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Abstract

Diminishing groundwater resources is threatening the security of nearly half of the
world’s drinking water supply and 43% of the world’s irrigation water supply. As the states
ranks the third largest irrigated acreages in the nation, Arkansas is estimated to have an annual
gap in groundwater as large as 7 million acre-feet by 2050. One main solution to reduce
groundwater use is to improve irrigation efficiency. Using the data from Arkansas Irrigation
Survey in 2016, this study first investigates which factors may influence producers’ use of water
management practices (WMPs). One major finding is that government programs have significant
influences on Arkansas producers’ usage of WMPs. It provides producers both financial
incentives and social incentives to use WMPs. In addition, the study finds that the usage of

WDMPs tends to have positive impacts on producers’ irrigated acres of major crops.
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1. Introduction

Agriculture is the major user of water in the United States . In 2012, the water usage for
agricultural sector is accounted for 80% -90% of human water consumption at the United States,
ranked the first among all the sectors (U.S. Department of Agricultural, 2012). Switching to
more efficient irrigation technologies could be a solution to declining water supplies. For
instance, Sprinkler irrigation saves from 10%-35% of the applied water by distributing water
more evenly, compared with traditional gravity irrigation systems (Caswell and Zilnerman, 1986;
Negri and Brooks, 1990). Most of existing studies have focused on producers’ decisions on
switching from traditional gravity irrigation system to more efficient irrigation technologies,
such as center pivot irrigation. They have identified a set of procures’ socioeconomic
characteristics, technology-related characteristic, and institution factors play substantial roles in
the switches (e.g. Caswell and Zilnerman, 1986; Green and Sunding, 1997; Negri and Brooks,
1990). Producers’ socioeconomic characteristics, such as education and age are often associated
with irrigation technology adoptions (Olen, Wu, and Langap, 2016). The technology-related
factors, such as the initial investment of technology and expected returns of the technology, are
also found to be correlated with the adoption (Moreno and Sunding, 2005). Institutional factors,
such as land tenure, could positive influence producers’ decisions on switching to more efficient
irrigation technologies (Moreno and Sunding, 2005).

However, the focus on switching to more efficient irrigation technologies in response to
water shortage issue may miss important aspects of producers’ behaviors. Many producers
choose to use water management practices (WMPs) to conserve water. Studies have identify that

WMPs could significantly reduce water use for the existing irrigation systems. Sophisticated



WMPs applied to gravity-irrigated fields can achieve efficiencies comparable to sprinkler
systems (Negri and Hanchar, 1989).

Despite the wide adoption of WMPs, few studies have focused on WMPs. This study
investigate which factors have predictive powers of producers’ use of WMPs and how it impacts
on producers’ irrigation decisions. Two contributions are made by this study. Firstly, we model
the producers’ choices on different WMPs. It significantly expands the existing literature, which
focuses mostly on more efficient irrigation technologies. Such knowledge is helpful for policy
makers to have a better understanding producers’ water conservation behaviors in irrigation.
Secondly, this article investigate the impacts of adoption of WMPs on irrigation acreage on
farms. Although more efficient irrigation has the potential of reducing water use on farm (e.g.
Peterson and Ding, 2005), it may also bring unintended consequences. The water savings from
efficient irrigation may provide producers additional irrigation capacity. Profit-maximizing
producers my respond this by expanding irrigated acreage, and thus efficient irrigation practices
may cause more water to be used for irrigation. Using a seemingly unrelated regression model
and three stage least square regression model, this article provides some findings of the impacts
of the use of WMPs on irrigated acreages among farms.

The rest of the article is organized as follows. Section 2 describes the study site and data
set used. Section 3 introduces the use of irrigation practices in Arkansas. Section 4 discusses the
empirical models are used for analysis. Section 5 reports estimation results, and Section 5

concludes with policy implications from our findings.



2. Study Site and Data Description

The study focuses on the state of Arkansas. Agriculture is a key sector in Arkansas’s
economy. In 2014, the aggregated agriculture sector’s share of the state economy for Arkansas is
2 times greater than that for the average of the United States and 1.6 times greater than that for
the average contiguous states. In total, it provides almost $11.5 billion in labor income or 17% of
the state’s total labor income (English, Popp and Miller, 2015). The main crops include rice,
soybean, corn and cotton. Arkansas now ranks first in the nation in rice production, accounting
for 49.96% of total US production (USDA ERS, 2016).

Arkansas’s crop production relies heavily on irrigation. Almost all rice is irrigated. The
spikes of precipitation in Arkansas are usually from March to May and from October to
December, while the growing season of the major crops is from April to September/October
(ANRC, 2015). In addition, in eastern Arkansas, where most of row crops are grown, most
precipitation falls as scattered thunderstorms (Watkins, 2012). As a result, nearly 90% of
soybean, corn and cotton are irrigated by producers in Arkansas (NASS, 2014). In 2007,
Arkansas accounted for 7.9% of all cropland under irrigation in the US, making the state the
fourth largest user of irrigation water in the country (Schaible and Aillery, 2012)

More than 80% of irrigation water in Arkansas is groundwater pumped from Mississippi
River Alluvial Aquifer (MRVVA, NASS, 2014; Schrader 2008). The continuous and
unsustainable pumping has put the MRVAA in danger by withdrawing at rates greater than those
of natural recharges. Many counties in eastern Arkansas have been designated as critical
groundwater areas due to continued decline in groundwater levels (Arkansas Soil and Water
Conservation Commission, 2003). An annual gap in groundwater as large as 7 million acre-feet

is projected for 2050 and most of the expected shortfall is attributed to agriculture (ANRC,



2015). To combat growing projected scarcity, the state of Arkansas and the ANRC have
identified two critical initiatives in the 2014 Arkansas Water Plan Update, which highlight
adopting conservation measures that can improve on-farm irrigation efficiency and
infrastructure-based solutions that convert more irrigated acres currently supplied by
groundwater to surface water in Arkansas (ANRC, 2015). Therefore, the study of the uses of
water management practices (WMPs) and their effects on agriculture producers’ irrigation
decisions are of particular importance to the region.

The main data set used in the empirical analysis is the 2016 Arkansas Irrigation Use
Survey conducted by authors with collaborators from Mississippi State University. The sample
in the survey is randomly drawn from the water user database managed by the Arkansas Natural
Resources Commission (ANRC) and all commercial crop growers identified by Dun &
Bradstreet records for the state of Arkansas. Of 3,712 producers that enumerators have attempted
to contact through phone calls, a total of 224 valid responses are received for a 6.03% response
rate. Of these responses, 199 are from the main survey and 25 are from the pilot survey.
Descriptive statistics of the main survey and the pilot survey respondents are similar in nature, so
the data sets are combined. In the survey, a series of detailed information on irrigation practices
employed by Arkansas producers are collected, containing information on the usage of irrigation
technologies and WMPs at farm level. County level climate data are also obtained from NOAA,
National Climatic Data Center (2016) to calculate county level mean daily temperature and
average annual precipitation in the previous 30 years. The same data set is also used to construct

the aridity index, defined as the ratio of annual mean daily temperature to annual precipitation.



3. The Use of Irrigation Practices in Arkansas

Table 2 reports the type of irrigation technologies used on farms. More than 87% of
Arkansas producers in the sample use gravity irrigation, which include flood irrigation, border
irrigation and/or furrow irrigation (Table 1). More than 71% of producers use more than one type
of irrigation technologies on their farms. Nearly 65% of the producers use both flood and furrow
irrigation on their farm. Only 4.91% of producers exclusively use center pivot. Since the unit of
analysis of the study is at the farm level and the dominant choice of irrigation technology is
gravity irrigation, this study focuses on the choices of WMPs conditional on the types of
irrigation technologies used on farm.

The survey collected information on 15 WMPs that may be used in Arkansas. Figure 1
shows that only 6.3% of producers do not use any WMPs. The majority of the producers (80.8%)
use between 1 and 6 WMPs. Table 2 shows that some of the most commonly used practices
include multiple inlet irrigation (38.39%), tailwater recovery (45.54%) and precision grade
(57.14%). Several other practices such as computerized pipe-hole section (31.7%), storage
reservoir (34.82%) and end blocking (30.80%) are also used by many producers.

Based on which aspects of irrigation a WMP is used for, WMPs are put into four groups
(Figure 1 and Table 3). Water flow control practices include computerized pipe-hole selection,
multiple inlet irrigation, surge irrigation, and cutback irrigation. The second group includes water
recovery and storage reservoir. The third group is field management practices that include zero
grade, precision grade, end blocking wrapped surface, and deep tillage. The last group, advanced
irrigation scheduling practices, includes soil moisture sensor, ET or Atmomter, computerized
scheduling, and woodruff chart. The most prevalent group of WMPs used by producers is field

management practices, nearly 85% of producers use one or more of WMPs in this group. The



least prevalent group of WMPs is advanced irrigation scheduling practices, 85% of producers do
not use any of WMPs belonging to this group.

More than 75% of producers uses WMPs from more than one group (Table 2). Most
producers that only use WMPs from one group use field management practices. Among the
producers that use two groups of WMPs, the most commonly observed pattern of WMP uses is
the combination of and field management practices. About 23% of producers follow the pattern.
Among the producers that use three groups of WMPs, the most commonly observed pattern of
WMP uses is the combination of water flow control, water recovery/storage, and field
management practices. Nearly 28% of producers follow the pattern.

The survey also collected information on the usage history of some WMPs. Figure 2 shows
that although some WMPs were used as early as 1950s, only after 1980s did the usage rate of
WMPs start to grow rapidly. In the group of water flow control practices, the multiple inlet
irrigation practice is the practice that has the longest usage history. Given that Arkansas ranks
first in terms of rice production nationwide and multiple inlet irrigation practice is usually
applied for rice production, so it should be used earlier than any other WMPs in this group. The
WMP that has highest average usage growth rate in this group is computerized pipe-hole
selection, which grows rapidly after 2010. In the group of water recovery/storage practices, the
usage rate of tailwater recovery system and the usage rate of water storage reservoir are similar
during last 65 years because in practice, these two practices are usually used as complimentary
WMPs at farms. For the group of field management practices, the usage rate of zero grade
practice increases much faster than that of precision grade practice over years. This is consistent
with the usage history of multiple inlet irrigation practice. Zero grade practice is one of the most

common WMPs for rice production and rice is the major crop production in the state of



Arkansas; thus, the usage rate of zero grade practice increases rapidly than other WMPs in this
group in last 30 years. At last, the usage of advanced irrigation scheduling practices begins in
1990s, which is relatively later compared to other groups of WMPs. This might be correlated to
the fact that the advanced irrigation scheduling practices are relatively new WMPs in the market.

Producers just started to use this group of WMPs during recent years.

. Empirical Models

4.1.1. The choice of WMPs

We first examine the likelihood for a producer to use different groups of WMPs. Producers
in Arkansas often use different WMPs simultaneously to improve irrigation efficiency. The use
of multiple WMPs can result in complementarities and trade-offs, meaning that some
combinations make more sense for producers than others. The model could take into account the
complex decision-making in multiple choice of WMPs is the multivariate probit model (MVP).
In the model, a set of binary choices (yes/no) are used for each group of WMPs and the choices
are modeled jointly using correlations among disturbances.

The advantage of this model is that it allows for simultaneous choices of different groups of
WMPs for producers, which may be true in this study. In addition, it does not require us to
formulate a prior assumption regarding choice patterns, which is helpful because producers
might simultaneously choose more than one mode of WMPs.

Let U represents the utility associated with the use of kth practices and Up otherwise. A
producer decides to use kth practice if Yic'= Uik — Uo > 0. The net utility Yi" that the producer
derives from using kth group of WMPs is a latent variable determined by the observed factors

and the multivariate normally distributed term &;,



Yie = X1iBk + & 1)
In the equation, Xii is a vector of explanatory variables that affect a producer’s decision to
WMPs. Bk is a vector of regression of coefficients to be estimated.
As stated above, the producer is expected to use a given practice if the expected net utility
gain is greater than zero. The system of equations describing the overserved dichotomous
choices of the producer is given as follow

1 ifY, >0
0 otherwise

Vo = { @
where Yik is a binary observable variable indicating the ith producer’s decision on using the kth

WMP. In the MVP, the error term &; is assumed to jointly follow a multivariate normal

distribution is given as follow:

[ 1 piz p1z - P1k]
| P21 1 paz o pax
0= |P31 P2 1 - P3k|
L0k1 Prz Prs 1 J

After normalizing the diagonal elements of the variance-covariance matrix to one, the off-
diagonal elements, p(rho) is the pairwise correlation coefficient between the error terms of any
two equations to be estimated in the model. If the off-diagonal elements are 0, the model
becomes a univariate probit model, which means the choices among different groups of WMPs
are not correlated with each other. Otherwise, the model is a multivariate probit model,
indicating the choices among different groups of WMPs are correlated.

In the specifications, the following variables are included in Xii vector: (1) a dummy
variable that equals 1 if the producer is land owner, (2) A dummy variable that equals 1 if the
producer has a bachelor degree or above, (3) A dummy variable equals 1 if the producer has

agriculture-related education background, (4) years of farming experience, (5) gross income in



1,000 dollars, (6) the percentage of gross income from farming activities, (7) the percentage of
acres that is irrigated by groundwater, (8) a dummy variable equals 1 if the producer concerns
about water shortage issue may occur in the state, (9) a dummy variable equals 1 if the producer
owns a flow meter, (10) mean daily temperature in previous 30 years in county, (11) average
total annual precipitation (inch) in previous 30 years at county, (12) the participation rate of
government programs such as conservation reserve program (CRP) at county level, (13) a
dummy variable equals 1 if the producer’s family members, friends or neighbors used practice in
the same group, and (14) two dummy variables indicating whether the producer comes from
White River region or Delta region.

Since the MVVP model only consider the probability of use of a particular group of WMPs
with no distinction made between, for example, producers who use on group of WMPs and those
who use more than one group of WMPs. However, in practice, combination of different groups
of WMPs could improve irrigation efficiency. Therefore, the second part of analysis consists
using an ordered probit model to analyze the factors that influence the number of group of
WMPs used by producers in 2015. There are five possible choices for producer i: Nj =0 (none of
group of WMPs implemented), Nj = 1 (only one group of WMPs implemented), N; = 2 (two
groups of WMPs implemented), N; = 3 (three groups of WMPs implemented), N; = 4 (four
groups of WMPs implemented). Then the ordered probit model could be represented by
following functions with latent variable Ni":

N} =Xy A +¢;; ,~NID(0,02) (3)

and
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Nik = 2 lf %) < N{;( < T3 (4)
3 lf T3 < N:;c < Ty
4 lf Ty < N:;(
where Nix" is utility gained for using k group of WMPs, 7 are threshold parameters to be
estimated simultaneously with the other coefficient Ak, Xui is a vector of variables that influence
producer’s decisions on how many groups of WMPs should be used on farm, which is the same

as the explanatory variables in the multivariate probit model. e; is assumed to be normally

distributed across observations.

4.1.2. The number of WMPs

In addition to assessing producers’ choices of different groups of WMPs, this part of
analysis investigates each group of WMPs separately. Specifically, we examines which factors
influence producers’ decisions on how many WMPs in each group should be used on farm. The
dependent variables in this set of analysis are (1) The number of overall WMPs used by
producers, (2) The number of water flow control practices used by producers, (3) The number of
water recovery/storage practices used by producers, (4) The number of field management
practices used by producers, and (5) The number of advanced irrigation practices used by
producers. Since we are interested in explaining the likelihood that a producer will use more
WNMPs, the Poisson is the fundamental probability distribution to be used (Greene, 2012). A

Poisson random variable, Y, has the following probability density function (PDF):

N ,
Pr(Y;=j) = T‘!exp(—ei), j=0123.. (5)

where j is the number of WMPs used by the producer i, 6 is the expected number of WMPs used

by producer i, which is defined as 6 = E(Yi|X1i) = exp(X1i'B). Xui is a vector of explanatory



variables that may affect producers’ choices of WMPs, which is the same as variables
influencing producers’ decisions on which group of WMPs should be used. A characteristic of
the Poisson distribution is that the mean of dependent variable (expected number of WMPs used
by producer) equals its variance.

When we examine the number of individual WMPs used, test results reject the null
hypothesis of equi-dispersion in some specifications, which indicates mean and variance are
different and thus sample data do not fit a Poisson distribution well. In this case, estimation using
the standard Poisson model can still generate consistent estimates of parameters, but standard
errors tend to be biased upward (Wang, 1997). To address this issue, a generalized Poisson
model is applied to by introducing a dispersion factor ¢ into the PDF (Winkelmann and
Zimmermann, 1994):

0:(0;+5j)/ 1
il

PrY; =j) = exp(=6; = 6j), j=0123.. ()

where the dispersion factor is defined as max(—1, 6'/4) < § < 1. Inthe generalized Poisson

model, 6 still is defined as exp(Xii'B), where Xii is a vector of explanatory variables that may
affect producers’ choices of WMPs. The vector B is a vector of regression of coefficients to be
estimated. The mean of the Y becomes 6, /(1 — &), The variance of the dependent variable

is0,/(1—6)3.

As is shown above, the generalized Poisson model is a natural extension of Poisson
model. When ¢ = 0, it reduces to the standard Poisson model where equi-dispersion applies.
When ¢ < 0, the mean of dependent variable is greater than the variance, the generalized Poisson

model displays under dispersion. When ¢ > 0, over dispersion occurs.



The parameters (B, o) in the generalized Poisson model can be estimated using maximum
likelihood estimation (MLE) with the following log-likelihood function:

L(B,6) = Xj={In6; + G — D In(6; + ) = (6; + §j) —Inj} (7)

4.1.3. Time to adopt WMPs

The third part of this section investigates which factors influence how long it takes for a
producer to adopt a WMP after it became available in market using duration analysis. Duration
analysis is originally used in biomedical research to study survival rate. More recently, Burton
(2003), Carletto et al. (1999), and Dadi (2004) have used it to study agricultural technology
adoption issue. Rather than focusing explicitly on the length of a duration, duration analysis
estimates the probability that an individual will transit to a new state in the instant following time
t given that the individual has stayed in the old state up to time t.

Suppose T is a continuous variable representing the duration that a producer waits before
adopting a WMP, the probability of a producer waits until or after time t to adopt is represented
by the survival function:

St)=Pr(T=t)=1—-F(t) (8)

The hazard function, h(t), is the probability that the producer uses the WMP shortly after

time t given the he or she has not used it before t.

Pr(t <T <t+At|IT >t)

h(t) = AI%EIO At
F(t+AD-F(t) _ f(©) )
T At>0  AtxS()  S(b)

where F(t) and f(t) = dF(t)/dt are the corresponding cumulative density function and PDF.



The most commonly used parametric model for duration analysis is the Weibull model. It
assumes a producer’s hazard to start using a WMP at time t consists of two hazards: the baseline
hazard, which is independent of producers’ characteristics and represents the hazard every
producer faces at time t, and individual’s hazard, which varies with a producer’s characteristics.
Then the hazard of starting to use a WMP for a producer i at time t is:

hi(£) = ho(£)g(X2;Z) (10)
where hi(t) is the hazard that the producer i faces for adopting a WMP at time t, ho(t) is assumed
to be hy(t) = ptP?~1 with a shape parameter p, denoting the hazard every producer faces at time
t. If the shape parameter p < 1, the function exhibits a decreasing hazard over time. If the shape
parameter p > 1, the function exhibits an increasing baseline hazard over time. If the shape
parameter p = 1, the baseline hazard is constant over time. The function g(X%;Z) is defined
as exp(X3;Z), representing how the characteristics of producer i influence the hazard he or she
faces for starting to use the WMP shortly after time t. Besides explanatory variables in the vector
Xii, an aridity index in the year before adopting the technology or WMP, which is calculated as
the annual average temperature divided by annual precipitation, is used is put in the vector Xai.

Parameters Z is estimated by maximizing the log-likelihood function:

InL(Z) =Y-,Inh;(t,Z) (12)

In the sample data used in empirical analysis, by the time the survey is conducted, some
sample producers still have not used any WMPs. We do not observe T for those producers. One
solution is to use a right censored model. Although we do not know how long these producers
will take to adopt a WMP, we know that T for those producers is a duration that is longer than
the duration between when the WMP was first available and the time of the survey. Thus, we

could estimate £ by maximizing the modified log-likelihood function:



InL(Z) =¥, dj Inhi(t,Z) + ¥j-,(1 — d;) InS(t, Z) (12)
where dj = 0 if producer j has not adopted a WMP at time t, dj = 1 otherwise. S(t, Z) is the

survival function representing the probability of a producer has not adopt the WMP until time t.

4.2. Impact of irrigation practices on irrigated acres

The last part of analysis investigates the impact of WMPs on four outcome variables: total
irrigated acres on farm, irrigated acres of major crops (rice, soybean, corn). Therefore, four
equations are estimated. The system of equations can be represented as:

Aip = X3m + NiplT + €, (13)

where the dependent variable, Ajm, denotes the irrigated acres in the four equations. The key
variables of interest are in the vector Nim, which captures information of WMPs used by a
producer. Firstly, a set of regressions that using the weighted number of WMPs in different
groups to measure the WMPs employed by the producer is run to see the effects of current usage
of different WMPs on irrigation decisions among producers. The weighted number of WMPs is
computed as the irrigated acres under WMP divided by the total irrigated acres. Then another set
of regressions that using variables that indicate whether the producer used WMPs in 2010 as the
measurement of usage of WMPs is conducted because we concern that the irrigation decisions
might also influence the usage of WMPs during the same year. In addition, a set of regressions
that using a set of dummy variables to indicate the number of groups of WMPs used by
producers is run to check the robustness of the results. The Xsj include all variables in the vector
Xii except (1) a dummy variable indicating whether the producer is aware of state tax credits

program and (2) a dummy variable indicating whether the producer’s family members, friends or



neighbors used WMPs in the same group. Seemingly unrelated regressions are used to estimate
the system of equations represented by equation (13).

Because producers may decide their irrigation practices and irrigated acres simultaneously,
a potential endogenous issue may appear in WMPs usage variables in vector N and the variable
that indicates the percentage of gravity irrigated acres at farm. To address potential endogenous
issues, instrumental variables (IVs) are used to estimate Equation (13). We instrument for WMPs
usage variables and the percentage of gravity irrigated acres using the following 1Vs: a set of
dummy variables indicating whether the producer’s family members, friends or neighbors use
the same group of WMPs, a dummy variable indicating whether the producer is aware of state
tax credits program, which allows producers claim up to $9,000 tax credit for conversions to
surface water or land leveling, and a continuous variable indicating the average percentage of
gravity irrigated acres at farm in county level. All of these variables are correlated to producers’
choices of WMPs, but they are not likely to be directly correlated with the dependent variables
(irrigated acres for different crops). Therefore, they could potentially serve as IVs. The method

of three-stage least squares is used to conduct the IV estimation.

. Results

5.1.1. The choice of WMPs

We first analyze producers’ behaviors of using different WMPs by sorting WMPs into four
groups (Table 5 and Table 6). The estimation results of choices of different groups of WMPs in
2015 using a multivariate probit model are reported in Table 4 and Table 5. Table 4 shows
several pairwise correlations between the error terms in the MVP model are statistically

significant, suggesting that the use of these groups of WMPs are interdependent. Specifically, the



positive and significant sign between water flow control practice and field management practices
indicate that producers normally use these two groups as complementary practices.

The estimates coefficients of explanatory variables are shown in Table 5. Each column is a
specification of a binary choice regrading whether producers use one group of WMPs or not.
Although the estimated coefficient of an independent variable does not directly measure the
marginal effect of that variable on the choice of using one group of WMPs, the sign of the
estimated coefficient does indicate the direction of the effect. We found a significant positive
correlations of gross income with field management practices and advanced irrigation practices.
This is consistent with the common understanding that field management practices and advanced
irrigation practices require high initial investments, so producers who have more gross income
are more likely to use field management practices and advanced irrigation practices.

Of the variables indicating producers’ irrigation practices, the coefficient of total irrigated
acres is significantly positive in the equations of water flow control practices and field
management practices. This may imply that water flow control practices are more likely to be
used by large size farms because large size farms are more likely to allow producers to have
more flexibility in their decision-making, opportunity to use new practices on a trial basis, and
ability to deal with risk (Amsalu and Graaff, 2006). The percentage of gravity irrigated acres
have a positive impact on the likelihood for a producer to use field management practices. This is
in line with the fact that field management practices are designed for gravity irrigation systems.
The percentage irrigation water from groundwater is negatively correlated to water recovery or
storage practices, suggesting that producers who rely more heavily on groundwater for irrigation

have a smaller possibility to use these WMPs. Concerning water shortage issues may occur in the



state increases the likelihood that producers use field management practices, while owning a
flow meter increases the likelihood that producers use water recovery or storage practices.

Of the remaining variables, two climate variables do not show consistent signs among
different equations. This may suggest that climate does not appear to have an impact on
producers’ decisions to use one group of WMPs. Awareness of state tax credits program
increases the likelihood for producers to use advanced irrigation scheduling practices. Family
members, friends or neighbors who used practices in the same group consistently show
significant signs in different equations, implying that producers whose family members, friends
or neighbors have used WMPs are more likely to have opportunities to learn functions and
benefits of WMPs, and thus are more likely to use WMPs in the same group.

However, the MVP model does not allow one to understand the factors that drive
producers’ choices towards the joint use of serval of groups of WMPs. An ordered probit model
is used to investigate factors influencing the number of groups of WMPs used by producers in
2015 (Table 6). The first column reports the estimated coefficients of explanatory variables,
while the rest of columns report the marginal effects of the explanatory variables on each
outcome of the dependent variable.

The coefficient of years of farming experience is negative; suggesting that younger
producers are more likely to use more groups of WMPs. Similar findings are presented in the
previous research (Huang, 2017). For variables indicating characteristics of producers’ current
irrigation practices, the total irrigated acres increases the likelihood of producers to use more
groups of WMPs. One possible explanation might be that farms that have large irrigated acres
are likely to be large size farms. Given the requirement of large initial capital investment on

water flow control practices and field management practices, large size farms are more likely to



have access to credit for capital investment and enjoy economies of scale, and thus they tend to
use more groups of WMPs. The coefficient of the percentage of gravity irrigated acres is
positive, indicating that producers who rely more heavily on gravity irrigation system tend to use
more groups of WMPs. The higher reliance on groundwater for irrigation decreases the
probability for producers to use more groups of WMPs. This is consistent with the results
obtained by Huang et al. (2017). Groundwater is generally a more reliable source of water than
surface water, the quantity of groundwater varies much less seasonally than surface water. Thus,
greater reliance on groundwater encourages producers to use more advance irrigation systems,
such as drip irrigation, but discourages producers to use more WMPs. Owning a flow meter and
concerns about future water shortages in the state both increase the likelihood for producers to
use more groups of WMPs. This may imply that producers who are concerned about water
shortage issues are more likely to improve water use efficiency on farm by using more WMPs.
Another coefficient that is significant is the variable indicating whether producers are aware of
the state tax credits program. This suggesting that awareness of state tax credits program
increases the possibility for producers to use more groups of WMPs.

The marginal effects are reported in column 2 to column 6 of table 6. For N <2 (Column
2—Column 4), the marginal effects are inconsistent with the coefficients, particularly with
regards to their signs. However, for N > 3 (Column 5 and 6), the marginal effects are in
agreement with coefficients with regards either to their signs or significances. This may suggest
that characteristics of the producers who use very few groups of WMPs, are different from those
who use many groups of WMPs. The former may comprise of producers who operate small size
farms, while the later may include producers who operate large size farms. The other interesting

insight form these findings is that estimated coefficients of the ordered probit models better fit



the characteristics of producers who use more than two groups of WMPs. For the producers who
operate small size farms and use very few groups of WMPs, specific measures are required to

up-scale the adoption rate of WMPs

5.1.2. The number of WMPs

Then Table 7 analyzes each group of WMPs separately. It examines the number of WMPs
in each group used by producers in 2015 using the generalized Poisson model. Tests reject the
null hypothesis of equi-dispersion and suggests an under-dispersion issue in our sample. That is,
the mean of dependent variable is statistically smaller than the variance (Cameron and Trivedi,
2005). Therefore, the generalize Poisson model is used for this part of analysis instead of an
original Poisson model. A range of variables is found to have influence on producers’ use of
different groups of WMPs. Results are very similar to the Table 5.

A somewhat interesting finding in this set of analysis is a strong influence of government
programs offered at the local level on the number of WMPs in different groups used by
producers. Policy makers in Arkansas have been promoting WMPs as a way to increase surface
water use (e.g., ANRC, 2015b; Arkansas Soil and Water Conservation Commission, 1990). For
example, Arkansas offers a state tax credits program that allows producers to claim up to $9,000
in tax credits for conversions to surface water or land leveling. The awareness of these state tax
credits programs increases the likelihood of producers to use more WMPs in different groups
although it may not influence the producers’ decisions on whether to use this group of WMPs as
shown in Table 4. Also, the higher percentage of participation rate of government program
increases the likelihood for producers to use more WMPSs. Previous studies have shown that

producers who participate in conservation programs, such as the CRP, have better access to



conservation information and make production decisions based on this information (Lubbell et
al., 2013). Thus, producers who come from a county where the government program

participation rate is high tend to use more WMPs.

5.1.3. Time to adopt WMPs

Table 8 presents estimate results on which factors may influence producers’ decisions on
when to start using a WMP. The estimate value of the shape parameter of the baseline hazard
function, In p, for all WMPs are greater than 0 (column 2- column 9), suggesting the existence of
epidemic effects (Karshenas and Stoneman, 1993). It implies that endogenous learning is a
process of self-propagation of information about a new technology that grows with the spread of
that technology, and thus the probability to use a new WMP for every producer increases with
the passing time. The WMP that has the biggest epidemic effects is advanced irrigation
scheduling practices, while the smallest one is water storage reservoir. This is consistent with the
figures showing the usage history of WMPs (Figure 2). Producers adopt irrigation scheduling
practices more rapidly than water storage reservoir. One possible explanation is that the cost of
using advanced irrigation scheduling practices is relatively lower than water storage, and thus it
is likely to take a shorter time for producers to adopt advanced irrigation scheduling practices on
a trial basis.

The results also suggest that producers’ demographic characteristics do not appear to play
a consistent role in producers’ decisions on when to start using WMPs. Having agriculture-
related education background increases conditional probabilities for producers to start using
computerized pipe-hole selection practice and precision grade practice shortly, but having a

bachelor or above degree tend to have no impact. A number of possible explanations may be



provided for these. For instance, computerized pipe-hole selection practice and precision grade
practice are relatively simple WMPs, so it does not require a higher education background for its
use. However, higher education background may become more important as more complex
WNMPs are introduced.

For variables that capture information of producers’ current irrigation practices, the results
suggest that every 1,000 acres increase in total irrigated acres, holding all other variables
constant, increases conditional probabilities for producers to adopt center pivot system and
multiple inlet irrigation practice by 10.4% and 8.25% respectively on average. As we expect,
increasing the percentage of gravity irrigated acres reduces the estimate hazard of using center
pivot system but increases the estimate hazard of using WMPs, such as multiple inlet irrigation
practice and zero grade practice. WMPs are normally chosen to pair with gravity irrigation
technologies to increase irrigation efficiency. Furthermore, higher reliance on groundwater
decreases conditional probabilities for producers to adopt different WMPs, such as multiple inlet
irrigation practice, tail water recovery system, and water storage reservoir. This result is
supported by the previous regression result of the number of WMPs used by producers (Table 6)
and also is consistent with the results obtained by Huang et al. (2017). Groundwater is more
likely to be supplied with sufficiently high pressure for modern irrigation technologies, such as
center pivot irrigation system, so producers who rely more heavily on groundwater are more
likely to use center pivot irrigation system instead of WMPs. The coefficient of concern about
water shortage issues in the state is significant at 10% level in the specification of precision
grade practice, implying that producers who are concerned about water shortage issues in the
state have a higher conditional probability of using precision grade practice in the next short

period than producers who do not by 44.7% on average. Owning a flow meter also increases



producers’ conditional probabilities of using water storage reservoir in the next short period by
47.9% on average.

The climate variables, including mean daily temperature in previous 30 years and average
annual precipitation in previous 30 years have mixed impacts on producers’ decisions regarding
the time to start using different WMPs. Interpretation of these results is difficult, especially for
average annual precipitation, which carries an unexpected sign. However, the previous one year
aridity index before using WMPs, which is computed by average annual temperature divided by
annual precipitation for the previous one year before producers start to use the WMP,
consistently shows positive and significant signs, suggesting that the aridity has a strong positive
impact on conditional probabilities for producers to start using WMPs shortly.

Of the remaining variables, the participation rate of government programs plays a salient
role in increasing producers’ conditional probabilities of using WMPs in a short time,
specifically, it increases producers’ conditional probabilities of using multiply inlet and zero
grade practice in the next short time period. Furthermore, producers who know others using the
same group of WMPs have higher conditional probabilities to start using WMPs shortly than
producers who do not for most of WMPs. This implies that knowing other family members,
friends or neighbors who used WMPs could provide producers a greater chance to learn the

benefits of WMPs, and thus increases their conditional probabilities to start using WMPs shortly.

5.2. Impact of irrigation practices on irrigated acres
Table 9-Table 10 present the estimation results of how current and historical usage of
WDMPs influences producers’ irrigation decisions on how many acres should be irrigated for

different crops. The seemingly unrelated regressions reveal that the usage of different groups of



WMPs has mixed effects on producers’ decisions on how many acres should be irrigated for
each crop. The weighted numbers of all groups of WMPs currently used by producers have no
effect on producers’ decisions on total irrigated acres, while the weighted number of water
recovery or storage practices currently used by producers has a negative impact on irrigated rice
acres. For historical usage of WMPs, the usage of water flow control practices in 2010 have
consistently positive effects on the total irrigated acres, irrigated rice acres and soybean acres.
Additionally, the usage of field management practices in 2010 has a significant and positive
impact on irrigated rice acres. Table 11 shows how the number of groups of WMPs used by
producers influences producers’ irrigation decisions. The coefficient of the number of groups of
WMPs equaling three consistently shows a positive sign for all specifications, suggesting that the
increase usage of WMPs is likely to increase producers’ irrigated acres for all of major crops.
For control variables in regressions, the estimates are the same as our expectations. Years
of farming experience negatively influence the irrigated acres for producers. The higher reliance
on farming activities, which is captured by the percentage of gross income from farming
activities, increases irrigated acres for producers. This may be explained by irrigated crops
tending to have higher yields, and thus producers who have higher reliance on farming activities
try to generate more yields and income by irrigating more crops. The percentage of gravity
irrigated acres is positively correlated with irrigated rice acres because gravity irrigation system
is the irrigation system generally used by rice producers. The climate variables tend to have no

impact on irrigation decisions in terms of irrigated acres among producers.



6. Conclusion

Depth-to-groundwater in the MRV AA has consistently increased since early 20th
century. Long-term projections indicate that only 40% of groundwater demand may be met by
2050 (ANRC, 2015). Critical initiatives to slow and reverse groundwater decline in the Delta
include the adoption of more efficient irrigation technology and the construction of infrastructure
to increase the use of surface water resources that are relatively abundant in the state. This study
find that Arkansas producers are more likely to use WMPs instead of modern irrigation
technologies, such as center pivot system, to adapt to the drought occurrences. Therefore, it is
important to expand the existing literature that focuses mostly on more efficient irrigation
technologies. In places where WMPs are more prevalent, such as Arkansas, a framework that
only models the choice of different irrigation technologies may lead to wrong policy

implications.

Of the findings regarding which factors influence producers’ choices on different WMPs,
we find that climate variables does not seem to play an important role in producers’ decisions on
whether to use a specific WMP, although previous research indicates climate could influence
producers’ decisions to start using WMPs in general (Huang et al, 2017). In contrast, the
government programs are appearing to have strong influence on producers’ decisions to use
different WMPs. The awareness of tax credits program and the participation of government

conservation programs both increase likelihoods for producers to use different WMPs.

There is some evidence that the use of WMPs has a positive impact on producers’
decisions on how many acres should be irrigated for major crops. This conclusion should have
important policy implications. While large water saving could be achieved by increasing the

usage of WMPs on farm, such practices may also increase irrigation acres for major crops. If the



positive impacts on irrigation acres is to the extent that producers irrigate crops without thinking
about water usage, then the water use efficiency could be hampered. Policymakers and extension
agents need to take such unintended consequence into account when prompting WMPs. For
example, other programs that could reduce producers’ irrigation water usages should be

implemented along with WMPs to increase irrigation efficiency in Arkansas.
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Figure 1. Distributions of the number of WMPs used by Arkansas producers in 2015
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Figure 2. Use of WMPs over time in Arkansas, 1950-2015
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Table 1. The portfolio of irrigation systems used by Arkansas producers in 2015

N irrigation Flood Border Furrow Center pivot N %
systems irrigation irrigation irrigation irrigation Producers  Producers

4 Yes Yes Yes Yes 17 7.59

3 Yes Yes Yes No 26 11.61

3 Yes No Yes Yes 23 10.27

3 No Yes Yes Yes 1 0.45

2 Yes Yes No No 1 0.45

2 Yes No Yes No 79 35.27

2 Yes No No Yes 2 0.89

2 No Yes Yes No 1 0.45

2 No Yes No Yes 1 0.45

2 No No Yes Yes 12 5.36

1 Yes No No No 15 6.70

1 No Yes No No 11 491

1 No No Yes No 22 9.82

1 No No No Yes 13 5.80
Total 224 100




Table 2. The portfolio of WMPs used by Arkansas producers in 2015

N Water Water Field Ad_v anped N %
groups flow recovery/storage management |rr|gat|9n Producers  Producers
control scheduling
4 Yes Yes Yes Yes 16 7.14
3 Yes Yes Yes No 62 27.68
3 Yes No Yes Yes 9 4.02
3 No Yes Yes Yes 4 1.79
2 Yes Yes No No 5 2.23
2 Yes No Yes No 52 23.21
2 Yes No No Yes 2 0.89
2 No Yes Yes No 19 8.48
2 No No Yes Yes 1 0.45
1 Yes No No No 5 2.23
1 No Yes No No 6 2.68
1 No No Yes No 26 11.61
1 No No No Yes 3 1.34
0 No No No No 14 6.25
Total 224 100




Table 3. Groups of WMPs used by Arkansas producers in 2015

Type WMPs % producers
| S?ecl)gg[)il:)tr(lar|zed pipe-hole 31.70
Water flow control practices
(67.41%) Multiple inlet irrigation (Rice) 38.39
Surge irrigation 18.30
Cutback irrigation 13.84
Water recovery/ storage Tail-water recovery system 45.54
practices (50%)
Storage reservoir 34.82
Zero grade 18.30
Field management practices Precision grade 5714
(84.38%) '
End blocking 30.80
Wrapped surface 25.89
Deep tillage 47.32
Advanced irrigation Soil moisture sensor 9.38
scheduling practices
(15.63%) ET or Atmometer 3.13
computerized scheduling 5.80
woodruff chart 1.34




Table 4 Correlation matrix of the error terms from Multivariate Probit model

Rho 1 Rho 2 Rho 3 Rho 4

Rho 1 1 0.00961 0.438*** 0.0202
(0.163) (0.157)  (0.194)

Rho 2 1 0.267 0.294
(0.188)  (0.204)
Rho 3 1 -0.0872
(0.210)

Rho 4 1

Note: Standard errors reported in parentheses; *significant at 10%;
**significant at 5%, ***significant at 1%.



Table 5. The choice of different groups of WMPs used Multivariate Probit model

Water Advanced
Water flow recovery Field irrigation
control [storage management  scheduling
Land owner -0.364 0.00689 0.00403 0.192
(0.302) (0.310) (0.341) (0.338)
Highest degree is Bachelor or above 0.207 -0.198 0.158 0.196
(0.224) (0.255) (0.274) (0.275)
Education agriculture-related 0.296 -0.158 -0.106 0.296
(0.209) (0.239) (0.252) (0.262)
Years of farming experience -0.0104 -0.00466 -0.000767 -0.0223**
(0.00713) (0.00836) (0.00827) (0.00908)
Gross income (1000 dollars) 0.000565 -0.000352 0.00250* 0.00316**
(0.00110) (0.00121) (0.00141) (0.00126)
% gross income from farming 0.537 -0.102 0.318 0.0421
(0.424) (0.473) (0.481) (0.476)
Total irrigated acres (1000 acres) 0.181*** 0.0391 0.254*** 0.0143
(0.0670) (0.0399) (0.0927) (0.0411)
% gravity irrigated acres 0.629 0.831 0.757* -0.446
(0.407) (0.664) (0.455) (0.507)
% irrigation water from groundwater 0.0325 -1.629*** 0.327 0.239
(0.324) (0.355) (0.366) (0.452)
Concerned water shortage may occur in state 0.181 0.0646 0.659** -0.0839
(0.222) (0.244) (0.260) (0.285)
Own a flow meter 0.305 0.555** 0.145 0.244
(0.248) (0.253) (0.279) (0.271)
Mean daily temperature in previous 30 years (°F) -0.127 0.168 -0.268* -0.0450
(0.128) (0.145) (0.157) (0.164)
Average annual precipitation in previous 30 years
(Inch) -0.0382 -0.0320 0.133 0.139*
(0.0674) (0.0780) (0.0872) (0.0843)
Aware of state tax credits program 0.279 -0.0320 0.196 0.751***
(0.204) (0.222) (0.242) (0.256)
% participated in government program (County level) -0.0773 0.297 1.024 -0.0460
(0.548) (0.590) (0.689) (0.680)
Family members, friends or neighbors used practices
in the same group 0.521* 1.694*** 0.378 0.709***
(0.293) (0.295) (0.376) (0.255)
White River -0.211 -0.300 -0.389 -0.273
(0.277) (0.299) (0.341) (0.344)
Delta -0.427 -0.800** -0.411 -0.180
(0.324) (0.354) (0.399) (0.388)
Constant 9.077 -12.11 14.82 -1.547
(8.756) (9.924) (10.48) (11.11)
Observations 224

Note: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.



Table 6. The number of groups of WMPs used Ordered Probit model,

Average marginal effects (AME)

@) ) @) 4) ®) (6)
Number of Number of Number of Number of Number of
Coefficient categories of  categories of  categories of  categories of  categories of
WMPs=0 WMPs=1 WMPs=2 WMPs=3 WMPs=4
Land owner -0.0750 0.00738 0.0115 0.00436 -0.0150 -0.00827
(0.207) (0.0205) (0.0318) (0.0121) (0.0414) (0.0229)
Highest degree is Bachelor or
above 0.166 -0.0164 -0.0256 -0.00969 0.0333 0.0184
(0.167) (0.0168) (0.0257) (0.0103) (0.0335) (0.0186)
Education agriculture-related 0.151 -0.0148 -0.0232 -0.00878 0.0302 0.0166
(0.159) (0.0159) (0.0244) (0.00959) (0.0317) (0.0177)
Years of farming experience -0.0106** 0.00104* 0.00162** 0.000615* -0.00211** -0.00117*
(0.00529) (0.000555) (0.000822) (0.000367) (0.00106) (0.000613)
Gross income (1000 dollars) 0.00170** -0.000168* -0.000262**  -0.0000992*  0.000341**  0.000188**
(0.000815) (0.0000861) (0.000127) (0.0000568) (0.000163)  (0.0000952)
% gross income from farming 0.504 -0.0497 -0.0775 -0.0294 0.101 0.0556
(0.310) (0.0319) (0.0480) (0.0203) (0.0619) (0.0356)
Total irrigated acres (1000 acres) 0.0927*** -0.00913*** -0.0143*** -0.00540** 0.0186*** 0.0102***
(0.0313) (0.00352) (0.00504) (0.00234) (0.00633) (0.00370)
% gravity irrigated acres 0.738** -0.0727** -0.113** -0.0430* 0.148** 0.0814**
(0.335) (0.0346) (0.0518) (0.0256) (0.0674) (0.0396)
% irrigation water from
groundwater -0.590** 0.0582** 0.0908** 0.0344** -0.118** -0.0652**
(0.247) (0.0268) (0.0388) (0.0173) (0.0491) (0.0292)
Concerned water shortage may
occur in state 0.387** -0.0381** -0.0594** -0.0225* 0.0774** 0.0427**
(0.169) (0.0181) (0.0265) (0.0117) (0.0333) (0.0200)
Own a flow meter 0.352** -0.0347* -0.0541* -0.0205* 0.0705** 0.0389*
(0.178) (0.0188) (0.0279) (0.0112) (0.0349) (0.0206)
Mean daily temperature in
previous 30 years (°F) -0.0592 0.00583 0.00910 0.00344 -0.0118 -0.00653
(0.0989) (0.00978) (0.0153) (0.00583) (0.0198) (0.0110)
Average annual precipitation in
previous 30 years (Inch) 5.514 -0.00543 -0.00848 -0.00321 0.0110 0.00608
(5.165) (0.00519) (0.00797) (0.00316) (0.0103) (0.00579)
Aware of state tax credits
program 0.423*** -0.0417** -0.0651*** -0.0247** 0.0848*** 0.0467**
(0.153) (0.0170) (0.0241) (0.0112) (0.0304) (0.0182)
% participated in government
program (County level) 0.512 -0.0504 -0.0787 -0.0298 0.102 0.0565
(0.419) (0.0422) (0.0649) (0.0263) (0.0840) (0.0472)
Family members, friends or
neighbors used WMPs 0.382 -0.0376 -0.0587 -0.0222 0.0764 0.0421
(0.450) (0.0446) (0.0694) (0.0275) (0.0902) (0.0502)
White River -0.381* 0.0375* 0.0586* 0.0222* -0.0763* -0.0421*
(0.203) (0.0212) (0.0319) (0.0131) (0.0407) (0.0231)
Delta -0.637*** 0.0628** 0.0980*** 0.0371** -0.128*** -0.0703**
(0.240) (0.0268) (0.0375) (0.0174) (0.0481) (0.0281)
Observations 224 224

Note: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.



Table 7. The number of WMPs used Generalized Poisson regression,
Average marginal effects (AME)

@) () (©) (4) ()
Water Advanced
Water flow recovery Field irrigation
WMPs control /storage management  scheduling
Land owner -0.0913 -0.129 -0.0273 0.0724 -0.315
(0.366) (0.147) (0.450) (0.115) (0.444)
Highest degree is Bachelor or above 0.185 0.217* -0.221 -0.0968 0.306
(0.303) (0.124) (0.381) (0.0926) (0.406)
Education agriculture-related 0.552* 0.180 -0.0463 0.162* 0471
(0.297) (0.123) (0.350) (0.0915) (0.400)
Years of farming experience -0.0106 -0.00512 0.00512 -0.00180 -0.0238*
(0.00955)  (0.00391) (0.0119) (0.00294) (0.0128)
Gross income (1000 dollars) 0.00201 0.000380 -0.00158 0.000462 0.00414**
(0.00151)  (0.000646) (0.00175) (0.000470)  (0.00175)
% gross income from farming 0.430 0.212 0.287 0.0486 -0.361
(0.579) (0.232) (0.701) (0.179) (0.739)
Total irrigated acres (1000 acres) 0.146*** 0.0326 0.0556 0.0442*** -0.0212
(0.0481) (0.0202) (0.0659) (0.0150) (0.0645)
% gravity irrigated acres 1.636** -0.00378 1.523 0.253 -0.377
(0.764) (0.271) (1.069) (0.218) (0.790)
% irrigation water from groundwater -1.487*** -0.0865 -3.260*** -0.244* 0.299
(0.437) (0.187) (0.576) (0.140) (0.637)
Concerned water shortage may occur in state 0.826** 0.174 0.318 0.122 -0.247
(0.321) (0.131) (0.370) (0.0948) (0.422)
Own a flow meter 0.723** 0.00942 0.884** 0.199** 0.389
(0.315) (0.131) (0.372) (0.0974) (0.388)
Mean daily temperature in previous 30 years (°F) -0.326* -0.0742 0.489** -0.167*** -0.0583
(0.193) (0.0801) (0.225) (0.0568) (0.229)
Average annual precipitation in previous 30 years
(Inch) 0.0436 0.000556 -0.153 0.0140 0.0850
(0.0946) (0.0393) (0.116) (0.0287) (0.132)
Aware of state tax credits program 1.118*** 0.405*** 0.255 0.231*** 1.115%**
(0.279) (0.113) (0.336) (0.0830) (0.387)
% participated in government program (County level) | 2.029*** 0.416 0.0902 0.648*** 0.811
(0.774) (0.299) (0.886) (0.230) (0.973)
Family members, friends or neighbors used practices
in the same group 0.809*** 2.827%** 0.360** 0.982**
(0.264) (0.535) (0.179) (0.416)
White River -0.401 -0.00354 -0.401 -0.0560 -0.535
(0.358) (0.150) (0.441) (0.112) (0.542)
Delta -0.532 -0.200 -1.468*** 0.0954 -0.118
(0.431) (0.169) (0.547) (0.127) (0.536)
Equi-dispersion statistics -0.72 -5.51 -5.27 -0.32
P-value 0.471 0.000*** 0.000*** 0.747
Observations 224 224 224 224 224

Note: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.



Table 8. The starting time to use WMPs used Weibull model, Average marginal effects (AME)

D ) ®) (4) (®) (6) () (8) (9)
Computerized Advanced
Center pipe-hole Multiple Surge Tail water Water Zero Precision irrigation
pivot selection inlet irrigation recovery storage grade grade scheduling
Land owner -0.348 -0.356 -0.0939 -0.202 0.0907 0.496 0.216 0.226 -0.00356
(0.324) (0.315) (0.294) (0.527) (0.303) (0.349) (0.524) (0.274) (0.189)
Highest degree is Bachelor or
above 0.0912 -0.0219 0.266 0.354 -0.0164 -0.337 -0.680* 0.129 0.0244
(0.290) (0.286) (0.262) (0.389) (0.238) (0.275) (0.408) (0.230) (0.152)
Education agriculture-related 0.0463 0.484* 0.221 -0.239 -0.165 -0.163 0.761 0.375* 0.0766
(0.269) (0.283) (0.270) (0.382) (0.233) (0.262) (0.464) (0.220) (0.146)
Years of farming experience 0.0154* -0.0119 0.00319 -0.00980 0.00288 -0.00378 -0.0161  -0.00393  -0.00339
(0.00922) (0.00902) (0.00862)  (0.0122) (0.00747) (0.00839) (0.0129) (0.00758) (0.00494)
Gross income (1000 dollars) -0.00150 0.00128 -0.00145  0.000362 -0.000764 -0.000976  0.000421 0.000440 0.000880
(0.00139) (0.00137) (0.00149) (0.00186) (0.00121) (0.00154)  (0.00216) (0.00113) (0.000775)
% gross income from farming 0.438 0.0743 0.783 0.172 -0.0297 0.107 0.590 0.655 -0.0441
(0.621) (0.537) (0.550) (0.717) (0.445) (0.529) (0.809) (0.451) (0.294)
Total irrigated acres (1000 acres) 0.124%*** 0.0475 0.0820** -0.0821 0.0587 -0.00661 0.0780 0.0488 -0.00776
(0.0386) (0.0425) (0.0365) (0.0803) (0.0404) (0.0533) (0.0692)  (0.0375)  (0.0304)
% gravity irrigated acres -3.246*** -0.0485 2.096** 0.354 1.926 0.208 4.311* 0.648 -0.0985
(0.459) (0.600) (1.045) (0.908) (1.209) (0.966) (2.302) (0.596) (0.315)
% irrigation water from
groundwater 0.496 0.492 -0.650* 0.267 -1.274%** -1.668*** -0.791 -0.482 0.0717
(0.486) (0.520) (0.342) (0.569) (0.324) (0.374) (0.613) (0.321) (0.227)
Concerned water shortage may
occur in state 0.465 0.453 0.138 0.00496 0.237 0.297 0.557 0.439* -0.0304
(0.306) (0.352) (0.263) (0.411) (0.274) (0.329) (0.463) (0.254) (0.158)
Own a flow meter 0.290 0.336 -0.0113 0.133 0.221 0.477* 0.181 0.316 0.0601
(0.273) (0.294) (0.267) (0.424) (0.266) (0.289) (0.446) (0.228) (0.165)
Mean daily temperature in
previous 30 years (°F) 0.130 -0.0300 -0.242 0.0696 0.238 0.455** -0.938***  -0.237* -0.0434
(0.160) (0.199) (0.177) (0.271) (0.179) (0.216) (0.260) (0.139) (0.0907)
Average annual precipitation in
previous 30 years (Inch) 0.0756 0.0598 0.151* 0.236* 0.0468 -0.0721 0.460***  0.199***  0.0715
(0.0916) (0.152) (0.0886) (0.129) (0.0753) (0.0959) (0.129) (0.0748)  (0.0750)




1 ) @) (4) (5) (6) (7) (8) (9)
Computerized Advanced
Center pipe-hole Multiple Surge Tail water Water Zero Precision irrigation
pivot selection inlet irrigation recovery storage grade grade scheduling
Avridity in the year before the
technology
/practice is used 0.551*** 0.290 0.680***  1.361*** 0.247** 0.187 1.290***  0.576*** 0.333
(0.163) (0.549) (0.157) (0.246) (0.110) (0.153) (0.240) (0.134) (0.320)
Aware of state tax credit program -0.0980 0.470* 0.0842 0.484 0.0879 0.218 0.797** 0.202 0.131
(0.257) (0.266) (0.235) (0.400) (0.215) (0.264) (0.375) (0.215) (0.141)
% participated in government
program (County level) 0.236 0.0111 1.410** -0.475 0.121 0.569 2.654*** 0.573 0.240
(0.736) (0.818) (0.633) (1.080) (0.586) (0.719) (0.962) (0.568) (0.400)
Family members, friends or
neighbors used this
technology/WMP 2.091*** 2.542%** 1.558***  2,203*** 1.678*** 2.123*** 2.312** 0.433 0.0695
(0.493) (0.475) (0.393) (0.414) (0.414) (0.613) (1.028) (0.387) (0.142)
White River 0.0826 0.275 -0.447 -1.585%** -0.351 -0.649** -1.103* 0.340 -0.330
(0.420) (0.540) (0.290) (0.501) (0.279) (0.318) (0.575) (0.259) (0.288)
Delta 0.324 0.615 -0.417 -1.833*** -1.094** -1.314%** 0.182 0.0979 -0.107
(0.451) (0.472) (0.381) (0.645) (0.438) (0.509) (0.576) (0.327) (0.248)
Constant -19.63* -45.06*** -4.342 -25.95 -34.93*** -40.04*** 25.72 -3.476  -81.21***
(11.24) (13.75) (12.19) (19.04) (12.65) (15.12) (18.14) (9.820) (8.532)
Ln p Constant 0.375%** 2.449%** 1.033***  (0.992*** 1.105%** 0.263** 1.583***  1.027***  3.238***
(0.0947) (0.111) (0.102) (0.155) (0.0956) (0.112) (0.155) (0.0887)  (0.0655)
Observations 224 224 224 224 224 224 224 224 224

Note: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.



Table 9. Regressions of irrigated acres (1,000 acres) on the current usage of WMPs

Seemingly Unrelated Regressions

Three-stage least squares

1) (2) (©) (4) (5) (6) () (8)
Total Rice Soybean Corn Total Rice Soybean Corn
Weighted N water flow practices in 2015 0.194 0.276 0.181 -0.100 -3.045 0.349 -4.806 2.833
(0.504) (0.186) (0.280) (0.199) (5.456) (2.026) (5.139) (3.737)
Weighted N water recovery/storage
practices in 2015 -1.155 -0.575** -0.482 0.104 -0.650 -1.146 4.180 -3.844
(0.7112) (0.262) (0.395) (0.281) (7.312) (2.715) (6.886) (5.008)
Weighted N field management practices
in 2015 0.0178 0.0837 -0.0592 0.0204 0.414 -0.477 1.398 -1.263
(0.324) (0.119) (0.180) (0.128) (2.588) (0.961) (2.437) (1.772)
Weighted N advanced irrigation
scheduling practices in 2015 -0.593 -0.148 -0.591 0.00509 5.595 -0.436 6.391 -3.709
(0.786) (0.290) (0.436) (0.311) (7.514) (2.790) (7.076) (5.146)
Own a flow meter 1.273%** 0.326** 0.668*** 0.0307 1.649 0.307 1.320 -0.352
(0.383) (0.141) (0.212) (0.151) (1.013) (0.376) (0.954) (0.694)
Land owner 0.293 -0.175 0.103 0.188 0.431 -0.140 0.0289 0.310
(0.450) (0.166) (0.250) (0.178) (0.641) (0.238) (0.604) (0.439)
Highest degree is Bachelor or above 0.584 0.269** 0.198 0.0550 0.618 0.286 0.0905 0.163
(0.362) (0.133) (0.201) (0.143) (0.501) (0.186) (0.472) (0.343)
Education agriculture-related -0.440 -0.144 -0.182 -0.0172 -0.466 -0.137 -0.0709 -0.0989
(0.351) (0.129) (0.195) (0.139) (0.571) (0.212) (0.538) (0.391)
Years of farming experience -0.0353***  -0.00370  -0.0179*** -0.00908** | -0.0335**  -0.00621 -0.0144 -0.0121
(0.0112) (0.00413)  (0.00622)  (0.00443) (0.0153) (0.00569) (0.0144) (0.0105)
Gross income -0.000150  -0.000674  -0.000149  0.000116 -0.00163  -0.000382  -0.00178 0.00109
(0.00179)  (0.000658) (0.000992) (0.000707) | (0.00295)  (0.00110)  (0.00278)  (0.00202)
% gross income from farming 2.778*** 0.874*** 1.244%** 0.445* 3.194*** 1.177*** 1.039 0.836
(0.644) (0.237) (0.357) (0.255) (0.926) (0.344) (0.872) (0.634)
% gravity irrigated acres 0.603 0.757*** -0.318 0.161 3.691 3.030 -2.309 3.523
(0.729) (0.269) (0.405) (0.289) (5.358) (1.990) (5.046) (3.669)
% irrigation water from groundwater 0.264 -0.365* 0.298 0.184 0.953 -0.355 2.141 -1.136
(0.598) (0.220) (0.332) (0.236) (2.604) (0.967) (2.453) (1.784)
Concerned water shortage may occur in
state -0.108 0.0309 0.205 -0.313** -0.558 -0.0266 -0.0111 -0.288
(0.369) (0.136) (0.205) (0.146) (0.563) (0.209) (0.530) (0.386)



Seemingly Unrelated Regressions

Three-stage least squares

1) () ©) (4) (5) (6) () (8)
Total Rice Soybean Corn Total Rice Soybean Corn
Mean daily temperature in previous 30
years (°F) 0.0499 -0.127 0.0712 0.111 -0.285 -0.230 -0.309 0.278
(0.222) (0.0817) (0.123) (0.0878) (0.508) (0.189) (0.479) (0.348)
Average annual precipitation in previous
30 years (Inch) -0.118 -0.0156 -0.0804 0.00172 -0.118 0.0184 -0.0516 -0.0112
(0.114) (0.0420) (0.0633) (0.0451) (0.178) (0.0660) (0.167) (0.122)
% participated in government program
(County level) 0.112 0.0285 -0.157 0.459 0.876 0.0648 1.626 -0.696
(0.944) (0.348) (0.524) (0.373) (2.340) (0.869) (2.204) (1.603)
White River 0.521 0.288* 0.236 -0.169 0.923 0.178 1.275 -0.911
(0.444) (0.163) (0.246) (0.176) (1.225) (0.455) (1.153) (0.839)
Delta 0.869* 0.147 0.484* -0.158 1.397 0.365 1.024 -0.370
(0.522) (0.192) (0.290) (0.206) (0.920) (0.342) (0.866) (0.630)
Constant -1.510 9.029 -3.217 -8.180 22.60 13.86 27.95 -23.90
(15.09) (5.558) (8.378) (5.968) (38.19) (14.18) (35.96) (26.15)
Observations 224 224

Notes: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.

Endogenous variables: Weighted water management practices, % gravity irrigated acres

IV variables: aware of state tax credits program; family members, friends or neighbors used WMPs in the same group; other producers average % gravity irrigated acres



Table 10. Regressions of irrigated acres (1,000 acres) on the previous usage of WMPs

Seemingly Unrelated Regressions

Three-stage least squares

1) (2) ®) (4) (5) (6) () (8)
Total Rice Soybean Corn Total Rice Soybean Corn
Used water flow control practices in 2010 0.728** 0.232* 0.361* 0.139 -1.260 -0.293 1.239 -1.273
(0.369) (0.135) (0.206) (0.147) (4.418) (1.258) (1.879) (1.721)
Use water storage practices in 2010 0.391 0.180 0.0724 0.117 -2.689 0.599 -1.400 0.0289
(0.383) (0.140) (0.214) (0.152) (4.046) (1.152) (1.720) (1.575)
Used field management practices in 2010 0.191 0.306** 0.0833 -0.0922 0.266 0.808 0.00734 -1.127
(0.355) (0.130) (0.198) (0.141) (4.314) (1.228) (1.834) (1.680)
Used advanced irrigation scheduling
practices in 2010 -1.125 -0.245 -0.462 0.00269 14.51 3.345 2.163 -1.245
(1.251) (0.458) (0.699) (0.498) (32.18) (9.163) (13.68) (12.53)
Own flow meter 1.096*** 0.267* 0.607*** 0.00281 1.503 0.183 0.693* 0.207
(0.373) (0.136) (0.208) (0.148) (0.950) (0.270) (0.404) (0.370)
Land owner 0.273 -0.228 0.103 0.212 0.0672 -0.330 0.0931 0.341
(0.447) (0.164) (0.250) (0.178) (1.112) (0.317) (0.473) (0.433)
Highest degree is Bachelor or above 0.422 0.182 0.124 0.0426 0.453 0.134 -0.0494 0.425
(0.363) (0.133) (0.203) (0.144) (0.947) (0.270) (0.403) (0.369)
Education agriculture-related -0.519 -0.161 -0.234 -0.0320 -1.005 -0.265 -0.448 0.192
(0.345) (0.126) (0.193) (0.137) (1.225) (0.349) (0.521) (0.477)
Years of farming experience -0.0369***  -0.00467  -0.0181*** -0.00938** | -0.0385**  -0.00540  -0.0185** -0.0105
(0.0111) (0.00406)  (0.00620)  (0.00441) (0.0179) (0.00509)  (0.00760)  (0.00696)
Gross income (1000 dollars) 0.000496 -0.000380  0.0000392  0.000190 -0.00456 -0.00154  -0.0000457 -0.000602
(0.00178)  (0.000652) (0.000996) (0.000708) | (0.00990)  (0.00282)  (0.00421)  (0.00385)
% gross income from farming 2.568*** 0.757*** 1.158*** 0.410 4.151* 0.743 1.269 1.325
(0.646) (0.237) (0.361) (0.257) (2.303) (0.656) (0.980) (0.897)
% gravity irrigated acres 0.0231 0.556** -0.522 0.0889 9.754 1.259 1.157 2.945
(0.752) (0.275) (0.420) (0.299) (11.36) (3.234) (4.830) (4.423)
% irrigation water from groundwater 0.958* -0.0193 0.570* 0.188 0.0152 0.0685 0.204 0.234
(0.550) (0.201) (0.308) (0.219) (1.825) (0.520) (0.776) (0.7112)
Concerned water shortage may occur in
state -0.301 -0.0543 0.0939 -0.328** -0.507 -0.182 -0.0390 -0.0773
(0.367) (0.134) (0.205) (0.146) (1.042) (0.297) (0.443) (0.406)



Seemingly Unrelated Regressions

Three-stage least squares

1) (2) ®) (4) (5) (6) () (8)
Total Rice Soybean Corn Total Rice Soybean Corn
Mean daily temperature in previous 30
years (°F) -0.0118 -0.167** 0.0486 0.120 -0.0969 -0.152 0.106 -0.109
(0.215) (0.0788) (0.120) (0.0856) (0.598) (0.170) (0.254) (0.233)
Average annual precipitation in previous
30 years (Inch) -0.105 -0.00216 -0.0815 -0.00319 -0.0676 -0.0106 -0.0929 0.0632
(0.111) (0.0406) (0.0620) (0.0441) (0.220) (0.0628) (0.0937) (0.0858)
% participated in government program
(County level) 0.156 0.132 -0.137 0.395 0.293 -0.0558 -0.0981 0.717
(0.909) (0.333) (0.508) (0.362) (1.740) (0.496) (0.740) (0.678)
White River 0.727 0.373** 0.321 -0.138 -0.150 0.385 0.0607 -0.235
(0.444) (0.163) (0.248) (0.177) (1.409) (0.401) (0.599) (0.549)
Delta 1.251** 0.324* 0.624** -0.119 0.861 0.435 0.416 -0.0172
(0.520) (0.190) (0.291) (0.207) (1.212) (0.345) (0.516) (0.472)
Constant 2.574 11.72** -1.512 -8.743 1.810 10.38 -6.130 3.646
(14.64) (5.360) (8.184) (5.822) (38.64) (11.00) (16.43) (15.05)
Observations 224 224

Notes: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.
Endogenous variables: Weighted water management practices, % gravity irrigated acres
IV variables: aware of state tax credits program; family members, friends or neighbors used WMPs in the same group; other producers average % gravity irrigated acres



Table 11. Regressions of irrigated acres (1,000 acres) on the number of groups of WMPs

Seemingly Unrelated Regressions
) ) ®) (4)
Total Rice Soybean Corn
Number of categories of WMPs=1 -0.0719 -0.0605 0.180 0.149
(0.772) (0.290) (0.437) (0.308)
Number of categories of WMPs=2 0.552 0.211 0.412 0.172
(0.709) (0.266) (0.401) (0.283)
Number of categories of WMPs=3 1.803** 0.567** 0.906** 0.619**
(0.757) (0.284) (0.428) (0.302)
Number of categories of WMPs=4 0.915 0.473 0.405 0.318
(0.923) (0.346) (0.522) (0.368)
Own a flow meter 0.894** 0.249* 0.520** -0.0885
(0.368) (0.138) (0.208) (0.147)
Land owner 0.247 -0.194 0.0801 0.183
(0.436) (0.164) (0.246) (0.174)
Highest degree is Bachelor or above 0.356 0.189 0.110 0.00197
(0.352) (0.132) (0.199) (0.141)
Education agriculture-related -0.498 -0.142 -0.205 -0.0235
(0.336) (0.126) (0.190) (0.134)
Years of farming experience -0.0336*** -0.00300 -0.0170*** -0.00847*
(0.0110) (0.00414) (0.00624) (0.00441)
Gross income (1000 dollars) -0.000735 -0.000773 -0.000530 -0.0000792
(0.00173) (0.000647) (0.000975) (0.000688)
% gross income from farming 2.396*** 0.761*** 1.064*** 0.281
(0.648) (0.243) (0.366) (0.258)
% gravity irrigated acres -0.0996 0.558** -0.602 -0.0439
(0.718) (0.269) (0.406) (0.286)
% irrigation water from groundwater 0.821 -0.0835 0.536* 0.182
(0.527) (0.198) (0.298) (0.210)
Concerned water shortage may occur in state -0.196 0.0198 0.128 -0.335**
(0.362) (0.136) (0.205) (0.145)
Mean daily temperature in previous 30 years (°F) -0.00894 -0.182** 0.0596 0.140
(0.216) (0.0809) (0.122) (0.0861)
Average annual precipitation in previous 30 years
(Inch) -0.0828 0.00943 -0.0768 -0.00538
(0.111) (0.0418) (0.0629) (0.0444)
% participated in government program (County
level) 0.246 0.201 -0.113 0.392
(0.890) (0.334) (0.503) (0.355)
White River 0.781* 0.414%** 0.359 -0.128
(0.427) (0.160) (0.241) (0.170)
Delta 1.407%** 0.370* 0.686** -0.0751
(0.504) (0.189) (0.285) (0.201)
Constant 1.808 12.46%* -2.575 -10.16*
(14.70) (5.518) (8.310) (5.868)
Observations 224

Notes: Standard errors reported in parentheses; *significant at 10%; **significant at 5%, ***significant at 1%.
Only including the number of groups of WMPs used by producers as the measurement of the usage of WMPs
because the distinctive patterns observed at Table 2. Using 4 groups of WMPs might be collinear with using
advanced scheduling practices, using 3 groups of WMPs might be collinear with using water recovery/storage
practices, and using 2 groups might be collinear with using water flow control practices. Adding those
variables together might take statistical significance away for some variables.



Appendix. Summary Statistics

Variables Mean Star_lda}rd Min  Max
Deviation
Total irrigated acres (1,000 acres) 2.62 2.64 0.035 20.05
Irrigated rice acres (1,000 acres) 0.73 0.98 0 6.25
Irrigated soybean acres (1,000 acres) 1.33 1.46 0 12
Irrigated corn acres (1,000 acres) 0.35 0.97 0 10
Weighted N water flow practices in 2015 0.28 0.38 0 2
Weighted N water recovery/storage practices in 2015 0.16 0.27 0 1
Weighted N field management practices in 2015 0.52 0.51 0 2.49
Weighted N advanced irrigation scheduling practices in 2015 0.06 0.23 0 1.61
Used water flow control practices in 2010 0.37 0.48 0 1
Use water storage practices in 2010 0.37 0.48 0 1
Used field management practices in 2010 0.43 0.50 0 1
Used advanced irrigation scheduling practices in 2010 0.02 0.13 0 1
Land owner 0.82 0.39 0 1
Highest degree is Bachelor or above 0.51 0.50 0 1
Education agriculture-related 0.56 0.50 0 1
Years of farming experience 32.82 15.74 1 73
Gross income (1,000 dollars) 127.91 94.84 75 325
% gross income from farming 0.82 0.26 0.05 1
Total irrigated acres (1,000 acres) 2.62 2.64 0.035 20.05
% irrigated acres use gravity irrigation system in 2015 0.89 0.24 0 1
% irrigation water from groundwater 0.75 0.33 0 1
Concerned water shortage may occur in state 0.70 0.46 0 1
Own a flow meter 0.34 0.47 0 1
Mean daily temperature in previous 30 years (°F) 73.69 1.13 71.13 76.15
Average annual precipitation in previous 30 years (Inch) 22.27 1.66 20.66 26.36
Average aridity between 1950 and 2015 3.28 0.10 285 341
Aware of state tax credits program 0.46 0.50 0 1
% participated in government program (County level) 0.43 0.20 0 1
Family members, friends or neighbors used water flow control practices 0.87 0.34 0 1
Family members, friends or neighbors used water recovery/storage practices | 0.71 0.46 0 1
Family members, friends or neighbors used field management practices 0.92 0.28 0 1
Family members, friends or neighbors used advanced irrigation scheduling 0.49 0.50 0 1
Family members, friends or neighbors used center pivot 0.67 0.47 0 1
Family members, friends or neighbors used use computerized pipe-hole
eloction ! g P PIp 052 050 0 1
Family members, friends or neighbors used multiple inlet 0.65 0.48 0 1
Family members, friends or neighbors used surge irrigation 0.33 0.47 0 1
Family members, friends or neighbors used tail water recovery system 0.66 0.48 0 1
Family members, friends or neighbors used water recovery/storage practices | 0.71 0.46 0 1
Family members, friends or neighbors used zero grade 0.72 0.45 0 1
Family members, friends or neighbors used precision grade 0.88 0.33 0 1
White River 0.41 0.49 0 1
Delta 0.33 0.47 0 1
Observations 224




