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Abstract 
This study assesses the hydrological, chemical, and ecological impacts of urbanization on 

Paxton Creek in Harrisburg, PA. The Paxton Creek watershed encompasses 27 square miles. The 

stream’s headwaters are located along the Southern slopes of South Blue Mountain from where it 

flows to the Susquehanna River. Urbanization around and heavily inside the City of Harrisburg 

has occurred quickly and nearly 66-70% of the watershed was considered urbanized in 2014. 

This fast pace urbanization has impacted the hydrology, the chemistry and ecology of Paxton 

Creek. This research uses different Spatial Analysis tools in ArcGIS and Microsoft Excel to 

assess these impacts. Analysis of hydrologic data from USGS 01570500 (1941 to 1995), USGS 

01571005 (2012 to current), and the Chesapeake Bay Watershed Land Cover (CBWLC) data 

series for 1984 and 2006 showed that urbanization has significantly changed the land cover 

patterns, increased both the frequency and the magnitude of stream peak flows, altered the 

stream channel patterns, and impaired over 17 miles of the Paxton Creek.  
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1.0 Introduction 
 

Worldwide, urbanization is quickly increasing. Nearly 54 percent of the world population 

is now urban, with an annual growth rate of 1.84%. Globally, urban areas population has rapidly 

increased from 746 million in 1950 to 3.9 billion in 2014 (United Nations 2014).  Projections 

estimate that urban areas population will reach 66% by the 2050 (United Nations 2014).  

The trend is even more accentuated in the United States. In 1830, only 35% of the United 

States population was urban. In 1990, 75% of the country’s population was urbanized. As of 

2014, the number has reached 81% (United Nations 2014). In Paxton Creek watershed, most of 

the urbanization is associated with the city of Harrisburg, which was only 30% of urbanized 

during the 1900s, and has grown to an excess of 70% urbanized in 2007 (United States 

Environmental Protection Agency 2008). 

Urbanization brings about intense changes to the natural landscape such as the loss of 

riparian buffers, the increase of impervious surface cover, urban runoff, the frequency and 

magnitude of floods, the decease of soil infiltration capacity and groundwater recharge, the 

generation of more waste, and other issues related to stormwater management (Klein 1979, 

Carter et al. 2009). 

Consequently, urbanization has severe impacts on the hydrology by changing the natural 

water cycle and the stream channel as well as altering the chemistry of the water through runoff 

that contains various pollutants. The biology and biodiversity of the waterbodies are also 

impacted (Booth et al. 2004, Carter et al., 2009). This research will use hydrologic datasets from 
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the USGS streamgages for Paxton Creek, the Chesapeake Bay Watershed Land Cover (CBWLC)  

data series combined with Microsoft Excel and GIS to assess the extent of these impacts. 

2.0 Purpose and Scope 
 

The purpose of this study is to investigate the impacts of urbanization on Paxton Creek. 

More specifically, this study assesses how urbanization has altered the physical, chemical, and 

ecological aspects of Paxton Creek. When completed, this study hopes to have answered the 

following questions: 

• What relationships exist between the increase of the impervious surface cover and the 

surface runoff? 

• How has urbanization impacted Paxton Creek’s discharge and peakflow? 

• What physical changes have resulted from the changes in Paxton Creek’s hydrology? 

• How do all these changes affect stream temperature, Dissolved Oxygen and Total 

Dissolved Solids levels, and the macroinvertebrates of Paxton Creek? 

 

Despite the harmful impacts of urbanization on urban streams, there has never been a full 

scale study of how the intense urbanization that occurred in and around the city of Harrisburg has 

impacted Paxton Creek. Although there are some studies conducted on stormwater management 

in the watershed and the water quality or the biological conditions of the Paxton Creek, nothing 

significant has ever been done on the geomorphological changes that happened to the stream 

over time as the city of Harrisburg became more urbanized.  

 It is also a fact that the data available from these studies are somewhat outdated as the 

most recent dates back from 2008, which clearly establishes a need for a more complete study 

including all aspects of the impacts of urbanization on Paxton Creek, including the land use 
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change, the increase of impervious surfaces and runoff, the decrease of baseflow, and 

temperature increase in order to provide a more current baseline data on the overall health of the 

stream. 

 

3.0 Impacts of Urbanization on Streams 
 

Simply put, urbanization refers to the transformation of the natural landscape into 

developed land. In terms of land use, urbanization refers to the shift from rural and agricultural 

land uses to more developed urban land use types (Klein 1979, Paul and Meyer 2008).  

The relationship between urbanization and the impervious surfaces has been established 

by many scholars. Urbanization generates impervious surfaces including paved roads, sidewalks, 

rooftops, and culverts. In fact, the extent of impervious surfaces has become a reliable measure 

of the impacts urbanization on watersheds as it determines how much and how fast surface 

runoff increases, which consequently determines the impacts on the hydrology of the watershed 

and the degree of impairment on the waterbodies (Nissan et al. 2003, Huang 2012).  

Urbanization can impact streams in various ways. The severity and complexity of these 

impacts depend on the extent of urbanization, the size of the stream, the stream channel type, the 

topography and the geology of the watershed, and to extent the policy in place to manage 

urbanization (Booth et al. 2004).  

3.1   Physical Impacts of Urbanization 
 

Generally, the decrease of perviousness is one of the most critical effects of urbanization 

on a catchment. The amount and speed of surface runoff increases as catchment perviousness 
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decreases (Huang 2012). Paul and Meyer (2008) also reported that a 10-20% increase of the 

Impervious Surface Cover (ISC) will trigger a 20-40% increase of surface, a 35-50% ISC 

increase, increases surface runoff by three time as much, and a 75-100% increase of ISC will 

result in more than five time increase of surface runoff (Paul and Meyer 2008).  

Consequently, the extent of imperviousness in a watershed has been used in several 

studies to accurately predict the impacts of urbanization on streams, rivers and other waterbodies 

and measure the different thresholds of degradation for those waterbodies. A 10-20% 

imperviousness significantly shortens the lag time. As a result, more rapid peak flows are 

observed. Habitat quality also declines as imperviousness reaches 5% of the watershed area 

(Carter et al. 2009).  

 

 

3.1.1 Geomorphology 
 

Urbanization impacts stream morphometry by altering the drainage density in a 

watershed. Although channelization of urban streams can increase the drainage density and the 

flood velocity, more often, the different phases of construction such as filling in and paving over 

streams, building of culverts in urban watersheds considerably decrease the drainage density 

(Booth et al. 2004). 

Sediment supply and the bankfull discharges are also affected by urbanization. As a 

watershed becomes more urbanized, erosion of the exposed soil from the different phases of 

construction, mostly coinciding with large flood events, increases the sediment yield by 102 -104 
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compared to forested watershed. In watersheds with steep slopes, this process is exacerbated and 

results in aggradation as sediments fill stream channels. Additionally, the spread of impervious 

surfaces due to urbanization results in more frequent and the volume of bankfull floods (Carter at 

al. 2009, Utz and Hilderbrand 2011).  

The increase in sediment supply can negatively impact the stream channel pattern. In 

most cases braided channels are reported to become more straightened as the sediment supply 

increases, and ultimately, stream channelization occurs. As a result of the sediment supply and 

velocity alterations, urban streams are characterized by less fine sediments, and coarser sand 

particles (Klein 1979, Nilsson et al. 2003, Violin et al. 2011 Colman II et al. 2011). 

 

 

3.1.2 Temperature  
 

Stream temperature is one of the most crucial parameters for assessing the ecological 

health of streams. Stream temperature affects every aspects of the stream ecosystem and defines 

the density of certain species such as the invertebrates. Urbanization results in the removal of 

riparian buffers that provide shade to the stream channel and can also create the urban heat island 

effect, which has an impact on stream temperature in a watershed (Klein 1979, Beschta 1997, 

Mackenzie 2008). 

 Urban streams, overall, exhibit higher temperature in summer months and lower 

temperatures in winter months in comparison to streams in less developed catchments, and more 

often the spread of impervious surfaces is followed by an increase in stream temperature (Klein 
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1979, Nelson et al. 2009, Violin et al. 2011). USEPA (2008) reported average temperatures in 

Paxton Creek to be higher than those recorded in forested watersheds. Their measurements 

showed temperatures of 15ºC in May, 25ºC in August, and 16ºC in September. The average 

variation ranges between 2 and 6ºC.  

Figure 1 summarizes the impacts of urbanization on a watershed. Urbanization increases 

stormwater runoff because it creates more impervious surfaces. Also, urbanization results in the 

removal of riparian buffers that provide protection to the stream channel, habitat for species, and 

improve water quality. Waste water inputs from the urban areas combine with the loss of riparian 

buffers and the increase of stormwater runoff generate the physical, ecological and chemical 

impacts of urbanization. 

 

Figure 1: Schematic Showing the Impacts of Urbanization on a Watershed Components (Adapted from Paul and Meyer 2008). 

4.0 Watershed Characterization 
 

4.1 Paxton Creek Watershed Location 
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Paxton Creek watershed covers 27 mi2 in Southwestern Dauphin County. Paxton Creek is 

the main stream in the watershed with 50 miles of stream network. The stream’s headwaters flow 

from South Blue Mountain and drains into Wildwood Lake. Primary land uses in the watershed 

includes urban, suburban, and residential. Upstream Paxton Creek is dominated by dominated by 

medium residential land uses, while downstream is mainly characterized by the intensive 

urbanization of the city of Harrisburg. Through the city of Harrisburg, portions of Paxton Creek 

have been channelized in response to frequent flooding.  Over nineteen miles of the total stream 

length is classified by the Pennsylvania Department of Environmental Protection (PADEP) as 

impaired mainly due to sediments from urban runoff, storm sewer, and agriculture.  
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Figure 2: Paxton Creek Watershed Map.  

 

4.2 Land use 
 

Based on the United States Geological Survey’s (USGS) 2001 National Land Cover Data 

(NLCD), USEPA (2008) estimated that Paxton Creek watershed is characterized by 66.1% 

developed land, 19.8% forested land, 13.1% agriculture, and 1% wetlands. Table 2 and Figure 3 

show the description and percentages of major land uses in Paxton Creek watershed.  
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  Table 1: Major Land Use Category Percentages in Paxton Creek Watershed 

Land Use Category NLCD Land Use 

Type 

Acres Percent of 

Watershed 

Total Percent 

Water/Wetland Open Water & 

wetlands 

 

170 0.9% 0.9% 

Developed  Developed Open 

Space 

Developed 

Low/Medium  

Intensity 

2383 

 

 

 

7295 

16.2% 

 

 

 

41.6% 

16.2% 

 

 

 

41.6% 

 Developed High 

Intensity 

1458 8.3% 8.3% 

     

Agriculture Pasture/Row 

Crops 

2304 13.1% 13.1% 

Forest Deciduous/Mixed 

Forest 

3470 19.9% 19.9% 

Other Barren  3 0.1% 0.1% 

Total  17538 100% 100% 

 

5.0 Methods  

5.1 Land Cover Change Mapping 
 

Land Use Land Cover (LULC) change is one of the most important parameters to 

quantify the extent of urbanization in a watershed. Mapping the change over time will show how 

the watershed has changed over time and how urban land uses, especially impervious surface 

cover, have increased over time. GIS offers a unique opportunity to map and analyze those 

changes and therefore will be the main method to carry out this section. LULC datasets for the 

Chesapeake Bay Watershed for 1984, 1992, 2000, and 2006 were downloaded from PASDA.   

The Chesapeake Bay Watershed Land Cover Data Series (CBLCD) were funded by the 

USGS to provide a better understanding of the land in the watershed is changing and how these 

changes relate to water quality trends. These data series were derived from Landsat 5 Thematic 

Mapper and Landsat 7 Enhanced Thematic Mapper satellite imagery. Each of the four datasets 
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consists of 16 LULC classes based on the Anderson et al. (1976) LULC classification. The 

datasets cover the entire Chesapeake Bay watershed (Irani and Claggett 2010). 

To produce these land cover change maps, the 1984 and 2006 CBLCD series were 

reclassified into 8 LC classes including water (1), urban (2), barren (3), forest (4), Shrub (5), 

grassland (7), agriculture (8), wetlands (9), and finally anything that doesn’t fall within these 

classes was classified as others (0). Reclassifying land cover classes allows to combine land use 

classes into land cover class. The Paxton Creek Watershed boundary layer was clipped to the two 

reclassified CBLC layer. Each land cover class is represented on the map by a color. These maps 

will be used to assess how much the land cover within the watershed has changed from 1984 to 

2006 and which land cover type is dominant.  

5.2 Assessing Hydrologic Changes 
 

Streamflow parameters such as the discharge, peak flows, and baseflow are important 

because they are directly impacted by urbanization through the increase of the surface runoff. As 

runoff increases, the rates and frequency of peak flows also increase, while the discharge 

fluctuates and become flashier, and baseflow decreases. 

Assessing hydrologic changes in the watershed is a much more complex task than 

assessing LULC changes for the hydrologic parameters are more variable and sensitive to other 

influences. However, this research will use data from the USGS streamflow monitoring gages on 

Paxton creek to complete this task. The streamgages include the USGS 01571000 near Penbrook 

in Harrisburg. This gage was installed in March 1940 and operated through September 1995. It 

went non-operational until 2012. However, a new gage was installed on the stream in September 

2012, the USGS 01571005 Paxton Creek near Glenwood, PA.  
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Data from all three gages have already been downloaded and transferred into the 2013 

version of Microsoft Excel. These data series include both current and historic conditions. 

Hydrologic parameters such discharge and stream peak flow are continuously measured and 

recorded. Also field measurements include temperature, which will be analyzed later in this 

study. 

Discharge and stream peak flows will be graphed and analyzed to show how these tow 

parameters behave over time. Line graphs will be generated as they are more appropriate for the 

datasets that we have, and they are commonly used to present hydrologic parameters such the 

discharge and streamflow variations.  

6.0 Results  

 

• Urban Development has Led to Increased Variability in Streamflow 
 

Although there are significant gaps in the data, the analysis of the data shows that the 

stream has experienced more frequent peak flows over time. These peak flows are created 

because the lag time is reduced and more water reaches the stream quicker than the time it would 

take in a forested watershed.  

Efforts in the watershed to mitigate flooding by draining water quickly from the 

impervious surfaces such as roads, rooftops, and parking lots has resulted in increased amounts 

of water reaching the stream within a short period of time, which has consequently led to stream 

flow flashiness and altered stream channel by generating more erosion of the stream channel and 

banks. The average annual streamflow for Paxton Creek is 1957 cfs. The highest flow for Paxton 

Creek, which reached 4600 Cubic Feet per Second, was recorded in 1975 as shown on Figure 3, 

and was caused by Hurricane/Tropical storm Eloise in September 1975. As reported by previous 
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studies, the increased peakflow in Paxton Creek have also resulted in more frequent flooding, 

especially in the City of Harrisburg.  

 

 

Figure 3: Paxton Creek Peak Flows from 1974 to 1998 

• Urban Development has increased Annual Discharge and reduced Baseflow 
 

The annual mean discharge of the stream has also increased over time. This increase is 

characteristic of urban streams and results from the increase of surface runoff. Figure 4 illustrates 

this increasing trend over time.  More runoff conveys more water to the stream after storm event, 

and most of the time in a very reduced amount of time. The reduced lag time between storm 

events and surface runoff is responsible of the flashiness that characterizes urban streams in 

general and Paxton Creek in particular. The average annual discharge for Paxton Creek is 15.11 

cfs.  
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Figure 4: Paxton Creek Discharge Variation from 1941 to 2014 

Another aspect of the impacts of urbanization on a Paxton Creek is the reduction of the 

baseflow. Because urbanization reduces the amount of water available for infiltration and 

groundwater recharge, it therefore reduces the amount of water available for the stream in the dry 

season or periods of less precipitation.  This happens in Paxton Creek during summer months as 

shown on Figure 5.  

 

Figure 5: Paxton Creek Monthly Discharge (2014) 
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• Urban Development has altered Water Quality 
 

Paxton Creek was first listed on the Pennsylvania’s 1996 section 303(d) listed for not 

meeting designated aquatic life uses. Nutrients caused by urban runoff and low dissolved 

oxygen/biological oxygen demand from combined sewer overflows are the reasons for the 

impairment. Over 17 miles of stream miles has been reported on the 303(d) list as impaired 

(USEPA 2008). 

Another water quality indicator that has been impacted by urbanization is the water 

temperature. An analysis of field measurements data by the USGS for Paxton Creek shows that 

on average, the temperature has increased from 1984 to 1994 as shown on Figure 7. Although, 

there is no more current data to support it, it is likely that the increasing trend has continued. 

The increase in temperature is explained by many factors such as the loss of riparian buffers 

that provide shade to the stream water. Several studies have also shown that stream water 

temperature can be influenced by surface runoff from heated impervious surfaces, especially 

after summer time storms.  

The highest temperature measured in Paxton Creek is 26.5 on September 4th, 1984 and 

July 8th, 1988. Overall, the average annual temperature in Paxton Creek is 12.76 degree 

Celsius.  



18 
 

 

Figure 6: Temperature Variations in Paxton Creek from 1984 to 1994 

 

Macroinvertebrates are also impacted by urbanization due mostly to changes in stream 

temperature, organic nutrients, and toxins. Urbanization causes a decrease in macroinvertebrates 

richness and diversity. As water quality decreases, the diversity and the number of 

macroinvertebrate species also decreases (Chadwick et al. 2006).  

Macroinvertebrate monitoring data for Paxton creek from USEPA (2008) confirmed this 

trend. An average of 1237 macroinvertebrates were measured in unimpaired portions of Paxton 

Creek in 2005 against an average of 468 in impaired portions. Additionally, sensitive 

macroinvertebrates such as Ephemeroptera, Plecoptera, and Trichoptera were found in high 

numbers (138) in unimpaired portions of Paxton Creek against 11 in impaired portions of the 

Creek suggesting that as water quality decreases so does the number of sensitive species of 

macroinvertebrates (USEPA 2008).  
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• Urban Development has led to the Loss of Riparian Buffers and increased of 

impervious surfaces. 
 

Urbanization in Paxton Creek watershed has resulted in the loss of riparian buffer. 

Around and in the City of Harrisburg has seen the most loss of riparian buffers in the watershed. 

However upstream of the creek still has moderate to full riparian buffers cover due mostly to 

conservation efforts around Wildwood Lake Park. Figure 8 shows LC distribution in the 

watershed based on the Chesapeake Bay LULC dataset for 2006. 

An analysis of figure 8 shows that the majority of the watershed is urban. In fact, urban 

land uses occupy about 66% of the total watershed area, while agriculture covers 13%, forest 

covers 20%, and water covers 0.9% (USEPA 2008). Although the change in land use from 1984 

to 2006 is not much, figure 8 shows some notable changes, where urbanization and agriculture 

have ground.  

The loss of riparian buffers along the stream channel has had severe consequences on 

both the stream channel and water quality. Due to high erosion, Paxton Creek has become the 

largest sediment provider to the Susquehanna River. Figure 9 taken on the Harrisburg Area 

Community College, shows a process of erosion and sediment accumulation.  
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Figure 7: Erosion and Sedimentation in Paxton Creek at HAAC Campus 
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Figure 8: Land Cover Change in Paxton Creek 
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• Urban Development has led to Stream Channel alteration 
 

 

 

 

Figure 9: Maps of the City of Harrisburg showing Paxton Creek Channel Changes over time 
(http://digitalharrisburg.com/projects/occupations/ 
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There is no clear date about when exactly the stream has been channelized. Most of the 

channelized portion flows through the city of Harrisburg where urbanization has been the most 

intense. Based on historic maps, the channelization happened at point in the early 1900s.   

Stream habitats has been severely degraded along the portions where the stream has been 

straightened by channelization or where man-made structures have replaced natural riparian 

vegetation. Throughout the watershed, 3.6 miles of stream channel has been channelized for 

flood mitigation. Along this channelized portion, the increased runoff from the impervious 

surfaces, the disconnection of the stream from the floodplain, and the removal of the riparian 

buffers have transformed the stream into a drainage channel, making it practically impossible for 

any species to thrive.  

 

 

Figure 10: Channelization in Paxton Creek 
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Generally, it is agreed that urbanization impacts stream flow in five major ways including 

the degradation of water quality from combined sewer outflows discharges, the increase of 

surface runoff from storms, the decrease of the lag time between precipitation and runoff due to 

alterations of the natural landscape, the decrease of the baseflow due to reduced contributions 

from groundwater storage, and the increase of the magnitude of peak flows. In Paxton Creek 

Watershed, the analysis the available data clearly shows that the stream has undergone most of 

these changes over time.  

The alteration of the natural landscape and its replacement with impervious surfaces 

throughout the watershed have generated more surface runoff. In fact, the majority of the 

watershed’s headwaters are fed by surface runoff. With only 6.5 miles on the watershed’s 

headwaters originating from natural landscape, surface runoff has become a major driver of the 

watershed’s hydrology.  

The increase of the surface runoff has also changed the hydrology by generating more 

peakflows and reducing the baseflow. Because most of the water from storms runs off the 

impervious surfaces and quickly, more water is added to the stream in a short amount of time, 

and less water infiltrates to recharge the aquifers. As a result, streamflow increases, and the 

baseflow decreases especially in the dry season. 

The increased surface runoff has also impacted water quality as more pollutants are 

washed off the impervious surfaces and directly discharged into the stream. It is estimated that 

over 17 miles of Paxton Creek is impaired due to sediments and nutrients from urban runoff. 

Also, Paxton Creek is one of the largest sediment provider to the Susquehanna River. 

Additionally, the presence of combined sewer outflows in the watershed has contributed to the 

degradation of the water quality in the watershed. 
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Finally, urbanization in the watershed has resulted in the loss of riparian buffers that used 

to protect the stream channel and provide shade to the stream water. As a result, erosion of the 

stream channel has increased. The analysis of the stream water temperature has also shown an 

increasing trend over time.  And the channelization of 3.6 miles of the stream through the City of 

Harrisburg for flood mitigation has altered the stream channel and habitat for many species and 

exposed the stream waters to more temperature increase.  

7.0 Conclusion 
Urbanization brings about significant and various changes in a watershed. All these 

changes combine to adversely impact a watershed. The most noticeable change related to 

urbanization is the spread of impervious surfaces. Impervious surfaces limit the infiltration 

capacity in the watershed and therefore limit the groundwater recharge and the baseflow for the 

streams and rivers within the watershed. The spread of impervious surfaces generates more 

runoff resulting in rapid increased flows during and after storm events causing more frequent 

peak flows and more frequent flood events. Additionally, the increase of the surface runoff 

erodes the stream channel, changes the stream channel pattern, and causes various sort of 

impairments to the water quality and reduces the richness and the diversity of species within 

these waterbodies.   

In Paxton Creek Watershed, urbanization has severely impacted Paxton Creek and profoundly 

altered the ecological functions of the creek. Despite the efforts to restore these ecological 

functions, very little improvements have been recorded.  Though the findings from this research 

are important, there is a clear need for more research to fully understand the whole process of 

urbanization and its impacts on Paxton Creek. More stormwater Best Management Practices are 

needed to mitigate the issues related to surface runoff. 
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