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Kansas Agricultural Statistics Service Data

The Kansas Agricultural Statistic Service (KASS) data set provides yearly weighted estimates of
crop prices, by crop reporting districts. Additionally, KASS collects data on farm operating
expenses. Crop and fuel price were merged to the sample data on a crop reporting district basis.
That is, all PDIVs in a particular crop reporting district were assigned the values corresponding
to the KASS data reported for that district. There are nine crop reporting districts in the State of
Kansas, each of which consists of about 15 counties; our study region spans portions of 6 of
these districts.

Natural Resource Conservation Service Data

The Natural Resource Conservation Service (NRCS), State Soil Geographic (STATSGO) dataset
provides the basis for the soil data used in this analysis. Soil groupings are classified by
mapping unit identification numbers (MUID). Each MUID can be composed of several mapping
unit sequence numbers (MUIDSEQNUM). A MUIDSEQNUM can be thought of as a distinct
soil type. Each MUIDSEQNUM consists of several vertical layers (LAYER) of soil, each layer
having distinct soil properties. An algorithm was developed to characterize individual soil
properties for a single MUID, by aggregating those soil properties from the LAYER and
MUIDSEQNUM levels. MUIDSEQNUMSs, which were not suitable for farming, were removed
from the MUID level aggregation. This process yielded measures of percent slope, percent clay,
water holding capacity, and NRCS soil classification ratings on an MUID basis. Spatial
intersection techniques available in ARCGIS were applied to assign these soil values to
individual sections of land in the target area. These data were merged with the WIMAS data on
a PLSS section-level basis.

Kansas Weather Library Data

Daily precipitation and evapotranspiration data were obtained from the Kansas Weather Library
for the three agricultural experiment stations in western Kansas (Colby, Tribune, and Garden
City). Based on discussion with weather data experts, only data from these stations were used as
the measurements are considered more accurate and the records more complete than other
stations in the weather station network. The data sets obtained also included the longitude and
latitude of each weather station. Algorithms were developed to aggregate the data temporally
into biweekly periods, and then the weather variables were assigned to the WIMAS observations
based on the geographically nearest weather station.

Measures of seasonal rainfall and crop-specific ET were constructed based on K-State Extension
service recommendations regarding optimal planting dates (Table 3.3). The growing season for
these crops was considered to be 105 days and ET was calculated for this period. The rainfall
associated with the growing season, P, included the rainfall which occurred during the growing
season as well as the month preceding planting.
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CHAPTER IV —- DATA ANALYSIS: SUMMARY STATISTICS

After the datasets described in chapter 3 were merged together, the result was a comprehensive,
spatially referenced database on water use and related variables. For each point of diversion in
the WIMAS data, this compiled database includes information on soils, climate, hydrologic
characteristics, and price conditions. Additionally, some of the parcels receiving SCC cost share
funds could be matched to points of diversion in this database. This chapter begins analyzing the
comprehensive database and the SCC cost share data via summary statistics, such observation
counts, variable means, minima, maxima, and standard deviations.

These methods are simple, but they are helpful in obtaining an overall picture of the information
contained in the data. Further, they provide some insight on key questions such as whether
irrigators increase acreage or grow different crops after a technology change. To address these
questions, we compute and compare variable means in various sub-samples of data. In
particular, for the data corresponding to each type of technology conversion, we create separate
sub-samples from the records “before” and “after” the conversion occurred. A comparison of the
mean irrigated acreage and crop choices from each sub-sample then reveals the effects of
technology adoption on the average parcel where such a change took place.

One shortcoming of this approach is that some of the apparent effects from technology may in
fact be due to underlying time trends. This possibility arises because the “before” sub-sample,
by definition, reflects an earlier time period than the “after” sub-sample. To control for the trend
effects, we perform a similar analysis of means where we assemble sub-samples representing
“early”” and “late” periods for points of diversion with constant technology. To the extent that
water use and land use changes are present in the first analysis but not the second, we can make
inferences about the independent effects of technological change.

A more basic issue is the forces causing farmers to adopt technology in the first place. This is
not specifically addressed in this chapter, but some analyses speaking to this question are
reported in Appendix A. The first analysis in Appendix A uses a stratified means analysis
similar to the methods in this chapter, in order to compare producers who adopted technology to
those who did not. The differences between adopters and non-adopters reveal some of the
factors contributing to technological change, or at least identify situations where adoption is most
likely to occur. The second analysis is a regression model of producer choice. This is a more
rigorous approach to identifying the factors influencing technological change and their relative
importance.

Analysis of SCC Contract Data

The SCC cost share data set classified conversion as ‘conversion to SDI’, ‘conversion to center
pivot’, and ‘conversion to drops.” Table 4.1 provides the basic statistics from the cost share
contracts based on the of type conversion. Each contract contains a section computing the
expected water savings and planned increase in season-long application efficiency (SAE) from
the technology upgrade. Several observations appeared to have data entry errors in this regard,
as the original data had expected efficiency increases of greater than 90% in many cases. In
these cases, conversions from flood to center pivot were capped at 50%, and center pivot
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was the dominant type of technology upgrade, accounting for about 60% of all contracts and
56% of the acreage converted with cost-share funds. Conversions to SDI represented less than
5% of all contracts and less than 2% of converted acreage. As illustrated in Figures B.3 —B.5,
conversions to SDI appear to occur on smaller fields, compared to the other two conversion

types.

Overall Technology and Acreage Patterns

For comparison with the cost-share conversions, Table 4.2 provides statistics on the types of
technological change that occurred in our comprehensive database. Of the 7,853 observations in
the sample data, 3,062 observations did not have a technology change while 4,791 converted to a
new technology. The predominant conversion pattern, approximately 88% of those adopting
new technology, was from center pivots to center pivot with drops technology. Thus it appears
there were a disproportionately low number of “conversions to drops” in the cost share program.

Table 4.2 Type of Technological Change

Technology Numbers
Observations with No Technological Change
Flood 1288
Center Pivot 630
Center Pivot with Drops 1138
Sub Surface Drip 6
Total 3062

Observations with Technological Change

Flood to Center Pivot 86
Flood to Center Pivot with Drops 485
Flood to Sub Surface Drip ] 16
Center Pivot to Center Pivot with Drops 4195
Sub Surface Drip to Center Pivot 1
Sub Surface Drip to Center Pivot with drops 8
Total 4791

The counts in Table 4.2 are also useful in determining whether sample size is sufficient to
reliably analyze the different types of conversions. The sample size is large enough to
statistically analyze the conversion process from center pivots to center pivot with drops
technology. There is also sufficient sample size to statistically analyze the conversion process
from flood irrigation to all center pivots. However, the number of observations is so low that it
is felt that there is not sufficient data to statistically analyze the conversion process from other
forms of irrigation to sub surface drip (SDI) technology with any degree of accuracy.
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Figure 4.2 Change in Mean Irrigated Acreage in Western Kansas
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Figure 4.3 Change in Sample Size
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Analysis of Conversions from Center Pivot to Center Pivot with Drops

Table 4.3 is a “before and after” comparison for the sub-sample with conversions from center
pivot technology to center pivot with drop technology. Each observation in this sub-sample was
split into two parts—the first part included the annual records for all years before the adoption
occurred, while the second was the remaining records starting in the year of adoption. The
“before” and “after” records across all wells in the sub-sample were then assembled and the
means of several variables were computed from both data groups.

As the table shows, the average well after this type of conversion irrigated slightly more acres
than the average well before conversion, and the change was statistically significant at the 99%
level of confidence. Considering the hardware involved in such a conversion, this change is
somewhat puzzling. In practice, this conversion is almost always accomplished by installing
drop tubes on an existing center pivot system, the length of which was fixed during the original
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average, after the conversion. Further, the increases in irrigated acreage might simply reflect
underlying trends rather than the technology switch per se.

We can get some indications of the underlying trends by comparing the variable means during an
“early” and “late” period in the data, for a sub-sample where technology remained constant.
Table 4.4 provides such a comparison for that group of producers with either center pivot
technology or center pivot with drop technology during the entire study period. Here “early”
refers to the period 1996-1999, while “late” refers to 2000-2003. Due to the arbitrary nature of
these categories, the columns in Table 4.4 are not directly comparable to those in Table 4.3, but
the direction of movement does provide an indication of the trends present.

Table 4.4 Before and After Comparison for PDIVS with Any Type of Center Pivot that
Did Not Convert to Drop Nozzles

Statistically

Early Late Increase Significant
Irrigated Acres 149.17 154.53 3.59% Yes
Acre-Feet Pumped 147.14 187.78 27.62% Yes
Proportion of High Water Use Crops 0.24 0.34 40.10% Yes
Proportion of Mixed Crops 0.09 0.12 28.69% Yes

All statistically significant mean comparisons had p-values less than 0.01.

Table 4.4 suggests that there is indeed an underlying trend toward increased irrigated acreage
and increased water use. In fact, the increases in Table 4.4 are both larger in percentage terms
than the corresponding changes in Table 4.3, suggesting that technology adoption may have
actually slowed these trends. More rigorous testing of these hypotheses can only be conducted in
a regression framework, which will be presented in chapter 5. Interestingly, those with the same
technology had large increases in the proportions of high-water use crops and mixed crops,
compared to the small decreases in both categories in Table 4.3. This supports the hypothesis
that producers who convert from center pivots to drop nozzles technology, are doing so in an
attempt to maintain current cropping practices, possibly due to limited water availability.

Another striking difference between the tables is that the magnitude of the high water use crop
proportions are much lower for the group with no technology change (0.24 — 0.34 versus 0.71 —
0.73). A possible explanation for this difference is that in nearly depleted areas of the aquifer,
where low-water use crops are likely to dominate, there is little incentive to switch technology.
With limited water availability, a more efficient system will not generate enough additional
income to recoup the capital cost.
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CHAPTER V — DATA ANALYSIS: REGRESSION

This chapter presents our regression analysis. The purpose of this analysis is to determine the
effects of various causal factors, including technology adoption, on NBU. The results allow us to
isolate the impact of technology while controlling for other factors that also affect water use.

Model Specification

The engineering literature suggests that NBU might increase as the soil becomes sandy, the slope
increases, as a sprinkler package pressure increases, when sprinklers are located above the center
pivot truss or below the crop canopy, when the instantaneous application rate exceeds the
infiltration rate as is the case with large center pivots, and in the case of flood irrigation. The
economic literature suggests that NBU will decrease as water becomes scarcer and as the
marginal cost of water increases, and increase as the marginal value product of the crop
increases. This would suggest that as fuel prices rise or the depth to water increases, NBU will
decline; as crop prices increase NBU will increase; as the total volume of water in storage
increases, as measured by the saturated thickness, NBU might increase; and as rainfall increases
the supply of water, NBU might increase. Due to increased awareness of declining aquifer levels
coupled with improved water management tools we would expect, that over time, NBU would
decrease.

With the above definitions and relationships in mind, a statistically fitted model of non-beneficial
groundwater use can be defined as

NBU = B, + B,Time+ 3, Acres + B, Acres® + B,CP+ B,Flood + f3,Slope +
) B,Clay + B,SCI + B,ST + B,,DIW + 3,,CRP +

16
ﬂ,zFP+Z BGMD + f3,,P

i=13

The explanatory variables on the right-hand side of (9) can be divided into six categories. The
first category includes just one variable, 7ime. This measures a time trend (7ime= 1996, ....,
2003) and captures the impact of changing producer management. Time will have a negative
effect on NBU (implying that £; <0) if farmers improved management to increase irrigation
efficiency during the study period.

The second group of variables includes parcel-specific attributes from the WIMAS data. Acres
is the size of the irrigated parcel, measured in acres irrigated; it will likely have a negative impact
on NBU because as irrigated acreage increases the same amount of water pumped will be spread
over a larger area, thereby increasing crop £7 and reducing drainage. The inclusion of the
Acres® variable allows the effect of crop acreage to be non-linear. CP is a binary variable which
is equal to one if the irrigation system was a center pivot and zero otherwise, while Flood is a
binary variable which is equal to one if flood technology was used and zero otherwise. The signs
of the coefficients on these variables, £ and fs, are the empirical questions at the core of this
study: they indicate the impacts of flood and center pivot technology on NBU relative to center
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pivot with drop technology. For example, if /3 is positive (negative), then a center pivot system
results in more (less) NBU compared to a center pivot with drops system, all else equal.

Soil characteristics are the third group of variables. Slope is the percent slope of the parcel,
while Clay represents the percent of clay in the soil, and SCI represents the interaction between

these two variables (i.e., SCI = Slope x Clay). These soil attributes affect NBU by influencing
the speed of runoff and drainage; more runoff or drainage would increase NBU.

Fourth are the hydrologic attributes, DTW and ST. DTW is the depth to the static water level and
ST is the saturated thickness of aquifer. As noted above, economic principles predict that NBU
would decline as the resource becomes scarcer, because scarcity enhances the incentive to
improve efficiency. As such, DTW and ST would be expected to have negative and positive
impacts on NBU, respectively.

The fifth group includes the prices affecting the producers’ economic incentives to save water,
specifically the prices of crops, CRP, and fuel, FP. Economic arguments suggest that NBU
would respond positively to an increase in crop prices and negatively to an increase in the fuel
price.

The final category captures climatic differences across regions. Season-long precipitation, P, is
expected to positively impact NBU because some fraction of rainfall is always lost to runoff and
deep drainage. Because NBU is likely to differ by region even after controlling for all of the
above factors, a series of binary variables representing different groundwater management
districts (GMD) have been included in the model. The groundwater management district with
the most observations, on a per crop basis, will serve as the default GMD.

Because of biological differences, the shape of the NBU function is certain to differ across crops.
To allow for the parameter estimates to vary by crop, the above described model will be
estimated separately for each crop.

Estimation Procedures

In order to estimate the benefits associated with a cost share contract, the purpose of this model
is to estimate the change in NBU associated with various technologies. The development of the
above described model, its functional form, and the choice of variables was based on iterative
out-of-sample testing. The model described above yielded the best out-of-sample fit and least
bias to the predicted dependent variable. While the model includes a variety of variables, these
variables were included in order to avoid omitted variable bias, thus ensuring the least bias on
parameter estimates for the technology variables. As a general rule, parameter estimates on non-
technology variables will not be discussed below.

The reader is cautioned against placing too much emphasis on the parameter estimates for the
groundwater management district binary variables. Evapotranspiration data were available for
only the three KSU experiment stations in western Kansas. The application of these estimates to
surrounding counties could very well bias the parameter estimates on these binary variables, and
should be interpreted with caution. Additionally, alfalfa is a perennial, and different than corn or
soybeans, as it responds to more water through the growing season with more growth. Asa
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result, parameter estimates for the alfalfa models should be interpreted with caution. Finally
caution is recommended when interpreting parameter estimates on the intercepts in all models, as
this parameter will shift based on how evapotranspiration and season-long rainfall are calculated.
While different methods of calculating evapotranspiration and season-long rainfall impact the
intercepts, the other parameter estimates remain fairly robust to different calculation methods.

The above described model was estimated on four distinct samples of data for each crop. These
four samples, labeled Group 1 — Group 4 in what follows, are evaluated because there was
insufficient data to analyze only those producers that participated in the cost share program and
could be matched to an exact point of diversion. Group 1 (N = 7,853) consists of all
observations in the original WIMAS sample. This group includes both those producers who
changed technology during the sample period as well as those who did not. Group 2 (N =4,791)
consists of only those observations with a change in technology during the sample period. Group
3 (N =731) consists of those observations that had a technology change during the sample period
and were spatially located in a section where a cost share contract occurred. Group 4 (N = 359)
consists of the individual technology adopters that were matched from both the SCC and
WIMAS data set.’

To construct crop-specific datasets for estimation, the yearly records corresponding to the four
major irrigated crops in western Kansas (corn, alfalfa, soybean, and grain sorghum) were
extracted from each group. Thus there are a total of 16 possible regression models (i.e., 4 crops
in each of the 4 groups). However, as described in more detail below, we do not have sufficient
data to estimate all models. Tables B.6 — B.9 provide the summary statistics, on a crop basis, for
the model variables.

Results

Table 5.1 provides the parameter estimates for the four crop models based on the entire sample
data set (Group 1). These results are the most general and broadest estimates of how model
variables impact non-beneficial water use. Note first that the estimated parameters on the Time
variable are negative and statistically significant for all crops. This indicates that NBU has
decreased over time, or equivalently that irrigation efficiencies have increased holding all else
constant. This finding is consistent with Golden (2005).

To clarify the interpretation of the estimates for the CP and Flood variables, recall that the model
(equation (9)) defines center pivot with drop technology is the “base” group. As such, a positive
estimate on the CP variable, for example, indicates that a center pivot system results in more
NBU compared to the center pivot with drops system, all else equal. The results in Table 5.1
suggest there is little difference in NBU between center pivots and center pivot with drop
technology. For corn, center pivot technology is estimated to have less NBU than center pivot
with drop technology, although this effect is very small in magnitude (about 0.14 acre-inches per
acre). For soybeans and sorghum, NBU with center pivots is larger than with center pivots with
drops (by 0.436 inches and 0.029 inches, respectively), although the effects are again small and

%N is the number of unique PDIV in the data set. This number will not match with statistics based on the number of
yearly observations. Each unique PDIV may have as many as eight yearly observations.
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statistically insignificant in the case of sorghum. These findings are consistent with Rogers et al.
(1997) and Lamm (2004).

With the exception of alfalfa, flood technology is estimated to result in more NBU than center
pivot with drop technology. The large negative coefficient on the Flood variable for alfalfa may
have arisen because of the biological differences between alfalfa and the other crops. Because
alfalfa is a perennial plant with significantly deeper roots, it may capture much of the deep
percolation that would be lost by the other crops. For the most part, parameter estimates on the
remaining variables are consistent with prior expectations.

Table 5.1 Group 1: Parameter Estimated for All Crop Models

Variable Corn Soybeans Alfalfa Sorghum
Intercept %7605 1.443 EoiTs -1.852
Time -0.620"° -0.557"" =070k 0475
Acres -0.008™" -0.010" -0.004 -0.013
Acres’ 0.000"" 0.000 0.000™" 0.000
CP -0.144° 0.436 -0.043 0.029
Flood 513 0.714" D915 0.182
Slope 0.176" oL RIE -0.092™" 0.032
Clay -0.030"" -0.057"" -0.143™" -0.072
SCI -0.004"" ~0.01'1 0.004 0.005
ST 0.011" 0.004""* 0.009™ 0.007"""
DTW 0.010™" 0.005"" 0.006"" 0.003
CRP 0.242°"" 0323 NI 0.966""
FP 0.085 0.6217" -1,0155% 028315,
GMD1 1.494" 0.205 0.016 -1.224
GMD2 -0.971""° -0.113 -9.483""" -1.803
GMD?3 1.699" 1.548"" NI NI
GMD4 QI8501 -0.416 - 1:651E -0.990"""
GMD5 NI NI -6.894""" 0.177

p 0.681"" 0.707 L0136 0.784"
RMSE 4.167 3105 5.088 4.653
R’ 0.50 0.480 0.637 0.497
N 19192 3050 4367 840

*significant at the 90% confidence level

** significant at the 95% confidence level

*** significant at the 99% confidence level

Each observation represents a single PDIV for a single year.
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In order to more closely focus on the group of producers who converted from center pivot
technology to center pivot with drop technology, the above described models were estimated for
Group 2. Table 5.2 provides the parameter estimates for the four crop models based on this sub-
sample. Once again the model suggests that NBU has declined over time for this group of
producers. The parameter estimates on the CP binary variable are consistent with parameter
estimates from Group 1. For corn, center pivots are estimated to result in less NBU than center
pivot with drop technology, but by a slight and statistically insignificant margin.

Table 5.2 Group 2: Parameter Estimated for All Crop Models (Conversion
from Center Pivot to Center Pivot with Drop Technology)

Variable Corn Soybeans Alfalfa Sorghum
Intercept -0.469 2.269 XS 4.758
Time -0.603 -0.588"" -0.895"" L0534
Acres S0I01dR -0.007 0.004 -0.025
Acres? 0.000"" 0.000 0.000""" 0.000
CP -0.173 0.588""" 0.025 1.032
Slope 0.165" 0.270"" -0.091" -0.299
Clay -0.039"" -0.066" SONIBSRE -0.203""
SCI -0.002""" -0.007 0.013" 0.023
ST 0.010" 0.003™ 0.008™" -0.001
DTW 0.008""" 0.006 0.004~ 0.008
CRP 0.148""" 20447 NI 0.8137
FP 0.002" 0.603"" -0.947°"" 0.250
GMD1 1.778 0.775 -1.986 -6.669""
GMD?2 SINIR00E -0.293 “11.264" -1.757
GMD3 2188 1.706" NI NI
GMD4 0.935™ -0.560 -2.800"" 0.425
GMD5 NI NI STRTS -0.505

P 0.681°"" 0.702°" 0.986"" 0.674""
RMSE 3.892 3.584 4.898 4.526
R? 0.538 0.508 0.647 0.497
N 14622 2457 3591 342

“significant at the 90% confidence level

™ significant at the 95% confidence level

™" significant at the 99% confidence level

Each observation represents a single PDIV for a single year.
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In order to more closely focus on the group of producers who converted from flood technology
to any type center pivot technology, the corn model was estimated for Group 2. There was
insufficient data to estimate the model for the other crops. Table 5.3 provides the parameter
estimates for the corn model based on this sub-sample. Consistent with the findings above, this
model suggests that over time this group of producers has decreased NBU. The parameter
estimates on the flood binary variable are consistent with parameter estimates from Group 1. For
corn, flood technology results in more NBU than center pivots with drops, by approximately 2.5
acre inches per acre.

Table 5.3 Group 2: Parameter Estimated for the Corn Model
(Conversion from Flood to Any Center Pivot

Technology)
Variable Corn
Intercept -6.830""
Time 0627
Acres -0.001
Acres® 0.000"
Flood 2.544""
Slope 0.226
Clay 0.016
SCI -0.007
ST 0.020""
DTW 0.015""
CRP 0.593""
FP 0.482""
GMD1 1.909"
GMD2 5333
GMD3 0.297
GMD4 1.322"
P 0.696
RMSE 5.083
R? 0.433
N 1450

“significant at the 90% confidence level

** significant at the 95% confidence level

*** significant at the 99% confidence level

Each observation represents a single PDIV for a single year.

Group 3 is comprised of producers who changed technology during the study period and whose
points of diversion are located in a PLSS section where a SCC cost share contract was funded.
Table 5.4 provides the parameter estimates for the corn, soybean, and alfalfa model for this
sample of producers. There was insufficient sample size to estimate the grain sorghum model or
include the binary variable for flood irrigation. The estimates on the CP variable suggest that
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Table 5.5 Group 4: Parameter Estimates for the Corn
Model (Conversion from Center Pivot to
Center Pivot with Drop Technology)

Variable Corn
Intercept 0.476
Time -0.487""
Acres -0.002
Acres? 0.000"
CP 0.816"
Slope 0.243™
Clay 0.011
SCI 10:0201
ST 0.010""
DTW 0.009™"
CRP -0.459"
FP -0.193
GMDI1 592205
GMD2 -4.808""
GMD3 2.544""
GMD4 2.168""
P 0.687""
RMSE 3.720
R? 0.581

N 1133

*significant at the 90% confidence level

** significant at the 95% confidence level

*¥* significant at the 99% confidence level

Each observation represents a single PDIV for a single year.

Group 4 also consisted of producers who converted from flood technology to center pivot
technology. The sample size for this group is very small, however, and the reader is cautioned
against placing too much emphasis on the following discussion. Of the 369 producers who
received cost share contracts, 48 conversions from flood were identifiable in the data set. Table
5.6 provides data on the means of selected variables for this group, based on before and after
conversion. The data suggest that those producers in Group 4 converting from flood to center
pivot technology reduced irrigated acres, reduced groundwater pumped, and increased the
proportion of water intensive crops grown. However, only the increase in the proportion of
water intensive crops grown was statistically significant.

Of the 48 producers identified, 33 grew corn both before and after conversion. Table 5.7
provides parameter estimates for this model. The model suggests that, for this group of
producers, NBU under the flood system was 4.558 inches higher than under center pivots with
drops. This finding is consistent with the results in Tables 5.1 and 5.3, both of which indicated
that the flood system results in more NBU when corn is grown. However, the magnitude of this

33






Summary of Estimated Changes in NBU

Table 5.8 summarizes the main findings of the analyses in this chapter. The regression analyses
above produced similar results regarding the effects of different technologies on NBU, but of
course they are not numerically identical. Taken together, these various regression models give
us ranges of the estimated reduction in NBU from the technology changes of interest. The top
portion of the table presents the ranges, by crop, for conversions from center pivot to center pivot
with drops. These ranges are quite consistent across crops in that the midpoint of each range is
in the neighborhood of 0.5 acre inches per acre. Thus, it appears a one-half inch reduction in
NBU is a rather robust estimate of the average effect of this type of technology switch. The
extremes of the ranges differ across crops, however, with the range for soybeans being
considerably narrower than those for the other crops. For corn and alfalfa, the range includes
negative values, implying that some producers would actually increase NBU in response to the
installation of drop nozzles.

Table 5.8. Summary of Estimated Ranges in NBU Reduction

Estimated NBU Reduction (acre-in/acre)

Crop Low High

Conversions from center pivot to center pivot with drops
Corn -0.18 0.82
Soybean 0.44 0.59
Alfalfa - 0.04 1)
Sorghum 0.03 1.03

Conversions from flood to center pivot
Corn 1.52 4.56
Soybean 0.71 0.71
Alfalfa -2.19 -2.19
Sorghum (-1 858 0.18

* Small sample result; represents only Group 4 corn producers converting from
Flood to Center Pivot. If this result were ignored, the value in this cell would be
-1.52.

The estimated ranges for conversions from flood to center pivot, in the bottom of the table, are
far less consistent across crops. For soybean, alfalfa, and sorghum, data were sufficient for
estimation in only one model (Table 5.1). Consequently, the ranges for all crops except corn
collapse to the single value from this regression. Data for corn were far more plentiful, so the
range for corn reflects the result in Table 5.1 as well as the results from Tables 5.3 and 5.7. The
resulting range for corn is very wide (1.52 — 4.56 inches). As noted above, however, the upper
end of this range is based on a small sample regression (Table 5.7), and one could debate
whether this result should be ignored. If it were ignored and the range were computed from the
remaining regressions with larger samples, the resulting range would be 1.52 to 2.54. This range
would predict that NBU on corn would decrease by about 2 acre inches, plus or minus 0.5 acre
inch, from a conversion from flood to center pivot. For soybean and sorghum, there is a smaller
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CHAPTER VI - EVALUATION OF THE SCC COST SHARE PROGRAM

This chapter presents the final portion of our analysis. Based on the results in previous chapters,
the cost efficiency of the SCC cost share program is evaluated. In particular, for each contract in
the SCC dataset, we estimate the reduction in NBU due to the contracted technology switch using
the regression results from chapter 5 and the mean acreage changes from chapter 4. The SCC
dataset also includes the amount of public funds invested in each contract, allowing us to
compute the estimated NBU reduction per taxpayer dollar invested.

By averaging the computed cost efficiency values across all contracts supporting a particular
type of technology upgrade, we estimate the overall cost efficiency of the taxpayer funds
invested in each type of conversion (flood to center pivot and center pivot to center pivot with
drops). As noted in chapter 5, our various regression models produce a range of estimated NBU
reductions from each type.of technology upgrade, rather than a single value. Using the extremes
of these ranges, as reported in Table 5.8, we develop and report both a “best case” and a “worst
case” scenario for each type of technology change. To put our results in context, we also
estimate the cost efficiency of a water right buyout program.

Additionally, we use our results to estimate one portion of producers’ private benefits from
technology changes: that of reduced water deliver costs. Producers may also benefit from
reduced labor costs and increased crop yields, but these are beyond the scope of the current
study.

Cost Efficiency of SCC Technology Investments

The regression analysis in chapter 5 allows us to estimate the change in NBU due to a technology
change assuming a particular crop is grown (Table 5.8). However, we do not have reliable field-
level data on the crop mix for each parcel receiving SCC funds, as many of them could not be
linked to specific points of diversion in the WIMAS database. In the analysis that follows, we
use the county-level shares of irrigated acreage planted to the various irrigated crops (based on
KASS data) as an estimate of the crop mix on each parcel. In effect, our estimated NBU
reductions are a weighted average of the crop-specific NBU changes from Table 5.8, where the
county-level crop shares are the weights. The crop acreage shares used in our analysis are
presented in Table 6.1. :

As noted above, we develop both best-case and worst-case scenarios that reflect the extremes of
the estimated NBU ranges. In both scenarios, we assume no change in crop mix after a
technology upgrade, as the categorical means in chapter 4 suggest little or no change in this
regard (Table 4.3). The categorical means also suggest that irrigated acreage does not change in
response to conversions from center pivots to center pivots with drops, but that irrigated acreage
increases by 13%, on average, due to conversions from flood to center pivot conversions (Table
4.5). On the other hand, for the flood to center pivot conversions in group 4 (the sub-sample of
SCC contracts that could be matched to an exact WIMAS observation), irrigated acreage
decreased by 14.5 acres or 9% (Table 5.6). Accordingly, for conversions from center pivots to
center pivots with drops, we assume no change in irrigated acreage in both the best- and worst-
case scenarios. For flood to center pivot conversions, however, the best-case scenario assumes a
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Table 6.1 County Crop Mix Used in Cost-Benefit Analysis

County Alfalfa Corn Sorghum Soybean
Barton 0.16 0.54 0.08 0.21
Cheyenne 0.07 0.83 0.02 0.08
Decatur 0.10 0.81 0.03 0.06
Edwards 0.14 0.66 0.02 0.19
Finney 0.42 052 0.02 0.03
Ford 0.06 0.79 0.06 0.09
Grant 0.28 0.63 0.08 0.01
Gray 0.27 0.66 0.03 0.04
Greeley 0.03 0.92 0.04 0.00
Haskell 0.02 0.95 0.00 0.02
Kearny 0:57 0.41 0.01 0.01
Kiowa 0.07 0.66 0.02 0.25
Meade 0.10 0.84 0.05 0.02
Morton 0.11 0.47 0.38 0.04
Norton 0.10 0.81 0.05 0.05
Pawnee 0.26 0.47 0.05 0.22
Pratt 0.04 0.77 0.02 0.17
Rawlins 0.16 0.74 0.05 0.05
Reno 0.05 0.54 0.06 0.36
Scott 0.04 0.80 0.16 0.01
Seward 0.25 0.65 0.04 0.07
Sheridan 0.03 0.90 0.02 0.04
Sherman 0.05 0.89 0.02 0.05
Stafford 0.07 0.70 0.01 0.22
Stanton 0.19 0.77 0.04 0.00
Stevens 0.07 0.90 0.02 0.01
Thomas 0.02 0.90 0.02 0.07
Wallace 0.09 0.87 0.03 0.01
Wichita 0.03 0.79 0.15 0.03

9% reduction in irrigated acreage following the technology change, while the worst-case
scenario assumes a 13% increase.

Table 6.2 provides our cost-efficiency estimates for conversions from center pivots to center
pivots with drops. In the best case scenario, the State achieved an annual reduction in NBU of
0.85 inches per acre from an average contract. Assuming a technology life of 15 years, this
implies an average cumulative NBU reduction of 12.75 acre inches per acre. Given the average
cost of $15.51 per acre, this implies a cost of $1.22 per acre inch (or equivalently, the State
obtained 0.82 acre inches of NBU reduction per taxpayer dollar invested). In the worst case
scenario, the cumulative NBU reduction is actually negative on average, implying that the
average contract resulted in an increase in cumulative NBU of 1.2 acre inches per acre. The
resulting cost is -$27.61 per acre inch, or, put differently, NBU increased by an estimated 0.08
acre inches for every dollar invested in the program.
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Table 6.2 Estimated Cost Efficiency of SCC Investments in Center Pivot Conversion to
Drop Nozzles

Best Case Worst Case
Investment/ Annual Annual
Irrigated  Public Irrigated NBU Cost/unit NBU Cost/unit
County N Acres Investment Acre Reduction (cumulative) Reduction (cumulative)

acre- acre-

$ $/acre inches $/acre-in inches $/acre-in
Barton 6 761 10,217 13.43 0.84 1.07 -0.01 -167.80
Cheyenne 26 3322 50,597 15:23 0.83 1.23 -0.11 -9.43
Decatur 15 1107 18,089 16.34 0.84 1.30 -0.11 -9.68
Edwards 106 13854 214,274 15.47 0.82 1.25 -0.04 -28.55
Finney 27 » 3512, 84,787 24.14 0.95 1.69 -0.09 -17.46
Ford 23 2964 35,193 11.87 0.83 0.95 -0.10 -8.16
Grant 12 1482 30,739 20.74 0.92 1.50 -0.11 -12.39
Gray 49 5889 98,160 16.67 0.90 1523 -0.11 -10.41
Greeley 2 249 5,186 20.83 0.83 1.66 -0.16 -8.93
Haskell 12 51718 35,255 20.52 0.82 1.67 -0.16 -8.82
Kearny 17 3311 44,112 13.32 1.00 0.88 -0.09 -10.10
Kiowa 57 7309 100,952 13.81 0.79 1.17 0.00 -209.79
Meade 5 610 14,995 24.58 0.85 1.92 -0.14 -12.07
Morton 6 996 19,122 19.20 0.93 1.38 -0.06 -22.45
Norton 05 2,664 2532 0.85 1.99 -0.12 -14.35
Pawnee 294413337 32,194 9.65 0.86 0.75 0.01 117.79
Pratt 39 4788 44,618 9.32 0.79 0.78 -0.06 -11.06
Rawlins O fen7AT 13,427 17.98 0.87 1.38 -0.11 -11.05
Reno 101251 11,751 9.40 0.76 0.82 0.06 9.76
Scott 13 1865 25,445 13.64 0.86 1.06 -0.13 -6.99
Seward 16 2791 46,358 16.61 0.89 1.24 -0.09 -  -12.29
Sheridan 13 1564 32,165 205578 S S ()89, 1.67 -0.14 -10.09
Sherman 31 3879 68,647 17.70 0.82 1.43 -0.13 -8.92
Stafford 38 4863 45,677 9.39 0.79 0.79 -0.03 -23.33
Stanton 2. 256 6,326 24.71 0.89 1.85 -0.14 -11.94
Stevens 85 15757 1025189 17575 0.84 1.40 -0.15 -7.74
Thomas - 23 2411 35,689 14.80 0.81 1522 -0.12 -7.99
Wallace 22 2762 67,660 24.50 0.85 1.92 -0.15 -10.93
Wichita 2 248 2,000 8.06 0.85 0.63 -0.12 -4.55
Average 647 83708 1,298,487 15.51 0.85 122 -0.08 -27.61

Based on the crop mix in Table 6.1 and crop specific reductions in groundwater pumped in Table 5.8. Average is
weighted by irrigated acres. Acre inches reduction is an annual estimate of the reduction in NBU. Cost per acre inch
is based on an expected life of 15 years.
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The estimated cost efficiency of the flood to center pivot contracts are in Table 6.3. In the best
case scenario, the State achieved an annual average reduction of 4.84 inches per acre at a one-
time average cost of $17.62 per acre. This leads to an estimated average cost of $0.25 per acre
inch of NBU reduction over the 15 year period, or a cumulative NBU reduction of 4.56 acre
inches per dollar invested. However, it is important to note that the magnitude of this result
hinges on the regression results for corn producers in group 4, which, as explained in chapter 5,
may be subject to small sample bias. If the small sample results were ignored and the best case
scenario was re-calculated using the results from the remaining larger samples, the estimated
NBU reduction would become a negative value.” In the worst case scenario, the average
cumulative NBU reduction was negative, resulting in an estimated cost of -$0.98 per acre inch of
cumulative NBU reduction (or an NBU increase of 1.03 acre inches per dollar invested).

Table 6.4 summarizes our estimated ranges in cost efficiency. To put these results in context,
Table 6.5 presents the estimated cost efficiency of a water right buyout program, an alternative
public policy for reducing consumptive groundwater use. Recent research from land transactions
sales from western Kansas (Golden, 2005) suggests that the fair market value of a typical water
right would be in the neighborhood of $800 per irrigated acre. Accordingly, the analysis in the
table assumes that taxpayers would have to spend $800 to retire one water right. It also assumes
that the seller of the water right would have diverted 18 acre-inches per acre of groundwater as
consumptive use (CU) for the next 50 years, implying the retirement would reduce consumptive
use by a cumulative total of 900 acre inches. On a per unit basis, taxpayers would then obtain
1.125 inches of CU reduction per dollar invested.

Although changes in CU and NBU are not equivalent (chapter 2), these results suggest that cost
sharing for conversions from center pivots to center pivots with drops do not compare favorably
to water-right buyouts in terms of cost efficiency. For this type of cost sharing, even the best
case scenario lies below the estimated CU reduction from a water right buyout. Here, of course,
the policy goal is presumed to be one of reducing net water use at the lowest cost to taxpayers.
For conversions from flood to center pivot, the reported best case estimate is relatively high
(4.84 acre inches per dollar), but relies on results obtained from a small sample size. As
discussed above, if the small sample regression were ignored, the best case estimate would be a
negative value.®

7 An “alternative best case” scenario was computed using the NBU reductions from the regressions in Tables 5.1 and
5.3. These remaining larger sample results gave us a smaller NBU reduction for corn (2.54 inches) but did not affect
the reductions for the other crops. Additionally, irrigated acreage in this scenario was assumed to increase by 13%,
as the 9% decrease was obtained form the same small sample (indeed, the 9% estimate was not statistically
significant even in this sample—see Table 5.6). The resulting cost efficiency estimate was —0.20 acre inches of NBU
reduction per dollar invested. ‘

¥ Further, there are other reasons to believe the estimated NBU reduction for this type of conversion are inflated.
First, as discussed in chapter 2, the estimated reduction in NBU from this type of conversion is likely to be an over-
estimate of the reduction in CU, which is the policy relevant variable. Second, the calculations in table 6.4 assume
that the producer would continue using flood technology for the entire 15 years if cost share funds were not
available. Recent research by Ding (2005) suggests that cost share programs only induce flood irrigators to upgrade
to center pivot systems 2 or 3 years earlier than otherwise.
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Table 6.3 Estimated Cost Efficiency of SCC Investments in Flood to Center Pivot

Conversions
Best Case Worst Case
Investment/ Annual Annual
Irrigated Public  Irrigated ~ NBU ~ Cost/Unit NBU  Cost/unit
County N  Acres Investment Acre Reduction(cumulative) Reduction(cumulative)
acre- acre-
$ $/acre inches  $/acre-in inches  $/acre-in
Barton 8 782 18,617 23.81 4.10 0.39 -1.51 -1.05
Decatur 9 573 19,706 34.39 5.20 0.44 -1.09 -2.11
Edwards 5 650 14,890 22.91 4.60 0.33 -1.31 -1.16
Finney 26 3918 85,441 21.81 3.87 0.38 -2.25 -0.65
Ford 9 1315 30,295 23.03 S:12 0.30 -1.02 -1.51
Grant 19 4218 62,310 14.77 4.34 0.23 -1.79 -0.55
Gray 14 1820 30,715 16.88 4.52 0.25 -1.69 -0.67
Greeley 8 1301 35172 23.96 5.69 0.28 -0.81 -1.98
Hamilton 8 1014 24,212 23.89 2.70 0.59 -3.00 -0.53
Haskell 44 8033 122,094 15120 5.83 0.17 -0.74 -1.38
Kearny 14 1745 44,909 25.74 332 0.52 -2.76 -0.62
Meade 3 3940 100,988 25.63 531 0.32 -1.06 -1.61
Morton 14 2165 45,632 21.08 3.69 0.38 -1.58 -0.89
Norton 1 95 2,500 26.32 5.18 0.34 -1.09 -1.62
Pawnee 17 2042 41,671 20.40 3.77 0.36 -1.82 -0.75
Rawlins 5 366 8,738 23.89 4.89 0.33 -1.31 -1.21
Scott 20 4208 37,630 8.94 113 0.12 -0.99 -0.60
Seward 24 ST1S 91,596 16.03 4.48 0.24 -1.64 -0.65
Sheridan 11 1181 33,814 28.62 5.60 0.34 -0.82 -2.33
Sherman 4 373 9,538 2557 5.56 0.31 -0.86 -1.99
Stafford 3 330 9,448 28.63 4.83 0.40 -1.06 -1.80
Stanton 30 6633 88,814 13.39 4.98 0.18 -1.39 -0.64
Stevens 10 1762 44,879 25.47 5.58 0.30 -0.93 -1.83
Thomas 9 998 19,202 19.24 5.62 0.23 -0.76 -1.68
Wallace 6 661 1357157 20.76 5.46 0.25 -1.02 -1.36
Wichita 25 5822 54,210 9.31 5.14 0.12 -0.95 -0.65
Average 374 61660 1086740 17.62 4.84 0.25 -1.35 -0.98

Based on the crop mix in Table 6.1 and crop specific reductions in groundwater pumped in Table 5,8. Average is
weighted by irrigated acres. Acre inches reduction is an annual estimate of the reduction in NBU. Cost per acre inch
is based on an expected life of 15 years.
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Table 6.4 Estimated Taxpayer Cost of NBU Reductions

Item Worst Case Best Case

Conversions from center pivot to center pivot with drops

Average investment per acre ($/acre) 15.51 115751
Annual reduction in NBU (acre-inches/acre) -0.08 0.85
Cumulative NBU reduction, 15 yrs (acre-inches) -1.2 12:75
Cumulative NBU reduction per dollar invested -0.08 0.82
Conversions from flood to center pivot
Average Investment per acre ($/acre) 17.62 17.62
Annual reduction in NBU (acre-inches/acre) -1.35 4.84*
Cumulative NBU reduction, 15 years (acre-inches) -20.25 72.60
Cumulative NBU reduction per dollar invested -1.15 4.12

* Based on small sample result

Table 6.5 Estimated Taxpayer Cost of Consumptive Use (CU) Reductions
from Water-Right Buyouts

[tem : Value
Average investment per acre ($/acre) 800
Annual reduction in CU (acre-inches/acre) 18
Cumulative CU reduction, 50 years (acre-inches) 900
Cumulative CU reduction per dollar invested 1125

Another means of comparison comes from the estimated water savings on the cost share
contracts themselves. As noted previously, each contract includes a “Benefits of Treatment”
section where an estimate of the planned “water savings” from the conversion must be reported.
The contracts do not specify whether this reported value refers to savings in water pumped, CU,
or NBU. The imputed cost of water savings based on these estimates are in Tables 6.6-6.7. The
average contract for center pivot to center pivot with drops conversions was estimated to result in
3.99 acre-inches per acre of water savings annually, implying a cost of $0.32 per cumulative
acre-inch saved over the 15-year period. This is equivalent to an estimated cumulative water
savings of 3.125 acre inches per dollar invested, a figure roughly four times larger than the best
case scenario of estimated NBU savings. For flood to center pivot conversions, the contract
estimates suggest an average cost of $0.16 per cumulative acre inch saved, or an average of 6.25
acre inches saved per dollar invested. This figure exceeds even our optimistic best case scenario
of 4.84 acre inches of NBU savings per dollar invested. Although the interpretation of “water
savings” is ambiguous in this analysis, the results suggest that planned water conservation
benefits may not have been realized.
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Table 6.7 Estimated Water Savings from Cost Share Contracts: Conversions from Flood

to Center Pivot

Investment/ Planned
Irrigated Public Irrigated Annual Water Cost/unit
County N Acres  Investment Acre Savings (cumulative)
$ $/acre acre-inches $/acre-in
Barton 8 782 18,617 23.81 6.86 0.23
Decatur 9 573 19,706 34.39 4.12 0.56
Edwards 5 650 14,890 22.91 8.39 0.18
Finney 268 301'] 85,441 21.81 9.70 0.15
Ford 9 1315 30,295 23.03 12:31 0.12
Grant 19 4218 62,310 14.77 12:12 0.08
Gray 14 1820 30,715 16.88 Si 0.20
Greeley 8 1301 172 23.96 3:51 0.46
Hamilton 8 1014 24,212 23.89 7.13 0.22
Haskell 44 8033 122,094 15.20 8.46 0.12
Kearny 14 1745 44,909 25.74 12.35 0.14
Meade 31 3940 100,988 25.63 4.94 0.35
Morton 147165 45,632 21.08 4.76 0.30
Norton 1 95 2,500 26.32 1.68 1.04
Pawnee 17 2042 41,671 20.40 6.67 0.20
Rawlins 5 366 8,738 23.89 6.20 0.26
Scott 20 4208 37,630 8.94 6.15 0.10
Seward 24 5715 91,596 16.03 13.35 0.08
Sheridan 11 1181 33,814 28.62 7.69 0.25
Sherman 4 373 9,538 25.57 13.95 0.12
Stafford 3 330 9,448 28.63 2.95 0.65
Stanton 30 6633 88,814 13.39 8.65 0.10
Stevens 10 1762 44,879 25.47 12:1:3 0.14
Thomas 9 998 19,202 19.24 11.79 0.11
Wallace 6 661 135717 20.76 12.62 0.11
Wichita 2SEMRS80D 54,210 9.31 775 0.08
Average 374 61660 1086740 17.62 8.72 0.16







In general, the estimated cost efficiency of the SCC investments do not appear to compare
favorably to a water right buyout program. Based on recent research on the likely cost of such a
program, a water right buyout was estimated to achieve about 1.125 acre inches of water savings
per dollar invested. In addition, the estimated “water savings” reported on the SCC contracts
themselves appear to be gross over estimates, in comparison to our estimated reductions in NBU.

While the water savings of technology cost share programs appear to be rather small, the new
technologies have provided benefits to producers. For example, farmers converting from center
pivots to center pivots with drops would observe a substantial reduction in pumping costs.
Additionally, the engineering literature suggests that drop nozzle technology applies water more
uniformly. The uniformity of water application should result in improved yields, although data
limitations precluded quantifying the dollar value of this benefit in this study.

46






costs alone was found to be substantial. In sum, the evidence from this study is that SCC cost
share programs clearly benefited producers but had a relatively small impact on the rate of
aquifer decline.

48






APPENDIX A
Summary Statistics by Technology Adoption Group

This section provides several comparisons between the producers adopting technology sometime
during the data period (usually the group labeled “Technology Change” in what follows) and
those who did not adopt (labeled “No Technology Change”). To be clear, the “Technology
Change” group reflects the data from all years in the sample, both before and after the
technology change occurred. The purpose of these comparisons is to reveal any systematic
differences in the observed variables in the dataset between producers who changed technology
and those who did not.

Differences in Irrigated Acreage

Table A.1 compares the yearly mean irrigated acres between producers with and without a
technology change. Over the period 1996 to 2003, neither group displayed a statistically
significant tendency to either increase or decrease acres'’. Based on a two sample t-test
assuming equal variance (p-value < 0.001) and the Kolmogorov-Smirnov test (p-value < 0.001),
the average producer changing technology irrigated approximately 20 acres more than the
average producer with constant technology. A possible hypothesis would be that producers are
adopting technology in order to maintain higher than average irrigated acreage.

Table A.1 Irrigated Acres by Technology Group, by Year

No Technology Change Technology Change
Standard Standard
Year N Mean Deviation N Mean Deviation
1996 1622 109.8 89.9 4546 135.8 62.3
1997 1643 112.1 89.9 4656 138.5 64.9
1998 1589 115.3 90.8 4705 140.5 72.6
1999 1606 1221910 513 4679 140.6 67.6
2000 1672 122.3 93.5 4682 141.2 68.4
2001 1668 122.1 92.1 4673 140.5 71.4
2002 1800 125.0 96.7 4645 140.1 74.6
2003 1851 12155 94.2 4564 137.6 66.1

Table A.2 compares the yearly mean irrigated acres between those producers who changed
technology based on type of conversion. Over the period 1996 to 2003, the group of producers
who converted from center pivots to center pivot with drops displayed no statistically significant
tendency to either increase or decrease acres (p-value on the trend variable parameter estimate =

1% Unless otherwise noted all statistical significance is based on alpha = 0.05.
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Figure A.1 Historic Aquifer Water Use By Group
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Figure A.2 Historic Aquifer Water Use By Type of Conversion Groups
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As noted above, the most common type of technology adoption in the dataset was from center
pivot to center pivots with drops. Figure A.3 compares the water use of those producers who
used center pivot with drop technology the entire study period to those who converted to the
technology from strictly center pivot technology. Not only do the technology adopters use
statistically more water (approximately 0.10 acre-feet with a p-value < 0.001) than non-adopters,
but the gap between these groups did not diminish over time.
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Figure A.3 Comparison of Aquifer Water Use for Producers that Used Drop Technology
the Entire Period to those Who Converted to Drop Technology
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Differences in Crop Choices

Figure A.4 shows the share of producers growing water-intensive crops. The figure reveals that,
as is often claimed, producers that grow more water-intensive crops tend to be the producers that
are currently adopting newer irrigation technologies.

Figure A.4 Proportion of Producers Growing High Water Use Crops
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Economists have also hypothesized that in water-scarce conditions, producers might combine
high water use crops with low water use crops on a single parcel to balance water use with water
availability. Figure A.5 suggests that technology adopters have a slightly higher tendency to
incorporate this management scheme than non-adopters, although both groups are reducing the
use of this management scheme. It could be hypothesized that producers are adopting newer
technology to avoid this management scheme.

Figure A.5 Proportion of Producers Growing Multiple Crops on a Single PDIV
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Figure A.6 and Figure A.7 suggests that those producers converting from center pivots to center
pivot with drop technology tend to grow more water intensive crops and rely less on a mixed
management scheme compared to other irrigation technology adopters. While producers that
have adopted center pivot with drop technology grow more water intensive crops, than the other
adopters, they have not statistically increased the proportion of water intensive crops grown (p-
value on the trend variable parameter estimate = 0.457). On the other hand, producers that
converted to center pivot technology from flood statistically increased their percent of water
intensive crops by approximately 15% (p-value on the trend variable parameter estimate =
0.047). Producers that converted to center pivot with drop technology from flood did not
statistically increase their percent of water intensive crops (p-value on the trend variable
parameter estimate = 0.575).

54



Figure A.6 Proportion of Producers Growing High Water Use Crops by Conversion Type

Propotion of High Water Use
Crops

0 ¥ T 1 T Ll 1 T T
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

| ——CP to CPD —— Flood to CP —&— Flood to CPD |

Figure A.7 Proportion of Producers Growing Multiple Crops on a Single PDIV by
Conversion Type
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Differences in Hydrologic and Soil Characteristics

Table A.3 and A.4 provide summary statistics relative to the hydrological parameters. Based on
a two sample t-test assuming unequal variances the means are statistically different. Table A.5
and A.6 provide summary statistics relative to the soil parameters. Based on a two sample t-test
assuming unequal variances the means are statistically different.

Table A.3 Comparison of Hydrological Parameters by Group

No Technology Change Technology Change

Standard Standard
Variable N Mean Deviation N Mean Deviation
DTW_2001 2610 111.38 7540 4509 106.14 73551
DTW_2004_RWB 2617 = 115.89 76.23 4516 112.44 75.00
ST_2002_G4 2599 - 142.76. ¢ 1272025 4534 151,77 94.37
WUSE_DENSITY_2MILE 2912  236.02 187.79 4689 275.01 194.97
WL_CHG_96_02_G4 2599 -4.08 7.85 4534 -5.45 8.24
YRS_DEPL_96_01 1385 581.58 275230 2723 524.26 3495.52

Variable names are consistent with the KGS WIZARD system

Table A.4 Comparison of Hydrological Parameters by Type of Conversion

Center Pivot to Center  Flood to Flood to Center
Variable Pivot with Drops  Center Pivot Pivot with Drops
DTW_2001 103.45 118.819 127.887
DTW_2004_RWB 109.561 1231221 136.627
ST_2002_G4 156.777 142.555 108.208
WUSE_DENSITY_2MILE 278.652 276.628 243.359
WL_CHG_96_02_G4 ; -5.5987 -4.916 -4.2463
YRS_DEPL_96_01 527.319 2287.06 225.417

Variable names are consistent with the KGS WIZARD system

56






Model of Producer Choice

Discrete choice models are often used to evaluate the impact that exogenous variables have on a
consumer’s choice to purchase a product. In our case, a Probit model will be used to evaluate a
producer choice of adopting center pivot with drop technology or staying with conventional
center pivot technology. The econometric model can be specified as

Choice = B, + B,CWIC + B,IA + B,Slope + B,Clay + B,SCI + B,ST +

&) ,B7DTW+i BGMD

i=13

where Choice is a binary variable equal to one if the producer converted to center pivot with
drop technology and zero otherwise, CWIC is the change to a more water intensive cropping
practice, and /4 is the observed increase in acreage over the study period. Both CWIC and 74
were estimated based on simple time trend regression on a point of diversion basis. The
remaining variables are as previously described. Table A.7 provides the descriptive statistics for
the model variables, while Table A.8 provides the summary statistics for the parameter estimates.

Table A.7 Descriptive Statistic for the Model of Producer

Choice

Standard
Variable N Minimum Maximum Mean Deviation
Choice 4825 0 1 0.87 0.34
Al 4825 -502 160 0.03 13.03
CWIC 4825 -0.19 0.19 -0.01 0.08
Slope 4825 0.53 16.14 4.10 443
Clay 4825 1.18 32 13.97 7.00
SCT 4825 7.48 260.53 36.07 31.26
S 4573 0.74 558.75 155.21 94.73
DTW 4540 0 342 104.15 74.20
GMD1 AR SREREN() 1 0.03 0.17
GMD2 4825 0 1 0.02 0.15
GMD3 4825 0 1 0.37 0.48
GMD4 4825 0 1 0.19 0.39
GMDS5 4825 0 1 0.36 0.48
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APPENDIX B

Table B.1 Cost Share Contracts by County and Year of Completion

County 1997 1998 1999 2000 2001 2002 2003 2004  Total
Barton 0 0 0 6 3 6 0 0 15
Cheyenne 0 2 7 6 10 2 0 0 27,
Decatur 1 6 5 2 6 3 0 0 23
Edwards 1 32 28 15 19 12 4 0 111
Finney 0 4 9 9 12 18 1 2 55
Ford 0 2 5 9 15 o) 0 0 33
Grant 0 4 6 7 4 5 1 0 27
Gray 1 3 10 11 225 520 4 0 71
Greeley 0 1 1 - 2 2 0 0 10
Hamilton 0 0 1 3 1 1 1 0 7/
Haskell 0 1 16 13 19521 0 1 71
Kearny 0 0 8 4 5 11 3 0 31
Kiowa 0 16 6 16 10 9 0 0 57
Meade 0 3 3 11 12 9 2 0 40
Morton 1 2 5 5 3 4 0 0 20
Norton 0 0 1 0 0 2 0 0 3
Pawnee 0 0 11 10 16 9 0 0 46
Pratt 0 2 8 16 10 3 0 0 39
Rawlins 0 1 2 5 5 1 0 0 14
Reno 0 0 0 6 2 2 0 0 10
Scott 0 3 4 12 5 il 0 0 35
Seward 0 4 6 10 13 6 0 0 39
Sheridan 0 1 3) 7/ 6 5 0 0 24
Sherman 0 2= 9 8 12 4 0 0 35
Stafford 0 4 7 13 11 6 0 0 41
Stanton 5 6 9 4 6 4 0 0 34
Stevens 0 2 6 10 11 19 0 0 48
Thomas 0 0 8 8 18 5 0 0 34
Wallace 0 0 4 6 7/ 8 2 1 28
Wichita 0 1 9 8 7 2 1 0 28
Total 9 1025 1998 244 2 2967, - 21D 19 4 1056
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Table B.3 Cost Share Contracts by County and Type of Conversion

Conversion
County SDI CP Drop Total
Barton 1 8 6 15
Cheyenne 1 0 26 27
Decatur 0 9 14 23
Edwards 0 5 106 ]
Finney 2 26 27 55
Ford 1 9 23 33
Grant 1 18 8 27
Gray 8 14 49 71
Greeley 0 8 2 10
Hamilton 0 7 0 7
Haskell 16 43 12 71
Kearny 0 14 17 31
Kiowa 0 0 57 S
Meade 4 31 5 40
Morton 0 14 6 20
Norton 0 1 2 3
Pawnee 0 17 29 46
Pratt 0 0 39 39
Rawlins 0 3 9 14
Reno 0 0 10 10
Scott 2 20 13 35
Seward 0 23 16 39
Sheridan 0 11 13 24
Sherman 0 4 31 35
Stafford 0 3 38 41
Stanton 2 30 2 34
Stevens 3 10 35 48
Thomas 4 8 22 34
Wallace 0 6 22 28
Wichita 1 25 2 28
Total 46 369 641 1056
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Table B.5 Average Cost of a Cost Share Contract

Standard
Type Acreage N Mean Deviation Minimum Maximum
Drop Nozzle e 202160 52581 5173 6.45 257 35473
Conversion to Center Pivot 120 - 180 227 21.96 6.42 4.56 47.21
Conversion to SDI 20:-405 &17- 288.31 2371 65.79 750.75

Table B.6 Group 1: Summary Statistics for the Corn Model

Standard
Variable N Minimum Maximum Mean Deviation
Time 20243 1 8 431 2.22
Acres 20243 1 960 130.68 58.55
EP 20243 0 1 0.34 0.47
Flood 20243 0 1 0.09 0.29
Slope 20243 0.53 16.14 BE72 4.03
Clay 20243 1.18 32 15.16 6.89
ST 19370 0.02 571.59 148.84 93.13
DTW 19295 0 342 107.39 72571
CRP 20243 2.47 6.18 3.67 0.98
FP 20243 1.80 4.13 2.65 0.80
GMDI1 20243 0 1 0.05 0.23
GMD2 20243 0 1 0.02 0.14
GMD3 20243 0 1 0.31 0.46
GMD4 20243 0 1 0.26 0.44
GMDS5 20243 0 1 0.33 0.47
R 20243 2251 30.56 12.88 4.27
ET 20243 18.43 26.76 21.79 2.49
GWA 20243 5 35 16.30 5.31
NBU 20243 -5.00 34.28 7.39 5.91

Each observation represents a single PDIV for a single year.
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Table B.8 Group 1: Summary Statistics for the Alfalfa Model

Standard
Variable N Minimum  Maximum Mean  Deviation
Time 4678 1 8 4.72 2.33
Acres 4678 2 640 128.96 45.01
EPR 4678 0 1 0.36 0.48
Flood 4678 0 1 0.05 0.23
Slope 4678 0.53 16.14 7.49 6.44
Clay 4678 1.18 32 9.95 7.85
ST 4411 0.02 571.59 188.50 98.14
DTW 4419 0 308 109.42 73.59
FP 4678 1.80 4.1275 2.70 0.76
GMD1 4678 0 1 0.02 0.13
GMD2 4678 0 1 0.01 0.08
GMD3 4678 0 1 0.59 0.49
GMD4 4678 0 1 0.05 0.21
GMDS5 4678 0 1 0.31 0.46
P 4658 6.1 34.34 16.94 5.05
ET 4678 45.59 63.13 54.79 4.37
GWA 4678 5.05 35 18.38 6.62
NBU 4658 - -51.25 4.71 -19.43 8.49

Each observation represents a single PDIV for a single year.
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Figure B.1 Frequency of Cost Share Contract by Month of Completion
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Figure B.2 Frequency of Cost Share Contract by Irrigated Acreage
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