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ABSTRACT

The objective of this study was to investigate the  regression relations
between vegetation indices derived from remotely-sensed data of single
and mixed forest regeneration plots. Loblolly pine (Pinos  faeda L.J
seedlings, sweelgum (Liquidambar sfyraciflua L.) seedlings and
broomsedge (Andropogon virginiws L.) grass were arranged in a factorial
combination addition series experiment and replicated four limes in a
randomized complete block design. The remotely-sensed data were
obtained using the Barnes Multiband Modular Radiometer (MMR) and a
35 mm camera between 26 June and 6 July, 1990. The normalized
difference vegetation index (NDVI) and the  ratio index (RI) were computed
using the bidirectional reflectance factors obtained with the MMR  sensor.
Color 35 mm s!ides  were used lo independently estimate percent
vegetative cover and percent bare soil exposed to the field of view of  the
radiometer. These data were used lo generate a corrected normalized
diflerence  vegetation index (CNDVI) which alleviated the effect of bare
soil exposed lo the radiometer.

The relationships among the vegetation indices (Us) and leaf area (LA)
and above-ground biomass (810)  in the single and mixed forest regenera-
lion plots were quite variable. The best relationship between LA and BIO
achieved among  the spectrally-derived vegetation indices was obrained
with the CNDVI, which generated prediction equations that accounted for
over 82 percent of the variability from the single loblolly and sweetgum
plots. The relationships and amount of variability explained among the Vfs
and LA and 810  decreased in the plots that contained two or more
species. These data show the importance of correcting for bare Soit
interference IO spectrally-derived Vls.
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INTRODUCTION

This study was a continuation of efforts aimed at evaluating relation-
ships among radiometrically generated vegetation indices (Vls) and
vegetation parameters on young pine regeneration areas (Brooks et al.,
1989; Miller and Coleman, 1992). It was anticipated that proven relations
with reflectance and leaf area of agronomic crops and mature forest
stands would provide some insigh! into the intricate questions of
quantifying inter-crown shading, needle arrangement, and degree of light
scattering within the crown of young forest plantations. This study focus
on regeneration areas and the problems associated with bare soil
influence on spectral reflectance data used in generating Vls.

Phytomass. leaf area index (IAI) and percent plant cover are invaluable
plant community parameters required by plant scientists and land
managers in routine managerial activities. The critical need in forest
vege ta t ion  management  research  i s  a  p rac t i ca l  means  o f  es t ima t ing  these
parameters for crop trees and competing vegetation in young pine
plantations. Remote sensing of solar reflectance using multi-channel
radiometers. similar to those of the Landsa!  Thematic Mapper (TM)
sensor. has been effective in estimating these parameters for some
agronomic crops and range situations. The objective of this study was to
investigate the regression relations between spectrally-derived vegetative
indices and vegetative parameters of single and mixed regeneration plots
o f  loblolly  p ine  seed l ings ,  b roomsedge grass ,  and sweelgum  seed l ings .

Few studies have attempted to apply spectrally-derived vegetative
indices to the forest environment as compared to studies involving
agronomic crops and herbaceous cover types. This may be attributed to
the high degree of variability in the results that have been achieved when
investigating forest stands. Despite the success of several investigalors
who managed to generate adequate predictive relationships (Gholz et al..
1991;  Spanner et al., 1990: Herwitz et a!.. 1990; Punning et al.. 1989;
Sader  et al., 1989; Danson.  1987; Running et al., 1986; Badhwar  et al.,
1986a,  1986b; Jensen and Hodgson. 1985). widespread use of this
technology has not  occurred. This can be attributed to several factors;
however, the one factor most prevalent according to Gholz et al. (1991) is
(he inability of these relationships lo evaluate the seasonal dynamics of
any single forest stand. Most of the previous relationships’ successes
were obtained by including a wide variety of vegetation types in deriving
the original LAI values. Addilionally.  the LA1 measuremenls were
inherently unresponsive to seasonal changes because most were derived
using regression relationships between leaf area per tree and a relatively
stable tree dimension, such as diameter breast height (dbh). with both
variables collected at various times throughout the growing season and
often in different years (Gholz el  al.. 1979). Gholz et al. (1991) were the
first to generate a relationship between Normalized Difference Vegetation
Index (NDVI) calculated from data recorded by the Landsat  TM sensor
and LAI  of slash pine plots that were measured during the month of the
satellite overpass. They reported that LAI increased from February to
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September and decreased from September to March. Their study
demonstrated the potential value of Landsat  TM data for the estimation of
seasonal changes in a single forest type. From this initial study Gholz et
al. (1991) suggested that further studies involving spectrally-mixed
models were needed to evaluate the magnitude of the relationship of tAI
and NOW  of forest stands. Spanner et al. (1984) and Running et al.
(1986) reported good linear relationships and high correlations between
the NOVI and tAI in a northwestern U.S. coniferous forest. Gholz (1982)
and Waring (1983) reported that canopy (M)  had a strong functional
retationship  to stem wood biomass and net primary productivity.

Sader et al. (1989) reported that NOW  calculated from Landsat  TM data
were not significantly correlated with forest regeneration age classes in
Ihe  mountain terrain of the Luquillo Experimental Forest. Puerto Rico.
However, the NDVI calculated from low altitude aircraft scanner data was
significantly correlated with forest age classes. Analysis of variance of the
same data suggested that NDVI  differences were not detectable for
successional forests otder  than approximately 15-20 years. Also, biomass
differences in young successional tropical forests were not detectable
using NDVI. They concluded that the vegetation index did not appear to
be a good predictor of stand structure variables, such as height and
diameter of main stem, or total biomass in an uneven aged, mixed
broad!eaf forest. However, good correlations between the vegetation
index and low biomass in even aged pine plantations were achieved for
the warm temperature study site located in southern Mississippi. They
further stated that TM - NDVI was sensitive to variation in the crown area
and green biomass in pine stands and that a strong linear relationship
was achieved between NOW  and total tree biomass. However, as the
hardwood biomass component increased relative to pine biomass, the
relalionship  between total stand biomass and NDVI decreased.

Peterson et al. (1987) reported a correlation coefficient of -95  between
LAI and NIWR band ratio for forests in the Pacific Northwest using TM
data. Herwitz  et al. (1990) investigated the possibility of using TM data to
delect differences and changes in the fAI of thinned and closed canopy
pine planlations  on a local scale in central Massachusetls  using the
Eand4Band3  ratio index (RI). They found that a thinning treatment of
25% or more resulted in a significant decrease in the ratio index and that
the relationship between RI and LAI of the unthinned plantation, which
had CAI  values ranging from 3.96 to 7.01. was not significantly different
horn  the thinned plantation. They concluded that the TM sensor may be
used best to detecl moderate changes and differences in the LA1 of
closed pine plantations at local scales rather than for field observations
including allometric  equations.

Studies using data gathered by the Advanced Very High Resolution
Radiometer (AVHRR) sensor on a regional and global scale have also
yielded mixed results. Running and Nemani (1988) concluded that
eslimales  of vegetation productivity using the global vegetation index
(GVI) should only be done as annual integra:ions  until unsubsampled
local area coverage NDVI data could be tested against forest photosyn-
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thesis, transpiration and above ground net primary production, measured
at shorter time intervals. Cihlar et al. (1991) analyzed the relationship
between AVHRR generated NOW  and ecological variables. They found
that individual vegetation/soil combinations exhibited different NOW
trajectories, most closely related to the trends in polential  evapotran-
spiration. They reported a highly significant association between
coincident NOW and actual evapotranspiration for the previous 15-day
period and high correlations between cumulative actual evapotran-
spiration over the growing season. They concluded that the relationship
betwen NOW and LAI depends on the type of ecosystem because of
differences in canopy closure/density, under-story type and density, and
the presence of standing water or rock outcrops within the scene.

Dijk et al. (1987) devised a method to reduce the effects of radiometric
disturbances on remotely-sensed data without quantitative knowledge of
the variable interactions that cause them. The method involved deriving
composite weekly vegetation index values from the daily values for the
area to be assessed followed by a smoothing of the weekly values over a
selected period of time. Goward  et al. (1991) reported that factors related
to instrument precision and calibration, atmospheric attenuation and off-
nadir viewing created deviations of the NDVI observations unrelated to
vegeiation  dynamics. Devia!ions  in excess of 5C  percent be!wesn  the
satellite and equivalent ground observations were possible ii no elforl  was
made to account for these elfeas.  Additionally, off nadir viewing caused
spatiotemporat variations in the measurements, and cloud occurence
reduced temporal resolution below the AVHRR’s  daily repeat cycle. They
suggested that these errors could be reduced to approximately 10 percent
(0.1 NOW)  with a monthly time resolution if all of the observation attributes
were addressed adequately and that much of the remaining error would
reside in atmospheric variability, uncertainties in oh-nadir views and loss
of senscr  precision at large solar zenith angles.

Franktin  (1986). using an airborne Thematic Mapper simu!ator,  reported
that the dominant spectral leature in his study was the amount of bright
background soil revealed by the coni!er  canopy. Spanner et al. (1990)
also reported that relationships between TM data and CAI  were
confounded by the conifer torests  with incomplete canopy closure over an
understory or ground surface condition that differed in brightness from the
conifer overstory.

Eliminating the effects from exposed soil in radiometric sludies of vegeta-
tive plot could have a significant effect on the spectral signatures of land
cover, epecially forest stands. that one is able to dillerenliate. The ratio
index has been used as a means to normalize the soil background signal
(Shah-Demetriades et al.. 1990). Correlation coefficients belween LAI
and RI of  .95  have been reported for close canopy forests in the Pacific
Northwest (Peterson et al., 1987).



METHOLIOLOGY

The study site was located on the E.V. Smith Research Station. near
Auburn University, Alabama (Figure 1). The soils were of the Marvyn
series (fine-loamy, siliceous, thermic.  Typic Hapludults)  and are typical of
sites in the upper Coastal Plain of Alabama. Eighty-eight rectangular plots
measuring 5 m x 9 m with 1 m between plots containing different com-
binations and densities of loblolly  pine seedlings, sweetgum  seedlings
and broomsedge grass seedlings were established.

Research Sta t ion
County* A L

I !i I 1
ArrnOXlYATt  SCALU

F i g u r e  1. Location of the  E .V .  Smi th  State Agricultural
Experiment Station, Macon County, Alobana.
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The plots were selected from an addition series experiment in which a
complete factorial combination of the loblolly pine and sweetgum
seedlings each at 0, 1, 2. and 4 plants/m2  and broomsedge at 0. 1, 4, and
16  plants/ma  were established (Mitchell et al., 1990). The plots were
replicated four times in a randomized complete block design. Some of the
replications were not used in this study. Only plots with 1 pine/ma  were
examined  because  th is  was  more  represen ta t i ve  o f  p lan ta t ion  cond i t ions .

The sweetgum  and broomsedge seedlings were planted one year prior
to planting of the loblolly pine seedlings. The sweetgum  seedlings were
nursery raised and the broomsedge seedlings were wild plants obtained
from two local fields. Fo l low ing  p lan t ing ,  the  sweetgum  and broomsedge
seedlings were irrigated and given weed control for one entire growing
season to ensure maximum survival and the development of a well
established root system. During the following dormant season, the
sweetgum  and broomsedge seedlings were excised at the groundline.
and the resulting sprouls were allowed to grow with the newly planted
lob lo l ly  p ine  seed l ings .

The loblolly pine seedlings were grown lrom half-sib seed produced
from an improved upper Coastal Plain genotype. The seedlings were
were 1 year old when transplanted in February, 1990. The plots were
kept free of weeds by hand weeding and in some cases when necessary
by  herb ic ide  t rea tments .

Spectral data from the plots we%  acquired from June 26 through July 5.
1990 with a Barnes Multiband Modular Radiometer (MMR), Model 12-
1000, attached to a Polyoorder data recorder. Spectral reflectance of the
vegetative plots was measured by attaching the radiometer to a manned
truck-mounted telescopic boom. The data were collected between 1000 h
Central Standard Time (CST) and 1400 h CST when the sun was almost
overhead and clouds were not in the vicinity. Spectral measurements
were acquired in eight bands: Bandl-0.45  to 0.52 pm (blue), Band2z0.52
to 0.62 pm (graen). Band3r0.63  to 0.69 pm (red), Band4AI.76  to 0.90 pm
and Bands=1  -15  to 1.30 pm (near infrared). BandG-1.55 to 1.75 pm and
Band7=2.03  to 2.35 pm (middle infrared), and Band8Pl0.40  to 12.50 pm
(thermal infrared). The radiometer was elevated 12.2 m above the ground
surface and vertical spectral readings were recorded within a S degree
instantaneous field-of-view (IFOV) at a selected nadir position within each
plot. This resulted in a circular plot area with a radius of 1.07 m. The
spectral data were referenced to a barium sulfate calibration panel
approximately every five minutes (Robinson and Biehl.  1979). Bidirec-
tional reflectance factors  (BRF) were determined according to the
procedure described by Nicodemus et al. (1977). BRF is the ratio 01  the
flux reflected by angles 01  irradiation and viewing to the flux reflected by
the ideal completely reflecting, perfectly diffusing surface. identically
i r rad ia ted and v iewed.

The percentage of the IFOV covered by vegetation was independenlly
estimated from photographic images on 35 mm color slides recorded
concurrently with the radiometric data. The slides were projected onto a
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dot gridded screen and the ground area in the IFOV was located using a
red flag  at the nadir position. The grid was 80 x 100 cm and contained
1353 dots at 2.5 cm intervals. The equivalent screen area representing
the  ground f ie ld -o f -v iew was  ca lcu la ted  and demarca ted  us ing  the  Camera
focal length lens and radius of the circular field of view. The ratio of dots
falling on vegetation to the total number of dots in the IFOV was used as
the estimated percent vegetative cover (VC). The amount of bare soil
exposed to the radiometer was the difference between the estimated VC
and 100 percent. Considerable bare soil characterized these plots due to
the young age of the vegetation.

The vege ta t ion  ind ices  and  methodo logy  used  to  compute  them f rom the
bidirectional reflectance factors were as follows. The ratio index (RI) was
calculated as t3and4/Band3.  The normalized difference vegetation index
(NOW)  was calculated as (Band4 - Band3)1(Band3  + Band4). A corrected
normalized difference vegetation index (CNOVI)  was calculated using the
fo l lowing formula :

CNDVI  =NDV&,  - (100 - VC)’ NDV& (1)

where: NDVI,I,  = Normalized difference vegetation index of the vegeta-
tion plots: VC = Vegetative cover: NDVl,,it  = Normalized difference vege-
tation index of the soil plots.

Individual plant measurements were also made at the time of the
spec t ra l  measurements  fo r  use  in  a l tomet r i c  equa t ions  to  ob ta in  es t imates
of above-ground biomass (RIO) and leaf area (LA). The loblolly pine
measurements induded pfant  height from ground level to the tip of the
growing point (cm). the stem groundline diameter, maximum crown
diameter and right-angle crown diameter, both from needle tip to needle
tip (cm). To estimate all-sided LA and 810  the developed altometric
equations for pine used the square of the groundline diameter and
he igh t .

The sweelgum  variables measured were height (cm) and the !wo  crown
dimensions to leaf tips (cm) measured al right angles. which were used for
computing LA (both-sided) and BIO. Broomsedge measurements were
height (cm) to the tallest leaf and two maximum groundline diameters of
each clump (mm) measured at right angles to each other. These
measurements were used in computing LA and BIO using linear
regression analyses. Allometric equations were calculated through
destructive sampling of selected plant samples across all densities.
Linear regression analyses were used with log transformations for both
regression and LA  and BIO.

The trans!ormation of Baskerville  (1972) was used to adjust the
estimates from the equation since the logarithmic transformation of the
data and fitting the model introduced a bias. These plant variables were
used in  regress ion  ana lyses  aga ins t  the  remote ly -sensed var iab les  o f  the
plots for each phase of the study (SAS Institute. 1989).
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RESULTS AND DISCUSSION

A summary of the mean, minimum and maximum value of LA, 810  and
VC for the regeneration plots is given in Table 1. The results are quite
variable which reflect  the sparse vegetative cover characteristics of some
of the plots, but provided the variation needed for regression analyses.
Surprisingly, sweetgum  had the lowest mean and maximum values
recorded for LA compared to-the other plots. The sweetgum  plots also
generated low 810; however, the lowest mean and maximum values were
generated from the IoblollyIbroomsedge  mixed plots. Vegetative cover,
which was determined independently from 35 mm slides, mean and
minimum values generated from the sweetgum  plots were considerably
higher than the loblolly  and broomsedge plots. However. caution must be
exhibited when interpreting these data because the method used was
subjected to bias induced by crown shadows which are similar in
appearence  to dead or senscent  vegetation. Most of the broomsedge at
the time of this study was determined to be in the senescent vegetative
stage. A graph of the mean spectral values for the single and mixed forest
regeneration plots is given in Figure 2. According to Jensen (1986),
healthy green vegetation generally reflects 40 to 50% of the incident near-
infrared energy (0.7 to 1.1 pm.  Bands 4 and 5) with the chlorophyll in the
plants absorbing 80 to 90% of the incident energy in the visible (0.4-0.7
pm,  Bands 1, 2. and 3) region of the spectrum. Dead or senescent
vegetation reflects a greater amount of  energy in the visible spectrum and
fess  in the near-infrared portion of the spectrum than healthy green
vegetation. Dry soil generally has a higher response than green
vegetation and lower response than dead vegetation in the visible region
and a lower response in the near-infrared region than green or senescent
vegeta t ion .

Table 1. Means of leaf area (CA).  above-ground biomass (BIO) and
percent vegetative cover (VC) of single and mixed forest regeneration
plots.

Spec ies ’
LAlcmlL 810 ICti) VCI%\
Mean Min2  Max,  Mean Mina  Max3 M e a n  Min2  Ma*3

L L 1 8 . 0 4.5 39.1 1.9 0.4 4.0 18.7 3.8 59.4
S G 9.6 3.4 18.5 1.3 0.5 2.6 56.0 14.2 88.5
BS 26.4 0.0 48.1 1.3 0.0 2.3 42.3 3.3 94.8
LUSG 1 3 . 9 7 . 8 21.9 1 . 7 0.8 2.8 58.2 29.2 91.0
LUBS 22.4 5.9 34.9 0.5 0.2 1.1 47.5 5.2 96.2
LUSGIBS 2 6 . 5 6.1 39.3 1.9 0.7 2.6 81.7 30.8 99.0

ILL  = Loblolly pine; SG = Swee!gum;  BR = Broomsedge
Win  = Minimun  value recorded
Wax = Maximum value recorded
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The data in Figure 2 show that there is very little separation in the
visible spectral characteristics, Bands 2 and 3. of the single and mixed
plant species. The near-infrared, middle infrared and thermal infrared
spectral characteristics, Bands 4 through 8, appear to have some degree
of separabiiity  among the vegetative and bare plots. However, the results
of an analysis cf variance and mean separation of the data revealed that
there were no significant differences among the spectral characteristics of
these forest regeneration plots. Oata recorded by Bandf was found to be
faulty and was discarded from use in the analyses. According to Jensen
(1986). most vegetation indices are based on the fact that there are
significant differences in the shape of healthy green vegetation, dry or
senescent vegetation and dry soil. If these curves are situated on top of
one another, there is not much useful information that can be acquired.

The results of the correlation analyses among the spectrally-derived Vls
and LA and 810  (Table 2) support the conclusions given by Jensen (1986)
and the data presented in Figure 2. Poor correlations were observed
among the Vls and LA and BIO of the single loblolly  pine and broomsedge
plots. Additionally, the relationships between Vls and LA and 810  of the
mixed plots were also poor.

The best correlations among the Vls (NDVI and RI) and LA and BIO
were observed for the single sweetgum  plots, which produced correlation
coefficients that exceeded .65 for each variable. These plots also
contained the highesl percentage of vegelative cover, i.e. less of the
surface soil was in view of the radiometer. The low correlations observed
were attributed to the close similarity in the spectral characteristics of the
vegetation and the exposed soil within the plols.
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Table 2. Correlation coefficients among spectrally-derived vegeta-
tion indices and leaf area (LA) and above-ground biomass (810)
of loblolly pine, sweetgum  and broomsedge plants.

spec ies
Soectral  l n d i i

Var iables NOVI RI CNOVI

Loblolly pine

Sweetgum

Broomsedge

Loblollyl LA -0.40 -0 .38 0.31
Sweetgum 810 -0 .40 -0 .37 0.42

Loblollyl
B r o o m s e d g e

LA -0.38 -0 .37 0.80”
BIO -0.20 -0 .19 0.68’

Loblollyl
Sweetgum!
Broomsedge

LA 0.04 0.02 0.14
I310 -0.12 -0 .13 0.14

LA 0.10 0.10 0.83” ’
BIO 0.10 0.09 0.83”’

LA -0.67’ -0.65’ 0.92” ’
810 -0.68’ -0.66’ 0.93” ’

LA -0.14 0.11 0.12
BIO -0.16 -0 .13 0.13

lNCVI=Nofma~ued  Oifference  Vegetation Index: RI = Ratio Index;
CNDVl  P  Corrected Normalirej Difference Vegetation Index;

w*a.**.e  Denotes signiticance  al the ,001.  .Ol  and .OS  level ot probability. respectively

The effect of exposed soit  on the NOW  was eliminated by multiplying the
NOW  of the nearest bare soil plot by the percent of bare soil exposed to
the radiometer and subtracting the NOW  of the vegetative plot by the
results. The results revealed an increase in the amount of variation the
relationship between the vegetation parameters (LA and 610)  and the
corrected normalized vegetation index (CNDVI) could explain compared
to the uncorrected NOW. The most substantial increase was observed for
the single loblolly pine plots. The relationship between LA and NOVI
accounted for 10 percent of the variability. However, when NDVI was
corrected for the percentage of exposed surface soil, the relationship
between LA and CNOVI accounted for 83 percent of the variability, an
increase of 73 percent. The relationship between BIO and CNOVI
accounted for 83 percent of the variability which is an increase of 75
percent over the relationship between BIO and NOVI. These results
confirm the effect which exposed surface soil has on vegetation indices
generated from remotely-sensed data and their ability to predict
vegetalion parameters such as LA and 810.  The exposed soil serves as a
sink for eleclromagnetic  radiation. and depending upon the surface soil
moisture and organic matter content. the amount of radiation reflected is
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significantly reduced. Potential problems also exist with crown shading of
younger or shorter plants by plants with larger crowns and shadows cast
by the plants depending on the lime of day the remotely-sensed data is
collected.

Table 3 contains correlation coefficients between the organic matter
content of the forest regeneration plots and the spectrally-derived Vls. LA
and 610. Most of the relationships are not significant; however, several
account for over 25 percent of the variability. Vegetation indices based on
spectral data acquired from radiometric sensors are severely affected by
exposed soil as demonstrated in this study and other studies which have
used satellite data to generate spectral indices (Spanner et al., 1990;
Franklin, 1986). Eliminating for the soil effect will increase the level of
accuracy of these vegetation indices in predicting LA and BIO of forest
p lo t s .

Table 3. Correlation coefficients between organic matter content,
spectrally-derived vegetation indices, leaf area (LA) and above-ground
b iomass  (BIO)  of  fo res t  regenera t ion  p lo ts .

Spec ies2

Variable1 LL SG B S LUSG LLfBS  LiJSGlBS
- -

LA 0.25 0.04 0.23 0.41 0.41 0.14
BlC 0.30 0.06 0.23 0.40 0.55 0.43’
NDVI -0 .14 -0 .24 -0.53 - 0 . 7 3 ”  0 . 1 6 0.14
RI -0.13 -0.22 -0.52 - 0 . 5 6 ’  0 . 1 8 0.14
CNDVI 0.42 0.20 0.17 -0.37 0.16 0.14

lNOVl-Normaiiied  Difference Vegetation Index; RI=Ralio  index; CNOVI-Corrected  None-
tired Oilterence  Vegetation In&r
XL-Lobkdty  pine: SGdweelgum;  ES=  Broomsedge
**,*  Oemtes signifiiance  at Ihe .Ol and .OS level of probability. respectively.

Prediclina Veaelalion Parameters from Ve@lation  indices (VIQ
The best relationship for predicting LA among the spectrally-derived Vls

was.generated using the CNDVI (Table 4). The equations and amount of
variability that are explained differ according to the vegetation. The
loblolly pine seedlings’ LA could be predicted at an accuracy of 68
percent and the sweetgum  seedlings at an accuracy of 85 percent. None
of the Vls predicted LA of  the broomsedge plots very well as evident by
the very low R2 values. The best equation for predicting LA in the mixed
plots was generated using the CNDVI of the  loblolly/broomsedge  mixed
plots. which accounted for 64 percent of the variability (Table 5).

The best relationship for predicting BIO using the spectrally-derived Vls
was also generated using the CNDVI (Table 6). The results and trends
were similar to lhose observed for predicting LA. The best prediction
equation was generaled from the sweetgum  seedling plots  which
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accounted for 86 percent of the variability. The 810  of the loblolly  pine
seedlings could be predicted at an accuracy of 69 percent. The best
equation for predicting the 610 in the mixed vegetation pfots  was achieved
using the CNDVI from the IoblollyMoomsedge  plots  which accounted for
46 percent of the variability (Table 7).

Table 4. Regression equations for estimating leaf area (LA) of forest
species from spectrally-derived vegetation indices.

Species

Loblo l ly

n bo br VlSl R2

16 26.51 +15.09 NOW 0 . 0 1 0
1 6 1.40 +1.68 RI 0.009
1 6 56.22 +43.01 CNOVI 0. 685"

Sweetgum 1 1 -19.77 -40.62 NOVI 0.452'
1 1 18.82 -56.51 :NOVt 0.426'
1 1 17.29 +14.79 0.854"

6roomsedge 1 2 12.56 -22.59 NDVI 0.020
12 31.66 -21.70 0.011
1 2 29.58 +5.26

FNDVI
0.013

------_--
~l=Normalized D;l(ecence Vegetaticm Index; HIvRalio  Inoex;  CNDVI = Corrected
Normalized DiJference  Vege:a!ion  Index.
*..*  Denotes signiliawe at the  .Ol  and .OS  level 01  probability.

Table 5. Regression equations for estimating leaf area index (LA) of
mixed forest plots from spectrally-derived vegetation indices.

Species n bo br Vlsl Fv

LoblollyI 12 : 0.38 -6.10 NDVI 0.162
Sweetgum 1 2 15.64 -4.68 RI 0.145

12 16.18 +5.10 CNDVI 0.099

Loblollyl 1 2 -16.15 -56.92 NOVI 0.144
Broomsedge 1 2 37.86 -79.38 RI 0.137

12 35.58 +21.55 CNDVI 0. 642"

Lobtolly/ 24 31.30 +6.74 NOVI 0.002
Sweetgum/ 2 4 25.60 +5.28 Rt 0 .001
Broomsedge 2 4 27.76 +5.59 CNOVI 0.081

‘NOW-Normalized  Difference Vegelalion Index; ALRato  Index: CNDVI = Corrected
Normalized Dillerence  Vegetation Index.
‘*.*  Denotes signdicance al Ihe .Ol  and 05 level 01  probabtlily.
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Tab le  6 .  Regress ion  equat ions  fo r  es t imat ing  above-ground b iomass
(610)  of forest species from spectrally-derived vegetation indices.

Species n bo br MS R2

Loblolly 1 6 2 . 6 0 +1.29 NOW 0.007
1 6 6.24 +44.04 RI 0.029
1 6 5.80 +4.39 CNDVI 0.690”

Sweetgum 11 -2 .94 -5 .93 NOW 0.465’
1 1 2.69 -8.26 RI 0.440’
1 1 2.45 +2.13 CNDVI 0.857”

B r o o m s e d g e 1 2 0.49 -1.29 NOW 0.027
1 2 1.60 -1 .30 RI 0 . 0 1 7
1 2 1.45 +0.28 CNDVI 0.016

lNDVl=Normalized  Dillerence  Vegetation Index; RI-Ralio  Index; CNOVI  - Corrected
Normalized Dillerenca  Vegetalion Index.
l ‘.’ Denotes signiticance  al the .Ol  and .OS  level 01  probatiity

Tab le  7 .  Regress ion  equat ions  lor es t imat ing  above-ground b iomass
(BIO) of mixed forest species from spectrally-derived vegetation indices.
-----p- _----_--
Species n bo bi Vls’ R2 -

Loblolly/ 1 2 1.22 -0 .83 NOW 0.159
Sweetgum 1 2 1.93 -0 .63 RI 0 .140

1 2 2.11 +0.93 CNDVI 0.175

Loblolly/ 12 0.28 -0.54 NDVI 0.040
Broomsedge 1 2 1.73 -2 .08 RI 0.035

1 2 1.89 +0.93 CNDVI 0.455’

Lobloly/ 2 4 1.14 -1.07 NDVI 0.013
Sweetgumf 2 4 2.20 -1 .77 RI 0 .018
B r o o m s e d g e 2 4 26.95 -0.05 CNDVI 0.002

~NDVl=Normalired  Oiflerence  Vegetalion  index; RI=Ralio  Index; CNOVl=  Corrected
Normalized Dilference  Vegelalion Index.
.*,’  Denoles  sipnlicance  at the  .Ol and 05 level 01  probability

The relationships between 810  and the other Vls were quite poor and
accounted for considerably less of the variability in lhe  data than the
CNDVI. Sader et al. (1989) attributed the decreased relationship between
DIO  and NOW  of their mixed plots to the increased component of the
hardwood biomass relative to the pine biomass. In this study the
sweetgum  seed l ings  a lso  appeared to  be  the  dominant  spec ies  a t t r ibu t ing
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to the spectral response of the regeneration plots. The 35 mm slides
revealed that the sweetgum  seedlings produced a considerable amount
of crown shading of the loblolly and broomsedge seedlings which could
have had an effect on the calculated LA and BIO of.the  mixed plots.
Correlation coefficients generated using the VC data derived from the
procedure using the 35 mm slides revealed that highly significant
relationships exist among VC, LA and 810 of the loblolly and sweetgum
plots. These relationships generated correlation coefficients of .89  and
.88  for loblolly VC versus LA and 610. respectively and -95  and .96  for
sweetgum  VC versus LA and BIO. respectively. Prediction equations
were also generated from these relationships which accounted for 80 and
78 percent of the variability for loblolly VC versus LA and BIO, respectively
and 91 percent of the variability for sweetgum  VC versus LA and BIO.

CONCLUSIONS

The results of this study revealed that the corrected normalized
difference vegetation index (CNDVI) which is adjusted for the exposed
bare soil shows promise for predicting leaf area and above-ground
biomass in single or mixed forest regeneration plots. The re la t ionsh ips
and amount of variability explained between the speclral  indices and LA
and BIO decreased in the plots that contained two or more species.
Correcting for the  interference of bare soil was necessary to give
reasonably accurate predictabilily of LA and BIG. The best relationship
between the CNDVI and LA and 810 was achieved with the single
sweetgum  plots accounting for 92 and 93 percent of the variability in the
data, respectively. The relationship between the CNDVI and LA and 810
of the loblolly pine plots also generated significant correlations of .83.  The
sweetgum  seedlings appeared to be the dominant species in accounting
for the variability in the data of the mixed plots. This could be altributed  to
the larger crowns of the sweetgum  seedlings shading the other species.
The 35  mm slides were used to obtain an estimate of the percentage of
bare soil exposed to the radiometer and its effect on spectrally-derived
Vls. Utilizing the percentage of bare soil exposed to the radiometer in the
calculation of NDVI show promise in the use of this corrected VI in
predicting LA and BIO. These prediction equations have not been
validated with other data; however. their R2  values were significantly
higher than the uncorrected NDVI R2 values for all of the plots used in this
study. Other means of accounting for the bare soil effect need to be
develop as well as further testing of this proposed technique.

ACKNOWLEDGMENTS

The authors wish to thank the research staff personnel of the Alabama
Center for Applications of Remote Sensing (ACARS) Laboratory. Alabama
A &  M University and the School of Forestry at Auburn University. Conlri-
buted  by the Agricultural Experiment Station. Department of Plant and
Soil Science, Alabama A&M University. Normal, AL. Journal no. 2061.
Research supported by Grant No. 87-PA931 of the USDA Forest Service.

2 2 7



REFERENCES

Badhwar. G.D., R.B. MacDonald, F.G. Halt. and J.G. Carnes. 1986a.
Spectral characterization of biophysical characteristics in a boreal forest:
Relationship between thematic mapper band reflectance and leaf area
index for Aspen. E.EE T a SaCtions  on Geoscience and Remo&
a. Vol. 214, pp. 322-;26n.

Badhwar.  G.O., R.B. MacDonald, and N.C. Mehta. 1986b,  Satellite-
derived leaf area index and vegetation maps as input to global carbon
m o d e l s - a hierarchical approach. Jnternational  Journal of Remote
Sensing.  Vol. 7. pp.  265281.

Bartlett, O.S.. R.W. Hardisky. MA. Johnson, M.F. Gross, V. Klemas.  and
J. M. Hartman.  1988, Continental scale variability in vegetation reflectance
and its relationship to canopy morphology. mational  &%8nal  of
Remote Sensing. Vol. 9. pp. 1223-  124 1.

Baskerville. G. L. 1972. Use of logarithmic regression in the estimation of
plant biomass. Canadian Journal of Forest Research. Vol. 2. pp. 49-53.

Brooks. C.C.. T.L. Coleman, and J.H. Miller. 1989.  Remote sensing of
solar reflectance and absorbance to estimate phytomass. leaf  area index,
and percent cover in young pine plantations. Alabama Center for Applica-
lions of Remole  Sensing, S&&Q&~Q9L).  Alabama ABM Univ.,
Huntsville. AL.

Cihlar, J.. L. St.-Laurent. and J.A. Dyer. 1991. Relation between the
normalized difference vegetation index and ecological variables. Remote
Sensina  of Environment Vol. 35. pp. 279-298.

Danson.  F.M. 1987. Preliminary evaluation of the relationships between
SPOT - 1 HRV data and forest stand parameters. International Journal of
Remote Sensina, Vol. 8. pp. 1571-l 575.

Oijk. A.V.. S.L. Callis.  CM.  Sakamola. and W.L. Decker. 1987. Smoolh-
ing vegetation index profiles: An alternative method for reducing
radiometric disturbance in NOAAIAVHRR  Data. Photoarammelrv Ena-
ineerina and Remote Sensina. Vol. 53, pp. 1059-1067.

Franklin, J. 1986. Thematic mapper analysis of coniferous forest struc-
ture and composition. International Journal of Remote Sensing. Vol. 7,
pp.  1287-1301.

Gholz. H.L. 1982. Environmental limits on aboveground net primary
production. leaf area, acrd  biomass in vegetalion zones of the Pacific
Northwest. -Vol.  63, pp. 469-481.

Gholz.  H.L.. C.C. Grier,  A.G. Campbell. and A.T. Brown. 1979.  Equations
lor  eslimaling biomass and leaf area of plants in the Pacific Northwest.

2 2 8



wrch  PaoerNo.. Forest Research Laboratory. Oregon Stale Univ.,
Corvallis OR. 39 pp.

Gholz. H.L.. S.A. Vogel. W.P. Cropper, Jr.. K. Mckelvey, K.C. Ewel. R.O.
Teskey and P.J. Curran.  1991. Oynamics  of canopy structure and light
interception in Pinus elliolfii  stands. North Florida. Ecolog&g!
m Vol. 61,  pp. 33-51.

Goward.  S.N.. 8. Markham, O.G. Dye. W. Dulaney, and J. Yang. 1991,
Normalized difference vegetation index measurements from the
advanced very high resolution radiometer. Pernote  Sensina of Environ-
m. Vol. 35, pp. 257-277.

Herwitr,  S.K., O.L. Peterson. and JR. Eastman. 1990, Thematic Mapper
detection of changes in the leaf area index of closed canopy pine
plantation in central Massachusetts. &.!I!QI~  Sensino of Fnvironm
Vol. 29. pp. 129-140.

Jensen, J.R. 1986. Jntroduc!ory  Dioital  lmaoe  Processingl_B  remote
ser&figf,?m.  Prentice-Hall. Englewood Cliffs, New Jersey.

Jensen, J.R.. and ME. Hodgson. 1985. Remote sensing of fo:est hio-
mass: an evaluation using high resolution remote sensor data and lobiolly
pine plots. Professional Geoaraoher. Vol. 37. pp. 46-56.

Miller, J.H.. and T.L. Coleman. 1992. Can a modular radiometer be used
to estimate young pine biomass and LAI? Southern Weed Science
&&gy Prmi (in press).

Mitchell, RJ.,  O.H. Gjerstad. G.R. Glover. and 8.R. Zutter.  1990. lntra and
interspecific interference among three perennial species. A mechanistic
approach. Research pro&&  Auburn University. Auburn, AL

Nicodemus. F.E.. J.C. Richmond. J.J. Hsia. I.W. Ginsberg, and T.
Limperis. 1977. Geometrical consideration and nomenclature for

reflectance. mtional  Bvreau  of Standards Monoorabh.  No. 1SQ.  U.S.
Government Printing Oftice.  Washington. O.C.

Peterson. O.L., MA. Spanner. S.W. Running. and K.B. Teuber. 1987.
Relationship of thematic mapper simulator data lo leaf area index of
temperate coniferous forests. Remote Sensino  01  Environmenl.  Vol. 22.
pp. 323-341.

Robinson, B.F..  and L.L. Brehl. 1979. Calibration procedures for
measurement of reflectance factors in remote sensing research. Journal af
m Societv  of Photooraohic  Oplical  instrument  Enoineer&t.  Vol. 196, pp.
16-26.

229



Running, S.W.. D.L. Peterson. M.A. Spanner. and KS.  Teuber. 1986.
Remote sensing of coniferous forest leaf area.&&gy.  Vol. 67. pp. 273
276.

Running, S.W., and RR.  Nemani. 1966.  Relating seasonal patterns of
Ihe AVHRR vegetation index to s imula ted p.holosynthesis  and
transpiration of forests in different climates. Remote Sensina of
Fnvironment.  Vol. 24, pp. 347-367.

Running. S.W.. RR. Nemani, D.L. Peterson, L.E. Band. D.F. Potts, L.L.
Pierce, and MA. Spanner. 1989, Mapping regional forest evapotran-
spiration and photosynthesis by compiling satellite data with ecosystem
simulation. Ecology, Vol. 70. pp. 1090-l 101.

Sader.  S.A.. R.B.  Waide. W.T. Lawrence, and A.T. Joyce. 1989. Tropical
forest biomass and successional age class  relationships to a vegetation
index derived from Landsat  TM data. Remote  Sensina of Environment.
Vol. 28. pp. 143-156.

SAS Institute. 1989. &Q&jTAT  guide for personal comouu.  version 5.
SAS Institute. Gary. NC.

Shah-Demetriades, T.H.. M.D. Steven, and J.A. Clark. 1990, High
resolution derivative spectra in remote sensing. Remote Se&no  crf_-
Fnvironment  Vol. 33. pp. 55-64.

Spanner, MA.. W. Acevedo. K.W. Teuber. and S.W. Running. 1984,
Remote sensing of leaf area index of temperate coniferous forests. p. 362-
369. In Proceedinos  of 1984 Machine Processino  of Remotlv  Seti

Svmoosium,  12-14 , une. Purdue Univesity, West Lafayette, IN.

Spanner, M.A..  L.L. Pierce, D.L. Peterson. and S.W. Running. 1990,
Remote sensing of temperate coniferous forest leaf area index: The
influence of canopy closure, understory vegetation and background
reflectance. Jn!ernat~onal  Journal  Remote Sensing.  Vol. 11,  pp. 95-112.

Waring. R.H. 1983,  Estimating forest growth and efficiency in relation to
canopy leaf area. Advanced Fcologicat Reseti.  Vol. 13. pp. 327-354.

230



VOLUME 4 1
Remote Sensing

and Data Acquisition



Copyrlght  0 1992  by the American Society for
Photogrammetry and Remote Sensing and the American
Sensi!;g and the American Congress on Surveying and
Mapplng. All rights reserved. Reproductions of this volume
or any parts thereof (excluding short quotations for use in
the preparation of reviews and technical and scientific
papers) may be made only after obtaining the specific
approval of the publishers. The publishers are not
responsible for any opinions or statements made in the
technical papers.

Permission to Photocopy: The copyright owners hereby
give consent that copies of this book, or parts thereof, may
be made for personal or internal use, or for the personal or
internal use of the specific clients. This consent is given
on the condition, however, that the copier pay the stated
copy fee of $2 for each copy, plus 10 cents per page copied
(prices subject to change without notice), through the
Copyright Clearance Center, Inc., 27 Congress St., Salem.
MA G1970,  for copying bayond that permitted by Sections
107 or 108 of the U.S. Copyright Law. This consent does
not exceed to other kinds of copying, such as copying for
general distribution, for advertising or promotional
purposes, for creating new, collective works, or for resale.

When reporting copies from this volume to the Copyright
Clearance Center, Inc., please refer to the following code:
ISBN O-944426-87-5/92/2+  .lO.

ISBN O-944426-83-2
ISBN O-944426-87-5

Published by
American Society for Photogrammetry and Remote Senslng

a n d
American Congress on Sutveylng and Mapplng

5410 Grosvenor Lane
Bethesda, MD 20814-2160

USA
Printed in the United States of America


