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feature (Barnnaria et al. 1995; Moges et al.
2004; Thenkabail et al. 2000). For the early
growth stages of winter cover crops, plant
reflectance is mixed with the reflectance of
exposed soils and crop residues, reducing
the vegetation signal. Previous studies have
used remotely sensed spectral indices, in
combination with site-specific agronomic
data, to measure the extent and biomass of
winter cover crop vegetative groundcover in
Maryland (Hively et al. 2009a, 2009b; Hunt
et al. 2011; Prabhakara et al. 2015).

Remotely sensed spectral indices have also
been used to measure the amount of crop
residue on agricultural lands, with success
achieved by using indices that span the cel-
lulose shortwave infrared adsorption feature
found near 2,200 nm, or by detecting dif-
ferences in brightness between the soil and
the crop residue (Daughtry 2001; Daughtry
et al. 2006; Gausman et al. 1977; Gelder et.
al. 2009; Serbin et al. 2009a, 2009b). These
indices are most effective on fields with min-
imal green vegetation (Gelder et al. 2009).

The US government provides Landsat sat-
ellite imagery at no cost to the public (USGS
2014a; Woodcock 2008) through a part-
nership between the US Geological Survey
(USGS), and the National Aeronautics
and Space Administration. The USGS also
provides access to additional multispec-
tral satellite sensors such as SPOT (System
Probatoire d’ Observation de la Terre).
These satellite data sources provide frequent
images of the land’s surface, but are limited
by the spatial and spectral resolution of the
imagery, the occurrence of clouds, and the
overpass times of the satellites.

Since 2008, the USDA National
Agricultural ~ Statistical  Service (USDA
NASS) has produced annual maps of sum-
mer crop type for the United States at 30 m
(98 ft) resolution based upon identification
of crop phenological patterns in a time series
of satellite imagery (Boryan et al. 2011).
This Cropland Data Layer (CDL) provides
the ability to distinguish crop type on fields
throughout the agricultural landscape. When
combined with satellite vegetation analysis,
this information allows measurement of
wintertime vegetative groundcover on agri-
cultural fields, by previous crop type.

Objectives. The goal of this study was to
assess the extent of winter cover crops fol-
lowing the harvest of summer crops, from
2010 to 2013, in southeastern Pennsylvania.
Windshield survey data were wused to
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observe differences in cover cropping fol-
lowing harvest of summer crops, including
differentiation between corn harvested for
silage (COS) versus corn harvested for grain
(COG), and to calibrate a satellite remote
sensing analysis that assessed multiyear trends
in the occurrence of wintertime green veg-
etative groundcover on agricultural fields. A
secondary objective was to investigate the
utility of satellite multispectral indices for
the identification of COG versus COS based

upon detection of crop residue.

Materials and Methods

Study Location. From 2010 to 2013, the
“without carrot or stick” cover crop pro-
gram engaged with farmers and farm service
providers throughout central and south-
eastern Pennsylvania to promote the use of
cover crops following corn silage harvest.
In five counties (figure 1), windshield sur-
vey data were collected to evaluate cover
crop usage following various crops, with an
emphasis on corn silage harvest.

Windshield Survey. In December of
2010, five Pennsylvania counties (Berks,
Centre, Lancaster, Lebanon, and York)
were surveyed by collaborating coopera-
tive extension agents (figure 1). The agents
drove specified routes through farmlands and
collected data on 1,573 agricultural fields,
recording the estimated amount of green
vegetative ~ groundcover, previous  crop,
tillage, and cover crop planting method for
each field based on visual observations made
from the road (figure 2).Vegetative ground-
cover was categorized into four classes (0 =
minimal, 1 = low, 2 = medium, and 3 =
high) that corresponded with approximately
<10%, 10% to 30%, 30% to 60%, and >60%
green vegetative groundcover. Photographs
of vegetation levels associated with each of
the vegetative groundcover classes are pro-
vided in figure 2c.

Field boundaries for each windshield sur-
vey location were digitized in ArcGIS 9.3,
using 2010 National Agricultural Imagery
Program imagery (USDA 2014) as a refer-
ence. To obtain spectral reflectance data for
each field, the field boundaries were buffered
inward by 30 m (98 ft) to remove field edge
effects (mixed pixels), and average values of
satellite spectral indices for each field were
calculated. Differences among vegetative
groundcover classes from the windshield
survey were determined using box plot anal-
ysis in the R statistical package. The survey

data were used to validate the remote sensing
analysis and to gain insight into the distri-
bution of wintertime vegetative groundcover
following various summer crops, with par-
ticular emphasis on fields with COG versus
fields with COS.

Imagery and Climate Data Sources. The
best clear wintertime satellite images for
each county were identified from either the
Landsat data archive or from SPOT imag-
ery obtained through the USGS SPOT Data
Buy. One late winter image (late February
to early April) was chosen for each year to
support groundcover analysis, and an early
winter image (November 14) was chosen for
2010 to correspond with the windshield sur-
vey data collection, described below.

The Landsat images were downloaded
as top of atmosphere reflectance, including
cloud masking, from the USGS Earth Science
Processing Architecture site maintained by
the USGS Earth Resources Observation and
Science Center (USGS 2014b). The SPOT
imagery was downloaded from the USGS
Earth Explorer website (USGS 2014a) as a
Level 1Gst product and was converted to top
of atmosphere reflectance and smoothed to
30 m (98 ft) resolution using ENVT 4.8 soft-
ware (Exelis Visual Information Solutions,
Boulder, Colorado).

Top of atmosphere reflectance for each
image was used to calculate the normalized
difference vegetation index (NDVI; Gelder
et al. 2009):

NDVI = (NIR - R) = (NIR + R) = (TM4
—TM3) = (TM4 +TM3), )

and the normalized difference residue index
(NDRUI; Gelder et al. 2009) and normalized
difference tillage index (NDTI; Gelder et al.
2009) were calculated for the November 14,
2010, Landsat 5 imagery as follows:

NDRI = (R — SWIR) + (R + SWIR) =
(TM3 —TM7) = (TM3 + TM7),and  (2)

NDTI = (SWIR1 — SWIR2) + (SWIR1
+ SWIR2) = (TM5 — TM7) = (TM5 +
TM7), ©)

using the Landsat Thematic Mapper (TM)
spectral bands: TM3 spanning the red (R)
wavelengths (630 to 690 nm), TM4 span-
ning the near infrared (NIR) wavelengths
(770 to 900 nm), TM5 spanning the short-
wave infrared (SWIR1) wavelengths (1,550
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Figure 1

Pennsylvania study areas including satellite imagery footprints and windshield survey locations.
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to 1,750 nm), and TM7 spanning the longer
shortwave infrared (SWIR2) wavelengths
(2,090 to 2,350 nm) at 30 m (98 ft) pixel
resolution. For SPOT imagery (10 m pixels
smoothed to 30 m resolution), NDVI was
calculated using the red (610 to 680 nm) and
near infrared (780 to 890 nm) bands.

Daily accumulated growing degrees
(GDD) were calculated as the average of
daily maximum (T ) and minimum (T )
temperatures, using a base temperature
(T,,..) of 0°C (32°F) and weather data from
the Lancaster, Pennsylvania, airport (Miller
et al. 2001):

max)

GDD=(T -T )=2-T, . 4)

Cumulative GDD sums were calculated start-
ing on October 1 of each year and were used
to evaluate the timing of each satellite image
relative to cover crop growing conditions.
Groundcover  Analysis. To  comple-
ment the use of satellite imagery, annual
30 m (98 ft) raster maps of the CDL were
obtained from USDA NASS (Boryan et al.
2011). This CDL dataset, which is derived
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from remote sensing and crop phenology,
provided a yearly mapped classification of
summer crop type. The CDL crop classifi-
cation identifies the location of corn crops,
but does not separate them into COS versus
COG harvest. The CDL also identifies soy-
bean and cereal grain crops as well as hay.
For comparison, county statistics for crop
acreages were obtained from the USDA
NASS (http://www.nass.usda.gov/).

A tool was programmed in ArcMap
10.2.2 to overlay the CDL with satellite
NDVI imagery and calculate the area of
each CDL crop type that fell within each
of four wintertime vegetation index classes
determined as minimal, low, medium, and
high based on NDVI values determined
from the windshield survey. This approach
allowed mapping of winter groundcover
outcomes following each predominant type
of summer row crop identified in the CDL
(corn, soybean, cereals, and hay). This analy-
sis was applied to four focus counties (Berks,
Lancaster, Lebanon, and York) for four suc-
cessive years (2010 to 2013).

Results and Discussion

Windshield Survey—Vegetative Groundcover.
The best available Landsat image acquired
close to the time of the windshield sur-
vey (early December of 2010)
November 14, 2010, Landsat 5
(LT50160322010318EDCO00)
Centre County, Pennsylvania. In Centre
County, of the 685 fields included in the
December of 2010 windshield survey, 458
had an identified previous crop in the sur-
vey data and were large enough that satellite
reflectance index values could be extracted
after the field boundaries were buffered
inward by 30 m (98 ft) to reduce field edge
effects (table 1). Of the 227 excluded fields,
96 were narrow contour-strip fields with a
maximum width <90 m (<295 ft), and so
were not suitable for remote sensing analysis
using 30 m pixel resolution, and 131 fields
did not have a data for vegetative ground-
cover or previous crop recorded.

For the 458 surveyed fields, the mean
NDVI values derived from the November
14 satellite image increased regularly with
increasing categories of surveyed vegetative
groundcover (table 1 and figure 3a). The
observed ranges of NDVI for each of the
four surveyed vegetative groundcover cat-
egories (minimal, low, medium, and high)
resembled NDVI threshold values derived
from top of atmosphere satellite reflectance
for sampled cover crop fields in Maryland
and are consistent with the documented use
of NDVI to monitor wintertime vegetation
on cover cropped fields on the Eastern Shore
of Maryland (Hively et al. 2009a, 2009b).
The midpoints between the average NDVI
values for vegetative groundcover categories
following corn (table 1) were used to estab-
lish threshold values (minimal < 0.29 < low
< 0.40 < medium < 0.53 < high) for sat-
ellite analysis of vegetative ground cover, as
described below:.

Within the November 14 satellite image,
corn grain and soybean fields exhibited the
lowest levels of green vegetative ground-
cover (table 1, figure 3b), which was
consistent with their relatively late harvest
dates and the limited time available for cover
crop planting and growth following their
harvest. Corn grain harvest was strongly
associated with minimal wintertime vegeta-
tion (only 1.5% of surveyed fields had more
than minimal vegetative cover). Corn silage
fields, on the other hand, exhibited signifi-
cantly higher levels of wintertime vegetation

was a
image
covering
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Figure 2

Example windshield survey field boundaries (purple lines) and 30 m buffer boundaries (white lines), including survey scorings for (a) vegetative
groundcover (o = minimal, 1 = low, 2 = medium, and 3 = high) and (b) previous summer crop type (corn silage [COS], corn grain [COG], soy, and hay),
with background Landsat 5 satellite imagery (false color near infrared display) acquired on November 14, 2010. Brighter red colors indicate more
vegetation. (c) Example photographs representing vegetation levels associated with each winter cover crop vegetative groundcover class (minimal =
no cover crop growth, up to 10% light weed cover; low = cover crop in early non-tillered growth stages, 10% to 25% vegetative groundcover; medium

= good cover crop growth, »25% vegetative groundcover; and high = lush cover crop growth, 60% vegetative groundcover).

0F 101255 10.5 ;#0. 754 1 kiig

0 = Minimal

(b)

2 = Medium

(45.3% exhibiting nonminimal vegetative
cover), as might be expected from the longer
available cover crop growing season follow-
ing the comparatively early harvest of corn
silage crops. Fields previously cropped to
cereal grains also exhibited substantial levels
of winter groundcover (38.5% nonmini-
mal vegetative cover), likely associated with
clover cover crops, postharvest sprouting of
cereal seeds, or growth of weeds, while hay
fields exhibited the highest levels of vege-
tation (62.5% nonminimal vegetative cover)
as might be expected from their perennial
nature. When all corn fields were combined
and harvest method was not distinguished, as
would be the case when using the CDL crop
type designation for remote sensing analy-
sis, an overall 22.6% of corn fields exhibited
some growth of vegetation (scored as low,
medium, or high vegetative groundcover).
However, the windshield survey data (table
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1) revealed that the vast majority of this
vegetative groundcover occurred following
corn silage harvest. This finding is in agree-
ment with local knowledge that cover crops
are predominantly planted following silage
harvest, rather than grain harvest, due to the
lateness of corn grain harvest relative to the
fall growing season.

In addition to Centre County, windshield
survey data were also collected in Berks,
Lebanon, Lancaster, and York counties in
December of 2010. The results, which were
not used for satellite imagery calibration
due to lack of properly timed imagery, are
presented in table 2. In the four counties,
nonminimal amounts of vegetative ground-
cover were observed on the majority of
fields harvested for corn silage (68% to 82%)
but not on fields harvested for corn grain
(5% to 42%), supporting the supposition that
the earlier harvest dates of corn silage, com-

bined with various incentives, regulations,
and extension programs, has led to frequent
use of cover crops following silage harvest.
Windshield Survey—Crop Residue. To
distinguish between COG and COS using
remote sensing, it was postulated that the
NDRI or the NDTT could be used to distin-
guish fields with high levels of crop residue
(likely to be COG) from fields with low
levels of crop residue (likely to be COS).
This hypothesis was evaluated on the set of
fields that were identified as corn crops by
the windshield survey. Because the presence
of green vegetation interferes with remote
sensing of crop residue (Gelder et al. 2009;
Daughtry et al. 2006), analysis was limited
to the 311 fields that displayed mean NDVI
<0.25 in the November 14 satellite image.
Because the NDRI and NDTT analyses were
limited to fields with minimal vegetation,
the biophysical components of each pixel
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Table 1

Windshield survey data for Centre County, Pennsylvania, in December of 2010, including number of fields (1) and average normalized difference vegeta-
tion index (NDVI) of fields falling within each combination of previous crop and vegetative groundcover category. Crop type and vegetative groundcover
categories were derived from windshield survey field observations. The average NDVI was calculated for each surveyed field using November 14, 2014,
Landsat 5 imagery, and the resulting values were subsequently averaged within previous crop and vegetative groundcover category.

Surveyed vegetative groundcover category

Total Minimal Low Medium High Percent
Previous crop n Area (ha) n NDVI n NDVI n NDVI n NDVI non-minimal (%)
All field crops* 422 1,268 331 0.232 49 0.315 30 0.449 12 0.601 21.6
All cornt 262 763 203 0.239 28 0.347 23 0.446 8 0.618% 225
Corn grain 136 417 134 0.232 1 0.303 1 0.481 0 na 1.5
Corn silage 126 347 69 0.252 27 0.349 22 0.444 8 0.618 45.2
Soy 134 403 112 0.214 16 0.271 5 0.370 1 0.559 16.4
Cereal 26 103 16 0.271 5 0.271 2 0.691 3 0.569 38.5
Hay 32 59 12 0.381 9 0.529 2 0.259 9 0.463 62.5
Overall 454 1,328 343 0.237 58 0.348 32 0.438 21 0.541 24.4

*Sum of values for corn harvested for grain, corn harvested for silage, soy, and cereal.
1Sum of values for corn harvested for grain and corn harvested for silage.
1The midpoints between underlined NDVI values were used as thresholds for satellite analysis of vegetative groundcover.

Figure 3

Box plots of normalized difference vegetation index (NDVI) values associated with windshield survey fields (one averaged NDVI value per field [dark
line = median, black point = average, white box = 25% quartiles, and whiskers = range]). (a) NDVI values within each vegetative groundcover class
(minimal, low, medium, high = o, 1, 2, and 3, respectively) for corn fields (see figure 2c for definitions of vegetative groundcover categories).

(b) NDVI values by crop type, including corn harvested for grain (COG) and corn harvested for silage (COS).
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were limited to varying ratios of crop resi-
due and bare soil, without the masking effect
of vegetation.

Results (figure 4a) showed that the NDTI
successfully distinguished fields with COG
from fields with COS, with increased NDTI
values associated with COG that were likely
attributable to the greater amount of crop
residue retained following grain harvest in
contrast with minimal retention of crop resi-
due following silage harvest. The NDRI was
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also higher for COG, although the distinc-
tion from COS was not as clear (figure 4b).
The observed differences could possibly be
exploited on an operational basis to distin-
guish between COG and COS, as long as
imagery was acquired after corn harvest and
prior to fall tillage, and analysis was limited
to fields with minimal vegetation.

Previous research (Gausman et al. 1977;
Aase and Tanaka 1991; Nagler et al. 2000;
Daughtry 2001) has shown that soil reflec-

tance and residue reflectance do not differ
greatly in the visible and near infrared wave-
lengths (400 to 1,100 nm) except in terms
of brightness, and that there is a cellu-
lose adsorption feature around 2,240 nm.
The brightness of soils and of crop residue
depends upon soil type, residue type, mois-
ture content of soil and residue (wetter =
darker), and the stage of residue decompo-
sition (Serbin et al. 2009a; Daughtry et al.
2010). The greatest contrast between soils
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Table 2
Windshield survey results for four Pennsylvania counties, December of 2010.
Vegetative biomass category Percent
Summer crop n* Minimal Low Medium High vegetatedt
Berks County
All cornt 120 56 8 12 44 53
Corn grain 33 28 3 1 1 15
Corn silage 87 28 5 11 43 68
Hay 136 0 6 16 114 100
Soy 60 35 16 8 1 42
Lancaster County
All corn 65 24 19 10 12 63
Corn grain 31 18 12 1 0 42
Corn silage 34 6 7 9 12 82
Hay 17 0 0 8 9 100
Soy 17 10 5 2 0 41
Lebanon County
All corn 96 34 3 26 33 65
Corn grain 22 21 0 1 0 5
Corn silage 74 13 3 25 33 82
Hay 0 0 0 0 0 na
Soy 48 35 3 6 4 27
York County
All corn 132 109 15 5 3 17
Corn grain 119 106 12 1 0 11
Corn silage 13 3 3 4 3 77
Hay 93 1 3 8 81 99
Soy 104 79 24 1 0 24
*Number of fields surveyed.
TProportion of fields that scored as nonminimal vegetative biomass.
FSum of corn grain and corn silage.

and residues is likely to be obtained shortly
after fall harvest and prior to any fall tillage,
allowing a brief window of opportunity for
data collection that could be used to identify
COS versus COG, after which wintertime
vegetation analysis could be applied to these
crop types in the landscape.

Imagery and Climate Data Supporting
Vegetative Groundcover Analysis. Four
counties that had participated in the “without
carrot or stick” program (Berks, Lancaster,
Lebanon, and York) had a consistent series
of well-timed and clear wintertime satellite
imagery for each of the four study years.
Those counties therefore became the focus
of the satellite groundcover analysis. Centre
County, along with several other counties
that had also participated in the “without
carrot or stick” program, had no clear win-
tertime imagery available for one or more
of the study years, due to cloudiness and
snow cover. The lack of imagery for some
counties points to the importance of satellite
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overpass repeat frequency in obtaining clear
wintertime imagery; in some cases, satellite
remote sensing remains limited by lack of
good quality imagery.

For each of the four focus counties, a clear
satellite image from the late winter of each
year (table 3) was used to evaluate agricul-
tural vegetative groundcover. However,
within these images less than 100% of the
landscape was sampled, due to occasional
partial cloudiness and to Landsat 7 scan line
errors (USGS 2014c). The missing pixels of
information, ranging from 2.5% to 24.8% of’
the total area, were assumed to be randomly
distributed with respect to cropping patterns
in the landscape and were therefore judged
to not affect the groundcover analysis.

In the winter of 2012 to 2013, no clear
Landsat imagery was available for the study
area, and a SPOT 5 satellite image was sub-
stituted. Although this imagery has a smaller
pixel size (10 m [33 ft]) than Landsat (30 m
[98 ft]), it also has a smaller footprint (60 X

60 km [37 X 37 mi]), which did not entirely
cover each county (figure 1). The image
therefore preferentially sampled portions of
Berks (biased toward cropland), Lancaster
(biased toward the northern portion of the
county), and York (biased toward forest).
The groundcover analysis for 2012 to 2013
therefore applies only to the sampled areas,
unless it is assumed that cover cropping prac-
tices have a similar occurrence on corn land
within the areas of each county that were
sampled and not sampled by the imagery.
The percentages of each county that were
sampled by the imagery (the ratio of total
sampled area to the total county area) are
detailed in table 3. Overall, Lebanon County
had the most consistent imaging of its land
cover (75% in February of 2012 due to
cloudiness, >97% in the other years).

The weather across the four fall to win-
ter seasons was favorable to growth of cover
crops. Although the imagery date varied
somewhat by year (February 6 to April 6),
the number of GDD between October 1
and the imagery acquisition date in each
year was fairly consistent (713 to 895 GDD),
with the warmest winter (2011 to 2012) bal-
anced by an early imagery date (table 3 and
figure 5a). All of the imagery, including the
April 6 date, was acquired prior to spring-
time green-up as determined from MODIS
eight-day greenness products (NASA 2014)
and was representative of wintertime condi-
tions (figure 5b).

Vegetative Groundcover Analysis. Within
the sampled extent of each county, percentage
land use identified as corn crops by the CDL
remained fairly consistent over the four sam-
pled years (table 4a), with the highest intensity
of corn cropping in Lancaster County (23% to
27% of total land area) followed by Lebanon
(17% to 21% of land area), York (12% to 15%
of land area) and Berks (9% to 11% of land
area). In 2012, the observed values for Berks
and York counties (table 4a) were biased due
to the location of the SPOT imagery within
each county (figure 6), as described above.
The CDL does not distinguish between corn
harvest methods.

According to USDA NASS county statis-
tics (table 4b), the percentage of COS ranged
from 21% to 32% in Berks, 35% to 47% in
Lancaster, 34% to 44% in Lebanon, and 9%
to 13% inYork, and was fairly consistent over
time with year-to-year variability linked to
corn prices, forage availability, and a higher
occurrence of silage harvest under dry condi-
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Figure 4
Box plots of (a) normalized difference tillage index (NDTI) and (b) normalized difference residue index (NDRI) by previous crop including corn har-
vested for grain (COG) and corn harvested for silage (COS), for windshield survey fields in Centre County, Pennsylvania (dark line = median, black
point = mean, white box = 25% quartiles, and whiskers = range). Index values were derived using a November 14, 2010, Landsat 5 satellite image.
The residue analysis was limited to 311 fields with minimal vegetative vegetative groundcover (NDVI <o.25).
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Table 3
Satellite imagery sources, dates, and coverage.
Percentage of county sampled by imagery
Year Image Date GDD * Sensor Berks Lancaster Lebanon York
2009 to 2010 March 20, 2010 876 Landsat 7t 75.2 85.8 96.8 91.8
2010 to 2011 March 7, 2011 713 Landsat 7t 76.0 88.1 75.2 74.2
2011 to 2012 February 6, 2012 865 Landsat 7t 80.5 87.6 96.5 91.0
2012 t0 2013 April 6,2013 895 SPOT 5% 15.3 49.4 99.8 20.5
*Number of growing degrees (GDD) accumulated between October 1 and the image date.
tUnsampled portions for Landsat 7 imagery resulted from cloud masking and scan line errors.
FUnsampled portions for System Probatoire d’ Observation de la Terre 5 imagery resulted from its smaller footprint.

tions. The overall occurrence of silage harvest
was linked to predominance of dairy farming,
with the lowest occurrence in York County,
which also had the fewest dairy farms. Based
on the windshield survey results (table 2), and
confirmed by local knowledge, cover crops
are more often used following silage harvest,
rather than corn grain harvest, due to the ear-
lier silage harvest dates, longer associated fall
cover crop growing season, and the require-
ment that dairy farms spread wintertime
manure on fields with >25% groundcover.
The satellite remote sensing analysis of win-
tertime vegetation showed a steady four-year
climb in the occurrence of winter groundcover
following corn crops in each of the four focus
counties (figure 7 and table 4c), with vegeta-
tive cover increasing from 36% to 67% of corn

JOURNAL OF SOIL AND WATER CONSERVATION

land in Berks, 53% to 75% in Lancaster, 42% to
65% in Lebanon, and 26% to 52% in York. In
each county, the area of corn crops with min-
imal green wintertime vegetation decreased
over time, while occurrence of nonminimal
vegetative groundcover categories increased
(figure 7). The observed slight increase in
the percentage of corn fields with minimal
groundcover from 2009/2010 to 2010/2011
might be linked to the somewhat smaller
number of GDD in 2010/2011 (713) relative
to the other 3 years (876, 865, and 895) (figure
5). Photographs of vegetation levels associated
with each of the vegetative groundcover classes
are provided in figure 2c¢. It should be noted
that satellite remote sensing measures all green
groundcover, including cover crops, fertilized
winter cereal grains, and weeds.

Although vegetation indices such as the
NDVI tend to be robust with respect to
atmospheric interference, several researchers
have documented the need to standardize
to surface reflectance in interimage cali-
bration (Brown et al. 2006; Guyot and Gu
1994; Masek et al. 2006; Song et al. 2001)
due to possible effects of atmosphere on the
dynamic range of NDVI measurements. To
test whether the observed four-year trend
of increasing groundcover could possibly
be explained by an unlucky trend in atmo-
spheric interference across the time period,
top of atmosphere (TOA) reflectance val-
ues for pixels falling within cropland were
subtracted from their corresponding surface
reflectance (SR) values for each of the three
Landsat images, using cloud-masked TOA
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Figure 5

(@) Accumulated growing degrees (GDD) after October 1 for each of four study years (solid lines), with biweekly precipitation (inverted bars), and
accumulated GDD totals associated with satellite imagery dates (vertical dashed lines), using 2009 to 2013 weather data from the Lancaster Airport,
Lancaster, Pennsylvania, and (b) MODIS normalized difference vegetation index (NDVI) eight day greenness index. Black boxes indicate imagery

acquisition dates.
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Table 4
Occurrence of corn crops and wintertime vegetation in four Pennsylvania counties.
Vegetation 2009 to 2010 2010 to 2011 2011 to 2012 2012 to 2013
Percentage of landscape identified as corn crops*
Berkst 9 11 10 24
Lancaster 26 27 23 27
Lebanon 16 21 17 19
York 12 15 13 6
Percentage of corn crops harvested as silaget
Berks — — 21 32
Lancaster 35 40 39 a7
Lebanon 34 42 40 44
York 13 9 12 9
Percentage of corn crops with wintertime vegetation§
Berks 36 37 53 67
Lancaster 53 57 72 75
Lebanon 42 40 57 65
York 26 23 51 52
*Based on annual USDA National Agricultural Statistics Service Cropland Data Layer, Underscored values in 2012 were skewed by the location of the
System Probatoire d’ Observation de la Terre satellite footprint.
tTotal area of counties is 224,000; 254,350; 94,000; and 236,200 ha for Bates, Lancaster, Lebanon, and York, respectively.
FFrom annual USDA National Agricultural Statistics Service county crop harvest data. Dashes indicate missing data.
§Scored as nonminimal (low, medium, or high) vegetation in satellite analysis of areas identified as corn in the annual Cropland Data Layer.

Figure 6

Cropland Data Layer (2010) with county boundaries (purple), System Probatoire d’ Observation
de la Terre 5 SPOT satellite footprint (red), and windshield survey field locations (blue). Yellow
pixels indicate corn crops in 2010.

National Cropland Data Layer |

B com
B soybeans
I winter wheat f
I Dbl crop winter wheat/soy
I Barley

B Rye

T Alfalfa

B other crops
 Pasture/grass

[ Mixed forest

B Open water

0 Herb acedous wetlands
8 Developed

- SPOT 5 footprint

Dcounty boundaries

SPOT satellite
footprint

0 5 10 1520 km
_—

JOURNAL OF SOIL AND WATER CONSERVATION

and SR products provided by the USGS
Earth Resources Observation and Science
Center. When histograms of the SR-TOA
differences were compared among dates,
it was evident that atmospheric effects on
NDVI were minimal for the dates of anal-
ysis, with mean differences of 0.027 (March
20, 2010), 0.031 (March 7, 2011) and 0.037
(February 6, 2012) and standard deviations
of 0.015, 0.013 and 0.017, respectively.
Additionally, Aeronet data (Holben 1998)
were used to calculate atmospheric optical
thickness at the times of image acquisition,
and all four dates were judged to be simi-
lar in having a clear atmosphere (visibility of
64,222,145, and 74 km [40, 138, 90, and 46
mi] for the four image dates). Overall, atmo-
spheric effects on NDVI were judged to be
minimal for the four specific cloud-free sat-
ellite acquisition dates used for this project,
and the threshold NDVT values used in the
groundcover analysis were therefore judged
to be stable, indicating that the observed
trends were not attributable to differences in
atmospheric effects.

Additionally, to investigate possible
differences in NDVI sensitivity and thresh-
old values between SPOT and Landsat
TOA imagery, a dataset was acquired on
November 18, 2011, over the USDA ARS
Beltsville Agricultural Research Center
(Beltsville, Maryland), where imagery from

NOV/DEC 2015—VOL. 70, NO. 6

U JNo
6 !JAEOQ

ove:

(9)0. UOIeAIBSUOD JSTEM PUE |10S 4O [e
1005 UolfenJasuo) Jere/\ pue |10S ST0Z @ 1Y

T

4

610°SOMS’ MMM
‘panJesal sIybL ||V

349


http://www.swcs.org

350

Figure 7

from satellite remote sensing.

Late-winter vegetative groundcover following corn crops in (a) Berks, (b) Lancaster, (c) Lebanon, and (d) York counties, Pennsylvania, determined
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both satellites was collected within the same
hour of the day and NDVI values were com-
pared for 50 field locations. Results showed
a close relationship between the NDVI val-
ues derived from the two sensors (1 = 0.98)
with SPOT NDVI = 0.015 + 0.88 Landsat
NDVI. This calculation results in a SPOT
NDVT value of 0.28 equivalent to a Landsat
NDVT value of 0.30, implying that the cutoft’
threshold for minimal vegetative ground-
cover (NDVI = 0.30) is relatively consistent
between the satellites.

From the satellite vegetation analysis, it
was apparent that the occurrence of winter-
time vegetative groundcover on agricultural
fields previously cropped to corn increased
by 29% in Berks County, 22% in Lancaster,
23% in Lebanon, and 26% in York between
2009 and 2012, likely resulting from
increased farmer adoption of winter cover
crops. In addition to corn crops, similar

NOV/DEC 2015—VOL. 70, NO. 6

analytical results were calculated describing
winter groundcover following each of the
top 10 summertime land use categories from
the CDL (data available at https://www.
sciencebase.gov/catalog/folder/5513353ce4
b02e76d75c0993).

Summary and Conclusions

Satellite imagery was used to characterize
levels of wintertime green vegetative ground-
cover on agricultural fields in four counties
in southeastern Pennsylvania, for four con-
secutive years. Windshield survey data were
used to document groundcover occurrence
following corn harvested for grain (COG)
versus corn harvested for silage (COS) and
to confirm calibration of satellite imagery
interpretation. Late-winter satellite images
were acquired using the Landsat 7 and SPOT
4 satellite platforms, and previous-summer
agricultural crop types were mapped using

the USDA NASS CDL. These datasets were
then combined to determine four-year
trends in wintertime vegetative groundcover
in four counties (Berks, Lancaster, Lebanon,
and York).

Results of satellite vegetation analy-
sis demonstrated a consistent trend toward
increased wintertime vegetative ground-
cover following corn crops, likely associated
with increased adoption of cover crops.
Between 2010 and 2013 the occurrence
of wintertime vegetation on agricultural
fields increased from 36% to 67% of corn
fields in Berks County, from 53% to 75%
in Lancaster County, from 42% to 65% in
Lebanon County, and from 26% to 52% in
York County. Apparently, efforts to pro-
mote cover crop use in the Chesapeake
Bay Watershed have coincided with a rapid
increase in the occurrence of wintertime
vegetation following corn harvest in south-
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eastern Pennsylvania. However, despite
these increases, between 25% and 48% of
corn fields remained without living vegeta-
tion over the wintertime, indicating further
opportunity for cover crop adoption.

For fields included in the windshield sur-
vey, wintertime greenness was higher for
fields following silage harvest than for fields
following corn grain harvest, as indicated by
both the survey biomass data and the asso-
ciated satellite NDVI, demonstrating that
cover crops are more frequently used follow-
ing silage, most likely due to the longer fall
growing season made possible by the earlier
corn harvest dates. When windshield survey
satellite analysis was limited to low-vege-
tation fields, COG displayed higher NDTI
and NRDI values than COS and soy crops,
likely due to the greater amount of crop
residue retained following grain harvest.
The observed differences could possibly be
exploited on an operational basis to distin-
guish between COG and COS, as long as
imagery was acquired after corn harvest and
prior to fall tillage and analysis was limited to
fields with minimal vegetation.

Results of this study show that remote
sensing techniques can be used successtully
to map winter groundcover on agricultural
fields, despite some confounding factors
including mixed pixels resulting from strip
cropping and missing data due to partial
cloudiness and Landsat 7 scan line errors.
Although remote sensing remains limited by
satellite return frequency, pixel size, spectral
resolution, and the availability of cloud free
imagery, future deployment of satellites will
improve the capacity for providing timely,
accurate, field-specific measurements of
agricultural vegetation at the landscape scale.
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