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ABSTRACT

THE IMPACTS OF LAND USE AND LAND COVER CHANGE ON WATER

QUALITY IN THE BIG SIOUX RIVER: 2007 — 2016

DINESH SHRESTHA
2019

Between 2006 and 2012, conversion of 485,000 acres of grassland to cropland in
eastern South Dakota was reported. In 2012, the Big Sioux River (BSR) running through
most of eastern South Dakota was listed among the dirtiest rivers in the nation. This
rating convinced state authorities to study trends of land cover changes in the BSR
watershed and its association with BSR water quality with respect to increases in nitrate
levels. This research i) quantifies spatial and temporal changes in the land cover types
within the BSR watershed, and ii) identifies any correlation between these changes and
changes in BSR nitrate levels. It uses the Cropland Data Layer (CDL) to characterize and
determine rates of Land Cover Changes (LCC), and the non-parametric Mann-Kendall
test to identify statistically significant increasing and decreasing LCC trends within the
BSR watershed. Similarly, nitrate data collected from 11 gauging stations operating in
the BSR watershed were analyzed using the Mann-Kendall test to identify any trends.
For all the land cover classes and gauging stations that were identified as statistically
significant, a Sen’s Slope estimate was used to estimate their magnitudes. Only
Corn/Soybean and Grassland acreage displayed a significant increasing and decreasing
trends, respectively whereas remaining classes including Other Crops, Water, and

Developed didn’t show any trends and were considered as classes having “No Trend”.



Xiii

Similarly, out of 11 gauging stations, one station (SD Codington K06) showed a
significant increasing trend, one station (MN Pipestone 099) showed a decreasing trend
and remaining other stations didn’t show any trends and were considered as gauging
stations having “No Trend”. In general, there was insufficient evidence to conclusively
link changes in Corn/Soybean LCC to changes in nitrate levels. The results of this
research suggest that changes should be made to gauging station locations and sampling
frequency, particularly on smaller tributary rivers and streams within the watershed.

Keywords: the Big Sioux River basin, water quality, Nitrates, Mann-Kendall test,
Sen Slope estimator, NASS CDL dataset, land use/land cover, East Dakota Water

Development District (EDWDD)



CHAPTER 1: INTRODUCTION

1.1 Background

Corn requires very large quantities of soil nitrogen for its growth, development,
and reproduction (Alexander et al. 2008). Nitrogen in the soil is obtained from
atmospheric nitrogen and is fixed into the soil by legumes such as alfalfa and soybeans
(Alexander et al. 2008; Clay et al. 2014). Since corn has a shallow root system, it cannot
easily absorb nitrogen (Leaver 1991; Hudson 1994; Malcolm and Aillery 2009). Natural
fixation of nitrogen in soil is a slow process and farmers are sometimes required to add
synthesized fertilizer containing sufficient quantities of nitrogen to corn to increase its
uptake (Malcolm and Aillery 2009). Unfortunately, corn utilizes only 30% - 50% of
applied nitrogen fertilizer (Cassman 1999; Smil 1999), and the remaining nitrogen
leaches into local water systems during rainfall events (Vitousek et al. 2009).

After the Environmental Protection Agency (EPA) banned methyl tertiary butyl
ether (MTBE) in 2000 and recommended ethanol as a substitute fuel additive (Gruchow
2007), the acreage devoted to corn production significantly increased in parts of the U.S.
This happened because corn is the most important component in ethanol production
(Wright and Wimberly 2013; Clay et al. 2014; Reitsma et al. 2015). The increase in corn
acreage resulted in additional total nitrogen fertilizer use, which led to a significant
increase in free nitrogen leaching into local water supplies (Alexander et al. 2008; Clay et
al. 2014).

Nitrogen leaching into waterways increases the concentration of nitrates in the

water. Elevated nitrate levels in a human population’s water supply may lead to the onset



of medical conditions such as methemoglobinemia (“blue baby syndrome™) in children,
and thyroid and bladder cancer in adults (Yu and Chen 1996; Schlesinger and Emily
1997; lowa Environmental Council 2016). In addition to the deterioration in human
health caused by excess consumption of nitrates, increased nitrogen leaching can lead to
disturbances to the equilibrium of an aquatic ecosystem (Paul 2016), such as
eutrophication (algal blooms) in rivers and hypoxic zones in coastal waters.

To prevent deterioration of human health and the local aquatic ecosystem, it is
therefore important to reduce nitrogen leaching. This reduction can be achieved with the
implementation of advanced fertilizer management techniques such as crop rotation
(alternating planting of corn with the planting of legumes to restore soil nitrogen levels),
and determination of an appropriate application regimen with respect to timing and
optimal nitrogen quantity given local soil conditions (Malcolm and Aillery 2009). With
proper fertilizer management, corn yields can also be significantly increased, resulting in

improvement to the local economy.

1.2 Problem Statement

Reitsma et al. (2015) estimated that 485,000 acres of grassland were converted to
cropland throughout eastern South Dakota between 2006 and 2012. Most of the region is
drained by the Big Sioux River (BSR) watershed. During this time, the East Dakota
Water Development District (EDWDD) reported increasing nitrate levels in the BSR
(eastdakota.org 2016). In 2012, the Rapid City Journal published an Associated Press
article ranking the BSR as one of the “dirtiest” rivers in the U.S (Associated Press 2012).
Some studies claim that point sources, such as municipal sewage runoff, are causing

increased pollution in the BSR. Other studies, however, claim other sources are polluting



the river, such as nitrogen leaching stimulated by the increased grassland-to-cropland
conversion and application of synthetic fertilizers. Therefore, it is important to identify
trends in land cover changes (LCC) in the BSR watershed and to determine whether a
causal relationship exists for the observed trend in BSR nitrate levels. Elevated nitrate
levels in the BSR are of great concern, especially since the BSR flows through Sioux
Falls and other communities in the region where a significant percentage of the state’s

population is concentrated.

1.3 Objectives
The objectives of the research presented in this work were the following:
1. Identify and characterize LCC trend(s) in the BSR watershed:
e How much grassland was converted to acreage for corn and soybeans
between 2007 and 20167
e How much existing corn and/or soybean acreage was restored to
grassland during this same period?
2. Identify and characterize the temporal and spatial trends of BSR nitrate levels:
e How much did BSR nitrate levels change between 2007 and 2016?
e Which portions of the BSR exhibited the most changes?
3. Determine whether the change in levels represents a consistent trend.
e Determine whether any relationship identified between LCC and

changes in BSR nitrate levels is causal.



1.4 Hypothesis
This research hypothesizes a significant positive correlation between the increase in

corn acreage and the observed increase in BSR nitrate levels.

1.5 Significance of Thesis

Nitrates and other pollution in the BSR watershed can contribute to the creation of
hypoxic zones in the Gulf of Mexico, as the BSR empties into the Missouri River and it
empties into the Mississippi river (Alexander et al. 2000; Rabalais et al. 2002; Scavia and
Donnelly 2007; Strauss, Grossman, and DiMarco 2012), potentially impacting fishing
and other industries dependent on a healthy aquatic ecosystem. In addition, the adverse
health effects of excess nitrate consumption could affect a significant percentage of the
U.S. population that lives along these waterways. The full degree to which BSR nitrate

pollution contributes to these issues, however, has yet to be studied.

1.6 Thesis Organization

This thesis is organized as follows. The background, thesis statement, hypothesis,
and objectives of the study are presented in Chapter 1. Chapter 2 gives a literature
review on the impacts of LCC on water quality. Chapter 3 presents the data and methods
used in the thesis research including descriptions of various LCC scenarios applicable to
the contiguous U.S, the National Agricultural Statistics Service (NASS) Cropland Data
Layer (CDL), the Mann-Kendall (MK) nonparametric hypothesis test, Sen’s slope
estimator, and linear regression models. Chapter 4 reports the results obtained for
objectives 1 and 2. Chapter 5 presents a discussion on objectives 1 and 2 and justifies
objective 3. Finally, Chapter 6 summarizes the thesis research and lists potential future

research directions.



CHAPTER 2: LITERATURE REVIEW

2.1 Historical Land Use and Land Cover Change Analysis (to 2000)

The U.S. has a long history of land management practices, dating back a century
or more. During the Dust Bowl in the 1930s, farmland management began to focus on
soil conservation practices and the adoption of advanced tillage and irrigation
technologies (Chin 2012; Clay et al. 2014; Reitsma et al. 2015), with the goals of i)
conserving fertile topsoil; and ii) supporting higher yields per acre (Napton and Graesser
2011). Traditional corn growing practices of using manure as a natural fertilizer or
planting legumes to increase soil nitrogen levels (Perry, Robbins and Barnes 1988) were
largely stopped in favor of using synthetic fertilizers, pesticides, and herbicides to
increase yields during mid nineteenth (Malcolm, Aillery, and Weinberg 2009; Clay et al.
2014; Reitsma et al. 2015).

During the 1950s, the Federal Agriculture Act of 1956 (also known as the Soil
Bank Program) was enacted (Stubbs 2014). Under this program, landowners who
voluntarily retired their land from farming received payments from the federal
government (Helms 1985). The purposes of this program were to reduce production of
basic crops, maintain farm income, and conserve soil (Helms 1985). However, the
program as initially enacted lasted only three crop seasons.

Throughout the 1960s and in the 1970s, concerns were raised about the effects of
existing land management practices on water quality and potential threats to wildlife
habitats. The Clean Water Act (1972) focused on improving non-point runoff
management practices on farms (National Water Quality Monitoring Council, 2007).

The Endangered Species Act (1973) focused on protecting wildlife habitats from the



effects of urban and rural “sprawl” (Kayden 2000; Nolon 2006, 824, 834, 846). The
Water Pollution Control Amendments of 1972 (PL 92-500) and the Clean Water Act of
1977 (PL 95-217) extended the 1972 act, authorizing state and federal water quality
programs (Vladimir 2004; WHO 2015; Knobeloch et al. 2000; lowa Environmental
Council 2016) intended to restore and maintain the chemical, physical and biological
integrity of the nation's waters.

In 1985, the U.S. Department of Agriculture developed the Conservation Reserve
Program (CRP), which authorized adoption of cost-sharing and land rental with the goals
of reducing land erosion, improving water quality through restoration of wetlands and
field buffers, reducing fertilizer use, and increasing wildlife habitat (Napton and Graesser
2008; Grossman and Gary 2012; Stubbs 2014). Under this program, the federal
government leased the land for 10 years and the farmers received annual payments.
(Stubbs 2014). The program intended to remove environmentally sensitive cropland
from production and facilitate its conversion to more diverse vegetative cover, such as
native bunchgrasses and grasslands, riparian buffers, filter and buffer strips, windbreak
and shade trees, and grassed waterways (Napton and Graesser 2008; Grossman and Gary
2012; Stubbs 2014; Hellerstein 2015).

Beginning in 1996, however, the focus on environmental protection began to shift
in favor of economic interests. The crop insurance program, which had initially
discouraged farmers from converting wheat acreage to corn (Claassen et al. 2011;
Morgan 2008) was ended. Disaster relief programs, which provided financial and

technical assistance to help conserve agricultural lands (Wright and Wimberly 2013,



4135) were enacted that increased incentives to discontinue CRP enrollment and replant
crops, particularly corn.

From the 1970s to 2000, despite the efforts of the CRP, significant amounts of
natural grassland in the U.S. were converted for cropland use (Napton and Graesser 2011;
Waisanen 2003, 1). Much of the conversion occurred (Waisanen 2003; Clay et al. 2014;
Wright and Wimberly 2013; Reitsma et al. 2015) in the Western Corn Belt Plains
(WCBP) and North Glaciated Plains (NGP) ecoregions (Omernik 1987; Omernik 1995;
Waisanen 2003). In the WCBP ecoregion (located in lowa, Minnesota, Kansas,
Nebraska, and eastern parts of North and South Dakota), land use changes were mainly
characterized by conversion of pastureland and grassland to production of wheat
(1,037,843 acres), corn (506,566 acres), and soybeans (177,916 acres) (Waisanen 2003,
1). Similarly, in the NGP ecoregion (located in western North and South Dakota, western
Nebraska, and parts of eastern Montana), almost 7.7 million acres of cattle rangeland
were converted to cultivated crop production between 1997 and 2007 (Claassen et al.
2011). This basically led to westward expansion of corn cropland in WCBP ecoregion

which impacted the land use and land cover in the eastern South Dakota.

2.2 Historical Land Use and Land Cover Change Analysis in South Dakota (2000 -
2015)

In 2000, the EPA under the Energy Independence Act, banned the use of methyl
tertiary butyl ether (MTBE) as a gasoline additive and recommended the substitution of
ethanol (United States Environmental Protection Agency 2003; Gruchow 2007; Napton
and Graesser 2011). In 2007, the EPA formally mandated its use. As the Energy

Independence Act required the county to produce energy on its own, and corn being a



good source for ethanol, the more emphasis was given to corn production (Napton and
Graesser 2011). This mandate, and the establishment of federal subsidies for corn and
ethanol production, resulted in the construction of 18 new bioethanol plants in eastern
South Dakota alone. The plants stimulated demand for corn, leading to higher corn
prices (Koplow and Earth Track Inc. 2006; Gruchow 2007; Westcott 2007; Napton and
Graesser 2011, 8; Clay et al. 2014; Reitsma et al. 2015) and a significant increase in
grassland-to-cropland conversion. An ethanol plant in South Dakota typically requires
approximately 4 to 5 million bushels of corn per year depending upon the number of
markets within a 150-mile radius of the plant (McNew and Griffith 2005).

Interestingly, studies show that in both ecoregions, grassland conversion between
2006 and 2011 was concentrated in North Dakota and South Dakota; both states possess
large grassland acreage generally suitable for crop production (Napton and Graesser
2011; Wright and Wimberly 2013; Olimb 2013). Wright and Wimberly (2013) reported
that South Dakota alone lost 1.8 million acres of grassland to cropland. Focusing on
acreage located east of the Missouri River, Reitsma et al. (2015) estimated the conversion
of approximately 239,000 acres in northeastern South Dakota, 163,000 acres in east-
central South Dakota, and 83,000 acres in southeast South Dakota. This amounts to
approximately 485,000 acres or 33% of the total grassland-to-cropland conversion in the
state.

The factors that impacted the grassland-to-cropland conversion are discussed

below:



2.2.1 Economic Development:

The three critical factors influencing agricultural profitability are (i) the yield per
acre; (ii) the price per bushel received for the crop; and (iii) the total cost of production
(Janssen et al. 2013; Wright and Wimberly 2013; Clay et al. 2014; Reitsma et al. 2015).
Reitsma et al. (2015) state that between 2006 and 2012, corn prices increased by 192%,
from U.S $2.28 per bushel to U.S $6.68 per bushel (National Agricultural Statistics
Service 2014). During the same period, soybean prices increased by 148%. The
increasing demands for corn and escalating profits from cropland resulted in a 53% drop
in the profitability of cattle farming from 2002 to 2008 (Mousel 2010). During the same
period, the yield per acre and total cost of production also increased. The increase in
agricultural profitability is associated with an increase in grassland-to-cropland

conversion.

2.2.2 Government Policies:

Government policies can simultaneously encourage and/or discourage land-use
change (Reitsma et al. 2015). Under the CRP program during the 1980s, the government
encouraged landowners to convert erosion-prone cropland to native grassland by
providing rental payments. However, the government’s mandated substitution of ethanol
for MBTE and increasing profits from converted cropland switched the interest of many
landowners towards active farming. As a result, the enrollment of cropland in the CRP
has been steadily decreasing since 2006 (Nickerson et al. 2012; Janssen et al. 2013,
Reitsma et al. 2015). Between 2007 and 2014, the amount of CRP-enrolled land in South
Dakota alone decreased from approximately 1.5 million acres to approximately 699,000

acres (Farm Service Agency 2015). Similar levels of decrease occurred in neighboring



10

North Dakota and Montana. Higher cropland rental rates and greater overall profitability
in cropland likely encouraged farmers to devote more of their land to crop cultivation
(Mann 2010; Janssen et al. 2013). Additionally, other government programs such as
federal crop insurance (Claassen et al. 2011), inheritance laws and property tax
assessments, and disaster relief programs (Wright and Wimberly 2013, 4135) greatly

influenced the grassland-to-cropland conversion.

2.2.3 The Collapse of the Rotational Sequence:

Alfalfa, a legume, was commonly planted in rotation with corn (Sainju et al.
2009; Reitsma et al. 2015). It benefited corn production by improving weed control and
soil health and reducing disease pressure, but only when planted for four successive
growing seasons or more. However, the increased profitability from corn cropland
provided landowners incentives to reduce alfalfa planting to fewer than four seasons,
essentially eliminating the rotation sequence (Lubowski et al. 2008; National Agricultural
Statistics Service 2014). This reduction in alfalfa planting necessitated the use of
synthetic fertilizers and pesticides/herbicides to maintain overall soil nitrogen levels and

soil health.

2.2.4 Technology Improvements:

Improvements in technology have played a vital role in grassland conversion to
cropland in the U.S. (Clay et al. 2014). The use of heavy equipment led to reduced labor
costs while contributing to increased total production (Gruchow 2007; Du and Hayes
2008).

Globally, grassland-to-cropland conversion maybe driven by the need to feed an

increasing population (Seré, Henning, and Jan 1995). Significant conversion of native
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forests, shrublands, and grasslands to cropland occurred, beginning in the late nineteenth
century (DeFries et al. 1999; Raun et al. 1999; Clay et al. 2014; Chaplin-Kramer et al.
2016). The intense land use changes affected local, regional, and global ecosystems and
associated environmental processes (Gilbert 1987; DeFries et al. 2004; Huntington 2006;
Ellis and Pontius 2007; Turner et al. 2007; Lambin and Meyfroidt 2011; Sleeter et al.
2013). In countries including Ethiopia, (Fowler and Rockstram 2001), Turkey
(Evrendilek et al. 2004), and Brazil (Muller et al. 2004; California Electric Transportation
Coalition 2013; Strassburg et al. 2014), the loss of fertile topsoil was reported because of
grassland-to-cropland conversion.

With the excessive use of fertilizers, these changes account for lower soil carbon
levels (Bowman et al. 1990; Gebhart et al. 1994; Unger 2001; Guo and Gifford 2002),
sediment run-off (Gangolli 1994; Fargione et al. 2009), diminished water quality (Wu et
al. 1999; Schilling and Zhang 2004; Reitsma et al. 2008; Chaplin-Kramer et al. 2016),
climate change through emission of the greenhouse gas nitric oxide (N20) (Davidson et
al. 2012; Reimer et al. 2017, 1), and a loss of biodiversity (Herschy 1998; Kalkhoff et al.
2001; Townsend et al. 2003, 240; Goulart, Salles, and Saito 2009; Ward et al. 2009, 352;

Davidson 2012, 1).

2.3 Land Use and Land Cover Change and Water Quality

Historically, when farmers added natural substances such as manure or grew
legumes to add nitrogen to the soil (Perry, Robbins and Barnes 1988), nitrogen leaching
into nearby water supplies was minimal. Low-impact technologies such as crop rotation,
tillage conservation practices, and irrigation also minimized nitrogen leaching and

conserved fertile topsoil, increased production, and supported higher yields per acre
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(Napton and Graesser 2011; Chin 2012; Clay et al. 2014; Reitsma et al. 2015). With the
use of nitrogen-based and other synthetic fertilizers, leaching of soil nitrogen
significantly increased (Malcolm, Aillery, and Weinberg 2009; Clay et al. 2014; Reitsma
et al. 2015).

Nitrogen contamination in water has an adverse economic effect. For example,
algal blooms in the Gulf of Mexico resulted in millions of dollars of damage to the
tourism and fishing industries (Downing et al. 1999). Similarly, the Des Moines Water
Works spends between $4,000 and $7,000 per day to remove nitrates that accumulate in
the lower river basin (Des Moines Water Works Lawsuit Questions 2016, 12). In
addition, it can lead to a loss in biodiversity, modification in vegetation, and reduced crop
productivity, which can weaken industries dependent on a healthy natural ecosystem
(Townsend et al. 2003, 240; Ward et al. 2009, 352; Fargione et al. 2009; Davidson 2012,
1).

Nitrogen leaching into a river system or other water body results in diminished
water quality. Li et al. (2009) found that the levels of aquatic vegetation in the Han River
in central China were significantly (negatively) correlated with water quality. Similarly,
Alexander et al. (2008) stated that corn and soybean production alone contributed 52%
and 25% of the total nitrogen and phosphorous contamination, respectively, in the Upper
Mississippi River Basin. Moreover, excessive nitrogen in water leads to eutrophication
of surface water and formation of coastal dead zones (for example, Black Sea, Adriatic
Sea, and Chesapeake Bay) (Smith et al. 1999; Petreson, and Brakebill 1999; Alexander
2000; Rabalais et al. 2002; Jha et al. 2007; Scavia and Kristina 2007; Chin 2012, 3;

Davidson et al. 2012; Strauss 2012; Reimer et al. 2017, 1).
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Grassland-to-corn acreage conversion is associated with nitrogen leaching
because (1) unlike grassland and non-corn acreage, corn requires extensive fertilizer and
pesticide application; and (2) corn has a shallower root system that cannot efficiently
uptake nitrogen (Leaver 1991; Hudson 1994; Malcolm and Aillery 2009). Corn utilizes
only 30-50% of applied nitrogen fertilizer (Cassman 1999; Smil 1999); the remaining
nitrogen leaches into water systems during rainfall events that saturate the soil (Vitousek
et al. 2009). In addition to soil moisture, other properties affecting the degree of nitrogen
leaching are soil aeration, soil texture, soil drainage, the degree of slope to the land, soil
and ambient air temperature, soil salt content (Rose, Chichester, and Phillips 1983;
Ditxler and Tugel 2002), and the amount of free nitrogen (Perry, Robbins and Barnes
1988). The free nitrogen forms water-soluble nitrate compounds (Gangolli 1994; Perry,
Robbins, and Barnes 1988); any excess not utilized by the growing plants is available for
leaching (Smil 1999; Ditxler and Tugel 2002).

Methods intended to reduce nitrogen leaching are available. These include
management of the timing and rate of fertilizer application, and management of
irrigation. However, these methods are affected by unpredictable weather fluctuations
(Perry, Robbins and Barnes 1988; Leaver 1991; Hudson 1994; Malcolm and Aillery
2009; Chin 2012; Davidson et al. 2012; Clay et al. 2014; Reitsma et al. 2015; Reimer et

al. 2017).

2.4 Land Use and Land Cover Change and Water Quality in the Big Sioux River
Watershed
In 2012, the Big Sioux River (BSR) was listed as the 13th dirtiest river in the

nation (Associated Press 2012). The main causes of contamination within the BSR basin
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were fecal coliform bacterial contamination, total suspended solids, and
nitrogen/phosphorous nutrient runoff (Priner 2016). In Sioux Falls, the city wastewater
treatment plant and John Morrell were identified as the two major point sources
(Associated Press 2012). The presence of nitrogen in other parts of the basin results
primarily from runoff from livestock operations, wet weather discharges and storm
sewers within municipal areas, nutrient runoff from nearby croplands, and inflow from
tributaries (Dieterman and Charles 1998; Priner 2016). Nationally, runoff carrying the
sediments and nutrients from agricultural land is the major non-point source of pollution
(Corwin 1999).

Currently, various water authorities including the USGS, the South Dakota
DENR, the East Dakota Water Development District, the South Dakota Association of
Conservation Districts, and the Sioux Falls Downtown River Greenway Project are
involved in efforts to clean up the BSR (Associated Press 2012). Part of the cleanup
process involves identification of pollution sources and mitigating their causes
(Associated Press 2012). In addition, the South Dakota Nonpoint Source Pollution
Management Program focuses primarily on control of nonpoint source pollution through
Best Management Practices (BMPs) and holistic resource management plans—manage
the land, grazing animals, and water in better ways (Priner 2016).

High nitrate concentration in water systems is a major concern to the general
public and various water resource authorities, as removing nitrates from water is
expensive but does not necessarily resolve the issue (lowa Department of Natural
Resources and South Dakota Department of Environment and Natural Resources 2007,

Kreiling 2016; lowa Environmental Council 2016). As mentioned earlier, the Des
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Moines Water Works (DMWW) spends between $4,000 and $7,000 per day on the
removal of nitrate compounds accumulating in the lower Des Moines river basin (Des
Moines Water Works Lawsuit Questions 2016, 12). On March 16, 2015, the Board of
Water Works Trustees of Des Moines filed suit, demanding that upstream farmers not
pollute the water, or else contribute to the cost of water denitrification (Des Moines
Water Works Lawsuit Questions 2016, 15). Fearing similar lawsuits, public water
authorities in South Dakota, including the EDWDD became concerned about the possible
consequences of elevated nitrate levels in the BSR.

The pollution in the BSR could be associated with the significant grassland-to-
cropland conversion in the BSR watershed. It is likely that nitrogen leached from the
cropland in the basin remains in the BSR River. The presence of nitrogen in water as
nitrate may cause several human health issues to the population that consume BSR water.
The full degree to which BSR nitrate pollution contributes to these issues, however, has

yet to be studied.
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CHAPTER 3: DATA AND METHODS
As stated in Chapter 1, the objectives of this research are to quantify the spatial
and temporal changes in the land cover types within the BSR watershed and associate
these changes with BSR nitrate levels. In this chapter LCC trends in the BSR watershed
and temporal and spatial trends relating to BSR nitrate levels are identified and
characterized. In addition, analyses are performed in an attempt to determine whether
identified relationships between LCC and BSR nitrate levels are causal or only

correlative in nature.

3.1 Geographic Location of Study Area

Map 1 shows a representation of the BSR watershed and provides a detailed
description of its geographic location. Flowing south for approximately 420 miles from
Roberts County in South Dakota until its confluence with the Missouri River in Sioux
City, lowa, it drains an area of approximately 6,000 square miles of eastern South Dakota
and an additional 3,000 square miles of Minnesota and lowa (Priner 2016, 75; Rothrock
1943; eastdakota.org 2016).

The BSR watershed is South Dakota’s most heavily populated region, containing
several of the state’s largest cities, including Watertown, Brookings, and Sioux Falls
(Priner 2016, 75; Associated Press 2012). With fertile soils, relatively abundant
precipitation, and easy access to irrigation, agriculture is the primary source of income
for the people living in the region; its five most valuable agricultural products are
cattle, corn, soybeans, wheat, and hogs (Reitsma et al. 2015, 2363). In addition, the

region also contains the majority of South Dakota’s light manufacturing, food processing,



and wholesale industries. Generally, nitrate pollution in the BSR comes from a point

source, such as municipal waste treatment units or ethanol plants.
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Map 1: Study Area - The Big Sioux River Watershed that drains majority of

eastern South Dakota and parts of Minnesota and lowa.

3.2 Overall Study Design
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This study uses the National Agricultural Statistic Service (NASS) Cropland Data

Layer (CDL) to characterize and determine the rates of LCC, and the non-parametric
Mann-Kendall test to analyze increasing and decreasing trends of land-cover change in
the BSR. Similarly, it used the nitrate data from the gauging stations in the BSR

watershed to determine the nitrate trends in the BSR. Land-cover change trends and

nitrate trends, represented by Sen’s Slope estimation of their magnitudes, are determined

in separate process flows. Finally, a linear model of nitrate concentration vs. percentage



of land cover classes is constructed (Figure 1). These methods will be discussed in

greater detail in Sections 3.3, 3.4 and 3.5.

Reclassmed CDL Nitrate Data from all
(2007 - 2016) gauge stations

(o] - <Er 2> -

Yes

CC Trends vs Nitrate Trends
Relation

Figure 1: The Flowchart for Data Collection and Analysis

3.3 Land Cover Change Trend
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The determination of land use and land cover change trends involve the following

steps (Figure 2):

e Download the digital elevation model (DEM) raster file for the study area and

delineate the watershed region.



extent of the study area.
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Download the CDL datasets from 2007 through 2016 and clip them to the

e Resample all 56m CDLs to 30m and reclassify all the CDLs into five groups:

Corn and Soybeans, Other Crops, Water, Developed, and Grassland.

e Calculate the area for each class type for the years 2007 through 2016

e Perform the Mann-Kendall test and generate Sen’s slope estimates to identify

potential land cover trends.

Steps 1 through 4 are discussed in this section. Step 5 is discussed later in this chapter.

5. Run
Mann-
Kendall
test and
Sen’'s Slope
estimates

/- ’ﬁ - | E
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Watershed dataset CDL e
\ J ‘ datasets yp

Figure 2: Methodology flowchart (LCC Trend)

3.1.1 Preparation of the Watershed

One arc-second Digital Elevation Model (DEM) images of eastern South Dakota,

southwestern Minnesota, and northwestern lowa were downloaded from the USGS

National Map website (https://viewer.nationalmap.gov/basic/). These DEMs have a

north-south ground spacing of approximately 30 meters and a latitude-dependent


https://viewer.nationalmap.gov/basic/

20

east/west ground spacing (Decision Innovation Solutions 2013). The individual DEM
images were mosaicked into a single DEM image using the mosaic tool in ArcGIS.

The BSR watershed was delineated within the mosaicked DEM image using
ArcGIS Model Builder as follows. First, depressions or “valleys” in the DEM images
were filled in with the Fill tool. From the depression-less DEM image, the Flow
Direction tool was used to determine the upward or downward direction of flow for each
DEM pixel; once the flow directions were established, the corresponding stream order
and flow length and accumulation were calculated. The Watershed tool was then used to
establish the watershed region based on the flow direction, with the WQM32 EDWDD
Gauging station, located near Richland, as a reference “pour” point. Figure 3 and Figure
4 illustrate the process flow as an algorithm and as a specific Model Builder processing

flow, respectively. The resulting watershed map is shown in Map 2.
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Figure 3: Watershed Modeling Process
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3.3.2 Preparation of the CDL Dataset

The National Agriculture Statistics Service (NASS) Cropland Data Layers (CDL)
dataset is used for agricultural policy decision making (Fernandez-Cornejo and Caswell
2006; Maitima et al. 2009; Chang et al. 2007; Hatfield et al. 2010; Schrag 2011; Han et
al. 2012; Li et al. 2012; Bandaru et al. 2013; Wright and Wimberly 2013; Decision
Innovation Solutions 2013; Johnston 2013; Johnson 2013; Mueller and Harris 2013; Clay
etal. 2014; IPCC 2014; Elliot et al. 2014; Lee et al. 2014; Liska et al. 2014; Reitsma et
al. 2015). In agricultural analyses, CDL datasets are typically used in descriptive studies,
which characterize recent land use changes; they are also used in predictive studies,
which attempt to understand and predict the effects of changes in land use (Lark et al.
2017).

Fredrick (2017) used 2002 - 2010 CDL data to study the impact of land use and
land cover change on stream water quality in the Reedy Fork-Buffalo creek watershed in
North Carolina. In 2012, Venteris et al. used 2010 CDL data to study land availability
and price in the coterminous United States for conversion to algal biofuel production.
Wright and Wimberly (2013) used the CDL to determine recent land use change in the
Western Corn Belt Plains ecoregion. Similarly, Reitsma et al. (2014) used the CDL to
estimate land use change in South Dakota between 2006 and 2012.

3.3.2.1 A Brief History of CDL

The CDL program began with the compilation of data for North Dakota in 1997
and expanded to cover the entire continental United States by 2008. The CDL datasets
are derived from satellite data. Its spatial resolution is variable, depending on the state

and the year when the data were initially generated. In 2006, the CDL had a 56 m
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resolution and its various land-use categories were based on remote sensing information
provided by the Landsat 5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic
Mapper Plus (ETM+), the Indian Remote Sensing RESOURCESAT-1 (IRS-P6), and
Advanced Wide Field Sensors (AWIFS). In 2012, the CDL had a 30 m resolution and the
categories were based on information from the Landsat 5 TM, Landsat 7 ETM+, Disaster
Monitoring Constellation (DMC) DEIMOS-1, and Ultra Kit (Type 2) (UK2) sensors

(Veregin, 2012).

The availability of the CDL also varies by the state and year, potentially limiting
the temporal extent of a particular study. For example, this research work required CDL
data from South Dakota, Minnesota, and lowa. South Dakota and Minnesota have
available data from 2007 to the present, but lowa has available data from 2001 to the
present. Consequently, the time period covered in this research could begin no earlier

than 2007.

3.3.2.2 The Structure of CDL

CDL layers are available on an annual basis and provide (1) supplemental acreage
estimates for the state's major commodities; and (2) crop-specific, geo-referenced digital
output products. Statewide CDL metadata for each year is posted for 85 to 125 classes of
land cover, including crops such as corn, wheat, soybeans, peas, and alfalfa (Decision
Innovation Solutions 2013). The NASS has added new classes to the CDL every year;
some classes present in the 2016 data layer are likely absent in earlier versions.

3.3.2.3 The Accuracies of CDL

Because CDL datasets are produced with the intent of mapping annual land cover

change, certain precautions should be taken with their use (Lark et al. 2017). These
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precautions are mentioned in the metadata layer documentation and relate to ensuring an
analyst uses the data applicable to either a data producer or data user perspective. The
metadata layer for each class contains the following information (Noe 2015; Fredrick
2017; Clay et al. 2014).
e estimates of producer accuracy (the overall accuracy with respect to the
dataset producer)
e the user accuracy (the accuracy with respect to a data user who needs to
know how often a given map class will be represented on the ground)
e the omission error (the rate at which sites were erroneously omitted from the
correct class in the map)
e the commission error (the rate at which sites are correctly classified as
“reference sites” but were erroneously omitted from the correct class in the

classified map)

the Kappa Coefficient (a measure used to evaluate the accuracy of a
classification)

Clay et al. (2014) estimated the overall producer accuracy of the 2012 South
Dakota CDL at approximately 83.3%. The estimated producer accuracies for cropland
classification ranged from approximately 65.2% in southwestern South Dakota to
approximately 96.6% in east central South Dakota. Similarly, the estimated producer
accuracies for grassland classification ranged from approximately 48.8% in southeastern
South Dakota to approximately 98.6% in northwestern South Dakota. At the state level,
the estimated producer accuracy for cropland classification increased from approximately

83.3% in 2006 to approximately 89.7% in 2012, while the estimated producer accuracy
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for grassland classification also improved slightly, from approximately 87% in 2006 to

approximately 90.8% in 2012 (Clay et al. 2014).

The overall user accuracy for all classifications in the 2012 South Dakota CDL
was approximately 90%. There appears to be very little available information relating to
estimated user accuracies for specific classifications in the previous CDL datasets.

While the CDL may accurately estimate the change in cropland and grassland area for a
given state relative to the NASS data, producer and/or user accuracies of “impervious” or
developed land classifications are not guaranteed at any level (Noe 2015; Fredrick 2017).
This uncertainty prompted Frederick’s use of aerial photographs to estimate impervious

land classification, and the CDL to estimate agricultural and forest land classification.

3.3.3 Resample and Reclassify CDL Dataset

As CDLs of varying spatial resolution were used for this research, it was decided
to perform the analysis at one “common” spatial resolution. Consequently, it was
necessary to resample the pre-2009 CDL data from 56 m spatial resolution to 30 m
resolution (Noe 2015). The nearest neighbor resampling method was used to generate the
resampled data since it is a relatively straightforward and quick resampling method
suitable for discrete data such as land-use classifications. This resampling method
preserves the spatial extent of the original raster scan at the potential cost of changing the
pixel size (ESRI 2018). The maximum spatial error in this resampling method is one-half

the pixel size, which for this type of research is considered an acceptable level of error.

Map 3 represents a 2016 CDL dataset with its original set of classes at 30 m
spatial resolution. An analysis of an original dataset of this type can be prohibitively

time-consuming and resource intensive to process. As a result, it is generally
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recommended to generate a reduced set of broader “common” classes prior to any
analysis (Noe 2015; Fredrick 2017). Reclassification is required for the case that the
classes in some CDL layers are absent in others. In addition, reclassification can reduce
errors when resolving spectrally similar land cover classes (Lark et al. 2017; Johnson
2013). This process can be performed from within ArcGIS.

Table 1 presents the reclassification guideline used in this research. Based on the
analysis of the trends in corn and soybeans, all classes relating to corn or soybeans, such
as “Sweet Corn”, were reclassified into a broader “Corn and Soybeans” class. All classes
relating to land cover other than water bodies, such as grassland and pasture, were
reclassified into a broader “Grassland” class. All classes relating to other crops, such as
wheat, sunflower, alfalfa, oats, and hay, were reclassified into a broader “Other Crops”
class. Similarly, water body classes such as rivers, lakes, open water, and wetlands were
reclassified into a broader “Water” class. Finally, classes representing human activity
such as buildings, roads, and parks were reclassified into a “Developed” class. Map 4 is
the resulting reclassification map for the CDL 2016 dataset. Similar reclassification

maps for the CDL datasets from 2007 through 2015 are shown in Appendix F.

Table 1: Proposed Reclassification Guideline for NASS CDL Datasets

Classes Categories

Corn and Soybeans | Corn and Soybeans, Sweet Corn, Pop Corn

Grassland Forest, Switchgrass, Grass/Pasture, Shrubland, Barren

Other Crops Wheat, Alfalfa, Sorghum, Oats, Millet, Pumpkin, Flaxseed,
Potatoes, Barley, and other crops

Water Rivers, Lakes, Open Water, Wetlands, and Woody Wetlands
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Map 3: 2016 CDL Dataset Containing Original Set of Classes
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3.3.4 Area Calculation for Reduced Set of Broader Classes

After reclassification of the 2007 — 2016 CDL datasets, the total coverage area for
the BSR watershed region for each year was calculated with respect to the five broader
classes. This was done by multiplying each pixel value in a given class by the
corresponding pixel dimensions. When multiplied by the conversion factor 0.000247105
acres/m?, one dataset pixel of 900m? is equal to approximately 1 acre. Therefore,
multiplying this conversion factor by the total number of pixels in a given class yields the
total covered area in acres for that class (Figure 5). Figure 6 shows the corresponding

computation sequence in the ArcGIS Model-Builder.

Then, the pixels in each class in the 2007 CDL were compared to pixels in the same
spatial locations in the 2016 CDL, and the percentage change in coverage for each class
was determined. In particular, the pixels originally classified as “Grassland” in 2007 but

converted to “Corn and Soybeans” in 2016 were identified.

\ Calculate Field (13)

Input Table A
[hddField016 ]

Field Name
| Area_Acres vl

Expression
[ [Count]*900°0.000247105 ]

Expression Type (optional)
VB v |
Code Block (optional)

v

W

| ok |[ cancel || Apply | [ Showhep>> |

Figure 5: Area calculation of each class type using ArcGIS
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Figure 6: ArcGIS Model Builder Area Coverage Calculation Method.
3.4 Nitrate Trends
The analysis of nitrate trends in the BSR watershed involved the following steps
(Figure 7):
e Collect the available nitrate data from all gauging stations within the
watershed region.
e Filter the raw data to just the gauging stations supplying nitrate data for
multiple years.
e Perform the Mann-Kendall test and generate Sen’s slope estimates to
identify potential nitrate trends.
Steps 1 and 2 are considered in greater detail in this section. Step 3 is discussed later in

this chapter.
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Figure 7: Nitrate Trend Analysis Flowchart

3.4.1 Collect Available Nitrate Data

Most of the available nitrate data were obtained through the Eastern Dakota Water
Development District (EDWDD) headquartered in Brookings. Additional nitrate data
were obtained through websites maintained by the South Dakota DENR, the USGS, the
Minnesota Pollution Control Agency, the lowa Department of Natural Resources, and the
Flandreau Santee Sioux Tribe. These data were initially collected at 48 gauging stations
located throughout the watershed region, and ultimately compiled into Microsoft Excel

spreadsheets by the various agencies.

3.4.2 Filter Gauging Station Data

From the initial set of 48 gauging stations, only 15 supplied nitrate data. Table 2
presents these 15 stations. Again, out of 15 stations, only 11 stations supplied data over 4
years and were labelled as “Candidate Stations” (CS) and are represented by red point

symbol in Map 4. These 11 stations are SD Grant SA1, SD Codington K06, SD Hamlin
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S08, SD Moody BSA, MN Pipestone 094, MN Pipestone 099, MN Rock 528, MN rock
811, R13 EDWDD, IA Lyon 001, and lowa Hawarden. These stations are labelled as CS
because these stations are eligible for a Mann-Kendall test. Remaining 4 stations
supplied data for 2 years and were labelled as “Non-Candidate Stations” (NCS) and
represented with green point symbols in Map 4. These NCS stations do not have enough
data points for Mann-Kendall test. There will be further discussion about these stations

labelled in section 5.2.

Out of 11 stations, only one station had monthly data. All others had the annual
data. Some stations had missing annual data as well. These missing data were left as
they were and labeled as NA. The station WQM32 EDWDD, located near Richland, SD

also served as a pour point during watershed delineation (Map 4).

Table 2: BSR Watershed Gauging Stations Supplying Nitrate Data Over Multiple
Years

S.No Station Name  Organization Name  State County Remark
1 MN Pipestone  MPCA - Ambient Minnesota Pipestone  CS
099 Surface Water
2 MN Pipestone = MPCA - Ambient Minnesota = Pipestone | CS
094 Surface Water
3 MN Rock 528  MPCA - Ambient Minnesota Rock CS
Surface Water
4 MN Rock 811 = MPCA - Ambient Minnesota Rock CS
Surface Water
5 lowa Hawarden lowa Dept. of Natural  lowa Sioux CS
Resources
6 IA Lyon 001 lowa Dept. of Natural = lowa Lyon CS
Resources
7 SD Moody BS-  Flandreau Santee South Moody CS

A Sioux Tribe (SD) Dakota
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Map 4: Geographic Location of Gauging Stations in the BSR Watershed
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3.5 Trend Analysis

To identify and characterize potential trends in the land cover and nitrate
concentration data, non-parametric statistical analysis based on the Mann-Kendall test
and Sen’s slope estimator was used. These analytical tools are considered in greater

detail in the following sections.

3.5.1 Mann - Kendall Test

The Mann-Kendall test has been widely used to identify trends in environmental
data. Chang (2008) used a seasonal version of the test to determine the significance of
nitrate trends between 1993 and 2002 in the Han River basin of South Korea. Koh et al.
(2017) used the test to determine the impacts of land use change and groundwater
management on long-term nitrate/free nitrogen and chloride trends in groundwater on the
South Korean island of Jeju. Similarly, Eregno et al. (2014) used the test to identify
trends in the concentration of fecal indicator organisms in an unprocessed water source at
the Nedre Romerike Vannverk drinking water treatment plant in Norway.

As originally conceived, the test assumes that the dataset possesses the following
characteristics: i) the data are not acquired seasonally; ii) the data are not affected by
covariate factors other than those under consideration; and iii) there is only one data point
in each sampled time period (Kendall 1948). For seasonally acquired data; a modified
Mann-Kendall test accounting for seasonal effects can be run (Mann and Whitney 1947).
If multiple samples of data are collected in any time period, the median of the data points
can be used.

The test hypotheses are stated as follows (Mann and Whitney 1947; Kendall

1948):


https://www.sciencedirect.com/science/article/pii/S0043135408001486
https://www.sciencedirect.com/science/article/pii/S0043135408001486
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e The null hypothesis, Ho, is that the data come from a population with independent
observations that are identically distributed. In other words, the data do not
follow a monotonic trend

e The alternative hypothesis, Ha, is that the data follow a monotonic trend

The Mann-Kendall test statistic, S, is generated as follows. First, compute the Kendall

statistic T:

7= YR21 j=rr1 Sign(x; — x;) (1a)

where n is the total number of data points in the dataset. sign(x; — x;) is the “rank” of

the sign difference between two distinct data points (X;, Xk, j#k). The total number of

distinct data point pairs needing to be considered is given by n(n-1) / 2.

+1,if x;_x; > 0
sign (xj_xk) =1 0,if xj_x, =0 (1b)
-1,if Xj_x <0

Finally, normalize t by the total number of distinct data point pairs:

. ()

- n(n-1)/2

The Mann-Kendall test was applied to the BSR watershed land cover and nitrate
concentration data between 2007 and 2016, at a 0.05 significance level. For the land
cover, the test was applied to all classes. Nitrate data that showed a statistically
significant increasing or decreasing trend were then flagged for application of Sen’s slope

estimator to determine the magnitude of the trend.
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3.5.2 Sen’s-Slope

The Sen’s Slope estimator is commonly used after the Mann-Kendall test identifies
a linear trend, to determine the true slopes (change per unit time) (Sen 1968). Like
Mann-Kendall tests, the Sen’s Slope estimators are widely used to identify trends in
environmental data. Chang (2008), Koh et al. (2017), and Eregno et al. (2014) used
Sen’s Slopes to identify the magnitude of the linear trend determined by the Mann-
Kendall test in their research.

Sen’s Slopes estimators are only used if the Mann — Kendall test determines a linear
trend in the data. The Sen’s Slope estimate computes the median slope of each point-pair
slope in the dataset. The linear model f(t) for Sen’s Slope is described as:

f(H)=0Q0t+B 3)
where Q is the slope and B is a constant.
Then, the slopes of all data pairs are calculated to estimate of the slope Q. Forn
values of xi in the time series we get as many as N= n(n-1)/2 slope estimates Q.

_ Xj—Xk

Q=7=",Jj=123,....N, j>k (@)
j~k

In this research, for all the gauging stations showing significant increasing and
decreasing trends in nitrate concentrations in the Mann—Kendall test, the magnitude of
trends was computed by using the Sen’s slope estimator which is a median value (Q’)
among slopes of trends (Q) in the n data records (Sen 1968; Eregno et al. 2014; Koh et al.

2017).

, _ nn-1 ., _ (Qn'4s , if N'isodd
N = 20D g = (O } (52)

N' = _”("2‘1),(‘)’ = {% [% + %, if N'is even} (5b)
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To obtain an estimate of B in equation (3) the n values of differences xi — Qtiare
calculated. The median of these values gives an estimate of B (Sirois 1998). The
estimates for the constant B of lines of the 99 % and 95 % confidence intervals are
calculated by a similar procedure. For this study, data were processed using an Excel
macro named MAKESENS created by Salmi et al. (2002). The MAKESENS Excel
template which was developed by the Finnish Meteorological Institute (FMI) to detect
and estimate trends in the time series of annual values of atmospheric and precipitation
concentrations (Salmi et al. 2002). The MAKESENS template and its working principle
are further discussed in Appendix H.

The Mann-Kendall test and Sen’s Slope estimates were applied employed to the
entire BSR to determine the LLC trends in the watershed, and to all the gauging stations
within BSR to determine the nitrate trends in each station. With a drainage area of
approximately 9,000 square miles and connections to several smaller tributaries, it would
be difficult to reliably estimate actual changes occurring within the area near any BSR
gauging station. Therefore, estimates for the HUC12 catchments were done. Tomer et
al. (2013) suggested the use of the HUC12 catchment for a more detailed analysis at a
localized level because these catchments also account for tributaries. Moreover, Tobler’s
first law of Geography suggests that “Everything is related to everything else. But near

things are more related than distant things” (Tobler 1969).

3.6 Linear Regression
Linear regression is the most popular parametric statistical method to identify a
monotonic trend in a time series dataset, especially with a small sample number (Meals et

al. 2011). For a simple linear regression of Y; in time, all these assumptions:Y; is linearly



41

related to t;, residuals are normally distributed, residuals are independent, and variance of
residuals is constant, should be satisfied. Let Y; denote the response variable observed at
time, t;. A conventional linear regression model for trend analysis is given by:

Y; = by +bit; + ¢ ®)

The parameter b, in a linear regression model expresses the rate of change of y;in
time. For this research, the Sen’s slope of Nitrates will be treated as independent
variables, yi and the Sen’s Slopes of percentage of each class types will be considered as
dependent variables (bo, b1, and so on).

The slope coefficient (b,) is statistically tested under the null hypothesis that it is
equal to zero. The null hypothesis for a simple linear regression is that the slope
coefficient b; = 0. The t-statistic on by is tested to decide if it is significantly different
from 0. If the slope is non-zero (upward or downward slope), the null hypothesis of zero
slopes over time is rejected and one can conclude that there exists a linear trend in y over
time. Besides providing a measure of significance based on the hypothesis test on the
slope, it also gives the magnitude of the rate of change (Petreson and Brakebill 1999;
Abaurrea et al. 2011). Missing values are allowed in the linear regression.

In some cases, it might have been necessary to log-transform the data. We can do
this by log-transforming the original data. To make the trend easier to interpret, the
linear trend can be expressed in percent per year. If b; is the estimated slope of the
linear trend in logso units, then the percentage change over any given year is (10 ®* — 1) *
100. When there is no trend, the slope is zero and the equation results in a zero percent

change (i.e., b; =0).
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For a series of observations over time, such as nitrate levels in a given body of
water, we are concerned about whether the values are going up, down, or staying the
same. In this case, trend analysis is applicable to all the water quality variables. Trends
occur in two ways: a gradual change over time that is consistent in the direction
(monotonic) or an abrupt shift at a specific point in time (step trend) (Meals et al. 2011).
In this study, trends are consistent over the time, therefore, a simple trend analysis may
be the best approach (Meals et al. 2011; Abaurrea et al. 2011). For data from a short-
term, Mann-Kendall and Sen’s Slope estimate are appropriate to determine monotonic
(upward and downward) trends (Koh et al. 2017; Eregno et al. 2014; Mann and Whitney
1947; Kendall 1948).

After the upward and downward trends of land cover and nitrates were
determined, a linear regression of the Sen’s slopes of percentage area of all class types
versus the Sen’s slopes of nitrates was done. This linear regression is expected to show
how strongly the slopes of percentage area of the class types were associated with the

slopes of nitrates.
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CHAPTER 4: RESULTS
This chapter explains the results that were identified in the Mann-Kendall test and
Sen’s Slope estimates. Additionally, this chapter presents detailed results at the HUC12
catchment level. Furthermore, a linear regression model for the Sen’s slopes of the
percentage of land-cover classes versus Sen’s slopes of nitrates in the BSR watershed

will be discussed.

4.1 Land Cover Trend

Table 2 gives the resulting annual coverage estimates (x 100,000 acres) for each
reduced class. Table 3 represents the resulting coverage estimates for each reduced class
for each year in percentage area. Figure 9 shows a graphical representation of the change

in the annual percentage of coverage of each class.

It is clearly seen from Table 3 that the percentage of corn and soybean acreage
increased from 56% (2,900,000 acres) in 2007 to 63% (3,300,000 acres) in 2016, whereas
the percentage of grassland acreage decreased from 27% (1,400,000 acres) in 2007 to
19% (987,000 acres) in 2016. During this period, the absolute amount of water-related
and human-developed acreage varied somewhat; however, the percentage of acreage in
these cover classes remained constant. The apparent absolute decreases in developed
acreage in (years) are more likely explained by the reduced accuracy in the CDL
classification of classes other than corn, soybeans, and grassland (Noe 2015), rather than
human activities directly converting the land back to a more natural state (which does not
appear to have been reported); this issue will be considered later in Section 5.4.1. The

remaining reduced classes did not show any significant changes.
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Table 3: Coverage estimates (x 100,000 acres) for each reduced class for each year.

Gl 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Type/Year
Corn and 20.23 | 30.04 | 29.89 | 3218 | 31.93 | 33.08 | 32.97 | 33.30 | 33.17 | 3341
Soybeans
Grassland 1420 | 1365 | 1359 | 11.25| 1067 | 9.94 | 1060 | 9.34| 9.82| 9.87
Other Crops | 240 | 250 | 262| 381| 399| 378| 331| 4.18| 349| 3.33
Water 295| 294| 310| 287| 344| 325| 315| 316| 352| 3.39
Developed 307| 307| 308| 308| 320| 320| 321| 325| 324| 323
Total 52.93 | 53.26 | 53.26 | 53.19 | 53.24 | 53.24 | 53.24 | 53.23 | 53.24 | 53.24
CDL Data Re-classification in the BSR Watershed: 2007 - 2016
E _
% _
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o ° Other Crops
= = Water
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Figure 8: Graphical representation of change in percentage coverage of each class in
each year (from 2007 through 2016).
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Table 4: Area (in percentage) covered by each class type from 2007 through 2016.

Classes/ 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

Corn and 56 58 57 60 60 62 62 63 63 63
Soybeans

Grassland 27 26 26 21 20 19 20 18 19 19

Other 5 5 5 7 7 7 6 8 7 6
Crops

Water 6 6 6 6 6 6 6 6 6 6
Developed 6 6 6 6 6 6 6 6 6 6
Total 100 100 100 100 100 100 100 100 100 100

Table 4 represents the change in acreage estimates for each class type from the years
2007 to 2016. This estimate is represented by the pixels in each class in the 2007 CDL
converting to a different class, without changing spatial locations between the 2007 and
2016 CDLs. For example, a conversion from corn and soybeans to grassland means that
the pixels that were corn and soybeans in 2007 were converted to grassland in 2016. The
additional corn and soybean acreage were mainly gained from converted grassland and
other crops (Appendix G). Nonetheless, some corn and soybean acreage were converted
to grassland and/or other crops as well. Similar behavior was observed with other crop

and grassland classes.

A summary of the aggregated land cover trends is presented in Table 5 as a
contingency table, with the 2007 CDL class types in the first two columns and the
corresponding 2016 CDL class types in the remaining columns. The contingency table
indicates a net increase of 11% in conversion from grassland and other crop acreage to
corn and soybean acreage between 2007 and 2016. The table also shows that 2% of

developed acreage was converted to corn and soybean acreage during this same period.
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As no evidence of human conversion of developed land to farmland has been reported,

this estimate should be considered suspect given the limitations in current CDL data.

Table 5: Contingency table for percent land use/land cover change from 2007 to 2016.

2007

2007

2007

2007
2007

Corn and
Soybeans
Grassland

Other
Crops
Water

Developed

Total

2016

Corn and
Soybeans

50.97

7.44

3.23

0.52

2.04

64.20

2016

Other
Crops

2.81

2.02

1.01

0.33

0.01
6.18

2016
Water

0.40

1.54

0.06

4.25

0.01
6.27

4.1.1 Land Cover Trend — Mann-Kendall Test

2016

2016

Developed Grassland  Total

0.86

0.84

0.07

0.07

3.90
5.73

1.30 56.33
15.53 27.37
0.25 4.63
0.52 5.70
0.01 5.98
17.62 100.00

For the entire BSR region, the tau value from the Mann-Kendall test for the

percentage of corn and soybean acreage was 0.85, with a statistically significant p-value

of 0.001. The positive tau value suggests an increasing trend in the percentage of corn

and soybean acreage. The tau value from the Mann-Kendall test for percentage

grassland, however, was -0.815, with a statistically significant p-value of 0.002. The

negative tau value suggests a decreasing trend in the percentage of grassland acreage

(Figure 9 and Table 6).

The tau values for the percentage of other crop, water-related, and developed acreage

were, respectively, 0.428, 0.325, and 0.683, with the p-values of 0.13, 0.300, and 0.023

respectively (Table 6). With respect to the other crop and water body acreage, there was



insufficient evidence to conclude their percentages had changed, the developed land

acreage had a statistically significant p-value of 0.023; given the low percentage of this

acreage, however, any change in percentage would be small. Additional information on

these other classes can be found in Appendix B.

Table 6: Summary of the output from Mann-Kendall Test and Sen’s Slope Estimate for

Reclassified CDL Classes for entire BSR Watershed

CDL Classes Mann-Kendall Test Sen's Slope Estimate
Tau p-value Trend Z Slope (Q) Const
Score (B)
Corn and 0.85 0.001 Increasing  3.22 0.86 56.1
Soybeans
Grassland -0.815  0.002 Decreasing  -3.22 1.03 26.4
Other Crops 0.428 0.13 No Trend 1.43 0.195 50.1
Water 0.325 0.3 No Trend  1.97 0.009 55.3
Developed 0.683 0.23 No Trend -0.89 0.11 69

Plot for the percentage of Corn.Soybean vs Years

58 60 62
I I I

Percentage of Corn.Soybean in BSR

56
I

T T T T T
2008 2010 2012 2014 2016

Years

tau = 0.849, 2-sided, p-value =0.001

Plot for the percentage of Grassland vs Years

24
1

Percentage of Grasslandin BSR
20
1

18

T T T T T
2008 2010 2012 2014 2016

Years

tau = -0.815, 2-sided, p-value =0.002

Figure 9: Scatterplot and Mann-Kendall test results of percentage corn and soybeans

and grassland for entire BSR.




48

4.4.2 Land Cover Trend — Sen’s Slope

For those classes where the Mann-Kendall test identified a statistically significant
slope (represented by p-values < 0.05), Sen’s method was used to estimate the magnitude
of the slope. Using the MAKESENS Excel template, the confidence intervals for the
estimated slope, Q, and intercept, B, were computed for o= 0.01 and a = 0.05.

Figure 10 shows the results obtained from Sen’s method with respect to
percentages of corn and soybean acreage. From Table 5, the corn and soybeans class had
a Z score test of 3.22, indicating the percentage of corn and soybean acreage was
monotonically increasing at the a = 0.01 significance level, with Q = 0.86 and B = 56.1.

The grassland class (Figure 11) had Test Z score of -3.22, indicating the
percentage of grassland acreage was monotonically decreasing at the 0.01 significance
level, with Q = -1.03 and constant B = 26.4. This provides additional support for the

Mann-Kendall results.

Sen’s Slope estimates (percentage Corn/Soybeans)
30.00 +
25.00 -
§ 20.00 -
el
3 ® Data
9 1500 -
£ Sen's estimate
o
< 10.00 - — — =95 % conf. min
— — =95 % conf. max
5.00 -+
0-00 T T T T T 1
2006 2008 2010 2012 2014 2016 2018
Year

Figure 10: Percentage of Corn/Soybean Acreage Trend in BSR Basin, 2007-2016
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Sen’s Slope estimates (percentage Grassland)
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Figure 11: Percentage of Grassland Acreage Trend in BSR Basin, 2007-2016
4.2 Nitrate Trend
The selected gauging stations with multiple years of nitrate data were also run

through the Mann-Kendall test and Sen’s Slope estimator. The results from these tests

are discussed below.

4.2.1 Nitrate Trend — Mann-Kendall Test and Sen’s Method
Mann-Kendall tests for nitrate were run in R, and Sen’s Slopes were determined
using the MAKESENS excel template. The confidence interval at confidence level o =
0.05, Sen’s slope estimate (Q), and the constant (B) were determined using the template.
Table 7 summarizes the outputs from Man-Kendall tests and Sen’s slopes. Out of
11 stations, 2 showed increasing trend, 1 station showed a downward trend, and
remaining stations did not show any trend (Table 7 and Map 5). The stations that showed

increasing trend were MN Pipestone 099 and MN Pipestone 094. SD Codington K06
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showed a decreasing trend. The other gauging stations including SD Grant SA1, SD

Hamlin S08, SD Moody BAS, MN Rock 528, MN Rock 811, R13 EDWDD, lowa

Hawarden, and IA Lyon 001 were “Neutral”.

Table 7: Summary of the output from Mann-Kendall Test and Sen’s Slope Estimate for

Nitrate Gauging Stations

Gauging Stations

SD Grant SA1

SD Codington K06
SD Hamlin S08
SD Moody BSA
MN Pipestone 094
MN Pipestone 099
MN Rock 528

MN Rock 811
R13 EDWDD

1A Lyon 001

lowa Hawarden

Mann-Kendall Test

Tau
0.422
-0.742
- 0.067
0.4
0.524
0.571
0.167
0.449
0.6
- 0.067
0.047

p-value Trend

0.107
0.008
0.858
0.462
0.033
0.004
0.602
0.088
0.133
0.858

1

No Trend
Decreasing
No Trend
No Trend
Increasing
Increasing
No Trend
No Trend
No Trend
No Trend
No Trend

Sen's Slope Estimate

Slope (Q)
0.7

-0.233
-0.013
0.194
0.487
0.722
0.123
0.242
0.158
-0.058
-0.058

Const (B)

1
2.4
1.84
0.22
8.90
2.49
3.53
4.99
2.79
1.50
1.50
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4.3 Land Cover Trends and Nitrate Trends at Hydrological Unit Code (HUC12)
Catchments

As shown in the previous section, the Mann-Kendall test and Sen’s Slope
estimates for the percentage of corn/soybean and grassland acreage for the entire BSR
show significant upward and downward trends, respectively, while for other land acreage
classes, no significant trends were identified. This section identifies the LCC and nitrate
trends at more local watershed level, that is, HUC12 catchments (Map 6).

The land cover trends and nitrates trends at HUC12 catchment levels for stations
with statistically significant trends are explained below. The resulting Sen’s slope Q and

B estimates for these stations are given in Table 8.

Table 8: Results from Mann-Kendall Test and Sen's Slope estimates at HUC12
catchments

Gauging Nitrates / Mann-Kendall Test Sen's Slope

Stations / LCC Estimate

HUCs Trends Tau p- Trend Slope  Const

value (Q (B)

SD Nitrate -0.743 0.008  Decreasing -0.23 2.40

Codington  Cornand  0.689 0.007 Increasing 1.65 35.68
K06 Soybeans

Grassland -0.644 0.012  Decreasing -1.29 39.75

MN Nitrate 0.524 0.033 Increasing 0.49 8.90

Pipestone 094 Cornand  0.067 0858  NoTrend  0.07 76.33
Soybeans

Grassland -0.733 0.004  Decreasing 0.46 17.63

MN Nitrate 0.571 0.034 Increasing 0.72 2.49

Pipestone 099 Cornand  0.733 0.004  Increasing  0.34 76.19
Soybeans

Grassland -0.511 0.049  Decreasing -0.46 16.16
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Between 2007 and 2016, the percentage of corn and soybean acreage increased in
all of the HUC12 catchments at the expense of grassland acreage. The most conversion

occurred near or along the banks of the BSR itself.
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The SD Codington K06 is the only gauging station with a statistically significant
decreasing nitrate trend (p-value of 0.008). It is located north of Watertown. The
corresponding HUC12 catchment showed a statistically significant increasing trend for
corn and soybean acreage and a decreasing trend for grassland with the p-values of 0.007
and 0.012, respectively. Within this catchment, corn and soybeans increased from 35%
(11,900 acres) in 2007 to 49% (17,200 acres) in 2016 (Figure 12). The corn and soybean
acreages were obtained from converted grassland along the edge of the BSR and
northwest side of the watershed (Map 7). There was a significant increase in corn and
soybean acreage between 2011 and 2012 and it increased until 2016. Grassland and other
crops appeared to be consistently decreasing (from 40% and 16% in 2007 to 29% and

12% in 2016, respectively).

Land Cover Changes at HUC12 Watershed (Station: SD Codlington K06)
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Figure 12: Plot of Land Cover Trends at HUC12 Catchment (SD Codington K06,
HUC12 = 101702010604).
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Plot of Nitrate Vs Year (Station: SD Codlington K06)
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Figure 13: Plot of Nitrate Trends at HUC12 Catchment (SD Codington K06, HUC12 =
101702010604).
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Corn and Soybeans, and Grassland acreage change between 2007 and 2016
at SD Codlington K06 HUC12 Catchment
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Map 7: Land Cover (A) in 2007 and (B) in 2016 at HUC12 Watershed (SD Codington K06, HUC12 = 101702010604)



57

The MN Pipestone 099 station that is located in Pipestone County in Minnesota
showed a statistically significant increasing nitrate trend with a p-value of 0.034. The
nitrate level at this station increased from 1.8 mg/L in 2007 to 11.23 mg/L in 2016
(Figure 15) The corresponding HUC12 catchment showed a statistically significant
increasing trend for corn and soybean acreage and a decreasing trend for grassland with
p-values of 0.004 and 0.049, respectively. Within this sub-watershed, corn and soybean
acreage increased from 75% (29,600 acres) in 2007 to 79% (31,700 acres) in 2016
(Figure 14). The corn and soybean acreages were obtained from converted grassland
along the edge of the BSR (Map 8). Grassland acreage appeared to be consistently
decreasing (from 16% in 2007 to 12% in 2016). Other crops seem to be increasing

gradually (from 1% in 2007 to 3% in 2016).

Land Cover Changes at HUC12 Watershed (Station: MN Pipestone 099)
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Figure 14: Plot of Land Cover Trends at HUC12 Catchment (MN Pipestone 099,
HUC12 = 101702031304).
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Plot of Nitrate Vs Year (Station: MN Pipestone 099)
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Figure 15: Plot of Nitrate Trends at HUC12 Catchment (MN Pipestone 099, HUC12 =
101702031304).

The MN Pipestone 094 station that is located in Pipestone County, Minnesota,
and just above the MN Pipestone 099 gauging station showed a statistically significant
increasing nitrate trend with p-values of 0.033. The nitrate level at this station increased
from 6.85 mg/L in 2007 to 12.00 mg/L in 2012 (Appendix G). However, for the
corresponding HUC12 catchment, a linear trend for corn and soybeans acreage was
statistically insignificant with p-value of 0.858, therefore, the measurement for this
station was considered “No Trend”. Within the catchment, corn and soybean acreage
increased from 74% (19,400 acres) in 2007 to 76% (20,600 acres) in 2016 (Appendix G)

and grassland consistently decreased from 20% in 2007 to 14% in 2016.
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Corn and Soybeans, and Grassland acreage change between 2007 and 2016
at MN Pipestone 099 HUC12 Catchment
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Map 8: Land Cover (A) in 2007 and (B) in 2016 at HUC12 Catchment (MN Pipestone 099, HUC12 = 101702031304)
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Besides these stations, other stations including SD Grant SA1, MN Rock 528,
MN Rock 811, SD Moody BSA, R13 EDWDD, SD Hamlin S08, 1A Lyon 001, lowa
Hawarden, and WQM32 EDWDD did not show any trend. Even though the tau values
from the Mann-Kendall test show that the linear trends were either “Increasing” or
“Decreasing”, they were statistically insignificant at a = 0.05, therefore, these stations

were considered as “No Trend”.

4.4 Linear Regression

Finally, a linear regression model for the Sen’s slopes of the percentage of land-
cover classes versus Sen’s slopes of nitrates in the BSR watershed was built. The Sen’s
slopes of nitrates were considered as the independent variables, yi and the Sen’s Slopes of
percentage of each class types were considered as dependent variables (bo, b1, and so on).
The purpose of linear regression was to determine how strongly the slopes of percentage
area of the class types and the slopes of nitrates were associated. The lower R? values
and insignificant p-values were not significant and suggest that slopes of percentage land
cover classes were not strongly associated with slopes of nitrates (Table 9).

Table 9: Linear model of the Sen’s slopes of nitrates versus the Sen’s slopes percentage

of land cover types

Nitrates Slope Vs R? P-values
Percentage Corn/Soybeans Slope 0.059 0.447
Percentage Other Crops Slope 0.015 0.706
Percentage Water Slope 0.228 0.116
Percentage Developed Slope 0.003 0.876
Percentage Grassland Slope 0.0009 0.925

Overall 0.369 0.641
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CHAPTER 5: DISCUSSION

Earlier research into grassland-to-cropland conversion found a positive correlation
with adverse effects on regional water quality. From 2006 to 2012, grassland-to-cropland
conversion in eastern South Dakota significantly increased (Reitsma et. al, 2014). During
this same period, the BSR was identified as one of the most polluted river systems in the
US. These issues have led to additional local research into possible connections between
land use/land cover trends and BSR water quality trends.

The research described in this thesis has attempted to quantify the spatial and
temporal changes of corn/soybean and grassland acreages within the BSR watershed, and
to establish a correlation between these changes and BSR nitrate levels. Several
questions have been addressed in this research, including identifying and characterizing
LCC trend(s) in the BSR watershed; identifying and characterizing the temporal and
spatial trends of BSR nitrate levels; and determining whether a causal relationship can be

established between LCC and changes in BSR nitrate levels.

5.1 Land Cover Change

Within the BSR watershed, corn and soybean land cover increased by 418,000
acres, from 2,923,000 acres in 2007 to 3,341,000 acres in 2016. During the same time
period, grassland cover decreased by 9% (433,000 acres), from 1,420,000 acres to
987,000 acres. Most of the new corn/soybean acreage came from of the existing
grassland acreage which declined by 7%. Additionally, approximately 3% of other crop
acreage was converted to corn/soybean acreage and approximately 3% of the
corn/soybean acreage was converted to other crops, while approximately 1% of the

corn/soybean acreage was converted to grassland acreage.
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Most of the grassland conversion to corn/soybean acreage occurred in the
northeast and far northwest portions of the watershed region (Map 9 and Map 10). A
new ethanol manufacturing plant was constructed in Watertown, which stimulated greater
demand for corn and led to higher corn prices (Koplow and Earth Track Inc. 2006;
Gruchow 2007; Westcott 2007; Napton and Graesser 2011, 8; Clay et al. 2014; Reitsma
et al. 2015). This plant typically requires approximately 4 to 5 million bushels of corn
annually to maintain peak ethanol production (McNew and Griffith 2005).

The land use / land cover change trends identified in this thesis research are
consistent with the trends identified by Reitsma et al (2014), who documented a
grassland-to-cropland conversion of approximately 485,000 acres throughout eastern
South Dakota between 2006 and 2012. Differences in these estimated trends most likely
result from i) differences in the size of the researched study areas (the trend estimates
from this research included portions of western Minnesota and lowa, while Reitsma’s
trend estimates were limited to eastern South Dakota); ii) differences in the techniques

used to conduct each analysis; and iii) differences in the time periods analyzed.
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Map 9: Corn/Soybean Acreage Gain between 2007 and 2016. A) The total Corn/Soybeans acreage in 2007, B) Corn/Soybean
acreage gained from grassland between 2007 and 2016, and C) The total Corn/Soybeans acreage in 2016.
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5.2 Nitrate Trends

Previous research of other river watersheds in the US has identified a positive
correlation between increased corn acreage and increased nitrate levels. This thesis
research into the BSR watershed, however, could not consistently identify any such
correlation applicable for the entire region. Even though net corn and soybean acreage
within the region increased, the overall nitrate levels in the river did not significantly
increase; indeed, some stations observed decreased nitrate levels between 2007 and 2016.
In the case of the SD Codington K06 station, the upstream SD Grant SA1 station
measured slightly higher nitrate levels (0.98 mg/L in 2007 vs 1.02 mg/L in 2016);
vegetative cover along the river banks near SD Codington K06 could have prevented
downstream nitrate concentration. This could account for the drop in measured in nitrate
levels from approximately 3 mg/L in 2007 to 0.7 mg/L in 2016. Unfortunately, there is
no data for other stations below and above this station to show the relation between
nitrate levels at different stations.

In the case of the lowa Lyon 001 station, the upstream R13 EDWDD station also
measured higher nitrate levels (2.98 mg/L in 2007 vs 4.26 mg/L in 2016). As would be
expected, higher nitrate levels were measured between 2007 and 2011 (1.74 mg/L in
2007 vs 3.05 mg/L in 2008 vs 4.18 mg/L in 2011). However, the measured nitrate level
had dropped to 0.8 mg/L by 2015 and then increased to 3.47 mg/L throughout 2016.
Interestingly, the Mann-Kendall nitrate test results suggested a statistically insignificant
decreasing trend (p-value of 0.858).

The WQMG65, WQM66, and WQMG67 stations which are just below lowa Lyon

001, these stations are located on the Big Sioux River (not the tributaries), and Sioux
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Falls and Sioux City. These stations have increasing nitrate levels for the year 2015 (that
is 4.34, 4.5, and 6 mg/Ltr. respectively). There is a similar pattern (6.8, 7.2, and 11.01
mg/Ltr.) for 2016 as well.

The MN Pipestone 099 station had the highest nitrate levels among all the
stations. The nitrate level at this station increased from 1.8 mg/L in 2007 to 11.23 mg/L
in 2016. During this period, there was also an increase in corn and soybeans acreage.
The Mann-Kendall test for LCC trend show an increasing trend for corn and soybeans
acreage and also an increasing trend for nitrates. The third objective of this research, that
is, land cover trends be associated with nitrate trends holds true at this station only.
Conversely, the station SD Codington K06 showed an increasing trend for corn and

soybeans and decreasing trend for nitrates.

5.3 Trend Analysis

The Mann-Kendall tests for land use/land cover change indicated significant
trends only for corn/soybean acreage and grassland acreage in both the HUC catchments
and the main BSR watershed (a statistically significant increasing trend for corn/soybean
acreage Vs a statistically significant decreasing trend for grassland acreage). With respect
to nitrate levels in the BSR watershed / HUC12 catchments, the Mann-Kendall test
results indicated significant trends for only two stations (a decreasing trend at SD
Codington K06 vs an increasing trend at MN Pipestone 099). Based on these results,
there does not appear to be sufficient evidence to indicate a positive correlation between
land use/land cover change and rising nitrate levels in the BSR. The linear regression
results for these two stations tend to support the lack of evidence supporting

identification of any statistically significant trend. As there is insufficient evidence to
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establish any significant degree of correlation, it is not possible to determine whether any
such relationship, if it exists, is causal in nature.

Two factors could explain the lower than expected nitrate levels measured in the
BSR watershed despite increased grassland-to-cropland conversion. First, South Dakota
farmers, in cooperation with the SDDA, EDWDD, and other agencies, voluntarily
adopted measures intended to limit soil erosion and improve general water quality, such
as strip/no-till cultivation, cover crops, riparian buffers, buffer strips, and best
management practices (BMPs) (USGS 2001; Clay et al. 2014). Buffer strips and riparian
buffers provide additional vegetative cover, reducing the velocity of flowing water; this
can limit, or even prevent, deposition of suspended nitrate particulates (Lam, Schmalz,
and Fohrer 2011). South Dakota has also enacted various water management programs
that attempt to protect water quality by reducing bacteria, sediments, and nutrient loads
flowing into its river systems (Priner 2016).

Second, Minnesota enacted a law in 2015 requiring its farmers to install buffer
strips between 30 ft. and 50 ft. in width along rivers and streams, and 16 ft. in width
along ditches. The state is currently planning to install additional buffer strips along
33,700 miles of rivers and streams (Pfankuch 2018). These buffers should help reduce
the increasing nitrate trends observed in the MN Pipestone 099, MN Pipestone 094, and

other stations.

5.4 Limitations of the study
As discussed in the previous section, this thesis research did not find conclusive
evidence of a correlative or causal relationship between land use/land cover changes and

rising nitrate levels in the BSR. This could very well be the result of limitations in the



68

data analyzed in this research and/or the methods used to analyze the data. These
limitations are considered in greater detail in the following sections.
5.4.1 Data Limitations

5.4.1.1 Incomplete Nitrate Data

Of the 48 gauging stations currently operating in the BSR watershed, only 15
stations provided any nitrate level data. Of those 15, 11 provided 4 years’ nitrate level
datasets covering the 2007-2016 study period. Some of the stations were able to provide
monthly data; most only provided annual data, so the analysis presented here was
performed assuming that basis. The stations also differed in their data collection
schedules; some collected data bi-monthly, but most collected data only on a quarterly
basis, primarily during the summer months, which did not allow for a more representative

seasonal analysis.

Furthermore, some of these stations did not have data for all years. SD Codington
KO06 did not have data from 2016, SD Moody BSA did not have data from 2007 through
2011, R13 EDWDD did not have data from 2010-2013, and WQM32 EDWDD only had
data from 2015 and 2016. Similarly, MN Pipestone 094 was missing data from 2014
through 2016, MN Pipestone 099 was missing data from 2010 and 2012, and MN Rock
528 was missing data from 2007. Finally, lowa Hawarden was missing data from 2007,

2013, and 2014.

It is unfortunate that WQM32 EDWDD did not have a complete dataset. If it had,
it could have been used to model the entire watershed region. Fortunately, availability of

data from the other reporting stations allowed analysis of the HUC12 catchments.
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5.4.1.1.1 Distribution of Gauge Stations throughout BSR Watershed
Region
Along with incomplete nitrate level measurements at a minority of the operating
gauging stations, the distribution of these stations within the watershed region itself is
another limitation. This issue relates to the properties of nitrogen. Free nitrogen leaching
into a river system is dissolved and forms nitrates. These nitrates settle on the river bed
in pools where the river flow velocity is decreased. A gauging station located upstream or

in a pool will likely measure more nitrates than a station located downstream from a pool.

5.4.1.1.2 “Nitrogen Legacy”

An additional limitation is a generally unknown uncertainty in the “true” nitrate
level measured at a gauging station. Because of the increase in corn acreage and longer
delays in rotation with soybeans, soil nitrogen levels decrease, as atmospheric nitrogen
fixed to the soil during nitrification is converted into nitrates. This forces corn growers to
apply nitrogen-based fertilizers to compensate for the deficit, with the potential of
applying more fertilizer than is really needed. Consequently, the excess free nitrogen
flows into local water systems during rain events and converts into nitrates. Currently,
there is no realistic way to determine whether the nitrate level measured at a gauging
station is just for this year, or due to accumulated leaching during the previous year(s). In
addition, nitrates settled in pools may be washed away during major flood events. Again,
there is no realistic way to determine whether the nitrate measurement is “current” or an

accumulated result over multiple years.
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5.4.1.2 CDL Data Issues
In general, the quality of CDL datasets has been questioned by several researchers
(e.g. Wright and Wimberly 2013; Decision Innovation Solutions 2013; Clay et al. 2014;

Reitsma et al. 2015). This section considers some of these issues in greater detail.

5.4.1.2.1 User / Producer Accuracies

Most research has found that the CDL estimates for the user and producer
accuracies are typically high, ranging from 80% to 97%; these estimates vary both by
state and the period in which the CDL dataset was generated. For example, the South
Dakota 2012 CDL had estimated producer and user accuracies for the “Corn” class of
95% and 93%, respectively. However, the estimated producer and user accuracies for the
“Grassland” class were significantly different, at 86% and 39%, respectively. Noe (2015)
found that “Grassland” CDL producer and user accuracies were highest when grasslands
were the dominant practice and “Cropland” producer and user accuracies were highest
when croplands were the dominant land-use. Less concern has generally been shown
towards producer and user accuracy estimates for non-crop classes, including “Water”
and “Developed” (Lark et al 2017). Uncertainties in the accuracy estimates can lead to

uncertainties in the resulting estimates of total acreage used by a class.

5.4.1.2.2 Resampling / Data Resolution
The CDLs released for years prior to 2009 had a spatial resolution of 56m x 56m,
whereas for CDL’s released after 2009 the spatial resolution was increased to 30m x
30m. Many methods have been devised and used to resample these different resolution
datasets. One of the most popular methods is the nearest neighborhood resampling

method.
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5.4.1.2.3 CDL Reclassification
The number of classes in the CDL dataset vary from 85 to 111. Some of the
classes that are present in newer versions are missing in the earlier versions. This makes
reclassification difficult. Most reclassifications are based on decisions made by the
researcher which could lead to miss-classification of CDL classes and impact the ultimate

study results.
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CHAPTER 6: SUMMARY, CONCLUSION, CONTRIBUTION

This study presented the land cover change and nitrate trends in the BSR
watershed. For the land cover trends, this study analyzed the 2007-2016 South Dakota
CDL to characterize and determine rates of LCC for corn/soybean and grassland
acreages, and the non-parametric Mann-Kendall test to identify increasing and decreasing
trends of land-cover change within the BSR watershed. For the nitrate trends, nitrate
levels measured at 11 the gauging stations established in the BSR watershed were
analyzed using the Mann-Kendall test to identify decreasing and increasing nitrate trends.
For land use / land cover nitrate trends identified as statistically significant, Sen’s Slope
estimates were employed to estimate their magnitudes. Finally, linear models of nitrate
concentration versus the percentage of land cover classes were generated to identify
significant relationships between land cover trends and nitrate trends.

Overall, this research demonstrated that the percentage of corn/soybean acreage
exhibited an increasing trend during the 2007-2016 study period, while the percentage of
grassland acreage demonstrated a decreasing trend. However, nitrate level measurements
from only 2 of the 11 gauging stations operating within the BSR watershed provided
sufficient evidence to identify a trend; one station in Minnesota reported an increased
nitrate level well above the current EPA standard of 10 mg./L, while the other station in
South Dakota reported a decreased level. This could be because farmers in South Dakota
adopted various conservational approaches to limit nitrogen/nitrate flow into its
waterways, while Minnesota was in the early stages of mandating and enforcing use of

such approaches. Moreover, the linear models developed for these stations did not show
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a strong relationship between land cover trend and nitrate trends that would be applicable
to the BSR watershed.

There are various factors that could have affected the results from this result. Some
of these are the short temporal study period, inadequate and missing nitrate data, and
CDL accuracy.

The findings of this research are likely to help water authorities make decisions to
resolve water quality related issues. The findings are also important because the results of
a pending court case may alter the Corn Belt Farmland management which could have an
impact on EDWDD and other water districts. The findings of my research are likely to
provide a better understanding of the role of LULC change to BSR water quality which
can be important to water supply organizations and farmers in developing improved land
management strategies.

It would be useful to incorporate the soil type, slopes, terrain, temperature,
precipitation, and amount of nitrogen fertilizer applied to the crop versus nitrogen level in
the river to build a regression model and see which factors strongly contribute to

increases in nitrogen level in the river basin.
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APPENDICES

Appendix A: Reclassified CDL Data Layer Maps from 2007 — 2016
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Appendix B: Results from the Man-Kendall test and Sen Slopes for all the Gauging stations
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S D Plot of Nitrate Vs Year (Station: SD Moody BSA)
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Appendix C: Results from the Man-Kendall test for the percentage of all the class

types in the entire BSR watershed
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Appendix D: Results from the Man-Kendall test for the percentage of corn and soybeans, and grassland for all HUC12

Stations
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HUC12 Stations
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Percentage Com and Soybeans
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Plot of Percentage Corn and Soybeans Vs Year (Station: MN Pipestone 099)
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Plot of Percentage Corn and Soybeans Vs Year (Station: MN Rock 811)
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IA Lyon 001

Plot of Percentage Corn and Soybeans Vs Year (Station: IA Lyon 001)
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WQM32
EDWDD
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Appendix E: Sen Slopes for the percentage of corn/soybean and grassland class type for all the HUC12 catchments
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Sen Slope Estimates (HUC - 101702010604) SD Colington K06
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Sen Slope Estimates (HUC - 101702021101 and 101702021102) SD Hamlin S08
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Sen Slope Estimates (HUC - 101702030602) SD Moody BSA
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Sen Slope Estimates (HUC - 101702031304) MN Pipestone 099
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Sen Slope Estimates (HUC - 101702031603, 101702031602, and 101702031605) MN Rock 528
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Sen Slope Estimates (HUC - 101702031603, 101702031602, and 101702031605) MN Rock 528
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Sen Slope Estimates (HUC - 101702031705) R13 EDWDD
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Sen Slope Estimates (HUC - 101702031901) lowa Lyon 001
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Sen Slope Estimates (HUC - 101702040805) lowa Hawarden
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Sen Slope Estimates (HUC - 101702032504) wQM 32 EDWDD
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Appendix F: Summary of results from the Man-Kendall test and Sen’s Slopes estimates

for HUC12 Stations that didn’t show a statistically significant trend

Gauging Nitrates / Mann-Kendall Test Sen's Slope
Stations/ Land Cover Estimate
HUCs Trends Tau p- Trend Slope Const
value (Q) (B)
Nitrate 0.524  0.033 Increasing 0.49 8.90
MN Corn and
Pipestone  Soybeans 0.067  0.858 No Trend 0.07 76.33
094 Grassland .
rassian 0.733  0.004 Decreasing  0.46  17.63
SD Grant  Nitrate 0422  0.107 No Trend 0.70 1.00
SA1 Corn and 0.600  0.020 Increasing 1.09  36.97
Soybeans
Grassland - 0.0003 Decreasing -1.72 4194
0.911
SD Hamlin Nitrate - 0.858 No Trend -0.01 1.84
S08 0.067
Corn and 0.556  0.032  Increasing 0.96 54.34
Soybeans
Grassland - 0.002 Decreasing -1.13 27.44
0.778
SD Moody Nitrate 0.400 0.462 No Trend 0.19 0.22
BSA Corn and 0.378  0.152 Increasing 047  57.33
Soybeans
Grassland - 0211 Decreasing -1.17 34.55
0.333
MN Rock Nitrate 0.167  0.602 No Trend 0.12 3.53
528 Corn and 0556  0.032 Increasing 0.19  70.32
Soybeans
Grassland - 0.074 Decreasing -0.72 22.04
0.467
MN Rock  Nitrate 0.449  0.088 No Trend 0.24 4.99
811 Corn and 0.778  0.002 Increasing 032 7292
Soybeans
Grassland - 0.020 Decreasing -0.62 17.82
0.600
R13 Nitrate 0.600 0.133 No Trend 0.16 2.79
EDWDD  Corn and 0.156  0.592 Increasing 0.30  36.62
Soybeans
Grassland 0.020  Decreasing -1.17 39.46

0.600




IALyon  Nitrate - 0.858 No Trend -0.06 1.50
001 0.067
Corn and 0.644  0.012 Increasing 0.37 70.37
Soybeans
Grassland - 0.074 No Trend -1.31 20.66
0.467
lowa Nitrate 0.048  1.000 No Trend -0.06 1.50
Hawarden  Corn and 0.378  0.152 Increasing 0.30 69.69
Soybeans
Grassland - 0.004 Decreasing -0.34  20.74
0.733
WQM32  Nitrate 1.000 1.000 No Trend 3.98 27.25
EDWDD  Corn and 0.156  0.592 Increasing 031 4781
Soybeans
Grassland 0.032  Decreasing -0.86 28.89

0.556
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Appendix G: Land Cover Changes for HUC12 Stations that didn’t show a statistically significant trend

SD Grant SA1 (HUC12 = 101702010102)

Land Cover Change between 2007 and 2016 at SD Grant SA1 HUC12 sub-watershed
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SD Hamlin S08 (HUC12 = 101702021101; 101702021102)

Land Cover Change between 2007 and 2016 at SD Hamlin S08 HUC12 sub-watershed
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SD Moody BSA (HUC12 = 101702030602)

Land Cover Change between 2007 and 2016 at SD Moody BSA HUC12 sub-watershed
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MN Pipestone 094 (HUC12 = 101702031303)

Land Cover Change between 2007 and 2016 at MN Pipestone 094 HUC12 sub-watershed
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MN Rock 528 (HUC12 = 101702031603; 101702031602; 101702031605)

Land Cover Change between 2007 and 2016 at MN Rock 528 HUC12 sub-watershed
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MN Rock 811 (HUC12 = 101702031506; 101702031504; 101702031503)

Land Cover Change between 2007 and 2016 at MN Rock 811 HUC12 sub-watershed
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R13 EDWDD (HUC12 = 101702031705)
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Land Cover Change between 2007 and 2016 at R13 EDWDD HUC12 sub-watershed
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IA Lyon 001 (HUC12 = 101702031901)

Land Cover Change between 2007 and 2016 at SD Lyon 001 HUC12 sub-watershed
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lowa Hawarden (HUC12 = 101702040805)

Land Cover Change between 2007 and 2016 at lowa Hawardeen HUC12 sub-watershed
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WQM32 EDWDD (HUC12 = 101702032504)

Land Cover Change between 2007 and 2016 at WQM32 EDWDD HUC12 sub-watershed
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Appendix H: The MAKESENS template

The MAKESENS template was created using Microsoft Excel 97 and the macros
were coded with Microsoft Visual Basic. The MAKESENS procedure is based on the
nonparametric Mann-Kendall test for the trend and the nonparametric Sen's method for
the magnitude of the trend. The FMI has developed both the MAKESENS application
and the User Manual which are available in their official website

http://en.ilmatieteenlaitos.fi/makesens) and are available for download.

The MAKESENS excel template is user friendly and easy to use. There are some
terms that we need to understand before we use this application. The template takes the
time series data, determines the first year and last year of the time series, and determines
the number of annual values (n) in the calculation excluding missing values. Depending
on the n values, the template does Test S or Test Z and displays in the output. For
example, if nis 9 or less, the test statistic S is displayed. The absolute value of S is
compared to the probabilities of the Mann-Kendall nonparametric test for trend (Gilbert
1987) to define if there is @ monotonic trend or not at the level o of significance. A
positive (negative) value of S indicates an upward (downward) trend. If n is larger than 9,
this cell is empty. Similarly, if n is at least 10, the test statistic Z is displayed. The
absolute value of Z is compared to the standard normal cumulative distribution to define
if there is a trend or not at the selected level o of significance. A positive (negative)
value of Z indicates an upward (downward) trend. 1f nis 9 or less, this cell is empty. In
addition, the template displays the significance level of the data. If nis 9 or less, the test

is based to the S statistic and if n is at least 10, the test is based to the Z statistic (normal


http://en.ilmatieteenlaitos.fi/makesens

148

approximation). The template uses four tested significance levels and the following
symbols are used in the template:

*** if trend at o = 0.001 level of significance

** if trend at o = 0.01 level of significance

* jf trend at o = 0.05 level of significance

+ if trend at a = 0.1 level of significance
If the cell is blank, the significance level is greater than 0.1.

Moreover, the template estimates the Sen’s slope (Q) for the true slope of linear
trend i.e. change per unit time period (in this case a year). The slopes are estimated four
significance levels and termed as follows:

- Qmin99: the lower limit of the 99 % confidence interval of Q (a = 0.1)

- Qmax99: the upper limit of the 99 % confidence interval of Q (o = 0.1)

- Qmin95: the lower limit of the 95 % confidence interval of Q (o = 0.05)

- Qmax95: the upper limit of the 95 % confidence interval of Q (o = 0.05)

For a linear trend, the constant in the equations is termed as B, and is estimated
as:

Constant B: f(year) = Q*(year - firstYear) + B. The constant B is estimated for
four significance levels as:

- Bmin99: estimate of the constant Bmin99, f(year) = Qmin99 * (year - firstYear)

+ Bmin99 for 99% confidence level of linear trend

- Bmax99: estimate of the constant Bmax99, f(year) = Qmax99 * (year-firstYear)

+ Bmax99 for 99% confidence level of linear trend:

- Bmin95: estimate of the constant Bmin95, f(year) = Qmin95 * (year-firstYear)

+ Bmin95 for 95% confidence level of a linear trend:
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- Bmax95: estimate of the constant Bmax95, f(year) = Qmax95 * (year-firstYear)

+ Bmax95 for 95% confidence level of a linear trend

When calculating the constants B in MAKESENS the time is used in the form:

t = year - firstYear, where firstYear is the first year of all data in the Annual data
worksheet.
The confidence intervals are valid only if n is at least 10 and there are not many ties
(equal values). If n is less than 10, the constants Q and B for the confidence intervals are

not shown in MAKESENS.



