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Abstract. This study assesses the ability of multitemporal Landsat Thematic
Mapper (TM) data and the normalized diVerence vegetation index (NDVI) to
spectrally separate grazed cool season and warm season grassland cover types in
Douglas County, Kansas. Biophysical data collected during the summer of 1997
suggest that diVerences in the per cent of total living vegetation cover, per cent
of senescent vegetation, and proportion of forb cover between the two grassland
cover types could make cool season and warm season grassland cover types
spectrally distinct. The results show that the two grassland cover types were
spectrally diVerent in several spring (May) and mid-summer (July) bands, but not
in any fall (September) bands. Furthermore, the two grassland cover types could
be discriminated with a high level of accuracy. Accuracy assessments of the three
single dates showed that the mid-summer (July) image and NDVI discriminated
between the grassland cover types most accurately (81.8%). The multitemporal
TM and NDVI data did not improve the spectral discrimination of the two
grassland cover types over the mid-summer image or NDVI and had classi cation
accuracy levels of 63.6% and 68.2%, respectively.

1. Introduction
The tallgrass prairie has been identi ed as one of the more biologically diverse
grasslands in the world (Risser 1988). However, only a small percentage of tallgrass
prairie remains in the United States (Risser 1988). Fragmentation of the tallgrass
prairie in the eastern Great Plains has resulted from European settlers who converted prairie to croplands and cool season grasslands for grazing by domesticated
animals. Prairies remain almost exclusively on rocky substrates that are unable to
undergo the plough (Holecheck et al. 1989). Most of the Great Plains and eastern
International Journal of Remote Sensing
ISSN 0143-1161 print/ISSN 1366-5901 online © 2002 Taylor & Francis Ltd
http://www.tandf.co.uk/journals
DOI: 10.1080/01431160210142833

5016

D. L . Peterson et al.

forest tallgrass prairie is privately owned and subjected to a variety of land management practices used by landowners (Owensby 1993). A primary land use for these
prairie remnants has been for grazing by domestic ungulates. With only an estimated
1% of pre-European prairies remaining (Diamond and Smeins 1988), identi cation
and monitoring of these prairie remnants are critical to ensure their preservation.
Traditionally, vegetation mapping and assessment techniques have been based
primarily on  eld observation and data collection. These traditional mapping and
assessment techniques are considered time-consuming, subjective, and economically
ineYcient for relatively large areas (Briggs and Nellis 1989, Friedl et al. 1994).
Meanwhile, the use of imagery that has been remotely sensed by satellites has become
a cost-eVective method to identify and map various types and characteristics of
grassland and agricultural communities.
Previous studies have successfully used spectroradiometer and Landsat Thematic
Mapper (TM) data to estimate and assess biophysical characteristics of grasslands
including biomass and leaf area index (LAI) (Asrar et al. 1986, Weiser et al. 1986,
Briggs and Nellis 1989, Friedl et al. 1994, Chen and Brutsaert 1998). In addition,
remotely sensed data have been used to evaluate the eVects of diVerent land management practices on spectral characteristics (Asrar et al. 1989, Dyer et al. 1991, Price
et al. 1992, Price et al. 1993, Dunham and Price 1996). Textural algorithms have
also been used on ‘Systeme Pour l’Observation del la Terre’ (SPOT) High Resolution
Visible (HRV) and Landsat TM data to diVerentiate among grassland communities
(Briggs and Nellis 1991, Lauver and Whistler 1993). Further, Kansas land cover
mapping studies by Egbert et al. (1995) and Price et al. (1997) revealed that a
classi cation approach using multitemporal imagery better discriminated and classi ed agricultural and grassland areas than the one which used single date Landsat
TM images (Whistler et al. 1995).
While previous studies have used spectral data from satellites and spectroradiometers to estimate biophysical characteristics of grasslands and to discriminate among
major land cover types, little research has focused on using satellite sensor data
to distinguish between cool season and warm season grassland cover types.
Discriminating between cool season and warm season grassland cover types will
provide accurate estimates of remaining tallgrass prairie remnants. In addition, once
these grassland cover types can accurately be discriminated, tailored monitoring and
assessment techniques can be developed for sustainable management. The primary
objective of this study, therefore, is to evaluate the feasibility of using Landsat TM
data to discriminate between grazed cool season and warm season grassland cover
types in Douglas County, Kansas. This study identi es the best single date image
that most accurately discriminates between the two grassland cover types. In addition,
this study assesses whether NDVI or multitemporal data improve the separability
of the two grassland cover types.
2.

Study area
Douglas County in northeastern Kansas covers an area of 122 768 ha (474 square
miles) ( gure 1). Douglas County has a mid-continental temperate climate with an
average annual temperature of 13°C. Seasonal temperatures are highly variable with
mean low temperatures of  6°C in January and mean high temperatures of 32°C
in July. Precipitation often exceeds evapotranspiration rates in the region with
average annual precipitation levels at 86 cm. The majority of the precipitation falls
during the growing season (April to September) and rain patterns during the growing
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Figure 1. The state of Kansas with county boundaries. The study area, Douglas County,
is highlighted in the eastern part of the state.

season are generally short intense rains that create a regular occurrence of surface
runoV (USDA 1977). For 1997, reported temperatures were average and reported
average annual precipitation levels were slightly below average (79.73 cm) (NCDC
1999).
Approximately 41% of the county area is grassland (native or non-native) (KARS
1999). A 1992 Census Report stated that an estimated 32 779 ha in Douglas County
are used as rangeland (USDA 1998). Cropland is the predominate land cover type
in Douglas County with 58 243 ha harvested in 1997 (USDA 1998).
Cool season and warm season grasslands are the two grassland cover types
present in Douglas County, Kansas. Cool season plant species  x carbon via C
3
photosynthesis while warm season plant species  x carbon via C photosynthesis.
4
As a result, cool and warm season plants diVer in their physiological behavior and
growth patterns. In this study area, cool season species begin photosynthetic activity
in early spring, reach peak productivity in late spring, and become semi-dormant by
mid-summer. Cool season species often experience a second, yet smaller growth
period in early fall (Weaver 1954). While warm season species also begin photosynthetic activity in spring, the period of rapid growth occurs when temperatures
increase in late spring and early summer. Warm season species reach peak productivity in mid-summer, and experience little growth in early fall before senescing
(Weaver 1954).
Within the study area, cool season grassland cover types are dominated by
introduced cool season grass species such as smooth brome (Bromus inermis Leyss.)
and tall fescue (Festuca arundinacea Schreb.). These grassland cover types are planted
and are typically used for hay and pasture purposes. Warm season grassland cover
types are tallgrass prairie and consist of a mixture of warm and cool season grass
and forb species. Tallgrass prairies are heavily dominated by warm season
grass species such as big bluestem (Andropogon gerardii Vitman), little bluestem
(Schizachyrium scoparium Michx. Nash), yellow indiangrass (Sorghastrum nutans
L. Nash), and switchgrass (Panicum virgatum L.). While neither grassland cover type
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consists exclusively of cool or warm season species, for convenience, the grassland
cover types will be referred to based on their dominant vegetation.
3. Methods
3.1. Data acquisition
3.1.1. Field data
Field data were collected to detect biophysical diVerences between cool season
and warm season grassland cover types that may aVect spectral characteristics as
measured by the Landsat TM sensor. A total of 22 randomly selected study sites
were used for this study, 10 warm season and 12 cool season.
Field data were collected in early July, August, and September of 1997. Collection
times were scheduled to coincide with the Landsat 5 overpasses (approximately  ve
days before and after the overpass dates). A hand-held Garmin Plus II Global
Positioning System (GPS) unit was used to record the map coordinate location of
the study sites.
Five 0.25 m2 quadrats were positioned within a 90 m×90 m study plot to collect
data for each study site. The  rst quadrat was positioned in the centre of the study
plot and the other four quadrats were positioned systematically in the study plot
corners to represent a sample from  ve diVerent pixels as seen from Landsat TM
imagery.
Ocular cover estimates were made to obtain information regarding species composition and total cover of vegetation versus bare ground, litter, or standing dead
vegetation (Daubenmire 1959). Plant species richness was calculated by counting
the number of species within the 90 m×90 m sampling area during a ten-minute
period. Species richness within the two grassland cover types was used as a general
indicator of plant species compositional homogeneity, which may in uence spectral
characteristics of the grasslands. For example, grasslands dominated by two or three
species may have a diVerent spectral response than grasslands made up of more
species and diVerent compositional mixtures of grass and forbs. Grassland cover
types with greater compositional variation would probably be more spectrally variable as well. The average vegetation canopy height was also measured to the
nearest cm at each quadrat to determine whether diVerences in canopy architecture
had an in uence on spectral response patterns.
Total living biomass was measured at 16 of the 22 sites during the July 1997  eld
visit. Live biomass was clipped and removed from the  ve 0.25 m2 quadrats at each
study site. The biomass was then dried at 64°C for at least 40 hours and then
weighed to the nearest gram.
3.1.2. Derived index
The presence X frequency (P X F) index (Curtis 1959) was used to identify the
dominant species found at the study sites. This index is derived by multiplying the
percent presence (% of time a species is found at the study site) by the percent
frequency (% of time a species is located within the quadrats used at each site). The
P X F index is used as a means of ranking species by dominance across study sites.
3.1.3. Satellite data and preprocessing
A previous study by Price et al. (1993) suggested that a combination of spring,
summer and fall images were best for diVerentiating among land cover and land use
practices. For this reason, images were acquired for 15 May, 2 July and 4 September
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1997 to represent spring, summer and fall, respectively, for the 1997 vegetation
growing season.
The three TM images were subset to an area slightly larger than Douglas County.
The spectral values (excluding the thermal band) from the May, July, and September
1997 subsets of the images were then converted from brightness values to radiance
values. The thermal infrared band was excluded from the analysis due to its coarser
spatial resolution. Chavez’s (1988) Improved Dark Object Correction Technique was
used to normalize radiance values and minimize the eVect of atmospheric backscatter
on the data. Radiance values for the three scenes were then converted to re ectance
to normalize for changes in solar/earth distance and solar zenith angle at the time
of each satellite overpass.
The July image was geometrically referenced to a Universal Transverse Mercator
(UTM) projection using 38 ground control points (GCPs) and the nearest neighbor
interpolation algorithm. The transformation model estimated the geographic location
of each pixel to within 0.35 pixels (10.5 m) of the ground control points. The other
two images were geographically registered to the recti ed image. After georegistering
all images to the same coordinate system, an 18-band data  le was created using
the six bands from the three image dates. Re ectance values for each study site were
extracted for a nine pixel area (3×3 pixels) located within the middle of each site
and these values were used for subsequent analyses.
NDVI values were calculated using the standard equation (Rouse et al. 1973):
NDVI=

(TM4 TM3)
(TM4+TM3)

(1)

3.2. Statistical analysis
The extracted pixel values for all study sites were imported into SPSS statistical
software for statistical analysis. Summary statistics were generated for the biophysical
and spectral data. Multiple analysis of variance (MANOVA) was used to test for
spectral diVerences between the two grazed grassland cover types (warm season
versus cool season). Discriminant analysis was used to examine the spectral separability of the two grassland cover types. Preliminary results revealed that the inclusion
of all eighteen TM bands in the discriminant analyses produced inconsistent and
unreliable statistical results. In order to produce reliable results, the blue band (TM
band 1 from spring, summer, and fall images), the band most aVected by atmospheric
attenuation, was excluded from the analyses. Subsequently,  fteen bands were entered
into the MANOVA and discriminant analyses.
Discriminant analysis was used to determine which single date image best discriminated between cool season and warm season grassland cover types and whether
the use of multitemporal data and NDVI improved the spectral separability.
Discriminant functions generated during the analysis were used to assign study sites
to one of the two grassland cover types. With a large sample size, one sample can
be used to develop the ‘in-sample’ classi cation function and the second sample can
be used to externally check the validity of the classi cation function. Due to the
small sample size of this study, however, the ‘jack-knife’ procedure developed by
Lachenbruch (1967) was used to cross-validate the classi cation results. The jackknife procedure classi es each site based on a classi cation statistic of the remaining
sites (n–1) (Stevens 1996). Re ectance from the  fteen TM bands and NDVI were
entered into discriminant analysis. Using error matrices generated from discriminant
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analysis, accuracy assessments were calculated based on guidelines described by
Congalton (1991).
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4. Results and discussion
4.1. Biophysical characteristics
Summary statistics for the  eld data show that in mid-summer (July), cool season
grasslands had slightly more total living biomass than warm season grasslands with
263.5 g mÕ 2 compared to 231.5 g mÕ 2, respectively. Warm season grassland cover
types, however, had greater percentages of total living cover than cool season
grassland cover types ( gure 2). The greatest diVerence in the percentages of total
living cover between the two grassland cover types was observed in late summer
(August) when warm season sites had an average of 81.9% and cool season had
56.9% total living cover. The discrepancies between per cent cover and biomass
suggest that vegetation in warm season grassland cover types were high in cover,
but low in biomass. However, the discrepancies may be due to the timing of  eld
data collection. Measurements were taken in early July and this may have been too
early for warm season grass species to reach peak biomass. In addition, the study
sites were also grazed by domestic ungulates, which alters vegetation biomass and
cover (Dyer et al. 1991).
Species composition by lifeform cover also diVered between the grassland cover
types ( gure 2). While sites for both grassland cover types consisted of at least 50%
grass species, warm season sites had the greatest percentage of forb cover. Warm
season grassland cover types had at least 20% forb cover while cool season grassland
cover types had a maximum of 11.8% forb cover in late summer (August). The
diVerence in forb cover explains the greater percentage estimates of total living cover
observed in warm season grassland cover types. It is probable that a plant community
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Figure 2. Cover estimates by lifeform for cool season and warm season grassland cover types
in Douglas County, Kansas. The warm season sites had lower percentages of grass
cover in July, but consistently had higher percentages of forb cover. A comparison of
total living cover (grass and forb cover combined) shows that warm season sites
consistently had higher percentages.
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composed of forbs and grasses creates a more closed vegetation canopy structure
while a plant community composed primarily of grass species creates a more open
vegetation canopy structure. Shrubs did not constitute a signi cant portion of the
vegetation cover (less than 1%) in either grassland cover type.
Warm season grasslands consistently had less non-living or senescent vegetation
present during the three  eld visits ( gure 3). Cool season sites had 27% or more
senescent vegetation cover present while warm season sites had less than 10% nonliving cover vegetation present. The lower proportion of senescent vegetation cover
in warm season grass sites is explained by burning of warm season grasslands, which
removes the previous year’s vegetation. Prescribed burning is a commonly used
grassland management practice and is important for the maintenance of tallgrass
prairie vegetation (Hulbert 1969, DuVey 1974, Collins and Gibson 1990). The per
cent of bare ground in warm season grasslands (>9.0%) was slightly greater than
cool season grasslands (<9.0%), however, bare ground represented a relatively small
portion of the total cover estimates ( gure 3 ).
The dominant plant species also diVered between the grassland cover types as
illustrated through the P X F index ( gure 4). The index values reveal that the warm
season grass and forb species bluestem (Andropogon spp.) and common ragweed
(Ambrosia artemisiifolia L.) largely dominated warm season grassland cover types in
this study area. Meanwhile, the cool season grasses smooth brome (Bromus inermis
Leyss.) and tall fescue (Festuca arundinacea Schreb.) dominated cool season grassland
cover types. Neither grassland cover type consists exclusively of warm or cool
season species.
Species richness was slightly diVerent between the two grassland cover types.
Warm season sites had an average of 25, 21, and 24 species present for July, August
and September, respectively ( gure 5). Meanwhile, cool season sites had an average

’((

Figure 3. Cover estimates for bare ground and litter for cool season and warm season
grassland cover types in Douglas County, Kansas. The graph shows that warm
season sites had higher percentages of bare ground while cool season sites had higher
percentages of litter.
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Figure 4. Dominant species list for cool season and warm season grassland cover types
(c=cool season spp. and w=warm season spp). While neither grassland cover type
was composed of warm or cool season species exclusively, the two grassland cover
types were clearly dominated by diVerent species.
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Figure 5. Species richness estimates by lifeform for cool season and warm season grassland
cover types in Douglas County, Kansas. The graph shows that cool season sites had
fewer species present compared to warm season sites. In addition, warm season sites
had more grass and forb species present while cool sites consistently had more tree
species present.

of 17, 17, and 19 species present for the respective months. There were more grass
species present in warm season grasslands and more tree species present in cool
season grasslands. These results re ect diVerent management practices. Cool season
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grasslands in the study area are planted with a limited number of grass species such
as fescue and brome and, therefore, there would not be a great number of grass
species present. The higher number of tree species found in cool season grasslands
is explained by the lack of burning on these grassland cover types. Prescribed burning
is not among the management practices employed on these cool season grassland
sites. Consequently, trees have a better chance to establish in cool season grassland
cover types.
Warm season grasslands had taller vegetation than cool season grasslands
( gure 6 ). This can be explained by the growth characteristics of the dominant plant
species within each grassland cover type. At times, warm season grasses such as big
bluestem reaches heights of 214 cm (Weaver 1954) while cool season grasses such as
fescue reaches heights of only 121 cm (Stubbendieck et al. 1995). The tallest vegetation
for both grassland cover types was measured in late summer (August). Plant height
will vary year-to-year and is dependent on a variety of environmental factors
(Weaver 1954).
4.2. Spectral characteristics
The spectral re ectance patterns of cool season and warm season grasslands
re ect phenologic and compositional diVerences in the vegetation ( gure 7). The
spectral response curves show that the greatest diVerences between the two grassland
cover types occur in the near-infrared (NIR) (TM band 4) and middle-infrared (MIR)
(TM band 5) bands.
In spring (May), cool season sites had higher NIR re ectance values than warm
season sites. This is due to the early spring growth of cool season grasses that
dominate cool season sites (Weaver 1954). In mid-summer (July), warm season sites
had higher NIR and lower MIR re ectance values than cool season sites ( gure 7).
The peak productivity period for warm season grasslands is mid-summer and this
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Figure 6. Plant height (cm) for cool season and warm season grassland cover types in
Douglas County, Kansas. The graph shows that warm season sites had taller vegetation
than cool season sites for all three dates.
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Figure 7. Multitemporal Landsat TM spectral response curves for cool season and warm
season grassland sites in Douglas County, Kansas. The largest diVerence between the
two grassland types for the three TM scenes appears to be in band 4 (NIR). There
are also noticeable diVerences in May TM band 7 (MIR) and July TM band 5 (MIR).

is also the time when cool season grasses are semi-dormant (Weaver 1954). In fall
(September), spectral diVerences between the two grassland cover types appear to
narrow. Warm season sites had a slightly lower NIR re ectance (26.1%) than cool
season sites (27.8%). During the late summer and early fall most species in both
cool season and warm season grasslands undergo senescence to varying degrees that
results in less plant moisture, less chlorophyll production, and less biomass production. The cool season species dominating cool season grassland cover types often
experience growth rejuvenation in early fall if soil moisture is suYcient to support
growth.
Previous studies of tallgrass prairies have shown NDVI to be related to the
amount of total living biomass (Tucker 1980, Briggs and Nellis 1989). Using NDVI
as a measure of biomass, the spectral data suggests that the cool season sites had
larger amounts of total living biomass than warm season sites in spring (May) and
fall (September) while the warm season sites had larger amounts of total living
biomass than cool season sites in mid-summer (July) ( gure 8). Conversely,  eld
measurements reveal that the cool season sites had larger amounts of total living
biomass than warm season sites in July. It is important to note, however, that total
living biomass was highly variable for both grassland types with standard deviations
exceeding 100 g mÕ 2.
4.3. Spectral diVerences between grassland cover types
Spectral diVerences between cool season and warm season grassland cover types
were tested using the single date and multitemporal TM data. Comparing the results
from the MANOVA tests, the two grassland cover types spectrally diVered only in
mid-summer (MANOVA, p=0.004, table 1). No signi cant spectral diVerences were
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Figure 8. TM NDVI values for cool season and warm season grassland cover types in
Douglas County, Kansas. The graph shows that cool season sites had higher NDVI
values in May and September. In July, warm season sites had higher NDVI values.

found between the two grassland cover types when testing the spring, fall, and
multitemporal data.
Between band tests show that the two grassland cover types were signi cantly
diVerent in TM band 4 (NIR) from the spring (May) image and in TM bands 3 (red)
and 5 (MIR) from the mid-summer (July) image. DiVerences between the grassland
cover types in the NIR band may be due to diVerences in plant phenology. DiVerences
in TM band 3 and 5 could be attributed to diVerences in internal leaf properties
such as chlorophyll and plant moisture content, respectively, which are associated
with diVerences in plant phenological states or water availability. In mid-summer,
cool season grassland cover types are semi-dormant and thus have lower chlorophyll
and leaf moisture content resulting in less energy absorption in the red (TM band 3)
and MIR (TM band 5) bands. In contrast, warm season grassland cover types are
at peak productivity in mid-summer and, because these grasslands are better adapted
to hotter environmental temperatures, they have higher chlorophyll and leaf moisture
content and a corresponding increase in energy absorption in the red (TM band 3)
and MIR (TM band 5) bands.
These results concur with other research. Knipling (1970) showed that water moisture content in living vegetation reduced the re ectance in TM band 5 (MIR region,
1.55–1.75 mm). Further, Tucker (1980) showed that TM band 5 was an indicator of
water content or status in vegetation. A study by Walthall and Middleton (1992) also
showed similar results where the red and MIR bands were most sensitive to spatial
and seasonal changes in grasslands and that the NIR band (TM band 4) was among
the least important bands. Levels of chlorophyll and water content in uenced the red
and MIR region spectral responses, respectively. Buttner and Csillag (1989) also illustrated the usefulness of TM band 5 by comparing classi cation accuracy levels between
SPOT HRV and TM data. It was found that TM data were better than SPOT HRV
data for classifying crop types due to the inclusion of TM band 5.
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Table 1. MANOVA results for testing diVerences between the single date and multitemporal
TM and NDVI data for cool season and warm season grassland cover types.
Multivariate tests showed that the July TM bands were signi cantly diVerent between
the two grassland types while between subjects tests showed that May TM band 4
and July TM band 3 and 5 were signi cantly diVerent between the two grassland
cover types.
Test
Multivariate

Between subjects

Date

Bands

F

Sig

Spring (May)
Mid-summer (July)
Fall (September)
Multitemporal
3-date NDVI

5 bands
5 bands
5 bands
15 bands
3 NDVI

2.551
5.515
1.224
3.025
2.911

0.070
0.004**
0.343
0.090
0.063

Spring (May)

TM
TM
TM
TM
TM

2
3
4
5
7

0.100
0.582
12.717
0.066
3.074

0.756
0.454
0.002**
0.799
0.095

Mid-summer (July)

TM
TM
TM
TM
TM

2
3
4
5
7

0.023
4.503
3.079
5.756
0.097

0.880
0.047*
0.095
0.026*
0.758

Fall (September)

TM
TM
TM
TM
TM

2
3
4
5
7

0.260
0.011
1.829
0.783
0.003

0.616
0.918
0.191
0.387
0.960

Spring (May)
Mid-summer (July)
Fall (September)

NDVI
NDVI
NDVI

3.886
3.818
0.472

0.063
0.065
0.500

*Signi cant at alpha=0.05; **Signi cant at alpha=0.01.

The two grassland cover types were not statistically diVerent for any of the six
TM bands from the fall (September) image (table 1). As discussed previously, the
spectral diVerences may be suppressed by senescence. Although cool season grasses
are known to experience a second green-up or growth period in the fall, this period
is dependent on a variety of environmental factors including available soil moisture.
In addition, the fall green-up period is not the peak growth period for cool season
grasses and, therefore, the relative vegetation growth may not be suYcient to re ect
large diVerences in spectral responses of the two grassland cover types.
DiVerences in NDVI between native warm season and non-native cool season
grazed sites were tested and no signi cant diVerences were found (MANOVA, p=
0.063, table 1 ). The normalized diVerence vegetation index has been interpreted as a
measure of biomass and these results indicate that the two grassland types were not
signi cantly diVerent in total living biomass throughout the growing season. As
noted earlier, July total living biomass measurements were not substantially diVerent
between the two grassland types. In July, cool season grasslands have already
experienced their peak growth stage or greenness period and have relatively large
amounts of vegetation. Meanwhile, warm season grasslands are experiencing their
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peak growth stage, which possibly explains the similarity in biomass measurements
between the two grassland types and why the July and September NDVI values
were not signi cantly diVerent.
4.4. Classi cation of grassland cover types
The results showed that the mid-summer (July) image produced the highest
single date classi cation accuracy. Using the in-sample and jack-knife veri cation approaches, the mid-summer (July) image had overall accuracy levels of 90.9%
and 81.8%, respectively (tables 2 and 3). Meanwhile, the spring (May) image had
in-sample and jack-knife overall classi cation accuracy levels of 81.8% and 72.7%,
respectively and the fall (September) image had in-sample and jack-knife overall
accuracy levels of 72.7% and 45.5%, respectively. The accuracy assessment using the
jack-knife veri cation approach reveals that the mid-summer (July) image was
approximately 9% more accurate at separating the two grassland cover types than
the spring image and approximately 36% more accurate than the fall image.
The MANOVA results revealed the two grassland cover types were signi cantly
diVerent in TM bands 3 and 5 of the mid-summer (July) image. The results suggest that
diVerences in chlorophyll and moisture content of the vegetation may have been greatest
Table 2. Accuracy assessments using in-sample classi cation methods for single date, multitemporal TM data and NDVI. The multitemporal TM data had the highest in-sample
overall accuracy level and the mid-summer (July) image had highest single date overall
accuracy level.

Data used
Spring TM
Mid-summer TM
Fall TM
Spring, mid-summer, & fall TM
Spring NDVI
Mid-summer NDVI
Fall NDVI
Spring, mid-summer, & fall NDVI

Overall
(%)
81.8
90.9
72.7
100.0
59.1
81.8
54.5
77.3

Producer’s (%)

User’s (%)

Cool Warm

Cool Warm

83.3
85.7
80.0
100.0
63.6
83.3
60.0
88.9

83.3
100.0
66.7
100.0
58.3
83.3
50.0
66.7

80.0
100.0
66.7
100.0
54.5
80.0
50.0
69.2

80.0
80.0
80.0
100.0
60.0
80.0
60.0
90.0

Kappa
(%)
63.3
81.4
45.9
100.0
18.2
63.3
9.8
55.3

Table 3. Accuracy assessments using ‘jack-kni ng’ classi cation methods for single date,
multitemporal TM data and NDVI. Mid-summer (July) TM and NDVI had highest
overall accuracy levels.

Data used
Spring TM
Mid-summer TM
Fall TM
Spring, mid-summer, & fall TM
Spring NDVI
Mid-summer NDVI
Fall NDVI
Spring, mid-summer, & fall NDVI

Overall
(%)
72.7
81.8
45.5
63.6
59.1
81.8
54.5
68.2

Producer’s (%)

User’s (%)

Cool Warm

Cool Warm

71.4
83.3
50.0
70.0
63.6
83.3
60.0
77.8

83.3
83.3
50.0
58.3
58.3
83.3
50.0
58.3

75.0
80.0
40.0
58.3
54.5
80.0
50.0
61.5

60.0
80.0
40.0
70.0
60.0
80.0
60.0
80.0

Kappa
(%)
44.1
63.3
0.01
27.8
18.2
63.3
9.8
37.4
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in mid-summer (July). The classi cation results support the MANOVA  ndings in that
the diVerences were greatest in mid-summer allowing the two grassland cover types to
be spectrally separated. Furthermore, the MANOVA results revealed that the two
grassland cover types were not signi cantly diVerent in any of the fall (September) TM
bands. The classi cation results again support the MANOVA  ndings in that the two
grassland cover types were not spectrally distinct in the fall.
The overall classi cation accuracy levels using the jack-knife veri cation show
that the spring and summer single date images were more accurate at separating the
two grassland cover types than the multitemporal image (table 3). In-sample and
jack-knife accuracy levels for the multitemporal image were 100% and 63.6%,
respectively. The results suggest that spectral diVerences between the dominant
vegetation in the two grassland cover types were maximized in mid-summer and
biophysical characteristics of warm and cool season study sites may have been too
similar in the spring and fall. In addition, species composition may also add spectral
confusion with each study site composed of a mixture of warm and cool season
species. While grassland classi cation using multitemporal imagery is not yet very
common, most studies employing a multitemporal approach have reported increased
classi cation accuracy levels over the single image approach (Lo et al. 1986, Egbert
et al. 1995, Price et al. 1997).
With the exception of spring (May) NDVI, NDVI discriminated between the two
grassland cover types as accurately if not more accurately than the raw TM data
(table 3). Fall (September) and multitemporal NDVI separated the two grassland
cover types 9% and 5% more accurately than the corresponding TM data. Furthermore, mid-summer NDVI separated the two grassland cover types as accurately as
the mid-summer scene (table 3).
Comparing the NDVI classi cations shows that mid-summer NDVI was approximately 22% more accurate at separating the two grassland cover types than spring
NDVI, 27% more accurate than fall NDVI, and 14% more accurate than multitemporal NDVI. Previous studies have shown NDVI to accurately estimate biophysical
characteristics of grasslands including LAI and biomass (Briggs and Nellis 1989,
Gamon et al. 1993, Todd et al. 1998) and this study shows that mid-summer (July)
NDVI is as eVective as mid-summer (July) TM data for discriminating between cool
season and warm season grassland cover types in Douglas County, Kansas.
5.

Conclusions
This study compared single date and multitemporal classi cation approaches as
alternatives to the traditional  eld observation approach for identifying cool and
warm season grassland cover types. The traditional  eld observation approach
generally requires substantial input of manpower and time. Meanwhile, the single
date image approach oVers advantages over the traditional approach, and may be
able to detect subtle diVerences in the vegetation types. However, selection of the
single best date may be diYcult. Although not demonstrated in this study, a multitemporal approach may maximize the spectral separability between land cover types,
but it is also more expensive.
Field data showed diVerences in total living cover and senescent vegetation between
the grassland cover types. While the  eld data indicated that living biomass was similar
between the grassland cover types, biomass was highly variable. There were diVerences
in species composition, with warm season study sites having more species present within
the study plots and a greater percentage of forb cover. The results suggest that the
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diVerences in the phenological and compositional characteristics in mid-summer allowed
warm and cool season grassland cover types to be accurately discriminated using
Landsat TM data. Multitemporal data did not improve accuracy levels obtained using
the mid-summer (July) image or mid-summer NDVI suggesting that the two grassland
cover types were not spectrally distinct in spring and fall.
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