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Abstract

The Ogallala Aquifer is a supply of water for salenunicipalities in western
Kansas, as well as an irrigation source for loaatiers. Since the 1950’s, when the
aquifer started to be pumped for irrigation, thgioa has seen steady declines of the
groundwater table. These declines have reduceahstiev in the Arkansas and
Cimarrron Rivers, and caused a redistribution péinian phreatophytes. This thesis
studies this redistribution of phreatophytes, aedetbps statistical relationships relating
a phreatophyte’s location to depth to groundwaterease in depth to groundwater,
distance from a stream or river, and hydrologit gmup. Remote sensing was used to
determine tree locations on predevelopment andgmstlopment aerial photography.
These locations were mapped using ArcGIS, and AMAEas used to model
groundwater flow in six riparian regions taking raptake into account. It was found
that once the depth to groundwater becomes grieterabout 3 m, tree population will
decrease as depth to water increases. Trees veatedowithin 700 m of the river. Areas
with a dense tree population (>10% tree cover) weduwvhere the average depth to
water ranged from 0.24-1.4 m. Areas with modenae tensity (5-10% tree cover)
corresponded to an average depth to water ranging2.1-19 m. Areas with a low tree
density (<5% tree cover) corresponded to an aveatagth to water ranging from 11-28
m. It was found that phreatophytes have a higHitiked of growing on hydrologic soll
group A and a low likelihood of growing on hydrologoil group B. The number of
trees located on hydrologic soil group D was whatidd be statistically expected if tree
location were independent of soil type. It was &smd that tree locations could be used

as an indicator of good hydraulic connectivity betw surface water and groundwater.



This information can be used to help guide futasallation of monitoring networks and

expand research projects from central Kansas ttewekKansas.
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1. Introduction

The Ogallala Aquifer in western Kansas providesadle foundation for irrigated
agriculture as well as potable water for municigpedi and some industry. This semiarid
grassland ecosystem has limited precipitation aatgmdemands exceed natural recharge
rates. Consequently, streams have experiencedhecflows and riparian habitat has
experienced changes in species and compositiooe $most of the riparian tree species
are phreatophytic and use great quantities of weatean be assumed that altering tree
location and density would affect the local watdslé. This thesis studies how
groundwater movement has changed since irrigagweldpment (development) and the
relationships between tree locations and depthdorgiwater, distance from the river,
and hydraulic connectivity.

The ecology of western Kansas has been altersgtdlgment patterns over the
past century. When the settlers arrived, westemsKga was a short grass prairie
ecosystem and the bison and antelope populati@zedito the near exclusion of trees.
Once the native ungulates were replaced by farmsattle, cottonwood tree populations
expanded along the rivers. In the 1950’s, the @galAquifer began to be seen as a
potential source of irrigation water. The waterdeover much of the aquifer has
decreased significantly since the 1950’s (KGS 2006% stream flows of the Cimarron
and Arkansas Rivers have also declined (USGS 200&)riparian ecology has been
affected by these changes and the riparian zones, dominated by cottonwood trees,
now support fewer trees. The trees that remaimaly saltcedar. This change in
ecology may have an impact on the water balancausecboth species of trees are

phreatophytic and can use great quantities of water



The two dominant phreatophytic riparian tree speighe region are
cottonwood (populus deltoides) and saltcedar (tedhdrhese species have differences
in water source, rooting depth, and tolerance liaisa(Butler 2007, Canadell 1996,
Shafroth 2005). Only minimal differences were foumavater usage, but several
differences were found in the source of that wéeitler 2007, Busch 1992, Cleverly
2006, Owens 2007).

When water is available in the vadose zone, cottad trees will use it. Field
studies show that when the water table is shalloane meter strip of cottonwood trees
extending across the riparian zone will consume éi6of groundwater per day, which
is equivalent to wells spaced 5.3 km apart contisliopumping 3.3E3 fiday over the
width of the riparian zone. If the water table &dw the root network, less groundwater
is consumed (Butler 2007).

Tamarix trees generally maintain a high level ofdifing periods of stress,
unlike cottonwoods (Busch 1992). Water table dep#mingly has no effect on tamarix,
even at depths below 10 m, and tamarix is not efteby moderately dry soil. Tamarix
roots can grow at a rate that is faster than saihd (Cleverly 2006). Early studies have
found that a single saltcedar tree can use upTd_#d water per day (Holdenbach
1987). This has led to massive control and remeffalts. However, more recent studies
conclude that a more reasonable estimate for #esireg is a maximum of 122 L of
water per day. This 85% decrease in the estimadegpiration rate of tamarisk indicates
that the benefits for the control and removal Haeen grossly overestimated (Owens

2007).



Canadell et al (1996) conducted a study to detertiia rooting depth of many
species of trees, including cottonwood. It was wheiteed that cottonwood trees in a
deciduous forest have a maximum rooting depth@®h2. Cooper et al (2003) later found
that cottonwood trees root to the depth of the ahfloodplain water table low. It was
found that the roots would not penetrate deepealssrcthe hydraulic conductivity was
too low.

Cottonwood trees require floods to propagatehey are typically found in flood
plains and riparian zones (Nagler 2005). In weskontana, Law (2000) found that
cottonwoods generally establish on sandy soilslopes ranging from (°3o 1.0. The
sandy texture is consistent with the finding of Geoet al. (2003) that cottonwood roots
do not penetrate soils with low hydraulic conduitjiv

Saltcedar leaves can contain a high salt contewhen these leaves drop onto
the ground, soil salinity increases. Saltcedaighlii resistant to soil salinity, but some
native species are not. This can make it diffibmlita native species to thrive once
saltcedar has invaded (Shafroth 2005).

The Ogallala Aquifer recharges at a very slow date to low annual precipitation
and declining streamflows (Sophocleous 2005). Wiaenan aquifer is not pumped or

pumping is sustainable, the aquifer is at equiliforiand

R=P+D 1)
where
R =recharge

P = pumping rate

D = discharge



If the aquifer is pumped at a rate that is notanable, as is the case with the Ogallala
Aquifer, then

R<P+D )

It is difficult to estimate recharge in this cagzhuse pumping usually causes a decrease
in discharge but occasionally causes an increaseehrarge (Devlin 2004).

Sophocleous (2005) analyzed the results of malgpldies on recharge of the
Kansas High Plains Aquifer. These studies inclusimmajor regional climatic soil-
water balance studies by the USGS, one for Kansd®me for the entire High Plains
Aquifer, a study using a finite difference modekstimate recharge both prior to and
after development, a county-scale groundwater stoidifinney County, and a field-
based experimental recharge study. Analysis of fdata all western Kansas Counties
based on Kansas Geological Survey (KGS) bullethlipations provided an average
recharge of nearly 8 mm/yr with a standard devnatibless than 4 mm/yr. A similar
analysis using data from the Kansas Water Resowas] (KWRB) resulted in a mean
recharge of nearly 7 mm/yr with a standard dewatibabout 3 mm/yr. The regional
climatic soil-water balance studies and regionaligdwater modeling studies resulted in
similar recharge values, both less than 10 mmAMye field-based studies resulted in
variable recharge depending on the climatic-sogetation system of the area. It is
difficult to say which method provides the mostwaete recharge, so a combination of
the methodologies was chosen as the preferredavagal with the issue. The overall
consensus was that the average recharge of théafagafjuifer in Kansas is less than 10
mm/yr. This rate is not enough to support the atign pumping in the area, given

current rates of extraction (Sophocleous 2005).



The most important factors in predicting the lomag of phreatophytes are
proximity to a floodplain (Nagler 2005), soil tyfleaw 2000, Cooper 2003), and water
availability (Butler 2007, Cleverly 2006, Owens 200

Very few studies have attempted to use tree looatior groundwater modeling
purposes. Steward et al (2007) used the analgioett method to model groundwater
uptake by phreatophytes in a small study arealmaed, KS. In this study, individual
cottonwood trees were digitized on ArcMap by draywircles around trees on aerial
photography. The spatial data from these circles tvan imported into a script that
traced the source of each tree’s water supply aadtiied water usage.

Brunke et al (1997) reviewed factors controllimgnoectivity between river and
groundwater ecosystems, viewing them as linked comapts of the hydrologic
ecosystem. Beneath any stream or river, a hypoduogie exists. This zone is defined as
“a saturated, subterranean matrix of interstifp@lces characterized by permanent
darkness, low current velocities, and high substsgbility.” Unlike groundwater, it is
partially composed of surface water with other digsl. The permeability of the
hyporheic zone depends on the hydraulic condugtofithe alluvium.

The exchange process between groundwater and swviter is most influenced
by geological and anthropogenic genesis of thehoag¢nt area, hydrology, climate, and
geomorphology. The interaction between a river gnodindwater will either be through
infiltration or exfiltration into the saturated zes The direction of the exchange is
dependent on hydraulic head gradient, and theofdtew is dependent on sediment
permeability (Brunke 1997). With low precipitatidmaseflow is typically composed

primarily of groundwater because the groundwatdrhave a higher hydraulic head than



the surface water. With high precipitation, runafid interflow increase, leading to
higher hydraulic pressures in the lower streamhrescand causing the river to infiltrate
into the groundwater. Excessive pumping of an agwén lead to colmation, an
excessive rate of fine sediment deposition inteastrbeds, which reduces the function of
the hyporheic zone and makes infiltration lesslyileven with the presence of
streamflow. Reducing the infiltration reduces regeao the groundwater, causing the
water table to decrease even further, possiblingilbff riparian vegetation and
increasing erosion (Brunke 1997).

No information documenting specific phreatophyieations prior to development
was readily available. Aerial photography was chasethe method of determining
phreatophyte locations prior to development. Séyest studies have taken this
approach to map tree locations using remote sessiftigyare. Studies conducted by
Akita et al (2008) and Suarez et al (2005) usedtfvare package eCognition. Both
studies used infrared imagery, which is unavailéeredevelopment photography.

The goal of this thesis is to explore the relattups between phreatophytes and
the water balance in western Kansas by using gar@bgraphy to determine both
current and predevelopment phreatophyte locatiRemote sensing software is used to
digitize tree locations. ArcGIS tools are used étedmine statistical relationships
between tree location and soil type, depth to wated change in depth to water.
ArcAEM is used to model groundwater uptake by ptuglaytes. Prior studies used a
remote sensing approach to investigate groundwWatenad et al 2004, Becker 2006,
Jiang et al 2008, Mlnch et al 2007, Rodell et 8&)0but no prior research has taken a

remote sensing approach to investigate phreatoplstigoution. This thesis analyzes



hydrologic properties and interactions of locatitimst are populated with phreatophytes,
and determines if these locations indicate hydecazdnnectivity, hydraulic conductivity

of soil, and groundwater table depth.



2. Methods

This section first overviews the methods usedH study; the specific steps
follow. Statistical methods were used to deterntingerelationship between tree location,
depth to water, and hydraulic connectivity. Thignmportant because tree distributions
could potentially be used to estimate hydrologmperties of an area. Depth to water,
change in depth to water, soil type, and distao@egtream or river were chosen as
parameters for the statistical comparison. Thesanpeters were chosen based on a
literature review (Butler 2007, Cleverly 2006, Ceog003, Law 2000, Nagler 2005,
Owens 2007) and observing aerial photography talehe United States Department of
Agriculture (USDA) Commodity Stabilization Servi¢E357) and the USDA
Agricultural Stabilization and Conservation Ser{t865, 1967).

Aerial photography was used to determine bothdeneslopment and current
phreatophyte distributions. This was the choserhatebecause there are no detailed
records of pre-development phreatophyte distrilbuitiowestern Kansas, and while
records do exist for current conditions, the phapby was used to maintain consistency
in the type of data being analyzed. Also, currenhhology allows for photography to be
classified using remote sensing software that mpatible with GIS software.

Six study areas, all in different counties, wezkested for a small scale
examination of the role of phreatophytes in therbladic balance. These study areas all
had differences in tree distribution, depth to watecrease in depth to water, and soil

type. These regions can be seen in Fig. 1.
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Figure 1: Locations of Study Areas along the Arkansas and Cimarron Rivers.



Predevelopment photography was georeferenceddnat@1S using roadways.
Post-development photography was available alrgadyeferenced from the Kansas
Geospatial Commons. All photography was mosaickedciipped along both the
Arkansas and Cimarron River corridors, then expba® TIF files for use with remote
sensing software.

Tree classification was performed by using rensetesing software on the aerial
photography. This software works by segmentingnaegie into polygons by using
different shape and scale factors input by the. d3een, a class hierarchy is developed
for classification purposes, and samples are sldor each class. After a sufficient
amount of samples have been selected, the enttegriaph can be classified
automatically using the fuzzy nearest neighbor weitheveloped by Keller et al (1985).
This data is then exported as a vector shapefile.

A continuous depth to water raster shapefile vesido obtain depth to water
data for all areas of interest. To obtain thiseashapefile, points of diversion were
downloaded from the Water Information Storage arttiBval Database (WIZARD).
This point vector shapefile was then converted ¢orgtinuous raster by kriging. See the
methods section for more information on the krigingcedure.

Soils data was obtained from the Soil Survey Gaplgic (SSURGO) Database
Data Mart. This data is available to the generélipun database format, and can be used
in ArcGIS by joining the desired table to the paead shapefile. Data was downloaded
for Hamilton, Kearney, Finney, Morton, Stevens, i@y&laskell, Seward, and Meade

Counties.

10



ArcAEM was used to model groundwater flow in eatthe six study areas for
both pre- and post-development. Recharge, rookagtam the trees, and the location
and head of the river were modeled at each studyReverse tracking of groundwater
particles was used to indicate the source of wWatethe trees at each location.

Four shapefiles were created, including pre- arsi-development Arkansas
River trees and pre- and post-development CimdRigar trees. These shapefiles were
merged with depth to water data, soils data, angiprty to surface water data so that
their attribute tables would reflect all considepaatameters. These attribute tables were
exported as .dbf files so that they could be usddicrosoft Excel.

Microsoft Excel was used to calculate the meansaaddard deviation of depth to
water, change in depth to water, and distance fagiwer for trees in all four tables.
These values were all weighted by the areas of takated polygons. The standard
deviation was used to develop a range of expeabkats using a Gaussian distribution
curve. The total areas of soils belonging to Hyolgat Soil Groups A, B, C, and D were
also calculated.

Geor eferencing of Photography

Pre- irrigation development (predevelopment) aghatography taken by the
USDA Commaodity Stabilization Service (1957) and tHeDA Stabilization and
Conservation Service (1965, 1967) was availabldale Library as 8 x 10 photographs
for every county in Kansas. Due to storage conmgand the fact that phreatophytes are
riparian trees, these photographs were sorted mllycpbotographs that showed riparian
regions of Hamilton, Kearney, Finney, Morton, Steyvjeand Seward counties were

scanned and saved as 360 dpi jpeg files using ABbb&shop. Complete sets of
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photography were not available for each year, smtlest complete set was used for

each county. The dates that the predevelopmenbgtragihy was taken are as follows:

Photography for Hamilton County was from Septemb857.

Photography from Kearney County was from July, 1965

Photography for Finney County was from August, 1957

Photography from Morton, Stevens, and Seward Cesintas from May, 1967.
Post-development photography for every county ind&s from September, 2006
was available at the Kansas Geospatial Communitgr@ans website. This photography
was taken by the Farm Service Agency (FSA) Natiédwgiculture Imagery Program. It

was available in MrSID format and was already giewesiced. Photography for
Hamilton, Kearney, Finney, Morton, Stevens, and &evCounties was downloaded.

In order to georeference the old photographysttepefile tiger 2000_roadways
was downloaded from the Kansas Geospatial Comm@utgmons website. This
shapefile was created by the U.S. Census Bureaslaws Kansas roadways in 2000. It
was then imported into ArcMap. A photograph wasitimeported into ArcMap and,
using the georeferencing toolbar, it was fit to dmgplay. Then, the “Add Control Points”
button was selected, and road intersections weed lup with the intersections on the
tiger_2000_roadways shapefile. After the photognaphk spatially accurate, it was
rectified and saved under the GRID format. Thixpss was repeated for each
photograph. In some instances, there was not enmaglway data to accurately
georeference a photograph. In this case, the pragihg were skipped. Then, the overlap

between photographs was used for georeferencinge $he recent photography had
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already been georeferenced, it only needed to perted into ArcMap. An example of

photography lining up with the roadway shapefila ba seen in Fig. 2.

E

R
A

4
<A

Figure2: A Typical Overlay of an Aerial Photograph with thetiger 2000 roadways
Shapefile.

Obtaining and Merging Data
Soils data was downloaded as databases from ilel3xta Mart created by the
SSURGO Database. Data for Hamilton, Kearney, Binkrton, Stevens, Gray,

Haskell, Seward, and Meade Counties was downloddeske databases were imported
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into ArcMap, along with shapefiles that were dovaded from the SSURGO Soils Data
Mart. The table “muaggatt”’ in each database wawepbto the corresponding county
shapefile using the field “mukey”. The soil shafeifor each county were then imported
into ArcMap. The Merge tool, located in the Datarfdgement Tools toolbox, was used
to combine soils data for Morton, Stevens, Grayy&d and Meade Counties, as well as
Hamilton, Kearney, and Finney Counties.

Streamflow data was taken at the nearest gaugatigrss to each study area. This
data was available at the United States Geolo@ualey (USGS) website. Graphs of

this data can be found in Fig. 3.
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Figure 3: Locations of Gauging Stations near Study Sites and their Respective
Dischar ges.

The WIZARD database was used to determine theitotaft observation wells
and depths to water in those wells. A 30 m Diditlgvation Model (DEM) was
downloaded from the USGS website. The Extract \&@todPoints Tool, located in the

Spatial Analyst Tools toolbox was used to get tinéase elevation at WIZARD well
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locations. Kriging was used to create a raster ghgpwater table elevation across all of
western Kansas. To do this, four rectangular patggeere created and overlapped so
that each area would have enough wells in it tateraccurate Kriging results. The
Geostatistical Wizard toolbar was then used toutale water table elevation across each
rectangular polygon using kriging. These resultsaviken mosaicked into a single grid
using the Mosaic to New Raster Tool, located inDlaga Management Tools toolbox.
The raster calculator was used to create a deptfatier raster by subtracting the water
table elevation from the surface elevation providgdhe DEM. Kriging is applicable for
generating a groundwater depth raster because dyn@ter level generally changes
smoothly without any sudden jumps. The accuradh@fgroundwater depths obtained
from kriging decreases as the distance from theesewavell increases. See Fig. 4 for
maps of all wells used for the kriging in 1965 &@d)5. This work was completed by Dr.
Xiaoying Yang, a Post-Doctoral Research Associateking for Dr. David Steward at

Kansas State University.
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Figure 4: Distribution of Wellsused for Kriging in (a) 1965 and (b) 2005.

Water level data for 1965 and 2000 and the 30 m Dekh USGS were then
imported into ArcMap. Depth to water in both 196 &£000 was calculated by
subtracting the water level elevation from the DHMrease in depth to water was
calculated by subtracting the 1965 depth to waitanfthe 2000 depth to water. To ease
future computation, rectangular polygon shapefitege created and drawn around the
extent of both the Arkansas and Cimarron Riveridors. These shapefiles were used to
clip the depth to water and increase in depth ttekvaster files by using the Clip Raster

tool in the Data Management Toolbox.
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Selection of Study Areas

One study area was selected in each county. Engplvasi placed on study areas
displaying differences in soil type, depth to watecrease in depth to water, and tree
distribution. Locations of study areas are showRig 1. Study areas were chosen to fit
within one of the old photographs to avoid potdrgrablems due to the overlap and
trying to clip multiple raster files.
Remote Sensing

Remote sensing software was used to create shegptfdt show tree locations in
each study area. At first, an entire study areaatt@snpted, achieving poor results. It
was noted that the software accurately determiresdiocations near the river, where
trees were prevalent, but produced many falseipesiaway from the river, where trees
were nonexistent. To fix this problem, the photpirsawere clipped so that nothing
beyond the boundary of the tree locations was shdWwis process is delineated in the
following steps:

1. Six polygons, one for each study area, were crased) ArcCatalog and
imported into ArcMap.

2. An editing session was created for one of the pmiggand the sketch tool was
used to draw a boundary around the outermostdczgibns in Study Area 1.

3. The toolbox “Hawth’s Analysis Tools for ArcGIS” walownloaded from the
website www.spatialecology.com. The Clip RastePbiygons function of this
tool was used to clip each black and white photolyta the drawn polygon
shapefiles. In each case, a horizontal line camesacthe screen from the top of

the polygon to the right edge of the original rastdis was not an issue because

19



although remote sensing results were produced dlosdine, these results would
be outside of the polygon shapefile and could g&s&ldeleted. The process was
repeated with new polygons for the color photogsajhi this case, Hawth'’s
Tools changed the colors and produced diagonalsbacmbss the clipped raster.
This caused some trees to be different colors tltlaer trees, and since color is
important when categorizing photography, it washaeg unacceptable.

4. As an alternative to Hawth’s Tools for post-devehgmt photography, White
boxes with white borders were drawn along the ed@ése riparian zone with
trees, essentially creating a clipped polygon. Thesgps displaying each study
area were exported as tiff files from ArcMap. Then€ert Raster to Other Format
(multiple) tool located in the Conversion Toolsltmax was used to convert the
black and white polygons to tiff files while keepitheir spatial reference. Paint
was used to turn everything on the outside of ti@g@completely white.

5. All of the area clipped from the photography ushhawth’s Tools was given a
value of “NoData”. Because the software packagd fiseremote sensing,
eCognition, cannot handle the value “NoData”, tleelRssify button in the
Spatial Analyst Toolbar was used to reclassifyialtls containing “NoData” to
zero.

All images were imported into remote sensing safeywhich was used to
classify tree locations. This process involvedtafdrial and error using various
parameters until desired results were achievedniétbod and values used for each

study area are delineated below.
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1. Shape factor, compactness, smoothness, and scafagiar were required inputs
to perform multiresolution segmentation, and thesdaes were determined via
trial and error until polygons were created th&tetfvely delineated boundaries
of tree areas. See Table 1 for these values and Fag a visual sample of remote
sensing results.

Table 1: Parameters Used to Deter mine Multiresolution Segmentation in Study
Areasfor Predevelopment Photography.

Study Area Shape Factol Compactness Smoothness e FBa@meter
1 0.5 0.5 0.5 10
2 0.5 0.5 0.5 10
3 0.5 0.5 0.5 20
4 0.5 0.5 0.5 20
5 0.5 0.5 0.5 10
6 0.5 0.5 0.5 10
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Figure5: A Sample of the Multiresolution Segmentation Produced by the Remote
Sensing Software.

2. A class hierarchy was originally created with césseamed Bare Ground, Black,
Sand Bar, Shrub, Tree, and Water. The Bare Gronddband Bar classes were
meant to classify locations without trees or wabarker ground was classified as
Bare Ground, and the white ground near the rivey elassified as sand bar. Also,
darker cropland was classified as bare ground angllight cropland was
classified as sand bar. The reason for two sepelagses for ground was to focus

the bare ground class to darker areas, which kepdarker areas from being

classified as trees. The Black class was createthssify the black background
22



outside of the study area so that it would notlassified as trees. The Tree class
was used to identify tall trees, and the shrubscleass used to identify short trees.
The reason for having two different tree classes tvaliminate false positives

by keeping the class from becoming too diverse.Waeer class was used to
identify the river. It was determined that all das could be differentiated based
on color, nearest neighbor, and homogeneity. Fcin ekass, the operator mean
(arithm.) was used. The expression Gray-Level Cou@ence Matrix (GLCM)
Homogeneity (all dir.) was added with default valuend the expression standard
nearest neighbor (generated) was also used. F&hihd class, the expression
similarity to class: tree was used. These exprassaties were determined based
upon trial and error with more expressions beindeaduntil desirable results
were achieved.

3. The sample editor was set to display the featussslard nearest neighbor and
GLCM Homogeneity (all dir.). This made it possildesee similarities between
classes and helped to determine if other classstedeto be created or existing
classes needed to be modified.

4. Several samples were taken for each class, andhbdnzzy nearest neighbor
method (Keller 1985) was used to automaticallysifgghe entire photograph
based on these samples.

5. When desirable results were obtained, polygons werated and the image
objects were exported as a vector shapefile.

The post-development images were classified sitpitarthe predevelopment

images. Since they were modified in Paint and rpbded as georeferenced TIF files,
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there was no issue with unclassified cells in e@amgn Unlike the predevelopment
photography, not all study areas used the sams kilasarchy. The process and
parameters used for segmentation and classificat@nelineated below.
Multiresolution segmentation parameters were datexdhby trial and error until the
created polygons accurately delineated tree aféasparameters used for each study
area can be found in Table 2.

Table 2: Parameters Used to Deter mine Multiresolution Segmentation in Study
Areasfor Post-Development Photography

Study Area Shape Factol Compactness Smoothness e FBa@meter
1 0.5 0.5 0.5 10
2 0.5 0.5 0.5 5
3 0.5 0.5 0.5 10
4 0.5 0.5 0.5 10
5 0.5 0.5 0.5 10
6 0.5 0.5 0.5 10

2. Class hierarchies were created for each countyopeply classify tree locations.
Each study area did not use the same class higraedause some study areas
had different features than others, such as difterelored grass, varying tree
thicknesses, etc. Each class in all study areasthseoperator mean (arithm.),
and the expressions GLCM Homogeneity (all dir.) Stahdard Nearest
Neighbor (generated). The classes Cropland, Grolneg, and Water were
created for study areas 1, 3, 4, 5, and 6. TheetaGrass, Tree, Ground, and
Water were created for study area 2.

3. Samples were taken in each study area, and thesathples in each study area
were classified using the fuzzy nearest neighbdhaote

4. Polygons were created, and the image objects w@ated as a vector shapefile.
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Remote Sensing Output

Remote sensing results were imported into ArcMapp$singly, the results from the
predevelopment photographs were not properly gemeted when they were imported.
This should not have been the case since theyexg@rted with a geographic reference
and the cause of the problem could not be detednifige Spatial Adjustment Toolbar
was attached to ArcMap in order to properly gearsfee each set of image objects. All
corners of the results were lined up with theiresponding corners on the polygon that
was created for the initial clip. The post-devel@mtresults were adjusted in the same
manner.

Statistical analysis was conducted on the rematsiisg results for each study

area to determine the accuracy of the results.ptasize of 204 was chosen to be
taken for each study area. This was based on theufa for the binomial probability

theory:

| - zZ(EpZ)(Q) 3

Where:
N = sample size
Z = 2 from the standard normal deviate of 1.96tther 95% two-sided confidence
level
p = expected percent accuracy of the entire map
g=100-p
E = allowable error
For this project, the values of these coefficiemse chosen as follows:
Z=2
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q=15
E=5
Kappa Analysis, a discrete multivariate technigtiese in accuracy assessment,

was conducted on the remote sensing results. An eratrix was constructed as shown

in Fig. 6.
Ground Reference Test Information
Class 1 2 3 k Row Total

Remote 1 X1,1 X122 X1,3 X1,k X1+
Sensing 2 X2,1 X2 X2,3 X2,k X2+
Classification 3 X31 X3.2 X33 X3k X3+
k X1 X2 X3 Xk Xk+
Column Total X1 X2 X43 Xk N

Figure 6: Calculation of the Ky Coefficient

From this error matrix, a #; coefficient of agreement was calculated as foltows

Khat - i=1 i=1 (4)

Where
k = number of rows in the matrix
Xii = the number of observations in row i and column i
Xi+ and %; = marginal totals for row i and column i, respeehy
N = total number of observations
According to Jensen (2005),Kvalues >0.80 represent strong agreement or agcurac

between the classification map and ground refereviakeies between 0.40 and 0.80
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represent moderate agreement, and values <0.48sepiipoor agreement. The
calculated K4 values showed that in most cases, moderate agréexisted between the
classification map and ground reference. Howewetabse tree locations were the only
classification that was important, a second erratrixwas constructed combining all
classifications other than trees into one fieldsTgrovided a better k& result in every
case. Specific error matrices anghfalues for each study area can be found in
Appendix A. Remote sensing tree locations can badan Figs. B4, B7, B10, B13, B16,
and B19.
Modeling

ArcAEM was used to model groundwater uptake bygataophytes in each study
area, both pre- and post-development. 10 x 10 gfigsrticles were created for tracking
at locations within each study area. Due to linota in the SPLIT script utilized by
ArcAEM, tree polygons were simplified. Up to sixogips of trees in each study area
were chosen for modeling. Post-development StueaArhad so few trees that no
polygons were created for modeling, and tree upted®ignored. A rectangular polygon
was drawn around each study area and assignetiargecvalue based upon Hansen
(1991). Modeling parameters input for each areahosvn in Table 3. The root uptake of
40 cm/yr was obtained from Steward et al (2009, thie hydraulic conductivity of 30
m/day and variable recharge rates were obtained @atentag et al (1984) and Hansen
(1991), respectively. An aquifer thickness of 20@vas used at every location because
the aquifer is unconfined, and as long as the agthickness modeled is greater than or
equal to actual aquifer thickness, the model voll Ine affected by its value. Aquifer base

elevation was found by Kriging the bedrock elevagiin the Enhanced Ogallala Bedrock
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Database provided by Dr. Xiaoying Yang. The defpalosity of 0.3 was used in every

case. Qand Q were determined by Darcy’s Law, which states

Q, = —kH 3¢ ©)
dx
and
dg
= —kH —~ 6
where

Qx = Uniform Flow in the x-Direction
Qy = Uniform Flow in the y-Direction

k = Hydraulic Conductivity

H = Saturated Thickness of the Aquifer

¢ = Hydraulic Head
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Table 3: Modeling Parametersfor Study Sites 1-6, Pre- and Post-Development, for

Usein ArcAEM.
Study Area Bedrock | Aquifer Qx Qy Porosity| Recharge
Elevation | Thickness

Study Area 1, 950 m 200 m 1.0 | 0.23 0.3 3.5E-5
Predevelopment m/day | m/day m/day
Study Area 1, Post- 950 m 200 m 0.99| 0.69 0.3 3.5E-5
Development m/day | m/day m/day
Study Area 2, 840 m 200 m 3.0| -0.75 0.3 5.6E-5
Predevelopment m/day | m/day m/day
Study Area 2, Post- 840 m 200 m 4.4 -2.3 0.3 5.6E-5
Development m/day | m/day m/day
Study Area 3, 780 m 200 m 5.5 1.4 0.3 6.3E-5
Predevelopment m/day | m/day m/day
Study Area 3, Post- 780 m 200 m 6.4 | -0.11 0.3 6.3E-5
Development m/day | m/day m/day
Study Area 4, 1000 m 200 m 2.3 | -0.66 0.3 3.5E-5
Predevelopment m/day | m/day m/day
Study Area 4, Post- 1000 m 200 m 28| -0.64 0.3 3.5E-5
Development m/day | m/day m/day
Study Area 5, 880 m 200 m 2.9 1.9 0.3 5.2E-5
Predevelopment m/day | m/day m/day
Study Area 5, Post- 880 m 200 m 3.9 4.4 0.3 5.2E-5
Development m/day | m/day m/day
Study Area 6, 750 m 200 m 22| -25 0.3 7.0E-5
Predevelopment m/day | m/day m/day
Study Area 6, Post- 750 m 200 m 1.8 | -0.63 0.3 7.0E-5
Development m/day | m/day m/day

The model created a grid which was used to crezdd bontour lines spread at

0.5 m intervals and track particles using backvieading (See Figs. 8-19). These particle

traces showed the source of water for phreatophyteshead contour lines and particle

traces also showed if the stream was gaining andos

TreeLocationsfor Extent of Cimarron and Arkansas Rivers

Aerial photography was used to determine pre-post-development tree

locations along the Arkansas and Cimarron Riversd&eolpment photography was

mosaicked using the Mosaic tool located in the Dda@aagement Tools toolbox in

ArcMap. Polygons were drawn around the extentmdrian trees for both rivers, both for
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predevelopment and post-development. To reducsizikeof the files that computations
would be run on, six polygons, each with a slighgrtap, were created along the
Cimarron River, and four polygons were created gthhe Arkansas River.

Each polygon was selected as the Spatial AnalyskMad used to clip the
photography by entering the raster into the rastulator. Due to computation
limitations, only Band 1 of the 2006 aerial photgmy was clipped. This caused the
output to be black and white. All cells in thesavmasters with the value “NoData” were
reclassified to “0” using the Reclassify buttontba Spatial Analyst Toolbar. All of
these rasters were then exported as tiff filess&€hmages were then imported into
remote sensing software.

Once in the remote sensing software, all photograysre subjected to
multiresolution segmentation and classificatione Bkeps involved in these processes are
delineated below.

1. For multiresolution segmentation, all images usstape factor of 0.5,
compactness of 0.5, smoothness of 0.5, and scedenpter of 20. This scale
parameter produced good results in some locatmnsn others, it caused the
polygons to be bigger than tree areas. This coolde fixed because due to the
size of the imagery being used, 20 was the smaltsde parameter that could be
used without memory errors.

2. The same class hierarchy was used for all 20 imades hierarchy included the
operator mean (arithm.) with the expressions GLCdnidgeneity (all dir.),
Standard Nearest Neighbor (all dir.), and ShapeaAtompactness (all dir.).

Classes included Tree, Light Tree, Ground, Lighau®d, Ditch, and Water.
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3. Samples were taken for each class, and the fuzmgsteneighbor (Keller 1985)
method was used to automatically classify each enag
4. Polygons were created and the image objects werartexi as vector shapefiles.

This process was repeated for each image.

The vector shapefiles created by the remote sessitgyare were imported into
ArcMap. They each maintained the geospatial datheoéxported TIF file, so the Spatial
Adjustment Toolbar was not needed. All data aldrgg@imarron and Arkansas Rivers
for both pre-and post-development was merged oo hew shapefiles using the Merge
tool in the Data Management Tools toolbox.

Statistical analysis was conducted to determinevdihidity of the results. A
sample size of 204 was selected using Eqgn. 3,landrbcess shown in Fig. 6 and Eqg. 4
was used to calculate,k coefficients. Kq: coefficient calculations for all sets of results
can be found in Appendix A.

Working with Remote Sensing Results

In the attribute table, “Select by Attributes” wased under the options button to
select all polygons where the BestClass field dortheither the value “Tree” or “Light
Tree”. The selected data was then exported as ahapefile which was then imported
into ArcMap. This created a shapefile that onlyuded data for tree locations, and not
the other classifications. This process was repdateall four shapefiles.

The depth to water and change in depth to watéensasiere converted to
polygon shapefiles. To do this, the raster caloulatas used to multiply the values by
1000. Then, the Int tool, located in the Spatiadlmsit Tools toolbox, was used to

convert all values to integers. The Raster to Rolyigol in the Conversion Tools toolbox
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was used to create the polygon shapefile. A neld fims created in the attribute table of
the polygon shapefile of type “Float”. Then, theldi calculator was used to divide the
integer output from the rasters by 1000. This gheeoriginal values from the depth to
water rasters.

The Near tool in the Analysis Tools toolbox wasdugecalculate the distance of
each tree polygon to the nearest stream or rividD IRlowlines were used for stream and
river locations. This process was repeated for ¢é@ehlocation shapefile.

The intersect tool in the Analysis Tools toolboxswesed to create a single
shapefile with tree locations, soils data, deptivaéter, change in depth to water (for
post-development shapefiles), and distance frotrears or river in its attribute table.
This attribute table was then exported as a .dibfdr use with Microsoft Excel. This
process was repeated for each river, both predewednt and post-development.

Total available soil areas within 700 m of easteriwere calculated by creating a
buffer around the river shapefile in ArcMap by sthe Buffer tool in the Analysis
Tools toolbox. Buffers were also made for areas W20 m of the river segment at each
study area. The distance values were chosen basie extent of the 95% confidence
intervals for tree distance in the river, showables 5 and 6.

Statistical Analysis

Some polygons contained multiple trees. Thereforeas decided that all
statistical analysis should be weighted by the af¢he polygon. Weighted mean and
weighted standard deviation of depth to water drahge in depth to water was
calculated for each case. The weighted mean deptlclzange in depth were defined as

follows:

32



W T ()

Where

D, = Weighted Mean Depth to Water
A, = Area of the fi Polygon
D, = Depth to Water of the"hPolygon

The weighted standard deviation was calculated by:

> A*(D,-D,)

g =

w

3 (®)
(N-D*D A,
N

Where
o, = Weighted Standard Deviation

A, = Area of the fi Polygon
D, = Depth to Water of the"hPolygon

D, = Weighted Mean Depth to Water

N = Total Number of Samples
The weighted mean and standard deviation distamaestream or river were also
calculated using egs. 7 and 8, only D stood faiadise instead of depth.

The total areas of tree cover over hydrologic gmups A, B, C, and D were

calculated. These hydrologic soil groups are defimg chapter 3 of the Soil Survey

Manual (Soil Survey Division Staff 1993) as follaws
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* Soil Group A: Saturated hydraulic conductivity ey high or in the upper half of
high and internal free water occurrence is verypdee

» Soil Group B: Saturated hydraulic conductivitynsthe lower half of high or in the
upper half of moderately high and free water ocage is deep or very deep.

* Soil Group C: Soil hydraulic conductivity is in th@ver half of moderately high or in
the upper half of moderately low and internal fnester occurrence is deeper than
shallow.

* Soil Group D: Saturated hydraulic conductivity eddw the upper half of moderately
low, and/or internal free water occurrence is shvalbr very shallow and transitory
through permanent.

Soil Group A is usually sand, loamy sand, or sdodyn, Soil Group B is usually silt

loam or loam, Soil Group C is usually sandy clegnig and Soil Group D is usually clay

loam, silty clay loam, sandy clay, silty clay, ¢ay

All data was fit to the probability density funati for a normal distribution, given

by:

_ 1  (x-p)°
p(X) - U\/ET eXp( 20_2 (9)
Where

p(x) = The Probability Density Function
o = The Standard Deviation

4 =The mean
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An example of a normal distribution curve, using Weighted mean and standard
deviation for depth to water along the ArkansaseRpost-development can be seen in

Fig. 7.

0.09

0.0z

0.07

0.06 7

0.05

0.04

0.03 7

0.0z

0.01-

000 T T T T T T T T T T T T T T
-15 -10 5 u] 5 10 15 20 25

Figure7. The Normal Distribution Curve. Created Using Scilab with Weighted
Mean and Standard Deviation of Depth to Water Data along the Arkansas River
Post-Development
This distribution was used to create a range thedbmpasses 95% of all values for depth

to water, change in depth to water, and distara® & stream or river.
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3. Results

The modeling Results for pre- and post-developrémty Areas 1-6 show that
the trees get their water from the river. Thesaltesndicate a losing stream because the
head contours cross the river opening concavelaitdwhe upstream end of the river. It
should also be noted that in every case, a grbatat gradient exists around the stream,
as is evidenced by the contour intervals beingeclt@gether. Modeling results can be
seen in Figs. 8-19. It should be noted that thagbartracks trace backwards in time, but
do not take depth into consideration; i.e., theyteaced at the bottom of the aquifer and

stay at the base.
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Figure 9: Modeling Results for Post-Development Study Site 1.
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The remaining portion of this section gives datgaloular format with brief
explanations as to what data is shown. This sedi@s not include an interpretation of
data. All data will be interpreted in the discussio

Table 4 shows pre- and post-development totalda@epy areas along the
Cimarron and Arkansas River corridors. This infotiorashows that tree canopy areas
declined along the Cimarron and Arkansas Riverd@® and 60%, respectively.

Table 4: Total Tree Canopy Areas along the Cimarron and Arkansas River
Corridors Pre- and Post-Development

Study Site Predevelopment Area Post-Developmerd Are
Cimarron River 5200 acres 3300 acres
Arkansas River 4000 acres 3700 acres

Table 5 shows the weighted means and standardtams, as well as a 95%
confidence interval for distance to a stream cgnrfor trees along the Arkansas and
Cimarron River corridors. Fig. 20 is a histogramwing the distribution of distance to
the river for all trees. While this data shows tiat average distance between trees and
surface water has increased, it has not increagetlich along either the Cimarron or
Arkansas River corridors. Also, the 95% confidemterval for the Arkansas extends
further post-development than it did prior to deyehent.

Table 5: Weighted Mean, Standard Deviation, and 95% Confidence Interval for
Tree Distancefrom a Stream or River along the Cimarron and Arkansas River

Corridors.
Study Site Weighted Mean Weighted Standard95% Confidence
Deviation Interval
Predevelopment 260 m 220 m 0-700 m
Cimarron
Predevelopment 210 m 200 m 0-600 m
Arkansas
Post-Development 230 m 190 m 0-600 m
Cimarron
Post-Development 190 m 250 m 0-685 m
Arkansas
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Figure 20: Distribution of Distance from the River for all Trees (a) along the

Cimarron River and (b) along the Arkansas River.

Weighted mean and standard deviation, as well¥®/@aconfidence interval for tree

distance to the river at study sites 1-6, pre-@ost-development are shown in Table 6.

Histograms showing the distance from the riverlbfrees at each study area are shown

in Fig. 21. This data shows that in study areasteltrees have moved closer to the
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river since development. Trees have moved furtiverydrom the river in study areas 1,
5, and 6 since development.

Table 6: Weighted Mean, Standard Deviation, and 95% Confidence Interval for
Tree Distanceto Stream or River for Study Sites 1-6, Pre- and Post-Development.

Study Area Weighted Mean Weighted Standard 95% Confidence
Deviation Interval
1 110 m 75 m 0-260 m
Predevelopment
1 170 m 91 m 0-350 m
Post-Development
2 190 m 130 m 0-450 m
Predevelopment
2 140 m 96 m 0-330 m
Post-Development
3 81lm 83 m 0-250 m
Predevelopment
3 48 m 26 m 0-99 m
Post-Development
4 280 m 170 m 0-620 m
Predevelopment
4 250 m 180 m 0-600 m
Post-Development
5 190 m 120 m 0-430 m
Predevelopment
5 200 m 120 m 0-440 m
Post-Development
6 160 m 120 m 0-400 m
Predevelopment
6 180 m 130 m 0-440 m
Post-Development
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Figure 21: Distribution of Distance from tfhe River for Treesat (a) Study Area 1, (b)
Study Area 2, (¢) Study Area 3, (d) Study Area 4, (e) Study Area 5, (f) Study Area 6.
Table 7 shows the weighted means and standardtams, as well as a 95%
confidence interval, for depth to water along the&tron and Arkansas River corridors,
both pre- and post-development. Fig. 22 shows dpiatas detailing the distribution of

root depth to water along the Cimarron and Arkam&&sr corridors. This data shows

that along the Cimarron River, both the averageatdapwater and 95% confidence
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interval have decreased over time. The oppositeiésfor the Arkansas River, where the
average depth to water has increased by over 2nha5% confidence interval has
increased as well.

Table 7. Weighted Mean, Standard Deviation, and 95% Confidence Interval for

Root Depth to Water along the Cimarron and Arkansas River Corridors, Pre- and
Post-Development.

Study Site Weighted Mean Weighted Standard 95% Confidence
Deviation Interval
Predevelopment 3.5m 49 m 0-13m
Cimarron
Predevelopment 1.6m 1.4m 0-4.4m
Arkansas
Post-Development 8.8 m 14 m 0-37m
Cimarron
Post-Development 6.0 m 6.3 m 0-18 m
Arkansas
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Figure 22: Distribution of Root Depth to Water for Treesalong (a) the Cimarron

River and (b) the Arkansas River.

Table 8 shows the weighted means, standard dewsgtand 95% confidence

intervals for depth to water under tree canopyadysareas 1-6, pre- and post-

development. Fig. 23 shows histograms detailingdik&ibution of root depth to water

for trees at study areas 1-6, pre- and post-dewedop At every study area except for

Study Area 4, the mean depth to water increased @dtvelopment.

Table 8: Weighted Mean, Standard Deviation, and 95% Confidence Interval for
Root Depth to Water at Study Sites 1-6, Pre- and Post-Development

Study Area Weighted Mean Weighted Standard95% Confidence
Deviation Interval

1 — Predevelopment 1.4 m 0.78 m 0-29m

1 — Post-Developmen 21m 0.97m 0.18-4.0m
2 — Predevelopment 1.1m 0.90 m 0-2.8 m
2 — Post-Developmen 12 m 1.1m 9.8-14 m
3 — Predevelopment 0.96 m 0.55m 0-2.0m
3 — Post-Developmen 19m 0.35m 18-20 m
4 — Predevelopment 0.90 m 1.2m 0-3.3m
4 — Post-Developmen 0.24m 0.63 m 0-1.5m

5 — Predevelopment 11m 21m 6.8-15.2 m
5 — Post-Developmen 21m 2.6m 16-26 m
6 — Predevelopment 7.1m 2.2m 2.7-11m
6 — Post-Developmen 28'm 3.3m 21-35m
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Figure 23: Distribution of Root Depth tI) Water for Treesat (a) Study Site 1, (b)
Study Site 2, (¢) Study Site 3, (d) Study Site 4, (e) Study Site 5, and (f) Study Site 6.
Table 9 shows the weighted means and standardtams, as well as a 95%
confidence interval for increase in depth to waleng the Cimarron and Arkansas River
corridors. This data shows that trees along thea@iom River corridor are located in

areas where the water table rose by an averagé ofi,Avhile trees along the Arkansas

River are located in areas where the water talsle by an average of 1.6 m. The
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confidence intervals for each corridor are inclesof both rising and declining water

tables, but the Cimarron River trees show a defiskiew toward rising water tables,

while the Arkansas River trees show a skew towaxdiing water tables.

Table 9: Weighted Mean, Standard Deviation, and 95% Confidence Interval for
Increasein Tree Depth to Water along the Cimarron and Arkansas River

Corridors.
Study Area Weighted Mean Weighted Standard 95% Confidence
Deviation Interval
Cimarron River -7.6m 9.7m -27-12 m
Arkansas River 2.8m 4.4 m -5.9-12'm

The weighted means, standard deviations, and @5fftdence intervals for

increase in depth to water under tree canopy tatysareas 1-6 are reported in Table 10.

Study Area 1 had no change in depth to water,|s@hles for it are zero. The average

depth to water beneath tree canopy decreaseddy Stea 4.

Table 10: Weighted M ean, Standard Deviation, and 95% Confidence Interval for
Increasein Depth to Water Under Tree Canopy Areas at Study Sites 1-6.

Study Area Weighted Mean Weighted Standard 95% Confidence

Deviation Interval

1 0 0 0

2 11m 0.74m 9.5-12.5m

3 19 m 0.13m 19 m

4 (-)2.2m 0.60 m (-)3.4-(-)1.012 m

5 11 m 1.2m 8.6-13 m

6 19 m 0.91m 17-21'm

Areas of each hydrologic soil group within 700 fthee Cimarron and Arkansas

Rivers are shown in Table x. These data show titatrw700 m of the Cimarron River,

soil groups A, B, C, and D consist of 52%, 41%98.and 4.2%, respectively, of the

total land area. For the space within 700 m ofAHeansas River, soil groups A, B, C,

and D make up 20%, 14%, 50%, and 16%, respectiitedirould be noted that the areas

in Table 11 do not always agree with Table 4 beeauisydrologic soil group is not

assigned when the value in the “muname” field ef #38URGO database is “River”.
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Table 11: Total Areas of Hydrologic Soil Groups A, B, C, and D within 700 m of the
Cimarron and Arkansas Rivers

Study Site Soil Group A Soil Group B Soil Group C  0ilSsroup D
Cimarron River 38 000 acres 30 000 acres 2600 acnes 3100 acres
Arkansas River| 10 000 acresd 7000 acres 25 000 agres8000 acres

Table 12 shows expected tree canopy areas oveolbgit soil groups A, B, C,

and D along both the Cimarron and Arkansas Rivetdars for pre- and post-

development. Expected areas of soil groups A, BBrd,D were calculated based on the

percentage of each soil group within 700 m of therr Actual tree canopy areas, as well

as their percent difference from the expected ameashown in Table 13. Figs. 24 and 25

show the information in Tables 12 and 13 graphycall

Table 12: Expected Tree Canopy Areas over Hydrologic Soil GroupsA, B, C,and D
for Pre- and Post-Development Cimarron and Arkansas River Corridors Assuming
TreeLocation is|ndependent of Sail Type.

Study Site Soil Group A| Soil Group B | Soil Group C | Soil Group D
Area Area Area Area
Predevelopment 2700 acres 2100 acres 180 acres 220 acres
Cimarron
Predevelopment 800 acres 560 acres 2000 acres 640 acres
Arkansas
Post- 1700 acres 1300 acres 120 acres 140 acres
Development
Cimarron
Post- 740 acres 520 acres 1900 acres 590 acres
Development
Arkansas
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Table 13: Actual Tree Canopy Areasover Soil GroupsA, B, C, and D (and Per cent
Difference) for Pre- and Post-Development Cimarron and Arkansas River

Corridors.
Study Site Soil Group A| Soil Group B | Soil Group C | Soil Group D
Area Area Area Area
Predevelopment 3300 acres 920 acres 360 acres 250 acres
Cimarron (+22%) (-56%) (+100%) (+14%)
Predevelopment 1400 acres 79 acres 1600 acres 440 acres
Arkansas (+75%) (-86%) (-20%) (-31%)
Post- 2300 acres 510 acres 150 acres 170 acres
Development (+35%) (-61%) (+25%) (+21%)
Cimarron
Post- 1700 acres 190 acres 1200 acres 620 acres
Development (+130%) (-63%) (-37%) (+5.1%)
Arkansas
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2005 Cimarron River Corridor
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Figure 24: Actual and Expected Total Areas of Soil Groups A-D under Tree Cover
along the Cimarron River Corridor (a) in 1965 and (b) in 2005.

1965 Arkansas River Corridor
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2005 Arkansas River Corridor
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Figure 25: Actual and Expected Total Areas of Soil Groups A-D under Tree Cover
along the Arkansas River (a) in 1965 and (b) in 2005.

Table 14 shows the total areas of the six studgsangre- and post-development,
and Table 15 shows pre- and post-development &neepy areas in the six study areas.
Table 16 gives pre- and post-development percertbiged area under tree canopy for
each study area. This data shows that the amourdgeotover has increased since
development in study areas 1 and 4, and has decr@asll other study areas.

Table 14: Areas of Study Sites 1-6.

Study Area Area

650 acres

4300 acres

310 acres

3300 acres

1300 acres

DO |IWIN|F

4900 acres
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Table 15: Pre- and Post-Development Tree Canopy Areasin Study Sites 1-6.

Study Area Predevelopment Canopy Post-Development Canopy
Area Area
1 65 acres 96 acres
2 178 acres 100 acres
3 52 acres 23 acres
4 170 acres 240 acres
5 46 acres 25 acres
6 120 acres 50 acres
Table 16: Percentage of Land Area within 620 m of the River under Tree Canopy
Cover, Pre- and Post-Development, in Study Sites 1-6.
Study Area Predevelopment % Post-Development %
1 14 % 20%
2 6.6% 3.7%
3 17% 7.7%
4 6.5% 9.2%
5 1.8% 1.0%
6 2.8% 1.2%
Table 17: Total Areas of Hydrologic Soil GroupsA, B, C, and D in Study Sites 1-6.
Study Area Soil Group A Soil Group B Soil Group C oilSsroup D
1 42 acres 1.8 acres 330 acres 100 acres
2 840 acres 180 acres 1400 acres 280 acres
3 48 acres 8.2 acres 170 acres 74 acres
4 1500 acres 1100 acres 0 acres 0 acres
5 2600 acres 2.2 acres 0 acres 0 acres
6 2800 acres 1500 acres 25 acres 0 acreg

Expected tree canopy areas, assuming tree lodatindependent of soil type, are

given in Table 18. These values were calculateddapon the total areas of soil groups

in each study area presented in Table 17 and thkeai@as of tree canopy cover

presented in Table 15. The actual area of eaclgsmilp in each study area, pre- and

post-development, as well as the percent differémee the expected values, are

presented in Table 19.
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Table 18: Expected Areas of Tree Canopy over Hydrologic Soil GroupsA, B, C, and
D assuming that Tree Location is|Independent of Sail Type.

Study Area Soil Group A Soil Group B| Soil Group C| Soil Group D
1 5.8 acres 0.25 acres 45 acres 14 acres
Predevelopment
1 8.5 acres 0.36 acres 67 acres 20 acres
Post-Development
2 55 acres 12 acres 92 acreg 18 acres
Predevelopment
2 31 acres 6.7 acres 52 acres 10 acres
Post-Development
3 8.3 acres 1.4 acres 29 acres 13 acres
Predevelopment
3 3.7 acres 0.62 acres 13 acres 5.7 acres
Post-Development
4 98 acres 72 acres 0 acres 0 acres
Predevelopment
4 140 acres 100 acres O acres 0 acres
Post-Development
5 46 acres 0.039 acres 0 acres 0 acres
Predevelopment
5 25 acres 0.021 acres 0 acres 0 acres
Post-Development
6 78 acres 42 acres 0.69 acrgs 0 acres
Predevelopment
6 32 acres 17 acres 0.29 acrgs 0 acres
Post-Development
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Table 19: Actual Areas of Tree Canopy over Hydrologic Soil GroupsA, B, C, and D

(and Percent Difference from Expected) at Study Sites 1-6, Pre- and Post-

A

Development.
Study Area Soil Group A Soil Group B| Soil Group C | Soil Group [
1 6.6 acres O acres |53 acres (+18%) 1.7 acres
Predevelopment|  (+14%) (-100%) (-88%)
1 5.3 acres 0 acres 60 acres 14 acres
Post-Development  (-38%) (-100%) (-10%) (-30%)
2 92 acres 0 acres 65 acres 7.2 acres
Predevelopment| (+67%) (-100%) (-29%) (-60%)
2 52 acres 0.32 acres 42 acres 0.82 acres
Post-Development (+67%) (-95%) (-19%) (-92%)
3 14 acres 0 acres 31 acres 0 acres
Predevelopment| (+69%) (-100%) (+6.9%) (-100%)
3 0.031 acres 0 acres 23 acres 0 acres
Post-Development  (-99%) (-100%) (+1.8%) (-100%)
4 160 acres 12 acres 0 acres 0 acres
Predevelopment| (+63%) (-83%) (+0%) (+0%)
4 220 acres 19 acres 0 acres 0 acres
Post-Development (+57%) (-81%) (+0%) (+0%)
5 46 acres 0 acres 0 acres 0 acres
Predevelopment (+0%) (-100%) (+0%) (+0%)
5 25 acres 0 acres 0 acres 0 acres
Post-Development  (+0%) (-100%) (+0%) (+0%)
6 110 acres 18 acres 0 acres 0 acres
Predevelopment|  (+41%) (-57%) (-100%) (+0%)
6 32 acres 18 acres 0 acres 0 acres
Post-Development  (+0%) (+5.8%) (-100%) (-100%)
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4. Discussion

Groundwater from the Ogallala is important for noipal water supplies for
western Kansas communities, and also as a sousgatef for irrigation for local
agriculture. The results of this study were analytzedetermine common properties
regarding hydrologic soil group, depth to groundswaincrease in depth to groundwater,
and distance from the river. These results weré/aed both at a large scale, stretching
over the entire lengths of the Arkansas and CinmaRivers over the extent of Ogallala
Aquifer in Kansas, and also at small scales, usindy sites 1-6. The following is an
interpretation of the results, as well as an amalyShow these results could be useful to
expand current and future research projects ahdlfoguide installation of future
monitoring networks.

The modeling results, shown in Figs. 8-19, indi¢htd the river is a losing
stream in every case. However, the post-developimead gradient is much steeper than
the predevelopment gradient, so the river is logmtgr to infiltration at a faster rate now
than it was prior to development. This increaséditration helps explain why
streamflow at the gauging stations shown in Figade decreased over time. The results
also show that for every case, the source of Watdhe trees is the river. This shows
that under most conditions, phreatophytes uptakentfat is infiltrated through
streamflow.

Due to the large variations in hydrologic condisalong the Arkansas and
Cimarron River corridors from west to east, it &sbto view the statistical analysis for

the corridors alongside the results for the stuthsto gain perspective on the
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distribution of the results. This allows the stwite results to be used as an interpolating
factor, in a way.

The average distance between trees and the ricezated after development
along the Arkansas River corridor, but the standidation of distance increased,
allowing for a greater range of distances in th&t@®nfidence interval. Based on the
results from study areas 1-6, this increase indstahdeviation is likely caused by the
average distance to the river increasing at thevéstern part of the corridor, where the
depth to groundwater did not decrease. This castraish a decrease in average distance
to the river along the rest of the corridor, wheepth to groundwater increased. The
results are then further skewed because the trestigs in the west are much greater
than those in the east.

The same is true along the Cimarron River, soetsy to presume that if Morton
County were discounted, the decrease in averatgndesto the river would be much
more profound. However, the average distance toitkeincreased at study areas 5 and
6, while decreasing at study area 4. This is tilse t@cause even though the water table
has risen at study area 4, streamflow has greatlyedsed, allowing new trees to grow in
areas that the river used to flow, which decretisesverage distance to the river. At
study sites 5 and 6, the trees did not redistribldser to the river because the distance to
groundwater beneath the river is greater than 28onhere is no significant advantage
for a phreatophyte to grow there. It is presumex tine average distance to the river
increased at these sites because a lot of cottahtwees that were living close to the
river prior to development, when the depth to gabwater was about 10 m, died off

when the depth to groundwater increased after dpuent.
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When looking at the average depth to water alopgetitire Arkansas and
Cimarron River corridors, it appears that as déptivater increases, the number of trees
decreases. However, this is not always the cassjidsnced by study site 1. As long as
the water table remains at a level that is easitgssed by the roots of the trees, the trees
will not die off with a decline in the water tabkad the number of trees can increase.
Canadell et al (1996) found the maximum rootingtdeyh cottonwood trees in a forest to
be 2.6 m. The average depth to water beneath arempg at Study Site 1 is less than 2.6
m both prior to and post-development, so it sedras2.6 m is probably close to the
threshold where trees will start to die off withianorease in depth to water. This die-off
trend is certainly not linear, and the introductadriamarix further complicates the
prediction of tree die-off because studies havevshibat water table depths have little to
no effect on tamarix, even at depths below 10 ne\(@ly 2006).

The average depths to water along the ArkansaSandrron River corridors
seem counter-intuitive when looked at alongsideatlerage increase in depth to water.
This is because the average depth to groundwateakie trees in both areas increased,
but the average increase in depth to water fostadeng the Cimarron River is a negative
value. This is because along much of the CimarneerRorridor, the depth to
groundwater has increased greatly, while the fatera part of the corridor has
experienced recharge. Most of the trees in thereghere the water table has lowered
have died off, so almost all of the trees along@heaarron River corridor are clustered in
the zones of recharge. There is an increase iraggatepth to water because some trees
still exist at locations where the water tableesywdeep, and many new trees are located

in areas that have experienced recharge, but hdepth to water that is greater than
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what was beneath the entire Cimarron River priateéeelopment. See Figs B11, B14,
and B17 for depth to water at study sites 4-6.

The soil analysis showed that in every case, nreestwere located on
hydrologic soil group A than would be expectedéfetlocation were independent of soll
type, and less trees were located on soil group Bome cases, trees were more likely to
be on soil groups C and D than expected, and ieratfises, fewer trees were on those
soils than expected. However, trees along bottCihearron and Arkansas Rivers were
more likely to be located on soil group D post-depeent than prior to development. It
is not apparent what would cause this shift togalup D because it has a low hydraulic
conductivity, but one could speculate that thi$ gmup might be more conducive to
tamarix, which has increased in population sinceeibgment and does not get water
from the vadose zone (Busch 1992). It might befhétp look at the shift to soil group
D at a smaller scale, but almost none of thess saibt at the study sites along the
Cimarron River.

Phreatophyte distributions can be used as indsdborsoil type, hydraulic
connectivity, and depth to groundwater. In west€ansas, areas with good hydraulic
connectivity are of interest because it is not ecoically feasible to create artificial
recharge projects that use injection due to treatroests. It would be feasible, however,
to route ditches over land with good hydraulic aectivity to increase natural recharge.
It is possible that phreatophyte locations couldibed to indicate locations with good
surface water/groundwater connectivity becausé@®fikelinood of phreatophytes to be
located on hydrologic soil group A. Phreatophyisalons cannot be used as the only

means for this task, however, because they exiatl@oil types. More research should
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be completed to determine if cottonwood trees atidexlar trees tend to populate
different soil types. It seems that phreatophysritiutions are a better indicator of depth
to groundwater than anything else, as a denseldistm of trees indicates a shallow

water table, while a sparse distribution indicaeep water table.
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5. Conclusions

The Ogallala Aquifer has been pumped for irrigasarce the 1950'’s. Since this
time, some regions of western Kansas have expedeaevater table decline of more
than 40 m. In southwest Kansas, a sustainable dveater supply is important for
municipal water and the long-term viability of gation. The decline of the water table,
as well as a change in overall land use, has causedistribution of riparian
phreatophytes along the Cimarron and Arkansas Rivdris thesis studies the impact
that this redistribution has had on the hydroldmtance, and identifies characteristics
that make phreatophytes more likely to exist atcation. This will allow for a better
understanding of groundwater movement both pri@n post-development.

To study the impact of phreatophytes on local higdyy six study areas were
chosen, and tree distributions were mapped usimgtesensing on aerial photography.
A map of these study areas can be seen in FigrcAEBM was used to model the water
table, as well as the point source for water frdmeptophytes. These models, shown in
Figs. 8-19, show that at every study site, therrisénjecting water into the ground, i.e. is
a losing stream. The head contour gradient at esitrygets steeper post-development,
showing that the river loses water faster thamdtpdior to development. This helps
explain the declining flows that both rivers haxperienced (see Fig. 3). These models
also show that in every case but Pre-DevelopmertySSite 1, the phreatophytes get
their water from the river. At Study Site 1, thest gvater from the aquifer.

Tree locations at each study area and also alengritire Arkansas and Cimarron

River Corridors were analyzed based on hydrologilcggsoup, depth to groundwater,
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increase in depth to groundwater, and distance &@tneam or river. The results of this
analysis can be seen in Tables 5-10. All result®walculated based on Eqns. 7 and 9.

The results for average depth to water vary spwatial areas with a dense tree
population (>10% tree cover), the average depthatier ranged from 0.24-1.4 m. In
areas with moderate tree density (5-10% tree cpthex)average depth to water ranged
from 2.1-19 m. In areas with low tree density (<B&e cover), the average depth to
water ranged from 11-28 m. The large ranges ofesahre most likely due to the
differences in rooting depths of cottonwood treed saltcedars.

The results for the increase in depth to waterciaug that, in genereal, the amount
of trees will decrease as depth to groundwateeas®s, but phreatopytes can still exist at
depths up to, and possibly exceeding, 35 m. Corlyerthe amount of trees increased in
areas where the depth to groundwater decreasddyadsthe same. The results for
distance to a stream or river indicate that ashier table declines, trees will be
redistributed closer to the river, as long as tlagewtable near the river is shallow enough
to be ideal for phreatophyte growth.

Hydrologic soil group results along the entire rigerridors were determined to
be better for analysis than the results for thestixly areas because there was a very low
amount of soil belonging to groups C and D at the\gsites along the Cimarron River.
From the results pertaining to hydrologic soil ggamver the entire Arkansas and
Cimarron River corridors, it seems that a dispropoately large amount of
phreatophytes were located on hydrologic soil grAufoils in group B seemed to not
be conducive to phreatophyte growth, as a disptap@tely low amount of trees were

located on these soils in most cases. The resulisate that trees were more likely to be
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located on soil group and D post-development thag tvere prior to development, and
the same is true for soil group A. Trees are rketlyi to be located on soil group B in any
case.

Phreatophyte locations could possibly be used asdacator for areas with good
surface water/groundwater connectivity because éineynore likely to be located on
hydrologic soil group A than any other group. Témsl group has a high hydraulic
conductivity, which is one of the most importantttas in determining the permeability
of the hyporheic zone (Soil Survey Division Sta803B, Brunke 1997). Tree locations
cannot be used as the only means of determinidgcguwater/groundwater connectivity,
however, because they can exist on soil from awlydiggic group.

Phreatophyte distributions have been altered awer with the pumping of the
Ogallala Aquifer. This study analyzed possible easusr this redistribution, and through
this analysis, developed a set of conditions umdech phreatophytes are likely to exist.
From this set of conditions, tree distributions baused as a predictor for depth to
water, soil type, and groundwater/surface wateneotivity. The information learned in
this study can be used to help guide the instahadif future monitoring networks and
expand current research projects from central Katsaestern Kansas.

Similar research should be conducted on the digtan of different species of
phreatophytes in order to increase the accuratlyese predictions. Some regions, such
as the city of Wichita, KS, are using artificiatharge as a means of maintaining its
water supply. Because treatment of water forieidifrecharge is not an economically

viable option is western Kansas, further reseahnciulsl also be conducted to determine if
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phreatophytes are an indicator of water qualityl ex@thods should be developed to

make naturally infiltrated water cleaner withowatment.
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Appendix A: Calculationsfor the K5 Coefficient

Predevelopment Study Site 1 Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Remote Bare Ground 94 4 4 0 102
Sensing Sand Bar 2 33 0 2 37
Classification Tree 7 0 37 0 44
Water 6 10 0 5 21
Column Total 109 47 41 7 204
a

Khat= 73.4%

Predevelopment Study Site 1 Test Information
Class Tree Not Tree Row Total
Remote Tree 37 7 44
Sensing Not Tree 4 156 160
Classification | Column Total 41 163 204
b

Khat= 83.7%

Figure Al: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at
Predevelopment Study Site 1 (a) Using the Entire Dataset and (b) Using only Trees
and Not Trees.

Post-Development Study Site 1 Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 57 16 32 105
Sensing Tree 1 86 9 96
Classification Water 1 0 2 3
Column Total 59 102 43 204
a

Khat= 52.8%

Post-Development Study Site 1 Test Information
Class Tree Not Tree Row Total
Remote Tree 86 10 96
Sensing Not Tree 16 92 108
Classification Column Total 102 102 204
b

Khat= 74.5%
Figure A2: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at Post-

Development Study Site 1 (a) Using the Entire Dataset and (b) Using only Trees and
Not Trees
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Predevelopment Study Site 2 Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Remote Bare Ground 70 2 3 29 104
Sensing Sand Bar 13 27 0 11 51
Classification Tree 8 0 33 4 45
Water 1 0 1 2 4
Column Total 92 29 37 46 204
a
Khat= 48.9%
Predevelopment Study Site 2 Test Information
Class Tree Not Tree Row Total
Remote Tree 33 12 45
Sensing Not Tree 4 155 159
Classification Column Total 37 167 204
b

Khat= 75.6%

Figure A3: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at
Predevelopment Study Site 2 (a) Using the Entire Dataset and (b) Using only Trees
and Not Trees

Post-Development Study Site 2 Test Information
Class Grass Ground Tree Water Row Total
Remote Grass 14 3 3 0 20
Sensing Ground 21 98 2 5 126
Classification Tree 8 4 37 0 49
Water 2 0 0 7 9
Column Total 45 105 42 12 204
a
Khat= 61.3%
Post-Development Study Site 2 Test Information
Class Tree Not Tree Row Total
Remote Tree 37 12 49
Sensing Not Tree 5 150 155
Classification Column Total 42 162 204
b

Khat= 76.0%

Figure A4: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at Post-
Development Study Site 2 (a) Using the Entire Dataset and (b) Using only Trees and

Not

Trees
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Predevelopment Study Site 3 Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Remote Bare Ground 95 23 7 5 130
Sensing Sand Bar 13 24 1 8 46
Classification Tree 1 1 23 0 25
Water 0 1 1 1 3
Column Total 109 49 32 14 204
a
Khat= 48.8%
Predevelopment Study Site 3 Test Information
Class Tree Not Tree Row Total
Remote Tree 23 2 25
Sensing Not Tree 9 170 179
Classification Column Total 32 172 204

Khat= 77.6%

b

Figure A5: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at
Predevelopment Study Site 3 (a) Using the Entire Dataset and (b) Using only Trees
and Not Trees

Post-Development Study Site 3 Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 116 4 4 124
Sensing Tree 10 44 0 54
Classification Water 9 1 16 26
Column Total 135 49 20 204
a
Khat= 73.7%
Post-Development Study Site 3 Test Information
Class Tree Not Tree Row Total
Remote Tree 44 10 54
Sensing Not Tree 5 145 150
Classification Column Total 49 155 204

Khat = 805%

b

Figure A6: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at Post-
Development Study Site 3 (a) Using the Entire Dataset and (b) Using only Trees and
Not Trees
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Predevelopment Study Site 4 Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Remote Bare Ground 95 3 4 0 102
Sensing Sand Bar 5 29 0 3 37
Classification Tree 5 0 40 0 45
Water 5 10 1 4 20
Column Total 110 42 45 7 204
a
Khat= 72.5%
Predevelopment Study Site 4 Test Information
Class Tree Not Tree Row Total
Remote Tree 40 5 45
Sensing Not Tree 5 154 159
Classification Column Total 45 159 204

Khat= 85.7%

b

Figure A7: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at
Predevelopment Study Site 4 (a) Using the Entire Dataset and (b) Using only Trees
and Not Trees

Post-Development Study Site 4 Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 129 9 1 139
Sensing Tree 9 49 0 58
Classification Water 4 1 2 7
Column Total 142 59 3 204
a
Khat= 73.4%
Post-Development Study Site 4 Test Information
Class Tree Not Tree Row Total
Remote Tree 49 9 58
Sensing Not Tree 10 136 146
Classification Column Total 59 145 204

Khat= 77.2%

b

Figure A8: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at Post-
Development Study Site 4 (a) Using the Entire Dataset and (b) Using only Trees and
Not Trees
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Predevelopment Study Site 5 Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Remote Bare Ground 104 0 4 30 138
Sensing Sand Bar 2 16 0 8 26
Classification Tree 1 0 17 0 18
Water 2 0 0 20 22
Column Total 109 16 21 58 204
a
Khat= 60.8%
Predevelopment Study Site 5 Test Information
Class Tree Not Tree Row Total
Remote Tree 17 1 18
Sensing Not Tree 4 182 186
Classification Column Total 21 183 204

Khat = 85.8%

b

Figure A9: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at
Predevelopment Study Site5 (a) Using the Entire Dataset and (b) Using only Trees
and Not Trees

Post-Development Study Site 5 Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 160 4 22 186
Sensing Tree 1 9 0 10
Classification Water 3 0 5 8
Column Total 164 13 27 204
a
Khat= 43.2%
Post-Development Study Site 5 Test Information
Class Tree Not Tree Row Total
Remote Tree 9 1 10
Sensing Not Tree 4 190 194
Classification Column Total 13 191 204

Khat= 77.0%

b

Figure A10: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at Post-
Development Study Site 5 (a) Using the Entire Dataset and (b) Using only Trees and
Not Trees
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Predevelopment Study Site 6 Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Remote Bare Ground 100 3 4 28 138
Sensing Sand Bar 4 10 0 8 26
Classification Tree 2 0 20 0 18
Water 2 2 0 21 22
Column Total 109 16 21 58 204
a
Khat= 55.9%
Predevelopment Study Site 6 Test Information
Class Tree Not Tree Row Total
Remote Tree 20 2 22
Sensing Not Tree 4 178 182
Classification Column Total 24 180 204

Khat = 85.3%

b

Figure A1l: Calculationsfor Ky, Coefficient of Remote Sensing Accuracy at
Predevelopment Study Site 6 (a) Using the Entire Dataset and (b) Using only Trees
and Not Trees

Post-Development Study Site 6 Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 161 4 25 190
Sensing Tree 1 8 0 9
Classification Water 2 0 3 11
Column Total 164 12 28 204
a
Khat = 350%
Predevelopment Study Site 6 Test Information
Class Tree Not Tree Row Total
Remote Tree 8 1 9
Sensing Not Tree 4 191 195
Classification Column Total 12 192 204

Khat= 74.9%

b

Figure A12: Calculationsfor Ky Coefficient of Remote Sensing Accuracy at Post-
Development Study Site 6 (a) Using the Entire Dataset and (b) Using only Trees and
Not Trees

A-6



Remote
Sensing
Classification

Predevelopment Arkansas River Corridor Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Bare Ground 95 3 4 40 142
Sand Bar 2 8 1 6 17
Tree 5 0 16 0 21
Water 5 6 0 13 24
Column Total 107 17 21 59 204

Khat = 39.5%

Predevelopment Arkansas River Corridor Test Information

Class Tree Not Tree Row Total
Remote Tree 16 5 21
Sensing Not Tree 5 178 183
Classification Column Total 21 183 204

Khat= 73.5%

b

Figure A13: Calculationsfor Ky Coefficient of Remote Sensing Accuracy along the
Predevelopment Arkansas River Corridor (a) Using the Entire Dataset and (b)
Using only Treesand Not Trees

Khat=47.1%

Post-Development Arkansas River Corridor Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 118 5 31 154
Sensing Tree 10 33 2 45
Classification Water 2 1 2 5
Column Total 130 39 35 204
a

Post-Development Arkansas River Corridor Test Information

Class Tree Not Tree Row Total
Remote Tree 33 12 45
Sensing Not Tree 6 153 159
Classification Column Total 39 165 204

Khat= 73.1%

b

Figure Al14: Calculationsfor Ky, Coefficient of Remote Sensing Accuracy along the
Post-Development Arkansas River Corridor (a) Using the Entire Dataset and (b)
Using only Treesand Not Trees
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Remote
Sensing
Classification

Predevelopment Cimarron River Corridor Test Information
Class Bare Ground Sand Bar Tree Water Row Total
Bare Ground 100 0 4 30 134
Sand Bar 2 16 0 8 26
Tree 1 0 21 0 22
Water 2 0 0 20 22
Column Total 105 16 25 58 204

Khat= 62.4%

Post-Development Cimarron River Corridor Test Information

Class Tree Not Tree Row Total
Remote Tree 21 1 22
Sensing Not Tree 4 178 182
Classification Column Total 25 179 204

Khat = 88.0%

b

Figure A15: Calculationsfor Ky Coefficient of Remote Sensing Accuracy along the
Predevelopment Cimarron River Corridor (a) Using the Entire Dataset and (b)
Using only Treesand Not Trees

Khat= 40.7%

Post-Development Cimarron River Corridor Test Information
Class Cropland/Ground Tree Water Row Total
Remote Cropland/Ground 148 6 20 174
Sensing Tree 3 17 2 22
Classification Water 7 1 0 8
Column Total 158 24 22 204
a

Post-Development Cimarron River Corridor Test Information

Class Tree Not Tree Row Total
Remote Tree 17 5 22
Sensing Not Tree 7 175 182
Classification Column Total 24 180 204

Khat= 70.6%

b

Figure A16: Calculationsfor Ky, Coefficient of Remote Sensing Accuracy along the
Post-Development Cimarron River Corridor (a) Using the Entire Dataset and (b)
Using only Treesand Not Trees
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Appendix B: Water Table Depth, Soil Type, and Remote
Sensing Results
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FigureB1: Decreasein the Water Tablein Western Kansas between 1965 and 2005.
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Figure B2: Study Sitelin (a) 1957 d b 2006.
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Figure B3: Depth to Groundwater, in m, at Study Site 1 in (a) 1965 and (b) 2005.
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Figure B4: Remote Sensing Tree Locations at Study Site1in (a) 1957 and (b) 2006.
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Figure B5: Study Site2in (a) 1965 and (b) 2006.
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Figure B6: Depth to Groundwater, in m, at Study Site 2 (a) in 1965 and (b) in 2005.
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Figure B7: Remote Sensing Tree Locations at Study Site 2in (a) 1965 and (b) 2006.
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Figure B8: Study Site 3in (a) 1957 and (b) 2006.
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Figure B9: Depth to Groundwater, in m, at Study Site 3 in (a) 1965 and (b) 2006.
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Figure B10: Remote Sensing Tree L ocationsfor Study Site 3in (a) 1953 and (b)
2006.
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Figure B11: Study Site4in (a) 1967 and (b) 2006.
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Figure B12: Depth to Groundwater, in m, at Study Site4 in (a) 1965 and (b) 2005.
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Figure B13: Remote Sensing Tree L ocations at Study Site4 in (a) 1967 and (b) 2006.
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Figure B14: Study Site5in (a) 1967 and (b) 2006.
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Figure B15: Depth to Groundwater, in m, at Study Site5in (a) 1965 and (b) 2005.
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Figure B16: Remote Sensing Tree L ocations at Study Site5in (a) 1967 and (b) 2006.
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Figure B17: Study Site6in (a) 1967 and (b) 2006.
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Figure B18: Depth to Groundwater, in m, at Study Site 6 in (a) 1965 and (b) 2005.
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Figure B19: Remote Sensing Tree L ocations at Study Site 6 in (a) 1967 and (b) 2006.
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