Stafford County Farm Bureau Association
306 N. Main, Box 308, St. John, Kansas 67576 / (620) 549-3292

February 26, 2018

RECEIVED

01208
From: Stafford County Farm Bureau Board MAR
Subject: LEMA Proposal comments B!g Bend GMD #5

We would like to state that we support the GMD Act which gives local users a voice in determining the use of
groundwater. We believe the GMD #5 board has spent an enormous amount of time and money pursing a solution to
an extremely complex situation. We appreciate and continue to encourage the GMD #5 efforts to make it equitable and
painless as possible on all of the water users.

To: Big Bend Groundwater Management District #5

A major concern of ours is the talk of cuts to actual water use. We have all heard Governor Brownback say in his
administration that “Use it or Lose it” was dead. He stated “We must conserve our precious natural resource and
therefore those that conserve cannot be penalized.” When cuts to actual water use are mentioned it implies “Use it or
Lose it” is alive. It implies that conservation efforts, some of which have been paid for by state and federal monies,
others just by voluntary efforts of irrigators, are unrewarded. HB 2451 approved by both the House and Senate
unanimously and signed by the Governor in 2012 affirmed this.

We as farmers, value our irrigated water right as a property right. Whether it is 50, 160, 195 or a 240 acre foot,
that is our property right. It is not the actual water use of these property right values we place on our balance sheets or
that we consider when we bid to purchase another water right. We value the certificate of appropriation that was
perfected, not its actual use. Any cuts not based on this certificate of appropriation are not acceptable to us.

Groundwater levels show Stafford County is already at sustainable levels for 250+ years according to KGS. We
struggle with the additional cuts that the model suggests is necessary in Stafford county. We understand streambed
impact by the cone of depression. However, we feel the model fails to consider other factors that effect streamflow.
We include a copy of a study by James K. Koelliker, “Effects of Agriculture on Water Yield in Kansas.” “The largest effect
by far upon declining streamflow was that of soil and water conservation practices” page 172.

The proposed additional cuts in Zone D have the potential to not only harm individual operations in our county
but also have a drastic effect on property values in Stafford County. This leads to decreasing property values for
property taxation and the decrease in the ability to generate property tax revenue. We request any proposal look at
these ramifications, and they be structured in such a way that Stafford county is not carrying a disproportionate share of
the Quivira impairment burden.

We are very concerned that the alternative corrective control section cannot be adequately or correctly
addressed before the LEMA has even been started. We need to see what responses the end gun removal and voluntary
incentives programs have on curtailing water use. It isimpossible to put values to corrective controls when one does
not know what the target is in the future. It is imperative that the end alternative corrective actions reflect the effects
made by end gun removal and incentive programs, and only then can a well informed, well thought out plan be
administered.



Respectfully,

Justin K. Vosburgh Stafford County Farm Bureau President
Shon Meschberger Stafford County Farm Bureau Vice-President

Marlyn Spare Stafford County Farm Bureau Secretary-Treasurer
Tyler Alpers Stafford County Farm Bureau board member
Brian Dunn Stafford County Farm Bureau board member
Cammie Vaupel Stafford County Farm Bureau board member

Keith McNickle Stafford County Farm Bureau board member
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Effects of Agriculture on Water Yield in Kansas

James K. Koelliker
Kansas State University, Manhattan, Kansas

Introduction

Most of the land area of Kansas (over 90%) is used
for agricultural purposes. Nearly all of the potential water
supply for Kansas (98%) comes from precipitation onto
the land surface. The amount of precipitation averages
about 28 inches (70 cm) per year over the state. The
primary source of water resources available over the long
term for other users in the state is runoff and percolation
from the precipitation that falls on agricultural land within
the state. Therefore, the activities of agriculture to use and
manage the land play a role in affecting the amount and
quality of water available for water-resource purposes.
Effects of agriculture on water yield are of particular
interest because the prior appropriation doctrine is used to
allocate water rights. Therefore, understanding how
agricultural activities influence the quantity of water lost
from agricultural lands is crucial to account for the effects
of more efficient use of water from precipitation as well as
to decide how much water is potentially available for
appropriation by other users.

Effects of agriculture on water yield have been of
interest for many years. In much of the state, natural
ecosystems, particularly prairies, have been converted to
agricultural production of cultivated crops. Two important
changes occur. First, surface runoff is increased because
the potential for loss by runoff is increased from soil that is
bare or partially bare during the cropping cycle. Bare soil
has a lower rate of infiltration than the same soil covered
with growing plants or crop residue. Second, actual
evapotranspiration is decreased because annual crops are
actively growing for a shorter period of the year than
perennial plants. This increases the potential for percola-
tion and subsequent recharge. The exact effects of these
changes depend upon the interactions of the climate, soil,
and agricultural-management practices including those of
soil and water conservation at a particular location.

In most of the state, water supply is limited because
precipitation usually is less than potential evapotranspira-

tion for much of the growing season. The success of
dryland agricultural technology hinges on its ability to use
precipitation as effectively as possible by a combination
reducing runoff and increasing the amount of walter used as
evapotranspiration through useful crops. Additionally,
where ground water is available, making use of it is usually
very desirable.

The necessity to control wind and water erosion and
improve water management was soon recognized in Kansas
agriculture. Conservation techniques began to emerge in
the 1930°s following the disastrous drought. National
programs to reduce erosion soon were developed. Kansas
has been a leader in the adoption of soil- and water-
conserving techniques including terracing, conservation
tillage, farm ponds, and watershed dams. A terracce is a
broad channel, bench, or embankment constructed across
the slope to intercept runoff and to detain the water or to
channel the excess water to protected outlets for disposal
from the field. Conservation tillage is a practice that uses
mechanical or chemical means to control weeds and/or
plant crops such that plant residues cover at least 30% of
the soil surface to promote wind- and water-erosion control
and moisture conservation.

To quantify the effects of agriculture, several factors
that interact must be considered—climate, soil, and
agricultural-management practices which include type of
land use, production practices, and conservation practices.
Ideally, there would have been field experiments conducted
to determine these effects. However, few have been done,
and the length of time the experiments were operated were
often insufficient to understand the interactions of all of the
factors, Thus, simulation-modeling techniques have been
required to obtain estimates of effects and to explain the
effects on the availability of water resources in the state.
The remainder of this chapter focuses on the development
of a model, the results from a specific study, and/a broader
interpretation of those results for the entire state.

Background for Computer-simulation Modeling

In the 1960’s, the U.S. Department of Agriculture Soil
Conservation Service (SCS), now known as the Natural
Resources Conservation Service (NRCS), and Agricultural
Research Service (ARS) used a joint task force to develop
procedures to assess the effects of land and watershed
treatment on streamflow. Land and watershed treatment

include change in land vuse from cropland to permanent
cover crops such as native or tame grasses, structural
measures such as terraces, tillage and surface-residue
management, irrigation, farm ponds and watershed dams.
The result was a rational approach based upon annual
amounts of precipitation, a climatic variable, extent of
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land-use changes and conservation practices and other
factors. At the time this work was done, however, the
effectiveness of residue management was uncertain and
the extent of future use of land treatment and other
conservation practices was not well known. The proce-
dure, however, has been used by the NRCS, and it did
serve as a good basis for future work on the effects of land
treatment on water yield. One major limitation of the
procedure, however, was that the effects of land treatment
and conservation practices on a continuous basis on water
yield could not be determined easily. In particular, the
variability from year to year in climate could not be
accounted for very well with the rational technique.
Continuous computer-simulation modeling allows
questions about effects of changes in land use, crops, and
management practices to be assessed at various locations
over a simulation period of many years. While direct
comparison with measured results from field experiments

Potential Yield Model

When a method was needed to assess the effects of
land use and conservation practices on large watersheds
for the Bureau of Reclamation, a continuous computer
simulation model, called the Potential Yield (POTYLD)
(Koelliker et al., 1981, Koelliker et al., 1982), was
developed for this purpose. POTYLD simulates the daily
change in the water budget for different climatic and land-
use conditions to estimate the dispensation of precipitation
as interception, runoff, actual evapotranspiration, percola-
tion, and change in water content in the soil. The model
utilizes values of runoff curve numbers (RCN) to predict
the split between runoff and infiltration for land uses from
daily amounts of rainfall and snowmelt (See chapter 1 for
more information on RCN values). Individual land uses
and conservation-practice conditions can be described by a
RCN, and the RCN technique is used widely to predict
runoff from design storms. It follows that the RCN
method can predict runoff over a period of time provided
the antecedent moisture condition (AMC), how wet the
so1l was at the time of each storm, can be determined.
This technique to assess runoff through a computer-

Results of Modeling Water-yield Changes

Several studies have been done with POTYLD. The
most extensive was for the South Fork of the Solomon
River basin above Webster Reservoir in northwest Kansas
(Koelliker et al., 1981). Webster Reservoir, located on the
South Fork of the Solomon River in Rooks County, has a
watershed of 1,150 mi® (2,980 km?; fig. 7.1). It was
completed in 1956, primarily to serve as a water supply for
an 8.400-acre (3,400-ha} irrigation district and to control
flooding and to provide recreation. After about 1975,
however, the irrigation district seldom received a full
delivery of water, and in several years no water was

are not possible because such measurements have not been
made on whole watersheds, results can be compared with
measured streamflow if conditions in a drainage area are
simulated for a period of time. In the late 1960’s, water
yield into several flood-control and irrigation-supply
western Kansas reservoirs that had been built in the 1950°s
was much less than expected. When well-above-average
amounts of precipitation that occurred in the early 1970’s
did not result in expected inflows to these reservoirs, the
Bureau of Reclamation began a study of the Solomon River
basin in Kansas to identify what was happening to the water
supply. Speculation implicated changes in land use and soil-
and water-conservation practices, changes in the precipita-
tion regime, and increased use of ground water from alluvial
aquifers were involved, Work began at Kansas State
University to develop a method to assess the effects of land
use and soil- and water-conservation practices on water
yield on a watershed basis.

simulation model is now used widely in watershed-
simulation models. Recently, POTYLD has been modified
to include additional refinements and to include irrigation;
consequently, the name was changed to Potential Yield
Revised (POTYLDR) (Koelliker, 1994a, 1994b). This
model simulates the water budget on a daily basis for
different land uses and estimates the water yield on a
monthly or annual basis for a drainage area. A more
comprehensive description of POTYLDR can be found in
Appendix 7.A of this chapter.

The POTYLDR model is useful to estimate effects of
land-use changes and agricultural soil-water conservation
practices on surface-water yield and on percolation. Exact
comparisons with data from the field are difficult because
such data are very limited. The following section does
provide the results of a comprehensive study to combine
all impacts on water yield into Webster Reservoir along
with estimates of the effects across the state. Extended use
of the POTYLDR model for other studies, too, provides
evidence that it reasonably documents real effects that
have been and are being experienced in Kansas.

delivered. At streamflow-gaging stations in the region with
30 or more years of records, average streamflow during
the 1970’s was less than 25% of the long-term average. A
report by the Bureau of Reclamation (1984) concluded that
phreatophytes, water-loving plants, and changes in the
nature of precipitation events were not important contribu-
tors to the declining streamflow. That same report did,
however, conclude that withdrawal of ground water from
the alluvial aquifer was an important contributor. The
largest effect by far upon declining streamflow was that of
soil- and water-conservation practices, a finding substanti-
ated by POTYLD.
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FIGURE 7.1—Mar of THE Soutn Fork Soromon River Basin (Koelliker et al., 1981).

Figure 7.2 shows streamflow for two conditions along
with measured streamflow into Webster Reservoir for a
period when both daily precipitation and streamflow were
available for the study. The curve labeled “1950” repre-
sents the expected streamflow into Webster Reservoir if
conditions above the reservoir had remained unchanged
after 1950 until the end of the simulation period in 1978.
The curve labeled “changing”™ accounted for changes in
land use, conservation practices, and ground-water
withdrawals during the period simulated. A 3-year
moving average is used because of limited availability of
continuous weather records to represent the area. Rainfall
is spatially quite variable because of the continental-type
climate in the area. Because long-term changes were of
interest, averaging shows the trend more clearly.

The results of the study showed that by 1980, the
expected water yield into Webster Reservoir was predicted
to be less than half the historic inflow (1920-1955) of
50,900 acre-feet/vear (62.8x10° m*/yr). The Bureau of
Reclamation reported the inflow to Webster Reservoir for
the period, 19791988, averaged 13,300 acre-feet/year
(16.4x10° m*/yr; Kutz, 1990), which further substantiated
the results obtained by the use of POTYLD.

Fluctuations in all three curves in fig. 7.2 are caused
by temporal changes in amounts of precipitation and the
ability of that precipitation to produce runoff. Amounts of
individual rainfall events and their timing and aerial
distribution are critical to the production of runoff.
Continuous simulation is very helpful to evaluate fluctua-
tions in streamflow because it can account for conditions
in the watershed when precipitation occurs. By aggregat-
ing results from several sub-basins for a stream, the aerial
distribution also can be accounted for partially. This is
very helpful to describe the impact of precipitation on
yield. A study of the Upper Republican River basin of
northeastern Colorado, southern Nebraska, and northwest-
ern Kansas was done using POTYLD as a major compo-
nent of the work (Koelliker et al., 1983). While changes in
precipitation regime appear to be occurring in the Great
Plains, the length of record (1920-1978) available for that
study did not show it. When POTYLD was used with
1950 basin conditions held constant, essentially no

decrease in water yield with time was expected. A more
recent study to estimate the future water supply for the
Cheyenne Bottoms Wildlife Refuge, which comes from
streamflow originating in west-central Kansas, showed a
difference attributable to precipitation. For the period
1973--1988, the ability of precipitation to produce
streamflow from this drainage basin was about 27% below
that for the earlier period 1948-1972 (Koelliker, 1991).
An historical view of land use and development of
agricultural technology on streamflow can be done by
simulating for many years with conditions in the water-
shed fixed at given points in time. Then, the average of
the results can be graphed against time to see if there are
trends and effects. Such an analysis was done for the
South Fork of the Solomon River above Webster Reser-
voir. In addition, the effects of changes in land use,
conservation practices, and ground-water withdrawals
during the period show the estimated impact of agriculture
on water yield (fig. 7.3) (Koelliker, 1984). Initially, the
watershed was all rangeland before 1850. Figure 7.4
shows the important changes with time that have occurred
in the watershed. Agriculture was started around 1860 and
by about 1930, 70% of the watershed was cropland.
Drought and erosion has caused some cropland to be put
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FIGURE 7.2~—COMPARISON OF THE THREE-YEAR MOVING AVERAGE
ACTUAL STREAMFLOW ABOVE WEBSTER RESERvOIR with
streamflow predicted with changing conditions, and when
1950 conditions were held constant (adapted from Koelliker
etal., 1981).
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back to grass since 1930. Development and adoption of
conservation practices have progressed since the 1930°s.
From the early 1950’s, development of ground-water
resources has reduced baseflow in the stream. In the
future, amounts of surface-water yield will be less than the
amount estimated for conditions before agricultural
development began.

In fig. 7.3, the line labeled POTENTIAL YIELD
represents an estimate of the total streamflow from the
watershed if agricultural land use and practices in the
1930’s had remained in place. That period is chosen only
because it was the set of conditions in the last 150 years
that produced the greatest streamflow. Records from that
period also probably influenced the design conditions that
were used for the development of Webster Reservoir and
its original operations plan. The line labeled ACTUAL
YIELD represents the expected amount of streamflow into
the reservoir as affected by the changing conditions in the
watershed. This line does not imply that water yield does
not fluctuate from year to year. It shows an expected
average for a given date that would have resulted if the
precipitation from 1920 to 1978 had occurred on the
watershed when it was in a particular set of conditions that
were in place on that date. The split of the actual yield
into surface runoff and ground water is an estimate based
upon the types of land use with time and the effects of
withdrawals of ground water for irrigation.

The contributions of the various soil- and water-
conservation practices are estimated with time on the
graph. Dams are stockwatering and erosion control
structures that create features commonly known as farm
ponds. These farm ponds in aggregate collect runoff from
over one-third of the watershed. Terraces have been
installed on nearly one-half of the cropland in the water-
shed to reduce water erosion and to improve moisture
conservation. Here, residue refers to a variety of agricul-
tural-management practices to keep the soil surface
partially or totally covered with plant residue to reduce
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FIGURE 7.3—HISTORICAL PERSPECTIVE OF THE EFFECT OF AGRICUL-
TURAL TECHNOLOGY ON WATER YIELD ABOVE WEBSTER RESERVOIR
showing increases caused by conversion to cropland and
depletions caused by various soil- and water-conservation
practices and changes in agricultural technology (adapted
from Koelliker. 1984).

potential for water and wind erosion. Conservation tillage
of various kinds is the most widely used practice. [rrigation
is used to describe the effects of withdrawals of ground
water from the alluvial aquifer. Nearly all the water
withdrawn is subsequently lost as evapotranspiration from
the irrigated areas.

The latest conditions in the watershed above Webster
Reservoir have not been studied with POTYLDR. Further
evidence of the effects of agriculture on water yield
appeared from the flood of 1993. This flood and the
precipitation that caused it were remarkably similar to the
flood year of 1951 (see chapter | comparison of 1951 and
1993 floods). Although the reservoir was not completed in
1951, the streamflow-gaging station just upstream was
operational and estimates of the inflows to the reservoir had
the lake existed have been made for that period by the
Bureau of Reclamation. Figure 7.5 shows the precipitation
and inflow to Webster Reservoir on a monthly basis for
both floods. The amount of inflow in 1993 was essentially
half the amount in 1951. This points out that even in years
with high precipitation, the effects of agriculture on
watersheds in the western half of Kansas can be and are
substantial.

At the same time that runoff is reduced, more water is
added to the soil to aid subsequent crop production and to
add to percolation. At Webster Reservoir, the amount of
baseflow into the reservoir appears to be higher than in
1951. Some of the water that did not leave as runoff is
slowly seeping from the watershed and reaching the
reservoir. Much more of the seepage water may be being
used to satisfy ground-water withdrawals in the alluvial
aquifers that are above the reservoir.

The impact of agriculture on available water resources
for other uses above Webster Reservoir has been substan-
tial. At the same time, however, the water that was lost
previously has been converted into more production on the
land where it fell. This fact is based upon yield of wheat on
dryland in the Northwest Crop Reporting District, which
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FIGURE 7.4—HISTORICAL AMOUNTS OF CROPLAND, CONSERVATION
PRACTICES, AND BASEFLOW DEPLETIONS IN THE SOUTH FORK
SoLoMon Basin aBove WEBSTER REsErvOIR (adapted from
Koelliker, 1984).



includes the watershed above Webster Reservoir (fig. 7.6)
(State Board of Agriculture, 1989, and previous). Wheat
yields have increased steadily since the 1930’s. This is the
result of better agricultural technology, which includes
better varieties, fertilizer and herbicides, and management
practices. All of these factors, however, are benefitted by
more available water. In this area, the USDA ARS
estimates that about 40% of the total increase in agricul-
tural production can be attributed to better water conserva-
tion.
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There is a tradeoff here between more agricultural
production on dryland and water resources available for users
downstream. This work points out that the availability of
water resources may not be constant over time. It will be
necessary to make adjustments in water use so that the
demand is more in line with the supply. As Robert Ingersoll,
a 19th century orator from Kansas, stated, “In nature there are
no rewards or punishments—there are consequences.”

General Procedure to Estimate the Magnitude of Land-use Changes

on Water Yield

Agriculture and agricultural land-use changes are
affected by location in the state. The POTYLDR model
has been used for several studies in Kansas, and from
those general results, inferences can be drawn about the
effects of agriculture on water resources in the state. One
of the most important aspects that influences the magni-
tude of land-use changes is that the climate at a particular
location can be described by the moisture deficit (MD).
The MD is defined as the difference between the average
annual lake evaporation and the average annual precipita-
tion at a location. Figure 7.7 shows a map of the average
in each county (DWR, 1994). There 1s a substantial
difference in MD across the state (see also fig. 1.12 of
Chapter 1). MD is greatest in the southwest corner of the
state where lake evaporation is greatest and precipitation is
near the lowest in the state. The MD is smallest along the
eastern border of the state where lake evaporation is lowest
and precipitation is more abundant. This variable is one
that correlates well with many of the important effects that
climate plays on agriculture. The greater the MD the more
arid the climate while the lower the MD the more humid is
the climate.

The greater the MD the greater the potential to reduce
total runoff if the soil can hold the extra water that
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FIGURE 7.5—~COMPARISON OF MONTHLY INFLOW TO WEBSTER
RESERVOIR FOR THE FLOODS OF 1951 anp 1993,

infiltrates it so that it will be lost later by evapotranspira-
tion. As MD decreases, the potential of percolation
increases because the soil cannot hold all of the water that
infiltrates during extended wet periods. Soil type is
important, particularly the soil’s ability to store water that
is available for later use by plants. Deep, silt-loam-type
soils are best, whereas shallow, sandy-type soils are
poorest for storing water. Crops, too, have an effect.
Perennial crops and grass use the most water because they
are actively growing during a longer portion of the year.
Annual or summer crops use less because they are growing
for a shorter period of the year. Fallowed soils do not use
walter, although water is lost from fallowed soil by
evaporation. The least water loss is from fallow land with
good crop-residue cover, provided no plants are allowed to
grow. Protecting the soil surface on fallowed land with
residue decreases runoff, decreases evaporation, and may
increase the potential for percolation during wetter years.
Further, experience with the results from the
POTYLD model for many locations in Kansas shows that
its results are in general agreement with what is observed.
The depth of the amount of reduction in surface runoft
increases with decreasing MD where conservation
practices are added. The effect, however, as a percentage

50

Northwest Kansas
Crop Reporting District

Wheat Yield (bushels/acre)

FIGURE 7.6—DRYLAND WHEAT YIELDS IN THE NORTHWEST KANSAS

Cror Reporting DistrICT (data from Kansas State Board of
Agriculture).
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of total yield decreases as the MD decreases. With decreas-
ing MD, more percolation results from conservation
practices. Finally, the effect of conservation practices on
total water yield is greatest in areas where the MD is
moderate. To illustrate the effect of MD on water yield
across Kansas, results of simulating a change in continuous
wheat production caused by changing from a condition of
little conservation practices to good conservation practices
are discussed in Appendix 7.A. The change is expressed
primarily in a decrease in the RCN by five and a slight
increase in the residue factor that reduces the rate of surface
evaporation. Figure 7.8 shows how the general amount of
total water yield (surface runoff + percolation), decrease in
surface-runoff, increase in percolation, and the total de-
crease in water yield are affected by the MD. The reader is
cautioned to notice that the “average annual” is a log scale
in fig. 7.8. In areas where the MD is high, most of the
surface runoff prevented by better conservation practices
because of more infiltration is stored as soil moisture which
is subsequently lost as evapotranspiration because the
climatic demand for water is large. With moderate amounts
of MD, a larger amount of water yield occurs because there
is more potential surface runoff to affect. Some increase in
percolation results because not all of the extra water can be
stored in the soil during wetter periods. In areas where the
MBD is low, runoff is still reduced, but nearly all of the extra
water that enters the soil becomes percolation. Here, the
ability of the atmosphere to increase evapotranspiration
during wet periods is insufficient to cause much of the
additional water that does not become surface runoff to
become evaporation. Also, practices that are effective at
reducing runoff require residue cover on the surface. The
residue cover also decreases evaporation from the soil.
Thus, the total amount of water yield is affected very little
in areas where the MD is low. In some cases, water yield
may actually be increased in eastern Kansas, particularly

during wet periods because evaporation is decreased. In
eastern Kansas, if water is not lost by evapotranspiration,
it will eventually become streamflow. There is just not
enough storage in the soil to hold all of it for later use.

When the maximum potential for agricultural soil-
and water-conservation practices to reducc surface runoff
are added together they can have a substantial effect.
Figure 7.9 shows a gencralized map of these aggregate
effects to reduce runoff from the amounts of streamflow
that were reported for conditions around 1930. By the late
1990’s, a substantial amount of these effects of agriculture
arc occurring. The numbers on fig. 7.9 show the percent
reductions that were experienced during the 1980’s for
various locations in western Kansas.

The above information is for one set of conditions
described previously. Results for a wide variety of land
uses and conservation practices found across Kansas have
been produced with POTYLDR by making simulations at
five locations (Koelliker, 1994a). Predicted average
annual depth of runoff and percolation are included in
table 7.1 from the representative RCN value for a Soil
Conservation Service Group B/C soil (silt loam soil). For
all locations, the same planting and harvest date for row
crops (grain sorghum, May 10 and October 15) and small
grain (winter wheat, October 10 and June 25) were used.
The fallow shown is for a combination of wheat-fallow
rotation with the wheat having an RCN equivalent to the
small grain practice shown earlier in the table. Pasture/
range growing season was March 15 through October 31.
These results can be gencralized to other locations by
relating the values to the MD at a particular location. The
MD for three of the locations (Horton, Great Bend, and
Garden City) were adjusted somewhat because the stations
have more or less annual precipitation than is typical for
the MD each one was most representative ol across the
state. Figure 7.10 shows there is & general relationship
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between runoff and percolation and the adjusted MD
across the range of conditions simulated. The transmission
loss factor {TLF) is the ratio of runoff estimated upstream
to the amount of runoff actually measured at a gaging
station downstream. If the value of the TLF at each
location as shown for each station in table 7.1 is used
along with the amount of runoff shown in table 7.1, then
the estimated effect of an agricultural practice change on
surface streamflow can be calculated by dividing the
runoff by the TLF.

With the values in table 7.1, it is possible to compare
the effect of a change in land use and/or conservation
practice from one condition to another condition and to
estimate the effect on long-term average amount of runoff
and percolation. Consider the effects of changing from an
initial land use of annual cropping with row crops with
straight row conservation practice (line 1 in table 7.1) to a
second condition of pasture/range (line 29) that might
result if highly erodible cropland were placed into the
Conservation Reserve Program at Great Bend. Predicted
average annual runoff for initial conditions, /, is 3.19
inches (81 mm) and for final conditions, F, is 1.52 inches
(39 mm). Essentially no change in percolation is expected.
The TLF is 1.15 for Great Bend. Further, consider if 4.0%
(P) of the watershed were to be changed. To estimate the
decrease in average annual water yield () use,

Y =(I- F)yP(TLF-100) (eq-7.1)

The result is, ¥ = 0.06 inches (1.5 mm). At Great Bend,
water yield averages about 1.5 inches/year (38 mm/year).
So, total water yield would be reduced by about 4%.

As agriculture developed, much pasture/range was
converted to cropland and later conservation practices
were added to cropland to reduce erosion and/or to
improve moisture conservation. The impact of these
changes depends upon the amount of the watershed
affected and the magnitude of the change in runoff. Figure
7.11 shows a comparison of surface-water yield from
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FIGURE 7.8—SIMULATED EFFECTS ON ASPECTS OF THE WATER BUDGET
WHEN THE RCN VALUE FOR CONTINUOUS WHEAT 1S REDUCED FROM
75 10 70 ON A SILT LOAM SOIL AS RELATED TO THE MD aAcross
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small grain production with various conservation practices
to the surface-water yield from pasture/range across the
amounts of MD found in Kansas. Straight row was the
earliest agricultural practice. Later, contouring and
conservation tillage or residue management were added
along with terraces as conservation practices. The line
“Best Management Practice” includes the applicable type
of terrace. conservation tillage, and contouring at each of
the five locations simulated. The graph shows that the
amount of surface runoff from small grain production can
be reduced to that expected from pasture/range across
Kansas with good management.

The effect of conservation practices on reducing
runoff as a percent of the total water yield increases with
increasing MD. When MD = 15 inches (38 cm) as found
in eastern Kansas, the reduction from straight row to best
management practice is about 30%. With MD = 40 inches
(100 cm) as is the case in most of the western half of
Kansas, the reduction in water yield is about 60%, similar
to the results shown in fig. 7.9.

In summary, this section shows that effects of conser-
vation practices and land-use changes in Kansas on water
yield can be substantial, particularly in areas where the
MD is large. Conservation practices have the ability to
hold much of the potential runoff, which is then lost as
evapotranspiration. These practices are most effective
during drier years when streamflow is limited, which
further aggravates the problem of allocating limited water
resources to other users. The simulation method described
in this chapter provides a way to determine the magnitude
of these effects on a continuous basis so that effects with
time on water yield and water availability can be evalu-
ated. Other measures such as watershed projects and
irrigation withdrawals from alluvial aquifers along streams
add further to potential depletions of streamflow. The
impact on ground-water recharge is positive in the central
portion of the state where several good aquifers store and
transmit the additional water to potential ground-water
users. In eastern Kansas where the potential to increase
percolation is even better, there is limited opportunity to

80 60
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CONSERVATION PRACTICES AND AGRICULTURAL TECHNOLOGY TO
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TABLE 7.1-——Smuratep ResuLts FROM POTYLDR FOR AVERAGE ANNUAL RUNOFF AND PERCOLATION, IN INCHES, FOR VARIOUS LAND USES AND

CONSERVATION PRACTICES {Koelliker, 1994b).

LOCATION
Period of record simulated
Lake evaporation inches
Precipitation. inches
Moisture deficit, inches
Adjusted moisture deficit, inches
Transmission-loss factor

HORTON
1935-1975
48.90
35.60
13.30
15.30

1.02

MANHATTAN GREAT BEND COLBY
1958-1986 1948-1988  1940-1980
5113 61.47 55.65
32.89 25.54 19.31
18.24 35.93 36.34
18.24 28.93 36.84
1.03 1.15 1.25

GARDEN CITY
19481988

64.03
17.97
46.06
42.86

1.43

RCN
AMCII

Conservation

No. Land use practice

Runoff Perc.

Runoff Perc. Runoff Perc.

Runoff Perc.

Runoff

1. row crops 81

2. row crops

straight row
contoured

3. row crops  level terrace
4. row crops  lev. terr., cl.-end
5.row crops  conserv. tillage
6.2 graded terrace
7243
8.2+4
9.2+5
10.21+34+5
11.2+4+5
12. 61+ 5
13. 11+ irrigated
4. 1+5+ irrigated
15. small grain  straight row
16. small grain  contoured

17.
18.
19.
20. 16

2116+ 17

16+ 18

23. 16+ 19

24. 16+ 17+ 19
25,16+ 18+ 19
26.20+ 19

27. 15+

2815+ 19+

29. pasture/range
30.29

31. hay (alfalfa)
32.31 + irrigated
33. fallow-wheat straight row

level terrace

lev. terr., cl. end
conserv. tillage
graded terrace

small grain
small grain
small grain

22
L

irrigated
irrigated

improved

34. fallow-wheat contoured

35. fallow-wheat level terrace
36. fall.-wheat lev. terr., cl. end
37.fall.-wheat  conserv. tillage
38.34 graded terrace
39.34 +35

40.34+ 36

41.34 + 37

42.34 + 35+ 37

43.34 + 36 + 37

44, 38 + 37

637 1.7 1.92
5.19 220 1.55
n/a n/a 1.20
n/a n/a 0.57
- 4.86 290 1.45
. 430 319 1.27
. n/a 3.88 1.01
n/a 0.46

3.36 1.28

n/a & 0.90

n/a 043

343 1.24

3.26 3.15

523 2.31

2.34 1.36

3.31 1.10

n/a 0.85

n/a (.45

3.74 1.15

3.61 1.09

n/a - 0.78

n/a 0.39

3.78 I:15

n/a 0.73

n/a 0.36

447 - 0.92

4.49 2.06

5.70 1.65

1.07 - 0.81

1.93 0.56

0.56 .80

3.31 1.94

n/a 2.37

n/a 1.92

n/a 1.46

n/a 0.71

n/a 1.87

n/a 1.65

n/a 1.27

n/a 0.63

n/a 1.73

n/a 1.19

n/a 0.61

n/a 1.59

0.02 =F

0.07

0.14 -

0.42
0.11
0.14
0.23
0.50
0.15
0.29
0.55

0.41

080

0.03

016 &

0.14 0

0.29
0.56

024 0.
022 3

0.39

065 0.19

0.50
0.78

039 -

1.17
1.54
0.00
0.01

0.00
073 ¢

0.25
0.52
0.90

154 -0

0.81

079

1.10 -0
164 1

0.93
1.37

189 0

1.06

Notes: Soil is silt loam which fits SCS hydrologic group B/C and SCS Irrigation Class 3; unless noted otherwise, good

hydrologic condition assumed.




make the additional percolation become usable ground
water. It may seep out gradually to enhance the dry weather
flow for a few weeks following wet periods.

The procedure described to estimate change in the
surface runoff portion of water yield has been studied more
intensely than that for percolation and the potential for
ground-water recharge from such percolation. The opera-

Conclusion

Agriculture has made substantial changes to the land
use in Kansas for more than 150 years. Sustainable crop
production by agriculture without irrigation, in large part,
has been a matter of developing management practices that
increase the effectiveness of use of the limited water
supply and that protect the soil resource from excessive
erosion. Adoption of conservation practices that decrease
runoff and reduce evaporation losses have been important.
In much of the state, the effectiveness of these practices
has resulted in more efficient use of water for grain and
forage production. Since water use by agriculture is a
consumptive use that results in evaporation of water from
the land surface, more effective use means that less water
is left to become runoff or potential ground-water re-
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FIGURE 7.10—SIMULATED AVERAGE ANNUAL DEPTH OF RUNOFF AND
PERCOLATION FROM ROW CROPS AND SMALL-GRAIN PRODUCTION
WITH STRAIGHT-ROW CONSERVATION PRACTICE COMPARED WITH
PASTURE/RANGE AS AFFECTED BY MOISTURE DEFICIT (Koelliker,
1994b).
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tion of POTYLD, however, also estimates the amount of
percolation as shown in fig. 7.7. An aspect of recharge that
is important to understand when considering sustainable
yield is that for many locations, particularly in drier areas,
recharge occurs infrequently. The section following in the
inset Boxed section 7.1 illustrates this phenomenon.

charge. In the western half of the state, in particular,
streamflow has been reduced from the amounts measured
before about 1950 by a combination of agricultural
practices including withdrawal of ground water for
irrigation along streams. Reductions of streamflow by as
much as 30% or more have been experienced. In the
eastern half of the state, the effect has been limited
because of the difference in climatic conditions. As ways
to use water more efficiently are developed and adopted
for Kansas conditions, this means less for nonagricultural
uses, particularly in the drier regions of the state! In the
future these effects will probably result in a further
decrease in the amount of water available for appropriation
by other users.

10
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7 2r
D
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Q
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%0-5 C = Contoured and
004 - o Conservation tillage
| 4 Pasture/range improved
0.2 0 Best management practice
0.1 | I |
10 20 30 40 50

Adjusted Moisture Deficit (MD, inches)

FIGURE 7.1 1—COMPARISON OF SIMULATED AVERAGE ANNUAL RUNOFF
FROM SMALL-GRAIN PRODUCTION WITH VARIOUS CONSERVATION
PRACTICES TO PASTURE/RANGE AS AFFECTED BY MOISTURE DEFICIT
(Koelliker, 1994b).
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Boxed section 7.1: Event Nature of Percolation or Potential Recharge

Under average conditions, evapotranspiration demand for
water exceeds that supplied by precipitation. So, on average
the soil should not become so saturated with water that
percolation occurs. Average conditions, however, seldom
occur in the continental climate that prevails in Kansas (see
also Chapter 1). There are periodic episodes when drought
and wet periods occur. Much of the percolation that results in
ground-water recharge occurs in extended wet periods.

To illustrate this point, a 44-year simulation for Great
Bend was made with POTYLDR. Great Bend (MD = 35
inches [89 cm]) is representative of that part of the state where
agricultural practices have important effects on water yield,
and aquifers benefit from increase in percolation. Representa-
tive RCN values for a Soil Conservation Service Group B/C
soil (silt loam soil) for Great Bend are shown in table B7.1.1.
The planting and harvest date for grain sorghum were May 10
and October 15, respectively, and for winter wheat they were
October 10 and June 25, respectively. The results of the
conditions simulated for Great Bend produced average
amounts of runoff and percolation as shown in table B7.1.1.
Percolation or recharge is least from pasture/range which has a
leng growing season and is greatest from irrigated crops.

TABLE B7.1.1—SiMULATED RESULTS FRoM POTYLDR For
AVERAGE ANNUAL RUNOFF AND PERCOLATION, IN INCHES, FOR
VARIOUS LAND USES AT GREAT BEND ON A SILT LOAM SOIL.

Predicted annual average, inches

Land use Runoff Percolation

pasture/range, good condition 1.1 0.2
pasture/range. fair condition 1.5 0.1

continuous wheat 1.8 1.2
wheat-fallow 2.5 2.6
irrigated wheat 25 3.6
grain sorghum, conventional 23 0.4
grain sorghum, conservation tillage 2.1 0.7
irrigated grain sorghum 32 22

100

80
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o

Percentage of Total Recharge
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FIGURE B7.1.1—SUMMARY OF SIMULATED PERCENT OF ACCUMU-

Here, the average amount of net irrigation water applied to the
soil in 2.0-inch (5-cm) increments when the available soil
moisture decreased to 50% was 9.0 inches (23 cm) and 13.0
inches (33 cm) for wheat and grain sorghum, respectively.

Figure B7.1.1 was prepared from the annual results from
three of the simulations to show the distribution of percent of
years with percolation within the simulation period for three of
the land uses. For pasture/range in good condition, recharge
was estimated to occur in less than 20% of the years and haif
of the recharge occurred in less than 5% of the years. For
continuous wheat, recharge was predicted to occur in less than
half of the years and half of the total occurred in about one
year in eight on average. Irrigated grain sorghum showed
some recharge in about seven out of eight years; however, half
of the total recharge occurred in about one year out of five.
The example above is for one location only. Where recharge is
most needed in western Kansas, the climate has a greater
moisture deficit. There, recharge is even less than for the
example above, and more of the recharge occurs in a lower
percentage of the years. While runoff events are rather widely
spaced in time, recharge events are even more widely spaced
in time. Providing a sustainable yield from an aguifer that
must be periodically replenished, the event nature of recharge
must be taken into account. The time between years with
recharge for the Great Bend example for pasture/range is
illustrated in fig. B7.1.2. Here, three periods with lengths of
eight years or longer between recharge events were predicted
in the 44-year simulation for the range/pasture land use.

Sustainable yield from ground water must include
estimates of total recharge as an upper limit as well as the
distribution of recharge in time and space over the aguifer.
Using average annual values is risky, especially if the storage
capacity of the aquifer is limited.
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budgets for various land areas where the runoff was
applied according to some management scheme. The
model utilized runoff curve numbers (RCN) values to
predict the split between runoff and infiltration for the
feedlot and areas where runoff was applied to daily
amounts of rainfall and snowmelt (See Chapter 1 for more
information on RCN values). The model named
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FROMKSU was designed to be physically based, to use
readily available information to describe conditions in an
area of interest, and to be capable of being applied
anywhere in the continental U.S. Its detailed description is
contained in Zovne and Koelliker (1979).

The Potential Yield (POTYLD) model simulates a
continuous water budget for land uses with different
conditions in a watershed on a daily basis (see fig. 7.A1).
Up to 18 different land-use combinations can be simulated
in one run of the model. Estimates of the upstream runoff
and percolation that would result from various land uses
and conservation practices are provided. A RCN value for
antecedent moisture condition (AMC) II is needed for each
land use and conservation practice based upon soil
characteristics, land cover, conservation practice, and
management practice. Soil characteristics are assumed to
fall into one of 12 irrigation group classifications for
Kansas (USDA-SCS, 1975), which define the water-
holding characteristics of the soil layers and soil-water
evaporation characteristics. A continuous water-budget
simulation produces estimates of water content in the soil.
AMC values are adjusted based upon available soil
moisture (ASM) in the upper 1.0 ft (30 cm). AMC I holds
below 50% ASM, AMC 111 holds above 90% ASM, and
AMC H holds in the intermediate range of ASM.

The water budget is driven by daily precipitation and
minimum and maximum temperature for a single station
representative of the area under study. Large areas are
divided into sub-areas which are modeled separately, then
combined for better representation of the entire watershed.
Long-term monthly average values of percent sunshine,
relative humidity, solar radiation, windrun, and average
temperature are used to estimate potential evapotranspira-
tion (PET) by the Penman combination equation after
Gray (1973). Long-term monthly values are obtained by
triangulation from published values for first-order weather
stations (Water Information Center, 1974). Geographical
coefficients, Brunt a and b (Brunt, 1944) are used to cali-

Typical Pond Land-use Subareas (18 maximum)
Precipitation Interception
s e Infiltration
Precipitation Evapo-
5 transpiration
; Evaporation
Discharge
to Stream
T Runoff Runoff

Seepage Deep
Percolation

FIGURE 7.A1—ScHematic oF POTYLD WATER-BUDGET MODEL
(adapted from Zovne and Koelliker, 1979).

brate Penman’s PET such that predicted average annual
lake evaporation at a location agrees with published values
(Zovne and Koelliker, 1979). Actual water use by crops is
simulated by multiplying daily PET by a monthly Blaney—
Criddle crop coefficient (Blaney and Criddle, 1962) and
a coefficient based upon ASM.

The crop coefficients are calculated by pre-pro-
grammed equations in the program which require the user
to provide planting and harvest dates. The soil-moisture
cocfficient is 1.0 for ASM greater than 30%; below 30% it
decreases linearly to zero when ASM is zero. When crops
are not growing, bare soil and fallow water loss is simu-
lated by a decay-rate equation (Ritchie, 1972) and adjusted
for assumed amount of surface residue. Water loss by
percolation from the rooting zone is assumed to cascade
from the lower layer whenever the ASM in the lower zone
exceeds 90%. POTYLD simulates the complete daily
water budget for a “typical” pond. The pond is defined by
assigning a stage-storage and stage-surface area relation-
ship along with a seepage loss rate. The model treats the
pond as an inverted frustum of a pyramid which can match
most actual relationships fairly well. Runoff into the
typical pond is determined by routing runoff from speci-
fied areas of the various land-use subareas which would be
typical of the drainage area for a pond in the particular
study area. Modeled results of predicted depletions of
surface water caused by ponds have compared closely with
depletion effects described by Sauer and Masch (1969) for
watershed flood-control dams in Texas. Figure 7.A2
shows the general relationship from Sauer and Masch and
the average results found for typical ponds above Webster
Reservoir (Koelliker et al., 1981).

Substantial revisions have been made to the model
and the name changed to POTYLD (Revised) (Koelliker,
1994a, 1994b). Enhancements to the PET routine to
reflect greater daily and annual variation based upon daily
minimum and maximum temperature and a function to
simulate annual variation in heat storage and dissipation at
the surface have been made. Also, RCN between AMC 1
and AMC I1I is varied linearly with ASM between 50 and
90%. AMC II holds when ASM is 70%.

COMPARING MODEL RESULTS WITH
ACTUAL STREAMFLOW

Results from POTYLD must be adjusted by estimates
of transmission losses and the effects of depletion from or
additions to streamflow in order to compare with actual
streamflow records. In addition, because agricultural
effects on upstream yield are changing with time, changes
must be accounted for in output from POTYLD by making
successive runs with the inputs that represent conditions
applicable over the period of the streamflow record. Once
all of these changes are accounted for, then modeled
results can be compared directly with reported strcamflow
records.




Transmission loss refers to the ratio of annual volume
of upstream runoff to downstream streamflow. It accounts
for natural losses caused by infiltration, evaporation, and
detention storage. The value of the transmission loss
factor (TLF) was originally predicted by a technique
developed by Sharp et al. (1966). This loss is related to
the ratio of PET (Thornthwaite’s values) to annual amount
of precipitation. Our work shows that annual moisture
deficit (MD), defined as lake evaporation minus precipita-
tion, is an effective characteristic of the climate that can be
used estimate the TLF (Koelliker et al., 1995). Indry
years when runoff is low and MD is higher, the TLF is
larger and in wet years when MD is lower TLF approaches
1.0 as shown in Figure 7.A3.

Finally, estimates of depletions or additions to
streamflow from ground-water use, importation, exporta-
tion, return flows, etc. must be accounted for to compare
POTYLD modified results with reported streamflow
records.

Average MD for each county (DWR, 1994) is shown
in fig. 7.7. There is a substantial difference in MD across
the state. MD is greatest in the southwest corner of the
state where lake evaporation is greatest and precipitation is
near the lowest in the state. MD is lowest in the far
eastern part of the state where lake evaporation is lowest
and precipitation is more abundant. This variable is one
that correlates well with many of the important effects that
climate plays on agriculture. The greater the MD the more
arid the climate while the lower the MD the more humid is
the climate. In Kansas this helps explain why northeast
Kansas is in the western end of the Corn Belt even though
it receives less precipitation than southeastern Kansas
which has a larger MD than the northeast. Predicted
effects of land use and conservation practices on waler
yield based upon MD are shown in table 7.1.
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FIGURE 7.A2—FUNCTION OF PERCENT REDUCTION IN WATERSHED
YIELD DUE TO PONDS AS A FUNCTION OF ANNUAL RUNOFF IN THE
WATERSHED.
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Results from POTYLD for an entire watershed
provide evidence that various practices and land use
effects when aggregated together are useful to assess or
estimate combined effects of individual practices. When
the model, FROMKSU, was used to study feedlots in
different parts of the United States, it was noted that the
water yield from the runoff disposal areas using published
RCN values (USDA, SCS, 1972) generally agreed
reasonably well with values reported for streamflow. In
more arid areas, however, water yield was overestimated
as expected because transmission losses and effects of
ground-water withdrawals have important effects on
streamflow. This provided reasonable confidence it the
applicability of RCN values to larger watersheds. When
POTYLD was developed, however, RCN values were not
available to account for levels of residue management,
particularly on wheat-fallow. Work reported by Rawls et
al. (1980) on effects of residue and tillage on RCN values
was influential for predicting how much RCN values for
important practices in the area could be reduced when
residue management was used. Field simulations in the
area were run by Steichen (1983) and those results
substantially agreed with predicted amounts that RCN
values could be reduced as predicted by Rawls et al.
(1980). Finally, field data for runoff from bare fallow and
stubble mulch were available for Alliance. Nebraska
(Fenster et al., 1977). Those results were simulated with
POTYLD and showed the RCN value for stubble mulch
with good residue management was six less (73 vs. 79)
than for bare fallow on the same soil (Koelliker et al.
1981).

The reference list at the end of Chapter 7 contains
several references to work where POTYLD has been used.
Also, a copy of the user’s manual, computer code, and
diskettes are available from the author.
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FIGURE 7.A3—TRANSMISSION LOSS FACTOR FOR REDUCING
UPSTREAM RUNOFF TO COMPARE WITH MEASURED RUNOFF AT A
DOWNSTREAM STREAMFLOW GAGING STATION [adapted by
Koelliker et al. (1995) from Sharp et al. (1966)].
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