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1. INTRODUCTION 

1.1. Background 

The encroachment of woody plants into grasslands and savannas in North America dates 

back to times of European settlement (Archer, 1984). In fact, this pattern has been 

observed globally (Liu et al., 2013). In Texas, there is controversy over the scope of this 

phenomenon. While historical records are inconsistent in documenting vegetation 

existence in central Texas prior to settlement, it appears that dense stands of woody 

plants existed as patches within open grasslands. Fire would likely have played a key role 

in maintaining historic grasslands or savannas which are currently dominated by woody 

plants. (Smeins, 1980; Archer, 1984).  

 

In compiling historical records of early Hill Country explorers, Caro (1982) and Weniger 

(1984) come upon some discrepancies. Caro describes a region of tall grasses, almost 

exempt of brush. These tall grasses held the thin soils of the Hill Country in place. As 

settlers moved into lands previously held by Native Americans, pushing further west, 

cattle numbers increased whilst grasses were depleted. Since these grasses took centuries 

to grow, they could not be replenished at the rate of grazing. Furthermore, fires, which 

held the brush at bay, diminished along with the native population. This was largely due 

to settlers extinguishing those which were sparked by lightning. With soils depleted, 

brush spread from the ravines and hill-slopes into the meadows (Caro, 1982). 

 

Weniger’s work tells a slightly different story. In his version, tall, coarse grasses did exist 

throughout the Hill Country. However, this “sea of grass” coexisted amongst a tree-
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covered mosaic. Early explorers detail crests covered with “’dense thickets,’ ‘groves,’ 

‘heavy timber,’ or ‘continuous’ and ‘dense forests’ of trees.” (Weniger, 1984). 

 

While inconsistencies remain among historical accounts of Hill Country vegetation prior 

to settlement, Weniger and Caro’s works agree that early explorers did encounter many 

of the trees that occupy the landscape today including mesquite (Prosopis spp.), juniper 

(Juniperus spp.), pecan (Carya spp.), pine (Pinus spp.), and oak (Quercus spp.) (Caro, 

1982 and Weniger, 1984). Taking both works into account, the common tale that the Hill 

Country existed as open savanna-grasslands with woody plants almost entirely limited to 

the ravines and hill-slopes may be exaggerated.  

 

Regardless of the extent to which the relationship between grasses and trees existed in the 

region prior to settlement, it was inevitable that settlement influenced this balance. Cattle 

grazing and agriculture would have depleted the delicate grasses of the Hill Country, 

thereby loosening its thin soils. Rain would have washed away these soils, preventing 

further grasses from taking root. Without fire to keep woody plants in check, cedar and 

other species would have taken over areas previously occupied by grasses.  

 

Ashe juniper (Juniperus ashei), commonly referred to by Texans as cedar, serves as the 

quintessential species which has increased its dominance throughout the region. 

Blanketing the Edwards Plateau, this species has been extensively researched due to its 

perceived role in decreased streamflow and groundwater recharge (Wilcox, Owens, 

Knight, & Lyons, 2005).  In addition to high water consumption, woody plants such as 
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cedar may increase evapotranspiration (ET). This may prevent large volumes of water 

from making it to the recharge zone, as the water is taken up by the plant in the shallow 

root zone. In terms of infiltration, grasses serve as better agents for groundwater recharge, 

whilst rainfall surrounding woody plants primarily produces runoff. This runoff takes 

with it existing soils, essentially creating a positive feedback loop.  

 

Shrub control and habitat restoration have therefore become increasingly attractive 

throughout the Hill Country (Wilcox et al., 2005). Such practices are portrayed as 

methods of enhancing existing water supplies, with agencies like the Texas Water 

Development Board (TWDB) allocated $4 million to control shrubs and trees in the 

Pedernales watershed alone (Wilcox, 2002). To date, Texas State Legislature has 

provided over $52 million to carry out brush control in dealing with water scarcity in 

areas delineated by the Texas State Soil and Water Conservation Board (TSSWCB). 

According to the TSSWCB areas are delineated in which a “water need exists, and in 

which brush control has a strong potential to increase water yield” (2016). 

 

Consequently, in attempting to enhance water supply and to restore natural habitats to 

pre-settlement conditions, many landowners in the Hill Country and other areas of the 

state have turned to habitat restoration efforts such as shrub control. In the heart of the 

Hill Country, Bamberger Ranch Preserve serves exemplar of such efforts since 1969.  

 

1.2.  Project Statement 

With ongoing habitat restoration in the form of brush removal and replanting of native 

grasses on Bamberger Ranch for nearly half a century, landscape change seems 
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inevitable, yet has not been documented. It is expected that such efforts would leave 

visible impressions on the landscape that could be seen over time using satellite-based 

imagery. This study aims to assess land cover change at Bamberger Ranch through 

remote sensing analyses and change detection techniques. Remote sensing analyses are 

able to identify vegetation types by their spectral properties (Xie, Sha, & Yu, 2008). 

Thus, satellite imagery can be used to map vegetation, and quantify changes over time. 

 

1.3. Objectives 

Objectives to evaluate spatiotemporal land cover change associated with restoration 

efforts on Bamberger Ranch through the use of remote sensing include: 

 

Objective 1: Perform classification and post-classification change detection 

analysis of  Landsat imagery for the period of study. 

Objective 2: Analyze class and landscape metrics to determine whether the 

study area exhibited changes in the spatial configuration of land cover types.   

 

1.4. Justification 

The purpose of this study is to provide a means for quantitatively evaluating land cover 

change associated with restoration practices in the Hill Country. As brush removal and 

grassland restoration efforts increase in popularity, it is important to document how the 

landscape mosaic shifts in response. Bamberger Ranch is an ideal study area for this 

analysis as their efforts often serve as a model for effective habitat restoration throughout 

the region.  
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2. MATERIALS AND METHODS 

2.1.  Study Area 

Bamberger Ranch Preserve, situated outside of Johnson City, was chosen as the study 

area for this project, as its ranch managers have been actively involved in habitat 

restoration since 1969. Upon finding what was apparently the worst piece of land in the 

Texas Hill Country, David 

Bamberger aimed restore the 

landscape.   When Bamberger 

purchased the property, it was said to 

resemble a typical, overgrazed piece 

of the Hill Country consisting of 

dense thickets of cedar and little in 

the way of grasses (Figure 1). 

Additionally, local aquifers had dried up. Of the seven 150-meter wells drilled, not one 

was said to produce any water (Bamberger Ranch Preserve, n.d.). Ashe juniper removal 

and replanting of native grasses has been practiced throughout this 2,226 -hectare ranch 

ever since. 

 

Much like the surrounding Hill Country atop the Edwards Plateau, the underlying 

geology of Bamberger Ranch consists of limestone overlain by thin, clay soils. The area 

is also known for its distinctive karst topography (Figure 2).  

Figure 1. “1973 Airstrip Pasture, part of the original 
3000 acres purchased in 1969 and the area where staff 
described conditions as wall to wall cedar thicket.”    
Source: Bamberger Ranch Preserve Photo Gallery	
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This study area was 

chosen based on its well-

acclaimed habitat 

restoration efforts. 

Serving as a model for 

restoration and land 

stewardship not just in the 

Hill Country, but 

throughout the state, and 

perhaps worldwide, 

Bamberger Ranch is the 

ideal candidate for 

quantitatively evaluating 

land cover change 

associated with restoration.  

 

2.2.  Data Acquisition 

Landsat imagery was downloaded from the USGS Earth Explorer website 

(earthexplorer.usgs.gov). Images were selected if they contained <10% cloud cover, and 

if they were from the spring and early summer months to minimize spectral changes due 

to vegetation phenology. While this study aims to analyze land cover change over time 

dating back to the start of restoration work at Bamberger Ranch, imagery which met 

these requirements was only available from March 17, 1973 to June 4, 2010.  

Figure 2. Land-Resource Map of Texas, 1999  
Source: The University of Texas Bureau of Economic Geology 
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Imagery was acquired by various sensors including Landsat 1 Multi-Spectral Scanner 

(MSS), Landsat 5 MSS, and Landsat 5 Thematic-Mapper (TM). Due to limitations in the 

spatial resolution of imagery acquired for the beginning of this study (60 m), April 9, 

1984 was used as an intermediate date to switch from Landsat 5 MSS to Landsat 5 TM, 

so that the remainder of the analysis 

could be conducted at a finer spatial 

resolution (30 m) (Table 1). 

 

2.3. Data Processing 

Prior to performing change detection analyses, image datasets required radiometric pre-

processing. Imagery for each date consisted of individual layers for each of the sensor’s 

spectral detection bands. Band designations and resolutions vary by sensor (Table 2). 

  

Image Date Sensor Path, Row 

March 17, 1973 Landsat 1 MSS 29, 39 
April 9, 1984 Landsat 5 MSS 27, 39 
April 9, 1984 Landsat 5 TM 27, 39 
June 4, 2010 Landsat 5 TM 27, 39 

Table 1. Selected Imagery Timeline 
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Table 2. Landsat 1-5 MSS, and Landsat 4-5 TM Band Designations 

 

 

All raw image layers were compiled into a single image stack for each date. For imagery 

acquired by both Landsat 1 MSS and Landsat 5 MSS, radiometric conversion was 

required to convert raw data collected from the sensor as pixel values to spectral 

radiance, and then to top-of-atmosphere (TOA) reflectance using a model developed 

based on the following equations provided in Chander, Markham, and Helder (2009).  

This radiometric conversion is necessary to ensure that all image data sets are within the 

same numeric scale.   

  

Landsat 1-5 

Multispectral 
Scanner 
(MSS) 

Landsat 
1-3 Bands 

Landsat 
4-5 Bands 

Wavelength 
(micrometers) 

Resolution 
(meters) 

Band 4 - Green Band 1 - Green 0.5-0.6 60 
Band 5 - Red Band 2 - Red 0.6-0.7 60 
Band 6 - Near Infrared 
(NIR) 

Band 3 - Near 
Infrared (NIR) 0.7-0.8 60 

Band 7 - Near Infrared 
(NIR) 

Band 4 - Near 
Infrared (NIR) 0.8-1.1 60 

 

Landsat 4-5 

Thematic 
Mapper 
(TM) 

 

Band 1 - Blue 0.45-0.52 30 
Band 2 - Green 0.52-0.60 30 
Band 3 - Red 0.63-0.69 30 
Band 4 - Near 
Infrared (NIR) 0.76-0.90 30 

Band 5 - Shortwave 
Infrared (SWIR) 1 1.55-1.75 30 

Band 6 - Thermal 10.40-12.50 120* (30) 
Band 7 - Shortwave 
Infrared (SWIR) 2 2.08-2.35 30 
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Conversion to at-sensor spectral radiance: 

!" = $%&'()*&×,()* + .%&'()*& 

where, 

Lλ= Spectral radiance at the sensor's aperture [W/ (m2 sr µm)]  

Qcal= Quantized calibrated pixel value [DN] 

Grescale= Band-specific rescaling gain factor [(W/ (m2 sr µm))/DN]  

Brescale= Band-specific rescaling bias factor [W/ (m2 sr µm)] 

 

Conversion to top-of-atmosphere (TOA) reflectance: 

/" =
0 ∗ !" ∗ 23

4567" ∗ cos ;'
 

where, 

ρλ= Planetary TOA reflectance [unitless]  

π= Mathematical constant equal to ~3.14159 [unitless]  

Lλ= Spectral radiance at the sensor's aperture [W/ (m2 sr µm)]  

d= Earth–Sun distance [astronomical units]  

ESUNλ= Mean exoatmospheric solar irradiance [W/ (m2 µm)]  

θs= Solar zenith angle [degrees9]  

Grescale, Brescale, ESUNλ, and d were provided in Chander et al. (2009). The solar zenith 

angle was provided by image metadata.  

 

Landsat 5 TM imagery was available as a surface reflectance product. Once all images 

were in units of reflectance, image tiles were subset (i.e., clipped) to the perimeter of 

Bamberger Ranch Preserve. 
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2.3.1. Supervised Image Classification 

A maximum likelihood supervised classification was performed on the four TOA 

reflectance image sets by categorizing pixels of “trees,” and “no_trees.” The binary 

classes of “trees,” and “no_trees” were selected since the removal of Ashe juniper and 

replanting of native grasses have been claimed as the primary restoration objectives at 

Bamberger Ranch (Bamberger Ranch Preserve, n.d.). “Trees” and “no_trees” pixels were 

differentiated by their spectral response patterns. Pixels which were classified as 

“no_trees” were observed to have greater reflectance in the green, red, and especially in 

the near infrared wavelengths of energy than those which were classified as “trees.” 

Spectral signatures were developed for both classes based on selected pixels. These 

signatures were then used in training image classification software to classify the 

remainder of the landscape. 

 

Pixels which were classified as “trees” were estimated to contain at least 10% canopy 

coverage. Image classification aimed for an overall accuracy of 90% with 10% allowable 

error, and a Kappa statistic of 0.70. The Kappa statistic serves as a more robust measure 

of agreement between classified imagery and reference data than overall accuracy by 

taking into consideration the likelihood that agreement might often occur by chance. 

Whereas overall accuracy accounts for only correctly classified pixels relative to the total 

number of pixels, Kappa analysis addresses chance agreement by considering both row 

and column totals of the error matrix.  Accuracy assessment was based on 36 observation 

points, which were referenced using historical imagery. It was determined that 36 
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observation points were required based on sample size calculation using binomial 

probability distribution.  

 

2.3.2. Post-Classification Change Detection 

Post classification change detection involves the comparison of land cover maps. 

Classified maps created per the steps above were compared by matrix union. Matrix 

union results quantitatively evaluate land cover changes from one image set to the next 

based on each individual pixel.  For this analysis, the matrix union quantifies pixels that 

remained consistent in terms of land cover type between image sets (“trees” – “trees” and 

“no_trees” – “no_trees”) and pixels that changed from one land cover type to another 

(“trees” – “no_trees,” and “no_trees” – “trees”).  

 

As higher spatial resolution data became available for this study on April 9, 1984, two of 

these unions were completed; one for the period between March 17, 1973 and April 9, 

1984, and the other between April 9, 1984 and June 4, 2010. Finally, an overall change 

detection was performed for the period between March 17, 1973 and June 4, 2010.  

 

2.3.3. Characterization of Land Cover Composition and Configuration 

To provide additional analysis with respect to land cover change at Bamberger Ranch 

Preserve, post-classified images were evaluated based on various class and landscape 

metrics to characterize changes in land cover composition.  For this analysis, Landsat 1 

MSS imagery from April 9, 1984 was omitted as the information it provided was 

redundant with that of the higher resolution Landsat 5 TM classified image.  
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FRAGSTATS, a spatial pattern analysis program which computes a variety of landscape 

metrics for categorical maps, was utilized to characterize changes in land cover 

composition (McGarigal, Cushman, & Ene, 2012).  Specific metrics selected for analysis 

included percentage of landscape (PLAND), patch density (PD), area-weighted mean 

patch area (AREA_AM), and aggregation index (AI).  

 

PLAND was selected as a class metric to quantify class composition for the study area 

between classified image sets.  PLAND is the sum of the areas of all patches of the 

corresponding patch type, divided by the total landscape area, then multiplied by 100 (to 

convert to a percentage). PLAND allows for an efficient quantitative comparison of 

changes in class composition (McGarigal et al., 2012). 

 

PD is a measure of the number of patches of a certain patch type per 100 hectares 

(McGarigal et al., 2012). This metric was selected as a means of measuring changes in 

terms of fragmentation at both the class and landscape level. As trees are removed 

through restoration efforts, it is expected that there would be corresponding increase in 

the patch density of “trees,” and a decrease in that of “no_trees.” Large patches of “trees” 

would become more fragmented, thus increasing in PD, as shrublands and woodlands are 

reclaimed by grasslands.  

 

AREA_AM at the class level serves as a weighted measure of the mean patch size for 

each class. While mean patch area describes the central tendency across the entire 

landscape for the corresponding class type as that of the average patch area, area-
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weighted mean patch area provides a more landscape-centric measure. This metric is 

calculated through the summation of corresponding patch areas multiplied by the 

proportional abundance of a given patch. The area-weighted mean patch area better 

reflects the average conditions of a pixel chosen at random (McGarigal et al., 2012). It is 

expected that, through restoration efforts, the area-weighted mean patch area for “trees” 

would decrease, while that of “no_trees” increases. 

 

AI serves as the main indicator of land cover changes related to fragmentation. AI is 

represented by the number of like adjacencies involving a certain class, divided by the 

maximum possible number of like adjacencies involving that same class, multiplied by 

100 (to convert to a percentage).  The maximum possible number of like adjacencies is 

achieved when a class is clumped into a single, compact patch (McGarigal et al., 2012).  

AI was analyzed at both the class and landscape level. The aggregation of a certain patch 

type will correspond with its degree of fragmentation. Decreases in fragmentation should 

be demonstrated by increases in aggregation index. At the landscape level, it is expected 

that aggregation will increase with restoration work as trees are removed from areas 

where they’ve encroached upon.   
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3. RESULTS 

3.1. Supervised Classification  

Successful change detection and land cover composition analyses were dependent on 

accurate image classifications. In preparing for these analyses, images were first 

classified into areas of “trees” and “no_trees” (Figure 3). Table 3 summarizes land cover 

proportions from the resulting image classifications. 

Table 3. Individual image classification results as a proportion of the total study area  

Landsat 1 MSS 
March 17, 1973 

Cover 
Type Count Coverage 

 Trees 2876 0.45 
 No_trees 3545 0.55 
Landsat 5 MSS 
April 9, 1984 

Cover 
Type Count Coverage 

 Trees 2793 0.43 
 No_trees 3628 0.57 
Landsat 5 TM 
April 9, 1984 

Cover 
Type Count Coverage 

 Trees 12858 0.51 
 No_trees 12348 0.49 
Landsat 5 TM 
June 4, 2010 

Cover 
Type Count Coverage 

 Trees 9238 0.37 
 No_trees 15968 0.63 

 

Classification of the Landsat 1 MSS March 17, 1973 image resulted in an overall 

accuracy of 88.89%, and an overall Kappa value of 0.78. The Landsat 5 MSS April 9, 

1984 image had an overall accuracy of 91.67% and Kappa value of 0.83. An overall 

accuracy of 91.67% and Kappa value of 0.83 were achieved for the Landsat 5 TM image 

from April 9, 1984. Assessment of the Landsat 5 TM June 4, 2010 image resulted in an 

overall accuracy of 94.44% and a Kappa value of 0.89.  
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Figure 3. Image classification maps of Bamberger Ranch for the four image dates of analysis 
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3.2. Change Detection Analysis 

Matrix union results indicate that between March 17, 1973 and April 9, 1984, 31% of 

Bamberger Ranch Preserve remained tree-covered and 42% remained without trees. Of 

the remaining 27%, 312 hectares transitioned from “trees” to “no_trees,” while 289 

hectares transitioned from “no_trees” to “trees.” This demonstrates a 1% (22 hectare) 

decrease in tree-cover over that period (Table 4; Figure 4).  

   

Table 4. March 17, 1973 - April 9, 1984 Matrix Union 

Landsat 1 MSS March 17, 1973 -  
Landsat 5 MSS April 9, 1984 From - To Count Coverage 
 Trees - Trees 1966 0.31 

 Trees - No_trees 910 0.14 
 No_trees - Trees 827 0.13 
 No_trees - No_trees 2718 0.42 

 

 

 

 

 

 

  

Figure 4. March 17, 1973 - April 9, 1984 Matrix Union 
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Between April 9, 1984, and June 4, 2010, approximately 32% of Bamberger Ranch 

Preserve remained tree-covered and 44% remained without trees. Of the remaining 24%, 

423 hectares transitioned from “trees” to “no_trees,” while 111 hectares transitioned from 

“no_trees” to “trees.” These results demonstrate a 14% (312 hectare) decrease in tree-

cover over that period (Table 5; Figure 5).  

 

 

Table 5. April 9, 1984 - June 4, 2010 Matrix Union 

Landsat 5 TM April 9, 1984 -  
Landsat 5 TM June 4, 2010 From - To Count Coverage 
 Trees - Trees 7994 0.32 

 Trees - No_trees 4864 0.19 
 No_trees - Trees 1244 0.05 
 No_trees - No_trees 11104 0.44 
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Figure 5. April 9, 1984 - June 4, 2010 Matrix Union 
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Overall matrix union results for the period between March 17, 1973 and June 4, 2010 

show that 27% of the landscape remained tree-covered, while 45% remained without 

trees. Of the remaining 29%, 423 hectares transitioned from “trees” to “no_trees,” while 

223 hectares transitioned from “no_trees” to “trees.” This demonstrates 9% (200 hectare) 

overall decrease in tree-cover (Table 6; Figure 6). Matrix union results are the product of 

changes exhibited for all pixels across the landscape, which can be expressed visually on 

a classified map (Figure 7 and 8).   

Table 6. March 17, 1973 - June 4, 2010 Matrix Union 

Landsat 1 MSS March 17, 1973   
Landsat 5 TM June 4, 2010 From - To Count Coverage 
 Trees - Trees 6707 0.27 

 Trees - No_trees 4675 0.19 
 No_trees - Trees 2514 0.10 
 No_trees - No_trees 11204 0.45 
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Figure 6. March 17, 1973 - June 4, 2010 Matrix Union 
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Figure 7. March 17, 1973 - April 9, 1984 and April 9, 1984 - June 4, 2010 Matrix Unions 
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Figure 8. March 17, 1973 - June 4, 2010 Matrix Union 
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Final accuracies for the output matrix unions were calculated as the product of individual 

input image classification accuracies (Singh, 1989). The resulting accuracy of the matrix 

union produced between the Landsat 1 MSS image from March 17, 1973 and the Landsat 

5 MSS image from April 9, 1984 was 81.49%. The accuracy of the matrix union 

produced between the Landsat 5 TM image from April 9, 1984 and the Landsat 5 TM 

image from June 4, 2010 was 86.57%. The accuracy of the matrix union produced 

between the Landsat 1 MSS image from March 17, 1973 and the Landsat 5 TM image 

from June 4, 2010 was 83.94%. 

 

3.3. FRAGSTATS Analysis 

The percentage of class areas for classified imagery acquired by Landsat 1 MSS on 

March 17 (first image set), 1973 was determined to be 45% “trees,” and 55% “no_trees.” 

Classification of imagery acquired by Landsat 5 TM on April 9, 1984 (second image set) 

determined the landscape to be comprised of 51% “trees,” and 49% “no_trees.” The 

landscape composition for classified imagery acquired by Landsat 5 TM on June 4, 2010 

(third image set) was found to be 37% “trees,” and 63% “no_trees.” Patch density 

(patches per 100 hectares) for the first image set was 3.37 for “trees,” and 2.60 for 

“no_trees.” For the second image set, “trees” and “no_trees” PD values were 5.91, and 

5.95, respectively. Patch density for the third image set was 11.33 for “trees,” and 5.51 

for “no_trees.” Area-weighted mean patch area for the first image set was 644.01 for 

“trees,” and 748.24 for “no_trees.” For the second image set “trees” and “no_trees” 

AREA_AM values were 210.63, and 971.44, respectively. For the third image set “trees” 

and “no_trees” AREA_AM values were 102.15, and 1312.51, respectively.  
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Aggregation index results for the first image set was 76% for “trees,” and 78% for 

“no_trees.”  For the second image set, the aggregation index was 85% for “trees,” and 

83% for “no_trees.” The third image set demonstrated an aggregation index of 77% for 

“trees,” and 86% for “no_trees” (Table 7; Figures 9a – 9d). 

 

At the landscape level, patch density was 5.97 patches per hectare for the first image set, 

11.86 for the second, and 16.84 for the third. Aggregation index was 77% for the first 

image set, 84% for the second, and 82% for the third (Table 8; Figures 10a and 10b).  

 

 

 

Table 7. Class Level FRAGSTATS Analysis 

LID  CLASS PLAND  PD  AREA_AM  AI 
L1MSS_1973  Trees  44.79 3.37 644.01 75.66 

L1MSS_1973 
 
No_trees  55.21 2.60 748.24 78.09 

L5TM_1984  Trees  51.01 5.91 210.63 85.05 

L5TM_1984 
 
No_trees  48.99 5.95 971.44 83.48 

L5TM_2010  Trees  36.65 11.33 102.15 77.03 

L5TM_2010 
 
No_trees  63.35 5.51 1312.51 85.65 

 

 

 

Table 8. Landscape Level FRAGSTATS Results 

LID   PD   AI 
L1MSS_1973 5.97 77.00 
L5TM_1984 11.86 84.28 
L5TM_2010 16.84 82.49 
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Figure 9a – 9d. Class Level FRAGSTATS Results 
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Figure 10a and 10b. Landscape Level FRAGSTATS Results 
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4. DISCUSSION 

Comparing results between matrix unions demonstrates a 1% decrease in tree-cover 

between March 17, 1973 and April 9, 1984, and a 14% decrease between April 9, 1984 

and July 10, 2010. Matrix union results for the period between March 17, 1973 and June 

4, 2010 allow for an accurate determination of net land cover change which could not be 

established from the two aforementioned intervals alone. Results of this analysis 

demonstrate an overall decrease in tree-cover by 9%.  

	

While this study intended to perform change detection analyses over two different 

intervals using an intermediate date (April 9, 1984) to switch to a higher spatial 

resolution, the results of these two intervals introduced greater uncertainty in 

interpretation. For the April 9, 1984 MSS and TM classifications, there was an 8% 

discrepancy in terms of image classification. The Landsat 5 MSS image was classified as 

43% “trees” and 57% “no_trees,” while the Landsat 5 TM image was classified as 51% 

“trees” and 49% “no_trees.” This disagreement in terms of land cover classification can 

likely be attributed to differences in spatial resolution. While both image classifications 

produced the same accuracy assessment, the TM image classification is expected to better 

represent actual land cover for that date due to its finer spatial resolution.  

 

Classification results of imagery acquired by Landsat 5 TM, therefore, poses uncertainty 

to the validity of those acquired by Landsat 1 and Landsat 5 MSS. However, this 

realization is likely be true of any change detection analysis which incorporates data 

acquired by sensors with varying spatial and spectral resolutions. 
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This discrepancy amongst image classifications also leads to uncertainty in determining 

the overall land cover change between the two individual matrix unions.  For this reason, 

a third matrix union was performed between the March 17, 1973 Landsat 1 MSS image 

and the June 4, 2010 Landsat 5 TM image; allowing for a more comprehensible 

interpretation of overall land cover change.  

 

Were imagery available for the beginning of this study period at a finer spatial resolution, 

overall change detection results would likely be greater than are currently realized by this 

analysis. Since classification of imagery acquired by Landsat 5 TM on April 9, 1984 

determined 8% greater tree-cover than the classification of imagery acquired by Landsat 

5 MSS for the same date, the actual abundance of trees across the landscape at the 

beginning of this study is likely underrepresented. Therefore, the overall changes 

resulting from habitat restoration at Bamberger Ranch Preserve are likely 

underrepresented here.  

 

The underrepresentation of land cover change through restoration efforts at Bamberger 

Ranch Preserve is also expected since this study was only able to date back to March 17, 

1973, while the majority of cedar was apparently cleared within the first few years of 

restoration work (Bamberger Ranch Preserve, n.d.). Regardless, results of this analysis 

establish a significant decrease in the relative abundance of trees across the landscape and 

a corresponding increase of grasses (200 hectares).  
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With trees being removed across the landscape, the patch density of “trees” increased 

significantly, while patch density of “no_trees” grew slightly. This can likely be 

attributed to scattered patches of trees being removed from valleys across the landscape 

over time, while confining those which remained to ravines and hill-slopes where they 

likely existed prior their encroachment into grassland areas. Further analysis of the final 

landscape composition supports this claim by demonstrating that much of the remaining 

patches classified as “trees” are restricted to areas of higher gradient (Figure 11). 

Increases in patch density may also be a result of the finer spatial resolution of Landsat 5 

TM imagery. 

 

Overall, aggregation index increased significantly for the period of study. Much of this 

increase is likely a result of the distinct increase in aggregation marked by “no_trees” 

patches. These metrics indicate a decrease in fragmentation resulting from restoration 

efforts at Bamberger Ranch Preserve. This determination is especially true of grassland 

areas, which increased significantly both in size, and in aggregation index. An overall 

increase in patch density across the landscape, along with an increase in the area-

weighted mean patch area of grasslands, and a decrease in that of tree-covered areas 

support this claim.  
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Figure 11. Landscape Gradient and Vegetation Composition  
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5. CONCLUSION 

This project set out to analyze land cover change associated with habitat restoration 

efforts at Bamberger Ranch Preserve through remote sensing analyses. A post-

classification change detection was performed to quantify changes in terms of land cover 

by matrix unions. In addition to quantifying land cover changes, a landscape composition 

analysis sought to provide further detail with respect to distributional changes between 

land cover types.  

 

In managing water supply issues throughout the Texas Hill Country, methods of habitat 

restoration like those which have been practiced at Bamberger Ranch have grown 

increasingly popular. It was determined by this study that Bamberger Ranch Preserve has 

been successful in habitat restoration efforts. While the overall impacts of management 

efforts may be underrepresented, those changes which could be quantified may be 

correlated to the qualitative improvements reported by ranch management since 

beginning restoration work. It is expected that even the 9% overall decrease in tree-cover 

realized by this study would have considerable impacts on the landscape. 

 

Further research would aim to partition existing change detection analyses into 5-10 year 

intervals to better determine land cover changes exhibited over time. Additionally, 

acquiring ground-truth observations points through field surveying would provide a more 

through accuracy assessment and better validate results of this study. 	
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