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Abstract Road prisms, including cutbanks, road
surfaces, and fillslopes, can be important contrib-
utors of sediment to streams in forested water-
sheds. Following road construction, cutbanks and
fillslopes are often seeded, mulched, and some-
times fertilized to limit erosion and sedimentation.
Assessing the success of vegetation establishment
on cutbanks and fillslopes is a common task of
forested land managers. This study developed and
applied a photographic image analysis method
to assess percent ground cover along an entire
cutbank of a cut-and-fill haul road in the Monon-
gahela National Forest in Tucker County, West
Virginia. Variable-sized sections were employed
to quantify the vegetative cover. Measurements
obtained by this technique were similar to more
commonly applied fixed-area plots, and it proved
to be a useful tool for land managers who require
a more repeatable quantification of ground cover
than is possible through visual assessments. Cut-
bank slope and aspect also were analyzed to deter-
mine their potential impact on cutbank vegetation
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establishment. Slope was not a significant variable
in explaining differences in vegetation cover; how-
ever, aspect did affect vegetation establishment.
South-facing aspects had significantly lower per-
cent vegetation cover than northeast, east, north-
west, and north northwest aspects after the first
year following seeding and throughout the entire
study. Mean percent cover on the south-facing
cutbanks was 32% over all time periods, com-
pared to 60% to 73% for the other represented as-
pects. This result was expected since south-facing
slopes generally are drier in the growing season
and are subject to more freeze–thaw cycles in
the winter. Timber felled onto the cutbank also
decreased vegetative cover in the short term on
north and north northwest aspects, but vegetation
quickly became reestablished on these aspects
with their favorable growing conditions.

Keywords Aspect · Cut slope · Best management
practices · Road prism · Revegetation ·
Variable-sized sampling areas

Introduction

Road prisms (top of the cutbank to the base of
the fillslope) are the major sources of sediment
in managed forests, in part because they are the
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largest sources of exposed soil, which makes them
highly susceptible to erosion. Consequently, one
of the major road-related best management prac-
tices in forestry is covering soil quickly to improve
stabilization. Soil covering usually takes the form
of placement of gravel or other type of aggregate
on the driving surface and seeding the remaining
exposed soil on the fillslopes and cutbanks. Lim-
ing, fertilizing, and/or mulching can accompany
the application of seed to promote and accelerate
revegetation.

Within the road prism, fillslopes often have
lower total erosion than cutbanks (Swift 1984;
Bochet and García-Fayos 2004). The former tend
to revegetate more quickly and completely be-
cause fillslopes are constructed of unconsolidated
sidecast soil, and the sidecast material can contain
fertile topsoil (Bochet and García-Fayos 2004)
removed from the excavated portion of the road
prism. Conversely, cutbanks provide some of the
least conducive conditions for revegetation, unless
they are gently sloping (Bochet and García-Fayos
2004). Cutbanks are composed of residual subsoil
that may be more compacted than surface soils,
and the more-fertile top soil has been removed
during road excavation. Seed and mulch are sus-
ceptible to washing off of steep cutbanks during
rain events or to dry ravel by gravity (Burroughs
and King 1989; García-Fayos and Cerdà 1997).
Cutbank soils and vegetation also are susceptible
to frost heaving (Swift 1984; Burroughs and King
1989; Rowe 2001; Takeda et al. 2002), making per-
manent root establishment difficult (Hursh 1949).
Moist surfaces from intercepted subsurface flow
also promote repeated slumping (Burroughs and
King 1989), thereby retarding revegetation.

Because of the difficulty in establishing vege-
tation, particularly on cutbanks, many agencies,
industries, and states have “catch and cover”
thresholds for reseeding. That is, minimum veg-
etation establishment levels are set, and if vegeta-
tion does not meet those levels, reseeding and/or
other actions follow to achieve at least that min-
imum cover requirement. Whether formally or
informally defined, a level of 50% to 60% cover
often is used as the minimum threshold, because
erosion is greatly reduced once vegetative cover
reaches these levels (Quinton et al. 1997; Loch
2000).

While there are a variety of well-established
quantitative procedures to determine vegetative
cover (Sykes et al. 1983; Floyd and Anderson
1987; Gregoire and Valentine 2008), few of these
are actually used to evaluate cover on cutbanks,
probably due to the time involved and the diffi-
culty in estimating cover on steep slopes. Instead,
cover typically is estimated visually and qualita-
tively during site inspection, so the accuracy of
those estimates depends upon the experience of
the inspector. However, there may be situations
where vegetation establishment must be ensured
and perhaps even documented without risking the
potential damage to established vegetation that
can occur by physically walking or standing on
steep cutbanks. Toward this end, we developed
a procedure that is suitable for use by land man-
agers to quantify vegetative cover along entire
lengths of road cutbanks, from the top of the bank
to the base, using image analysis of photographs
taken from the road. This procedure eliminates
concerns related to obtaining sufficient measure-
ments from plots and errors associated with ensur-
ing the measured sample areas are representative
of the entire cutbank length. We tracked the cover
over several years, including a period when the
bank was damaged by harvesting trees upslope of
the road, to obtain information about vegetation
establishment on cutbanks and illustrate the utility
of this method.

Materials and methods

Background

The study area was a forested watershed in the
Cheat District of the Monongahela National For-
est in Tucker County, West Virginia (Fig. 1).
Within this watershed, 918 m of a cut-and-fill type
haul road (Forest Service Road 973) was con-
structed for a timber sale. The road was pioneered
in 2002 and completed by late summer 2003. The
entire cutbank length was open to sunlight due
to the relatively wide road right-of-way and steep
hillslopes.

In October 2002, a slurry of a seed mix-
ture (applied at a rate of 40 kg ha−1) including
Kentucky 31 fescue (Festuca arundinacea; 63%),
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Fig. 1 Location of the
study watershed in the
Cheat District of the
Monongahela National
Forest, Tucker County,
West Virginia

orchard grass (Dactylis glomerata; 31%), and
ladino clover (Trifolium repens; 6%) combined
with fertilizer (10–20–20; applied at the rate of
567 kg ha−1), cellulose fiber mulch (applied at the
rate of 1700 kg ha−1), and lime (applied at the rate
of 4.55 metric ton ha−1) was applied to the
cutbanks and fillslopes via hydroseeding at and
immediately adjacent to three stream crossings
(Fig. 1). The mulch application was very thin and
did not appear to be effective at holding the seed
in place. According to Forest Service records, the
contractor applied temporary seed and mulch to
the remaining cutbank and fillslope lengths in
November 2002, but this application was at the
end of the allowable seeding period and there was
snow on the ground at the time of application.

Consequently, this application had little effect on
vegetation establishment.

Because of the lack of cover on the cutbanks
and fillslopes and visible sediment delivery to
the stream (Stedman 2008), in May 2003, the
same seed mixture was applied again at a rate of
80 kg ha−1 along with the previous rates of lime,
fertilizer, and cellulose mulch to the fillslopes
and cutbanks at the three stream crossings. The
remaining lengths of the watershed’s cutbanks
and fillslopes were seeded, fertilized, limed, and
mulched in sections as the road was completed
during the summer of 2003 through October 2003;
the application rates were the same as those
used in 2002. Vegetation on the fillslope became
established fairly rapidly and completely during
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summer and fall 2003. By contrast, seed establish-
ment on the cutbank was observed to be relatively
unsuccessful, but no seed or other amendments
were applied after 2003.

In 2005, timber harvesting occurred in a portion
of the watershed just upslope from and along
approximately the first 310 m of the road (Fig. 1).
Approximately 46% of the total cutbank area
was within the sections along that length of road.
During that operation, which spanned from July
15 to the end of August, trees were felled onto
the cutbank and dragged upslope off of it. As
a result, the cutbank was damaged throughout
that length—patches of cutbank vegetation were
pulled out, and in some places, the soil was gouged
deeply.

Climate and soil characteristics

The 30-year average air temperature for the area
is 9.43◦C, and the 22-year average precipitation
is 65.31 cm year−1 (unpublished data). The frost-
free season averages about 145 days. During the
winter, temperatures can periodically fall between
−23◦C and −29◦C (USDA Forest Service 1987).
Average air temperature and precipitation for the
growing season (April through September) and
dormant season (October through March) of the
years 2002 to 2007 are presented in Table 1.

Three soil complexes and associations exist
within the watershed where the haul road was
constructed: Berks, Brownsville, and Highsplint.
Berks, Brownsville, and Highsplint are loamy-
skeletal, mixed, active, mesic Typic Dystrudepts
(USDA Natural Resources Conservation Service
1999). These soils are considered moderately
erodible, except on steep slopes where they are
considered moderately or highly erodible. The

cutbanks in this watershed would qualify as steep
slopes.

Field techniques for evaluating cutbank cover

The cutbank was divided into 24 sections in early
summer 2004 (Fig. 2). Each section’s boundaries
were defined by the positions of water control
features on the road; thus, the start and end of
sections were at cross drain culverts or boundaries
of broad-based dips and, in one case, a grade
break in the road. This method was used simply
because it provided a systematic approach for
dividing the cutbank into lengths that were easily
defined and generally allowed investigation into
the importance of aspect on revegetation.

The beginning and ending boundaries of each
section were delineated with reinforcing bar (re-
bar), which was hammered into the ground along
the top of the cutbank. A metal tag with the
section number was affixed to each rebar. Sec-
tion numbers were sequential from 104 to 129
(Fig. 2). Section designations began from where
the road entered the watershed to where it ex-
ited it, moving from low to high elevation; for
example, section 104 was the area between section
tags 104 and 105. Sections were not delineated at
the stream crossings. No section demarcation was
made along the base of the cutbank because there
was a concern that markers would be knocked
out or moved during road maintenance, or tires
would be damaged if vehicles drove too close to
the cutbank.

The percent vegetative cover within each sec-
tion was analyzed from 2004 through 2007 us-
ing digital photographs. Because entire cutbank
sections were too long to be photographed in
a single frame, each section was divided into

Table 1 Mean air
temperatures and total
precipitation for the
growing season (April
through September) and
dormant season (October
through March) for the
years before, during, and
after cutbank seeding

Year Air temperature Precipitation

Growing Dormant Growing Dormant
◦C cm

2002 17.56 0.17 79.6 90.4
2003 14.57 0.52 111.7 92.0
2004 15.40 1.38 94.2 85.3
2005 15.53 0.57 63.2 82.7
2006 15.43 1.98 91.3 77.2
2007 16.72 2.20 86.0 94.0
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Fig. 2 Map of the study
area showing cutbank
sections along the Forest
Service haul road

subsections, which were photographed in succes-
sion. Two-centimeter diameter polyvinyl chloride
(PVC) pipe was placed vertically on the cutbank
at approximately 3- to 4-m intervals to define the
subsections. Thus, a given piece of pipe denoted
both the right edge of one subsection and the
left edge of the next subsection, and the pipe was
not moved until both subsections had been pho-
tographed. Subsection divisions were not marked
permanently and were not consistent widths or
areas from year to year, but this was not a problem
since the annual results were calculated as percent
of the total area covered by vegetation. For areas
of the cutbank that were too tall for a single
3-m-long section of PVC pipe, additional sections
were attached using joint connectors. Generally,
two cutbank subsections each year were too tall
to include the entire height of the subsection
in a single camera frame. Consequently, these
subsections were divided into upper and lower
parts, with PVC pipe also laid horizontally on the
cutbank.

A Canon PowerShot G2™ 4.0-megapixel
digital camera was used to photograph each sub-
section. Pictures were taken by standing on a bed-
mounted tool box in a pickup truck. The truck was
driven to approximately the center of each subsec-
tion for each photograph, and the camera was held
above the photographer, approximately parallel
to the cutbank surface to reduce displacement
between the top and bottom of the photograph.
The tiltable liquid crystal display on the camera
allowed the cutbank image to be viewed while
the camera was held in the air. Each photograph
included both the left and right subsection PVC
pipe dividers. Section and subsection informa-
tion and corresponding photograph numbers were
recorded in a field notebook for reference during
subsequent image analysis.

Five sets of photographs were taken from 2004
to 2007. In 2004, 2006, and 2007, the cutbank
was photographed in July. In 2005, photographs
were taken in mid-June to ensure that the cutbank
could be photographed fully before logging began
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and road access within the watershed would be-
come limited. When logging damage to the cut-
bank between sections 104 and 113 was observed,
a second set of photographs of only those sections
was taken in early September 2005. Data for sec-
tions 114 and 129 were not available for all years
because of modifications to the cutbanks so those
sections were excluded from the analyses.

Because there is tilt and topographic displace-
ment associated with the photographs as they
moved away from the isocenter and nadir (Uni-
versity of California, Santa Barbara 2008) and
vegetative cover estimates may be affected as a
result of that displacement, we evaluated those
effects on the quantification of percent vegeta-
tive cover. This was done on six subsections of
cutbank: two of these were well vegetated, two
were moderately well vegetated, and two were
poorly vegetated. Five 0.61 × 0.61-m squares con-
structed of 2-cm-diameter PVC pipe were placed
on each of the six subsections, with one square
approximately in the middle, two near the top
of the cutbank on the right and left sides of the
subsection, and two near the bottom of the cut-
bank on the right and left sides of the subsection.
With the five squares in place, a photograph of
each of the six subsections was taken from the
truck using the same procedures as for the rest
of the study. The two well-vegetated and mod-
erately well-vegetated subsections were relatively
tall, so the photographs were taken in portrait
layout, whereas the poorly vegetated subsections
were taken in landscape layout since they were
relatively short. Portrait orientation also was used
for tall subsections and landscape for short subsec-
tions during the main part of the study.

Immediately after taking the full subsection
photographs, a photograph of each square was
taken while standing on the cutbank. The camera
was attached to a camera mount on a prism pole
set at 1.8 m and positioned at the edge of and
directly over each square at the approximate angle
of the cutbank to make the camera parallel to the
ground surface. These paired sets of photographs
were used to compare the effects of displacement
on vegetative cover by comparing the percent
cover within the squares from the photographs
taken from the truck (i.e., where displacement was
greatest) to those taken directly above the squares

(i.e., where displacement was least). The test data
set contained subsampled areas from the three
different cover classes taken from the truck (n =
30) and from directly above the squares (n = 30).

Photographic image processing

ArcGIS™ 9.1 and extension software XTools
Pro™ were used to create a boundary shapefile
for each subsection. Points were inserted along
the upper and lower cutbank boundaries and both
vertical pieces of PVC pipe to create the boundary
shapefile (Fig. 3a). There was some subjectivity in
identifying the top and bottom boundaries, espe-
cially when the cutbanks became better vegetated,
because the borders were not defined in the field.
To aid in defining the boundaries, photographs
from adjacent sections and previous year(s) were
used to define them more consistently.

Vegetation in each photograph was identified
using the supervised multispectral classification
process in ERDAS IMAGINE® 8.7. First, a
signature file containing two cover classes, “veg-
etation” and “other”, was developed from a sub-
set of images deemed representative of all cover
conditions on the cutbank. Next, a second ran-
domly selected group of images was classified with
the signature file. These images were checked
for accuracy in ArcMap™ by overlaying a semi-
transparent classified image produced in ERDAS
IMAGINE® over the corresponding original im-
age (Fig. 3b). If there was a significant amount of
vegetation that was not classified as vegetation,
the signature file was adjusted and tested again.
After the signature file satisfactorily classified the
test image subset, it was used to classify all of the
images.

The classified image files were converted
to cover shapefiles using the extension Image
Analysis™ for ArcGIS raster-to-feature data con-
version tool. Next, each cover shapefile was
clipped using its boundary shapefile. The end re-
sult of the image processing was a thematic shape-
file for each subsection that contained polygons
coded as either “vegetation” or “other”. Total
area (in square pixels) by cover class was summed
and recorded for each subsection.

Because the photograph of each sequential
subsection was a different scale due to the way
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Fig. 3 a A boundary
shapefile was created for
the subsection in each
photograph and then used
to extract the subsection
area from the classified
image. b Results from the
classification process are
displayed over the
original photograph with
pixels classified as
“vegetation” given a
red tint

ba

each picture was taken in the field—that is, as
the pickup truck moved from one subsection to
another, the distance between the camera and the
cutbank was not the same—all subsection areas
within each cutbank section were adjusted to a
common scale. The scale factor between subsec-
tion photographs could be determined in one di-
mension and then squared before it was used to
adjust the areas because the underlying unit of
measure was square (i.e., a square pixel). Adja-
cent subsections always had a vertical PVC pipe
in common, so height was the dimension chosen
for scaling.

ArcMap™ was used to measure the height of
each subsection boundary shapefile at its right and
left edges with the first subsection in each section
used as the base scale. A scale factor was calcu-
lated between each sequential pair of subsections
(beginning at the left-most subsection and moving
to the right) by dividing the right edge height of
the first subsection by the left edge height of the
second subsection. Next, adjusted edge heights
were calculated for the second subsection using
the scale factor. The process then was repeated
for the second and third subsections and so on
until a scale factor had been calculated for each
sequential pair of subsections. An adjusted area
was calculated for each cover class in each subsec-

tion by multiplying the area recorded above by the
subsection’s squared scale factor. Percent “vegeta-
tion” and “other” for each section were calculated
by summing all adjusted areas by category from
each subsection and dividing the category total
by the total area of that section (i.e., the sum of
“vegetation” and “other” areas) and multiplying
by 100. To test for topographic displacement ef-
fects on vegetative cover results, the photographs
of the squares taken from the truck and from the
individual photographs for the six test subsections
were processed as described above, except that no
scale factors were needed.

Other variables

Mean azimuth and slope data for each section
were calculated using ArcGIS™ 3D Analyst. Ele-
vation points at the top and bottom of the cutbank
sections had been collected using a total station
during other research activities in the watershed,
and these were used to construct a triangular ir-
regular network (TIN) of each cutbank section.
Azimuth (degrees) and slope (percent) grids were
derived from each TIN, and then mean azimuth
and mean slope were calculated for each section
as area-weighted averages.
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Statistical analyses

Statistical analysis of the percent vegetation in
each section was performed using SAS® 9.1 (SAS
Institute 2003). The percentages were tested for
normality, and the results indicated that the data
were not normally distributed. However, the nor-
mal probability plot showed the data were very
close to being normally distributed—the excep-
tion being a slight deviation from normal in only
a few sections with the highest percent cover.
The typical transformation for percentage data is
arcsine (y0.5), which makes the interpretation of
statistical test results extremely difficult relative
to the original data (Studebaker 1985). Some ini-
tial tests of differences among sections were run
on arcsine-transformed data and untransformed
data, and the statistical probabilities were identi-
cal or nearly identical. Consequently, because of
the near-normal distribution, initial test results,
and greater ease in interpreting untransformed
data, all tests were on the original untransformed
percentages.

A mixed model repeated measures analysis was
used to test for significant differences over time.
Data were separated into 2004, 2005pre (i.e., 2005
before timber harvesting), 2005post (i.e., 2005 af-
ter timber harvesting), 2006, and 2007 data sets.
Results were considered significant at α = 0.05.

An analysis of variance (ANOVA) was used
to test whether cutbank slope or azimuth affected
mean percent vegetative cover. Mean slope and
mean azimuth for each section were used as con-
tinuous variables. Mean cutbank slopes ranged
from just above 70% to just less than 120%
(Fig. 4). Cutbank sections also were grouped into
aspect categories (Table 2) based on similar az-
imuth values, and an ANOVA was run to test for
differences among aspect categories. Tukey’s Stu-
dentized range (honestly significant differences)
test was used for mean separation. Results were
considered significant at α = 0.05.

Nonparametric statistics were used to test for
displacement effects because these data were
not normally distributed. To test whether pho-
tographic displacement had a significant effect
on percent cover, a Kruskal–Wallis ANOVA
on ranks (SAS Institute 2003) was performed.
The percent vegetation within the squares pho-

Fig. 4 Mean slope (%) for each section included in the
analyses

tographed from the truck was compared to the
percent vegetation in the squares from pho-
tographs taken from directly above them for
all of the subsections combined. Kruskal–Wallis
ANOVA tests on ranks also were performed
by cover class (i.e., by well-vegetated, moder-
ately well-vegetated, and poorly vegetated sub-
sections). Nonparametric test results also were
considered significant at α = 0.05.

Results and discussion

Displacement effects on percent vegetation

Because the overall utility of this variable-sized
area approach for assessing cover depends upon
how much of an effect the position of the cam-
era had on vegetative cover, we describe these
results first. There were no differences in percent
cover between the two photographic locations for
all subsections combined (P = 0.859) or by cover
class (well vegetated P = 0.705; moderately well

Table 2 Cutbank sections included in each aspect cate-
gory; refer to Fig. 2 for the locations of the cutbank sections

Aspect category Cutbank sections

Northeast (25–45◦) 118, 119, 120
East (80–125◦) 115, 116, 117, 122, 123
South (160–210◦) 125, 126, 127, 128
Northwest (300–320◦) 110, 111, 112, 113
North northwest (325–345◦) 104, 105, 106, 107, 108, 109

Sections 114 and 129 were not included in analyses in this
paper
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Fig. 5 Vegetation
coverage in each cutbank
section by time period

vegetated P=0.290; poorly vegetated P=0.940),
suggesting that our technique provided reason-
able estimates of percent cover. The lack of statis-
tical differences by cover class indicates that the
photograph orientation (portrait or landscape)
also did not affect the results.

Cutbank vegetative cover

Even though vegetation was very sparse in 2003
prior to monitoring, by 2004, 16 of the 22 sections
had at least 40% vegetative cover (Fig. 5), and the
mean cover was 64%. The remaining six sections
averaged 32% vegetation. Average percent cover
for all sections in 2004 was 55% (Table 3).

The largest single-year gain in vegetation oc-
curred between 2004 and 2005pre (Table 3). Over
that year, vegetative cover increased by nine per-
centage points. Later increases were very small
or negative, even when the cutbank sections in
the harvest area were removed from consideration

(Table 3). After 2 years of growth, overall veg-
etative development appeared to have reached a
plateau of about 60% to 64% cover.

Azimuth was important at explaining cover
(P = 0.0111); there were differences in vegeta-
tive growth on sections with different aspects.
Northeast-, east-, and north northwest-facing cut-
bank sections comprised more than half of the
subsections (Table 2) and followed the general
pattern of quickly reaching a plateau between
60% and 70% cover (Table 4). By contrast,
the northwest-facing cutbank sections continued
to increase slightly through time (excluding the
harvest-year effect) reaching an average cover
of 83%. These northwest-facing cutbank sections
may have had an advantage over other cutbank
sections in that they had the combined bene-
fits of the afternoon sun and later day warm-
ing associated with west-facing slopes, along with
lower direct solar radiation and evapotranspira-
tional losses associated with north-facing slopes.

Table 3 Mean percent
vegetative cover by time
period

Time periods with
different letters within a
column were significantly
different at α = 0.05

Time Dates photographs Vegetative cover
period were taken All sections Sections not Sections in

in harvest area harvest area

%

2004 July 20, 21, 23, 29 55.4a 47.5ab 64.9a
2005pre June 16, 29 64.4bc 54.3ab 76.4b
2005post Sept. 7–8 − − 40.8c
2006 July 6 64.1b 54.9a 75.1b
2007 July 3 60.7ac 50.5b 73.0b
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Table 4 Means and standard deviations of percent vegetative cover in the different aspect categories measured on the road
cutbank

Time period Aspect category

Northeast East South Northwest North northwest
(25–45◦) (80–125◦) (160–210◦) (300–320◦) (325–345◦)

%

2004 45.8 ± 9.4a 56.6 ± 32.5a 37.3 ± 5.1a 70.1 ± 6.3a 61.5 ± 12.5a
2005pre 68.1 ± 8.2a 67.8 ± 27.3a 27.1 ± 10.0b 78.7 ± 7.2a 75.0 ± 9.5a
2005post − − − 51.1 ± 4.9a 33.9 ± 9.6b
2006 64.0 ± 6.3ab 64.3 ± 20.4a 36.2 ± 5.4b 82.4 ± 5.1a 70.2 ± 10.4a
2007 61.2 ± 8.8a 62.4 ± 20.9a 27.5 ± 8.1b 83.0 ± 4.3a 66.4 ± 11.1a
All time periodsa 59.8 ± 11.3a 62.8 ± 24.0a 32.0 ± 8.2b 73.0 ± 13.2c 61.4 ± 17.7ac

Aspect categories with different letters were significantly different within a time period at α = 0.05
aExcluding 2005post for the northwest and north northwest aspect categories

North-facing soils also tend to have less soil drying
in the winter and less frost heaving because they
go through fewer freeze–thaw periods (Hursh
1949; Miller and Buell 1956).

South-facing cutbanks (sections 125–128) clear-
ly had the most difficulty becoming vegetated and
retaining vegetation (Fig. 5). For all time periods
combined and all individual time periods, cover on
the south-facing slopes was less and usually signif-
icantly less than all other aspects (Table 4). Even
in 2004 when there was not a significant differ-
ence among aspect categories, cutbanks on south-
facing aspects still had considerably less percent
cover than the other aspects. Percent cover on the
south-facing cutbanks ranged from about 27% to
37% through all time periods, and unlike other
aspects, cover was greatest in 2004 (Table 4), the
first year after seeding. Cover may have been
densest that year due to residual effects from the
lime and fertilizer that were applied in 2003 at
the time of seeding. Such amendments have been
shown to significantly improve growth and vigor
of grass species immediately after application, but
the effects decrease quickly without reapplication
(Swank et al. 1988). Residual effects of these
amendments presumably also were present on
the other aspects since vegetation was relatively
dense on these sections (Table 4), but less stressful
growing conditions (e.g., greater soil moisture)
apparently contributed to continued expansion of
ground cover through 2005.

These poor growth responses on south-
facing sections are consistent with other studies.
Bochet and García-Fayos (2004) found cutbanks

on south-facing aspects had lower rates of veg-
etation establishment than other aspects in
Valencia, Spain. They attributed the lower
growth rates to significantly lower soil moisture.
In the southern Appalachian mountains, Swift
(1984) reported that south-facing cutbank soils
tend to dry out and lose cohesiveness more than
soils on other aspects, so south-facing slopes are
susceptible to dry ravel. South-facing slopes also
tend to have a higher incidence of freeze–thaw
occurrences, creating conditions less conducive
for vegetation establishment and survival (Hursh
1949; Miller and Buell 1956).

Cutbank slope was not a significant explanatory
variable for the percent vegetation in this water-
shed (P = 0.1515). The average cutbank slope for
the entire length of cutbank was 96.4% with a
standard deviation of ±8.3%. The relative sim-
ilarity in the average slopes across all sections
and the steepness of all cutbank sections probably
explains why cutbank slope was not a significant
variable. However, the fact that mean slope was
not statistically significant does not mean that
slope had no effect on vegetation. Bochet and
García-Fayos (2004) reported that steep slopes
can be difficult to vegetate because seed can be
washed off the soil surface by precipitation. The
cutbanks on this road were steep; in some cases,
the mean slope exceeded 100% (Fig. 4).

Harvesting effects

Harvesting in summer 2005 was confined upslope
of cutbank sections 104 to 113 (Fig. 2). These
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were the northwest- and north northwest-facing
cutbank sections. Felling trees onto and dragging
them up over the cutbank resulted in substantial
damage to cutbank vegetation: For those sections
only, percent vegetative cover from 2005pre to
2005post declined significantly from about 76%
to 41% (Table 3). Cover on the harvesting sec-
tions that had northwest aspects declined from
79% in 2005pre to 51% in 2005post, and on
the north northwest-facing sections cover declined
from 75% to 34% over that same time (Table 4).

However, recovery of the affected cutbanks
was quite rapid. By summer 2006, less than
12 months after harvesting, vegetative cover re-
turned to 2005pre levels (Table 3). Established
plants in adjacent undamaged areas would have
provided readily available sources of seeds and
root sprouts that could have exploited the growing
space in the damaged areas. The soil scouring
that resulted from dragging the logs up the cut-
bank also may have created a favorable growing
condition for seed germination since scouring ap-
plied purposely as a site preparation tool has been
shown to increase seed germination on exposed
soil (Lhotka et al. 2004; Yoshida et al. 2005).

The cutbank sections in the harvest area co-
incided with aspects supporting the most-rapidly
growing vegetation (Table 4). It is likely that other
aspects would have remained less vegetated for a
longer time period. For instance, damage to south-
facing sections of cutbank probably would have
been very long-term, given the general lack of
vegetation expansion after the first year of mea-
surement (Table 4).

Proper use of directional felling could have
eliminated the cutbank damage caused by the
harvesting. Alternatively, most, if not all, dam-
age to the cutbank could have been avoided by
changing the road construction contract. The road
contract required removal of only the trees that
were within the road right of way, which extended
from slightly above the top of the cutbank to
slightly below the base of the fillslope. The sepa-
rate harvesting contract included all other timber
removal in the harvest areas. Extending the right-
of-way width in the road construction contract
to include those trees that were within one tree
length of the top of the cutbank (and hence could
have fallen onto the cutbank during harvesting)

would have effectively eliminated damage to the
cutbank during subsequent timber harvesting.

Utility of the photographic and analysis
techniques

Many quantitative techniques exist for assessing
percent vegetative cover from the ground. The
most common approaches are the point inter-
cept method (Wilson 1960; Floyd and Anderson
1987), the line intercept method (Gregoire and
Valentine 2008), the subplot frequency method
(Bråkenhielm and Qinghong 1995), and visual es-
timation methods (Daubenmire 1959; Sykes et al.
1983). Except for the line intercept method, these
other methods involve some type of fixed-area
sampling, usually accomplished by a frame of
a specified area set on the ground, from which
ground cover is estimated. Of these approaches,
visual methods are most often employed because
of the speed that these estimates can be made
relative to other options (Sykes et al. 1983); how-
ever, even accurate visual estimations can be labor
intensive and time consuming.

The advent of digital photography has made
more quantitative measurements of ground cover
practical and affordable, because many problems
associated with film have been eliminated with
digital technology (US Army Corps of Engineers
2005; Booth et al. 2006). In addition, sophisticated
software now can allow individual species to be
identified electronically (Booth et al. 2006; Luscier
et al. 2006), thereby bringing some of the advan-
tages of visual sampling to image analysis. How-
ever, digital photography has continued to involve
analysis of fixed-area sample plots (Lukina et al.
1999; US Army Corps of Engineers 2005; Booth
et al. 2005, 2006; Luscier et al. 2006).

The commonality of all of these approaches is
that they involve sampling, which by definition
means that measurements or estimates are made
on small areas and the results must be extrap-
olated to the entire area. Thus, accuracy of the
results requires the samples to be representative
of the entire area, which can be a difficult task
to ensure, particularly in continuous populations
(e.g., cutbanks) which do not “lend themselves to
simplistic description” (Gregoire and Valentine
2008), and because the term “representative
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sample” has many different interpretations
(Kruskal and Mosteller 1979a, b, c).

The novelty and utility of the digital photo-
graphic approach used here is the ability to apply
image analysis to variable-sized areas so vegeta-
tive cover of the entire cutbank, rather than sam-
ples, could be estimated. Differences in cutbank
heights and camera distances from the bank in
different subsections could be accommodated be-
cause of the scale adjustments applied to the ver-
tical PVC pipe boundaries. Thus, each year, the
entire 0.9 km of cutbank could be photographed
in less than 8 h, eliminating problems associated
with selecting plot locations and data extrapo-
lation and damage to the cutbank from other
on-the-ground measurement techniques. Another
2 weeks of office time was required to develop the
signature file, prepare the images, and perform the
Geographic Information System analyses used to
quantify vegetative cover for the entire length.

We fully acknowledge that visual estimation
without the use of plots likely will always be the
primary method used to estimate road cutbank
cover and cover on many other types of areas
(e.g., skid roads) for most land management ac-
tivities. However, there may be situations where
low sedimentation is paramount (e.g., high qual-
ity fisheries or potable water supplies) and ero-
sion control measures must be verified; in some
cases, subsequent management activities may not
be allowed to proceed without that verification.
The technique we have described in this paper is
well suited for those types of situations, because
it can provide both measurements and long-term
photographic records of the conditions present.
This technique also can provide a method for
calibrating and testing inspectors’ eyes to improve
the accuracy of their visual estimates of ground
cover since there otherwise can be substantial dis-
crepancy among different observers (Sykes et al.
1983).

This approach has application to other situ-
ations, particularly those involving longitudinal
measurements with variable upper and lower
boundaries, such as monitoring for invasive
species in riparian areas. Because the upslope
boundary of the riparian area may not be easily
identifiable from photographs, the edge could be
defined in the field with rope, landscape paint, etc.,

so that it is discernable at the time of image analy-
sis. The camera can be mounted on an adjustable
pole so the proper camera alignment and height
could be attained. The visual output can be routed
to a small portable battery-operated display to
see the view from the ground and the photograph
taken using the remote control that is available for
most digital cameras. This setup is described in de-
tail by Davies (2004). Application of photographic
techniques (e.g., emitted wavelengths) or software
also could be used to focus only on those species
of interest (Lukina et al. 1999; Luscier et al. 2006).

Conclusion

The entire length of a 0.9-km cutbank of a for-
est haul road was photographed from the road
to determine the percent vegetation present over
several years using image analysis. Unlike previ-
ous studies describing photographic analyses, we
did not employ fixed-area plots, but instead used
variable-sized sections that allowed the quantifi-
cation of the cutbank vegetative cover from the
base to the top of the cutbank. We also compared
the percent cover from photographs taken directly
above small fixed-area plots to those taken from
the haul road and found no significant difference
in percent cover, suggesting this approach is a
reasonable tool for land managers when there is
a need to quantitatively document if vegetative
cover requirements are met.

Cutbank slope was not a significant variable
for explaining differences in vegetation cover-
age among cutbank sections. Aspect did sig-
nificantly affect mean vegetation establishment.
Percent vegetation cover was significantly lower
on south-facing aspects compared to northeast-,
east-, northwest-, and north northwest-facing as-
pects after the first year following seeding.

Increases in perennial vegetative cover over
time were expected; however, significant increases
in overall percent vegetation only occurred be-
tween the first and second years of monitoring
(1 year after seeding) for most sections. They typ-
ically reached a plateau of between 60% and 70%
vegetative cover. The northwest-facing cutbank
sections reached the greatest percent vegetative
cover, at about 83% in the last year of the study
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(5 years after seeding). This high percent cover
occurred despite the fact that a harvest damaged
and reduced the vegetation on cutbanks with that
aspect by 36% about midway through the study.

Acknowledgement We thank Gregory Evans for his
valuable assistance in collecting the field data throughout
this study.

Disclaimer The use of trade, firm, or corporation names
in this paper is for the information and convenience of the
reader. Such use does not constitute an official endorse-
ment or approval by the U.S. Department of Agriculture
or the Forest Service of any product or service to the
exclusion of others that may be suitable.

References

Bochet, E., & García-Fayos, P. (2004). Factors
controlling vegetation establishment and water
erosion on motorway slopes in Valencia, Spain.
Restoration Ecology, 12(2), 166–174. doi:10.1111/j.
1061-971.2004.0325.x.

Booth, D. T., Cox, S. E., Fifield, C., Phillips, M., &
Williamson, N. (2005). Image analysis compared with
other methods for measuring ground cover. Arid Land
Research and Management, 19, 91–100. doi:10.1080/
15324980590916486.

Booth, D. T., Cox, S. E., Meikle, T. W., & Fitzgerald, C.
(2006). The accuracy of ground-cover measurements.
Rangeland Ecology and Management, 59, 179–188.
doi:10.2111/05-069R1.1.

Bråkenhielm, S., & Qinghong, L. (1995). Comparison of
field methods in vegetation monitoring. Water, Air,
and Soil Pollution, 79, 75–87. doi:10.1007/BF01100431.

Burroughs, E. R. Jr., & King, J. G. (1989). Reduction of soil
erosion on forest roads. General technical report INT-
264. Ogden, UT: USDA Forest Service, Intermoun-
tain Research Station.

Daubenmire, R. F. (1959). A canopy-cover method of veg-
etational analysis. Northwest Science, 33, 43–46.

Davies, M. A. (2004). Camera with altitude for wilderness
site monitoring. Technical report 0423-2301-MTDC.
Missoula, MT: USDA Forest Service, Missoula Tech-
nology and Development Center.

Floyd, D. A., & Anderson, J. E. (1987). A comparison of
three methods for comparing plant cover. Journal of
Ecology, 75, 221–228. doi:10.2307/2260547.

García-Fayos, P., & Cerdà, A. (1997). Seed losses by sur-
face wash in degraded Mediterranean environments.
Catena, 29, 73–83. doi:10.1016/S0341-8162(96)00055-0.

Gregoire, T. G., & Valentine, H. T. (2008). Sampling strate-
gies for natural resources and the environment. New
York: Chapman & Hall/CRC.

Hursh, C. R. (1949). Climatic factors controlling
roadside design and development. In Proceedings,

highway research board, national research council
(pp. 9–19).

Kruskal, W. H., & Mosteller, F. (1979a). Representative
sampling, I. nonscientific literature. International Sta-
tistical Review. Revue Internationale de Statistique, 47,
13–24. doi:10.2307/1403202.

Kruskal, W. H., & Mosteller, F. (1979b). Representative
sampling, II. Scientific literature, excluding statistics.
International Statistical Review. Revue Internationale
de Statistique, 47, 111–127. doi:10.2307/1402564.

Kruskal, W. H., & Mosteller, F. (1979c). Representative
sampling, III. The current statistical literature. In-
ternational Statistical Review. Revue Internationale de
Statistique, 47, 245–265. doi:10.2307/1402647.

Lhotka, J. M., Zaczek, J. J., & Graham, R. T. (2004).
The influence of soil scarification on oak reproduc-
tion: review and management considerations. General
technical report SRS-73 (pp. 292–294). Asheville, NC:
USDA Forest Service, Southern Research Station.

Loch, R. J. (2000). Effects of vegetation cover on runoff
and erosion under simulated rain and overland flow
on a rehabilitated site on the Meandu Mine, Tarong,
Queensland. Australian Journal of Soil Research, 38,
299–312. doi:10.1071/SR99030.

Lukina, E. V., Stone, M. L., & Raun, W. R. (1999). Es-
timating vegetation coverage in wheat using digital
images. Journal of Plant Nutrition, 22, 341–350. doi:10.
1080/01904169909365631.

Luscier, J. D., Thompson, W. L., Wilson, J. M., Gorham,
B. E., & Dragut, L. D. (2006). Using digital pho-
tographs and object-based image analysis to estimate
percent cover in vegetation plots. Frontiers in Ecology
and the Environment, 4, 408–413. doi:10.1890/1540-
9295(2006)4[408:UDPAOI]2.0.CO;2.

Miller, H. C. E., & Buell, M. (1956). Life-form spectra of
contrasting slopes in Itasca Park, Minnesota. Botani-
cal Gazette (Chicago, Ill.), 117, 259–263. doi:10.1086/
335915.

Quinton, J. N., Edwards, G. M., & Morgan, R. P. C. (1997).
The influence of vegetation species and plant proper-
ties on runoff and soil erosion: results from a rainfall
simulation study in south east Spain. Soil Use and
Management, 13, 143–148. doi:10.1111/j.1475-2743.
1997.tb00575.x.

Rowe, R. K. (2001). Geotechnical and geoenvironmental
engineering handbook. New York: Springer.

SAS Institute Inc (2003). SAS/STAT� user’s guide. Cary,
NC: SAS Institute, Inc.

Stedman, J. T. (2008). To-stream sediment delivery
and associated particle size distributions in unman-
aged and managed forested watersheds. M.S. thesis.
Carbondale, IL: Southern Illinois University.

Studebaker, G. A. (1985). A “rationalized” arcsine trans-
form. Journal of Speech and Hearing Research, 28,
455–462.

Swank, W. T., Swift, L. W. Jr, & Douglass, J. E. (1988).
Chapter 22. Streamflow changes associated with forest
cutting, species conversions, and natural disturbances.
In W. T. Swank & P. A. Crossley Jr. (Eds.), Forest
hydrology and ecology at Coweeta. Ecological studies
(Vol. 16, pp. 297–312). New York: Springer.

http://dx.doi.org/10.1111/j.1061-971.2004.0325.x
http://dx.doi.org/10.1111/j.1061-971.2004.0325.x
http://dx.doi.org/10.1080/15324980590916486
http://dx.doi.org/10.1080/15324980590916486
http://dx.doi.org/10.2111/05-069R1.1
http://dx.doi.org/10.1007/BF01100431
http://dx.doi.org/10.2307/2260547
http://dx.doi.org/10.1016/S0341-8162(96)00055-0
http://dx.doi.org/10.2307/1403202
http://dx.doi.org/10.2307/1402564
http://dx.doi.org/10.2307/1402647
http://dx.doi.org/10.1071/SR99030
http://dx.doi.org/10.1080/01904169909365631
http://dx.doi.org/10.1080/01904169909365631
http://dx.doi.org/10.1890/1540-9295(2006)4[408:UDPAOI]2.0.CO;2
http://dx.doi.org/10.1890/1540-9295(2006)4[408:UDPAOI]2.0.CO;2
http://dx.doi.org/10.1086/335915
http://dx.doi.org/10.1086/335915
http://dx.doi.org/10.1111/j.1475-2743.1997.tb00575.x
http://dx.doi.org/10.1111/j.1475-2743.1997.tb00575.x


698 Environ Monit Assess (2010) 163:685–698

Swift, L. W. Jr. (1984). Soil losses from roadbeds and cut
and fill slopes in the southern Appalachian mountains.
Southern Journal of Applied Forestry, 8(4), 209–216.

Sykes, J. M., Horrill, A. D., & Mountford, M. D. (1983).
Use of visual cover assessments as quantitative es-
timators of some British woodland taxa. Journal of
Ecology, 71, 437–450. doi:10.2307/2259726.

Takeda, K., Tsuchiya, F., Muneoka, T., & Itoh, T. (2002).
Frost heave damages to artificial slopes along road-
sides in a cold district with less snow depth.—The
influence of facing direction on slopes on both frost
depth and frost heave damages—. Journal of the
Japanese Society of Revegetation Technology, 28, 8–13.

University of California, Santa Barbara (2008). Geometry
of aerial photography. http://www.geog.ucsb.edu/∼
jeff/115a/lectures/geometry_of_aerial_photographs_
notes.html. Accessed September 2008.

US Army Corps of Engineers (2005). Method to estimate
vegetative cover on army training lands. Public works

technical bulletin 200-1-37. Oct. 25, 2005. Department
of the Army.

USDA Forest Service (1987). Forest research: Fernow Ex-
perimental Forest. Report NE-INF-75-87. Broomall,
PA: USDA Forest Service, Northeastern Forest Ex-
periment Station.

USDA Natural Resources Conservation Service (1999).
Soil taxonomy. A basic system of soil classification for
making and interpreting soil surveys, 2nd ed. In Agri-
culture handbook (Vol. 436). Washington, DC: USDA
Natural Resources Conservation Service.

Wilson, J. W. (1960). Inclined point quadrants. The
New Phytologist, 59, 1–8. doi:10.1111/j.1469-8137.1960.
tb06195.x.

Yoshida, T., Iga, Y., Ozawa, M., Noguchi, M., & Shibata,
H. (2005). Factors influencing early vegetation estab-
lishment following soil scarification in a mixed forest
in northern Japan. Canadian Journal of Forest Re-
search, 35, 175–188. doi:10.1139/x04-156.

http://dx.doi.org/10.2307/2259726
http://www.geog.ucsb.edu/~jeff/115a/lectures/geometry_of_aerial_photographs_notes.html
http://www.geog.ucsb.edu/~jeff/115a/lectures/geometry_of_aerial_photographs_notes.html
http://www.geog.ucsb.edu/~jeff/115a/lectures/geometry_of_aerial_photographs_notes.html
http://dx.doi.org/10.1111/j.1469-8137.1960.tb06195.x
http://dx.doi.org/10.1111/j.1469-8137.1960.tb06195.x
http://dx.doi.org/10.1139/x04-156

	Using photographic image analysis to assess ground cover: a case study of forest road cutbanks
	Abstract
	Introduction
	Materials and methods
	Background
	Climate and soil characteristics
	Field techniques for evaluating cutbank cover
	Photographic image processing
	Other variables
	Statistical analyses

	Results and discussion
	Displacement effects on percent vegetation
	Cutbank vegetative cover
	Harvesting effects
	Utility of the photographic and analysis techniques

	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


