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Executive Summary

Alabama’s Cahaba River is among the most biologically diverse rivers in North America, supplying drinking water to 20% of Alabama residents. Recent declines in the number of aquatic species, a rise in endangered wildlife, and issues of water quality are of great concern.  A river’s watershed influences the dynamics, structure, and health of the stream. Major water projects are generally the most apparent form of habitat alteration, but transformations of the landscape are probably the most widespread and potent threat to rivers.  This is due to the associated consequences of landscape transformation on hydrology, vegetation cover, and terrestrial-aquatic linkages (Allan & Flecker, 1993).

The NASA DEVELOP team from Marshall Space Flight Center-University of Alabama at Birmingham investigated the association between landscape changes and water quality within the Cahaba Watershed.  The team processed Landsat 5 TM images from 2001, 2006, and 2010 and ASTER imagery from 2004 and 2005 using the Normalized Difference Vegetation Index (NDVI) to measure the distribution and amount of vegetation within the watershed.  Ground truth classification points were manually collected using a hand-held GPS unit in order to provide a standard for accuracy assessment of the remote sensing analyses.

Students compiled previously collected in-situ population and biodiversity data pertaining to fish species in the Cahaba Watershed.  Many fish species are particularly susceptible to increases in suspended particles, such as fish that depend on sight for feeding.  Therefore, these organisms are viable indicators of significant changes in water quality.  The Cahaba Shiner is an example of a fish that is endangered in the Cahaba River watershed because of its dependency on sight to feed (U.S. Fish and Wildlife Service, 2009).

By running spatial analyses on the data in the form of Ordinary Kriging, the team analyzed the satellite results in conjunction with the biological data to determine a relationship between local land use practices and conservation concerns within the Cahaba Watershed.  The locations with lower biodiversity are mainly due to urbanization effects which cause changes in habitats due to increased sedimentation, urban run-off, and water quality (Cielinski, n.d. ).  Jefferson and Shelby counties (counties of Birmingham sprawl) have the highest number of endangered fish, mussel/clam, amphibian, and snail species (U.S. Fish and Wildlife Service, 2011).  Our spatial analyses of biological data revealed lower levels of biodiversity within the Greater Birmingham Metropolitan area, coinciding with lower levels of vegetation within the same area (as demonstrated by NDVI analyses).  Lower levels of vegetation indicate higher levels of urban development, showing an inverse relationship between development and species diversity within a specific area, in this case the Greater Birmingham Metropolitan area.

These findings will help target conservation efforts and assist in more efficient resource management.  The team’s collaboration with the Cahaba River Society has allowed NASA Earth Observing System to be used by local environmental organizations.  The results of the study were shared with the Cahaba River Society for the purpose of making informed decisions when determining future policies involving the Cahaba River watershed and conservation efforts. 
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Abstract

The Cahaba River in Alabama is recognized as one of the most biologically diverse rivers in the United States. In recent years, urbanization around the Cahaba River has led to increased surface runoff and sedimentation, which are detrimental to the health of the river, specifically the wildlife.  The Marshall Space Flight Center DEVELOP Team partnered with the Cahaba River Society to investigate the effects of urban growth on fish populations and habitats using spatio-temporal analysis utilizing remote sensing and GIS.  Landsat 5 TM and Terra’s ASTER imagery were employed to calculate land-cover characteristics.  Historical biodiversity data on species living in the Cahaba River were gathered from surveys and literature review for statistical analysis.  The team used ASTER imagery to help identify areas of concern that require immediate attention due to loss of vegetation and/or increased urbanization.  Ground truth data were also collected within the watershed, identifying land cover classes to determine the accuracy of the remote sensing analyses.  Spatial Analysis in the form of Ordinary Kriging shows that lower levels of biodiversity for fish populations are found around the I-65 and I-459 junction in the Greater Birmingham Metropolitan Area.  Conservation efforts will be maximized by focusing resources on the identified interest areas resulting from this study.  Findings and end products will be vital to policy makers for the Cahaba River Society, The Freshwater Land Trust, and Alabama Department of Environmental Management in development of conservation strategies and new land-use plans pertaining to the Cahaba River watershed. 
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Project Objectives


The goals of this project are to: 

· Utilize satellite imagery to show changes in vegetation and urbanization in the Cahaba River watershed over time;

· Analyze the relationship between urbanization and land use in the Cahaba River watershed and different biological indicators of stream health in the river;

· Aid the Cahaba River Society by identifying areas of interest to maximize conservation efforts. 

Introduction

A. Background Information 

The cumulative impact of human activities on land use throughout a watershed is reflected in the stream’s health (Wear, Turner, & Naiman, 1998).  Knowledge of the relationship between land use and stream conditions can allow for predictions of the river’s future health to be made based on projected future population growth and development (Baker et al., 2004).  One study in Wisconsin showed the change in the amount of impervious surface (a surface that does not allow infiltration and has direct hydraulic connection to the downstream drainage system) from agricultural to urban land was the single best predictor of diversity of fish communities (Wang, Lyons, & Kanehl, 2001).  Another study in Georgia showed that increases in  urbanization at 30 sites within a catchment was inversely correlated with water quality, habitat quality and measures of macro-invertebrate assemblages (Roy et al., 2003).  The goal of this project is to determine if similar conclusions can be observed within the Cahaba River watershed.

A.1 Biodiversity

The Upper Cahaba River has more fish species (N = 139) per mile than any river of its size in North America (Oberholster, 2006).  The river supports 69 rare and imperiled species, 10 of which are listed on the U.S. Endangered Species Act (Allen, 2001). In recent years, this rich biodiversity has been declining. There are six main factors which contribute to species loss: habitat degradation, spread of invasive species, over-exploitation, secondary extinctions, chemical and organic pollution, and climate change (Allan and Flecker, 1993).  Stream environments are some of the most fragile ecosystems in the world due to strong interactions between aquatic and terrestrial environments and the human disturbances that can affect either system (Guneroglu, 2010).

A.2 Biometrics

A.2.1 Fish Species

The amount and variance of fish species within a stream are often important indicators of the water quality of that stream, particularly if these data can be compared over a period of several years.  The loss of certain species over time can be indicative of the presence of harmful chemicals in the water.  An area of the river that is abounding with new species can also be a sign of significant changes in water chemistry.  Many fish species that have historically been found within the Cahaba River are particularly sensitive to changes in the chemical composition of the river, as well as other factors directly caused by urbanization or increased industry.  Analyzing any changes in the fish populations of the river can help further an understanding of how modern practices are affecting the health of the river and species living within it.

A.3 Hydrology and Water Chemistry

Birmingham comprises 151 square miles located inside Alabama’s largest metropolitan region measuring 5,331 square miles (Pierson et al., 1989). The urbanization of Birmingham and possible stream eutrophication are serious threats to the ecological value of the surrounding rivers. A river’s watershed impacts stream health, structure, and dynamics. Transformations of the surrounding landscape are a potent threat to rivers because of the strong link between terrestrial and aquatic environments (Allan and Flecker, 1993). Urbanization increases the variety and volume of pollution in surface runoff, leading to increases in sedimentation and certain chemicals, such as nitrogen and phosphorus.  Conductivity, the measure of a water’s ability to conduct an electrical current (“CADDIS: The Causal Analysis/Diagnosis Decision Information System”), is affected by the presence of inorganic compounds in the water.  Increases in conductivity correlate to an increase in runoff of inorganic materials.  Conductivity varies between ecosystems but should remain steady in an individual ecosystem.  Most organisms need a specific range in which to survive; changes may result in harm to the biota ("CADDIS: The Causal Analysis/Diagnosis Decision Information System").

Landscape changes create more erratic hydrology leading to an increase in water temperature (Paul and Meyer, 2001). This change in hydrology results from an increase in run-off from impervious surface areas into storm water drainage that is then directed into the river. The increased water temperature may be due to the loss of vegetation and the warming of surface run-off (Allan, 2004). The increase in water temperature results in lower dissolved oxygen levels and detrimentally affects the habitat of the river.

A.4 Remote Sensing and GIS

GIS and satellite remote sensing are research tools that can be used to address spatial questions in a cost-effective way. Satellite imagery provides visual and digital interpretation of the landscape, which is essential to solving water management problems (Meijerink & Mannaerts, 2000). 

This satellite imagery can also provide information about vegetation cover. Normalized Difference Vegetation Index (NDVI) is a common remote sensing technique used in study of vegetative cover in watersheds, measuring the amount of vegetation in an area. This technique lends information about the urbanization of the area, which in turn can be used as an indication of water quality (Wear, Turner,& Naiman, 1998).

B. Study Area

The Cahaba River is approximately 200 miles long and its entire watershed covers 1,870 square miles, making it the longest free-flowing river in Alabama (Pierson et al., 1989). The Upper Cahaba River Basin is located next to the city of Birmingham with nearly 60% of Alabama’s population living within 100 miles of the Cahaba River (Pierson et al., 1989). The Cahaba Watershed is separated into two geological regions by a Fall Line. The Upper Cahaba River is found north of the Fall Line in the Valley and Ridge Region, while the Lower Cahaba River is found south of the Fall Line in the Coastal Plain Zone (Shepard et al, 1994).    
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Figure 1: Map showing the Cahaba River Watershed split between the Upper Cahaba River (yellow), and the Lower Cahaba River (beige). Data acquired from ESRI shapefiles. 
C. Study Period

Landsat satellite imagery used is from 2001, 2006, and 2010.  ASTER imagery is from 2004 and 2005.

D. National Applications Addressed

Water Resources- The Cahaba River is the main drinking water source for the Birmingham Water Works Board.  The Birmingham Water Works Board serves approximately one-fifth of Alabama’s population.  
Ecological Forecasting- Fish, mussel, and  benthic macro-invertebrate populations depend on various environmental factors. By examining these populations along with environmental factors, correlations may begin to be made for future estimations of these indicators of stream health. 
Public Health- The water quality of the stream, where a large portion of drinking water is acquired, is crucial to protecting public health.  With increased run-off often comes increases of toxic chemicals in a water-body, which can have serious health impacts if left unchecked.          
E. Project Partners

The Cahaba River Society’s mission is to protect the Cahaba River watershed and its biodiversity.  The Society’s focus is both on improving living conditions for freshwater creatures and ensuring water quality for the Birmingham Metropolitan Area.

The Freshwater Land Trust’s mission is to acquire undeveloped land along the banks of the Cahaba River in order to provide a screen protecting the river from sediment runoff from developed areas near the river.  The undeveloped land absorbs the harmful sediment runoff and keeps it from reaching the Cahaba River.

The Alabama Department of Environmental Management’s mission is to protect and improve the quality of Alabama’s environment and the health of its citizens.

Methodology

A. Data Acquisition and Processing

A.1 Remote Sensing Data - All images were obtained from the USGS GloVis online database. 
a. Landsat 5 TM - 2001, 2006, and 2010. For each date, two Landsat images were acquired in order to cover the entire Cahaba watershed area, which did not fit into one single Landsat frame.  For each year, 8 sets of Landsat 5 TM were used, covering Spring (March), Summer(June), Fall (October) and Winter (December).   Landsat imagery is used to compute the Normalized Difference Vegetation Index (NDVI), which calculates atmospherically- corrected reflectance from the visible and near infrared channels as: 
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       (Equation 1)          
This equation provides an index value that is sensitive to the presence of vegetation and information about vegetation’s type and vigor. The resulting index values of Equation 1 are in the range of -1.0 to 1.0.  Vegetated areas will have values greater than zero, and negative values indicate non-vegetated surface land cover types. 

Table 1: Landsat 5 TM Imagery reference
	Date
	Season
	Path-Row

	2001 March 6
	Spring
	20-37 and 20-38

	2001 June 26
	Summer
	20-37 and 20-38

	2001 October 16
	Fall
	20-37 and 20-38

	2001 December 19
	Winter
	20-37 and 20-38

	2006 March 4
	Spring
	20-37 and 20-38

	2006 June 24
	Summer
	20-37 and 20-38

	2006 October 14
	Fall
	20-37 and 20-38

	2006 December 17
	Winter
	20-37 and 20-38

	2010 March 6 and 31
	Spring
	21-37 and 20-37

	2010 June 26 and July 5
	Summer
	21-37 and 20-37

	2010 October 9
	Fall
	20-37 and 20-38

	2010 December 28
	Winter
	20-37 and 20-38


b. ASTER L1B US Day - August 2004 - February 2005.  ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) detects the condition of the Earth’s surface by capturing visible to thermal-infrared images.  ASTER images have a higher resolution than Landsat images, making them ideal for analyzing smaller areas.  Classifications and indices performed on ASTER imagery cover a smaller area but provide more detail.  ASTER imagery consists of 15 different bands--four in the Visible Near-Infrared (VNIR) spectrum, six in the Short Wave Infrared (SWIR) spectrum, and five thermal bands (TIR).
The formula for NDVI of ASTER imagery, calculated using two VNIR bands, is as follows:
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(Equation 2)

Table 2: ASTER L1B US Day Imagery reference
	Date
	Season
	Path-Row

	August 4, 2004
	Summer
	21-37

	September 30, 2004
	Fall
	20-37

	September 30, 2004
	Fall
	20-37

	February 12, 2005
	Winter
	20-37

	February 12, 2005
	Winter
	20-37


c.  ArcGIS-  Once the analysis in ENVI and ER Mapper was completed, the NDVI files were exported to ArcGIS where they could be analyzed in conjunction with historical biodiversity, chemical, and land cover data.

A.2  Spatial Data

a. Census data - Population data were collected from U.S. Census Bureau for census years 2000 and 2010. The data were in Excel format and joined with the 2000 block group census shapefile and 2010 block group census shapefile.  Two different shapefiles were needed because the block groups were different for each year. Land use data (using population numbers) were reported by the Census Bureau for the year 2000. The data define areas as Urban or Rural. The data for the year 2000, originally in Excel format, were  joined with the census block shapefile from the USGS and were exported as a separate shapefile.  Land use data for the 2010 census year will not be released until 2012 and so was unavailable for this project. 
b. Fish Population Data - Fish data comprise a collection of various studies to determine the nature of fish species found in the Cahaba River. Since fish species are often an important indicator of stream health, changes in species over time give insight to changes in the health of the stream.  
Onorato, D. P. (1997). Ichthyological Bioassessment of the Upper Cahaba River of Alabama: An Analysis of the Selection of Sampling Gears, Current Trends in the Fish Assemblages, and Historical Changes Within the Ichthyofaunal Communities. Thesis: M.Sc. Birmingham: University of Alabama at Birmingham.

Morse, K. J. (2005). The effects of urbanization on the health of fish and benthic macroinvertebrate commnunities in the Upper Cahaba River Watershed. Birmingham: University of Alabama at Birmingham.

c. Historical Fish Data - Fish data were acquired from ADEM and include a historical survey from 1949 to 2001 for different fish types.
d. Endangered Species Data - The data collected in 2008 by the U.S. Fish and Wildlife Service indicate the number of threatened, endangered, and extinct species including fish, amphibians, clams/mussels, and snails, for each county in the Cahaba River watershed.
e. TRI Chemical Release Sites - Data were gathered from EPA to show the locations of chemical release sites and how much pounds of chemicals are being produced at each location for 2002 and 2009.
B. Data Analysis

B.1 NDVI  Classification - The Normalized Difference Vegetation Index measures plant growth and vegetation cover using the spectral reflectance measurements found in the visible (red) and near-infrared regions of the image.  The general formula for NDVI is given in Equation 1 above.  
Levels of urbanization are determined by reflectance values, which can range from -1.0 to +1.0.  This range is possible because the values represent the ratio of reflected over incoming radiation in the image. Plants absorb light in the visible wavelengths (with the exception of green) while reflecting near infrared light and thus have a higher NDVI value than impervious surfaces. 

B.2 Change Detection Analysis- Using ENVI EX and ArcGIS, change detection analyses were conducted on the NDVI classification images from 2001-2006. These analyses typically show changes in vegetation and land cover over time by comparing NDVI values of specified classes, reflecting changes in NDVI values.  Depending on the reasons for the changes in land cover, these analyses can reveal areas of interest requiring further investigation.
B.3 Kriging - By running spatial analyses on the data in the form of Ordinary Kriging, the team analyzed the satellite data in conjunction with the biological data. These analyses are helpful in determining a relationship between local land use practices and conservational concerns within the Cahaba. Areas with urban development along the Cahaba River watershed are associated with low biodiversity in the river.
Ordinary Kriging, a type of spatial analysis, is a spatial auto-correlation model provided by ArcGIS’s geospatial analysis package. It uses a linear combination of weights at known points to estimate the value at unknown points, using a semivariogram to measure spatial correlation between the known points (Anselin, 1994). It is different from other estimation procedures in that it provides a measure of the error. The end result is a contour map showing the increasing levels of the data being analyzed.

C.  Ground Truth Data Collection

C.1  
Ground Truth Data of land cover classifications were collected on July 18 and 19, 2011.  Ground truth data are essential in order to determine the accuracy of classifications derived from satellite imagery.  An extensive field survey was performed throughout the counties related to the Cahaba River. The Global Positioning System (GPS) equipment used for the data collection was Trimble Juno SP.

a.  Over the course of this two-day period, 242 points were identified and classified as one of 16 different land cover classes.  All points were used for assessing accuracy. At each location, one or two pictures were taken and the images georeferenced using Google Earth for use in accuracy analyses of satellite imagery from different years.


b.   Survey points were collected at homogeneous sites to get a clear spectral signature of the site. Areas with heterogeneous classes of land cover were avoided.  Land cover classes used for the survey are listed in Table 3, with the spatial distribution of the points shown in Figure 7.

Table 3: Land Cover Classes from Ground Truth Survey 
	Land Class
	Ground Truth Points

	Agriculture
	27

	Barren
	8

	Commercial
	25

	Deciduous Forest
	11

	Emergent Wetland
	2

	High Residential
	3

	Herbaceous
	19

	Low Residential
	23

	Mixed Forest
	36

	Other Grasses (Golf, Park, Urban grasses)
	1

	Pasture
	46

	Pavement
	6

	Quarries
	2

	Transitional
	7

	Water
	18

	Total
	242


Results
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Figure 2: Normalized Difference Vegetation Index (NDVI) was calculated and classified using ASTER imagery from February 2005 to measure vegetation on the Cahaba River Watershed. Higher NDVI values, indicating greater amounts of vegetation, are shown in dark green.  Areas shown in white depict areas with low NDVI values, indicating areas of high development or areas of cloud cover within the image. Shape-files for the roads and river were obtained from ESRI.
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Figure 3: Normalized Difference Vegetation Index (NDVI) was calculated and classified using ASTER imagery from August 2004 to measure vegetation on the Cahaba River Watershed. The map displays the Upper Cahaba River, home to the greater Birmingham area.  Areas of higher vegetation are shown in increasingly dark green colors, while areas of low vegetation are shown in gray, red, and orange.Shape-files for roads and river were obtained from ESRI.
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Figure 4:  Normalized Difference Vegetation Index (NDVI) was calculated and classified using ASTER imagery to measure vegetation on the Cahaba River Watershed.  The map was created using two ASTER images, both dating from September 2004, focusing on the Upper Cahaba River. Areas of higher vegetation are shown in increasingly dark green colors, while areas of low vegetation are shown in gray, red, and orange. Shape-files for the roads and river were obtained from ESRI.
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Figure 5: Normalized Difference Vegetation Index (NDVI) was calculated and classified using Landsat 5 TM imagery from June 2001 to measure vegetation in the Cahaba River Watershed. This classification scheme displays areas with higher NDVI values (higher amounts of vegetation) in increasingly dark green colors, while areas with lower or negative NDVI values (areas of development or little/no vegetation) are shown in white, gray, red, and orange. Shape-files for the roads and river were obtained from ESRI.
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Figure 6: Normalized Difference Vegetation Index (NDVI) was calculated and classified using Landsat 5 TM imagery from June 2006 to measure vegetation in the Cahaba River Watershed. This classification scheme displays areas with higher NDVI values (higher amounts of vegetation) in increasingly dark green colors, while areas with lower or negative NDVI values (areas of development or little/no vegetation) are shown in white, gray, red, and orange. Shape-files for the roads and river were obtained from ESRI.
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Figure 7: Using a handheld GPS unit (Trimble Juno SP), Ground Truth data was collected across the Cahaba River Watershed and classified into one of sixteen land use classification categories.  By analyzing aerial photography of these same locations from previous years, changes in land cover over time were recorded from visual analysis.  These classes were then used to test the accuracy of the remote sensing NDVI analyses of land cover within the study area. Shape-files for the roads and river were obtained from ESRI.
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Figure 8: Change detection analysis of Landsat 5 TM NDVI images between June 2001 and June 2006 showing changes in land cover over this five-year period.  Changes in land cover classes, as determined by the NDVI classification scheme applied to each Landsat image, are depicted in orange.  Shape-files for the roads and river were obtained from ESRI
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Figure 9:  Change detection analysis of Landsat 5 TM NDVI images between June 2001 and June 2006 showing changes in the dense forest area land cover class over this five-year period.  The changes in this land cover class, which represents the highest NDVI values, are depicted in dark green.  Shape-files for the roads and river were obtained from ESRI.
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Figure 10:  Change detection analysis of Landsat 5 TM NDVI images between June 2001 and June 2006 showing changes in non-vegetative areas over this five-year period.  The changes in this land cover class, which represents negative NDVI values, are depicted in maroon and can symbolize changes in development, construction, and water area.  Shape-files for the roads and river were obtained from ESRI.
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Figure 11: Image combining two change detection analyses of Landsat 5 TM NDVI images between June 2001 and June 2006, depicting changes in non-vegetative areas together with changes in all land cover classes over this five-year period.  Displaying these two analyses together can reveal areas of the most change within the watershed.  Shape-files for the roads and river were obtained from ESRI.
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Figure 12: Map created using data gathered from EPA to show the locations of chemical release sites for 2002. It is important to note that in 2009 the chemical sites only released up to 70,500 pounds of chemicals while in 2002 there were sites that released up to 500,000 pounds of chemicals. Four sites were found to release more than 70,500 pounds of chemicals. There was a 7% decrease in facilities reporting for 2009 which might be due to the economic downturn. The EPA is still investigating the cause (Gray, 2010).Shape-files for the roads and river were obtained from ESRI.
[image: image16.jpg]TRI Chemical Releases in Pounds for 2009

Chemical Release Sites
e 9.55

@ 56-570

@ 571-5500

- — w— < 0meterS
0 5 10 20 30 40 Vel

Geometrical Interval (based on 2002) __

/’f_'(





Figure 13: Map created using data gathered from EPA to show the locations of chemical release sites for 2009. It is important to note that in 2009 the chemical sites only releases up to 70,500 pounds of chemicals while in 2002 there were sites that released up to 500,000 pounds of chemicals. There was a 7% decrease in facilities reporting which might be due to the economic downturn in 2009. The EPA is still investigating the cause (Gray, 2010).Shape-files for the river and roads were obtained from ESRI.
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Figure 14: Map displaying spatial analysis in the form of Ordinary Kriging performed on the Index of Biotic Integrity to map varying levels of fish biodiversity.These 2005 data, recording the Index of Biotic Integrity (IBI) (as determined by Kevin Morse in 2002) at several points along the Cahaba River, help show the distribution of fish species and habitat health throughout the watershed. The Kriging analysis creates a contour map of the area based on these IBI levels, which can range from 12 to 60, where 12 represents a low level of biotic integrity and 60 represents a very high level. Shape-files for the roads and river were obtained from ESRI.
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Figure 15: Map showing the number of threatened, endangered, and extinct species of fish, amphibians, clams/mussels, and snails per county in the Cahaba River watershed for 2011.  The data were obtained from the U.S. Fish and Wildlife. It is important to note that the counties with the highest number of endangered species are in the northern Cahaba River Watershed (in Jefferson and Shelby counties) which is the location of the city of Birmingham. Thus, more urbanized areas have a higher number of endangered species.Shape-files for the roads and river were obtained from ESRI.
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Figure 16: Map showing the population distribution in the Cahaba River watershed area in 2002.  The data were obtained from the U.S. Census Bureau. Data shows higher population density in the Upper Cahaba River watershed.  Shape-files for the watersheds were obtained from ESRI.
Discussion

A. Analysis of Results

The amount of vegetation around a watershed has been linked to the health of the watershed. The most cost efficient way to measure this vegetation is by satellite remote sensing.  The Normalized Difference Vegetation Index was used to measure the amount of vegetation around the Cahaba River Watershed over all four seasons for three years spanning 2001 to 2010.  Our analysis of biodiversity data during this time period revealed that the Greater Birmingham Metropolitan Area of the Cahaba River Watershed had the lower IBI index values and a greater number of endangered species than the rest of the watershed.  This area had also experienced the largest decrease in vegetation as shown by NDVI classification and change detection analysis images.  Change detection analyses can reveal areas of potential concern due to rapid changes in land cover.  Depending on the reasons for these changes, the areas represented could require more specialized restoration efforts.  

These findings can help the Cahaba River Society focus restoration efforts on areas of greatest need.  All remote sensing methods used by the team were helpful in determining areas of concern within the Cahaba River watershed, and the methodology can be used in the future to continue the detection of areas in need of attention.

B. Errors & Uncertainties


Data from the years 2000-2005 were compared with data from 2006-2011; however,  there were very little recent data. The most comprehensive data were collected from 1990 to 2005. The team was unable to collect independent data because it would require equipment which was not available. Thus, the research plan was slightly altered.  


Landsat 5 imagery must be atmospherically corrected to get the most accurate results. Atmospheric Correction is a process of correcting for chemicals absorbed, scattered, and reflected in the atmosphere (Fallah-Adl, 1995). Performing this correction in  ER Mapper requires an extension that was unavailable to the research team. One of the team’s professional contacts was able to atmospherically correct the images on ITT’s ENVI software; however, this procedure rendered the resulting images inaccessible in ER Mapper and ERDAS Imagine for further processing, which the team used for the project.  This meant that all further processing had to be accomplished using ENVI, slowing processing time considerably.  Additionally, there were several projection errors involving importing processed ASTER imagery into ArcMap that further slowed down the project.  This last problem eventually required changing the entire ASTER NDVI analyses in order to get around these problems.  Due to differences in projections, there remain errors in the display of the ASTER images within the watershed; the solution to the problem remains uncertain.


Ground truth data collection was limited by factors such as time and area.  Due to time limitations, all points were collected along the main road structure within the watershed, so the points follow the general line of the roads in the area.  However, the variation of points along the roads was satisfactory for the sampling.  Additionally, the water data were the most challenging to obtain since this land cover type occurred often in areas that were difficult to reach, such as remote locations with no access road or areas where vegetation was too dense to traverse.

C. Future Work

C.1   Water Chemistry 

Water chemistry provides another type of data that could be used to analyze the health of the Cahaba Watershed.  There are many sources detailing this type of data, many of which could be incorporated into a future version of this project.  Much of this data has already been obtained and organized but could not be included in the project due to time constraints.

a.  Phosphorus and Nitrogen Data - The phosphorus and nitrogen data were collected from an EPA study, Cahaba River:Biological Water Studies, which showed biological and water quality changes for the Cahaba River during March/April, July and September of 2002 (Howard et al, 2002).  These data were uploaded to ArcMap as point source data.   
b. Nonpoint Source Discharge - Shows Nutrient Total Maximum Daily Loads (TMDLs) for the Cahaba River Watershed gathered by ADEM.
c. USGS Alabama Current Stream-flow Conditions - Water discharge speeds were collected from 14 sites in Cahaba River Watershed by the USGS and reported through the USGS Real-Time Water Data for Alabama.  The data were transferred to ArcMap as point source data. 
d. Conductivity data - Conductivity Data were collected from 14 sites in the  Cahaba River Watershed by the USGS and reported through the USGS Real-Time Water Data for Alabama.  The data were then imported into ArcMap as point data. 
e. Impaired Waters and Total Maximum Daily Load (303d)- Impaired waters are defined as waters that are too polluted or degraded to meet water quality standards.  These data were available as a shapefile for download from the EPA. Total Maximum Daily Load is a calculation of the amount of pollution that a water body can receive and still meet safe water quality standards.  The data were imported into ArcMap as point data.
f. Waste Water Treatment plants - The location of Waste Water Treatment plants and the Total Maximum Daily Loads (TMDLs) of each plant that dumps into the Cahaba River Watershed reveals information about sediment and water quality.  The data were used to create point source data in ArcMap.  This information was gathered by ADEM.   
C.2   Improved Vegetation Indices

a.  EVI - The Enhanced Vegetation Index is a new data index using the same satellite used for NDVI (Terra’s MODIS), but will improve the quality of the data. It corrects for some distortions in the reflected light caused by air particles and ground cover below vegetation, and is not as saturated as NDVI when viewing large amounts of chlorophyll (Weier & Herring, n.d.). This could have been a useful source for the current research, however it is not yet available.  
b. TNDVI / TDVI - The Transformed Normalized Difference Vegetation Index/ Transformed Difference Vegetation Index is another tool to classify and analyze lland use cover.  This index does not have problems of soil saturation affecting the reading like NDVI classification.
C.3  Elevation

Additional and  valuable information could be added to the present study by incorporating elevation data.  A more sensitive algorithm including elevation may accurately distinguish categories within negative NDVI values, since imperviousness can vary greatly over non-vegetated areas. The National Elevation Dataset ⅓ Arc-Second (NED ⅓ ) provided by USGS provides basic elevation data for the contiguous United States, as well as for Alaska, Hawaii, and the territorial islands.  

C.4 The Cahaba Lily (Hymenocallis coronaria)
This project mainly focused on the biodiversity of aquatic life in the Cahaba River watershed and did not include research on plant life. The Cahaba Lily is a major draw for visitors to the Cahaba River, but recently its population is dwindling.  The Cahaba Lily, also known as the “shoal spider lily,” “rocky shoal spider lily,” or just “shoal lily,” only grows in Alabama, Georgia, and South Carolina. The Cahaba Lily only lives in specialized habitats, such as well-lit rocky shoals and swift-moving, well-oxygenated water free of pollution and sediment (Alabama Tourism Department, 2006). The Cahaba Lily has been put under consideration for federal protection. The main threats are damming, which destroy the unique habitat, and sediment and pollution which collect at the shoals allowing competing vegetation to push out the lilies (Alabama Tourism Department, 2006).  Future research could include factors related to the survival of the Cahaba Lily.

Conclusions

In conclusion, the acquisition of Landsat imagery proved to be effective in monitoring vegetation across the Cahaba River over a broad period of time (10 years).  Landsat imagery is generally available for the same location each month of the year. ASTER imagery, on the other hand, offers greater resolution but provides less consistent data and a more limited coverage area.  If a specific problem area is identified within the watershed, it would be beneficial to attempt to obtain ASTER imagery of the area since it would offer more detail.  

The ground-truth land cover classification accuracy testing showed that analysis of ASTER imagery was about 94% accurate and analysis of Landsat imagery was about 98% accurate in the present study.  From this test, it was concluded that the remote sensing analysis of the study area was sufficiently accurate to be considered a viable method of studying the watershed area.  The spatial analyses of biodiversity data showed lower levels of biodiversity around the I-65 and I-459 junction in the Birmingham area.  Spatial analyses and change detection analyses of the study area can reveal areas of concern due to rapid change in land cover, development, and vegetation. Restoration efforts can be focused on interest areas identified in this study, as well as any further areas identified by continuation of this methodology.

In the fall of 2011, the findings and data will be presented to the Cahaba River Society, giving them and their partners, such as the Fresh Water Land Trust and ADEM, valuable information for identifying areas of concern within the Cahaba Watershed and helping them devise restoration strategies and plans to conserve the health of this very important river.

Transition to Partner

· Conservation efforts will be maximized by focusing conservation efforts on the identified interest areas resulting from this study.

· Findings and end products will be vital to policy makers for the Cahaba River Society, The Freshwater Land Trust, and Alabama Department of Environmental Management in development of conservation strategies and new land-use plans pertaining to the Cahaba River watershed. 

The team met with Dr. Randy Haddock, Ph.D., field director of the Cahaba River Society, at the beginning of this project.  Dr. Haddock identified the priorities of the Society and how the present study can help better preserve the Cahaba River.  The team will meet with the Cahaba River Society in the fall of 2011 to transfer findings and data to them.  

The current project will provide multiple areas of interest for the Society to investigate further, as well as a detailed methodology for using remote sensing data in the future.  The project provides a more cost effective method for analyzing the watershed, essentially eliminating tedious ground work.  If the Cahaba River Society continues to use this methodology, satellite imagery will help them determine what areas within the Cahaba River watershed need the greatest concentration of restoration efforts.  Using these ideas for future work, the Society can further develop this project in order to include a more comprehensive study of the area and narrow down areas of interest within the watershed.
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HYPERLINK "http://earthobservatory.nasa.gov/Features/MeasuringVegetation/measuring_vegetation_1.php"_

HYPERLINK "http://earthobservatory.nasa.gov/Features/MeasuringVegetation/measuring_vegetation_1.php"vegetation

HYPERLINK "http://earthobservatory.nasa.gov/Features/MeasuringVegetation/measuring_vegetation_1.php"_1.

HYPERLINK "http://earthobservatory.nasa.gov/Features/MeasuringVegetation/measuring_vegetation_1.php"php.

Appendices

Table 3: Comparing Google Earth imagery from 1997/1998/2001/2002/2003 * and 2006 with In-situ data collection from July 17 - July 20, 2011 by the DEVELOP team.
* Preferred 2002 but there were some locations that did not have imagery for 2002 and had to go back to older years such as 1997, 1998, 2001 or later years such as 2003.
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