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Abstract 

Green herbaceous phytomass was measured in August 1987 in 
grassland and sagebrush-grassland communities of Yellowstone 
National Park and related to August 1987 Landsat MSS data. A 
linear model using MSS band 7 and the ratio of MSS bands 6 to 4 
accounted for 63% of the variance in green herbaceous phytomass 
on ground-truth plots (n = 25). Error in estimates of green herbace- 
ous phytomass was influenced by the relative amount of bare 
ground and the proportion of green to green plus dead herbaceous 
vegetation present at a site. The model was used to predict average 
green herbaceous phytomass in grassland and sagebrush-grassland 
communities across a 600 km2 portion of ungulate summer range 
in Yellowstone National Park for 11 years during 1972-1987 using 
additional Landsat MSS imagery. Green herbaceous phytomass 
declined seasonally from late July to early September. Annual 
deviations in green herbaceous phytomass from the 11-year aver- 
age, corrected for date of satellite overpass, were not significantly 
related to precipitation or temperatures during the growing season 
but were related quadratically to December-March precipitation. 
Below-average green herbaceous phytomass in years of low and 
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high winter precipitation may be related to the effects of snow 
accumulation and melt on phenological development (green wave) 
of plants across the summer range. Models based on MSS spectral 
data can provide useful descriptions of broadscale patterns of plant 
biomass in Yellowstone National Park but may not suffice when 
precise estimates are required. Climatic influences on plant phe- 
nology may confound the interpretation of results when spectral 
models are used to compare vegetation yield of forage availability 
among years. 

Key Words: biomass, Landsat, multispectral scanner, Yellow- 
stone National Park, ungulate summer range 

Traditional methods for estimating forage availability to ungu- 
lates such as elk and bison are not practical for application over 
large geographic areas. Yet such estimates are necessary if we are to 
understand the dynamics between wide-ranging ungulate popula- 
tions and their habitat (Strong et al. 1985). Spectral values 
recorded by the Landsat multispectral scanner (MSS) can be used 
to estimate vegetative characteristics, because foliage of plants 
differentially absorbs and reflects energy in the visible and near 
infrared regions of the spectra (Knipling 1970, Tucker and Sellers 
1986, Tueller 1989). 

Previous estimates of green phytomass made using spectral data 
have used near infrared and red wave bands in ratio (Colwell1974, 
Pearson et al. 1976a, Boutton and Tieszen 1983) or linear combina- 
tions to form vegetation indices (Tucker et al. 1981, Richardson 
and Wiegand 1977, Weaver 1986). Richardson et al. (1983) found a 
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Fig. 1. Location of field plots in Yellowstone National Park sampled to determine relationships between green phytomass and reflectance values remotely 
sensed by Landsrt multisuectral scanner and the Cache/ Calfee-Mirror Plateau study area (shaded) for which average green herbaceous phytomass was 
e&match during 1972-1687. See text for details. 

nonlinear relationship between a perpendicular vegetation index 
(PVI) and biomass of Cynodon spp. in Texas. Kauth and Thomas 
(1976) combined 4 MSS bands to form the soil brightness index 
(SBI), which establishes the expected reflectance of soils, and the 
green vegetation index (GVI) which is orthogonal to the soil index. 

Although Landsat multispectral information can provide useful 
indices to range vegetation, relationships for 1 site may not apply at 
other sites due to variation in range and soil conditions (Boyd 
1986). Therefore, reliable estimates require that the procedures be 
tailored to site-specific conditions. The purpose of this paper is (1) 
to describe a spectral model designed to estimate green herbaceous 
phytomass in grassland and sagebrush communities of Yellow- 
stone National Park using Landsat MSS spectral data, and (2) to 
evaluate the model for detecting annual trends in forage availabil- 
ity on ungulate summer range. 

the study area at elevations of 2,000-2,780 m. Sagebrush areas 
were dominated by big sagebrush (Artemisia tridentata Nutt.) 
communities with understories of bluebunch wheatgrass [Agro- 
pyron spicatum (Pursh) Scribn. & Smith] in dry areas and Idaho 
fescue (Festuca idahoensis Elmer) in mesic areas. Silver sagebrush 
(Artemisiu cuna Pursh)/ Idaho fescue communities were asso- 
ciated with stream banks and seeps. Idaho fescuelwheatgrass 
[Agropyron spicatum and A. caninum (L.) Beauv.] communities 
dominated at intermediate elevations. Grasslands occurred at high 
elevations and were dominated by Idaho fescue/ tufted hairgrass 
[ Deschampsia cespitosa (L.) Beauv.] and tufted hairgrasslsedge 
(Carex spp.). Elk (Cervus elaphus) and bison (Bison bison) are the 
most abundant ungulates in this area of the Park (Houston 1982). 

Model for Estimating Green Phytomass 

Methods 

Study Area 
The study was conducted in the northeast portion of Yellow- 

stone National Park with major focus on the upper Lamar, Cache, 
and Calfee River drainages and the Mirror Plateau (Fig. 1). Geol- 
ogy of the park has been described by Keefer (1972) and topo- 
graphy, vegetation and soils have been described by Meagher 
(1973), and Houston (1982), Despain (1990). Climate data from 
Cook City, Montana (Fig. 1) were used to characterize weather 
patterns. Annual precipitation at Cooke City averaged 67.0 cm and 
daily temperature in January and July at Cooke City averaged 
-10.3’Cand 13.9“C,respectively(U.S. Dep. Commerce 1970-1987). 

Our work focused on the sagebrush and grassland portions of 

In 1987, we assessed regression models to estimate green phyto- 
mass from vegetation data collected 9-21 August 1987 at 25 
ground-truth sites (Fig. 1) and Landsat imagery for 5 August 1987. 
Ground-truth sites comprised at least 2.7 ha (about 6 pixels of 
Landsat 5) of homogeneous vegetation. Phytomass was estimated 
using a double sampling approach (Wilm et al. 1944, Carande and 
Jameson 1986). At each ground-truth site, green herbaceous phy- 
tomass was estimated within fifty 0.18-m* microplots using either a 
capacitance meter (Neal et al. 1976), or, in remote areas into which 
the capacitance meter could not be transported easily, measure- 
ments of forb and grass volume (canopy coverage X average plant 
height). Ten of the 50 microplots on each site were clipped to 
ground level and clippings were separated into standing dead 
herbaceous material, green forbs, and green graminoids. A criter- 
ion of L 25% “green”was used to differentiate green from senesced 
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plants. Current growth of shrubs, consisting of new growth of 
twigs and all green leaves, was estimated with a capacitance meter. 
Readings of the capacitance meter were taken before and after 
shrubs were removed from the microplots (Morris et al. 1976). 
Shrubs removed from the plot were clipped of current growth. 

Clipped plant material was oven-dried at 100°C for 48 hours and 
weighed to the nearest 0.1 g. An average dry to wet weight ratio of 
0.70 (n = 50) was used to convert wet weight of standing dead 
herbaceous plants in each microplot to dry weight. Oven-dried 
weights of phytomass were regressed on capacitance or volume 
measurements and regressions were used to predict the dry weight 
of phytomass in the nonclipped microplots. Regressions of phyto- 
mass weights from capacitance meter readings explained more of 
the variation in green herbaceous phytomass (grasses plus forbs) 
(r2 ~0.73) than regressions of green forb (rr q  0.45) and green grass 
(r2 q  0.63) phytomass based on plant volume. Regressions of 
current growth from the difference in capacitance readings before 
and after shrubs were removed from a microplot, explained 68% of 
the variance in shrub current growth. 

Landsat data for 5 August 1987 were transferred from 
computer-compatible tape to the Map and Image Processing Sys- 
tem (MIPS) for data processing and display. Ground-truth plots 
were mapped on ortho-photo quadrangle maps in the field and 
transferred to 1:58,000-scale color infrared aerial photographs in 
the lab. Plot locations on the photographs were digitized using a 
Panasonic video display camera which allowed the image proces- 
sor to capture spectral information from the 3 spectral bands (red, 
green, IR). The computer image was aligned with the Landsat 
image to establish plot locations on the Landsat scene. Digital 
values of the 4 Landsat MSS bands were recorded for the plot 
location (2 pixels) and 4 adjacent pixels within the same vegetation 
community. The 6 values (2.7 ha) for each band were averaged to 
repesent the spectral signature of the ground-truth plot. 

Relationships between green phytomass at the 25 ground-truth 
sites and the MSS spectral values, linear combinations of the 

spectral values, and vegetation indices (Rouse et al. 1974, Kauth 
and Thomas 1976) for the sites were evaluated using least squares 
regression analysis (Kleinbaum and Kupper 1978). Three criteria 
were used to select the most appropriate regression model for 
estimating green phytomass from Landsat spectral data: a signifi- 
cant F value (p_v).O5), an explanation of at least 50% of the 
variance in the phytomass data, and the lowest standard error of 
the estimate. 

Annual Estimates of Green Herbeceous Pbytomnss 
Annual estimates of average green herbaceous phytomass were 

derived for the grassland and sagebrush-grassland portions of a 
600 km2 (Fig. 1) area of ungulate summer range during 1972-1986 
using additional Landsat imagery for 10 years and the 1987 phy- 
tomass model. This procedure followed a 3-step process. First, 
Landsat data for previous years were calibrated to 1987 imagery 
conditions. Adjustments included corrections for machine differ- 
ences in detector sensitivity and electronic gain among Landsat 
satellites (Markham and Barker 1987) and for environmental dif- 
ferences, such as sun angle and haze. Corrections for environmen- 
tal differences were made by selecting 4 reference areas that had 
little to no vegetation(e.g., bare rock, lakes, and travertine deposits 
near a hot spring) and regressing spectral values in 1987 against the 
values for the same areas in other years (Merrill et al. 1988). 

The second step involved the elimination of forests and clouds so 
that average estimates of green herbaceous phytomass for the 
study area represented only grassland and sagebrush-grassland 
areas. A principal component analysis (PCA), using spectral 
values for all 4 MSS bands, was performed on a “training area” 
within the study area to distinguish between forested and non- 
forested pixels. An appropriate threshold value, below which areas 
were classified as forests, was determined by visually comparing 
the display of the PCA index to forested areas on Yellowstone 
Park cover maps. The PCA index was then calculated for each 
pixel within the 600 km2 area. All pixels with a PCA value below 

Table 1. Green pbytomass (kg/ha), standing dead herbaceous phytomaas (kg/ha), current growth of shrubs (CC), and bare ground (% cover) at 25 sites 
sampled in Yellowstone National Park on 9-21 August 1987. 

Plot Total’ Green2 Shrub Green Green Standing Bare ground 
Number Green Herbaceous CG Forb Grass Dead Cover 

_________________________________kg/ha___-________-_------------------_ 

1 616.7 580.2 36.5 167.1 413.1 40.8 
2 1978.7 1193.6 785.1 366.1 827.5 104.2 
3 3153.9 3153.9 0.0 297.8 2856.2 165.7 
4 885.0 638.7 246.3 183.7 455.0 59.0 
5 960.2 960.2 0.0 267.6 692.6 121.4 
6 673.4 638.1 35.3 203.5 434.6 39.0 
7 1032.2 1032.2 0.0 138.9 893.3 79.9 
8 1077.4 1077.4 0.0 269.6 807.8 380.2 
9 694.8 694.8 0.0 178.5 516.3 101.6 

10 1087.3 1087.3 0.0 323.7 763.6 226.2 
11 838.6 838.6 0.0 276.6 561.7 123.2 
12 1521.5 1521.5 0.0 182.8 1338.7 555.3 
13 1536.8 1536.8 0.0 371.0 1165.9 369.9 
14 1020.3 1020.3 0.0 249.8 770.5 302.8 
15 1627.9 1627.9 0.0 481.5 1146.0 289.0 
16 576.8 530.8 46.2 60.8 469.9 107.4 
17 1180.8 964.7 216.1 224.4 740.3 208.9 
18 907.5 907.5 0.0 714.0 193.2 371.8 
19 946.0 946.0 0.0 260.9 685.1 232.4 
20 481.9 363.5 118.4 80.2 283.3 130.6 
21 1030.5 963.4 67.2 143.3 820.1 294.1 
23 684.9 684.9 0.0 212.2 472.7 510.6 
24 526.5 526.5 0.0 202.3 324.2 474.7 
25 778.5 778.5 0.0 236.8 541.7 316.7 

‘Total Green = green herbaceous phytomass lus current shrub growth (new twigs and all green leaves). 
Green Herbaceous = green grass plus green orb phytomass. P 

-%- 
22.2 
10.6 
3.3 

34.4 
31.7 

2.6 
2.1 
3.9 
7.1 
6.0 

12.0 
6.0 
2.4 
2.9 
6.3 

46.5 
11.9 
47.7 

3.0 
6.4 
1.6 
6.2 
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the threshold were omitted from our estimate of average green 
herbaceous phytomass. Similarly, pixels with a PCA value above a 
designated threshold were covered by clouds and were omitted 
from the estimate of average green herbaceous phytomass. 

Finally, calibrated spectral values were used in the model to 
obtain a pixel-by-pixel estimate of green herbaceous phytomass in 
the sagebrush-grassland and grassland portions of the study area 
for the 11 years for which we had Landsat imagery. Pixel values 
were then averaged across the study area to obtain an annual 
estimate of average green herbaceous phytomass for the same 
grassland and sagebrush-grassland portions of the study area. 

Results 
Phytomass at Ground-truth Sites 

Estimates of total green phytomass (herbaceous phytomass plus 
current growth of shrubs) on the 25 ground-truth sites sampled in 
1987 ranged from 482 to 3,154 kg/ ha (Table 1). At sites dominated 
by sagebrush, new twigs and leaves of shrubs averaged 28% of the 
total green phytomass. In grassland communities, grass comprised 
over 7% of green herbaceous phytomass, on average. Highest 
green herbaceous phytomass occurred on site 3, which was domi- 
nated by timothy (Phleumpratense L.). Forbs predominated only 
on the Buffalo Plateau where they comprised 79% of green her- 
baceous phytomass on 1 site. Percentage of senesced material in 
the standing crop averaged 20% (5-48%) of total phytomass (Table 
1). 

Green Phytomass Model 
Correlations between spectral bands, band ratios, or vegetation 

indices and green phytomass were generally weak (Table 2). 
Among the linear models we tested, no combination of MSS 
spectral bands or band ratios explained more than 50% of the 
variation in total green phytomass, current growth of shrubs, or 
green forb phytomass, while several indices explained 50% of the 
variation in green grass and green herbaceous (grass plus forb) 
phytomass. The equation which best met our criteria for model 
selection was: 

GHP = 2687 (MSS6/MSS4) - 87.68 MSS7 - 396.79 (1) 

where GHP is green herbaceous phytomass (grass plus forbs), r2 = 
0.63, P<O.OOl, S.E. = 350.5 kg/ha. Logarithmic transformations 
of our data did not account for more than an additional 1% of the 
variation in any of the models and were avoided due to additional 
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Fig. 2. Effects of bare ground (a) and plant senescence (b) on the percent of 
error in estimating green herbaceous phytomass of field plots in August 
1987 using Eq. 1. 

complexity of those transformations in our image processing 
system. 

Potential sources of error in our model are illustrated in Fig. 2. 
Green herbaceous phytomass predicted by equation 1 is frequently 
overestimated when the ratio of green herbaceous phytomass to 

Table 2. Linear correlation coefficients(r) between selected vegetation measurements and Landsat MSS bands values, band ratios, and vegetation indices 
(n q  25). NS Indicates P 2 0.05. 

Parameter Total green Green herbaceous Green forb 
Shrub 

CG 
% Cover’ 

bare ground 

MSS Band 4 -0.55 -0.64 
MSS Band 5 NS a.46 
MSS Band 6 NS 0.42 
MSS Band 7 NS NS 

RATIO MSS6/MSS4 0.42 0.57 
MSS6/ MSS5 0.42 0.56 

MSS7/ MSS4 NS 0.52 
VIZ NS 0.51 
TV13 NS 0.51 
GVI4 NS NS 
PVF NS 0.31 

‘Correlations are based on arcsine-square root transformations of percentage values. 
2Vegetation index: VI = (MSS7-MSSS)/(MSS7+MSS5), Rouse et al. 1974. 
‘Transformed vegetation index: TVI=SQRT(VI+O.OS), Rouse et al. 1974. 
*Green vegetation index: GVI = -0.42305 (MSS4) - 0.5054 (MSSS) 

+I).25689 (MSS6) Co.7068 (MSS7) 
‘Perpendicular index: PVI q  1.08 (MSS’I)/ 1.03 (MSS5-6) 

NS NS NS 
NS NS NS 

0.53 -0.42 NS 
0.51 -0.45 NS 

0.50 -0.42 NS 
0.44 -0.40 NS 

0.49 -0.45 NS 
0.44 -0.43 NS 
0.44 -a.43 NS 

NS NS NS 

NS NS NS 
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Table 3. Year and date of Landsat satellite overpass, Landsat satellite, total number of pixels within the Cache/Calfee-Mirror Plateau study area, total 
number non-forested pixels for which average green herbaceous phytomass (GHP) was estimated, number of pixels covered by clouds, and annual 
estimates of average green herbaceous phytomass (kg/ha). 

Year Date of 
Over 

Landsat 
satellite 

Total Area 
Pixels’ Area 

(no) (km2) 
1972 8/07 1 148992 
1973 8/20 1 148772 
1974 9/02 1 148480 
1975 8/10 1 146432 
1976 9109 1 147456 
1978 7125 3 145290 
1979 7129 2 204800 
1981 8123 2 204800 
1984 8112 5 204800 
1986 8/02 5 204800 
1987 8/05 5 204800 

‘Geometrically uncorrected pixel size (57 X 79 m): 1972-1978 
Geometrically corrected pixel size (57 X 57 m): 1979-1987 

Grasslands Cloud Cover GHP 
Pixels Area Pixels 

(no) (ka+) (no) (kg/ ha) 
671 57375 258 0 ‘7) 1409 
670 46671 210 4867 10 722 
669 42286 190 0 0 633 
659 46949 211 0 0 1707 
664 52902 238 0 0 913 
654 49173 221 0 0 1050 
665 68632 223 1917 3 1806 
665 58361 190 0 0 915 
665 70246 228 13813 20 964 
665 68726 223 1834 3 1592 
665 60529 197 3072 5 1204 

total standing herbaceous phytomass (green plus dead) is low and 
tends to be underestimated when bare ground is high. 

Annual Estimates of Green Herbaceous Phytomass 
Average green herbaceous phytomass in the grassland and 

sagebrush-grassland portions of the study area ranged from 633 
kg/ha in 1974 to 1,806 kg/ ha in 1979 (Table 3). A seasonal decline 
in green herbaceous phytomass was observed in relation to date of 
satellite overpass (Fig. 3). The following maxima function curve 
(Spain 1982) was fit to the 11 annual estimates: 

GHP = A x exp (nx) (2) 

where GHP = green herbaceous phytomass (kg/ ha) - 600, x q  julian 
dateof sampling- 100, A = 17,206, n=0.068,(rr=0.61, P<O.O5, n= 
11). The equation represents the average seasonal decline in green 
herbaceous phytomass from the end of July to the beginning of 
September for the 1 l-year period of the study (Fig. 3). Deviations 
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Fig. 3. Average green herbaceous phytomass (GHP) (kg/ha), estimated 
from Landsat MSS spectral data, for the grassland and sagebrush- 
grassland portions of the Cache/Calfree-Mirror Plateau study area dur- 
ing 11 years from 1972-1987. The dotted line represents the average 
seasonal decline in green herbaceous phytomass for the years of the 
study. 

in our annual estimates of green herbaceous phytomass from this 
average were quadratically related to December-March precipita- 
tion (r2 = 0.81, P < 0.01, Fig. 4). No significant relationship was 
found between deviations in annual estimates of green herbaceous 
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Fig. 4. The deviation in green herbaceous phytomass (GHP) (kg/ha)from 
the average seasonal decline in green herbaceous phytomass in relation 
to average December-March precipitation (cm). 

phytomass from the average and temperature or total precipitation 
during the growing season. 

Discussion 

Our estimates of green herbaceous phytomass in northeastern 
Yellowstone National Park are well within values reported for the 
habitat types we sampled (Mueggler and Steward 1980) suggesting 
that canopy spectra-reflectance in grassland and sagebrush- 
grasslands of Yellowstone National Park can be a useful estimator 
of green herbaceous phytomass. Although the precision of our 
model is comparable to those for other grassland communities 
(Boutton and Tieszen 1983, Weaver 1986), errors can be large and 
would limit the use of this technique in investigations requiring 
precise estimates. Boutton and Tieszen (1983) found that average 
percent error of the estimate increased as the proportion of live 
biomass of the standing biomass declined. Pearson et al. (1976b) 
found estimates of green phytomass from spectral models were 
unreliable when live or green vegetation comprised less than 30% 
of the total phytomass (green plus standing dead). We had no plots 
in 1987 on which green herbaceous phytomass was less than 50% of 
the total herbaceous vegetation (green plus standing dead) but 
found that green herbaceous phytomass was overestimated when 
the proportion of green to total (green plus standing dead) phyto- 
mass in a plot was less than 60%. Green herbaceous phytomass was 

JOURNAL OF RANGE MANAGEMENT 46(2), March 1993 155 



underestimated in plots with greater than 20% bare ground. Soil 
background signals can have an overriding effect on predicting 
vegetative conditions (Huete et al. 1984, Elvidge and Lyon 1985). 
We did not collect data on the spectral characteristics of soils at our 
ground-truth sites and in the future it may be possible to improve 
these estimates with corrections for soil reflectances. 

Estimates of green herbaceous phytomass indicated a rapid 
seasonal decline in green herbaceous phytomass from late July to 
early September in the Cache-Calfee/ Mirror Plateau area (Fig. 3). 
Most studies have reported positive, linear relationships between 
winter-spring precipitation and herbaceous yield in grassland and 
sagebrush-grassland communities (Craddock and Forsling 1938, 
Blaisdell1958, Whysong 1973). In this study, we found that green 
herbaceous phytomass in late summer was below the seasonal 
average when December-March precipitation was low or high 
(Fig. 4). Because spectral models like ours predict green, rather 
than total phytomass, we suggest that average green herbaceous 
phytomass was influenced by annual variation in phenology (green 
wave) which is determined by winter snow accumulation and tim- 
ing of snowmelt. When winter snow accumulations were low, 
snowmelt and spring green-up occurred early and plants cured 
early so that less green herbaceous phytomass was available in late 
summer than in years of average snow accumulation. Likewise, in 
years of heavy snowfall, the amount of green herbaceous phyto- 
mass measured in late summer was below average because snow 
melt occurred late, delaying phenological development. The quad- 
ratic relationship between variation in green herbaceous phyto- 
mass and winter precipitation we present is highly dependent on a 
few data points and it needs to be substantiated further. Yet, 
because we found no significant relationships between green her- 
baceous phytomass and precipitation or temperatures during the 
growing season, we hypothesize that the pattern of snow accumu- 
lation and melt is the dominant factor influencing phenological 
development in these high elevation grasslands. This hypothesis is 
consistent with the results of Frank (1990), who found that concen- 
tration of green biomass (mg cc-‘) at his field sites on the Cache- 
Calfee summer ranges was significantly related to days after 
snowmelt. Timing of snowmelt has been shown to influence phe- 
nology of plants in other high elevation grasslands of this region 
(Canaday and Fonda 1974, Weaver 1974). 

Snow accumulation and melt also may influence total yield, but 
this relationship does not seem to be a simple one. For example, in 
Montana, Weaver and Collins (1977) found a decline in herbace- 
ous yield of Festuca idahoensis/Agropyron caninum vegetation 
under snowbanks relative to driftless areas. They attributed 
reduced yield under the snowbank to a shortened growing season 
caused by late snowmelt, but similar ending dates to the growing 
season. Knight et al. (1979), however, found that prolonged snow- 
cover, due to artificial augmentation of snow in subalpine grass- 
lands in southeast Wyoming, decreased yield in wet meadows but 
increased yield in dry meadows. They suggested that additional 
water in dry meadows may have wet the soil to a greater depth than 
normal, thereby providing a greater supply of water for plant 
growth via deeper plants roots or capillary movement from below. 

In addition to climatic factors, Frank (1990) found that ungu- 
lates in this area can stimulate aboveground plant growth. During 
the period of our study, ungulate numbers increased to record 
highs (Singer et al. 1989). However, we did not find a correlation 
between ungulate population numbers and the deviation in green 
herbaceous phytomass from the mean in the years of the study, 
implying that ungulates were not affecting green herbaceous 
phytomass. 

We conclude that Landsat MSS data can provide estimates of 
green herbaceous phytomass in Yellowstone National Park that 
are useful for landscape questions (e.g., Merrill and Boyce 1991) 

but may not be precise enough for other purposes. It is possible 
that Landsat thematic mapper data may improve the precision of 
the phytomass estimates because more band options are available 
for model development. Nonetheless, annual variation in phenol- 
ogy may confound the interpretation of results when spectral 
models are used to examine trends in vegetation production or 
forage availability across years. 
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