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Abstract
Documented as a wetland of international importance by the Ramsar Convention, the Cheyenne Bottoms Wildlife Area (CHBW) is comprised of 8,036 hectares (ha) of diverse and unique marshland in central Kansas. As a critical stopover for migrating bird populations, the CHBW places a strong emphasis on creating a diverse marsh habitat for migrating shorebirds and waterfowl in their management practices. This project provided the CHBW with tools to aid in the management of their marsh systems, allowing for proactive management techniques rather than the reactive techniques in place currently. Using Landsat 5 TM and 7 ETM+ the CHBW was provided with an evaluation of water turbidity trends in the pools during the years 2005-2012. Landsat 7 ETM+ was also used to provide a time series of supervised land cover classification maps to the CHBW. Results from the land classification show that invasive species no longer dominate areas which were focused on by management staff.
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Introduction

A. Background Information

1. Community Concerns
The Cheyenne Bottoms Wildlife Area (CHBW) is considered the most important shorebird migration point in the western hemisphere (KDWPT, 2011). Wildlife habitats are threatened by the constantly changing ecology due to the natural hydrology of the area. Periods of extreme flooding and drought reduce usable foraging and nesting habitats for migrating shorebirds and waterfowl. Wind, heavy rain events, and recreational activities such as the use of boats, stir up sediments in the water, reducing water quality.
The constantly changing ecology has large economic impacts. The CHBW is a large tourist attraction for hunters, wildlife enthusiasts, and bird watchers, bringing in approximately $2.8 million annually to Barton County and the state of Kansas (KDWPT, 2010).
As the CHBW floods and dries out, invasive species begin to take over and alter the natural ecosystem. Invasive species, such as cattails and phragmites, pose the largest threat to the wetland diversity (KDWPT, 2010). The shallow waters of the marsh and silt deposition favor cattail germination, thereby dominating the wetland habitat birds rely on phragmites pose a greater threat as an invasive species; they thrive in the marsh and invade the valuable mudflats in open waters that migrating birds depend on.

2. Current Management Practices
The Cheyenne Bottoms Wildlife Area, a division of the Kansas Departments of Wildlife, Parks and Tourism (KDWPT), has created a management plan for 2010-2014 that focuses on the management of water, vegetation, wildlife, and silt. This report highlights the background, goals and strategies that revolve around the CHBW’s primary goal to protect a diverse marsh habitat for waterfowl and shorebirds during migratory periods (KDWPT, 2010). The secondary goals include providing the public with recreational opportunities and increasing the amount of waterfowl and shorebirds nesting and foraging in the area.
The CHBW management has developed a variety of techniques to reach their goals. Many of their techniques include strategies that relate to draining and refilling various pools located on the property, which has significant implications on the ecological and operational management of the wildlife area (KDWPT, 2010). Other techniques include the burning and removal of unwanted plant species and the redirection of water from nearby sources. The management plan outlined different policies based on the spring, summer and fall seasons due to the different ecological impacts during those time periods. While many policies are in place, the current decision making process is unclear and seems to be based on current observational conditions.
The management plan anticipates silt sedimentation to grow approximately one foot per eight-hundred years within the CHBW, which is understood to be a natural process occurring in wetland environments based on an investigation at the CHBW (KDWPT, 2010).  However, with the construction of an inlet system in 1957, the rate of sedimentation has increased. Due to the limited water available in the pools, any water coming in to the inlet canal from Wet Walnut Creek and the Arkansas River must be diverted to the pools regardless of the amount of sediment in the water. Two creeks originating northwest of the CHBW are Blood and Deception Creeks which flow at a slow rate, allowing the wetlands to naturally filter silt from entering the basin. Regardless, sediment remains a concern for the wetland. Large amounts of sediment damages in the infrastructure at CHBW. Silt removal from such a large wetland is an expensive and time consuming task, so addressing build up can only be done on a limited basis. Currently, the most effective and available technique to slowing silt accumulation is to remove silt from the marsh, and use it to reinforce boundary dikes and create islands within the CHBW boundary.

3. Previous Studies: Turbidity and Suspended Sediment
Turbidity measures the amount of suspended sediment particles in a fluid. There are many methods of quantifying the amount of suspended sediment in water bodies. Based on various in-situ measurement techniques, quantifications of suspended sediment include, but are not limited to, total suspended sediment (TSS), suspended sediment concentration (SSC), suspended particulate matter (SPM), and turbidity (Long & Pavelsky, 2013). In this study, turbidity is used to gauge suspended sediment in CHBW.
In previous DEVELOP studies in the Great Lakes (Ehlen & Regan, 2012) and Big Creek Lake in Mobile, Alabama (Clark et al., 2012), studying suspended sediment was critical in comprehending water quality. For example, calculating TSS in the Great Lakes project was important for policy makers and environmentalists as it allowed them to assess pollution from non-point sources (Ehlen & Regan, 2012). However, suspended sediment has other implications on wetland areas as well, including altering wildlife habitats, damaging local infrastructure, and providing information in earth and environmental science (Berry et. al, 2003).  
Because of the costs associated with in-situ measurements, there have been many attempts to use remote sensing technologies to measure suspended sediment. Using reflectance data from satellites, algorithms have been developed to relate satellite reflectance to in-situ measurements made in a specific area. Algorithms have been developed for a wide range of environments, from near the Greenland Ice Sheet to the tropical waters off the Puerto Rican coast, and from the Mississippi River to reservoirs in the middle of Spain. However, because of the specific hydrology and geology of the tested areas, algorithms generally are not transferable. Therefore, using algorithms developed for one region usually will not provide realistic absolute values for another region. 
In one recent study by Long and Pavelsky (2013), an attempt was made to test the transferability of previously developed algorithms to a specific wetland environment: Lake Athabasca in Alberta, Canada. While the Long and Pavelsky study provides characteristics present in algorithms that were highly-correlated to Lake Athabasca in-situ measurements, this study found that on an absolute scale, these highly correlated algorithms did not provide realistic absolute values for CHBW. 
However, from this Long and Pavelsky study, a list of 31 algorithms were provided. Using this database, the algorithms with the four highest correlations to in-situ data at Lake Athabasca that were originally developed from Landsat data products were tested for CHBW (table below). Note that the empirical algorithms have different suspended measurement quantifications (i.e. SPM, SSC, turbidity) based on the in-situ measurements available when the algorithm was developed.

	CBWA Test Model Number
	Data Product / Bands
	Band Wavelengths (nm)
	Empirical algorithm developed
	Reference

	1
	Landsat TM 2 and 4
	R2 = 520 – 600
R4 = 760 – 900 
	SPM = 29.022*
exp(0.00335*(R4/R2)
	Doxaran et al., 2003

	2
	Landsat MSS 5 and 6
	R5 = 600 – 700
R6 = 700 – 800 
	Ln(SSC) = -6.2*(R5/R6)+
1.4*[(R5/R6)^2]+10.8
	Topliss et al., 1990

	3
	Landsat TM 1, 3 and 4
	R1 = 450 – 520 
R3 = 630 – 690 
R4 = 760 – 900 
	Turbidity = 11.31*(R4/R1)-2.03*R3-16.42
	Song et al., 2011

	4
	Landsat TM 4
	R4 = 790 – 900 
	Turbidity = 16.1*R4-12.7
	Fraser, 1998


Table: Four Test Models















These four models were tested on Landsat data over Cheyenne Bottoms on two dates, one in Fall 2009 and the other in Fall 2011. While all four algorithms provided very similar spatial distributions of values (seen in Figure A.1 in the appendix), only Test Model 4 provided reasonable absolute values based on the suspended sediment measurement quantification (turbidity). Furthermore, Test Model 4 was developed for a wetland environment, the Nebraskan Sandhill Lakes, which was more similar to the Cheyenne Bottoms Wildlife Area than the development regions of the other test models. Also, Test Model 4’s turbidity algorithm involved less computation than the rest which saved calculation time. These reasons are why Test Model 4 was used to measure suspended sediment in Cheyenne Bottoms Wildlife Area in this study. It is important to note that Test Model 4 was adjusted from the original algorithm for use with DEVELOP’s ArcGIS programs. This adjustment was due to the fact that reflectance used in the algorithm was in a 0-100 scale, while the DEVELOP tools processed reflectance on a 0-1 scale. Therefore, this algorithm was multiplied by 100 to account for the DEVELOP software. The following adjusted algorithm was used in this study.

CHBW Turbidity Algorithm: Turbidity = 16.1*100*R4-12.7

Attempts were made to validate the absolute value outputs from Test Model 4 in CHBW. Data from the United States Geological Survey (USGS), the Environmental Protection Agency (EPA), and the project partner at Cheyenne Bottoms were either not available, or unclear due to uncertainty in measurement location and infrequency. Therefore, an absolute measure was not created. However, Test Model 4 does provide a strong relative index measure of the high and low turbidity within CHBW. 

3. Previous Studies: Land Cover
 Several previous remote sensing studies have been completed in the Cheyenne Bottoms area. One study used a variety of data from 1957 to 2010 including historical photography, digital orthophoto quadrangles, small-format aerial photography (SFAP), Landsat, and Ikonos satellite imagery (Owens, Aber&Aber, 2011). Aerial photography was used to determine major categories of land cover (water, crops, etc.), but specific vegetation could not be distinguished. Landsat imagery was used to determine changes in land cover over the study period. Ikonos imagery was then used for obtaining more detail on vegetation and moisture content. Ikonos was chosen due to the higher resolution of the imagery (4m).  Small-format aerial photography provided high-resolution images to use for ground truthing. The authors found that many changes occurred in the area over the course of the study, which were attributed to changes in management in the area, and changes in land use upstream.
A second study looked specifically at characterizing wetland landscapes (Pavri & Aber, 2004). According to the authors, wetlands are difficult to classify because there are large differences in water and vegetation between wet and dry seasons. Another difficulty is that Landsat data has a resolution of 30m; therefore, the pixels are too large to classify smaller areas of differing vegetation. Multi-temporal images were created to show the general layout and change over time, as opposed to detailed quantitative classification. To collect images of the area, Pavri and Aber (2004) used Landsat 5 TM’s near-infrared (NIR) band for vegetation classes. They then used different colors for each of three years and overlaid the results. This method was successful in showing vegetation cover change, specifically cattail thicket changes over time.

B. Project Objectives
The purpose of this project was to provide Cheyenne Bottoms’ management with two decision support tools using NASA earth observation data: a turbidity product and a time series of land cover classification maps. The first tool, a turbidity product, provides an understanding of suspended sediment concentrations within the pools using Landsat 5 TM and 7 ETM+ reflectance data. Turbidity measures the cloudiness of a body of water and correlates to the amount of suspended sediment in that body of water. The second tool, land cover classification maps, help to determine areas that are at the highest risk of ecological change through the use of NASA earth observation data. These tools will assist our partner in managing the invasive species and protecting the infrastructure of the area.

C. Study Area
The Cheyenne Bottoms Wildlife Area, a designated wetland of international importance by the Ramsar Convention, is located in the center of the state of Kansas, in Barton County, near Great Bend and Hoisington (KDWPT, n.d.). The Wildlife Area consists of 8,036 ha and is part of a 16,592 ha natural land sink. The area’s natural hydrology includes two drought years out of every five or six years. At this time, water only enters the CHBW from streams after rainfall. This water is usually sediment-heavy, but the CHBW has no choice but to divert this water immediately into the pools. This process, along with the flood of 2007, has increased the amount of silt and sediment in the pools, making them conducive to invasive species formation and more likely to have infrastructure damage. 

D. Study Period
To measure turbidity, data from Landsat 5 TM and 7 ETM+ for all available cloudless days from 2005 through 2012 were used. This period includes a drought period in 2005 – 2006, a flooded period in 2007 – 2008, and another drought period in 2011 – 2012. Because of the drought periods, turbidity could not be measured in parts of the 2006 and 2012 season due to the lack of water in CHBW. The land cover classification maps were created using early autumn Landsat 7 ETM+ data from days with minimal to no cloud over the study area for the years 2005, 2010, 2011, and 2012. 

E. National Applications Addressed
This project addresses the NASA Applied Science Program’s National Application Areas of Ecological Forecasting and Water Resources. The goal of the ecological forecasting application is to help decision makers to predict the impact of environmental change on ecosystems. This project used Landsat 7 to create updated land cover classification maps for CHBW. The water resources application involves studying water availability and quality. This project used a turbidity algorithm to estimate the turbidity in the pools as well as evaluating trends of suspended sediment over time and potential causes for these trends.

F. Project Partners
	Karl Grover, site manager of Cheyenne Bottoms Wildlife Area. Karl Grover has been employed by the Kansas Department of Wildlife, Parks and Tourism to oversee the CHBW’s marsh habitat.

Methodology

A. Turbidity

1. Data Acquisition
To determine suspended sediment in CHBW, Level I Landsat 5 and Landsat 7 satellite imagery were downloaded from USGS Glovis Visualization Viewer (Glovis) (http://www.glovis.usgs.gov). All available data that had no clouds over CHBW were downloaded for the years 2005 through 2012. This was done manually through clicking through the imagery on Glovis with 240m resolution.  Those dates were also checked to verify that the pools were not frozen over. Weather data from two nearby sites in Great Bend, Kansas and Russell, Kansas were gathered using Weather Underground (http://www.wunderground.com). This weather data was used to better understand trends in turbidity. Also, additional data was provided from our project partner, such as timing of water movement between pools as well maps that displayed where gates between pools were located. This imagery can be seen in Appendix A.2.

2. Data Processing
Once the data were downloaded, they were processed using a program developed in Python. First, raw radiance data was converted to top-of-atmosphere reflectance. Next, reflectance data was cleaned using the conditional tool (Con) in ArcGIS to eliminate negative values, because reflectance should only be positive. These negatives values were changed to zero values. Next, the turbidity algorithm for Cheyenne Bottoms (Test Model 4) was applied using the cleaned reflectance band data.
Two separate analyses were used in this study. In the first analysis (Pool Analysis), pool shapefiles were drawn in regions of the pools where open water was present for the majority of the time period. In this first analysis, the turbidity model was clipped to these pool shapefiles. Zonal statistics were then run on the pools and exported to excel for further analysis. It is important to note that when developing the pool shapefiles, pool polygons were labeled within the layer's "Attribute Table" (Open Attribute Table) by adding a new field name (Add Field) of "Pool_Name".  By entering an editing session (Start Editing), pool names can be associated to respective pool polygons.  Once this is complete, the editing session was saved (Save Edits) and ended (Stop Editing). This allowed for zonal statistics to be computed on each pool respectively, as opposed to the entire pool shapefile, which allowed for analysis of individual pools. These shapefiles can be seen in Figure A.2 in the appendix.
In the second analysis (Water Mask Analysis), instead of looking at the same shapefile areas over time, the goal was to look at all the open water for each Landsat scene. In order to best observe locations of open water, a Normalized Difference Vegetation Index (NDVI) formula was used. While NDVI’s generally are used to map vegetation, negative and slightly positive values have been shown to denote areas of open water. Therefore in this second analysis, the cleaned reflectance data was used to calculate NDVI maps for our region. The NDVI formula used was:





 Using a NDVI threshold of 0.13 to determine locations of open water, which was determined after trial and error, a water mask, a raster that shows where water is located, was created through the Set Null Tool. This Set Null tool searched the NDVI map for values less than or equal to the threshold value and set those values to “1”; the tool then set locations where the NDVI values were greater than the threshold to null. In effect, this created an open water shapefile for each Landsat scene. The water mask was multiplied by the turbidity model, clipping the turbidity to areas of open water. Zonal statistics were run on these “water-masked” rasters and exported to excel. Examples of imagery from the Pool and Water Mask Analyses can be seen in Appendix Figure A.3.

3. Data Analysis
Once the data was collected and processed, all of the numerical values from the ArcGIS zonal statistics were placed into a spreadsheet. This data was graphed in excel in many ways (seasonal, yearly, pool-by-pool, etc.) to determine trends.
Data from the Pool Analysis was analyzed on a pool-by-pool basis over the time period of this study (2005 – 2012). Comparisons were also made between pools. For example, a correlation table was created see which pools often had similar average turbidity values at the same time (Figure A.8). Because this data separated turbidity data for each pool and only in certain areas where open water was most consistent, this data provided a clean look at long term trends and allowed analysis of individual pools within CHBW.
Data from the Water Mask Analysis was graphed on both a seasonal and yearly basis.  The Water Mask Analysis data also provided average turbidity values for the entire CHBW, allowing a comprehensive approach to studying trends in CHBW. Furthermore, the Water Mask Analysis data included an estimated surface area of the CHBW Pools, which was used to see if there was a relationship between this surface area and overall turbidity. A downfall of the Water Mask Analysis data is the use of the NDVI to determine open water. There are often instances where the NDVI threshold of 0.13 allowed inclusion of muddy land patches, which would overestimate the average turbidity for that image. This type of error was taken into account but looking at the individual turbidity images to note when and where this error occurred. 
The Water Mask Analysis images were also further analyzed. Each image was studied for interested patterns, such as directional gradients in turbidity. These images were pulled aside and looked into in more detail to try to determine potential causes for the interesting spatial patterns. Water Mask Analysis turbidity images were also separated by season and averaged using ArcGIS Spatial Analyst Cell Statistics Tool to determine if some seasons had higher turbidity values than others over the study time period. These images were also averaged by year. This analysis provided visual cues to the suspended sediment concentrations distribution within the pools. 

4. Results & Discussion

In this study, both long term and short term trends were found. In the long-term, five trends are discussed:

A. CHBW pool turbidity varies inversely with pool surface area
B. Spring seems to be the most turbid season in Cheyenne bottoms
C. CHBW have effectively managed their pools in terms of turbidity since 2007, especially in Pool 1
D. The western area of Pool 2 is often less turbid then the rest of Pool 2
E. Of the Pool 1 main pools, Pool 1A is consistently less turbid that Pools 1B and 1C

In the short term, two trends are discussed:

F. Wind dominates spatial distributions of sediment within the pools
G. Having less of a role, there is some evidence that supports when moving water between pools, the area of the pool where water is being taken from often becomes more turbid in the month following the water movement

These aforementioned trends are discussed below.

A. Over the 2005 – 2012 time period, there is a robust relationship between the overall turbidity in CHBW at the pool surface area (Figure A.5). This is likely due to the relationship between smaller CHBW surface pool area and shallow pool depths. Because smaller surface pool areas occurred due to pools drying in drought periods, it is safe to assume that pools also became shallower in these periods, especially perimeter pools. Therefore, surface actions such as winds need less force to stir up sediment along these shallow pools bottoms. 

B. Spring tended to be the most turbid season (Figure A.6, Figure A.7). This was to be expected since spring is generally sees the most precipitation and stronger winds (Figure A.4). Figure A.6 demonstrate season-by-season turbidity using the Water Mask Analysis data. While this graph has difficulties demonstrating a clear trend due to drought and flood variation, one can see a seasonal pattern especially in the years unaffected by droughts and floods (2009 and 2010). Figure A.7 demonstrates this increase in Spring turbidity more clearly. Figure A.7 was calculated by taking the average of all the dates from each season during the time period. Winter was not calculated due to contamination from frozen pools. For example, all of the individual dates in spring 2007 were averaged. Then, all of the years were averaged; spring 2007, spring 2008, spring 2009, spring 2010, and spring 2011 were averaged to get an overall spring average. Spring has higher turbidity in these seasonal averages, as can be seen by the yellows and darker oranges, especially in Pool1.

C. Using the Pool Analysis data, comparisons were made between the pools. Pools 1A, 1B, and 1C correlated very well after June 2007, which can be seen in Figures A.8 and A.9. From 2005 through mid-2007, CHBW faced a drought period, which likely negatively impacted management’s ability to keep these main pools consistent. This can be seen by the inconsistent line graph in Figure A.8 in this early period and in Figure A.9 due to the lower correlation values. Overall, we believe these high correlations with the main pools demonstrate effective management practices in the main pools. In terms of side pools, it is difficult to determine relationships since they were flooded and dried on varying schedules.  

D. The area west of Pool 2 is typically less turbid than the defined Pool 2 (Figure A.10). This region of lower turbidity may represent a strong sink in this western area of Pool 2 that is unknown and underutilized by CHBW. This region of Pool 2 may provide a better home for diverted water given its natural sink and low turbidity. It is important to note that often, this west region of Pool 2 is dry. This is likely due to a region of shallow water / higher land elevation between this western part of Pool 2 and the main region of Pool 2, providing a natural boundary between these regions. 

E. Pool 1A was typically less turbid than pools 1B or 1C (Figure A.10). This was to be expected since pool 1A typically is deeper than 1B and 1C, which are usually managed at the same level. The sediment tends to settle out of the deeper pools much quicker. The image was gathered by taking the average of all the dates available for each year. For example, all of the dates in 2011 were averaged. Winter was excluded from the average to avoid image contamination from frozen pools. The yearly average was then averaged to create a total average of all the years. This means that no year has a dominating effect on the data.

F. When studying the images created in the Water Mask Analysis, various dates were identified as having interesting spatial trends. One interest spatial rend that was commonly noticed was a gradient in turbidity from one side of a pool to another side. These dates were then compared to daily wind data from the Great Bend National Weather Service station. Daily wind data from the day of the Landsat scene and the two days prior were averaged using vector addition and displayed alongside the turbidity images in Figure A.11. In Figure A.11, almost every image displays the clear impact of wind on the spatial turbidity distribution in the pools. Because of this high relationship, wind can be confirmed as a major factor in distributing sediment around the CHBW pools, and especially Pool 1. Because of the general shallowness of CHBW pools (maximum depth of five feet), this was to be expected. 

G.  From the project partner, a list of broad periods when water was moved between pools and the specific locations of water gates that allowed such movement was provided. An analysis was done to study whether this water movement impacted the turbidity in the areas where water was being moved to or from. From this, a weak trend was observed. Locations in pools where water was taken from became more turbid in a few weeks to a month following the movement. This can be seen in Appendix A.12. This may be due to the processes of water movement may dislodge sediment in the originating pool. Alternatively, since water is being removed from the originating pool, this may create shallower pool conditions which allows for surface actions to more easily suspend sediment. However, it is important to note that there were a couple of instances where water movement occurred but this trend was not present in the associated Landsat images. Furthermore, this trend is not as visually clear as the wind trend. Therefore, we believe that water movement has a weak relationship to turbidity at CHBW, especially when compared to the strong wind relationship.

Sources of Uncertainty

One source of error was introduced when trying to determine trends on a seasonal basis. Many dates in winter were not used because the pools were frozen. Frozen pools gave false high turbidity values. Since there were fewer dates in the winter, the trends were biased towards only those few dates used.
Another source of error may have been introduced when analyzing NDVI. NDVI was initially run using a value of 0 for open water. Based on the hydrology of the water and atmospheric conditions, some areas of open water can have positive NDVI values. While algae are not a problem that needs to be considered or managed in the CHBW, there are algae in the water. Algae are especially prevalent in areas of shallow water. This can also contribute to the positive NDVI values. After looking at the images created and comparing them to true color imagery, it was determined that 0 was not a good representation for open water in the CHBW. In order to include all known areas of water, the NDVI threshold for water was changed to 0.13. Generally, this allowed areas of shallow water to be included as areas of water, while excluding mud or sand bars. However, there are instances were mud and sand bars are included due to this generous NDVI threshold. 
With the low water depth at Cheyenne Bottoms, it was difficult at times to determine areas of high sediment, shallow water (which would cause reflectance data to measure the bottom of the pool), or mud. All would display as high turbidity values. This was especially difficult during drought years. It was difficult to determine if there was a very thin layer of water or if the water was completely absorbed into the ground in the form of mud. As the drought became more severe, it became easier to determine the difference. True color imagery was used in these periods to help understand that data and eliminate scenes where inaccurate results were produced.

Future Work

            Future work in the area could focus on creating a tutorial using open source software such as Quantum GIS. This would allow the partner to continue to monitor the area using NASA EOS. Increased tracking of sediment would help the management determine which areas to focus their resources on. Furthermore, future work can be done to go back further in time for more statistically significant conclusions in terms of trends. Another potential project could use MODIS data to study the effects of daily events on Pools 1A, 1B and 1C. Since MODIS has low spatial resolution, only Pools 1 and 2 would likely be able to be studied. However, MODIS data would provide more frequent images that would be useful for specific events, such as a flash flood.

B. Land Cover Classification

1. Data Acquisition
Land cover classification maps were created using one Landsat 7 ETM+ tile (Path 29, Row 33) of early autumn for the years 2005, 2010, 2011, and 2012. Data was acquired from the GloVIS Visualization Viewer (http://www.glovis.usgs.gov), a USGS sponsored site, and received in GeoTiff (.TIFF) format at processing level 1. Dates used were: October 18, 2005, October 16, 2010, October 3, 2011, and September 19, 2012.
	A shapefile (.shp) of CHBW was acquired from the Protected Planet website (http://www.protectedplanet.net). Another shapefile was acquired from the Kansas Applied Remote Sensing program (KARS) that showed roads in the CHBW. KARS also provided a previous land cover map completed in 2005, as well as aerial imagery and plot points from their work at the CHBW. 
	
2. Data Processing
Once the data was downloaded from USGS GLOVIS, ERDAS IMAGINE©2011was used to perform a supervised classification. To complete the supervised classification, bands had to be stacked for each date and the image subset using the shapefile to show only the CHBW. For each Landsat tile, a series of area of interest (AOI) polygons were created, one for each type of land cover. These AOI polygons were then imported into ERDAS’ Signature Editor to create a total of eleven classes. These eleven classes included: agriculture, bare ground, bulrush, cattail, introduced annuals, prairie cordgrass, spikerush, trees, undifferentiated emergent vegetation, water, and wheatgrass. A supervised classification was run on the data using this compiled signature file. Resulting imagery was re-colored to display vegetation cover, and colors were held constant across classified maps. The shapefile delineating roadways provided by the KARS program was then overlaid since roads were unclassifiable.

3. Data Analysis
Completed classification maps were compared in order to recognize the change in the CHBW’s land cover. 

4. Results & Discussion
Overall, the areas which were focused on by CHBW management practices have shown a decrease in invasive species land cover (cattail). The areas that have been disked, a management technique employed by CHBW staff, have shown a change in vegetation from cattail to various other forms of healthy vegetation for the Wildlife Area. 
Land cover classification results will allow the CHBW staff to analyze their management practices to determine areas that should be focused on for vegetative management. These maps will also allow the CHBW to continue tracking vegetative changes over time, as a user tutorial for ERDAS IMAGINE©2011 was provided to the project partner. 

Sources of Uncertainty

While completing the land cover classification, there was some potential for error to occur as well as some uncertainty. The maximum spatial capability of the NASA’s Landsat 7 ETM+ satellite is 30m, posing a threat to the validity of the classification maps provided to the CHBW. Vegetation coverage at CHBW is also often found converged with one another in the same location, also providing uncertainty in the dominating vegetation type in the area.  To aid in this uncertainty, a classified map of vegetation cover in 2005 was provided by the Kansas Applied Remote Sensing program (KARS) at the University of Kansas to aid in validation of our classification.  Also, the classified map completed using 2012 imagery was cross-referenced with an image labeled with vegetation type by the partner for this project. The maps were then created moving backward, starting with 2012, 2011, then 2010.

Future Work

Since the primary focus was on data from autumn in these years, future work for this project should focus on developing land classification maps for other seasons. This will allow the CHBW staff to see how the vegetation changes during various seasonal shifts as well. Future work could also map changes from 2006-2009, showing a complete time series through years that displayed droughts, floods, as well as normal conditions in the CHBW. 

Conclusions
In conclusion, NASA earth observations can allow CHBW to better understand and manage the sediment and vegetation coverage in their wildlife area.  The turbidity product was able to assess both short term and long term trends in suspended sediment. This has confirmed many suspicions of the CHBW staff. Furthermore, the turbidity data will enlighten the CHBW with new information that may help to prevent further damages to their infrastructure and hinder the future development of the invasive species thriving in the high sediment conditions. The land cover maps demonstrate that these invasive species are dominating fewer areas than in previous years, due mainly to the new management plan and increased focus of the Cheyenne Bottoms Wildlife Area staff. 
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Appendices


A. Turbidity

Figure A.1: Comparison of Test Algorithms
Similar spatial distributions from four different algorithms validate the performance of any one algorithm.
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Figure A.2: Pool Shapefiles
Pool shapefiles were created over consistent water areas during the time period in order to have a comparison over the exact same water areas.
[image: ]


Figure A.3 CHBW Turbidity Images: Pool Analysis Images vs. Water Mask Images
In the Pool Analysis Images, the same areas are measured for each Landsat scene, while in the Water Mask Analysis Images, only locations where open water is present (based on NDVI threshold) are measured.

Spring 2009
Pool Analysis Image				Water Mask Analysis Image
[image: high_low.jpg][image: ][image: ]


Summer 2009
Pool Analysis Image				Water Mask Analysis Image
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Figure A.4: Weather Data from Great Bend, Kansas
Weather data from Great Bend, KS demonstrates peak winds and rain often occurring in Spring season (highlighted in light blue and crimson red).
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Figure A.5: CHBW Turbidity vs. Pool Area During Time Period
A graph demonstrates the overall trend in turbidity and pool area over the time period. The inverse relationship shows that when the pool area is less and the water is likely shallower, it is more likely for turbidity to increase.
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Figure A.6: CHBW Turbidity Over Time, Seasonal Averages
A graph demonstrates the turbidity trends over time. While no clear trend is present, it is likely that spring seasons (highlighted in green) have higher turbidity values over time. This is especially present in Spring 2009 and Spring 2010, which are considered “normal” years with no drought or flood impacts. Adjustments can be made to this graph that would normalize the drought years of 2005 – 2006 and 2011 – 2012 and flood years of 2007 – 2008. These adjustments would help demonstrate this increase of turbidity in Spring.
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Figure A.7: Seasonal Trends in Turbidity in CHBW
Each image was gathered by taking the average of all the dates per season for each year. Each season was averaged to get an average of the season over several years. With this method, no year had a dominating effect on the data.
[image: high_low.jpg][image: ]



Average of Spring Seasons (2007-2011)
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Average of Summer Seasons (2007-2011)
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Average of Fall Seasons (2007-2011)


Figure A.8: Pool1A, 1B and 1C Correlation Over Time Period

Average turbidity was calculated for specific areas in each pool where water was most consistent. These graphs plots the average turbidity values for Pools 1A, 1B and 1C over time, as well as the 2-value moving averages to make the data more visually appealing. After 2007, the lines become more aligned showing similar turbidity trends and values for these main pools.
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Figure A.9: Turbidity Correlation Tables between all Pools in 2005 – 2012 and June 2007- 2012
Correlations were created to test the average turbidity trends between pools. As seen in Figure A.6, high correlations were found between Pools 1A, 1B and 1C, especially after 2007, as seen by the over 0.9 correlation values seen in the bottom image below. 
Interestingly, Pool 1 had the weakest correlation with Pools 4B and 5, likely because these perimeter pools were most often dry. High correlations between pool 4A and pools 2 and 3A are also evident. This may be partly due to similar reflood times for these perimeter pools.
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Figure A.10: CHBW Overall Turbidity Average Displaying Some Long-Term Trends
The image was gathered by taking the average of all the dates available for each year from 2007-2011. Winter was excluded from the average to avoid contamination from frozen pools. The yearly average was then averaged to create a total average of all the years. This means that no year has a dominating effect on the data. This image shows that on average, 1A is less turbid than pools 1B or 1C. Also note the western area of pool 2 (circled) is less turbid than the area defined as pool 2 in Figure A.2. 
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Figure A.11: Short Term Trends: Wind Events
[image: high_low.jpg]In the below images, turbidity distributions is compared to wind data. In almost every image (except 04/23/07 and 08/21/07), there is a clear relationship between wind and the spatial distribution. These 2007 dates may have had lower effects from the wind due to deeper pool depths and diverted water effects that occurred in 2007 due to heavy rains. Note: Use this turbidity legend for all images in Figure A.11:



	Date
	Relative Turbidity Index 
	3-Day Maximum Wind
Vector Average (Scale in MPH)

	04/23/07
	[image: ]
While 3-day winds averaged from the south, on the scene image date (04/23/07), wind direction was 105 degrees (ESE), pushing the turbidity towards the west side of Pools 1A, 1B, 1C, 2, and 5. Turbidity increase in the north areas of 3A, 3B, and 4A.
	[image: ]

	08/21/07
	[image: ]
3-day winds averaged from the south, which can be seen in the increase in turbidity in the north areas of Pools 1A and 1C.
	[image: ]

	09/22/07
	[image: ]
3-day winds averaged from the southeast, which can be seen in the increase in turbidity in the northwest areas of Pools 1A and 1C and west areas of Pools  1B, 2, 3A, and 5.
	[image: ]

	09/30/07
	[image: ]
3-day winds averaged from the south-southeast, which can be seen in the increase in turbidity in the north areas of Pools 1A, 1B and 1C.
	[image: ]

	05/06/09
	[image: ]
3-day winds averaged from the southwest, which can be seen in the increase in turbidity in the north areas of Pools 1A, 1B and 1C.
	[image: ]

	05/30/09
	
[image: ]
3-day winds averaged from the west, which can be seen in the increase in turbidity in the east areas of Pools 1A, 1B and 1C.
	[image: ]

	11/30/09
	3-day winds averaged from the west, which can be seen in the increase in turbidity in the east areas of Pools 1A, 1B, 1C and 2.[image: ]
	[image: ]

	06/10/10
	[image: ]3-day winds averaged from the southeast, which can be seen in the increase in turbidity in the northwest areas of Pools 1A, 1B and 1C.
	[image: ]

	06/18/10
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3-day winds averaged from the south, which can be seen in the increase in turbidity in the north areas of Pools 1A, 1B, 1C, 3A, 3B and 4A.
	[image: ]




	
	The next three images show a time series. Over the two week period, winds shifted from southerly in the beginning to westerly and northwesterly towards the end of the period. Turbidity can be seen to follow these wind trends.
	

	10/08/10
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	[image: ]

	10/16/10
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	10/24/10
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Figure A.12: Short Term Trend: Water Movement
Water movement between pools is shown with the arrows in the below images. Note: areas of high turbidity in regions where water is being taken from. Also, note that the Landsat scene is over a few weeks to a month after the water movement began.
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B. Land Cover Classification
Figure B.1: Land Cover Classification for September 19, 2012 of Cheyenne Bottoms Wildlife Area showing eleven main types of vegetation cover and overlaid roads.
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Figure B.2: Land Cover Classification for October 3, 2011 of Cheyenne Bottoms Wildlife Area showing eleven main types of vegetation cover and overlaid roads.
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Figure B.3: Land Cover Classification for October 16, 2010 of Cheyenne Bottoms Wildlife Area showing eleven main types of vegetation cover and overlaid roads.
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Figure B.4: Land Cover Classification for October 18, 2005 of Cheyenne Bottoms Wildlife Area showing eleven main types of vegetation cover and overlaid roads.
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