 260,665 281,731 1.08 32,177 35,840  1.11
5 567,745 17.6 462,003 169 1.23 39,014 41,734 1.07 143,220 176,108 1.23 258,986 325,155 1.26 20,783 24,748 1.19
Totals 3,217,062 100 2,736,558 100 1.18 297,411 334,677 1.13 533,613 630,949 1.18 1,465,749 1,756,823 1.20 439,785 494,613 1.12
2002
1 286,707 7.5 243,617 8.7 1.18 51,732 61,436 1.19 23,716 26,216 1.11 123,104 147,330  1.20 45,065 51,725 1.15
2 125933 33 120,840 4.3 1.04 24,826 30,690 1.24 20,090 20,116 1.00 61,401 61,132  1.00 14,523 13,995 .96
3 2,357,519 614 1,594,975 57.0 1.48 150,509 234,006 1.55 238,835 347,155 1.45 818,106 1,238,698  1.51 387,525 537,660 1.39
4 500,716 13.0 374,371 134 1.34 14,672 22,270 1.52 50,587 66,332 1.31 275,019 368,947 1.34 34,093 43,167 1.27
5 571,254 149 464,945 16.6 1.23 35,692 39,650 1.11 118,264 145,967 1.23 290,459 360,588 1.24 20,530 25,049 1.22
Totals 3,842,129 100 2,798,748 100 1.37 277,431 388,052 1.40 451,492 605,786 1.34 1,568,089 2,176,695 1.39 501,736 671,596 1.34
2003
1 236,793 7.1 235,050 8.7 1.01 47,292 49,659 1.05 18,770 17,394 93 132,831 132,349  1.00 36,157 37,391 1.03
2 138,811 4.1 121,404 4.5 1.14 22,520 29,566 1.31 19,362 21,060 1.09 63,854 70,842  1.11 15,668 17,343 1.11
3 1,937,199 57.8 1,514,599 56.0 1.28 112,449 144,707 1.29 215,483 266,573 1.24 842,524 1,094,106  1.30 344,143 431,813 1.25
4 460,830 13.8 375,994 139 1.23 11,610 16,227 1.40 49,425 57,226 1.16 283,226 349,235 1.23 31,733 38,142 1.20
5 575,807 17.2 456,932 169 1.26 30,817 39,546 1.28 99,141 126,458 1.28 307,325 385,951 1.26 19,649 23,852  1.21
Totals 3,349,440 100 2,703,979 100 1.24 224,688 279,705 1.24 402,181 488,711 1.22 1,629,760 2,032,483 1.25 447,350 548,541 1.23
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Table 4. Irrigation water use, acres irrigated, and irrigation application rate by crop type for the Groundwater Management Districts within the Kansas High Plains, 1991-2003.

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft/acre, acre-foot per acre]

A

Ground- Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple Use
water
Manage- Irrigation Rate of Rate of Irrigation Rate of Rate of Irrigation  Rate of Rate of
ment Total water irri- Total Irrigation irri- Total wgater irri- Total Irrigation irri- Total water irri- Total acres Irrigation irri-
District  acres used gation acres waterused gation acres used gation acres waterused gation acres used gation irriqated water used gation
number irrigated  (acre-  (acre- irrigated (acre-feet) (acre- irrigated (acre-feet) (acre- irrigated (acre-feet) (acre- irrigated  (acre-  (acre- g (acre-feet) (acre-
(fig. 1) feet)  ft/acre) ft/acre) ft/acre) ft/acre) feet)  ft/acre) ft/acre)
1991
1 3,061 4,431 145 41,584 64,116 1.54 15,576 18,257 1.17 301 431 1.43 7,655 5,800 0.76 194,351 262,554 1.35
2 1,311 1,173 .90 22,721 29,650 1.30 7,304 5,589 7 13,733 15,487 1.13 721 418 .58 52,043 60,286 1.16
3 112,077 227,401 2.03 186,557 356,541 1.91 49,141 72,187 1.47 9,440 14,308 1.52 82,560 90,641 1.10 1,153,416 1,899,155 1.65
4 6,383 9,317 1.46 140,359 212,020 1.51 23,474 28,699 1.22 5,604 6,630 1.18 15,816 11,209 71 168,473 210,980 1.25
5 47,721 68,609 1.44 158,182 232,206 1.47 18,691 21,402 1.15 29,079 40,321 1.39 15,114 10,958 73 165,958 233,176 1.41
Totals 170,553 310,931 1.82 549,403 894,533 1.63 114,186 146,134 1.28 58,157 77,177 1.33 121,866 119,026 98 1,734,241 2,666,151 1.54
1992
1 2,828 4,524 1.60 48,455 62,838 1.30 12,940 11,602 .90 916 1,003 1.10 7,974 5,652 71 171,469 184,524 1.08
2 1,730 1,077 .62 19,827 11,723 .59 8,719 4,837 .55 13,589 9,599 71 927 329 .36 48,088 29,629 .62
3 104,396 175,814 1.68 217,375 336,529 1.55 42,784 39,958 93 10,676 10,342 97 79,339 81,315 1.02 1,125,514 1,534,314 1.36
4 5,237 4,765 91 139,908 119,470 .85 28,445 20,129 71 6,996 4,705 .67 15,184 8,169 .54 144,752 110,979 17
5 42,745 37,283 .87 180,103 152,136 .84 18,262 9,483 52 21,307 16,609 .78 14,586 7,734 53 141,746 107,162 .76
Totals 156,936 223,463 1.42 605,668 682,696 1.13 111,150 86,009 17 53,484 42258 .79 118,010 103,199 .87 1,631,569 1,966,608 1.21
1993
1 2,034 2,608 1.28 58,762 64,761 1.10 9,997 7,270 73 67 17 .26 5,459 2,409 44 146,727 120,534 .82
2 1,000 507 Sl 20,270 14,016 .69 4,813 2,213 46 12,330 9,371 .76 633 114 18 51,479 32,928 .64
3 103,698 162,041 1.56 259,940 390,866 1.50 26,218 21,496 .82 6,799 6,715 .99 68,829 55,768 .81 1,084,912 1,250,936 1.15
4 6,289 4,808 .76 164,651 139,859 .85 6,759 3,405 .50 4,489 2,536 57 16,204 7,811 48 145,268 103,228 71
5 40,900 28,089 .69 184,608 158,642 .86 12,528 5,227 42 23,824 18,912 .79 11,746 3,497 .30 136,724 94,107 .69
All 153,921 198,053 1.29 688,231 768,144 1.12 60,315 39,611 .66 47,509 37,551 .79 102,871 69,599 .68 1,565,110 1,601,733 1.02
1994
1 3,015 3,990 1.32 50,703 73,305 1.45 10,029 8,526 .85 317 403 1.27 4,566 2,477 54 168,363 193,220 1.15
2 1,179 1,382 1.17 21,342 24,224 1.14 4,076 3,498 .86 16,155 17,032 1.05 802 213 27 53,689 54,234 1.01
3 109,133 199,017 1.82 277,076 464,174 1.68 20,143 20,990 1.04 6,735 9,086 1.35 59,655 56,857 95 1,082,823 1,489,030 1.38
4 5,676 5,800 1.02 177,265 218,340 1.23 7,125 5,941 .83 3,929 3,709 .94 11,625 6,803 .59 161,450 156,009 97
5 41,386 56,319 1.36 189,124 264,327 1.40 11,889 11,158 .94 29,119 38,466 1.32 7,308 5,613 77 149,196 189,901 1.27
Totals 160,389 266,508 1.66 715,510 1,044,370 1.46 53,262 50,113 .94 56,255 68,696 1.22 83,956 71,963 .86 1,615,521 2,082,394 1.29
1995
1 1,944 2,992 1.54 54,699 68,045 1.24 9,488 8,107 .85 0 0 .00 7,371 5,126 .70 169,010 174,586 1.03
2 1,178 717 .61 20,084 19,902 .99 7,060 4,822 .68 15,803 14,032 .89 1,227 393 32 52,462 45,075 .86
3 114,411 193,784 1.69 278,912 450,640 1.62 20,033 19,878 .99 4,709 6,199 1.32 49,554 39,819 .80 1,065,790 1,399,593 1.31
4 7,402 7,129 .96 158,766 195,690 1.23 8,364 7,067 .84 3,576 3,495 98 17,480 8,001 46 159,671 140,396 .88
5 40,244 37,877 .94 185,095 221,508 1.20 14,059 10,447 74 28,128 31,444 1.12 10,071 4,496 45 149,213 147,743 .99
Totals 165,179 242,499 1.47 697,556 955,785 1.37 59,004 50,321 .85 52,216 55,170 1.06 85,703 57,835 .67 1,596,146 1,907,393 1.19
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Table 4. Irrigation water use, acres irrigated, and irrigation application rate by crop type for the Groundwater Management Districts within the Kansas High Plains,
1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft/acre, acre-foot per acre]

Ground- Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple Use
water
Manage- Irrigation Rate of Rate of Irriaation Rate of Rate of Irrigation  Rate of Rate of
ment Total water irri- Total Irrigation irri- Total wgater irri- Total Irrigation irri- Total water irri- Total acres Irrigation irri-
District  acres used gation acres waterused gation acres used gation acres waterused gation acres used gation rrigated water used gation
number irrigated  (acre-  (acre- irrigated (acre-feet) (acre- irrigated (acre-feet) (acre- irrigated (acre-feet) (acre- irrigated  (acre-  (acre- g (acre-feet) (acre-
(fig. 1) feet)  ft/acre) ft/acre) ft/acre) ft/acre) feet)  ft/acre) ft/acre)
1996
1 2,902 3,458 1.19 66,332 82,493 1.24 9,267 6,801 0.73 118 82 0.69 4,597 2,082 045 159,426 155,127 0.97
2 1,195 847 1 24,474 24,680 1.01 5,578 3,615 .65 15,063 11,988 .80 1,490 489 33 55,797 45,027 .81
3 108,819 168,783 1.55 331,052 489,911 1.48 20,459 16,720 .82 4,855 4,083 .84 36,924 30,617 .83 1,022,148 1,239,878 1.21
4 7,200 6,499 .90 204,159 224,076 1.10 6,333 4,133 .65 2,504 2,264 .90 13,580 7,217 .53 136,865 120,498 .88
5 37,692 29,566 78 210,359 200,650 95 14,229 8,771 .62 31,627 25,044 .79 5,985 2,522 42 131,487 105,197 .80
Totals 157,808 209,153 1.33 836,376 1,021,810 1.22 55,866 40,040 72 54,167 43,461 .80 62,576 42,927 .69 1,505,723 1,665,727 1.11
1997
1 2,967 3,472 1.17 69,309 76,172 1.10 7,183 4,226 .59 544 416 .76 9,338 5,386 .58 157,156 136,200 .87
2 1,376 887 .64 26,924 21,082 78 3,876 2,174 .56 21,919 15,898 73 1,401 424 .30 51,275 35,993 .70
3 124,470 202,750 1.63 381,109 506,695 1.33 19,094 15,927 .83 6,724 7,227 1.07 38,921 29,771 .76 1,006,112 1,089,424 1.08
4 8,309 9,095 1.09 222,164 265,040 1.19 5,745 4,360 .76 6,348 6,523 1.03 13,982 8,530 .61 125,387 119,518 .95
5 37,009 27,488 74 200,050 170,569 .85 10,588 6,042 .57 54,749 42,507 .78 6,481 2,322 .36 130,161 92,926 71
Totals 174,131 243,692 1.40 899,556 1,039,558 1.16 46,486 32,729 .70 90,284 72,571 .80 70,123 46,433 .66 1,470,091 1,474,061 1.00
1998
1 2,859 3,486 1.22 69,902 79,262 1.13 2,960 1,659 .56 1,362 1,027 75 6,647 4,429 .67 161,153 133,526 .83
2 1,656 1,527 92 27,370 25,714 94 3,698 2,576 .70 24,134 23,689 .98 1,012 476 47 52,571 46,844 .89
3 136,561 233,416 1.71 410,369 602,187 1.47 9,130 6,924 .76 12,184 15,819 1.30 33,583 25,253 75 981,576 1,056,562 1.08
4 9,299 10,419 1.12 219,731 240,991 1.10 4,483 2,998 .67 10,096 8,950 .89 9,518 5,203 .55 127,585 108,291 .85
5 36,064 41,255 1.14 203,016 245,091 1.21 7,602 5,766 .76 66,447 78,408 1.18 5,238 1,969 .38 130,436 138,726 1.06
Totals 186,439 290,103 1.56 930,388 1,193,245 1.28 27,873 19,923 1 114,223 127,893 1.12 55,998 37,330 .67 1,453,321 1,483,949 1.02
1999
1 2,555 3,430 1.34 68,483 74,841 1.09 3,181 2,672 .84 1,462 1,612 1.10 5,492 2,454 45 165,463 134,906 .82
2 1,248 883 1 30,616 22,628 74 2,993 1,768 .59 29,126 22,773 78 684 239 .35 49,968 36,830 74
3 130,184 185,079 1.42 422,801 565,797 1.34 11,114 8,320 75 21,090 21,963 1.04 37,965 23,033 .61 971,711 955,240 .98
4 9,552 8,836 93 215,832 209,552 97 3,479 2,196 .63 12,014 9,166 .76 11,810 6,000 S1 126,140 95,620 .76
5 36,481 32,904 .90 197,704 213,070 1.08 6,840 5,358 78 72,459 80,734 1.11 9,279 4,386 47 135,115 127,021 .94
Totals 180,020 231,132 1.28 935,436 1,085,888 1.16 27,607 20,314 74 136,151 136,248 1.00 65,230 36,112 .55 1,448,397 1,349,617 93
2000
1 2,266 3,117 1.38 68,448 94,918 1.39 2,494 2,221 .89 1,600 1,499 94 6,651 4,168 .63 168,815 169,827 1.01
2 918 934 1.02 28,112 25,284 .90 2,816 1,929 .69 33,760 36,285 1.07 729 250 34 49,851 47,766 .96
3 122,033 222914 1.83 454,130 720,060 1.59 9,357 8,154 .87 25,365 36,181 1.43 37,045 28,325 .76 936,611 1,101,647 1.18
4 7,897 9,928 1.26 215,444 298,766 1.39 2,526 2,126 .84 15,063 18,755 1.25 9,165 5,391 .59 124,850 137,721 1.10
5 30,025 34,944 1.16 207,135 243,038 1.17 6,149 5,302 .86 73,072 91,160 1.25 7,934 4,503 57 134,021 149,854 1.12
Totals 163,139 271,837 1.67 973,269 1,382,066 1.42 23,342 19,732 .85 148,860 183,880 1.24 61,524 42,637 .69 1,414,148 1,606,815 1.14
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Table 4. Irrigation water use, acres irrigated, and irrigation application rate by crop type for the Groundwater Management Districts within the Kansas High Plains,

1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft/acre, acre-foot per acre]

Ground- Alfalfa Corn Grain sorghum Soybeans Wheat Other/Multiple Use
water
Manage- Irrigation Rate of Rate of Irriaation Rate of Rate of Irrigation  Rate of Rate of
ment Total water irri- Total Irrigation irri- Total wgater irri- Total Irrigation irri- Total water irri- Total acres Irrigation irri-
District  acres used gation acres waterused gation acres se gation acres waterused gation acres used gation irriaated water used gation
number irrigated  (acre-  (acre- irrigated (acre-feet) (acre- irrigated (acre-feet) (acre- irrigated (acre-feet) (acre- irrigated  (acre-  (acre- g (acre-feet) (acre-
(fig. 1) feet)  ft/acre) ft/acre) ft/acre) ft/acre) feet)  ft/acre) ft/acre)
2001
1 2,380 4,181 1.76 54,499 66,954 1.23 5,128 3,636 0.71 1,189 1,203 1.01 5,351 2,524 047 168,469 147,718 0.88
2 1,365 1,089 .80 30,904 34,676 1.12 3,134 2,722 .87 31,783 36,951 1.16 1,194 663 .55 49,096 55,537 1.13
3 144,614 240,336 1.66 407,355 584,300 143 11,656 9,978 .86 30,733 43,979 1.43 53,006 36,850 .70 905,072 973,783 1.08
4 8,702 11,094 1.27 185,803 233,083 1.25 6,159 5,871 95 19,852 21,553 1.09 12,662 6,726 53 134,449 123,908 92
5 32,947 39,317 1.19 201,073 259,856 1.29 7,112 6,394 .90 67,948 90,203 1.33 9,696 6,164 .64 143,227 165,810 1.16
Totals 190,008 296,017 1.56 879,634 1,178,869 1.34 33,189 28,601 .86 151,505 193,889 1.28 81,909 52,927 .65 1,400,313 1,466,756 1.05
2002
1 2,521 3,996 1.58 47,875 75,844 1.58 4,553 5,068 1.11 1,520 1,550 1.02 5,613 4,289 .76 181,535 195,960 1.08
2 1,495 1,321 .88 35,974 38,735 1.08 3,356 2,523 75 29,202 31,773 1.09 635 408 .64 50,178 51,173 1.02
3 159,240 298,900 1.88 382,199 673,482 1.76 18,561 18,252 .98 26,349 42,690 1.62 40,498 33,603 .83 968,128 1,290,592 1.33
4 8,801 13,601 1.55 178,199 262,899 1.48 4,393 4,553 1.04 18,856 26,376 1.40 8,869 6,056 .68 155,253 187,230 1.21
5 42,363 54,769 1.29 201,842 265,484 1.32 8,081 7,921 .98 67,327 86,427 1.28 9,024 5,536 .61 136,308 151,117 1.11
Totals 214,420 372,587 1.74 846,089 1,316,444 1.56 38,944 38,317 .98 143,254 188,816 1.32 64,639 49,892 77 1,491,402 1,876,072 1.26
2003
1 2,260 3,237 143 31,591 45,476 1.44 5,649 4,257 75 839 778 93 10,641 5,751 54 184,070 177,294 .96
2 1,363 930 .68 43,078 50,765 1.18 4,352 3,659 .84 24,628 29,815 1.21 594 251 42 47,389 53,390 1.13
3 156,530 267,136 1.71 331,063 503,489 1.52 28,148 25,065 .89 28,668 38,911 1.36 49,694 36,793 74 920,496 1,065,806 1.16
4 10,240 13,600 1.33 136,095 198,494 1.46 8,313 8,448 1.02 15,726 19,700 1.25 21,318 13,773 .65 184,302 206,816 1.12
5 44,433 50,458 1.14 192,626 266,588 1.38 16,136 16,735 1.04 57,229 77,069 1.35 12,339 7,157 .58 134,169 157,801 1.18
Totals 214,826 335,361 1.56 734,453 1,064,812 1.45 62,598 58,164 93 127,090 166,273 1.31 94,586 63,725 .67 1,470,426 1,661,107 1.13
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Table 5. Average regional precipitation and irrigation water use in

the Groundwater Management Districts within the Kansas High Plains,

1991-2003.

[Precipitation data from National Oceanic and Atmospheric Administration

(1895-2005).Water-use data from Kansas Water Office and Kansas Department of

Agriculture (1993-2005)]

Groundwater Average Total irrigation water use
Management regional Percentage of
District (GMD)  precipitation Acre-feet total for all
number (fig. 1) (inches) GMDs
1991
1 19.84 355,589 8.4
2 22.72 112,604 2.7
3 18.19 2,660,233 63.1
4 22.67 478,854 11.4
5 22.72 606,672 14.4
Totals 4,213,952 100
1992
1 24.16 270,143 8.7
2 31.96 57,195 1.8
3 19.69 2,178,273 70.2
4 25.39 268,217 8.6
5 31.96 330,406 10.6
Totals 3,104,234 100
1993
1 28.72 197,600 73
2 34.08 59,150 22
3 24.11 1,887,823 69.6
4 30.09 261,648 9.6
5 34.08 308,474 11.4
Totals 2,714,695 100
1994
1 18.83 281,921 7.9
2 22.06 100,583 2.8
3 18.87 2,239,152 62.5
4 20.70 396,603 11.1
5 22.06 565,785 15.8
Totals 3,584,044 100
1995
1 21.55 258,857 7.9
2 31.66 84,940 2.6
3 18.45 2,109,913 64.5
4 22.90 361,778 11.1
5 31.66 453,515 13.9
Totals 3,269,003 100
1996
1 25.40 250,042 83
2 32.01 86,645 29
3 25.58 1,949,992 64.5
4 25.85 364,688 12.1
5 32.01 371,749 12.3
Totals 3,023,116 100

Data Tables
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66 Effect of Irrigation Practices on Water Use in the Groundwater Management Districts in the Kansas High Plains, 1991-2003

Table 5. Average regional precipitation and irrigation water use in the
Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Precipitation data from National Oceanic and Atmospheric Administration
(1895-2004).Water-use data from Kansas Water Office and Kansas Department of
Agriculture (1993-2005)]

Groundwater Total irrigation water use
Management  Average regional
District (GMD) precipitation Percentage of
number (inches) Acre-feet total for all
(fig. 1) GMDs
1997
1 23.51 225,872 7.8
2 34.39 76,457 2.6
3 23.68 1,851,794 63.7
4 19.98 413,066 14.2
5 34.39 341,855 11.8
Totals 2,909,044 100
1998
1 21.11 223,389 7.1
2 30.14 100,825 32
3 20.89 1,940,161 61.6
4 20.87 376,352 12.0
5 30.14 511,214 16.2
Totals 3,152,441 100
1999
1 21.42 219,915 7.7
2 32.17 85,121 3.0
3 20.36 1,759,432 61.5
4 21.73 331,370 11.6
5 32.17 463,473 16.2
Totals 2,859,311 100
2000
1 19.64 275,750 7.9
2 32.76 112,448 3.2
3 18.82 2,117,282 60.4
4 17.38 472,688 13.5
5 32.76 528,801 15.1
Totals 3,506,969 100
2001
1 19.93 226,216 7.0
2 24.837 131,639 4.1
3 18.45 1,889,226 58.7
4 20.48 402,236 12.5
5 24.87 567,745 17.6
Totals 3,217,062 100
2002
1 13.25 286,707 7.5
2 29.41 125,933 3.3
3 1343 2,357,519 614
4 11.46 500,716 13.0
5 29.41 571,254 14.9

Totals 3,842,129 100



Data Tables

Table 5. Average regional precipitation and irrigation water use in the
Groundwater Management Districts within the Kansas High Plains,
1991-2003—Continued

[Precipitation data from National Oceanic and Atmospheric Administration
(1895-2004).Water-use data from Kansas Water Office and Kansas Department of
Agriculture (1993-2005)]

Groundwater Total irrigation water use
Management  Average regional
District (GMD) precipitation Percentage of
number (inches) Acre-feet total for all
2003

1 17.04 236,793 7.1

2 28.41 138,811 4.1

3 17.98 1,937,199 57.8

4 16.06 460,830 13.8

5 28.41 575,807 17.2

Totals 3,349,440 100
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68 Effect of Irrigation Practices on Water Use in the Groundwater Management Districts in the Kansas High Plains, 1991-2003
Table 6. Trends in precipitation by meteorological regions in Kansas, 1895-2003.

[Trend analysis from Kendall and Gibbons (1990). Shading indicates significant trend at the
95-percent confidence interval]

Region Median
g, Tau P Slope (inches)
1895-2003
1 -0.014 0.836 -0.003 22.55
2 .033 .615 .007 26.24
3 .038 .558 .015 33.71
4 .016 .812 .004 19.54
5 .099 127 .027 26.45
6 .052 424 .019 35.97
7 .068 .298 .013 18.48
8 11 .087 .029 26.92
9 125 .054 .045 37.21
1950-2003
1 .094 321 .040 20.54
2 .013 .899 .005 27.37
3 .078 408 .065 34.81
4 .066 483 .028 19.88
5 .088 351 .057 28.69
6 .097 .303 .073 36.38
7 .091 .336 .036 18.88
8 185 185 .101 28.16
9 185 .049 .159 38.65
1970-2003
1 -.057 .646 -.026 21.01
2 0 1 0 27.03
3 -.015 917 -.009 35.33
4 .066 .594 .035 19.95
5 .020 .882 .029 28.69
6 .055 .656 .062 36.93
7 .075 .543 .049 18.88
8 187 123 128 29.09
9 .070 573 .049 39.23
1980-2003
1 -.228 124 -.169 21.01
2 -.043 785 -.069 26.90
3 -.116 442 -.179 36.43
4 -.014 941 -.014 20.08
5 .007 .980 .013 28.93
6 -.080 .602 -.122 37.41
7 .004 1 .003 19.29
8 174 244 130 29.32
9 .007 .980 .005 39.86
1991-2003
1 -.564 .009 -.839 20.87
2 -.180 428 -.503 26.24
3 -.231 .300 -.749 34.99
4 -.436 .044 -.672 21.11
5 -.308 .160 -.825 31.17
6 -.179 428 -.592 37.28
7 -.320 142 -.390 18.87
8 -.026 951 -.141 31.66
9 -.205 .360 -.556 40.02




Table 7. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 1, west-central Kansas, 1991-2003.

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Center pivot irrigation with drop

Flood irrigation Center pivot irrigation Alfalfa
Meteor- Average nozzle
Y ?;Z?c;(r;]atll Tota irriTgo;?ilon :?rtlzsf Rate of Rate of Rate of  rotal lrtrif:  Rateof
far  orecipi- . 2% wateruse  tion Total Water irriga- L Water irriga- Total Water irriga- o ey M
tation irrigated (acre-ft)  (acre- acres used tion irrigated used tion acres used tion irri used gation
(inches) ft/acre) irrigated  (acre-ft)  (acre- (acre-ft) (acre- irrigated (acre-ft) (acre- gated  (acre- (acre-

ft/acre) ft/acre) ft/acre) ) ft/acre)

1991 19.84 262,528 355,589 1.35 216,196 299,120 1.38 34,172 39,671 1.16 NA NA NA 3,061 4,431 1.45
1992 24.16 244,582 270,143 1.10 188,730 216,103 1.15 30,403 30,008 99 12,209 13,003 1.07 2,828 4,524 1.60
1993 28.72 223,046 197,600 .89 153,685 141,603 .92 30,312 24,862 .82 21,564 17,978 .83 2,034 2,608 1.28
1994 18.83 236,993 281,921 1.19 152,462 183,734 1.21 35,593 41,356 1.16 24,495 26,488 1.08 3,015 3,990 1.32
1995 21.55 242,512 258,857 1.07 136,550 155,854 1.14 41,565 40,900 98 33,328 32,913 .99 1,944 2,992 1.54
1996 25.40 242,642 250,042 1.03 123,648 131,803 1.07 48,318 46,961 97 42,166 41,796 .99 2,902 3,458 119
1997 2351 246,497 225,872 .92 106,858 105,247 .98 41,150 33,529 .81 69,341 60,145 .87 2,967 3472 117
1998 21.11 244,883 223,389 91 86,245 81,677 .95 44,591 37,746 .85 79,805 75,122 94 2,859 3,486 1.22
1999 21.42 246,636 219,915 .89 77,205 75,953 .98 40,196 33,389 .83 93,569 79,546 .85 2,555 3,430 1.34
2000 19.64 250,274 275,750 1.10 66,913 75,083 1.12 27,605 27,129 98 119,262 131,780 1.10 2,266 3,117 1.38
2001 19.93 237,016 226,216 95 52491 53,405 1.02 29,663 26,016 .88 120,284 115,239 .96 2,380 4,181 1.76
2002 1325 243,617 286,707 1.18 51,732 61,436 1.19 23,716 26,216 111 123,104 147,330 1.20 2,521 3,996 1.58
2003 17.04 235,050 236,793 1.01 47,292 49,659 1.05 18,770 17,394 93 132,831 132,349 1.00 2,260 3,237 143
Average 21.11 242,790 254,523 1.05 112,308 125,437 1.09 34,312 32,706 .96 72,633 72,807 99 2,584 3,609 1.40
Mininum 13.25 223,046 197,600 .89 47292 49,659 .92 18,770 17,394 81 12,209 13,003 .83 1,944 2,608 1.17
Maximum 28.72 262,528 355,589 135 216,196 299,120 1.38 48,318 46,961 .16 132,831 147,330 1.20 3,061 4,524 1.76
Median 21.11 243,617 250,042 1.03 106,858 105,247 1.07 34,172 33,389 97 74,573 67,634 99 2,555 3472 1.38
Slope -.67 -46 -3,252 -015 -14,042 -15916 -.0106 -790 -1,428 -.0055 12,004 12,158 004 -50.7  -34.8 012
p-value 044 1.000 502 358 0 0 .392 161 .044 426 0 0 .582 .100 .669 583
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Table 7. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 1, west-central Kansas,
1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

oL

Corn Grain sorghum Soybeans Wheat Other/multiple use
L Rate of L Rate of _— Rate of _ Rate of N Rate of
Irrigation .. Irrigation . . Irrigation . . Irrigation . . Irrigation . .
Year Total water irriga- Total water irriga- Total water irriga- Total water irriga- Total water irriga-
acres tion acres tion acres tion acres tion acres tion

irrigated used (acre- irrigated used (acre- irrigated sed (acre- irrigated used (acre- irrigated used (acre-

(acre-ft) ffacre) (acre-ft) f/acre) (acre-ft) fifacre) (acre-ft) fjacre) (acre-ft) fifacre)
1991 41,584 64,116 1.54 15,576 18,257 1.17 301 431 1.43 7,655 5,800 0.76 194,351 262,554 1.35
1992 48,455 62,838 1.30 12,940 11,602 .90 916 1,003 1.10 7,974 5,652 71 171,469 184,524 1.08
1993 58,762 64,761 1.10 9,997 7,270 73 67 17 .26 5,459 2,409 44 146,727 120,534 .82
1994 50,703 73,305 1.45 10,029 8,526 .85 317 403 1.27 4,566 2,477 .54 168,363 193,220 1.15
1995 54,699 68,045 1.24 9,488 8,107 .85 0 0 0 7,371 5,126 .70 169,010 174,586 1.03
1996 66,332 82,493 1.24 9,267 6,801 73 118 82 .69 4,597 2,082 45 159,426 155,127 .97
1997 69,309 76,172 1.10 7,183 4,226 .59 544 416 .76 9,338 5,386 .58 157,156 136,200 .87
1998 69,902 79,262 1.13 2,960 1,659 .56 1,362 1,027 75 6,647 4,429 .67 161,153 133,526 .83
1999 68,483 74,841 1.09 3,181 2,672 .84 1,462 1,612 1.10 5,492 2,454 45 165,463 134,906 .82
2000 68,448 94918 1.39 2,494 2,221 .89 1,600 1,499 94 6,651 4,168 .63 168,815 169,827 1.01
2001 54,499 66,954 1.23 5,128 3,636 1 1,189 1,203 1.01 5,351 2,524 47 168,469 147,718 .88
2002 47,875 75,844 1.58 4,553 5,068 1.11 1,520 1,550 1.02 5,613 4,289 .76 181,535 195,960 1.08
2003 31,591 45,476 1.44 5,649 4,257 75 839 778 93 10,641 5,751 54 184,070 177,294 .96
Average 56,203 71,463 1.29 7,573 6,485 .82 787 771 .87 6,720 4,042 .59 168,924 168,152 .99
Mininum 31,591 45,476 1.09 2,494 1,659 1 0 0 0 4,566 2,082 44 146,727 120,534 .82
Maximum 69,902 94918 1.58 15,576 18,257 1.17 1,600 1,612 1.43 10,641 5,800 .76 194,351 262,554 1.35
Median 54,699 73,305 1.24 7,183 5,068 .84 839 778 94 6,647 4,289 .58 168,469 169,827 .97
Slope 582 1,024 -.0005 -833 =771  -.0098 103 92.1 -.0016 3.75 -19.8  -.0067 1,324 -1,625  -.0173
p-value 760 .300 951 .002 .009 358 .033 .059 1.000 951 .855 713 502 .669 245
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Table 7. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for
Groundwater Management District 1, west-central Kansas, 1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre,
acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05). Green shading indicates trend
is significant at 90-percent level (p<0.10). NA, data not available]

Total acres irrigated

Year Prorated Prorated grain  Prorated Prorated Other
alfalfa Prorated corn sorghum soybeans wheat proratgd,
unspecified
1991 18,862 120,982 44,807 301 55,452 22,124
1992 10,258 101,980 41,191 7,218 66,767 17,168
1993 7,869 111,027 28,153 2,284 59,130 14,583
1994 9,632 110,004 29,460 3,729 68,482 15,687
1995 9,116 115,964 27,816 1,408 69,982 18,226
1996 8,707 123,898 31,552 3,462 57,281 17,742
1997 7,291 132,274 24,597 5,782 67,264 9,288
1998 11,128 128,234 14,695 13,215 59,377 18,234
1999 7,485 131,867 14,839 10,560 62,341 19,544
2000 6,086 133,715 9,369 12,099 70,411 18,594
2001 5,491 115,679 17,576 11,217 66,808 20,186
2002 5,183 115,246 23,284 8,449 76,414 15,041
2003 5,719 89,352 22,681 9,930 78,208 29,161
Average 8,679 117,709 25,386 6,896 65,994 18,121
Mininum 5,183 89,352 9,369 301 55,452 9,288
Maximum 18,862 133,715 44,807 13,215 78,208 29,161
Median 7,869 115,964 24,597 7,218 66,808 18,226
Slope -485 732 -1,900 852 1,076 328
p-value .001 128 .006 .024 .0173 2001
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Table 8. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Ground Water Management District 2, south-central Kansas, 1991-2003.

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05). Green
shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Center pivotirrigation with drop

Metgor- Average Flood irrigation Center pivot irrigation nozzle Alfalfa
ological Total . Total rate of
v region 8 irrigation . 7 Rate of Rate of Rate of - Rateof
ear precipi- . 2°'%%  \water use irrigation  Total Water . . on Total ~ Water irriga- Total Water irriga- Total  Irrigation  irri-
tation  "mgated (acre-ft) (acre-  acres used (agcre- acres  used tion acres used tion acres irri- waterused gation
(inches) f/acre) irrigated (acre-ft) f/acre) irrigated (acre-ft) (acre- irrigated  (acre-ft)  (acre- gated  (acre-ft) (acre-
ft/acre) ft/acre) ft/acre)
1991 2272 97,833 112,604 1.15 37,604 47,438 1.26 52,475 57,681 1.10 NA NA NA 1,311 1,173 0.90
1992 31.96 92,880 57,195 .62 33,125 22,523 .68 52,029 30,556 .59 1,608 619 38 1,730 1,077 .62
1993 34.08 90,525 59,150 .65 31,261 22,283 71 52,474 33,068 .63 1,048 711 .68 1,000 507 Sl
1994 22.06 97,243 100,583 1.03 33,648 38,253 1.14 53,525 52,899 .99 1,108 872 79 1,179 1,382 1.17
1995 31.66 97814 84,940 .87 31,246 29,015 .93 56,895 48,279 .85 1,669 1,094 .66 1,178 717 .61
1996 32.01 103,597 86,645 .84 29,702 28,537 .96 63,406 50,110 79 2,289 1,924 .84 1,195 847 71
1997 34.39 106,771 76,457 712 27,709 22,793 .82 42,920 29,687 .69 28,158 18,578 .66 1,376 887 .64
1998 30.14 110,441 100,825 91 26,502 27,643 1.04 39,608 32,975 .83 32,294 29,975 93 1,656 1,527 .92
1999 32.17 114,635 85,121 74 26,588 22,574 .85 35,230 24,622 70 42,404 30,645 12 1,248 883 71
2000 3276 116,186 112,448 97 26,875 30,136 1.12 25,159 21,843 .87 52,818 50,443 .96 918 934 1.02
2001 24.87 117,476 131,639 1.12 25,419 31,743 1.25 25,522 26,152 1.02 54,087 60,227 1.11 1,365 1,089 .80
2002 29.41 120,840 125,933 1.04 24,826 30,690 1.24 20,090 20,116 1.00 61,401 61,132 1.00 1,495 1,321 .88
2003 28.41 121,404 138,811 1.14 22,520 29,566 1.31 19,362 21,060 1.09 63,854 70,842 1.11 1,363 930 .68
Average 29.74 106,742 97,873 91 29,002 29,476 1.02 41,438 34,542 .86 28,562 27,255 .82 1,309 1,021 78
Mininum 22.06 90,525 57,195 .62 22,520 22,283 .68 19,362 20,116 .59 1,048 619 .38 918 507 Sl
Maximum 3439 121,404 138,811 1.15 37,604 47,438 1.31 63,406 57,681 1.10 63,854 70,842 1.11 1,730 1,527 1.17
Median 31.66 106,771 100,583 91 27,709 29,015 1.04 42,920 30,556 .85 30,226 24,277 .82 1,311 934 71
Slope -.14 2,843 6,066 .0312 -1,020 98.2 .04 -3,363 -2.457  .0248 6,677 7,143 .05 15.3 14.6 013
p-value 951 0 .012 .100 0 .669 .059 .003 .002 127 0 0 .002 .583 .502 463
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Table 8. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Ground Water Management District 2, south-central Kansas, 1991—
2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Corn Grain sorghum Soybeans Wheat Other/multiple use
v Total Irrigation F:rzﬁgao_f Total Irrigation _ R_ate _of Total Irrigation _ R_ate _of Irrigation _ R_ate _of Total Irrigation F:r?;ao_f
ear water . water irrigation water irrigation Total acres  water irrigation water :
acres tion acres acres - acres tion

irrigated sed (acre- irrigated used (acre- irrigated used (acre- irigated used (acre- irrigated used (acre-

(acre-ft) fifacre) (acre-ft)  ft/acre) (acre-ft)  ft/acre) (acre-ft)  ft/acre) (acre-ft) fyacre)
1991 22,721 29,650 1.30 7,304 5,589 0.77 13,733 15,487 1.13 721 418 0.58 52,043 60,286 1.16
1992 19,827 11,723 .59 8,719 4,837 .55 13,589 9,599 71 927 329 .36 48,088 29,629 .62
1993 20,270 14,016 .69 4,813 2,213 46 12,330 9,371 .76 633 114 18 51,479 32,928 .64
1994 21,342 24,224 1.14 4,076 3,498 .86 16,155 17,032 1.05 802 213 27 53,689 54,234 1.01
1995 20,084 19,902 99 7,060 4,822 .68 15,803 14,032 .89 1,227 393 32 52,462 45,075 .86
1996 24,474 24,680 1.01 5,578 3,615 .65 15,063 11,988 .80 1,490 489 33 55,797 45,027 .81
1997 26,924 21,082 78 3,876 2,174 .56 21,919 15,898 73 1,401 424 .30 51,275 35,993 .70
1998 27,370 25,714 94 3,698 2,576 .70 24,134 23,689 98 1,012 476 47 52,571 46,844 .89
1999 30,616 22,628 74 2,993 1,768 .59 29,126 22,773 78 684 239 .35 49,968 36,830 74
2000 28,112 25,284 .90 2,816 1,929 .69 33,760 36,285 1.07 729 250 34 49,851 47,766 .96
2001 30,904 34,676 1.12 3,134 2,722 .87 31,783 36,951 1.16 1,194 663 .55 49,096 55,537 1.13
2002 35,974 38,735 1.08 3,356 2,523 75 29,202 31,773 1.09 635 408 .64 50,178 51,173 1.02
2003 43,078 50,765 1.18 4,352 3,659 .84 24,628 29,815 1.21 594 251 42 47,389 53,390 1.13
Average 27,054 26,391 .96 4,752 3,225 .69 21,633 21,130 95 927 359 .39 51,068 45,747 .90
Mininum 19,827 11,723 .59 2,816 1,768 46 12,330 9,371 71 594 114 18 47,389 29,629 .62
Maximum 43,078 50,765 1.30 8,719 5,589 .87 33,760 36,951 1.21 1,490 663 .64 55,797 60,286 1.16
Median 26,924 24,680 .99 4,076 2,722 .69 21,919 17,032 98 802 393 .35 51,275 46,844 .89
Slope 1,524 2,146 .0218 -320 -186 .017 1,747 2,095 .0292 -14.2 5.68 .0163 -296 1,026 .0312
p-value 0 .006 428 .009 127 161 .002 .004 410 502 502 127 .100 282 112
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Table 8. Trends in precipitation and irrigation by system type, crop type, and
prorated crop type for Ground Water Management District 2, south-central
Kansas, 1991-2003.—Continued

[Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft,
acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent
level (p<0.05). Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data
not available]

Total acres irrigated

Year Prorated Prorated Prora.ted Prorated  Prorated Other
alfalfa corn grain soybeans wheat proratgq,

sorghum unspecified
1991 1,311 22,721 7,304 13,733 721 1,438
1992 3,306 34,526 16,888 32,106 3,715 2,315
1993 3,304 38,062 11,240 33,490 2,132 2,296
1994 2,885 40,638 10,468 37,519 2,845 2,888
1995 2,841 37,541 14,458 36,728 4,371 1,875
1996 3,373 43,140 13,671 35,182 6,392 1,839
1997 3,091 45,876 8,375 42,487 5,060 1,881
1998 3,124 46,780 7,409 45,637 3,462 4,028
1999 3,059 47,669 6,674 48,955 3,399 4,878
2000 2,067 46,654 6,462 54,219 2,678 4,107
2001 2,415 47,952 6,453 51,239 3,951 5,466
2002 2,819 52,636 7,716 48,063 4,757 4,849
2003 2,757 59,169 8,441 42,448 3,139 5,450
Average 2,796 43,336 9,658 40,139 3,586 3,332
Mininum 1,311 22,721 6,453 13,733 721 1,438
Maximum 3,373 59,169 16,888 54,219 6,392 5,466
Median 2,885 45,876 8,375 42,448 3,462 2,888
Slope -43.5 1,850 -618 2233 132 324
p-value .200 0 .059 .002 428 .004

vL

£00Z—-1661 ‘suie|d ybiy sesuey ay) ui s}auysi Juawabeueyy 18)empunoin ay) ul asq) Jajepp Uo saonaeld uonebij jo 1oay3



Table 9. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 3, southwest Kansas, 1991-2003.

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05). Green
shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Center pivot irrigation with

Meteor- Aver- Flood irrigation Center pivot irrigation drop nozzle Alfalfa
ological Total agerate
v region7 Totalacres irrigation of irriga- Rate of Rate of Rate of Total . Rateof
€l orecipi- irrigated wateruse  tion Total Water irriga- Total Water irriga- Total Water  irriga- acres Irrigation  irri-
tation (acre-ft)  (acre-  acres used tion acres used tion acres used tion i, Waterused gation
(inches) ft/acre) irrigated (acre-ft)  (acre- irrigated (acre-ft) (acre- irrigated  (acre-ft) (acre- qated (acre-ft)  (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
1991 18.19 1,593,191 2,660,233 1.67 823,757 1,417,562 172 604,248 974,993 1.61 NA NA NA 112,077 227,401 2.03
1992 19.69 1,580,084 2,178,273 1.38 783,385 1,120,560 1.43 574,112 773,720 1.35 52,305 62,683 1.20 104,396 175,814 1.68
1993 24.11 1,550,396 1,887,823 122 688,521 859,444 125 601,448 740,184 1.23 56,285 62,973 .12 103,698 162,041 1.56
1994 18.87 1,555,565 2,239,152 1.44 602,004 903,099 1.50 609,548 868,895 1.43 88,960 124,034 1.39 109,133 199,017 1.82
1995 18.45 1,533,409 2,109,913 1.38 486,039 708,401 1.46 657,248 882,965 1.34 93,271 125,052 1.34 114,411 193,784 1.69
1996 25.58 1,524,257 1,949,992 1.28 442,764 597,295 1.35 684,371 857,864 1.25 113,215 141,655 1.25 108,819 168,783 1.55
1997 23.68 1,576,430 1,851,794 1.17 355973 431,904 1.21 516,487 623,105 1.21 393,274 465,788 118 124,470 202,750 1.63
1998 20.89 1,583,403 1,940,161 1.23 280,187 326,765 1.17 481,008 619,532 1.29 474,580 599,184 1.26 136,561 233,416 1.71
1999 20.36 1,594,865 1,759,432 1.10 239,048 259,471 1.09 409,610 468,742 1.14 586,912 663,830 1.13 130,184 185,079 1.42
2000 18.82 1,584,541 2,117,282 1.34 207,349 265,080 1.28 327,109 444,594 1.36 716,366 995,219 1.39 122,033 222914 1.83
2001 18.45 1,552,436 1,889,226 122 163,657 187,146 1.14 277,253 338,657 1.22 771,727 974,471 1.26 144,614 240,336 1.66
2002 13.43 1,594,975 2,357,519 1.48 150,509 234,006 1.55 238,835 347,155 1.45 818,106 1,238,698 .51 159,240 298,900 1.88
2003 17.98 1,514,599 1,937,199 1.28 112,449 144,707 1.29 215483 266,573 1.24 842,524 1,094,106 1.30 156,530 267,136 1.71
Average 19.88 1,564,473 2,067,538 1.32 410434 573,495 1.34 476,674 631,306 1.32 417,294 545,641 1.28 125,090 213,644 1.71
Mininum 13.43 1,514,599 1,759,432 1.10 112,449 144,707 1.09 215483 266,573 1.14 52,305 62,683 .12 103,698 162,041 1.42
Maximum 25.58 1,594,975 2,660,233 1.67 823,757 1,417,562 172 684,371 974,993 1.61 842,524 1,238,698 .51 159,240 298,900 2.03
Median 18.87 1,576,430 1,949,992 128 355973 431,904 1.29 516,487 623,105 1.29 433,927 532,486 .26 122,033 202,750 1.69
Slope -39 99.4 -21,752 - -.017 -62954  -94,647 -025 & -38,507 -58,984 -012 84,806 117,084 .01 4,884 7,368 .002
p-value 142 .026 246 269 0 0 127 .002 0 .300 0 0 241 .001 .017 .903
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Table 9. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 3, southwest Kansas, 1991—
2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Corn Grain sorghum Soybeans Wheat Other/multiple use
— Rate of L Rate of L Rate of N Rate of L Rate of
Irrigation . . Irrigation . . Irrigation . . Irrigation . . Irrigation ..
Year Total water 9% Total 7 ter Mg Total water 9% Totalacres  water 9% Totalacres water oo
acres tion acres tion acres tion o tion o tion
. sed . sed . used irrigated used irrigated used

irrigated (acre-ft) (acre- irrigated (acre-fi) (acre- irrigated (acre-fi) (acre- (acre-ft) (acre- (acre-ft) (acre-

ft/acre) ft/acre) ft/acre) ft/acre) ft/acre)
1991 186,557 356,541 1.91 49,141 72,187 1.47 9,440 14,308 1.52 82,560 90,641 1.10 1,153,416 1,899,155 1.65
1992 217,375 336,529 1.55 42,784 39,958 93 10,676 10,342 97 79,339 81,315 1.02 1,125,514 1,534,314 1.36
1993 259,940 390,866 1.50 26,218 21,496 .82 6,799 6,715 .99 68,829 55,768 .81 1,084,912 1,250,936 1.15
1994 277,076 464,174 1.68 20,143 20,990 1.04 6,735 9,086 1.35 59,655 56,857 95 1,082,823 1,489,030 1.38
1995 278,912 450,640 1.62 20,033 19,878 .99 4,709 6,199 1.32 49,554 39,819 .80 1,065,790 1,399,593 1.31
1996 331,052 489,911 1.48 20,459 16,720 .82 4,855 4,083 .84 36,924 30,617 .83 1,022,148 1,239,878 1.21
1997 381,109 506,695 1.33 19,094 15,927 .83 6,724 7,227 1.07 38,921 29,771 .76 1,006,112 1,089,424 1.08
1998 410,369 602,187 1.47 9,130 6,924 .76 12,184 15,819 1.30 33,583 25,253 75 981,576 1,056,562 1.08
1999 422,801 565,797 1.34 11,114 8,320 75 21,090 21,963 1.04 37,965 23,033 .61 971,711 955,240 .98
2000 454,130 720,060 1.59 9,357 8,154 .87 25,365 36,181 1.43 37,045 28,325 .76 936,611 1,101,647 1.18
2001 407,355 584,300 1.43 11,656 9,978 .86 30,733 43,979 1.43 53,006 36,850 .70 905,072 973,783 1.08
2002 382,199 673,482 1.76 18,561 18,252 98 26,349 42,690 1.62 40,498 33,603 .83 968,128 1,290,592 1.33
2003 331,063 503,489 1.52 28,148 25,065 .89 28,668 38,911 1.36 49,694 36,793 74 920,496 1,065,806 1.16
Average 333,841 511,129 1.55 21,988 21,835 92 14,948 19,808 1.25 51,352 43,742 .82 1,017,255 1,257,382 1.23
Mininum 186,557 336,529 1.33 9,130 6,924 75 4,709 4,083 .84 33,583 23,033 .61 905,072 955,240 .98
Maximum 454,130 720,060 1.91 49,141 72,187 1.47 30,733 43,979 1.62 82,560 90,641 1.10 1,153,416 1,899,155 1.65
Median 331,063 503,489 1.52 20,033 18,252 .87 10,676 14,308 1.32 49,554 36,793 .80 1,006,112 1,239,878 1.18
Slope 21,980 28,408 -.0133 -1,813 -1,940 -.0108 2,011 3,213 .02 -2,940 -3,983  -.0239 -21,939  -53,651 .026
p-value .0018 .0012 .300 .033 .033 .392 .017 .024 179 .059 .017 .006 0 .006 .065
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Table 9. Trends in precipitation and irrigation by system type, crop type, and
prorated crop type for Groundwater Management District 3, southwest Kansas,
1991-2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft,
acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent
level (p<0.05). Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data
not available]

Total acres irrigated

Year Prorated Prorated Prora_ted Prorated Prorated Other
alfalfa corn grain soybeans  wheat prorat_efi,
sorghum unspecified
1991 112,077 618,784 295,696 9,440 514,787 42,407
1992 143,999 580,205 217,329 64,803 507,719 59,639
1993 144,543 661,461 147,899 49,100 508,370 36,812
1994 149,518 683,368 135,429 44789 500,057 42,404
1995 158,070 680,288 123,904 38,817 479,276 52,405
1996 155,038 719,069 137,261 28,719 438,073 45,702
1997 173,314 775,920 111,611 30,728 443,212 40,549
1998 188,807 788,317 84,059 47,241 409,332 65,148
1999 179,036 791,832 83,715 73,544 394,238 72,500
2000 166,767 812,764 72,984 84,988 377,381 69,658
2001 186,846 728,078 84,338 98,678 368,669 85,828
2002 211,179 708,406 116,404 78,134 377,389 102,964
2003 210,287 622,657 141,593 73,613 365,540 100,909
Average 167,652 705,473 134,786 55,584 437,311 62,840
Mininum 112,077 580,205 72,984 9,440 365,540 36,812
Maximum 211,179 812,764 295,696 98,678 514,787 102,964
Median 166,767 708,406 123,904 49,100 438,073 59,639
Slope 6,646 12,608 -10,375 4,738 -14,611 5,629
p-value 0 .044 .0173 .0327 0 .003

sa|qe] ejeq

LL



Table 10. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 4, northwest Kansas, 1991-2003.

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05). Green
shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Center pivotirrigation with drop

Metgor- Average Flood irrigation Center pivot irrigation nozzle Alfalfa
ologlcal Total . Totgl rate of
Y region 1 irngation . . BaTe of F_%aFe of BaFe of Total Irrigation Rgtg of
ear precipi- acres water use irrigation Total acres Water irriga- Total Water  irriga- Total Water irriga- acres water irri-
tation  ""oated (acre-ft) (acre- irrigated used tion acres  used tion acres used tion irric used  9ation
(inches) firyr) (acre-ft) (acre-  irrigated (acre-ft) (acre- irrigated  (acre-ft)  (acre- gated  (acre-ft) (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
1991 22.67 360,109 478,854 1.33 111,066 173,659 1.56 218,417 263,077 1.20 NA NA NA 6,383 9,317 1.46
1992 2539 340,522 268,217 19 83,917 82,776 99 186,421 133,135 71 43,379 31,187 72 5,237 4,765 91
1993 30.09 343,660 261,648 .76 77,960 79,034 1.01 180,509 127,103 .70 60,882 38,516 .63 6,289 4,808 .76
1994 20.70 367,070 396,603 1.08 74,031 97,211 1.31 184,188 191,807 1.04 73,774 73,634 1.00 5,676 5,800 1.02
1995 2290 355259 361,778 1.02 60,157 73,850 1.23 195,033 193,008 .99 74,158 69,698 .94 7,402 7,129 .96
1996 25.85 370,641 364,688 98 52,973 62,599 1.18 199,944 192,755 .96 85,604 78,055 91 7,200 6,499 .90
1997 19.98 381,935 413,066 1.08 44,908 54,950 122 136,971 142,795 1.04 170,738 184,679 1.08 8,309 9,095 1.09
1998 20.87 380,712 376,852 .99 32,801 36,220 1.10 104,022 101,738 98 212,541 209,301 .98 9,299 10,419 1.12
1999 21.73 378,827 331,370 .87 26,988 28,555 1.06 95,372 80,905 .85 219,918 189,915 .86 9,552 8,836 93
2000 17.38 374,945 472,688 1.26 20,792 30,969 1.49 70,750 86,909 1.23 250,894 316,092 1.26 7,897 9,928 1.26
2001 20.48 367,627 402,236 1.09 16,830 20,649 1.23 57,955 64,016 1.10 260,665 281,731 1.08 8,702 11,094 1.27
2002 11.46 374,371 500,716 1.34 14,672 22,270 1.52 50,587 66,332 1.31 275,019 368,947 1.34 8,801 13,601 1.55
2003 16.06 375,994 460,830 1.23 11,610 16,227 1.40 49,425 57,226 1.16 283,226 349,235 1.23 10,240 13,600 1.33
Average 21.20 367,052 391,504 1.06 48,362 59,921 1.25 133,046 130,831 1.02 167,567 182,583 1.00 7,768 8,838 1.12
Mininum 11.46 340,522 261,648 .76 11,610 16,227 .99 49,425 57,226 .70 43,379 31,187 .63 5,237 4,765 .76
Maximum 30.09 381,935 500,716 1.34 111,066 173,659 1.56 218,417 263,077 1.31 283,226 368,947 1.34 10,240 13,601 1.55
Median 20.87 370,641 396,603 1.08 44,908 54,950 1.23 136,971 127,103 1.04 191,640 187,297 .99 7,897 9,095 1.09
Slope -.84 2,330 12,531 .03 -7,837 -7,752 0191  -15,115 -14,607 .0282 24,366 33,764 .05 355 782 .04
p-value .009 .044 .100 321 0 0 328 0 .001 346 0 0 .013 .001 .001 .033
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Table 10. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 4, northwest Kansas, 1991—
2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Corn Grain sorghum Soybeans Wheat Other/multiple use
N Rate of — S L Rate of
Year Total Ir:/l/gaigsn irriga- Total Ircvg;g(r)n irF:iZta?ti(szn Total lrcvg;g?n irF:iZt:ti?)fn Total lr;llgaigfn irF:iZta?ti(szn Total Irrigation  irriga-
acres tion acres acres acres acres waterused tion

irrigated used (acre- irrigated used (acre- irrigated used (acre- irrigated used (acre- irrigated  (acre-ft)  (acre-

(acre-ft) ffacre) (acre-ft)  ft/acre) (acre-ft)  ft/acre) (acre-ft)  ft/acre) facre)
1991 140,359 212,020 1.51 23,474 28,699 1.22 5,604 6,630 1.18 15,816 11,209 0.71 168,473 210,980 1.25
1992 139,908 119,470 .85 28,445 20,129 71 6,996 4,705 .67 15,184 8,169 .54 144752 110,979 77
1993 164,651 139,859 .85 6,759 3,405 .50 4,489 2,536 57 16,204 7,811 48 145,268 103,228 71
1994 177,265 218,340 1.23 7,125 5,941 .83 3,929 3,709 94 11,625 6,803 .59 161,450 156,009 97
1995 158,766 195,690 1.23 8,364 7,067 .84 3,576 3,495 98 17,480 8,001 46 159,671 140,396 .88
1996 204,159 224,076 1.10 6,333 4,133 .65 2,504 2,264 .90 13,580 7,217 .53 136,865 120,498 .88
1997 222,164 265,040 1.19 5,745 4,360 .76 6,348 6,523 1.03 13,982 8,530 .61 125,387 119,518 95
1998 219,731 240,991 1.10 4,483 2,998 .67 10,096 8,950 .89 9,518 5,203 .55 127,585 108,291 .85
1999 215,832 209,552 97 3,479 2,196 .63 12,014 9,166 .76 11,810 6,000 S1 126,140 95,620 .76
2000 215,444 298,766 1.39 2,526 2,126 .84 15,063 18,755 1.25 9,165 5,391 .59 124,850 137,721 1.10
2001 185,803 233,083 1.25 6,159 5,871 95 19,852 21,553 1.09 12,662 6,726 .53 134,449 123,908 92
2002 178,199 262,899 1.48 4,393 4,553 1.04 18,856 26,376 1.40 8,869 6,056 .68 155,253 187,230 1.21
2003 136,095 198,494 1.46 8,313 8,448 1.02 15,726 19,700 1.25 21,318 13,773 .65 184,302 206,816 1.12
Average 181,414 216,791 1.20 8,892 7,687 .82 9,619 10,336 .99 13,632 7,761 .57 145,727 140,092 95
Mininum 136,095 119,470 .85 2,526 2,126 .50 2,504 2,264 57 8,869 5,203 46 124,850 95,620 71
Maximum 222,164 298,766 1.51 28,445 28,699 1.22 19,852 26,376 1.40 21,318 13,773 71 184,302 210,980 1.25
Median 178,199 218,340 1.23 6,333 4,553 .83 6,996 6,630 98 13,580 7,217 .55 144752 123,908 92
Slope 3,634 6,351 .0306 -694 -547 .022 1,389 1,736 .039 -426 2211 .0067 -1,359 1,267 .022
p-value 4277 .0768 177 .017 .200 271 .012 .006 .067 161 200 501 .360 760 32
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Table 10. Trends in precipitation and irrigation by system type, crop type, and
prorated crop type for Groundwater Management District 4, northwest Kansas,
1991-2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft,
acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent
level (p<0.05). Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data
not available]

Total acres irrigated

Year Prorated Prorated Prorqted Prorated  Prorated Other
alfalfa corn grain soybeans wheat proratgq,

sorghum unspecified
1991 6,383 140,359 23,474 5,604 15,816 12,615
1992 9,789 190,406 40,418 18,279 47,507 34,124
1993 10,619 216,276 12,412 15,016 49,043 40,293
1994 10,680 233,777 13,749 12,615 45,981 50,268
1995 11,843 209,783 16,093 11,148 48,370 58,022
1996 13,805 255,858 15,452 8,851 45,665 31,009
1997 13,904 268,921 11,708 15,719 44,398 27,285
1998 16,467 266,057 9,282 24,606 37,293 27,007
1999 16,161 257,917 6,921 25,968 35,943 35,917
2000 13,889 260,474 4,729 33,642 34,192 28,020
2001 14,260 230,022 9,784 37,926 40,338 35,298
2002 15,838 234,348 10,409 47,459 42,142 24,175
2003 17,613 193,409 18,107 43,128 67,008 36,729
Average 13,173 227,508 14,811 23,074 42,592 33,905
Mininum 6,383 140,359 4,729 5,604 15,816 12,615
Maximum 17,613 268,921 40,418 47,459 67,008 58,022
Median 13,889 233,777 12,412 18,279 44,398 34,124
Slope 777 4,397 -1,107 3,197 -532 -332
p-value 0 200 .0585 .0012 502 .855
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Table 11. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 5, south-central Kansas, 1991-2003.

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05). Green
shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Center pivot irrigation with drop

Meteor- Flood irrigation Center pivot irrigation nozzle Alfalfa
ological Total
region 8 Total irrigation Rate of Rate of Rate of Rate of
Year precipi- . acres  ater use Average  Total Water irriga- Total Water used irriga- Total Water irriga- Total Irrigation irri-
tation irrigated (acre-ft) acres used tion acres o cre-fi) tion acres used tion acres irri- waterused gation
(inches) irrigated  (acre-ft) (acre- irrigated (acre-  irrigated (acre-ft)  (acre- gated  (acre-ft) (acre-
ft/acre) ft/acre) ft/acre) ft/acre)
1991 2272 434,745 606,672 1.40 66,906 98,928 1.48 358,046 494,995 1.38 NA NA NA 47,721 68,609 1.44
1992 31.96 418,749 330,406 79 53,548 34,700 .65 342,227 278,906 .81 15,919 11,997 5 42,745 37,283 .87
1993 34.08 410,330 308,474 75 48,087 27,207 57 346,260 268,263 77 8,495 8,095 .95 40,900 28,089 .69
1994 22.06 428,022 565,785 132 56,293 73,273 1.30 352,781 469,318 1.33 9,305 12,269 1.32 41,386 56,319 1.36
1995 31.66 426,810 453,515 1.06 57,069 56,766 99 348,025 375,065 1.08 14,367 14,473 1.01 40,244 37,877 .94
1996 32.01 431,379 371,749 .86 49,876 41,465 .83 355,894 309,488 .87 18,249 15,647 .86 37,692 29,566 78
1997 3439 439,038 341,855 78 46,642 34,089 73 269,480 211,070 78 115,490 91,938 .80 37,009 27,488 74
1998 30.14 448,803 511,214 1.14 43,939 41,606 95 219,963 254,895 1.16 167,639 194,692 1.16 36,064 41,255 1.14
1999 32.17 457,878 463,473 1.01 42,592 35,707 .84 209,721 217,124 1.04 189,085 195,702 1.03 36,481 32,904 .90
2000 32.76 458,336 528,801 1.15 38,213 41,422 1.08 174,385 204,296 1.17 229,741 265,459 1.16 30,025 34,944 1.16
2001 24.87 462,003 567,745 123 39,014 41,734 1.07 143,220 176,108 1.23 258,986 325,155 1.26 32,947 39,317 1.19
2002 29.41 464,945 571,254 123 35,692 39,650  1.11 118,264 145,967 1.23 290,459 360,588 1.24 42,363 54,769 1.29
2003 28.41 456,932 575,807 1.26 30,817 39,546  1.28 99,141 126,458 1.28 307,325 385,951 1.26 44,433 50,458 1.14
Average 29.74 441,382 476,673 1.08 46,822 46,623 99 256,724 271,689 1.09 135,422 156,831 1.07 39,232 41,452 1.05
Mininum 22.06 410,330 308,474 75 30,817 27,207 57 99,141 126,458 77 8,495 8,095 75 30,025 27,488 .69
Maximum 3439 464,945 606,672 1.40 66,906 98,928 1.48 358,046 494,995 1.38 307,325 385,951 1.32 47,721 68,609 1.44
Median 31.66 439,038 511,214 1.14 46,642 41,422 99 269,480 254,895 1.16 141,565 143,315 1.10 40,244 37,877 1.14
Slope -.14 4,617 16,244 .028 -2,630 -357 .04 -25,018 -26,280 .025 31,401 39,898 .03 -970 366 .025
p-value 951 .001 .059 222 0 502 246 0 0 222 0 0 .033 .059 077 463
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Table 11. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for Groundwater Management District 5, south-central Kansas, 1991—
2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Corn Grain sorghum Soybeans Wheat Other/multiple use
_— Rate of _— Rate of L Rate of N Rate of L Rate of
Irrigation . . Irrigation . . Irrigation . . Irrigation . . Irrigation . .
Year Total water 9% Total water 9% Total water  "'9% Totalacres water 9% Totalacres water 9%
acres tion acres tion acres tion o tion o tion
. used . used L used irrigated used irrigated used

irrigated (acre-ft) (acre- irrigated (acre-ft) (acre- irrigated (acre-fy) (acre- (acre-fy) (acre- (acre-ft) (acre-

ft/acre) ft/acre) ft/acre) ft/acre) ft/acre)
1991 158,182 232,206 1.47 18,691 21,402 1.15 29,079 40,321 1.39 15,114 10,958 0.73 165,958 233,176 1.41
1992 180,103 152,136 .84 18,262 9,483 .52 21,307 16,609 78 14,586 7,734 .53 141,746 107,162 .76
1993 184,608 158,642 .86 12,528 5,227 42 23,824 18,912 .79 11,746 3,497 .30 136,724 94,107 .69
1994 189,124 264,327 1.40 11,889 11,158 94 29,119 38,466 1.32 7,308 5,613 17 149,196 189,901 1.27
1995 185,095 221,508 1.20 14,059 10,447 74 28,128 31,444 1.12 10,071 4,496 45 149,213 147,743 .99
1996 210,359 200,650 95 14,229 8,771 .62 31,627 25,044 .79 5,985 2,522 42 131,487 105,197 .80
1997 200,050 170,569 .85 10,588 6,042 .57 54,749 42,507 78 6,481 2,322 .36 130,161 92,926 71
1998 203,016 245,091 1.21 7,602 5,766 .76 66,447 78,408 1.18 5,238 1,969 .38 130,436 138,726 1.06
1999 197,704 213,070 1.08 6,840 5,358 78 72,459 80,734 1.11 9,279 4,386 47 135,115 127,021 94
2000 207,135 243,038 1.17 6,149 5,302 .86 73,072 91,160 1.25 7,934 4,503 .57 134,021 149,854 1.12
2001 201,073 259,856 1.29 7,112 6,394 .90 67,948 90,203 1.33 9,696 6,164 .64 143,227 165,810 1.16
2002 201,842 265,484 1.32 8,081 7,921 98 67,327 86,427 1.28 9,024 5,536 .61 136,308 151,117 1.11
2003 192,626 266,588 1.38 16,136 16,735 1.04 57,229 77,069 1.35 12,339 7,157 .58 134,169 157,801 1.18
Average 193,147 222,551 1.16 11,705 9,231 .79 47,870 55,177 1.11 9,600 5,143 .52 139,828 143,119 1.02
Mininum 158,182 152,136 .84 6,149 5,227 42 21,307 16,609 78 5,238 1,969 .30 130,161 92,926 .69
Maximum 210,359 266,588 1.47 18,691 21,402 1.15 73,072 91,160 1.39 15,114 10,958 17 165,958 233,176 1.41
Median 197,704 232,206 1.20 11,889 7,921 78 54,749 42,507 1.18 9,279 4,503 .53 136,308 147,743 1.06
Slope 2,256 6,448 .03 -901 -342 .042 4,092 5,788 .031 -289 -40 .01 -981 2,924 .024
p-value .0239 .0173 256 .033 .360 410 .003 .006 159 .360 .855 583 .2001 502 2996
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Table 11. Trends in precipitation and irrigation by system type, crop type, and prorated

crop type for Groundwater Management District 5, south-central Kansas, 1991-2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet;
acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Total acres irrigated

Year Prorated  Prorated Prora-ted Prorated Prorated Other
alfalfa corn grain soybeans wheat proratgq,
sorghum unspecified
1991 47,721 158,182 18,691 29,079 15,114 7,861
1992 55,764 214,451 39,003 49,966 44,489 14,457
1993 51,262 225,998 26,430 55,657 35,792 15,156
1994 54,559 234,543 30,455 62,261 32,593 13,611
1995 52,364 229,328 30,637 63,554 36,299 14,629
1996 48,493 250,564 28,744 64,626 26,268 12,684
1997 48,852 237,235 23,958 89,570 26,788 12,634
1998 46,658 242,618 16,866 103,000 21,146 18,515
1999 46,243 238,976 15,353 108,083 26,906 22,318
2000 39,576 247,618 13,849 109,242 27,891 20,160
2001 41,862 241,776 14,994 105,126 31,520 26,725
2002 53,780 238,746 17,000 101,677 29,178 24,564
2003 55,165 223,616 27,714 86,835 37,357 26,245
Average 49,408 229,512 23,361 79,129 30,103 17,658
Mininum 39,576 158,182 13,849 29,079 15,114 7,861
Maximum 55,764 250,564 39,003 109,242 44,489 26,725
Median 48,852 237,235 23,958 86,835 29,178 15,156
Slope -676 2,118 -1,466 6,161 184 1,367
p-value .300 .077 .0585 .0012 760 .004
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Table 12. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for all Groundwater Management Districts, Kansas, 1991-2003.

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Average Flood irrigation Center pivot irrigation Center pivot irrigation with drop nozzle
precipi-
tation for Average
Total
moteoro-  Total .. oofen | rateOl Rate of Rate of Rate of
Year logical acres  ater use Irmgation Total acres Waterused irrigation Totalacres Waterused irrigation Total acres Water used irrigation
regions irrigated (acre-ft) (acre- irrigated  (acre-ft) (acre- irrigated  (acre-ft) (acre- irrigated (acre-ft) (acre-
1,47, f/acre) ft/acre) ft/acre) ft/acre)
and 8
(inches)
1991 20.86 2,748,406 4,213,952 1.53 1,255,529 2,036,707 1.62 1,267,358 1,830,417 1.44 NA NA NA
1992 25.30 2,676,817 3,104,234 1.16 1,142,705 1,476,662 1.29 1,185,192 1,246,325 1.05 125,420 119,489 .95
1993 29.25 2,617,957 2,714,695 1.04 999,514 1,129,571 1.13 1,211,003 1,193,480 .99 148,274 128,273 .87
1994 20.12 2,684,893 3,584,044 1.33 918,438 1,295,570 1.41 1,235,635 1,624,275 1.31 197,642 237,297 1.20
1995 23.64 2,655,804 3,269,003 1.23 771,061 1,023,886 1.33 1,298,766 1,540,217 1.19 216,793 243,230 1.12
1996 27.21 2,672,516 3,023,116 1.13 698,963 861,699 1.23 1,351,933 1,457,178 1.08 261,523 279,077 1.07
1997 25.39 2,750,671 2,909,044 1.06 582,090 648,983 1.11 1,007,008 1,040,186 1.03 777,001 821,128 1.06
1998 23.25 2,768,242 3,152,441 1.14 469,674 513911 1.09 889,192 1,040,886 1.18 966,859 1,108,274 1.15
1999 23.92 2,792,841 2,859,311 1.02 412,421 422,260 1.02 790,129 824,782 1.04 1,131,888 1,159,638 1.02
2000 22.15 2,784,282 3,506,969 1.26 360,142 442,690 1.23 625,008 784,771 1.26 1,369,081 1,758,993 1.28
2001 20.93 2,736,558 3,217,062 1.18 297,411 334,677 1.13 533,613 630,949 1.18 1,465,749 1,756,823 1.20
2002 16.89 2,798,748 3,842,129 1.37 277,431 388,052 1.40 451,492 605,786 1.34 1,568,089 2,176,695 1.39
2003 19.87 2,703,979 3,349,440 1.24 224,688 279,705 1.24 402,181 488,711 1.22 1,629,760 2,032,483 1.25
Average 22.98 2,722,440 3,288,111 1.21 646,928 834,952 1.25 942,193 1,101,074 1.18 821,507 985,117 1.13
Mininum 16.89 2,617,957 2,714,695 1.02 224,688 279,705 1.02 402,181 488,711 .99 125,420 119,489 .87
Maximum 29.25 2,798,748 4,213,952 1.53 1,255,529 2,036,707 1.62 1,351,933 1,830,417 1.44 1,629,760 2,176,695 1.39
Median 23.25 2,736,558 3,217,062 1.18 582,090 648,983 1.23 1,007,008 1,046,886 1.18 871,930 964,701 1.13
Slope -.54 8,311 17,038 .001 -88,818  -115,553 -.018 -84,051 100,498 .007 161,420 207,285 .028
p-value .080 .059 .760 951 0 0 200 .001 0 583 0 0 .033
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Table 12. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for all Groundwater Management Districts, Kansas, 1991-2003.—Continued

Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue shading indicates trend is significant at 95-percent level (p<0.05).
Green shading indicates trend is significant at 90-percent level (p<0.10). NA, data not available]

Alfalfa Corn Grain sorghum Soybeans Wheat
— Rate of Rate of Rate of Rate of Rate of
Irrigation . L L N - _— . . .
Year Total water irri- Total Irrigation irriga- Total acres Irrigation irriga- Total acres Irrigation irriga- Total acres Irrigation irriga-
acres gation acres  waterused tion - waterused  tion - waterused  tion - waterused  tion
. used . irrigated irrigated irrigated
irrigated (acre-f (acre-  irrigated  (acre-ft)  (acre- (acre-ft)  (acre- (acre-ft)  (acre- (acre-ft)  (acre-
ft/acre) ft/acre) ft/acre) ft/acre) ft/acre)
1991 170,553 310,931 1.82 549,403 894,533 1.63 114,186 146,134 1.28 58,157 77,177 1.33 121,866 119,026  0.98
1992 156,936 223,463 1.42 605,668 682,696 1.13 111,150 86,009 77 53,484 42,258 .79 118,010 103,199 .87
1993 153,921 198,053 1.29 688,231 768,144 1.12 60,315 39,611 .66 47,509 37,551 .79 102,871 69,599 .68
1994 160,389 266,508 1.66 715,510 1,044,370 1.46 53,262 50,113 94 56,255 68,696 1.22 83,956 71,963 .86
1995 165,179 242,499 1.47 697,556 955,785 1.37 59,004 50,321 .85 52,216 55,170 1.06 85,703 57,835 .67
1996 157,808 209,153 1.33 836,376 1,021,810 1.22 55,866 40,040 12 54,167 43,461 .80 62,576 42,927 .69
1997 174,131 243,692 1.40 899,556 1,039,558 1.16 46,486 32,729 .70 90,284 72,571 .80 70,123 46,433 .66
1998 186,439 290,103 1.56 930,388 1,193,245 1.28 27,873 19,923 71 114,223 127,893 1.12 55,998 37,330 .67
1999 180,020 231,132 1.28 935,436 1,085,888 1.16 27,607 20,314 74 136,151 136,248 1.00 65,230 36,112 .55
2000 163,139 271,837 1.67 973,269 1,382,066 1.42 23,342 19,732 .85 148,860 183,880 1.24 61,524 42,637 .69
2001 190,008 296,017 1.56 879,634 1,178,869 1.34 33,189 28,601 .86 151,505 193,889 1.28 81,909 52,927 .65
2002 214,420 372,587 1.74 846,089 1,316,444 1.56 38,944 38,317 98 143,254 188,816 1.32 64,639 49,892 77
2003 214,826 335,361 1.56 734,453 1,064,812 1.45 62,598 58,164 93 127,090 166,273 1.31 94,586 63,725 .67
Average 175,982 268,564 1.52 791,659 1,048,325 1.33 54,909 48,462 .85 94,858 107,222 1.08 82,230 61,047 72
Mininum 153,921 198,053 1.28 549,403 682,696 1.12 23,342 19,732 .66 47,509 37,551 .79 55,998 36,112 .55
Maximum 214,826 372,587 1.82 973,269 1,382,066 1.63 114,186 146,134 1.28 151,505 193,889 1.33 121,866 119,026 98
Median 170,553 266,508 1.56 836,376 1,044,370 1.34 53,262 39,611 .85 90,284 77,177 1.12 81,909 52,927 .68
Slope 4,290 8,490 .012 30,535 40,121 011 -4,474 -4,134 .01 9,913 13,699 .036 -3,800 -4,230 -.001
p-value .003 .044 502 .0087 .003 .360 .017 .059 502 .004 .003 .044 .044 .044 .059
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Table 12. Trends in precipitation and irrigation by system type, crop type, and prorated crop type for all Groundwater
Management Districts, Kansas, 1991-2003.—Continued
Data from Kansas Water Office and Kansas Department of Agriculture (1993-2005). acre-ft, acre-feet; acre-ft/acre, acre-foot per acre. Blue

shading indicates trend is significant at 95-percent level (p<0.05). Green shading indicates trend is significant at 90-percent level (p<0.10). NA,
data not available]

Other/multiple use

Total acres irrigated

Rate of

Year  Totalacres Irrigation irrigation Prorated  Prorated Prora'ted Prorated  Prorated Other
irrigated water used (acre- alfalfa corn grain soybeans wheat proratgld,
(acre-ft) sorghum unspecified
ft/acre)

1991 1,734,241 2,666,151 1.54 186,354 1,061,028 389,972 58,157 601,890 86,445
1992 1,631,569 1,966,608 1.21 223,116 1,121,568 354,829 172,372 670,197 127,703
1993 1,565,110 1,601,733 1.02 217,597 1,252,824 226,134 155,547 654,467 109,140
1994 1,615,521 2,082,394 1.29 227,274 1,302,330 219,561 160,913 649,958 124,858
1995 1,596,146 1,907,393 1.19 234,234 1,272,904 212,908 151,655 638,298 145,157
1996 1,505,723 1,665,727 1.11 229,416 1,392,529 226,680 140,840 573,679 108,976
1997 1,470,091 1,474,061 1.00 246,452 1,460,226 180,249 184,286 586,722 91,637
1998 1,453,321 1,483,949 1.02 266,184 1,472,006 132,311 233,699 531,110 132,932
1999 1,448,397 1,349,617 .93 251,984 1,468,261 127,502 267,110 522,827 155,157
2000 1,414,148 1,606,815 1.14 228,385 1,501,225 107,393 294,190 512,553 140,539
2001 1,400,313 1,466,756 1.05 250,874 1,363,507 133,145 304,186 511,286 173,503
2002 1,491,402 1,876,072 1.26 288,799 1,349,382 174,813 283,782 530,380 171,593
2003 1,470,426 1,661,107 1.13 291,541 1,188,203 218,536 255,954 551,252 198,494
Average 1,522,801 1,754,491 1.14 241,708 1,323,538 208,003 204,822 579,586 135,856
Mininum 1,400,313 1,349,617 .93 186,354 1,061,028 107,393 58,157 511,286 86,445
Maximum 1,734,241 2,666,151 1.54 291,541 1,501,225 389,972 304,186 670,197 198,494
Median 1,491,402 1,661,107 1.13 234,234 1,349,382 212,908 184,286 573,679 132,932
Slope -21,324 -45,891 -.013 6,764 26,548 -16,384 16,509 -11,117 6,944
p-value .0012 .059 .2463 .001 .059 .0087 .0041 .002 .004
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Data Tables

Table 13. Results of regression analysis for irrigation water use and irrigation application rates based
on average annual county precipitation for 1991-2003.

[Shading indicates correlation coefficients (R) greater than or equal to 0.71, explaining greater than 50 percent of the
variability. X equals average annual precipitation, in inches; --, not determined]

Water-use Application
((If?:-n;(;/ Water-use equation zz:fiils;[;; Application rate equation corrr:r:tion
(R) coefficient (R)

Barton y=-1501x + 69062 0.81 y =-0.0123x + 1.664 0.12
Cheyenne y=-1339.7x + 73702 54 y =-0.0282x + 1.7491 .18
Edwards y=-3361.9x+189271 .83 y =-0.0097x + 1.6119 .08
Finney y=-9630.4x + 489486 .68 y =-0.0036x + 1.3451 0

Ford y=-2836.8x + 155916 .85 y =-0.0032x + 1.402 .01
Graham y=-535.24x + 21700 .79 y =-0.0154x + 1.6538 .14
Grant y=-1648.3x + 194630 17 y =0.0246x + 0.9566 .05
Gray y=-3824.1x + 315811 57 y=-0.0077x + 1.4623 .04
Greeley y=-1130.3x + 47359 43 y =-0.0441x + 2.093 24
Harvey y=-460.87x + 40082 35 y =-0.0067x + 1.6175 .01
Haskell y=-3864.1x + 350668 33 y =0.0037x + 1.272 0

Kearny y=-3208.9x + 199603 .64 y =-0.036x + 1.9801 24
Kiowa y=-1495.4x + 93668 .70 y =0.0084x + 1.1972 .05
Lane y=-363.8x + 25214 .39 y =-0.0121x + 1.5662 .06
McPherson y=-913.32x + 52321 .68 y =-0.0082x + 1.6353 .06
Meade y=-1620.7x + 205089 41 y =0.0412x + 0.6042 .29
Morton y=-1174.2x + 76901 22 y =-0.0007x + 1.406 0

Pawnee y=-3251.9x + 141463 91 y =-0.0034x + 1.439 .02
Pratt y=-2161.9x + 138174 .62 y =-0.0056x + 1.5667 .01
Rawlins y=-955.26x + 34492 .85 y =-0.0463x + 2.1954 44
Reno y=-56.154x + 39110 .07 y =0.0026x + 1.3713 0

Rice y=-907.33x + 42439 .82 y =0.0006x + 1.3702 0

Scott y=-1533.8x + 88164 40 y =-0.0181x + 1.626 .06
Sedgwick y=-688.53x + 54393 .50 y =-0.0018x + 1.4901 0

Seward y=-2061.3x + 201174 .36 y =0.0875x - 0.082 44
Sheridan y=-3264.9x + 141063 .83 y =-0.021x + 1.7417 .26
Sherman y=-4164x + 192872 78 y =-0.03x + 1.7905 32
Stafford y=-2371.9x + 141578 71 y =-0.005x + 1.5 .02
Stanton y=-3520.1x + 225817 .30 y =-0.0022x + 1.3796 0

Stevens y=-2528.7x + 258922 40 y =0.0064x + 1.3172 0

Thomas y=-5184.5x + 201931 .86 y =-0.0485x + 2.2238 Sl
Wallace y=-1584.5x + 99184 .54 y =-0.0331x + 1.8789 22
Wichita y=-3500.3x + 142917 .66 y =-0.001x + 1.3282 0

Average for all -- .58 -- 12

counties




88 Effect of Irrigation Practices on Water Use in the Groundwater Management Districts in the Kansas High Plains, 1991-2003

Table 14. Results of regression analysis for irrigation water use based on average annual
precipitation by meteorological region for 1991-2003.

Groundwater Percent
Management -
District Water-use equation Meteorological region (fig. 1) var|al?|||ty
number exglalned
(fig. 1) (R9) x 100
1 y =-4,720x + 354,000 x=Region 4 average annual precipitation 20
2 y =-3,670x + 207,000 x=Region 8§ average annual precipitation 34
3 y =-43,200x + 2,930,000 x=Region 7 average annual precipitation 31
4 y =-13,400x + 676,000 x=Region 1 average annual precipitation 68
5 y =-19,800x + 1,070,000 x=Region 8 average annual precipitation 59
All y =-96,300 + 5,500,000 x=Average of regions 1,4, 7, and 8 60

precipitation
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Table 15. Irrigation water use adjusted using average regional precipitation by
meteorological region for Groundwater Management Districts within the Kansas
High Plains, 1991-2003.

Average
precipitation for
meteorological

Regression- Precipitation-

Total irrigation . .
Irrgat equation water  adjusted water

Year . water use (acre- L .o
region feet) use, equation 1 use, equation 2
1,4,7,and 8 (acre-feet) (acre-feet)
(fig. 1) (inches)
1991 20.86 4,213,952 3,492,000 3,824,000
1992 25.30 3,104,234 3,064,000 3,418,000
1993 29.25 2,714,695 2,683,000 3,455,000
1994 20.12 3,584,044 3,563,000 3,137,000
1995 23.64 3,269,003 3,223,000 3,363,000
1996 27.21 3,023,116 2,880,000 3,580,000
1997 25.39 2,909,044 3,055,000 3,214,000
1998 23.25 3,152,441 3,261,000 3,190,000
1999 23.92 2,859,311 3,196,000 2,976,000
2000 22.15 3,506,969 3,367,000 3,380,000
2001 20.93 3,217,062 3,484,000 2,930,000
2002 16.89 3,842,129 3,874,000 2,823,000
2003 19.87 3,349,440 3,586,000 2,896,000
Average 22.98 p=0.760 p=0.076 p=0.0003

slope=+17,000 slope=+52,100 slope=-77,700

1Equation 1: Estimated water use = -96,300 x (average regional precipitation)+5,500,000.

2Equation 2: Estimated water use = Annual water use x (average regional precipitation/annual
regional precipitation).



90 Effect of Irrigation Practices on Water Use in the Groundwater Management Districts in the Kansas High Plains, 1991-2003

Table 16. Average precipitation plus irrigation-applied water for all Groundwater
Management Districts within the Kansas High Plains, 1991-2003.

Average All Groundwater All Groundwater
precipitation Management Management Average
for Districts average Districtsgavera e precipitation plus
Year meteorological irrigation irriaation g irrigation
regions 1,4,7,  application rate a Iicgtion rate application rate
and 8 (fig. 1) (acre-feet per pp(inches) (inches)
(inches) acre)
1991 20.86 1.53 18.40 39.25
1992 25.30 1.16 13.92 39.22
1993 29.25 1.04 12.44 41.69
1994 20.12 1.33 16.02 36.13
1995 23.64 1.23 14.77 38.41
1996 27.21 1.13 13.57 40.78
1997 25.39 1.06 12.69 38.08
1998 23.25 1.14 13.67 36.92
1999 23.92 1.02 12.29 36.21
2000 22.15 1.26 15.11 37.26
2001 20.93 1.18 14.11 35.04
2002 16.89 1.37 16.47 33.36

2003 19.87 1.24 14.86 34.74
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Table 17. Relation between irrigation system types and application rates, 1992-2003, for
Groundwater Management Districts within the Kansas High Plains.

Center pivot

Groundwater A _ Flood irrigation ~ Percent variability
Management Irrigation rate Percgntvarlgblllty rate compared explained, RZx 100
District number compared to explgmed, R®x 100 to drop nozzle (Y-intercept=0)
(fig. 1) . d.rop.nozzle (Y-intercept=0) irrigation rate
irrigation rate
1 y =1.048x 74 y =0.9302x 78
2 y = 0.9834x 70 y = 0.8206 82
3 y = 0.9886x 69 y =0.97x 14
4 y = 1.0004x 96 y =0.8219x 81
5 y = 1.0007x 90 y = 1.1024x 57
All Groundwater y =0.9793x 83 y =0.9233x 12
Management
Districts
All counties in y =0.9789 62 y =0.8885x 19

study area




Table 18. Correlation coefficients for irrigation water-use factors for 33 counties in the Groundwater Management Districts within the Kansas High Plains, 1991-2003.

[Shading indicates correlation coefficients greater than or equal to 0.50. --, not applicable]

Total Alfalfa Corn Grain sorghum Soybeans Wheat Other/multiple Flood irrigation C(_en_tertplvot D_ro_p nto_zzle
tor Tota uses irrigation irrigation Annual March-  County
u\;\gad for aﬁ:ies Water Water Water Water Water Water Water Water Water precip- ?)‘r:tta?:li);r pefr(:]ILa
oy geted Acres SR Acres L Acres RRL Aores IR Aores IR Aces R Acres R Acres L Acres CREL TN iaton  bity
rate rate rate rate rate rate rate rate rate

Total acre-feet of 1 - - - - - - - - - - - - - - - - - - _ - _ =
water

Total acres 97 1 - - -- - -- -- - -- - - - - - - - - - - - - -
irrigated

Alfalfa acres .61 .63 1 -- -- - -- - - - -- - - - - - - - - - - - -

Alfalfa water .55 48 33 1 - - - -- - - - - - - — — - - - . - - -
application rate

Corn acres .58 .66 44 .19 1 - -- - - - -- - - - - - - - - - — - -

Corn water .70 .58 31 .70 20 1 -- -- - -- -- -- - - - - - - - - - - -
application rate

Grain sorghum 18 21 24 .10 .06 .05 1 - - -- -- - - - - - - - - - - - -
acres

Grain sorghum .33 22 .14 .38 -.01 .55 15 1 - -- -- - - - - - - - - - - - -
water
application rate

Soybean acres -.09 -.06 12 -26 22 -25 .01 -.03 1 -- -- - - - - - - - - - - - -

Soybean water 23 21 27 .10 .36 .19 11 .10 33 1 -- - - - - - - - - - - - -
application rate

Wheat acres .69 72 .67 37 A3 .39 42 17 -.07 .16 1 - - - - - - - - - - - -

Wheat water .50 41 22 48 .05 .62 .16 43 -24  -03 32 1 - - - - - - - - - - -
application rate

Other/multiple use 91 .90 .39 51 34 .64 13 26 -29 .03 58 49 1 - - -~ - - - - - - -
acres

Other/multiple use .58 42 15 .58 .10 .86 .08 .62 -.07 22 23 57 49 1 - - - - - - - - -
water
application rate

Flood irrigation .66 .61 .26 32 .04 A7 29 .30 -29  -.05 50 49 5 43 1 - - - - - - - -
acres

Flood irrigation A48 35 .05 A5 22 5 .01 46 -13 .19 21 44 37 .80 25 1 - - - - - - -
water
application rate

Center pivot .60 .65 .59 .26 .59 25 .36 .13 .10 .13 .65 18 44 21 32 18 1 - - — - — -
irrigation acres

Center pivot .64 51 43 .68 28 .84 .02 54 -.06 .29 33 54 A7 .82 34 .59 31 1 - -- - - -
irrigation water
application rate

Drop nozzle 48 53 44 27 .59 27 -12 -01 22 34 25 .07 35 A1 -.14 .14 .01 .28 1 -- - -- -
irrigation acres

Drop nozzle .30 31 28 24 33 .26 -28  -.06 .07 11 .09 .07 23 13 -.07 .10 .07 32 49 1 - -- -
irrigation water
application rates

Annual -.39 =32 -.147 -59 -120 .67 05 -37 40 -10 =22 -43 -39 -.53 -190 -.55 051 -.56 -.33 -28 1 -- -
precipitation

March—October =37 -.29 -12 -.58 -.08 -.64 .02 -38 37 -1 =21 -42 -.36 -.54 -210 -.54 06 -54 -28  -23 97 1 -
precipitation

County soil -12 -.01 -04 -29 04 -39 01 -34 -07  -30 -.01 -.19 -.02 -46 01 -42 14 -39 -07  -13 .20 A8 1

permeability

26
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Data Tables 93

Table 19. Predictive equations for irrigation water use and irrigation application rates from county data for all Groundwater
Management Districts within the Kansas High Plains, 1991-2003.

[TWU, irrigation water use, in acre-feet; TA, total acres irrigated; MOP, March—October precipitation by county, in inches; AP, annual precipitation
by county, in inches; CR, water application rate for corn, in acre-feet per acre; AR, water application rate for alfalfa, in acre-feet per acre; WR, water
application rate for wheat, in acre-feet per acre; OA, other/multiple-use acres; SP, soil permeability]

Pe_rcefr?t Residual standard
. . variability 1 Degree of )
Predictor equation - error F statistic

explained freedom

(R2) x 100 (acre-feet)
TWU = 1.3809(TA) - 14,366 94 19,990 427 6,573
TWU = -4,826(AP) + 210,202 16 74,410 427 78
TWU = -5,351(MOP) + 206,781 14 75,120 427 68.8
TWU = 1.3385(TA) - 1140(AP) + 14,811 95 18,700 426 3,788
TWU = 1.3402(TA) - 1,400(MOP) + 16,576 95 18,530 426 3,859
TWU = 184,305(CR )- 135,625 49 57,560 427 145
TWU = 17,310(AR) + 149,728(CR) + 26,504(WR) - 129,328 51 57,010 425 417
TWU = 1.7917(0A) + 16.698 32 34,090 427 1,980
CR =-0.0311(AP) + 1.999 43 2304 427 339.6
CR =-0.0333(AP) + 0.0575(SP) + 1.9131 49 2202 426 206.4
AR = -0.0253(AP) + 0.0641(SP) + 1.5530 45 .188 426 173

IResidual standard error = standard deviation of difference between predicted value and actual value. Lower number defines a better model.

2F-statistic = a test to see if the model coefficients are statistically different from zero. A higher number defines a better model.
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