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Introduction

The National Institutes for Water Resources/Alabama Water Resources Research Institute Program, housed at
Auburn University, is a program given the task of overseeing the coordination of Alabama's portion of the
National USGS Section 104(b) program on water research. This program in Alabama, as it is nationwide, uses
USGS and State funds to carry out Institute sponsored research and education related to water issues in each
state. The primary purposes of the program are to support and coordinate research activities to improve water
resources problems of the State and Region, support the training of scientists in relevant water resources
fields, and promote the dissemination and application of the results of water-related research.

Federal support for the AWRRI program is received from the USGS program as authorized by the Water
Resources Research Act. State support for administration of the research program includes direct funding
through Auburn University's Natural Resources Management and Development Institute (NRMDI) and active
state participation in identifying research needs and project selection and oversight. Primary participants in the
AWRRI program and the U. S. Geological Survey, Alabama Department of Environmental Management,
Geological Survey of Alabama, Alabama Office of Water Resources, U. S. Army Corps of Engineer, Alabama
Department of Public Health, and universities within the state with active research programs. A Water
Resources Council (WRD) - consisting of representatives from State and Federal agencies and academic
institutions involved in water related activities - solicits and identifies research needs, selects projects, and
reviews and monitors program progress. The Director is selected by the University to oversee and coordinate
the AWRRI. The Director serves as a point of coordination for all activities and serves to encourage research
by state universities addressing the needs identified by the WRC.

The AWRRI provides for interaction from all the groups involved, rather than being solely an Auburn
University research program. Faculty acquire funding through competitive, peer reviewed proposals, upon
recommendation by the WRC and approval by the NIWR program through the U. S. Geological Survey. Since
its inception in 1965, the AWRRI has funded researchers in ten universities within Alabama, including two
Historically Black Colleges and Universities, and has supported approximately 155 research projects in that
time frame. Project summaries from 2000 through 2008 can be found on the AWRRI website.
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Research Program Introduction

The State of Alabama Water Resources Research Institute (AWRRI), placed at Auburn University, is the
program assigned the task of overseeing the coordination of Alabama's portion of the national USGS Section
104(b) program on water research. This program in Alabama uses USGS and State funds to carry out research
and education related to water issues in our stste. The Director is supported by a Water Resources Council
formed from representatives of State and Federal agencies, NGOs, and research universities within the state.
This council solicits project ideas, determines research priorities, identifies projects, and selects projects. As a
minimum, annual reports and final reports are required for each project. Summaries of AWRRI research
projects from 2000 to 2008 can be found on the AWRRI website. The following are project synopses for
research supported under the AWRRI during FY-2008.
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Evaluating Bioretention Contaminant Uptake and Removal
in an Experimental Rain Garden Study

Basic Information

Title: Evaluating Bioretention Contaminant Uptake and Removal in an
Experimental Rain Garden Study

Project Number: 2008AL67B
Start Date: 3/1/2008
End Date: 2/28/2009

Funding Source: 104B
Congressional District: Third

Research Category: Water Quality
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Publication

Manuscript in process1. 
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Synopsis 
 

Title: Evaluating bioretention contaminant uptake and removal in an experimental rain 
garden study. 
 
Funding period: March 1, 2008 - February 28, 2009 
 
Investigators:  
• Dr. Mark Dougherty, Assistant Professor, Auburn University Department of 

Biosystems Engineering, Auburn, AL 
• Ms. Charlene LeBleu, Associate Professor, Auburn University Landscape 

Architecture & Community Planning, Auburn, AL 
• Dr. Eve Brantley, Alabama Cooperative Extension System, Water Quality Program, 

Auburn, AL 
 
A. Statement of the problem and research objectives: 
 
Stormwater runoff has been identified as a major source of pollution in urban and 
suburban streams.  An innovative management practice that integrates stormwater 
infiltration and storage to improve the quality of runoff is a bioretention area such as a 
rain garden.  This research evaluates both warm and cool season contaminant removal by 
plant and soil components of two bioretention (rain garden) designs constructed in the 
Donald E. Davis Arboretum, Auburn University.  One of the rain gardens uses 
conventional, aerobic treatment of stormwater, and the other incorporates a saturated soil 
layer, called an internal water storage (IWS) layer, for anaerobic treatment for enhanced 
denitrification. 
 
The overall goal of this research is to quantify the mass balance and removal rates 
through soil adsorption and phytoremediation of selected pollutants (TN, TP, Al, B, Cu, 
Fe, Mn, Na, and Zn) in two rain gardens at the Davis Arboretum. 
 
Objectives – 

1.  Monitor selected nutrient and metal concentrations entering and leaving 
bioretention areas, along with associated flow rates to determine mass removal 
efficiencies.   
2.  Compare pollutant mass removal rates between a conventional rain garden and 
a rain garden with an IWS layer. 
3.  Recommend a maintenance plan for rain garden plantings as well as a cutting 
schedule for uptake analysis. 
4.  Develop a strategy to maximize year-round uptake of selected contaminants 
through selection of evergreen plantings.  

 
B. Explanation of the research methodology used: 
 
The rain garden research project consists of two rain gardens constructed in 2006 with the 
capability for underdrain water catchment and subsequent monitoring, similar to a 
lysimeter.  Instrumented rain gardens are located at the Auburn University Arboretum in 
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Auburn, Alabama.  The natural drainage area of each rain garden was delineated using 
available topographic mapping and field survey.  The runoff depth from a 2.54 cm (1 in) 
storm was determined using existing upslope soil and cover conditions and the SCS curve 
number method (USDA SCS, 1972).  The design volume of stormwater entering the rain 
garden was estimated by multiplying the upslope drainage area by the estimated storm 
runoff depth.  The rain garden footprint was sized to accommodate the total runoff 
volume to a ponded depth of 15.2 cm (6 inches) using a 23 cm (9”) continuous earthen 
berm.  During controlled runoff and monitoring, 900 gallons of stormwater runoff from 
campus were pumped into alternate rain gardens each week for collection, treatment, and 
analysis.  Equal numbers of controlled sampling were planned, but due to inclement 
weather in December 2008, a large tree fell into rain garden #1, resulting in more total 
sample events for rain garden #2.  As water percolated through each rain garden, it was 
collected and drained to an outlet where flow was recorded and samples were taken.  
Water flow rate was monitored with an automated bubbler flowmeter to quantify outflow 
hydrograph, peak flow, and total volume discharged during the 24-hour period 
immediately following a stormwater event.  Composite water samples were collected at 
15-minute intervals using an automated sampler.  Grab samples of stormwater applied to 
the rain gardens (from a pond at the Auburn Arboretum) were taken before each 
controlled event.  Results of water analysis provided event mean concentrations (EMCs) 
for each controlled event.  Resulting inflow and outflow EMCs were multiplied by 
corresponding total flows into and out of each rain garden to estimate mass load and 
removal on a percent basis for each constituent. 
 
Water samples were analyzed at a private laboratory (ERA, Inc.) in Auburn Alabama.  
Representative soil and plant samples were analyzed at the ALFA laboratory 
(Department of Agronomy and Soils) at Auburn University.  Nutrients measured include 
nitrate-nitrogen, total Kjeldahl nitrogen, and total phosphorus.  Metal concentrations 
included aluminum, boron, copper, iron, manganese, sodium, and zinc.  Resulting loads 
were used to identify active mass removal mechanisms including plant uptake 
(phytoremediation) and soil adsorption within the rain gardens.  Water quality loads, 
expressed in terms of mass out of each rain garden, provided an estimate of the removal 
rate for each stormwater constituent over the course of the 8-month monitoring. 
 
Plants selected for year-round nutrient uptake were a mix of evergreen (cool season) 
plants that continue to grow during winter months and warm season plants that die back 
in the winter.  The following varieties were planted and monitored in each rain garden; 15 
Autumn ferns (cool season plant, Dryopteris erythrosora), 150 sedge plants (warm 
season plant that did not die back completely, Carex lurida and Carex comosa), and 2 iris 
(warm season perennial, Iris graminea).  The cool season Autumn fern was the primary 
species planted for cool season uptake, accounting for 50% of the total 230 square foot 
rain garden footprint. Warm season sedge and iris were planted in approximately 50% of 
the rain garden area.  The mixed planting scheme was designed to provide a plant uptake 
pathway throughout the entire year.   
 
Incoming stormwater (grab) and outgoing leachate (composite) concentrations and 
volumes of total nitrogen and total phosphorus were analyzed weekly from July 2008 
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through February 2009.  Total nitrogen was estimated as the sum of TKN (Total Kjeldahl 
nitrogen) and oxidized nitrogen (NO2-N + NO3-N).  Analyses of nutrients and metals in 
water, soil, and plant samples occurred three times during the study period, at the 
beginning (July 18, 2008), middle (October, 24, 2008), and end (February 19, 2009) of 
the experiment.  The period from July 18 to October 24 represents warm season growth 
and uptake, while October 25 to February 19 represents the cool season period.  Error in 
constituent load and removal rates were estimated using seasonal mass balance.  
Resulting removal rates provide an indication of seasonal uptake and removal 
mechanisms (soil adsorption and phytoremediation) that occurred during the study. 
 
C. Principal findings and significance: 
 
This project monitored and compared two different bioretention areas at the Donald E. 
Davis Arboretum located on the Auburn University campus.  Rain gardens designed to 
capture the first inch of stormwater runoff were used to collect and treat applied 
stormwater. The study evaluated the ability of the bioretention areas to improve the 
quality of stormwater runoff from an urban watershed.  Pollutant removal efficiency 
estimates generated by this study will be helpful to communities, watershed groups, 
private industry, and other stakeholders working to protect, conserve, or restore water 
quality. This information is important as many communities are working hard to meet 
state and federal regulations for water quality impaired stream segments.  Lessons 
learned regarding the design and landscape placement of a functioning rain garden will 
be provided to stakeholders locally and statewide through conference presentations and 
published journal articles. Auburn University Biosystems Engineering, Civil 
Engineering, Landscape Architecture, and Horticulture students were intimately involved 
in the design and monitoring of this rain garden experiment, improving their capacity to 
design stormwater management systems and increasing their understanding of landscape 
level hydrology, nonpoint source pollution, and innovative low impact site design. 
 
Evaluation of outflow rate and volume from rain gardens indicate a significant reduction 
of storm peak flow (50-80%) and total storm volume (70-95%) due to rain garden 
infiltration and storage capacity.  Outflow volumes captured over 24 hours following 
application of 900 gallons of stormwater indicate the effective capacity of each rain 
garden to capture runoff from a one-inch storm.  As expected, the study revealed several 
trends directly related to the chemical and physical properties of the very low phosphorus 
fill media (57% sand, 28% silt, 15% clay, and 2.8% organic matter) used in the rain 
gardens.  Results support what is known in the literature about the linkage between 
outflow rain garden water quality and the inherent soil properties of the fill media.   
 
In addition, it was observed that settlement and consolidation of the rain garden media 
since construction in 2006 has resulted in stabilized, lower outflow peaks and increased 
stormwater volume retention.  Significant removal of total nitrogen (average 85%) and 
phosphorus (average 94%) was found over the study period in the aerobic rain garden 
(rain garden #2).  Rain garden #1 removal data were less conclusive due to extremely 
high flow-through rates as a result of damaged soil structure during initial construction.  
Average removal rates for total nitrogen and phosphorus in rain garden #1 were -1% and 
79%, respectively.  Removal rates for each season, constituent, and rain garden are 
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presented in Table 1.  Estimated metal removal rates were varied, but with observable 
trends between seasons.  Generally higher metal removals were found during the warm 
season in the well functioning aerobic rain garden #2.  Generally lower metal removals 
were found during the cooler months and in rain garden #1, which was designed to have a 
saturated subgrade (IWS).  The internal water storage layer of rain garden #1 did appear 
to provide higher 8-month removal of nitrate-nitrogen (50% removal) compared to the 
aerobic rain garden #2 (-125% removal).  Detailed data not shown in this synopsis. 
 
Table 1. Removal rates, in percent, from rain garden #2 and #1, based on mass loads of 
inflow and outflow stormwater. 
Warm Season - RG #2        

TN TP  Al B  Cu Fe Mn Na Zn 
89.5 92.7 334.7 -18.1 1244.3 326.5 1175.3 1.9 204.2 

Cool Season - RG2          
TN TP  Al B  Cu Fe Mn Na Zn 
80.3 95.8 -79.5 -63.4 -70.2 -78.8 -92.0 -43.7 -76.1 

Average (8-month)         
84.9 94.2 127.6 -40.7 587.0 123.9 541.7 -20.9 64.1 

         
% Removal - Water         
Warm Season - RG1          

TN TP  Al B  Cu Fe Mn Na Zn 
-26.4 76.2 -3.8 -50.7 -32.0 -14.2 -18.1 -12.1 -40.3 

Cool Season - RG#1          
TN TP  Al B  Cu Fe Mn Na Zn 
24.0 82.5 -38.1 -3.2 -78.3 -19.8 -21.5 -41.3 -51.3 

Average (8-month)         
-1.17 79.35 -20.95 -26.95 -55.14 -17.04 -19.80 -26.69 -45.81 

 
Beneficial hydrologic effects of rain gardens included significantly reduced outflow 
hydrograph peaks and reduced total outflow volumes, both effects which would act to 
reduce total contaminant load to receiving waterways.  Since original construction of the 
two rain gardens, peak outflows were observed to decrease until a near steady-state 
outflow was achieved.  Plant and soil removals are further detailed in the complete report. 
 
D. List of all publications/presentations and manuscripts produced:   
 
Poster presentation - Evaluating bioretention contaminant uptake and removal in an 
experimental rain garden, poster presentation given at the 21st Annual Alabama Water 
Resources Conference, Perdido Beach Resort Hotel and Convention Center, Orange 
Beach, AL, Sept. 3-5, 2008.  3rd Place Award in student poster competition. 
 
E. List of all students directly or indirectly supported on the project. 
 

• Kaye Jernigan – M.S. Horticulture (Spring 2010). 



On-Farm and Watershed Approaches to Community-Based
Nutrient and Pathogen Management

Basic Information
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Research Category: Water Quality
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Principal Investigators: William G. Deutsch

Publication
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Statement of the Problem and Research Objectives 

 
Current practices in poultry, dairy and beef cattle production have the potential to negatively impact ground and surface 
water quality in areas of concentrated animal feeding operations (CAFOs) and animal feeding operations (AFOs). Improper 
animal husbandry habits can contribute to stream and riparian zone damage, poor soil and vegetation quality, altered 
hydrologic features and nutrient cycling, and contamination of surface and groundwater from nutrients, pathogens and/or 
sediment. These effects can have a direct impact on the quality of drinking water supplies. Degradation of source water 
quality not only increases the costs of potable water treatment but can also cause increased production of hazardous 
treatment byproducts (trihalomethanes and haloacetic acids) when chlorine reacts with organic matter (which typically 
increases in concentration in eutrophic waterbodies). Eutrophication of Alabama’s surface waters has been documented, 
and was the impetus for the push for lake nutrient standards in the late 1990’s (Alabama Fisheries Association 1998). 
Citizens and farmers can play a significant role in monitoring and protecting ground and surface waters, if they are properly 
trained in water quality analyses. Hundreds of volunteer citizen monitors have been using the USEPA/ADEM approved 
Alabama Water Watch (AWW) water chemistry and bacteria monitoring procedures for over 16 years to test their local water 
bodies, and answer the fundamental question ‘Is my water getting better or worse, and why?’. Armed with these AWW 
testing tools, citizen monitors have been able to detect Escherichia coli (E. coli) contamination, trace sources of E. coli 
contamination, monitor surrogates of industrial and agricultural pollutants, and monitor critical minimum requirements of 
aquatic ecosystem health such as dissolved oxygen concentration. For many years, lakefront homeowners and other AWW 
monitors have requested an approved protocol for measuring lake eutrophication via nutrient monitoring. AWW personnel 
have tested various colorimeters and other low-cost testing equipment over the years relative to Standard Methods (APHA 
1998) without satisfactory results. Surface water often has relatively low nitrogen and phosphorus concentrations that are 
below the detectable limits of currently available hand-held colorimeters. The objectives of this project are to (1) conduct 
AWW bacteria monitoring workshops for livestock producers in four watersheds with 303(d) listed stream segments: Rock 
Creek and Crooked Creek (Black Warrior), Wolf Creek (Upper Tallapoosa), and Saugahatchee Creek (Lower Tallapoosa); 
(2) evaluate new tools for citizen monitoring of nutrients in water; and (3) develop quality assurance protocols for citizen 
monitoring of nutrients in water. 
 
Methodology 
 
AWW conducted water quality workshops on On-Farm Bacteria Monitoring Training adapted to the needs of livestock 
producers (broiler, dairy and beef cattle) in four watersheds: Black Warrior (Smith Lake), Upper Tallapoosa (Lake 
Wedowee), and Lower Tallapoosa (Yates Lake);  Producers in the Tallapoosa and Black Warrior watersheds were targeted, 
because (1) they contain CAFO’s and AFO’s; (2) their waterbodies have undergone increased eutrophication; (3) they have 
established, active citizen monitoring groups; and (4) these groups have a long history of community based watershed 
management activities and collaboration with AWW (trainings, data interpretation sessions, publications, other research and 
outreach projects such as the Smith Lake State of the Lake Address, and the Tallapoosa Watershed Project). Each 
workshop had a presentation of materials on watershed management, livestock management, waste management, water 
quality issues, technical aspects of E. coli bacteria monitoring and environmental stewardship. 
 
As part of the evaluation of new tools for citizen use, water samples for determination of nutrient, bacteria, and sediment 
concentrations were collected, put on ice and transported to an AU laboratory for analysis. Water quality variables 
measured included total phosphorus, total nitrogen, nitrate, nitrite, total suspended solids and E. coli bacteria. All water 
quality analyses followed Standard Methods and USEPA-approved protocols, and were conducted within recommended 
holding times (APHA 1998).  We also evaluated test kits for nitrate and phosphorus which were provided by LaMotte 
Chemical Company. Data compiled from years of sampling on these watersheds were compared with both the results from 
the LaMotte test kits and the Standard Methods procedures in order to evaluate the accuracy of the test kits, and determine 
current conditions on the respective waterbodies.  Additional local samples were also collected to further evaluate the 
accuracy of the kits and to evaluate ease of use by non-scientists. Students were a part of this evaluation effort and had 
opportunities to comment on the tests, procedures and their ability to understand and follow the directions accompanying 
the kits.  Students were also a part of the Standard Methods water analyses as well.  
 



Results 

 

AWW Staff worked closely with Regional 
Extenison Agents (REAs) and the Alabama 
Cooperative Extension System to identify 
Livestock Producers operating farms within 
each of the targeted watersheds.  Livestock 
Producers with farms in the Black Warrior 
River Basin, and in the Upper Tallapoosa 
River Basin, received On-Farm Bacteria 
Monitoring Training in the fall of 2008. A 
training session for Livestock Producers in the 
Lower Tallapoosa River Basin is scheduled for 
early spring 2009. Livestock Producers will be 
supplied bacteria monitoring supplies in order 
to monitor sites on-farm for E.coli and general 
coliform concentrations over the growing 
season (April through October). Once data 
collection is complete, farmers will have the 
opportunity to have their data interpreted and 
presented to them by AWW staff, with follow-
up BMP consultation, if needed. These training 
sessions are part of an ongoing project, in 
which AWW is working to network Regional 
Extension Agents with Farmers and Livestock 
Producers interested in monitoring water 
quality on-farm. 

Figure 1. Livestock Producers from around Lake Wedowee, in the 
Tallapoosa River Basin, receive Bacteria Monitoring Training from 
Alabama Water Watch Staff. 

 

Results of analysis of two new methods from LaMotte are presented in Tables 1 and 2.  A new nitrate test and phosphorus 
test were evaluated.  The initial evaluation was done using prepared standards and samples collected from Crooked and 
Rock Creeks in the Warrior Basin and Wolf and Saugahatchee Creeks in the Tallapoosa Basin.   Data collected using these 
two new methods indicate mixed results.  Preliminary analyses indicate that the LaMotte nitrate method compared relatively 
closely when standards were analyzed by the Low and High Range tests, while results using actual samples were not 
reliable or predictable.  Total phosphorus was also analyzed from these creek locations and results were obtained by both 
Standard Methods (APHA, 1998) and a LaMotte phosphorus test.  The results of the LaMotte phosphorus tests compared to 
analysis by Standard Methods, showed that there was no real agreement between the phosphorus run by the LaMotte test 
and the analysis run using Standard Methods (APHA, 1998).  The phosphorous test could possibly indicate the presence of 
high levels of phosphorus and possibly be beneficial in certain situations assuming the ability to clean the testing tube 
provided with the kit. 



 

Table 1.  Preliminary results of LaMotte Nitrate Test (High and Low Range) against replicate standards analyzed using Standard Methods 
(APHA, 1998).  

Replicates Standards LaMotte High Range LaMotte Low Range
 (ppm NO3-N) (ppm NO3-N) (ppm NO3-N) 

A 0.025 0 0.02 
A 0.05 0 0.05 
A 0.15 0 0.1 
B 0.025 0 0.02 
B 0.05 0 0.05 
B 0.015 0.2 0.1 
C 0.025 0 0.02 
C 0.05 0 0.05 

           C                0.15 0.2 0.2 
 
    

Table 2.  Results of analyses of total phosphorus by the LaMotte Phosphorus Test and Standard Methods (APHA, 1998). 

 LaMotte Phosphorus  
Test 

  Standard Methods Total 
Phosphorus 

Site Rep mg/l mg/l 

Rock 1A 0.100 0.039 

Rock 2A 0.200 0.042 

Crooked  1A 0.200 0.067 

Crooked 2A 0.200 0.068 

Wolf 1A 0.100 0.110 

Wolf 2A 0.200 0.110 

Saugahatchee 1A 0.100 0.011 

Saugahatchee 2A 0.100 0.010 
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a. Statement of the problem and research objectives 
 
Conventional measures of estimating drought (i.e. Palmer Drought Severity 

Index, Crop Moisture Index, or Standard Precipitation Index) are calculated from 
weather station data and thus are limited to relatively few point observations. Remote 
sensing can provide observations where few previously existed with point data 
(Legates, 2000). Currently, the most commonly used method to assess drought 
conditions using satellite imagery is through the use of the Normalized Difference 
Vegetation Index (NDVI) (Anyamba et al. 2005, Kogan 2005, Cihlar 1997). In 2004, our 
research group had a project funded by this program to investigate the relationship 
between NDVI and Thermal IR derived Land Surface Temperature (LST) as previous 
studies indicated that the relationship between the normalized difference vegetation 
index (NDVI) and land surface temperature (LST) may provide a better method to 
effectively assess moisture conditions at the regional scale (Nemani 1993, Kondoh, A., 
and Y. Oyomada. 2000). The results from that study which investigated the growing 
seasons from 2000-2003 confirmed that the ratio of NDVI/LST did perform substantially 
better than NDVI. Even more promising was that LST itself, when compared to 
traditional ground based measures, performed better than the ratio between NDVI and 
LST. In September 2006 Dr. Marzen presented research that was a result of this initial 
funding at a USGS Conference entitled “Managing Drought and Water Scarcity in 
Vulnerable Environments: Creating a Roadmap for Change in the United States” in 
Longmont, CO” (Marzen et al. 2006). The conference brought together over 200 
academics, resource managers, and GIS professionals to formulate a strategy to handle 
future water scarcity issues. In panel discussions it was determined that the ability to 
better monitor and detect drought is essential to sustainability of water resources and 
that Thermal IR remote sensing appears to be the most promising technology. Most of 
the discussion centered on water scarcity in the West but as Dr. Marzen in discussions 
pointed out even the normally humid southeast has been devastated by drought in 
recent years. 

In preliminary investigations at the climate division level, remote sensing 
methods were evaluated to estimate surface moisture conditions using MODIS 
vegetation indices and temperature products (Marzen et al. 2006, Marzen et al. 2003). 
In these studies the ratio of NDVI/LST, NDVI, and LST using MODIS data were 
compared to CMI and PDSI for estimating surface moisture and associated drought 
conditions. Our initial results indicate that LST performed the best in mapping moisture 
conditions in the humid southeast over our limited 3-year time study. This research 
continued the monitoring and evaluation by looking at 2003-2005 data in the southeast 
and also a 2000-2005 comparison in a semi-arid western US study area. In the 
continuation of this study we also propose to compare NDVI and LST to crop yields for 
a chapter in Ms. Tyler Kreps’ (GRA in Agricultural Economics) Masters thesis that is 
being directed by Dr. Hite and Dr. Marzen.  

Initial investigations have led us to hypothesize that LST performs better in humid 
climates than NDVI for estimating surface moisture conditions than in semi-arid 
climates. More observations using carefully selected time periods during known periods 
of drought variation in the humid southeast and semi-arid west will provide a better 
understanding and assessment of the ability to use remotely sensed satellite 



measurements as a potential indication of drought.  These data as promised in our 
initial funded proposal are being shared for the state of Alabama on the AlabamaView 
website at http://www.alabamaview.org/modis.htm.  Our results show that LST perform 
the best at estimating surface moisture conditions in comparisons with ground-based 
observations. Our regional scale MODIS satellite observations and analysis will be 
continued but we will also look at more localized imagery with Landsat TM derived LST 
from the thermal bands at a 30m pixel spatial resolution. Finally, we looked at a 
methodology to test the use of thermal remote sensing as an indicator of crop yield.   

The overall goal of this proposed project is continue to evaluate and validate 
methods to use remotely sensed data to estimate surface moisture conditions as an 
indication of drought and associated economic impacts on crop yield. This information 
will ideally provide improved forecasting and prediction of drought conditions and will be 
useful to resource managers to monitor the need for water which will be increasingly 
important as water resources become scarcer. The following objectives and tasks were 
completed: 

1. Collection of MODIS LST and NDVI data for 2000 to 2005 for the southeastern 
and western United States study areas and compare these data to corresponding 
Crop Moisture Index data in both study areas.  
2. Collection of cloud-free Landsat TM data from the AlabamaView website and 
produce LST derived from the thermal bands. We have since expanded this 
study into another project funded by the Multi-state Hatch program for a thesis 
project estimating Evapotranspiration in Wolf Bay.  
3. For objective 3 we tried to compare LST averages to crop yields for a chapter 
in Ms. Tyler Kreps Master’s thesis on the remote sensing of drought but the 
National Agricultural Statistics Survey (NASS) was not complete. Therefore we 
are using NASS data and traditional ground measurements to estimate direct 
impacts of temperature, precipitation, radiation, wind speed, and humidity on 
county level crop yield. Ms. Kreps is finishing these models this summer in the 
completion of her Master’s thesis.  
4. We continue to share NDVI and LST products produced by the graduate 
student with user communities on the AlabamaView website 
(http://www.alabamaview.org/modis.htm) in a timely manner.  
5. Provided undergraduate and graduate level training in the use of remote 
sensing and GIS for hydro-climatology and remote sensing research to M.S. 
candidates Tyler Kreps (Ag Econ), Nishan Bhattarai (Forestry); undergraduate 
students Davis Fite, Nathan Pauley, Patrick Barrineau, Chandler White, and 
Jason McGinniss. Funds were leveraged from AlabamaView to pay 
undergraduates to work on the project.   
6. Assist undergraduate and graduate students in preparing paper/poster 
presentations of the results of the study at the 2007 and 2008 Alabama Water 
Resource Conferences. Listed in  

 
 
 
 
 



b. Methods 
For this study, MOD11 (land surface temperatures and emissivity) and MOD13 

(vegetation indices) data products were used corresponding to weather station 
observations for 2 week periods in the growing seasons (April-October) of 2000 – 2005.  
MOD11 provides. LST and NDVI values were compared to conventional ground based 
drought index values that are calculated from weather stations that are located within 
regional climate divisions. The Crop Moisture Index (CMI) and Palmer Drought Severity 
Index (PDSI) will be collected at the climate division level for the two study areas. The 
southeastern study area includes Alabama, Georgia, Florida, South Carolina, North 
Carolina, and Virginia. The western study area likely will include Wyoming, South 
Dakota, Nebraska, Kansas, and Oklahoma.  

The localized study used the thermal bands from Landsat TM data. These data 
are processed for geometric and radiometric corrections by the USGS Eros Data Center 
and are made available for download free at the AlabamaView website.  
 For the 2008 project we continued the analysis described above and added an 
economic aspect to the study. We used crop data as reported by the USDA on a county 
level basis by row crop (http://www.nass.usda.gov/Data_and_Statistics/) to ground 
based measurements of temperature, precipitation, radiation, wind speed, and humidity. 
 

c. Principal Findings 
 
LST continued to perform the strongest in terms of estimating surface moisture and 

associated drought conditions when compared to CMI. Table 1 shows correlation 
results (2000 through 2005) for the southeastern study. Through the economic aspect of 
the study we have found that it is difficult to rely on NASS data because the data are 
incomplete and the crop yield data reported through the survey methods do not 
consider management decisions (such as irrigated vs. non-irrigated land, fertilizer or 
herbicide application, and in-crop variation). We believe that there is potential for using 
satellite and aerial imagery for estimating crop yield but it is difficult to validate at a 
regional scale. If local scale studies (within field) can be conducted then there may be 
some arguments to be made that it is justified to apply the Remote Sensing methods to 
regional scales. The local scale study is now the focus of Nishan Bhattarai Master’s 
thesis which we are leveraging funds from another project to keep this research going. 
Preliminary results of the economic study reveal that crop yield is substantially 
influenced by the temperature, precipitation, radiation, wind speed, and humidity. Ms. 
Kreps will complete this aspect of the study and defend her thesis by July 10th.  

 
 
 
 
 
 
 
 

http://www.nass.usda.gov/Data_and_Statistics/


Table 1 Pearson’s Correlation Coefficients for LST and CMI for growing seasons of 
each Climate Division 

 
CLIMATE DIVISION 2000 2001 2002 2003 2004 2005

APPALACHIAN 
MOUNTAIN -0.67 -0.32 -0.41 -0.47 0.154 -0.73

NORTHERN VALLEY -0.72 -0.19 -0.58 -0.41 -0.02 -0.67

EASTERN VALLEY -0.75 -0.51 -0.44 -0.36 
6E-
04 -0.65

UPPER PLAINS -0.72 -0.3 -0.41 -0.42 -0.06 -0.5
PIEDMONT PLATEAU -0.59 -0.66 -0.52 -0.38 0.091 -0.55

PRAIRIE -0.62 -0.65 -0.55 -0.43 -0.05 -0.52
COASTAL PLAIN -0.58 -0.58 -0.29 -0.49 0.28 -0.33

GULF -0.53 -0.25 0.08 -0.05 0.27 -0.48
 

d. Presentations/published abstracts 
 
Kreps, T., L.Marzen. 2009. Crop Yield Response to Drought in Alabama. State of our Watershed 
Conference. Alexander City, AL. May.  
 
Kreps, T., L.Marzen. 2008. Estimating Surface Moisture with Remote Sensing as 
an Indicator of Drought in the Southeast US. Alabama Water Resources Conference. Orange 
Beach, AL, September.  
 
Kreps, T., L.Marzen. 2008. Estimating Regional Scale Surface Moisture in the Southeast with 
MODIS Data. Applied Geography Conference. Wilmington, DE. October. 
 
Kreps T. and L.J. Marzen. 2007. Estimating Regional and Local Scale Surface Moisture and an 
Indicator of Drought Using Thermal IR Remote Sensing. 4th Annual GIS Symposium and 
Workshop. Troy, AL. (50%) 
 
Kreps, T. and L,J. Marzen. 2007. Estimating Regional Scale Surface Moisture in the Southeast 
with MODIS Data. Alabama Water Resources Conference. Orange Beach, AL (50%) 
 
 
e. Students 
 
M.S. candidates Tyler Kreps (Ag Econ), Nishan Bhattarai (Forestry); undergraduate 
students Davis Fite, Nathan Pauley, Patrick Barrineau, Chandler White, and Jason 
McGinniss 
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EXECUTIVE SUMMARY  

The contamination of groundwater from nitrate and nutrients is major problem 
throughout the world. These related problems are often the result of anthropogenic 
activities, lack of management, and overdevelopment of water resources. Recently, a high 
level of interest has been generated in understanding interaction of nitrates/nutrients 
between groundwater and surface water systems. Currently there is a lack of information 
and understanding of nitrate/nitrogen input, contribution of nitrate/nitrogen input, and 
resulting effects on the quality of water resources and ecosystem health within these 
highly sensitive coastal areas of Alabama. Some of the major concerns of nitrate and 
nitrogen contamination/loading to both these groundwater and surface water systems 
include health risk to humans through drinking water and degradation of coastal surface 
water ecosystems such as estuaries, wetlands, lagoons, and the greater Gulf of Mexico. 
Groundwater and surface water resources in southern Baldwin County, Alabama are vital 
to support the rapidly growing population of the area, support a growing economy within 
the region, and to ensure that environmentally-sensitive ecosystems such as coastal 
estuaries and wetlands are preserved in the region. A local to regional-scale study was 
conducted to assess the extent of nitrate contamination, identify source zones of nitrate to 
groundwater and surface water systems, determine the primary processes controlling the 
fate of nitrate/nutrients in groundwater, and determine primary contributions of 
nitrate/nitrogen input to coastal surface waters of southern Baldwin County, Alabama. 
Detailed geochemical and nitrate analyses revealed that extensive areas within aquifer 
zone A2 were impacted with nitrate concentrations exceeding regulatory limits. These 
analyses coupled with land-use/land-cover classification schemes indicated that most of 
nitrate sources were most likely due to agricultural fertilizer inputs. However, other areas 
showed that nitrate levels were likely a result of various inputs ranging from residential 
septic systems to agricultural. Isotopic analyses of nitrate (e.g., nitrogen-δ15N and 
oxygen-δ18O) indicate that the main sources of nitrate in the regional aquifer system are 
due to fertilizer application and that nitrate is primarily derived from nitrification of 
ammonium in the soil. The narrow range of δ18O values further confirms the primary 
nitrate sources. The δ15N and δ18O data, which help to determine the fate of nitrate, 
indicate that denitrification was not an important process in this aquifer system. In the 
absence of denitrification and the presence of a permanent source, it is expected that the 
elevated groundwater nitrate concentrations will not be readily attenuated posing a 
potential contamination and degradation problem of coastal discharge zones (i.e. 



wetlands, estuaries, lagoons, and coastal lakes) into the future. The δ15N and δ18O of 
surface water nitrate  

Data revealed two potential sources of nitrate in Weeks Bay derived from 
fertilizer and manure/septic waste. A significant contribution of nutrient-rich groundwater 
to the surface water is supported by the presence of elevated levels of nitrate in 
groundwater and nitrogen and oxygen isotopic signatures (of nitrate) consistent with 
subsurface nitrification measured in specific regions of Weeks Bay (i.e. northern sample 
locations). The nitrogen and oxygen isotopic data of surface water nitrate further suggests 
that runoff also plays an important role in the degradation of surface water quality in this 
area. Further analysis of nitrogen, oxygen, carbon, and hydrogen isotopes should be 
conducted to better assess the types of sources and contributions of nitrate to the 
groundwater and surface water systems of southern Baldwin County, Alabama. 
Additional monitoring of the nitrate levels is necessary to evaluate the temporal evolution 
and distribution of nitrate concentrations within the aquifers underlying the region. 
ArcGIS proved to be a valuable tool used to determine the spatial extent and magnitude 
of nitrate contamination of groundwater. The use of these tools provides an opportunity 
to assemble, standardize, analyze, and visualize scientific data that comes from a variety 
of sources, making it available to others who may be able to continue with further 
research studies. The combination of detailed geochemical and isotope analyses of 
groundwater and surface water systems were used to constrain nitrate/nutrient sources, 
identify the fate of these chemicals through these systems, and determine likely 
contribution of nitrate/nutrients to the coastal surface water bodies and the Gulf of 
Mexico. These analyses can lead to improved groundwater management strategies and 
risk assessments for the region.  

 
 

STATEMENT OF THE PROBLEM  
In recent years, Baldwin County has experienced some of the most rapid growth 

in public and private sectors, ranking third among all counties within the state of 
Alabama. As a result, decreasing quality of groundwater and surface water due to 
extensive agricultural practices, and urban and residential expansion, has become a 
concern in the region. Groundwater and surface water resources in southern Baldwin 
County, Alabama are vital to support the rapidly growing population of the area and the 
evolving economy within the region, and to ensure that environmentally-sensitive 
ecosystems such as coastal estuaries and wetlands are preserved in the region. Growing 
population, tourism, and industry is dependent upon the quality and quantity of the water 
resources and health of the ecosystem within the region.  

Continued and extensive residential and agricultural development of near-shore 
areas in southern Baldwin County is leading to increased inputs of nitrogen (N) from 
fertilizers, wastewater and septic tanks to groundwater, and as part of the hydrogeologic 
cycle, to the coastal waters and to the Gulf of Mexico (Valiela et al. 1990). The NO3- 

problem is most evident in the mobile form of NO3- and it is known to cause health 
problems in humans (Rajagopal and Tobin 1989) and contribute to the eutrophication of 
surface waters (Cooper 1993). Currently there is a lack of information and understanding 
of NO3- -N input and the resulting effects on the quality of water resources and ecosystem 
health within these highly sensitive coastal areas of Alabama. Some of the major 



concerns of NO3--N contamination/loading to both these groundwater and surface water 
systems include heath risk to humans through drinking water such as 
methemoglobinemia and potential carcinogenic effects, and detriment to the local 
ecosystems by adversely affecting a variety of marine and freshwater organisms such as 
fish and shrimp (i.e. seafood industry) and the health of wetlands which can be severely 
impacted by excessive plant and algal growth and constriction. A large majority of NO3- 

sources have anthropogenic origin and they are mostly confined to the same watershed 
and groundwater basin.  

In southern Baldwin County, agricultural and residential application of fertilizers, 
sewage breakthrough, precipitation, and land application of animal waste are some of the 
major sources of NO3-, the common form of N that infiltrates downward to the 
groundwater. Nitrate contamination may be a potential problem in some of the aquifers of 
Baldwin County. Nitrate levels in wells have been observed to exceed regulatory 
drinking water standards (45 mg/L as nitrate; or equivalently 10 mg/L nitrate as 
nitrogen). Not only is this a concern for human health, but groundwater discharge and 
surface-runoff of elevated nitrate levels to coastal surface waters and/or streams can have 
harmful effects on the ecological health of coastal wetlands, estuaries, and riparian zones. 
Excess nitrate (i.e. nutrient) loading can cause processes such as eutrophication which 
can adversely impact the ecology of these systems. Saltwater intrusion in coastal areas 
such as Baldwin County may further enhance the N flux associated with ion exchange 
and other reactions (Krest et al. 2000; Moore 1999). Hence, anthropogenic contamination 
of the aquifer system in the form of high NO3- concentrations and saltwater intrusion 
from the Gulf of Mexico may be a real concern in this area. Therefore, it is imperative to 
identify sources and fate of nitrate contamination of groundwater and surface water for 
this area allowing for better source control strategies and management. The results of this 
research will be critical for developing cost-effective aquifer management plans to ensure 
sustainable freshwater supplies and preserve the health of the regional ecosystems (i.e. 
wetland/estuaries, riparian zones, and lakes) in the study area.  

 
PURPOSE AND OBJECTIVES OF RESEARCH  

The purpose of this study was to determine the extent and severity of nitrate 
contamination in the aquifer system and in coastal surface waters receiving recharge from 
groundwater in southern Baldwin County. In addition, this study aims to identify the 
potential source zones and the origin of these nitrate sources contributing to groundwater 
pollution.  

The objectives of this study are part of a large scale effort to 1) assess the extent 
of nitrate contamination in the aquifers of southern Baldwin County; 2) identify the 
source zones of nitrate to the groundwater and surface water systems 3) determine 
nitrate/nitrogen loading to coastal surface waters (i.e. estuaries and wetlands) from 
groundwater and surface water; 4) identify the fate of nitrate/nitrogen to coastal surface 
waters due to processes such as nitrification/denitrification; and 5) determine the primary 
contributions (i.e. groundwater versus surface water) of nitrate/nitrogen input to the 
coastal surface waters. Additionally, as part of the objectives of this research, a detailed 
user-friendly GIS database will be developed for the study area to integrate all of the 
collected data for easy update, visual display, and analysis. Tools such as these will be 



critical to developing cost-effective aquifer management plans and protect ecologically 
sensitive surface water bodies such coastal estuaries and wetlands in the region.  

The primary objectives of this study were to assess the extent of nitrate 
contamination in the aquifers of southern Baldwin County and to identify the source and 
fate of nitrate/nitrogen to groundwater and coastal surface waters. Additionally, the study 
aimed to identify the source zones of nitrate to the groundwater and surface water 
systems and to determine the primary contributions (i.e. groundwater versus surface 
water) of nitrate/nitrogen input to the coastal surface waters.  

This proposed research is critical to understand the important role that coastal 
wetlands play as “buffering” systems which can act as natural attenuators of contaminant 
loading. Therefore, it is important to understand how elevated levels of nitrate may 
adversely impact these ecosystems. Excess nutrient (i.e. nitrate/nitrogen) loading can 
cause processes such as eutrophication which can cause negative impacts to the ecology 
of these systems. Characterizing the extent of nitrate contamination in the local and 
regional aquifers and surface waters of southern Baldwin County will also be important 
for conducting more accurate risk assessments and developing more effective 
management strategies.  

 
CONCLUSIONS  

The groundwater system of southern Baldwin County is comprised of three 
hydraulically distinct aquifers that will likely provide ample water supply if properly 
managed. However, nitrate contamination of groundwater may be a concern for the study 
area. The results of this study indicate that spatially extensive nitrate concentrations 
exceeding regulatory limits (MCL = 45 mg/L as nitrate) were present within aquifer zone 
A2 in southern Baldwin County, Alabama. The contamination is mainly confined to areas 
extensively developed for agricultural and residential practices. In addition, slight 
degradation of groundwater quality due to the presence of nitrate was observed for the 
surficial coastal aquifer zone A1 and to a smaller extent for the deeper aquifer zone A3. 
Iso-concentration maps for aquifer A2 demonstrate that three spatially distinct regions 
within the study area may serve as sources of nitrate. The most extensively impacted area 
of nitrate in groundwater was located in the surrounding area of Silverhill, Robertsdale, 
Summerdale, and Seminole (NZ-2B) and it is mainly the result of fertilizer NO3- input to 
the groundwater system based on a current land-use analysis. Two areas of smaller nitrate 
extent include the vicinity east of Weeks Bay near (NZ-2A), and between Foley and Gulf 
Shores (NZ-2C) which exhibit exceedingly high nitrate concentrations throughout this 
study, indicating that these may be potential nitrate sources. Based on a current land-use 
study the nitrate inputs from these sources would likely originate from residential areas 
possibly due to septic system wastes and small agricultural practices. The overall nitrate-
chloride correlation was not significant for the surveyed wells. This suggests that the 
major source of nitrate for the surveyed area is likely associated with the application of 
fertilizers. However, elevated levels of nitrate and chloride occurring together may 
suggest the presence of some alternative sources for a few of the other nitrate zones 
within the study area.  
Nitrogen and oxygen isotopes of NO3- (e.g., δ15N and δ18O of NO3-) were used in 
conjunction with other hydrogeochemical data to place constraints on potential sources of 
NO3-. The δ15N and δ18O of groundwater NO3- values ranged between +1.99 and +9.6‰ 



and +3.12 and +8.7‰, respectively. This range of values suggests that nitrate is primarily 
derived from nitrification of ammonium in the soil and indicates sources of NO3- as 
mixtures of fertilizer and manure. However, the overwhelming number of samples show 
isotopic signatures which indicate that the main source of NO3- in these aquifers is due to 
fertilizer application. The narrow range of δ18O values further confirms the primary 
nitrate sources. The δ15N and δ18O data indicate that denitrification was not an important 
process in these aquifers. In the absence of denitrification and the presence of a 
permanent source, it is expected that the elevated groundwater NO3- concentrations will 
not be readily attenuated posing a potential contamination and degradation problem of 
coastal discharge zones (i.e. wetlands, estuaries, lagoons, and coastal lakes) into the 
future. The δ15N and δ18O of surface water NO3- data revealed two potential sources of 
nitrate in Weeks Bay derived from fertilizer and manure/septic waste. The contribution of 
nutrient-rich groundwater to the surface water is supported by the presence of elevated 
levels of nitrate in groundwater and nitrogen and oxygen isotopic signatures of nitrate 
consistent with subsurface nitrification measured in specific regions of Weeks Bay (i.e. 
northern sample locations). The nitrogen and oxygen isotopic data of surface water 
nitrate further suggests that runoff also plays an important role in the degradation of 
surface water quality in this area. Primary contribution of nitrate flux from groundwater 
to surface water in the region was supported by trophic level response (i.e. chlorophyll 
data) in surface water, measured nitrate concentrations in both groundwater and surface 
water, and reduced water levels in surface water bodies and minimal run-off from data 
collected during the summer months of 2007-2008.  

Further analysis of nitrogen, oxygen, carbon and hydrogen isotopes should be 
conducted to better assess the types of sources and contributions of nitrate to the 
groundwater and surface water systems of southern Baldwin County. Although a large 
number of wells were sampled and analyzed to define the extent and magnitude of nitrate 
contamination in the aquifers of southern Baldwin County, a denser network of wells 
from all aquifer zones need to be identified and monitored to gain higher spatial and 
temporal resolution. In addition, more wells need to be constructed in areas that lack data, 
however, the addition of wells to these sparsely populated areas may be too costly and/or 
not feasible to implement. Further monitoring of the nitrate levels is necessary to evaluate 
the temporal evolution and distribution of nitrate concentrations within the aquifers 
underlying the region. Proper well placement and routine water quality monitoring is 
important to prevent aquifer zones A1, A2, and A3 from further nitrate contamination 
and to more accurately assess temporal changes in nitrate distribution.  

ArcGIS proved to be a valuable tool used to determine the spatial extent and 
magnitude of nitrate contamination of groundwater. ArcGIS was effectively used to 
produce the groundwater elevation (potentiometric surface) map and assess groundwater 
flow conditions for the aquifer zone A2 within the study area. In addition, the use of GIS 
makes it possible to view the data in a viable format for those who make regulatory 
decisions whereas such data in the past has been much less accessible. Furthermore, the 
use of these tools provides an opportunity to assemble, standardize, and analyze scientific 
data that comes from a variety of sources, making it available to others who may be able 
to continue with further research studies.  
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 8 0 0 0 8
Masters 3 0 0 0 3

Ph.D. 1 0 0 0 1
Post-Doc. 0 0 0 0 0

Total 12 0 0 0 12
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Notable Awards and Achievements

Beneficial hydrologic effects of rain gardens included significantly reduced outflow hydrograph peaks and
reduced total outflow volumes, both effects which would act to reduce total contaminant load to receiving
waterways. Pollutant removal efficiency estimates generated by this study will be helpful to communities,
watershed groups, private inductgry, and other stakeholders working to protect, conserve, or restore water
quality.

Livestock producers with farms in two river basins received on-farm bacteria monitoring trainin in the fall of
2008. A training session for producers in a third basin is scheduled for early spring 2009. Once data collection
is complete, farmers will have the opportunity to have their data interpreted and presented to the by Alabama
Water Watch staff, with follow-up BMP consultation, if needed.

There is a potential for using satellite and aerial imagery for estimating crop yield but it is difficult to validate
at a regional scale. It is difficult to rely on NASS data because the data are incomplete and the crop yeild data
reported through the survey methods do not consider management decisions.
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