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Abstract

This case study investigates the effect of a chamgeopping pattern involving
expanded acres of crops for biofuel feedstockherdischarge of nutrients to rivers. Annual
data from 1968-2008 on stream flow, cropped aemed precipitation for Wharton County,
Texas are used. A positive impact of increased aoreage over this period on river discharge
is identified.
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Introduction

Biofuel demand has the potential to impact croppiaiyities across United States.
Continuous cropping of a single crop, removal ef ajority of plant material, and increasing
the application of irrigation and chemical inputs pust a few examples of changes that may be
expected in production agriculture as a resultiofuel policies. Production activities that are
focused on the continuous growth and removal afnaigs can impact soil fertility, leading to an
increase in removal of plant nutrients in runoffeeting productivity and contributing to surface
and ground water contamination (Office of Techngldgsessment 1984). Moreover,
agricultural practices that expose structurallillsoil to harsh environments and land uses
leave little or no time for soil restoration andri@ase chemical losses in runoff and percolation
(Lal and Stewart 1994). Basta, Huhnke, and Sti€@/@97) evaluated the impact of agricultural
chemical runoff on water quality and found thatlaggion of chemical inputs to eroded soils is
a significant contributor to surface and grounderabntamination. Hamilton and Helsel (1995)
also noted that the major factors affecting the amof chemicals reaching water bodies from
agricultural cropland are impacted by land usetes, hydrology, sediment composition,
precipitation, and crop type.

In recent years, partly as a result of biofuelatives, there has been an increase in corn
acres in the Lower Colorado River region of TexXdational Agricultural Statistics Service
2010). River discharge in this region has beeresgsing and associated water quality has been
steadily declining. These phenomena suggest thayebe unintended consequences related to
the response of production agriculture to fedemakgy policy. This agriculture production
region offers an opportunity to estimate the imgiiens of cropping pattern changes on river

discharge and associated water quality. It is elgmected that corn acreage increases will offset



acreage devoted to other major crops in the regjigh as soybeans and grain sorghum,
including acres enrolled in a conservation prog(@okgoz et al. 2007). Improved
understanding of the effects of a cropping pattérange on discharge in this region is expected
to be useful in predicting consequences in othgiores.

Literature Review

The rapid expansion of agriculture over the past ¢enturies led to conversion of
natural or native vegetation to cultivated agrigrdt systems. Such changes to land use and
agricultural practices have significantly increassathing of chemicals to surface and ground
waters (Carpenter et al. 1998). Several studssraported a strong relationship between
cropping pattern changes and nutrient level enlraanés in watersheds across the United States
(Johnson et al. 1997; Liu et al. 2000).

U.S. federal bioenergy policy is directed towardasiol, which leads to increased
production of crop grains (high in starch). Theaxded production of biofuels provides
incentive for transforming cropping patterns maréeed grains such as corn. There is also
emphasis for harvesting biomass to convert to elharhis can lead to elimination of crop
residue at the soil surface and contribute to emxed transport of chemicals in surface and
groundwater (Johnston et al. 1981).

Increased fertilizer applications to croplands emntbff from soils with high nutrients are
some of the major causes of eutrophication (Mclsaat. 2001). Reports from United States
Department of Agriculture (USDA) indicate that 6€rpent of the soil that is lost from U.S.
croplands is deposited in streams and rivers (Department of Agriculture 1989). National
Research Council (2000) reported that over 60 p¢afethe coastal rivers in the United States
moderately to severely degrade due to nutrientknrent. These studies support the argument
that increased discharge to rivers can be attribist€ropping pattern changes; specifically,
increases in production of input-intensive crofge of the other major challenges associated
with agricultural-related water quality deteriogatiis the difficulty associated with its “hard-to-
notice” initial impacts, and by the time the immaate noticed, remedial strategies are difficult
to implement (Sharpley 1999). Although, this pagees not specifically address the issue of

non-point pollution characteristic of the agricu#tbactivity, it is worthwhile mentioning that



most agricultural activities and their associategact on water quality are a non-point pollution
issue, where it is difficult to trace back the irapan water quality to a particular farm/producer.
Most of the nutrients transported to the waterné&®through runoff result from
application of nutrients to eroded soils. Accoglia Young (1989), eroded soils contribute
three times more nutrients in runoff than healthiyss Pimentel et al. (1995) indicated soill
erosion results in limited availability of basictnants such as nitrogen, phosphorous, and
potassium for crop production. Scanlon et al. 308ported that degradation of water quality
in irrigated agricultural regions is similar to tiwd rain-fed regions, which is a result of fedér
leaching, salt mobilization, etc. Based on thevababservations, the goal of this research is to
estimate river water discharge levels in the Lo@elorado River region of Texas as a result of
increased cropping activity and shift in croppiraiterns, as a consequence of the policies aimed
at increasing the biofuel crop production. It isased that in increased discharges from
cropland to rivers, there are increased levelautients since they are not specifically estimated

in this study.

Data

Annual river water discharge into the Lower Cotlw&iver Basin for the years 1968 to
2008 periods for Wharton County, Texas (Latitud€ 28'32”, Longitude 96 ° 06'13") were
used in this study. The data were obtained fro8. Geological Survey (USGS) surface water
statistics (U.S. Geological Survey 2010). Therthge area for the study region extends over
42,003 square miles. Annual precipitation datalerregion were obtained from the Texas
Water Development Board (2010). Monthly data wareraged to obtain annual values for the
analysis.

Annual county agricultural statistics for the peril968 to 2008 were obtained from the
National Agricultural Statistics Service (2010)helnumber of irrigated acres planted to corn,
the primary biofuel crop, was used for this anaydtederal mandates for biofuel production
resulted in expansion of crop acreage and shiftsdpping patterns (Malcolm and Aillery
2009). Hence, a biofuel dummy was included to antéor the biofuel policy effect. The
Energy Policy Act of 1992 provided strong incensifer the use of renewable fuels in the
United States; hence, a dummy variable, which captthe effect of a policy aimed to include

renewable fuels, was included. The dummy varitdites on a zero value prior to 1992 and a



value of one in each year from 1992 onwards. Sumstatistics of the variables constituting

the data set are provided in Table 1.

Table 1 Selected Descriptive Annual StatisticstierLower Colorado River Region, Wharton
County, 1968-2008

Variable Mean Std. Dev. Min M ax Obs.
Precipitation (inches) 43.87 9.87 23.62 62.12 41
River discharge (cfs) 2,837.74 2,069.98 691.8 11,120 41
Corn acres 42,878.05 20,622.6 8,500 96,200 41
Logriver discharge 7.72 0.68 6.54 9.32 41

cfs: cubic feet per second
Sources: National Agricultural Statistics Servig®10), Texas Water Development Board
(2010), and U.S. Geological Survey (2010).

Methodology and Results
A model was formulated whereby dischargg)(is a function of area of planted irrigated

corn (4;), precipitation P; ), and the biofuel dummy variabl8y) :

qr = f(Pt'At,Bt)-

The distribution of discharge was found to be sb@vhence, a log transformation is used
for the discharge variable. Therefore, the ansligsconducted by evaluating the
logarithmically-transformed discharge, i.¢,,= [nQ;. Precipitation is divided by the discharge
variable to evaluate changes in the dischargeptation relationship. Finally, a model is
applied that allows for the discharge-precipitatielationship to be a function of planted
irrigated corn area. The final relationship isreated using a generalized additive model, with
S(A;) as a smoothing function of the acreage. The asitbm of S@,) resulted in a straight line,
indicating a linear relationship. Therefore theafimodel is a linear model, which has an
interaction term¥,P; .

Pimentel et al. (1995) notes that one-half ofahmunts of nutrients applied and
remaining in soil are lost following a heavy raihfeHence, a precipitation variable was

included in the analysis. Linear and quadrati igtween log-discharge and precipitation were



examined with Akaike information criteria (AIC) alyesian Information Criteria (BIC),
where it was concluded the linear model was a bfttdence, a linear precipitation term was
subsequently used for the analysis.

Irrigated corn acres planted in the county inaedasy 350 percent from 1968 to 2008
(National Agricultural Statistics Service 2010).s#nilar procedure to that used for the
precipitation variable was employed for the acreagy@ble. Again, the linear form performed
best based on the above AIC and BIC criteria. Sieste also conducted to check for the
presence of heteroskedasticity and autocorrelafidgre LM test for autoregressive conditional
heteroskedasticity and the Bruesch-Godfrey LM fimsautocorrelation in time series data were
performed. Both tests failed to reject the nugngying absence of autocorrelation and
heteroskedasticity.

Over time, several factors can contribute to #well of contaminants reaching water
bodies. A time variable was included to captueettknd effects, such as improvements in
conservation efforts, change in conservation padicetc. Regression results from the analysis

are presented in Table 2.

Table 2 Estimates of the Model Fitted by Generdliadditive Model Function for the Lower
Colorado River Region, Wharton County, 1968-2008

I nter cept Precipitation Acresx precipitation Biofuel dummy Y ear #Ad;.
R-sq
7.778* 0.021** 7.54e-07** 0.040 0.006 0.192
(0.231) (0.012) (1.46e-07) (0.220) (0.020) (0.105)

* and ** indicates variable significant at one dne percent level, respectively.
Standard errors in parentheses, #f-value in pagsath

The coefficient on precipitation is positive angngficant at the five percent level,
indicating a positive effect of annual rainfall thre discharge to the river. The estimate on the
acres-precipitation interaction term equals 7.34%and is also significant at five percent level,
showing that the discharge is significantly affelcby the area of planted irrigated corn.
Coefficients on the biofuel dummy and year aregtatistically significant. Higher-order
polynomials for the trend variable were also tested found to be insignificant. Figure 1 is an

illustration of the fitted values of log discharge.
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Figure 1: Log-discharge for the Lower Colorado Rifgr years 1968-2008. Also shown are the corn
acres for the region during the same time peri®dojected river discharge levels for 25, 50, T 400
percent increases in irrigated corn crop acreslageshown on the graph as dots for 2025.

With future assumed changes in crop acreagedirgstiom ethanol feedstock
production expansion, the model is applied to mtoppanges in discharges to the Lower
Colorado River, specifically with respect to incsed irrigated corn acreage. The projections of
discharge were done with expansion of irrigatech @ares by 25 percent, 50 percent, 75 percent,
and 100 percent. By the year 2025, utilizingdimeulated precipitation values, an increase in
irrigated corn acreage by 100 percent is estimi@t@ucrease discharge to the river by 34.3
percent. This increase in acres is anticipatedpoesent a major increase in irrigation water use
and, ultimately, result in increased nutrient expatio the Lower Colorado River. Table 3 is a
summary of the discharge levels to the river atag®imed respective level of crop acres.



Table 3 Projected River Discharge Levels due toelased Corn Crop Acreages in the Lower
Colorado River Region, Wharton County, for 2025.

Increasein river discharge by increasing per centage of corn acres by

Present acres 25% 50% 75% 100%

River Discharge (cfs) 7.725 7.754 8.356 8.878 10.376

Summary and Conclusions

Statistical analysis of annual discharge and prtion in the Texas Lower Colorado
River basin for 1968 to 2008 suggests that incnggisiigated corn acreage increased the
discharge to the river. This result is consisteitih the work of Schilling et al. (2010) who
suggested cropping activities were more importaan tclimate change in affecting discharge to
a river. Quantifying the magnitude of crop acreedi@ence, irrigated corn acreage in this case,
on increasing river flow is an important benchmfanrkassessing the significance of cropping
patterns change on regional water patterns. dse s based on the Lower Colorado River
basin. A purpose of this exercise was to emphdbketeenergy (or other) policy can have
unintended consequences, suggesting a need fatdsraaalysis before implementation. All

regions are unique with specific characteristicakimg a generalized conclusion invalid.
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