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Abstract
In this study, an analysis of the impacts of urban expansion and potential climate change
scenarios on total nitrogen dissolved in waterways are conducted, in the growing city of
Huntsville. The two approaches taken to do this were an analysis of projected total nitrogen
concentration in streams caused by land cover/land use changes and, following this, additional
variances caused by extreme precipitation circumstances, both as an average increase and
decrease, that represent the climate change impacts. For this project, the primary tool to calculate
nitrogen changes in streams used was the SPARROW model. Taking projected expansion plans,
the acreage changes expected to existing land cover classes were calculated and input into the
model data, and the concentration changes were calculated. A low and high precipitation average
were determined to reflect a dry year and a wet year to model potential changes in precipitation
due to climate change. From this, the precipitation input and the stream flow in the model was
altered to reflect these conditions and the model was run once again to calculate the compounded
effects that land cover changes as well as climate change would cause on TN concentration in
streams. The results for the land cover prompted a mix of increases and decreases of total
nitrogen in the watersheds surrounding Huntsville. As for the precipitation changes, an increase
in precipitation causes a decrease in concentration and a decrease in precipitation would cause an
increase in TN concentration.
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Introduction
The city of Huntsville, Alabama has steadily grown over the past thirty years. With a
population increase of over 40,000 and continual growth in the last three decades, Huntsville is
projected to become the largest city in the state in the span of 5 years. With this steady growth
comes a need for development of infrastructure to maintain an adequate quality of life.
With this development comes many inevitable land use changes for the city and its
immediate surroundings. Land use changes, particularly the conversion from agricultural land to
urban areas have been shown to affect water bodies around the area undergoing these alterations.
This project was intended to study the potential effect that the growth of Huntsville will have on
its surrounding streams. By calculating the potential acreage changes of the different land
cover-land use types, the impact on nutrient-based water quality was determined. The model
called SPAtially Referenced Regression On Watershed attributes (SPARROW), created by the
USGS, was used to calculate the predicted total nitrogen (TN) concentrations that the water
bodies surrounding Huntsville will have post-development. Additionally, the Water Supply and
Stress Index model (WaSSI) was used to study how climate change could impact the predicted
TN concentrations. Climate changes include changes in precipitation, which directly affect the
water quality of a stream by increasing or decreasing its average flow rate. Using the average
monthly precipitation measurements for the last 30 years, the yearly average precipitation was
calculated. From these, the driest year was chosen as a representative dry period for the future,
and the wettest year for a wet period. The average flow of the pertaining water bodies was
altered in order to reflect the wet/dry scenarios, and the TN was once again calculated based on
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climate and land use changes scenarios. Maps illustrating the TN concentration changes were
made to show the spatial effects of urban development and climate change on water quality.
The goal of this project was to understand the impact that Huntsville’s expansion and
changes in precipitation patterns would have on Huntsville’s streams and rivers. City planners
could use the results of the analysis done in this project to minimize harmful impacts to the city’s
hydrologic system.
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Literature review
Land use changes have proven to be impactful to nitrogen concentration in waterways.
An example of these impacts are the increased nitrogen concentration that Shanghai faces due to
urbanization increases, especially over long-term periods (Gu et al. 2012). Urbanization
generally causes an increase in nutrient loading, particularly nitrogen and phosphorus in all cases
studied, particularly when that change is from forested areas. Yoshikawa et al produced a study
that analyzed the impact of land use on nitrogen concentration of the river water in 26
watersheds of Japan (Yoshikawa et al, 2015). The results of this study support that urbanization
causes an increase in nitrogen loading, as well as the idea that the land cover type that produces
the most nitrogen in surface water is cropland due to agricultural soils having a high
concentration of nitrogen from fertilizers.
The studied impacts of climate change on nitrogen concentration in waterways are varied.
Through the lens of UK streams and rivers, Whitehead et al illustrated some of the effects that
climate change could have on water quality. One of these is an increased concentration of
pollutants and nutrients due to a decrease in precipitation amounts. This is primarily due to a
decrease in dilution that would stem from a decrease in streamflow. On the other hand, there are
other consequences that a change in precipitation would cause. Heeejung Chang in 2003 and Jun
Tu in 2009 published articles that studied the impacts of land cover and climate change in
different areas of the US. Their conclusion was opposite to that of Whitehead, in which increased
precipitation caused an increase in nitrogen concentrations through seasonal periods. This is due
to increased precipitation causing increased runoff, which leads to increased incoming nitrogen
and phosphorus. Despite these different outcomes, one thing to note is that in the studies that
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combined land use and climate change impacts, the changes caused by climate change were
greater than those caused by land cover (Chang, 2003).
In order to study the impacts that climate change and land cover changes would have for
the purposes of this project, the model used was SPARROW. The SPARROW (SPAtially
Referenced Regressions On Watershed attributes) consists of a modeling technique that utilizes a
combined statistical and process-based approach to estimate pollutant sources and contaminant
transport in watersheds and surface waters. It employs a statistically estimated nonlinear
regression model with many constraints, some of which are contaminant supplies, flow paths,
and mass-balance components, among others. Its parameters correlate stream water quality with
GIS data as well as climatic and hydrogeologic properties (Schwarz et al, 2006). The GIS data
and climate and hydrogeologic properties were what was altered for this study.
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Methodology
To accomplish this analysis, this project was broken up into two sections. The first
section is an examination of the land cover changes that would happen should Huntsville
expansion go as predicted. This prediction is based on a map from Huntsville City Hall, which
details planned expansion and developable land areas starting in 2015. For this process, a
combination of ESRI ArcMap and Excel were used to perform necessary calculations and create
visualizations.
Maps of proposed expansion and current land use zoning were obtained from the City of
Huntsville GIS Department. The USDA cropland data layer (CDL) was reclassified into 8 land
cover types. HUC 12 watershed boundary shapefiles were obtained from USGS, which
corresponded to the watersheds used in the SPARROW model, so that changes in TN could be
modeled spatially. The SPARROW model, while created and distributed by the USGS, was
obtained through UAH faculty member, Dr. Maury Estes. Finally, the climate data was
processed and given by Dr. Kevin Doty, another UAH Faculty member.
The extent of impact of land use changes on TN in waterways within the state of
Alabama was reduced to Morgan, Limestone and Madison County, since land cover changes in
Huntsville are likely to affect waterways in these three countries. These counties consist of
fourteen, 12 digit watersheds watersheds, which encompass the city of Huntsville (Figure 1).
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Figure 1: Study Area of Interest
Next, the cropland data was grouped using a series of queries to reflect the classes within
the SPARROW model. These classes were Urban, Forest, Agricultural, Woody Wetland,
Herbaceous Wetlands, Open Water, Shrub/Scrub, and Barren. These queries selected the
subcategories that applied to each overarching class so that they would be merged together. For
example, pixels of the CDL raster that were classified as Wheat, Rye and Corn, were grouped
into the agriculture category. Within the boundaries of the city of Huntsville, there were sections
that had been zoned for development. These were the areas that were isolated in order to
determine how much land may be developed within Huntsville in the coming years (Figures 2, 3
and 4).
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Figures 2 (top left), 3 (top right), and 4(bottom left):
Development zones of Huntsville, in the West, Central and East Area respectively.
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After isolating the 26 separate development zones within ArcMap, the reclassified CDL
data was cropped down to only those zones. The square kilometers of each land cover type in
each development zone was calculated. For the zones that were split between multiple
watersheds, the amount of each class that corresponded to each watershed within the specific
development zone was calculated. This was done by spliting those zones into separate polygons
through the watershed boundaries and then calculating the acreage of each land cover type in
each developable zone by watershed. The acreages of each existing land cover type that could be
converted into urban land were used in the SPARROW model.
The SPARROW model (SPAtially Referenced Regression On Watershed attributes) is a
watershed modeling technique created by the USGS that relates attributes of the watershed to
water-quality measurements. At its core is a non-linear regression equation that describes the
transport of nutrients through a stream network. It takes data sets of contaminant sources like
fertilizer and manure applications, atmospheric deposition to the land surface and urban sources
and calculates their impact and contribution to contaminant yield, fluxes and concentration
(Schwarz et al, 2006). Two of the geographic datasets it takes into account are precipitation and
land use, which were modified for the purposes of this project.
In order to model water quality, an input file and the code containing the programming to
read in and mathematically compute the TN in the SAS program must be obtained from the
USGS. The input file contains all of the precipitation, soil characteristics and land cover types
that are weighed into the model. Once the amount of each land cover type in development zones
was totalled for each watershed, the land use types within the input file were manipulated to
reflect this change. Since these areas would be undergoing urban expansion, the watersheds

14

would undergo an increase in Urban land cover, and a decrease in all others. Thus, the amount of
existing land cover types, minus urban, were subtracted from the existing total within the file.
The urban land cover was increased by the amount equaling the development zone area,
or the part of it that corresponded to each watershed, for those that were split between several
watersheds. Five watersheds had urban land cover increases between 0 and 1 square kilometer,
three had increases between 1 and 3 square kilometers, an additional three had increases between
3 and 6, and the remaining three had increases of 14, 16 and 22 square kilometers, respectively.
Once these changes were made, the model was run and the outputs for hypothetical nitrogen
concentration stored within an Excel sheet to compare with the original nitrogen amount that the
model output gave based on the control data-the current land use acreages and average
precipitation values.
The second part of this project explores the hypothetical impact of climate change to the
nitrogen concentration in watersheds. First, an overarching timespan of precipitation was
determined to be a 30 year climate average starting from 1981 and ending in 2011. A 30 year
timespan was used due to it being the climate normal convention that is widely accepted. From
these 30 years, dry and wet scenarios were established. This was done by taking the yearly
average precipitation for each year within each watershed and determining the lowest and
highest precipitation amount. Precipitation was chosen as the representative factor of climate
change due to it being the primary input column within the SPARROW model.
After the lowest and highest yearly precipitation values were determined for each
watershed was found for each watershed, the respective precipitation averages within the
SPARROW input file were changed, first the low precipitation values, then the high precipitation
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values, and finally, the streamflow was altered in order to reflect that change in precipitation. For
example, if the precipitation increased by 24%, as was the case with Piney Creek, then
streamflow was also increased by 24%. Streamflow was altered this way because precipitation is
a main factor in streamflow analysis, being one of the primary inputs from a hydrological
standpoint.
In the dry scenario, the precipitation and flow were about halved (~49% - ~54%) of
average that was started with). The largest decrease in precipitation was in the Miller Branch of
the Tennessee River, which decreased the normal average of around 1456 mm/yr to around 715
mm/yr, which was about 49.1% of the average, which additionally decreased the mean flow from
74 ft3/sec to 36 ft3/sec. The smallest decrease in precipitation was one of the watersheds of the
Flint River, which decreased the average from 1448 mm/yr to 781 mm/yr, or to about 53.9% of
the average (Figure 5). This changed the average flow of 1213 ft3/sec to 654 ft3/sec.

Figure 5: Percentage change in precipitation in the dry scenario
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In the wet scenario, the changes increased the flow and precipitation increased by around
20% for each watershed (~21% - ~26%). The highest increase in precipitation was in Aldridge
Creek, in which the precipitation went from 1456 mm/yr to 1838 mm/yr. This increased the flow,
by 26.2%, from 34 ft3/sec to 43 ft3/sec. The lowest increase was in Indian Creek, which
increased the flow from 1462 mm/yr to 1762 mm/yr, which caused the flow to change from
around 100 ft3/sec to 120 ft3/sec, which is equivalent to a 20.4% increase (Figure 6).

Figure 6: Percentage change in precipitation in the wet scenario
The resulting alterations added onto the changes to land cover illustrate the compounded
effect that land cover and low and high precipitation scenarios would have on TN concentration
within the watershed. Once these changes were made in the SPARROW input model, it was run
again twice, once for each different scenario.
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Results & Discussion
Climate change has a much more significant impact than land cover change in this
scenario. This is likely because, first, the amount land cover actually altered in each HUC in
most of the cases was not a large part of the watershed itself. The changes in precipitation
however, apply to the entirety of each watershed. Additionally, the actual numbers and changes
themselves are very different in scope. The starting precipitation numbers had a minimum and a
maximum in the 1400 mm/yr range, while the minimum over all of the land cover types was 0
square kilometers and the maximum was around 145 square kilometers.
As for the changes, the precipitation amounts used in the SPARROW model were
typically about halved under the low precipitation scenario, and increased by about 20% for the
high precipitation scenario. Four of the land cover changes affected somewhere between 0 and
1% of the total area, five others were between 1 and 4%, two were between 5 and 7%, while the
remaining three comprised 15, 20 and 36% of the total of the watershed.
Table 1: The percentages of the total area of watershed changed due to increases in urban land
cover
Watershed Number

Percentage of Total Area Changed to Urban

17378

0.858%

17390

0.744%

17398

1.62%

17399

3.57%

17402

2.33%

17403

0.425%

17404

2.93%
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17977

14.76%

17978

36.56%

17979

0.14%

17980

6.55%

17981

20.13%

18007

1.61%

65850

5.18%

The results from just the land cover change analysis are varied. Most changes to urban
land cover caused a decrease in nitrogen concentration, with values ranging from 0.002 to 0.8
mg/L of decrease in overall nitrogen concentration. Of the few watersheds that had their
concentration increase, the highest increase is less 0.03 mg/L (Figure 11 and 12). This is due to
the type of land class that is being altered. In most cases, agricultural land will be a major cause
of nitrogen in streams, much of it due to runoff. Some of this expansion included converting
agricultural land to urban areas, which is a lower producer of TN. Increases in total nitrogen
were observed in areas where land was not being converted from agriculture to urban, but rather
from a land use type that is associated with lower TN than urban. Refer to Table 1 for the change
in total nitrogen due to increases in urban land cover in each watershed.
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Figures 7 and 8 : 7 (left) shows changes in nitrogen concentration and 8 (right) shows total
nitrogen amounts after land cover changes, respectively.
With the dry scenario, the driest year for all of the watershed within the 30 year climate
normal was 2007. The total nitrogen concentration for this year increases in all of the
watersheds. The majority of the increases are between 1 and 2 mg/L, the smallest being around
0.9 mg/L, the largest around 10.9 mg/L. In some cases, the TN concentration nearly doubles
(Figure 9 and 11).
With the wet scenario, the wettest year for each watershed ranged between 1989 and
1991, because water is not necessarily distributed equally since precipitation varies greatly over
small areas due to storm size and placement. The TN concentrations for these years all decrease,
these changes ranging from 0 to 3 mg/L, the largest is around 2.4 mg/L, the smallest is around

20

0.3 mg/L (Figure 10 and 12). Refer to Table 2 for the change in total nitrogen due to increases
and decreases in precipitation.

Figures 9, 10, 11 and 12: 9 (top left) and 10 (top right) show numerical changes in nitrogen of
land cover changes combined with climate change scenarios. 11 (bottom left) and 12 (bottom
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right) show the total nitrogen concentration in each watershed under both land cover changes and
climate change scenarios.
Table 2: The change in total nitrogen due to increases in urban land cover, and precipitation
increases and decreases.

Change in TN concentration (mg/L)
Watershed

Land Cover Change
Only

Land Cover Change
and Dry Year

Land Cover Change
and Wet Year

17378

1.686

3.303

1.357

17390

8.698

12.041

6.662

17398

2.829

4.770

2.132

17399

2.093

3.472

1.553

17402

11.684

22.616

9.361

17403

1.263

2.199

0.979

17404

2.481

4.233

1.966

17977

7.759

14.883

6.308

17978

1.692

3.276

1.369

17979

2.532

4.123

1.933

17980

2.227

3.883

1.798

17981

3.528

5.718

2.815

18007

1.692

3.225

1.373

65850

2.429

4.525

1.918

Overall, the scenario with the least total nitrogen was the combined land cover changes
and increased precipitation. The scenario with the most total nitrogen was the combined land
cover changes and decreased precipitation. This can be attributed to the altered flow in both of
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these scenarios. A decrease in flow would mean less dilution of nitrogen, and thus the normal
ratio of total nitrogen to water would greatly increase. Alternatively, the opposite would happen
with an increase in precipitation: the flow increases, thus there is more water to take up the
nitrogen caused by runoff, and thus it would decrease the overall concentration. This observation
implies that, in the long term, the measures that would take priority in order to improve water
quality are those that pertain to climate change, not those that pertain to land cover changes.
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Conclusion
The purpose of this project was to look into the potential impacts on water quality due to
the expansion of the city of Huntsville. With this project I have demonstrated that just the land
cover change due to expansion alone would not have any significant impacts, whether positive or
negative on the overall total nitrogen concentration of this area. However, that is not to say that
expanding the city will not have any impacts at all. This is especially true when one looks at
what climate change in addition to this expansion could cause. Potential future changes in
precipitation would impact the environment and raise TN concentration even without human
involvement. Yet, humans still have to be careful with changes made to land cover and city
expansion. After all, what seems like a minuscule effect by itself can be worsened by other
factors, such as climate change and that initially miniscule difference and make an impact on
water quality as a whole.
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