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Introduction
The Region 3 U.S. Forest Service (USFS) 
Sacramento District Lincoln National For-
est, located in south central New Mexico, 
was designated as a forest reserve in 1902. 
Woolsey (1911) and Plummer et al. (1904) 
described the area as containing significant 
openings with extensive grass-dominated 
understories with approximately 20–70 trees 
per acre. Garrett (2001) reports that current 
conditions of the Lincoln National Forest are 
primarily dense forest and woodland stands 
with densities at or above 200 trees per acre 
and fuel loads in excess of 20 tons per acre. 
Many of the major forest openings, more 
commonly known as meadows, have been 
significantly reduced or altogether eliminated 
due to tree and woody species encroach-
ment. Of the total forest area, meadows 

Montane Meadow and Open Area 
Encroachment in the Lincoln
Forest, Sacramento Grazing Allotment
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occupy a fraction of the landscape, but “their 
beauty and stark contrast with the surround-
ing forest make them favorite destinations. 
One only needs to step from a tunnel of 
dense conifers to a bright oasis of grasses and 
wildflowers to know that mountain meadows 
are precious patches of diversity, havens of 
distinction” (Thompson, 2007). 

In its most casual use, meadow refers to 
all vegetated but treeless portions of an oth-
erwise forested landscape. However, mead-
ows take many forms and occur on diverse 
landscapes.  

Often, they occur where soils 
are too thin and dry to support 
trees—along ridgetops—or, where 
soils are permanently saturated—in 
poorly drained depressions, such as 
those found on landslide depos-
its and glacial landforms. These 
types of meadows are at low risk to 
conifer encroachment. Meadows 
also occur in less extreme environ-
ments—on mesic or moist slopes, 
where soils are productive and well 
drained—conditions that typically 
support an abundance of trees 
(Thompson, 2007). 
 

These are the major forest openings that are 
giving way to tree encroachment. Garrett’s 
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report indicates that this phenomenon has 
occurred as a result of single-species manage-
ment imposed on Region 3 by adjudication 
on the Mexican spotted owl court case and 
other environmental lawsuits. This has im-
peded multiple-use management, particularly 
in the timber sector. No matter the cause, the 
loss of mountain meadows needs to be ad-
dressed. Many species rely on them. They are 
home to various communities of plants that 
cannot survive under the forest canopy. Deer, 
elk, and cattle depend on them for forage. In-
sects, butterflies, and moths rely on meadow 
flowers for pollen and nectar. Predatory birds 
use meadows for hunting grounds.

This report evaluates aerial and satellite 
imagery records of the Lincoln National For-
est by decade over a 60-year period from the 
1940s through early 2000s. Through digital 
analysis of the images and field verification 
utilizing satellite ground positioning system 
(GPS) equipment, tree habitat and forest 
open areas were identified. Results were then 
compared decade-to-decade to determine if 
woody species encroachment has occurred 
and to what extent encroachment has af-
fected the habitat.

Objective
The objective of this study was to create and 
evaluate a georeferenced pictorial baseline 
for the Lincoln National Forest of current 
(2005) ground-level images and of archived 
aerial images from the 1940s to 2002. The 
set will be used to determine if tree encroach-
ment has occurred over time in the montane 
meadows and open forest areas of the prey 
base habitat for the endangered Mexican 
spotted owl (MSO).

Background
Modern computer technology has expanded 
diagnostic capabilities in spectral analysis 
of landform surface images, both in real-
time and of archived satellite images and 

aerial photography. Several software pro-
grams—including ArcView, ArcMap, ENVI, 
Terramodel, and ERDAS Imagine—have 
been developed and refined to examine and 
compare habitat changes through time to de-
tect trends. These programs could be useful 
tools for land managers and policy makers, 
enabling better administrative decisions. 

This technology has also led to more 
efficient utilization of labor in the field by 
allowing technicians in the laboratory to 
examine large areas in a matter of hours in-
stead of spending months in the field. Project 
areas can now be more easily identified in 
the laboratory, resulting in more efficient 
deployment of ground teams for research, 
thus making more efficient use of a limited 
resource base. 

These software programs also evaluate 
large photographed areas faster and more 
effectively than did the older dot grid matrix 
averaging methods, reducing the human sub-
jective error common to the dot grid matrix 
method. The image is spectrally and math-
ematically evaluated at the pixel level with 
discernment beyond the capacity of the hu-
man eye. Stronger and faster computer chips 
have revolutionized this aspect such that 
large agricultural and habitat land images 
that previously would have tied up resources 
for months or years can now be evaluated 
and results returned in a matter of weeks.

New Mexico State University’s Range 
Improvement Task Force (RITF) embarked 
on a project to use this technology to examine 
changes in rangeland characteristics over time 
and under various management practices. 
The first project selected was measuring tree 
encroachment over time in open areas after 
timber harvest and in montane meadow habi-
tat areas of the prey base of the endangered 
Mexican spotted owl. Initially, the only images 
available for vegetation evaluation were satel-
lite infrared images from 1972 to 2002 with 
pixel equivalence ranging from 15 meters to 
10 meters to the pixel across that era. 
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A search for other archived aerial images 
of the area was initiated when a retired forest 
ranger made the RITF aware of their exis-
tence. Their location was unknown, as many 
years had passed since the collection was last 
seen. In the fall of 2003, independent of this 
three-year investigation, the photographs 
were discovered by Forest Service personnel 
cleaning out a storage area, one week before 
contact was made by the RITF in quest 
of these images. The collection comprises 
hundreds of high-definition aerial black-and-
white images in 10-year intervals dating from 
the late 1960s back to the early 1940s. An 
agreement was made between the RITF and 
the Region 3 USFS, Lincoln National Forest, 
to have the collection scanned and digitized 
at high resolution for evaluation.

The different scales of the satellite images 
and the aerial photographs were standardized 
through computer software. The importance 
of this collection is the expanded ability it 
grants researchers to examine the changes 
in montane meadows and open areas over a 
60-year period. Minor changes may escape 
detection in localized areas for a period of 
time or due to scale of the image pixels. 
However, over extended periods of time, 
habitat trends become apparent if there are 
cumulative effects from these minor-scale 
changes. What follows is a description of this 
process as applied to 11 study plots of approx-
imately 1,000 acres (405 hectares) each. These 
sites are known as Areas of Interest (AOIs) in 
the Lincoln National Forest.

Requirements
As with any computer software, image analy-
sis programs require properly trained per-
sonnel to get them to yield accurate results. 
This is further complicated by the lack of a 
single software capable of the analytical tasks 
required by project researchers. As a result, 
during the course of this project the techni-

cians have learned and utilized Terramodel, 
ArcView, ArcMap and ERDAS Imagine. 
ERDAS Imagine 8.6 is being described as a 
working example. 

Landform images are large and occupy 
substantial amounts of memory on the 
computer during evaluation. Large capacity 
hardrives, memory cards and high RAM are 
strongly recommended, as the image and 
evaluation process can easily overwhelm the 
capacity of a computer and crash the pro-
gram. This can result in loss of data or, at 
times, loss of the entire image being evaluat-
ed. Always maintain a backup of the original 
on a CD or another hard drive to avoid data 
loss. The computer chosen for this project 
was a Dell workstation equipped with two 
80-gigabyte (Gb) hardrives, 2 Gb of RAM 
and 2 Gb of memory. A stand-alone large-
capacity tape backup (in this case a Sony AIT 
Drive 100 Gb) was used and is recommend-
ed for additional security of the original files. 

A high-definition flatbed scanner was ac-
quired to convert the aerial black-and-white 
photographs to digital images. A Hewlett 
Packard Scanjet 4600 series flatbed scanner 
was used for this project. For maximum defi-
nition and evaluation, the aerial photographs 
were scanned at 1,200 dots per inch (DPI), 
which resulted in an average size of 110,000 
kilobytes per image. The images were saved 
in the JPEG format. Each scan and nomen-
clature input took approximately 20 minutes. 

The scanned images require rectification 
and registration for useful analysis to occur. 
A template set of 1-meter–scale rectified and 
registered digital orthoquad maps of the proj-
ect area was acquired. These were acquired 
from the Region 3 USFS, Lincoln National 
Forest, in the BIL format. These maps were 
used to align and orient the scanned images 
to the proper scale and facilitate the examina-
tion of changes in the landscape  
over time.
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Image Methodology 
The scanned photographs and the orthoquad 
images are in two formats: JPEG and BIL 
(BIL is not directly usable in ERDAS Imag-
ine). ERDAS Imagine does have the capac-
ity to convert BIL, JPEG, and many other 
formats to the IMAGE format. Converting 
the imagery to the IMAGE format is the first 
step in equalizing the formats for evaluation. 

Once the imagery has been converted 
in ERDAS Imagine, two viewing screens are 
opened showing the rectified template image 
(Figure 1) and the unrectified scanned aerial 
image (Figure 2). To equalize formats, in the 
first view screen, navigate to the folder with 
the rectified map image being used as the 
template and open it. In the second screen, 
navigate to the folder with the scanned aerial 
image being rectified and open it. Landscape 
features are visually matched to the rectified 
orthoquad map.

On the toolbar in the unrectified aerial 
image, click on the “raster” button and then 
click on the “geometric correction” button. A 
series of windows will open, requiring input 
on the constraints within which the rectifica-
tion is to be done. Once the parameters have 
been set, the windows are arranged so that all 
fields can be viewed simultaneously (Figure 3). 

Starting in one corner of the aerial im-
age, identical land features are located and 
have georeferenced points located in both 
images. The close-up view windows allow for 
relatively accurate placement of the points. 
This is done in a serpentine fashion evenly 
distributed across the images until a mini-
mum of 18 to 20 points have been located 
on both images. Once the image has been 
sufficiently covered with reference points, 
the “rectification” button is activated and 
the software converts and orients the aerial 
image to the template orthoquad image. 
This image is opened in a different viewer 
for verification of the accuracy of the opera-
tion (Figure 4). Should the rectified image 
not match the template image as desired—or 
should it be distorted, rendering it useless 

for evaluation—the image is eliminated and 
the process begins anew until the image is 
properly rectified. 

Area Of Interest (AOI) 
Determination 
Decisions of which areas to investigate were 
held to two basic criteria: 1) AOI must have 
montane meadows and other forest open 
areas; 2) AOI must have cloud-free images 
throughout the data series from 1940–2004.

To determine the meadow areas, the 
Lincoln National Forest, Cloudcroft District, 
provided a 2005 map of the Sacramento 
Allotment Summer Pasture Meadow Sites 
(Figure 5). From these meadows, all image 
sets from 1940 through 2004 were examined 
for cloud-free areas and 11 AOIs, each of ap-
proximately 1,000 acres (approximately 2 sq 
mi), were developed. Subsequent calculations 
will be based on this figure.

Each AOI map polygon was then devel-
oped for evaluation. This allows for subset-
ting of the image by clipping out the cloud-
free image with the AOI polygon, which then 
allows for uniform evaluation of the specific 
area across all images contained within the 
AOI (Figures 6 and 7).

Once the image had been rectified and 
subset, the function of pixel spectral iden-
tification and classification could proceed. 
ERDAS Imagine has a spectral analysis func-
tion that allows the software to separate the 
various spectral frequencies by pixel (in the 
gray tone or color value bands), depending on 
the parameters as defined by the technician. 
The classification can be either unsupervised, 
allowing the software to determine the clas-
sification assignments, or supervised, allowing 
the technician to determine the classification 
assignments. Both methods allow for the 
technician to assign the number  of iterations, 
or times the image is mathematically evaluated 
pixel by pixel, for best category assignment of 
the pixel to a classification. It was determined 
that eight classifications derived from six itera-
tions best fit the requirements.
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Figure 1. Rectified Orthoquad Map Template

Figure 2. Unrectified Scanned Aerial Image
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Figure 3. Geometric Correction of Unrectified Image

Figure 4. Geometrically Corrected Rectified Image
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Figure 5. 2005 USFS Region 3 Cloudcroft District Meadows Map Showing Areas of Interest (AOIs)
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Figure 6. Area of Interest to Subset (AOI-A1)

Figure 7. AOI-A1 Subset



Range Improvement Task Force • Report 69 �

between the points in time data sets. The final 
AOI classification set of the preliminary results 
is seen in Figure 14.

Evaluation Methodology
While a visual set of images can give a sense of 
change, it cannot render an empirical evalu-
ation. As can be seen in Figure 8, there is a 
left-hand column called “Histogram” with 
numerical values. This is the pixel count of the 
number of pixels that correspond to the various 
classified spectral designations in the image 
evaluated. These are extracted and placed in 
a common spreadsheet format for evaluation. 
For this project, Microsoft Excel was used.

As a comparison, the manual dot grid 
method was used on the same scanned A0I 
images. The results are tabulated in Table 4.

Each AOI is evaluated individually for 
the pixel percent area covered by trees, mead-
ows, bare ground, and no data. Note the dif-
ference in image quality from one year’s data 
set format to the other in Figures 13 and 14. 
The time frame of the scanned black-and-
white images is the 1940s thru the 1960s, the 
orthoquad is the 1990s, and the infrared is 
the 2000s. 

This evaluation produced the percentage 
of area coverage displayed in Table 1.  
	 Results when the 11 AOIs are aver-
aged by classification are shown in Table 2. 

Once this was accomplished, the classified 
image and the attribute editor were opened in 
a viewer and compared side by side with the 
original AOI image (Figure 8). The color band 
was changed individually from the gray tone 
to a color tone, after determining which gray 
band tone was assigned by the computer to 
the various land attributes in the image (Figure 
9). Brown was assigned to the areas covered by 
trees, green to the areas covered by meadows, 
yellow to bare ground attributes such as roads 
and bare rock, and black to indicate no data 
values. This changes the colors in the image, 
which is then saved as a rectified recolored AOI 
(Figure 10). While this does not change the 
classification mathematical elements, it does 
provide a visual record for ease of viewing by 
interested parties.

This process was repeated for each image 
across all data sets by year. This AOI clipping 
and classification procedure was repeated on 
the infrared satellite images (Figure 11). One 
readily apparent difference was in the pixel 
quality between the AOI images (Figures 10 
and 12). This was due to the difference in the 
scale of the original data image sets. Once all 
data image sets have been evaluated, a visual 
side-by-side preliminary result comparison is 
possible (Figures 12 and 13). The actual pixel 
evaluation is done mathematically to show 
vegetation areas as a percentage of coverage per 
image; the area percentages are then compared 

Figure 8. Attribute Editor and Pixel Gray Tone Assignment
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Classification averages initially confirm the 
visual evaluation of tree encroachment into 
montane meadows and open areas. Table 3 
shows the percent change between each year 
series. The numerical values demonstrate 
the tree/meadow occupancy levels from one 
decade to the next and the overall trend 
across the 60-year period for these AOIs (Fig-
ure 15). One note of interest is the relative 

decline in the amount of bare ground during 
the same period.

While the actual percentages of the dot 
grid method approximate the information 
derived from the software, the numbers obvi-
ously disagree as to how much area is covered 
by which vegetation classification. The most 
immediate problems are: 

1)	 The subjective judgment of the techni-
cian as to which dot entry falls on 
which classification type on marginal 
interface areas.

2)	 The inability to visually distinguish 
between rock outcropping, dirt roads 
and other bare ground land features 
that visually mimic meadows in the 
black-and-white photographs.

To determine the trends over time, the 
base data were evaluated by four basic time 
groups: 1940 through 2000, 1940 through 
1990, 1950 through 1990, and 1990 
through 2000. These groupings were based 
on the major change points of the generated 
graph (Figure 15). The trend line slope for-
mulas are tabulated in Table 5 and illustrated 
in Figures 16–19.

Figure 9. Attribute Editor and Pixel Color Tone Assignment

Figure 10. Rectified and Recolored Classified AOI-A1
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Discussion
When the data are examined in this fashion, 
all time sets show a steady increase in the 
area covered by trees, while all but one of the 
meadow time sets show a steady decline in 
area covered by meadows. All show a decline 
in area covered by bare ground. When the 
time period of 1950 through 1990 is ex-
amined, the tree and meadow area coverage 
remains relatively stable. The most dramatic 
change in trends was from 1990 through 
2000, during which trees increased in area 
coverage by 12.1% while meadow area cover-
age decreased proportionately, by 11.7%. The 
rate of change in tree coverage was 14 times 
greater in the decade from 1990 to 2000 than 
from 1950 to 1990. 

This drastic increase in tree area coverage 
occurred during a short 10-year period com-
pared to the previous relatively stable 40-year 
time period. This 40-year stable period oc-
curred during a time when the Lincoln Forest Figure 11. Satellite Infra-red Image

Figure 12. Infra-red Subset and Recolored Classification AOI-A1
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was managed for multiple uses. Multiple 
use management in the period since 1990 
has been compromised by the single-species 
Mexican spotted owl restrictions imposed on 
Region 3 by an environmental lawsuit. This 
court action restricted multiple use manage-
ment, especially in the timber sector, halting 
the removal of biomass through selective 
timber harvesting.

A separate study, conducted in 2000, of 
the Region 3 USFS timber sales and harvest 
records by forest, showed that the Lincoln 
National Forest average annual rate of har-
vest from 1971 to 1989 was approximately 
12,703 MBF (thousand board feet). In the 
decade following this 20-year period, from 
1990 to 1999, annual rate of harvest fell 
76% to approximately 2,995 MBF. Unlike 

PRIMARY AOI CALCULATIONS

MEADOW
  PIXEL PERCENT
  1940 1950 1960 1970 1980 1990 2000

AOI-A-1 
ACRES

1122
 

NO DATA 0.06% 0.05% 0.05% 0.00% 0.00% 0.00% 0.00%
TREES 23.49% 50.83% 53.08% 45.73% 40.67% 44.75% 62.41%

MEADOWS 65.55% 45.29% 34.16% 44.14% 54.27% 49.13% 26.41%
BARE GROUND 10.90% 3.83% 12.71% 10.13% 5.06% 6.12% 11.18%

AOI-A-2 
ACRES

1238
 

NO DATA 0.08% 0.05% 0.04% 0.00% 0.00% 0.00% 0.00%
TREES 21.75% 45.93% 40.52% 44.60% 59.62% 43.81% 64.41%

MEADOWS 59.88% 43.92% 53.93% 49.74% 37.09% 49.67% 31.28%
BARE GROUND 18.29% 10.09% 5.51% 5.67% 3.29% 6.52% 4.31%

AOI-A-3 
ACRES

897
 

NO DATA 0.09% 0.06% 0.09% 0.00% 0.00% 0.00% 0.00%
TREES 21.28% 38.75% 50.24% 45.11% 51.81% 48.37% 60.81%

MEADOWS 44.77% 49.48% 43.26% 45.83% 44.57% 45.38% 34.68%
BARE GROUND 33.85% 11.70% 6.42% 9.06% 3.62% 6.25% 4.51%

AOI-A-4 
ACRES

1757
 

NO DATA 0.02% 0.03% 0.03% 0.00% 0.00% 0.00% 0.00%
TREES 45.17% 47.75% 44.31% 53.76% 52.07% 53.72% 62.34%

MEADOWS 35.28% 40.57% 42.12% 37.30% 42.41% 36.21% 31.15%
BARE GROUND 19.53% 11.65% 13.54% 8.94% 5.52% 10.08% 6.51%

AOI-A-5 
ACRES

946

NO DATA 0.10% 0.07% 0.09% 0.00% 0.00% 0.00% 0.00%
TREES 55.29% 39.35% 40.66% 55.88% 48.44% 46.19% 54.78%

MEADOWS 34.06% 47.06% 48.35% 37.37% 44.29% 46.54% 38.05%
BARE GROUND 10.56% 13.51% 10.90% 6.75% 7.27% 7.27% 7.17%

AOI-A-6 
ACRES

1652
 

NO DATA 0.00% 0.03% 0.02% 0.00% 0.00% 0.00% 0.00%
TREES 36.22% 50.40% 34.48% 59.52% 48.63% 43.80% 58.09%

MEADOWS 45.80% 38.49% 54.69% 35.98% 45.64% 49.72% 37.06%
BARE GROUND 17.98% 11.08% 10.80% 4.50% 5.73% 6.49% 4.86%

AOI-B-1 
ACRES

691
 

NO DATA 0.05% 11.63% 0.04% 0.00% 0.00% 0.00% 0.00%
TREES 30.39% 34.67% 39.31% 48.94% 46.82% 40.58% 55.15%

MEADOWS 47.04% 42.05% 50.55% 47.16% 48.16% 54.85% 39.37%
BARE GROUND 22.52% 11.64% 10.10% 3.90% 5.02% 4.57% 5.48%

AOI-B-2 
ACRES

1789
 

NO DATA 0.05% 0.03% 0 0.00% 0.00% 0.00% 1.09%
TREES 45.79% 40.38% 0 55.35% 57.83% 46.35% 55.46%

MEADOWS 36.85% 45.42% 0 35.83% 35.04% 46.91% 37.42%
BARE GROUND 17.31% 14.17% 0 8.83% 7.13% 6.74% 6.03%

AOI-B-3 
ACRES

843
 

NO DATA 0.00% 0.04% 0.02% 0.00% 0.00% 0.00% 0.00%
TREES 37.28% 50.54% 46.90% 50.46% 64.43% 39.06% 57.60%

MEADOWS 46.98% 30.67% 41.42% 43.57% 32.63% 54.23% 35.52%
BARE GROUND 15.75% 18.75% 11.67% 5.97% 2.94% 6.71% 6.88%

AOI-B-4 
ACRES

344
 

NO DATA 0.00% 0.01% 0.01% 0.00% 0.00% 0.00% 0.00%
TREES 37.97% 50.51% 50.53% 47.33% 60.22% 47.11% 47.11%

MEADOWS 45.57% 36.84% 41.71% 45.56% 8.89% 49.33% 49.33%
BARE GROUND 16.45% 12.64% 7.75% 7.11% 30.89% 3.56% 3.56%

AOI-B-5 
ACRES

640
 

NO DATA 0.00% 0.07% 0.06% 3.70% 3.70% 3.70% 0.00%
TREES 25.36% 48.29% 37.52% 48.54% 27.78% 51.85% 62.41%

MEADOWS 47.02% 44.63% 48.57% 37.57% 65.61% 36.77% 28.57%
BARE GROUND 27.62% 7.01% 13.85% 10.19% 2.91% 7.67% 9.02%

Table 1. Percentage of AOI Coverage by Classification, from 1940 through 2000
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Table 2. Total AOI Pixel Averages by Classification, 1940 through 2000

Table 3. Total Pixel Percent Change by Decade

Table 4. Meadow and Open Area Coverage by Dot Grid Method
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rock, trees continue to grow and regenerate, 
which accounts for the 12% annual increase 
in encroachment. 

When all of the Region 3 forests in New 
Mexico were compiled for timber harvest 
evaluation, it was discovered that New Mex-
ico harvested timber declined 82% (138,485 
MBF) in the time period 1986 through 
1999. This reduction of approximately 
10,653 MBF per year has resulted in an 
estimated 1,419,405 MBF (about 1.4 billion 
board feet) buildup of unharvested timber in 
New Mexico forests. Of this buildup, almost 
92% has occurred since 1990, with 78% 
of the accumulation occurring since 1992 
(Frost, 2000). A 2001 report by L.D. and P.J. 

Garrett of M3 Research evaluated forest condi-
tions over a 100-year period and noted many 
other studies on the Lincoln National Forest, go-
ing back to 1904.These studies indicate that the 
historical density of this forest at 8,500 to 9,500 
feet elevation (AOI study area elevation) was ap-
proximately “40–70 trees per acre” (p. E-10) with 
cumulative fuel loads at “2–6 tons per acre”  
(p. E-11) and that current densities have in-
creased to approximately “227 trees per acre…an 
average increase of over 170 trees per acre” (p. E-
20). The report concluded that “cumulative fuel 
loads now exceed 20 tons per acre, or four time 
the levels of the presettlement period” (p. E-20).

With regard to meadows and open  
areas, the report states that:

Figure 13. Initial AOI-A1 Classified Image Sets
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Figure 14. Final AOI-A1 Classified Image Sets

Figure 15. Pixel Values Classification Graph
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Table 5. Trend Line Slope Formulas

Figure 16. 1940 to 2000 Trend Line Formula Graph

Figure 17. 1940 to 1990 Trend Line Formula Graph
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Openings have been encroached 
upon in all areas. Presettlement 
period small openings of 1–20 
acres are often not identifiable 
today. Larger parks and glades 
greater than 100 acres are de-
creasing in size due to encroach-
ment. On-site water deficits 
and loss of openings are causing 
declines in wetlands, seeps and 
springs, water recharge and con-
tributions to instream flows. In 

combinations these factors have re-
duced on-site biodiversity. (p. E-20)

They summarize the causes of this phenom-
enon with this statement:

Appropriate thinning and timber 
stand improvements regimes were 
not implemented in the 1960s–
1990s at the levels necessary to re-
duce tree densities, favor the original 
species balance, or through time 
replace the old growth structures. In 

Figure 18. 1950 to 1990 Trend Line Formula Graph

Figure 19. 1990 to 2000 Trend Line Formula Graph
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part, some of these options were 
not available to the USDA Forest 
Service due to extensive environ-
mental opposition to manage-
ment treatments since the 1970s. 
(p. E-13)

More recently, this situation has been 
aggravated by the MSO restrictions imposed 
on Region 3 by the MSO environmental op-
position that restricted timber harvest. Given 
the pattern of encroachment and biomass 
accumulation observed statewide, the likeli-
hood is that tree encroachment into open 
areas and loss of biodiversity is occurring 
throughout Region 3 forests at a rate equal 
to that demonstrated in the Lincoln National 
Forest. Projecting this rate into the future, it 
is clear that unless management practices are 
adjusted open areas will continue to decline, 
forage carrying capacity for all animals will 
decline, biodiversity will continue to decline, 
and the excessive accumulation of biomass 
will enhance the likelihood of catastrophic 
wildfires. In the worst case scenario, wild-
fires potentially could destroy forest habitat 
beyond reasonable recovery. 

Field Verification
Upon completion of the image analysis, 
preparation for conducting field verification 
of the open areas in the AOIs was initiated. 
Over a 15-week period during the summer 
and fall months of 2005, each AOI’s meadow 
and open area tree line was surveyed by foot 
utilizing satellite ground positioning equip-
ment. The GPS unit recorded the techni-
cians’ movements in the field as they trekked 
along the leading growth edge of the existing 
tree line where it encountered meadows and 
open areas. Tree line was determined by the 
outermost tree or tree groups of seedling size 
or larger (greater than two inches diameter). 
When the seedling clusters were widely scat-
tered from the tree line towards the open ar-

eas, the average density edge of the seedlings 
was walked, allowing the outlier individual 
seedlings to be counted for the small open 
areas just inside the tree line. The follow-
ing images (Figures 20–22) are examples of 
this decision process. The red line shows the 
GPS-recorded path taken along the observed 
tree line. The large red arrows show the indi-
vidual seedlings treated as outliers.

A digital camera recorded the existing 
condition of the forest at the time of the 
survey during the summer and early fall 
months of 2005. Images were taken using 
a Sony Cyber Shot 3.2 digital camera at 
locations along the tree line route deemed to 
be the best representative vantage points of 
current conditions. A GPS reading was taken 
to locate and reference the photo points for 
later mapping and for revisiting of the loca-
tion for future comparisons. Images were 
taken by starting from an easterly direction, 
turning 360 degrees, and taking adjacent 
images in a manner that left some overlap of 
the previous image, until the collection of 
images completed a circle recording the tree 
line conditions (approximately 12 images per 
photo point). This was done approximately 
every 500 to 1,000 yards (457 to 914 meters) 
across all AOIs. The following appendices 
show each AOI photomap with photo points 
as located in the field (Appendix B). The 
photo point index (Appendix C) lists the cor-
responding photo image sets taken at  
each point. These correspond to the photo 
images contained on the CD, which can be 
obtained by contacting the RITF coordinator 
at 575-646-2841. Instructions for using the 
index in combination with the maps and CD 
image sets are contained in Appendix B.

When the recorded GPS data sets of the 
tree lines were overlaid on the rectified aerial 
images and the rectified meadows map pro-
vided by the USFS Cloudcroft District office, 
this example image of AOI-A4 was developed 
(Figures 23–24). 
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Conclusion
Computer technology can enhance land 
resource evaluation and aid in on-the-ground 
management. Computer equipment and 
software advances allow resource agencies to 
evaluate historical aerial photographs and 
satellite images with relative side-by-side 
equality. This technology also enhances the 
detection and observation of landscape and 
habitat trends across time, allowing a higher 
degree of accuracy and confidence by mini-
mizing subjective human error. 

This study of meadow and open areas 
demonstrates not only that the trees have 
encroached into the montane meadows 
but also at what rate, at what point in time  
the changes occurred, and to what degree 
encroachment occurred across 60 years. The 
standard dot grid matrix method, tradition-
ally used, also can detect these landscape 
attribute changes across time; however, it is 
hindered by the subjective nature of human 
observation. The dot grid method should not 
be discarded altogether in favor of exclusive 
reliance on computer technology. It should be 
kept as a spot check and balance verification 
of this technology. Also, field ground truthing 
should always be employed for verification or 
contradiction of what is found in the labora-
tory, as static images only record a point in 
time on a dynamic landscape. What is in the 
image of yesterday does not necessarily repre-
sent what is on the ground today, as changes 
have occurred since the image was made.

Habitat area of the meadow prey base for 
the Mexican spotted owl had remained rela-
tively stable over the 50-year period between 
1940 and 1990, during which all AOIs were 
studied, and has declined significantly since 
the 1990s. A comprehensive study using 
the technology can potentially demonstrate 
how extensively this habitat degradation has 
occurred and during which time periods the 
degradation was more pronounced. When 
coupled with the history of the administra-
tion of the area, implications for management 
policy outcomes can be assessed. 

The completion of this study will also 
aid in future resource decisions as to how to 
augment management to change the direction 
of this habitat alteration and other rangeland 
degradation. The compiled data set could 
now be potentially correlated with other data 
sets such as logging, grazing, wildlife, or other 
records, to determine relationships.

Figure 21. GPS Recorded Tree Line Showing Outlier Seedlings

Figure 20. GPS Recorded Tree Line Showing Outlier Seedlings
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One tremendous potential of this image 
set analysis technology, opening the door for 
further research, is the flexibility of the image 
data sets once established. At any time in the 
future, the image AOIs can be changed in 
location and size, increased or decreased in 
number, or completely redone, creating new 
ones for examination of the images from the 

perspective of a different query. This can be 
done at any time without having to go back 
into the field and attempt to reestablish or 
duplicate field examinations, as is the case 
with current investigative practices. This 
gives resource managers and researchers a tool 
to use in ways not yet imagined.

Figure 22. GPS Recorded Tree Line Showing Outlier Seedlings

Figure 23. Recorded GPS Route and Photo Points as Overlaid onto Rectified 
Aerial Image of AOI-A4



Range Improvement Task Force • Report 69 21

Figure 24. Recorded GPS Route and Photos Points as Overlaid onto USFS Meadows
Map of AOI-A4
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Appendix A: Inherent Problems
While this mapping technology has en-
hanced evaluation qualities, it is not without 
problems. Some of the factors to consider 
while conducting this type of investigation 
are summarized below.

Age – The age of the photograph to be 
scanned affects the quality of the image 
because colors can fade, the paper can 
yellow and crack, water damage can alter 
spectral quality, and bug holes can remove 
pertinent information. Some of this can 
be accounted for in the software program 
but not very much. The problem area(s) 
can be clipped out of the image and left 
blank, but these clipped areas will have to 
be removed on all subsequent images to 
maintain equality of evaluation from one 
image set to another.

Capacity of computer – The capacity of the 
computer affects the functionality of the 
program being used. If the image is large 
enough, and most are, some software pro-
grams, such as Terramodel, cannot handle 
the magnitude of the calculations, causing 
the system to lock up or crash altogether. 
Larger memory chips and drives can be 
installed on existing systems, but experi-
ence has shown that this is, at best, a short 
term fix, as cumulative files and project 
demands soon outstrip the computer’s ca-
pacity. Obtaining a stand-alone computer 
system that is designed to handle large 
files and calculations solves this problem.

Capacity of software – Several programs ex-
ist for map making and spectral modeling. 
Not all of them perform the same func-
tions, so the outcome of the project design 
and the file formats being used dictate the 
software to be obtained. Until a program 
is developed that combines all these func-
tions, in most cases the best solution is to 
install multiple map-making and spectral 

modeling programs on a computer with 
sufficient capacity to support them, and to 
make sure technicians are trained in their use.

Clouds – Cloud cover in the image prevents 
the spectral information on the ground 
from reaching the camera or sensing tool. 
The software reads the spectral informa-
tion as white, which could be added to the 
bare ground category or possibly to the 
unclassified category. Either way, clouds 
interfere with evaluating the spectral 
information on the ground under them. 
They can be clipped out of the image and 
left blank, but these clipped areas will have 
to be removed on all subsequent images to 
maintain equality of evaluation from one 
image set to another. If this occurs across 
several images in a mosaic, the quality of 
the information will diminish.

Glare – Photographic highlights (especially 
on glossy photographs), known as glare, 
give false spectral information of the im-
age, known either as false positives or as 
false negatives. Large bare ground areas 
of meadows were problematic in this area 
on some of the photographs that were 
scanned, as the time of year was before 
the grass had greened up for the season or 
was not greened up due to drought. On 
a few of the scanned photographs, some 
areas with trees had so much glare that 
the software designated them as meadows 
or bare ground. Attempts to use other 
software programs to lighten or darken 
the problem photographs failed, as the 
program darkens and lightens the entire 
image, rendering the results of classifica-
tion questionable (meadows became treed 
areas in some cases). The best results come 
from a photograph that is uniform across 
the entire image, but this is difficult to 
expect of archived historical photographs.
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Ground truthing – What you see may not 
be what you get. Photographs and im-
ages represent a static point in time. The 
project area may have changed in some 
attribute, such as vegetation type, or by 
anthropomorphic alternation of the sur-
face since the latest image on file. Some-
times land features may be mimicking 
what is being examined. Consequently, 
once the project area has been laid out 
and developed, a GIS field team needs to 
be sent out to verify the specific attributes 
being studied. Without this validation, 
the results of the study will be an armchair 
educated guess.

Mosaic of images – To create the largest im-
age possible of these archival photographs, 
all of the images taken in the same year 
will be pieced together by the rectification 
and registration assigned to the images. 
The rectification method used here requires 
numerous points of human input per im-
age. This works well in areas where street 
corners are convenient reference points 
through time. However, obvious points in 
natural areas become confusing when de-
cades of growth or lack of growth, or physi-
cal attribute alterations (such as logging) 
change the landscape as seen from above. 
Multiple points per image across multiple 
photographs scanned means potentially 
multiple opportunities for some degree of 
human error to occur. If this is not con-
trolled, any results derived or inferred from 
the classification will be compromised.

Resolution – When working with differ-
ent formats, the area covered by pixel can 
vary greatly. When doing comparisons 
between formats, the scale between images 
and source materials can vary greatly. For 
example, the pixel scale of the scanned 
photographs is approximately one meter 
per pixel, while the satellite images range 
from 10 to 15 meters per pixel. This re-
duces any comparisons between formats to 

a percentage of area coverage rather than a 
direct pixel-by-pixel comparison.

Rectification – When rectifying raw im-
ages, placement of the alignment points is 
critical. Should the image being rectified 
not align properly, the target attributes to 
be classified will be misrepresented. The 
misalignment can either make the attribute 
larger, make it smaller or make it disappear 
altogether due to coverage from an adjacent 
image during the mosaic overlay process.

Writings and drawn objects – On archived 
aerial photographs, drawing or writing 
directly on the image alters the spectral in-
formation and, much like a cloud, cannot 
be removed (see 1959 and 1969 in Figures 
13 and 14). This can be clipped out of the 
image and the area left blank, but these 
clipped areas will have to be removed on 
all subsequent images to maintain equal-
ity of evaluation from one image set to 
another. If this occurs across several images 
in a mosaic, the compound quality of the 
information derived will diminish.
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Appendix B: Mapped AOIs with 
Geo-Referenced Photo Points
The following images demonstrate the geo-
referenced photo points for each of the 11 
mapped AOIs. Appendix C contains an 
indexed list of each AOI and related photo 
points with the photograph sets taken at each 
point. All AOI photos are contained on CD 
sets which can be obtained by contacting the 
RITF coordinator at 575-646-2841. To view 
the images, insert and open the CD of the AOI 
of interest, scroll through the list of images and 
open the photo images listed for that photo 
point in a picture viewer.

For example, AOI-A1, Russia Canyon, 
has 52 geo-referenced photo points. The cor-
responding photo sequence is displayed in 
Appendix C. In the book sleeve containing 
the CDs, locate the one labeled “AOI-A1” and 
load the disc into the CD drive. Using the map 
in Appendix B for AOI-A1 (page 28), deter-
mine which photo point is to be examined and 
locate the corresponding photo set number(s) 
from the index in Appendix C. (For this 
example, AOI-A1 photo point 36 on page 41 
contains the image set 825–837). Locate those 
photo numbers on the CD and open them in 
the computer’s picture viewing program. 
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AOI-A1, Russia Canyon

AOI-A2, Lower Lucas Canyon
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AOI-A3, Upper Lucas Canyon

AOI-A4, Atkinson Canyon
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 AOI-A6, Dark and Wilmeth Canyons

AOI-A5, Bluff Springs
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AOI-B1, Bear Canyon

AOI-B2, Willie White and Wills Canyons



Range Improvement Task Force • Report 6930

AOI-B3, Cathy and Deadman Canyons

AOI-B4, Sunspot Entrance
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Forest Openings Special Areas

AOI-B5, Hay Canyon



Range Improvement Task Force • Report 6932

Appendix C: Index of Mapped 
Geo-Referenced Photograph 
Groups
Note: Photograph sets are, for the most part, 
consistent in sequence for the majority of the 
project; however, several photographs and 
sets were not included in these data sets due 
to lack of relevance to the study focus of this 
project. Thus, there are sequential gaps in 
the number series that should not be of con-
cern. Also, the field surveys were conducted 
in a manner conducive to the field condi-
tions and the need for efficiency of collecting 
data when the surveyors were in adjoining 
AOIs; thus the geo-photo points do not nec-
essarily follow a consistent sequence within 
some of the AOIs. 

This index lists the AOIs in order, fol-
lowed by the geo-referenced photo point 
with the photo sets and individual images 
taken at those locations. To examine the 
photographs taken at specific locations, 
locate the CD labeled to match the AOI 
map being reviewed and load the CD in 
a computer with software compatible for 
reading JPEG and movie files. Locate the 
geo-referenced point of interest on the AOI 
map, then the corresponding number in 
the following index. Locate the photograph 
number sets in the right hand column and 
then open the related JPEG or movie on the 
related CD.
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