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ABSTRACT 

In order to study the effect of standing dead biomass on vegetation 

canopy spectral response, the normalized difference, the soil-adjusted 

vegetation index, the green vegetation index and the perpendicular 

vegetation index were used to examine and compare the spectral behavior 

of a mostly green (regrowth after burning) vegetation canopy to a 

perennial vegetation stand. Results showed all greenness indicators to 

be strongly affected by the presence of standi ng dead vegetat i on. The 

burned plots which had less green biomass in the first growing season 

(February-June) exhibited higher vegetation index values through the 

entire growing season. The observed discrepancies in the vegetation· 

indices seem to stem from the attenuation of the near-infrared flux 

combined with a lack of responsivity of the red channel. 

Overall, there was no correlation between green biomass and 

greenness measures in the perennial stand. Furthermore, in the perennial 

envi ronment, an increase in "greenness II was observed wh il e the green 

biomass was actually decreasing. The problem seems to be more of 

"visibility" than quantity of green biomass present. 
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CHAPTER 1 

INTRODUCTION 

Throughout history, natural resources have provided the basis for 

survival and development of mankind. Man's conquest of nature through 

advances in science and technology have resulted in the betterment of 

standards of living, longer lives and thus denser population. The 

implication is that higher and higher pressure is being exerted on natural 

resources to provide for food, energy, shelter, and clothing to 

accommodate both population and income pressures. In the process man's 

agricultural activities have shifted from sUbsistence towards maximization 

of production to meet these demands. 

The effects of these pressures are readily noticeable on the 

various vegetated biomes of the earth. Nearly one third of the land area 

of the earth is used for agricultural purpose (Cox and Atkins, 1979). 

Under the stress of intensive agriculture, urbanization and 

industrialization, some types of vegetation formations, the so called 

climax, have almost totally disappeared or have been reduced to extremely 

small remnants (Gareth, 1979). In the third world, for instance, forest 

covers have diminished as a result of land clearing, firewood gathering, 

and logging. 

It has become imperative that the drive to production maximization 

at the expenses of natural resources be curved. A new approach to 

ecological optimization of production must be devised. However any change 
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towards ecologically sound exploitation of earth resources is likely to 

be a slow and erratic process. One thing is certain though, any such 

approach must beg i n wi th an accurate determi nat i on of the product i on 

capaci ty of the vari ous ecosystems such as the di fferent vegetation 

regions of the world in order to properly set the 1 imits to their 

exploitation. The latest effort in that direction involved the use of 

remotely sensed~data gathered over vegetated biomes. 

Vegetation monitoring by remote sensing has been for a long time, 

limited to man-made ecosystems such as crop fields. For this reason many 

of the techniques in use for vegetation assessment originated from 

agricultural environments. These managed biomes are often, if not always, 

monospecific. Sown at the same time and in regular patterns, they grow 

and mature at the same time and remain uniform throughout the season. 

Natural vegetation stands on the other hand, are complex. They encompass 

a diversity of species in perpetual change and have no particular 

geometric arrangement. In perennial ecosystems, growth maturation, and 

decomposition are continuous and occur at various rates in time and space. 

Because of this complexity, attempts to use spectral techniques developed 

over uniform biomes have experienced limited success and yielded mixed 

results. For instance, in the 1980s, many attempts have been made to use 

the spectral vegetation indices for quantitative assessment of vegetation. 

Onp. such index, the integrated normalized difference has been successfully 

related to crop biomass and net primary production of range lands. In the 

context of natural vegetation, this index, defined as the area under the 
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normalized difference vegetation index (NOV!) temporal curve, is assumed 

to be directly related to the total amount of biotic activity during the 

integrating period. At the same time however, some studies have shown 

that when green. vegetation is mixed with dry biomass, the emerging green 

signal is dampened and sometimes totally suppressed (Huete and Jackson, 

1987; Sellers, 1985; Hutchinson et al., 1987). These studies have shown 

the protruding dead vegetation carried over from previous regrowth to 

decrease vegetation indices up to 30%. However, although well recognized, 

this phenomenon has not received much attention in the remote sensing 

community and very few studies have dealt with the underlying causes of 

the problem. The present study will attempt to explore the phenomenon 

using four vegetation indices, namely the normalized difference (NDVI), 

the soil-adjusted vegetation index (SAVI), the Greenness Vegetation Index 

(GVI) and the Perpendicular Vegetation Index (PVI). 

A careful exami nat i on of the behavi or of the red and the near

infrared (NIR) energy along with the indices derived from them may help 

clarify the underlying causes of the standing dead biomass effect on 

canopy spectral response, and this is the primary objective of this study. 

Two different vegetation conditions were used to that effect, one included 

a mostly all-green vegetation stand whereas the other was an undisturbed 

one with vegetation in all stages of growth and decomposition. 

The first part of this study deals with vegetation dynamics in both 

environments. The two vegetation stands are compared for their growth 

patterns, their decomposition rates and their composition in terms of 
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green, dry, old and total biomass. In the second part, spectral data and 

indices are analyzed and compared between the two environment. The third 

part attempts to find a link, a relationship between the above-ground 

biomass and their spectral response. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Plant Production and Productivity 

Plant productivity is defined as the measure of energy accumulation 

over a specific time period and given area. It is the number of calories 

produced on a square meter of vegetation stand per year (Mil ner and 

Hughes, 1968). The total productivity of an ecosystem is termed 

ecological productivity. This includes the productivity of all organisms 

of the system, plants, and animals as well as decomposers (Gareth, 1979). 

In productivity measurements plants differ from animals in that they are 

static and therefore do not lose energy through the locomotion process. 

Similarly, they do not experience heat loss. For these reasons it may be 

easier to assess the productivity of plants than it is for animals. 

However, plants do present problems because of the fact that they are 

rooted in the ground. This prevents them from being easily manipulated. 

Consequently, it is difficult to assess plant productivity throughout the 

growing season unless some randomly chosen samples are regularly harvested 

and weighed. This is the reason why scientists resort to production, 

which is a much easier parameter to measure. Production is the total 

amount of organic matter accumulated by a given plant over the growing 

season, whereas productivity represents the rate at which this organic 

matter is accumulated over time and space. 
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Production and Productivity Assessment 

The key to accurate plant production assessment is the determination 

of the plant's ability to convert solar energy into chemical energy or net 

productivity. The ratio of net productivity (gross production minus 

respiratory losses) by the total visible light intercepted by the plant 

represents the photosynthetic efficiency. Measurement of photosynthetic 

efficiency is rather complex, but it can be approximated by measurements 

of CO2 and 02 production. Carbon dioxide uptake by plants can be monitored 

by insulating a single plant in a respiratory chamber and subsequently 

analyzing the residual gas (Billings et al., 1966). This can then be 

related to the end product of photosynthesis of carbohydrates from carbon 

dioxide. This method is rather crude in that it is trivial to equate a 

single plant behavior to a whole quadrat. Besides, it is not known just 

how a respiratory chamber approximates real life conditions. 

Radioactive tracer techniques are also used as an alternative to the 

above method, this technique consists of injecting an air/C1402 mixture 

into an air-tight chamber built around a single plant. After undergoing 

photosynthesis for a short while, the plant is later harvested and 

analyzed for absorbed C14 (Milner and Hughes, 1968). Most of the time 

photosynthesis efficiency is estimated through measurements of biomass. 

Techniques for assessing standing biomass and herbage volume include: the 

line transect method (Wilm et al., 1944); the visual estimation procedure 

(Pechanec and Pickford, 1937); the B-attenuation method (Teare et al., 

1966); the capacitance meter approach (Fletcher and Robinson, 1956); the 
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weighted disc technique (Jagtenberg, 1970); the hand-clipping techniques 

(Wilm et al., 1944); and spectral methods, (Tucker 1977c, 1978; Colwell, 

1974; Jordan 1969, among others). 

Tucker (1980), characterizing an ideal method for herbaceous biomass 

estimation stated that such a technique should meet the following 

criteria. It must be accurate, fast, and require a minimum of 

calibration. It should be nondestructive to allow repeated measurements, 

and it must be relatively unaffected by environmental circumstances such 

as clouds, wind, 

microtopography, etc. 

varying irradiance conditions, changes in 

It is obvious that few methods, if any, will meet 

the above requirements. Several nondestructive biomass estimation 

techniques have been proposed; they are briefly described in the following 

paragraphs. 

1. Visual Estimation 

Visual estimation consists of simple visual observations of several 

plots by trc;lined eyes. The observations are made on permanent and 

"sacrifice" plots. Sacrifice plots are clipped, weighed, and the 

approximation of the biomass is obtained through a regression of weight 

upon observed factors. This method is satisfactory for general grassland 

inventories, however it suffers from variability among different 

observers, and for different species, and may not be the best choice for 

more accurate studies. Moreover, it is more of a qualitative technique 

than a quantitative one (Tucker 1980). 
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2. Attenuation Method 

A B-partic1e can be attenuated by a given material through 

absorption. The absorption of a B-partic1e by a substance depends upon 

the interaction of the particle with the electrons of the absorbing 

sUbstance. For an absorber composed of low atomic number elements, the 

absorption will be closely proportional to the absorber density (Tucker 

1980). Absorptlon by unit thickness is practically independent of the 

atomic number and atomic structure of the absorbing material (Libby, 

1961). Since plant materials are low in heavy elements, their density can 

be reliably estimated by the radioisotope method provided that the 

radioactive source and the detector are maintained at a constant geometry 

to avoid extraneous sources of variability (Teare et a1., 1966; Tucker, 

1980). Herbage densities can be expressed in terms of herbage biomass by 

integrating the density over the height of the stand (Teare et al., 1966). 

Mi tche 11 (1972) reported that thi s radi oi sotope method accounted for 90 

percent of the biomass measured in the field except in quadrants dominated 

by non-herbaceous vegetation. This method was reported to be accurate, 

precise, relatively inexpensive, and nondestructive, yet it has some 

limitations for use on moderately to heavily grazed pastures and terrains 

with frequent microtopographica1 variations (Tucker, 1980). 

3. Capacitance Meter 

The capacitance measured between probes inserted into a vegetation 

canopy is proportional to the amount of water present in the canopy which 
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in turn can be related to green vegetation (Fletcher and Robinson, 1956). 

This simple method is based upon the difference in the dielectric constant 

between water (80) and air (1). Various capacitance meters have been 

built using the above properties, but when field-tested, they yielded 

mixed results (Neal and Neal, 1973). The successful use of capacitance 

meters is hampered by many sources of error in field situations (Bryant 

et al., 1971). However, there is a linear relationship between the 

capac itance and the water present in the herbaceous vegetat ion. In 

addition, the capacitance meter offers the advantage of simple use and 

rapid measurements. 

4. Weighed Disc Technique 

There is a relationship between grass biomass and grass resistance 

against a pressure applied upon it. This resistance is assessed by 

placing a rigid weighted sheet on a grass surface and measuring the 

average distance to the ground after a predetermined period of settlement 

(Tucker, 1980, 1978; Colwell, 1974; Jordan, 1969; among others). 

This height can then be related to grass biomass using a calibration 

curve. The settlement height is season and species-specific as it depends 

upon the grass dry matter content which varies from season to season and 

among species. 



20 

5. Remote Sensing Technique 

The most commonly used remote sensing techniques use the reflected 

spectral radiance resulting from the inter~ction of a plant canopy and the 

incoming radiant flux to assess plant biomass. Measurements can be done 

from various platforms: ground based, airborne, or satellite. 

Discrimination of vegetation biomass is strongly dependent upon the 

soil surface-vegetation spectral reflectance or radiance contrast. For 

this reason some wavelengths are better suited than others for assessing 

green biomass. Generally, spectral estimation of biomass uses 2 

wavebands: the red and the photographic infrared. The specific 

wave 1 engths used vary between users, but generally the same b/o regi ons 

of the spectrum are used (Tucker, 1980). The red region is chosen so as 

to correspond to the in vivo red region of chlorophyll absorption which 

is inversely proportional to the amount of chlorophyll present in the 

canopy. In the near-IR region, reflectance is proportional to the green 

leaf density and is sensitive to photosynthetically active vegetation and 

to a lesser extent, dead vegetation (Colwell, 1974; Tucker 1977c, 1978). 
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CHAPTER 3 

Vegetation Indices 

The red and photographic infrared regions are used in different 

combinations to yield various vegetation indices. These vegetation 

indicators were developed to minimize soil background effects on greenness 

assessment and are classified into two main groups: the ratio and the 

orthogonal indices. The ratio-based indices are obtained by ratioing 

single spectral bands or by dividing linear transformations of spectral 

bands to other linear combinations of the same bands. The most commonly 

used ratio indices include: the simple ratio NIR/RED (Jordan, 1969; 

Pearson and Miller, 1972; Colwell, 1973, 1974; Smith and Oliver, 1974; 

Rouse et a1., 1973; Carneggie et a1., 1974), the normalized difference 

index (NDVI) and the transformed difference vegetation index (TVI) (Rouse 

et al, 1973). 

The second group results from orthogonal transformations of spectral 

bands. These i ndi ces measure greenness from the di stance, in waveband 

scatterplots, of a pixel to a line of reference called the "soil line". 

The soil line is the trace view of bare soil data plotted in the 4-space 

(Kauth and Thomas, 1976). The 2-dimensiona1 perpendicul ar vegetation 

index (PVI) of Richardson and Wiegand (1977) and the 4-dimensional green 

vegetation index (GVI) of Kauth and Thomas (1976) are the most used 

indices in this category. 

----------
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Spectral vegetation indices are proving to be a powerful tool in 

vegetation studies. These indices have been used in a variety of 

vegetation situations and have been related to many vegetation parameters 

such as: leaf area index (LAI), biomass (Holben et al., 1980, Pearson 

and Miller, '1973; Deering et al., 1975; Tucker et al., 1980) and grain 

yield (Colwell et al., 1974). Good correlations have been found between 

some vegetation indices and drought stress. This leads to the possible 

use of vegetation indices in evapotranspiration modeling (Wiegand et al., 

1979). 

Shortcomings 

Among the techniques reviewed above, remote sensing seems to hold 

the best promise for vegetation assessment. Remote sensing techniques are 

better suited for large area surveys since they allow synoptic coverages 

from satellite and/or aircraft. They are non-destructive, a110w repeated 

measurements over time, and they are relatively less expensive. However, 

the spectral method can be limited by environmental variability because 

of the complexity of plant canopies, the nonuniformity of the vegetation 

cover, the variability of species and the variability in maturation within 

species. Furthermore, environmental factors are unevenly distributed in 

time and space. Therefore, the same amount of vegetation "viewed" under 

different environmental conditions may not be depicted in the same way by 

the same sensor. 
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Sci ent i sts often refer to vegetation refl ectance as havi ng an 

asymptotic nature (Tucker, 1977a; Allen and Richardson, 1968; and Gausman 

et al., 1976). This concept is very important as it defines the dynamic 

range of the vegetation reflective spectrum and the range of sensibility 

and saturation of the spectrum. The upper asymptote, also referred to as 

Roo, the i nfi nite refl ectance, is reached when increases in vegetation 

quantities no longer affect spectral responses. In other words, the upper 

asymptote denotes the point at which the addition of more vegetation is 

not followed by a proportional or even detectable change in spectral 

radiance or reflectance. The lower reflectance asymptote is a measure of 

the lowest detectable vegetation amount. It is governed by the 

sensibility of the equipment or the amount of interfering noise. This 

noise can be of various origins: soil background, litter, standing dry 

vegetation, and atmospheric conditions. Some of the above limitations 

have been well documented in several studies (Huete et al., 1985; Ezra et 

al., 1984). 

Soil Influence on Vegetation Canopy Spectra 

Plotted in NIR-RED-space, a trace view of bare soil pixels is 

depicted as a line of positive slope extending almost from the origin 

(the soil line). Its length is a function of the brightness range of the 

individual pixels. As vegetation progressively covers the soil's surface, 

less and less bare soil is exposed to the sensor. This results in the 

vegetated pixels shifting up along the vegetation variance axis and lines 
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of constant vegetation density (vegetation isoline) decrease in length. 

As vegetation continues to grow denser, the line becomes increasingly 

compressed until eventually merging into a single point when canopy 

reaches full closure. Soils exhibiting the same reflectance value in the 

red do not necessarily reflect equally in the near infrared. Similarly, 

the extent to which red and infrared signals are attenuated upon soil 

wetting varies widely as a function of soil brightness. This differential 

spectral responsivity of the soil medium determines the slope and the 

curvature of the soil 1 ine. The geometry of the soil 1 ine seriously 

i nfl uences vegetat i on assessment by remotely sensed means. It appears 

that every soil has a specific soil line different from the universal soil 

line used as· a reference in the orthogonal vegetation indices (Huete et 

al., 1984; Elvidge and Lyon, 1985). It is thus understandable that a 

given orthogonal index might not have the same value under identical 

vegetative conditions but different soil backgrounds (Huete et al., 1985; 

Ezra et al., 1984) 

Soil-induced-noise is greater in assessment of green vegetation in 

areas where canopy cover is less than 30 percent (Elvidge and Lyon, 1985; 

Huete et al., 1985). The sparse nature of arid land vegetation results 

in considerable soil background being "seen" by the sensor, and thus 

impacts vegetation assessment. Justice et al. (1986), used multitemporal 

remote sensing data in order to estimate above-ground net primary 

productivity in the Sahel and humid regions of the world. The temporal 

integration method they used proved reliable in regions where canopy cover 
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was at least 40 percent (humid and semi-arid regions). In the Sahel and 

arid zones, however, the overwhelming influence of soil background 

rendered the approach questionable. 

By projecting bare soil spectra onto a GVI IIgreenness ll equation, 

Huete et al., (1904) found the t'ange of IIsoil greenness values ll to be 

equivalent to a wheat canopy cover of 25 percent. These researchers also 

found that soil of reddish hues were IIgre~nerll than light and dark-colored 

ones. They also showed that the NIR/RED rat i os el evated greenness 

sensitivity to darker soils for relatively dense canopies (> 40 percent). 

In low biomass areas, the NOVI seems to be the most suitable index for 

vegetation studies (Tucker, 1977a). The NOVI being an approximation of 

the Log NIR/RED, enhances low values and compresses the larger ones. 

Unfortunately, this index boosts soil-induced noises as well (Huete et 

al., 1985). In general, the NIR/REO ratio index values of vegetated 

pixels were found to be negatively correlated to soil brightness, whereas 

PVI and GVI values were positively correlated (Huete et al., 1985). 

Factors other than soil type may affect soil spectral variability; 

one such factor is the litter cover. In a study of litter effects on soil 

background spectral response, Lumbuenamo (1987), reported that soil and 

litter can not be distinguished solely on the basis of their spectral 

signatures as both materials exhibit similar spectral behavior in the 

.44pm to 2.2 pm region of the electromagnetic spectrum. However, litter 

cover may either enhance or decrease soil surface spectral response 

depending on the difference in brightness between the two media. Litter 
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cover decreases surface reflectance when its brightness is lower than the 

underlying soil background. 

Atmospheric Effect 

Apart from the soil brightness effect, atmosphere influences are 

known to seri ously impact remotely sensed spectral data. Restri ct ions 

imposed by the atmosphere upon the use of data from space-based sensors 

are attributable to two major.properties of the medium: scattering and 

absorption. Scattering can either increase or decrease target spectral 

response at the sensor level, depending on whether the scattered flux is 

the incident or the reflected flux (Slater, 1980). Absorption, on the 

other hand, can only decrease the spectral signal. In a cloudless 

atmosphere, spectral signals are mostly affected by air molecules which 

are responsible for the Raleigh scattering; oxygen, ozone, water vapor 

which cause absorption; and aerosols which cause both scattering and 

absorption (Holben, 1986). Variations due to Raleigh scattering are 

virtually nil given the fact that the number of air molecules in the 

atmosphere is nearly constant over time and space. Under normal pressure 

fluctuations oxygen absorption in the near infrared is very weak ( Me 

Clatchey et al., 1972). Ozone concentrations over time and space are well 

known and corrections for ozone-induced variations are straightforward. 

The most important manifestation of atmospheric scattering is 

perhaps the "path radi ance". Thi sis a property of the atmosphere whereby 

part of the solar radiant flux is scattered towards the sensor before 
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interacting with the earth surface. This upward scattering is the most 

insidious effect of the atmosphere, as the flux which appears to contain 

no spatial or spectral modulation from the target-scene reduces its 

contrast thus making fine details harder to detect (Slater, 1980). 

Another aspect of atmospheric influence involves its attenuating effects 

also known as optical thickness. This is a transmission loss of radiant 

flux over the path through which ground reflected flux must travel before 

reaching the sensor. 

Both attenuation and path radiance influences are greater at shorter 

wave 1 engths and are affected by both the soil background and the sun 

zenith angle (Huete and Jackson, 1988). For instance, red radiance 

increases with increasing atmospheric turbidity and is greatest on darker 

substrates whereas the NIR radiance is mostly controlled by extinction and 

so thi s i nfl uence is seen most over brighter substrates. Vari at ions 

introduced by the sun angle are, for the most part, attributable to 

changes in shadow patterns and atmosphere path length. These variations 

are most apparent at higher zenith angles where targets cast longer 

shadows. Because of the high contrast between the shadow and the 

background, brighter soil substrates are more sensitive to sun angl e 

variations than darker ones. 

Often when viewing a scene adjacent to another object, the reflected 

flux that reaches the sensor is a mixture of the target signal and the 

scattered flux from the adjacent object. This results in blurring of the 

edges between the target and its background (Slater, 1980). 
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Schowengerdt (1983) reported that turbulence in the atmosphere may 

result in a random atmospheric point spread function (PSF) that affects 

higher spatial frequencies; the effect is however, negligible for larger 

IFOV. Many models have been devised to minimize atmosphere effects on 

spectral data (Chavez and Soderblum, 1975); however, despite this effort, 

there still is room for improvement. 

Attempts have been made to reduce soil background effects on 

vegetation indices-predicted greenness. Huete et al, (1985), Ezra et al., 

(1984) recommended the use of specific soil lines to minimize soil 

background noise. Recently Huete (1988) decomposed plant canopy spectral 

signal into contributions of individual components and by manipulating the 

normalized difference developed a new index, the soil adjusted vegetation 

index (SAVI). This seems to reduce the soil contribution in greenness 

measures. 

Current Work 

The normalized difference is perhaps the most widely used index for 

green vegetat i on assessment. Many attempts have been made to rel ate 

vegetative biomass to this spectral index. Holben et al. (1980) showed 

that a good correlation existed between NDVI-time-integral and the end of 

season bi omass. Si nee then, some important developments in vegetat ion 

sens i ng have occurred. The most important is perhaps the use of the 

Advanced Very High Resolution Radiometer (AVHRR) data for land monitoring. 

The sensor was originally designed for meteorological purposes, however, 



29 

the system offers the advantage of daily coverage in comparison to the 16 

to 18 day cycle of the landsat system. The multitemporal nature of the 

data along with their low cost and smaller volume have contributed to the 

increase in NOVI-based vegetation studies. Some of these studies have 

focused on locust monitoring (Hielkema et al., 1986), green biomass 

productivity, green vegetation dynamics and production (Goward et al., 

1985, Justice et al., 1986, Townshend and Justice, 1986), and phenology 

of vegetation communities. Others have studied problems such as drought 

(Henricksen and Ourkin, 1986), grassland monitoring (Hiernaux and Justice, 

1986), continental land cover mapping, tropical deforestation, and 

regional fire monitoring, apparently with remarkable results. 

These studies have relied on the Maximum-Value-Composite (MVC) 

approach whereby a series of multitemporal georeferenced satellite data 

is processed into NOVI images. Each NOVI value is then examined on a 

pixel-by-pixel basis with only the highest value being retained for each 

pixel. Up to 30 consecutive scenes are resampled and aggregated to form 

an image. The new image is later screened for cloud contamination using 

a thermal cloud mask designed to el iminate NOVI of pixel s having a 

temperature below a predetermined threshold (12 0 C). 

The MVC technique can be used to quantify green vegetation magnitude 

to several levels and discriminate it from other scene components such 

as snow, water, soil rocks etc .. (Holben, 1986). The assumption is that 

albedos of different earthly materials expressed in NOVI are invariant in 

such a way that a constant cover-type stratification over a wide range of 
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atmospheric conditions and viewing geometry is maintained. The cover-

t y p e 

stratification observed in the AVHRR data is shown in Table 1. 

Table 1. Stratification of NOVI response to broad scene. 

components as measured from NOAA-7 (adapted Holben, 1986) 

Cover type Red NIR NDVI 

Dense green leaf veget. 0.050 0.150 0.500 

Medium green leaf veget 0.080 0.111 0.140 

Light green leaf veget. 0.100 0.120 0.090 

Bare soil 0.296 0.283 0.025 

Clouds (opaque) 0.227 0.220 0.002 

Snow and ice 0.375 0.342 -.046 

Water 0.022 0.013 -.257 
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Values in Table 1 do not represent an absolute range for each class, 

but are used merely to illustrate the cover-type stratification as 

depicted by the NOVI. The effective consistency of this stratification 

over time and under a variety of atmospheric, viewing and illumination 

conditions as well as surface directional reflectance effects is the 

basis of the MVC technique. Using a simulated AVHRR data set and three 

atmospheric compositions, Holben (1986) succeeded in duplicating this 

stratification thus validating the above assumption. 

The Maximum-Value-Composite imagery seems to be particularly well 

suited for areas normally difficult to monitor with passive systems. This 

approach has succeeded in minimizing most of the problems encountered in 

single date sensing: cloud contamination, atmospheric attenuation, and 

directional reflectance. However, as Justice (1986) pointed out, like 

all newly developed technologies, there is a danger of exaggerating the 

capabilities of a system before its true potential can be demonstrated. 

Problems Associated with Maximum-Value-Composite 

In spite of the remarkable results achieved so far, there are 

problems that need to be addressed. Some of them concern the breakdown 

of the cover-type strati fi cat ion assumption under certai n conditions. 

These include: specular reflection from certain surfaces, mixed pixels, 

twilight zones, and most of all cloud contaminations. 
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1. Mixed Pixels 

Under most of these conditions, the signal that reaches the sensor 

is a mixed response characteristic of no single component within the field 

of view. For instance, a scene in which a thin, almost transparent cirrus 

cloud, obscures a vegetated surface may be depicted as a partially 

vegetated area. Similarly, an irrigated paddy crop growing over a pond 

will have a signature characteristic of none of the two components of the 

scene; vegetation and water (Holben, 1986). 

2. Desert Anomalies 

Severe alterations of the cover-stratification have been reported 

over the Sahara desert and some vegetated areas of sub-Saharan Africa. 

NOVI values recorded on individual dates over these areas suggest an 

increase in the NIR channels associated with little change in the red over 

the desert. On the other hand, high NOVI values over the vegetated sub

Sahara were reported to be driven, not by increasing NIR radiance as it 

would normally be expected if it was an indication of higher green 

vegetation density, but by decreasing red radiance. In an attempt to 

explain these apparent anomalies, Holben, (1986) speculated that in the 

Saharan case, they are probably due to the sandy texture of the soil and 

its structure and also to the fact that NIR and visible bands are rather 

broad in the AVHRR configuration. It is thus supposed that their nearly 

equal response over the Sahara represents their nominal condition. A 

second explanation seems to focus on the fact that sandy soils have 
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disproportionately higher NIR radiance than finer textured soils (Stoner 

et al. 1979). This combined with a particularly low precipitable water 

content of the atmosphere may drive the NIR response to higher values. 

3. Senesced Vegetation 

Another problem capable of affecting the cover-type stratification 

assumption is the nature of the target itself. Most of the vegetation 

indices used in remote sensing were developed for use over uniform and 

mostly man-made vegetation stands such as single crop fields. In nature, 

un iformity is the except i on rather than the norm. Natura 1 vegetated 

biomes, unlike man-made ones, are very complex and plant species are 

distributed individualistically, according to their own way of relating 

to the environment. In addition plant communities encompass a multitude 

of species at various stages of growth and decomposition. Even in 

relatively uniform communities, vegetative elements are randomly 

distributed in different angular orientations throughout the canopy volume 

and not lying flat on the surface. Furthermore, canopy optical properties 

range from nearly isotropic to relatively anisotropic (Tucker and Sellers, 

1986). 

Many researchers have reported that the presence of various 

quantities of standing dead vegetation in grass canopies affects 

vegetation indices. Tucker (1977b) and Ripple (1985), in their respective 

studies of blue grama Bouteloua gracilis and tall fescue Festuca 

aroundinacea, reported that the NOVI is adversely affected by the presence 
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of senesced vegetation. Sellers (1985) found the simple ratio and the 

NOVI to be considerably reduced by standing dead vegetation. Huete and 

Jackson (1987) showed that the presence of yellow standing grass with 

green phytomass reduced the greenness signal of all spectral vegetation 

indices by 20 to 33%. They argued that these influences may be attributed 

to the shadowing of the emerging green by the protruding senesced 

vegetation and the trapping of a portion of the reflected flux in the 

canopy. 

One of the purposes of this study is to investigate the extent to 

which standing dead vegetation is a problem to vegetation assessment by 

spectral indices. 

The objectives of this study were: 

1) To investigate the extent to which standing dead vegetation affects 

spectral indices as to their ability to detect live vegetation. 

2) To examine, through comparison, the near infrared and the red 

reflectance factors in order to infer an eventual cause and effect 

relationship between the indices observed behavior and the presence 

of dead vegetation. 

3) To show the risks involved in extending relationships developed over 

different environmental conditions to others. 



CHAPTER 4 

EXPERIMENTAL PROCEDURE 

Description of the Study Area 
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The study was conducted at the Santa Rita Experimental Range, a 

20,235-hectare area located approximately 48 kilometers south of Tucson, 

Arizona at approximately 31°.8 lat Nand 110°.9 longitude West. The study 

site was located in Pasture 21 on a 2.6 hectare old landing strip fenced 

in to prevent grazing by cattle. This research area is representative of 

about 8 mi 11 ion kil ometers of semi -desert grass-shrub ecosystems in 

southern Arizona, New Mexico and Texas (Subirge, 1982). 

The range was established in 1903 on a broad gently sloping plain. 

The general climate is typical for arid lands; almost half of the year is 

cloudless, the average annual rainfall increases with elevation from 250 

mm at 880 m to almost 510 mm at 1311 m with an 8 month frost-free period. 

Most of the precipitation comes under the form of rainfall with 60% of it 

occurring between July first and September 30th. The monthly mean maximum 

temperature occurs in June and exceeds 37.7° C temperature (Reynolds and 

Martin, 1968 in Subirge, 1982). The driest period of the year stretches 

from April to June. 

Perennial vegetation on the Santa Rita is dominated by mesquite, 

cactus, grasses, and other shrubs. There are two main growth periods on 

the range; one in early spring and another during the summer rains 
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(Reynolds and Martin, 1968). The second growing period produces about 90% 

of the perennial grass herbage (Martin, and Cable, 1974). 

Soil Characteristics of the Study Area 

Soils not only affect remotely sensed data, but with moisture, they 

are the most important factors which, along with climate, determine the 

composition and frequency of species of a given site. Vegetation 

differences occur as a result of soil variability in so far as soils 

affect moisture availability (Cox, 1964) as cited by Subirge (1982). The 

soils on the Santa Rita Ranch are derived from Pleistocene alluvium, and 

the alluvium ranges from 0 - 90 meters in thickness (Subirge, 1982). They 

are often capped with young gray soils of Holocene age which show very 

little pedogenic development. These young soils, classified as the Comoro 

series, probably evolved from grass formed from continental granodiorite 

found in the southern part of the range (Drewes, 1972a, 1972b). The 

Comoro series is classified as coarse-loamy, mixed, thermic, Typic 

Torrifluvent. These are deep, well drained soils with grayish brown loam 

surface layer. In Pasture 21, this soil occupies the western end of the 

landing strip where the experiment layout was located. The soil on the 

eastern end of the exclosure is the Whitehouse, this series is a member 

of the Ustollic Haplargids; and belongs to the fine, mixed, thermic 

family. (Soil Survey of Santa Cruz and parts of Cochise Counties, Arizona 

1979). 
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Plant Test 

Most of the Santa Rita Experimental Range is covered with native 

plants, but large areas have introduced exotic species. One such species 

is Lehmann lovegrass, Eragrostis lehmanianna Nees, a perennial erectophile 

grass introduced in Arizona from Southern Africa in 1930. This subclimax 

bunchgrass nat i ve to the semi ari d 1 ands in the Northern Cape of South 

Africa establishes itself at elevations ranging from 800 to 1500 m with 

precipitation that varies between 250 to 500 mm (Cox and Ruyle, 1986). 

In a study of c1 imatic and edaphic factors on the distribution of 

Eragrostis lehmanianna, Cox (1984) suggested that in Arizona, the grass 

is limited within areas where summer rainfall ranges between 200 and 300 

mm. He also reported that Lehmann lovegrass seems to be highly vulnerable 

to drought especially in shallow soils; and its distribution appears to 

be less affected by low temperatures. 

Methodology 

The experiment was conducted in conjunction with a USDA productivity 

study of Lehmann 1 ovegrass. The objective of the 1 atter was, among 

others, to determine the effects of fire, at different seasons, on the 

above and below ground productivity of Eragrostis lehmanniana Nees. The 

spectral monitoring of this biome, on the other hand, was designed to 

invest i gate the statement that standi ng dead bi omass, when present, 

affects the rel iabil ity of vegetation indices as to their abil ity to 

detect green vegetation. For this reason the spectral study was only 
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concerned with the control plots and the February burn treatment because 

of its well established vegetation stand. The control plots are assumed 

to be a representative of perennial grass on undisturbed vegetation 

conditions which is characterized by the accumulation of dead biomass from 

previous years' growth. The February burn treatment was used to simulate 

overgrazed or fire-managed pastures. The burned plots with virtually no 

biomass carryover from preceding growth, were mostly green and were used 

as a basis for comparison in the investigation. 

The 2.7 hectare exclosure had all mesquite trees removed and was 

fenced in to protect a relatively uniform Lehmann lovegrass stand from 

cattle grazing. The parcel was divided into 5 randomized blocks and 

treatments included 4 time periods for burning and a control. Each 

treatment was repeated in each block and each year over a 3 year period 

as shown in Table 2 below. The spectral and biomass data reported in this 

study are for the year 1986 only. 

Table 2. Experiment summary. (Cox, unpublished) 

Years 
Treatments 1984 1985 1986 total plots 

Burn February 3 Replicates 3 Replicates 3 Replicates 

Burn June 3 Replicates 3 Replicates 3 Replicates 

Burn July 3 Replicates 3 Replicates 3 Replicates 

Burn November 3 Replicates 3 Replicates 3 Replicates 

Control 3 Reglicates 3 Reglicates 3 Reglicates 

15 15 15 45 
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Biomass Data 
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The monitoring of the above-ground production consisted of a plant 

density study and biomass evaluation. Using painted nails as markers, 

twenty 0.5 x 0.5 m quadrats were randomly placed within each control and 

each treated plot prior to fire application. After fire application plots 

were sampled (hand clipped) at 2-week intervals (Table 3). Lehmann 

lovegrass plants were harvested at the soil level in five quadrats along 

randomly selected 1 ine transects that were oriented East-West. After 

harvest, the biomass was hand-sorted into the following components: green 

leaves and stems, dead leaves and stems (gray and yellow color). Litter 

on the soil surface was al so harvested (Cox, unpubl i shed data). The 

sorting was based on the color of the biomass element. Samples thus 

separated were bagged, oven-dri ed and subsequently weighed. Bi omass 

densities were determined in kilograms/hectare; results are reported in 

Table 4 and Figures 1 and 2. 



Table 3. 1988 biomass spectral sampl ing and atmospheric dates with a description of atmospheric 
conditions 

Date Julian 
Date 

Feb 12 42 
Feb 25 56 
Mar 11 70 
Mar 25 84 
Apr 08 98 
Apr 22 112 
May 06 126 
May 20 140 
Jun 03 154 
Jun 17 168 
Jul 01 182 
Jul 15 196 
Jul 29 210 
Aug 12 224 
Aug 26 238 
Sep 09 252 
Sep 23 266 
Oct 07 280 

Time 
(MST) 

{38°<e<42°} 

10.98 - 11.50 
10.38 - 10.76 
9.91 - 10.20 
9.48 - 9.76 
8.54 - 9.35 
8.85 - 9.07 
8.63 - 8.88 
8.51 - 8.76 
8.48 - 8.73 
8.54 - 8.79 
8.63 - 8.88 
8.73 - 8.98 
8.85 - 9.10 
9.01 - 9.23 
9.16 - 9.41 
9.38 - 9.66 
9.73 - 10.04 

10.10 - 10.51 

Atmospheric conditions 
(Cloud cover) 

Clear skies~ no clouds 
Clear skies, no clouds 
Scattered clouds 
Clear skies, no clouds 
Clear skies, no clouds 
Clear skies, no clouds 
Clear skies, no clouds 
Cloudy skies 
Clear skies, no clouds 
Clear skies, no clouds 
Clear skies, no clouds 
Scattered clouds 
Clear skies, no clouds 
Clear skies, no clouds 
Scattered clouds 
Scattered clouds 
Cloudy skies 
Scattered clouds 

~ 
o 



Table 4. 

Date 

Feb 12 
Feb 25 
Mar 11 
Mar 25 
Apr 08 
Apr 22 
May 01 
May 20 
Jun 03 
Jun 17 
Jul 01 
Jul 15 
Jul 29 
Aug 12 
Aug 26 
Sep 09 
Sep 23 
Oct 07 

Biomass as average of three plots for each treatment 5 samples/plot in Kg/ha. 

February Burn Control Plots 

Julian Day Green Dry Old Total Green Dry Old Total 

42 141 0 0 141.3 374 686 2328 3387.0 
56 55 0 0 54.7 548 1025 2411 3984.3 
70 130 0 0 129.7 359 592 2645 3595.7 
84 280 0 0 280.0 452 671 2249 3372.3 
98 318 0 0 318.3 715 1085 1053 2853.3 

112 448 0 0 448.3 745 1041 2577 4362.7 
126 507 0 0 507.3 692 804 2859 4354.7 
140 434 0 0 434.3 640 792 2484 3915.7 
154 327 84 8 418.7 750 922 2467 4139.0 
168 400 97 0 496.7 850 576 2041 3467.0 
182 499 78 3 579.3 745 573 2495 3812.7 
196 919 167 38 1124.7 931 439 2149 3519.0 
210 1216 196 0 1412.3 714 357 1542 2612.7 
224 1264 535 0 1798.7 639 98 1373 2110.3 
238 1343 544 0 1887.0 629 142 1158 1928.0 
252 1225 688 0 1913.3 584 183 1185 1951. 7 
266 845 633 0 1478.3 487 306 1264 2057.3 
280 856 761 0 1617 .3 490 278 1167 1934.7 

.j:.... 



VEGETATION DYNAMICS 
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Figure 2. Biomass as a function of time (Burned Plots). 
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Spectral Data 

The bi-weekly hand-clipping of the above-ground biomass was pr~ceded 

by reflectance measurements with a hand-held Exotech radiometer a day 

before sampling. The Exotech-l00 has a 15° field of view and is equipped 

with four spectral bands similar to the Thematic Mapper wavebands (0.45-

0.52, 0.52-0.60, 0.63-0.69, 0.76-0.90 pm). The instrument was mounted 

on a yoke and held at a constant height (-1.5 m) above the grass canopy 

in such a way as to insure a nadir view. Radiance readings of a BaS04 

painted aluminum calibration plate, taken before and after plot 

measurements, were used to calculate the reflectance factor. Except for 

the March 11 and the last three sampling dates, all readings were made 

under low haze and cloud-free days. A series of ten measurements were 

made by pacing across a designated transect within each plot. The time 

of measurement was constantly varied in order to keep the sun angle within 

acceptable limits (see Table 3). For this particular study the sun angle 

bracket ranged from 38 to 41°. Although the USDA productivity study 

stretched over a three years time span, spectral data were collected only 

from 12 February through October 1986 (Table 4). Data for the two 

treatments are presented in Table 5 and appendix A. Data in Table 5 are 

average values of three replicates for each treatment whereas those in 

appendix A give the individual plot values. 

-~~ ~- -------



Table 5. Reflectance Factors as Average of three plots for each treatment (10 readings per treatment). 

February Burn 

Date Julian Day Blue Green Red 

Feb 12 42 2.99 4.00 4.71 
Feb 25 56 7.02 9.19 10.41 
Mar 11 70 6.30 9.55 11.12 
Mar 25 84 6.72 10.26 5.80 
Apr 08 98 4.06 6.84 9.76 
Apr 22 112 3.90 6.37 8.76 
May 06 126 6.40 8.98 10.56 
May 20 140 5.36 9.94 10.58 
Jun 03 154 4.59 8.02 10.13 
Jun 17 168 5.06 7.01 9.01 
Jul 01 182 4.62 6.09 8.64 
Jul 15 196 4.77 7.64 11.80 
Jul 29 210 5.91 9.28 10.36 
Aug 12 224 5.89 9.50 9.32 
Aug 26 238 4.88 8.36 7.45 
Sep 09 252 5.10 8.32 7.22 
Sep 23 266 5.23 8.64 4.65 
Oct 07 280 5.35 8.87 10.54 

NIR Blue 

7.01 7.77 
12.38 7.12 
14.88 6.98 
7.37 6.60 

15.82 8.50 
12.96 8.36 
18.48 7.63 
16.85 8.03 
17.36 7.24 
14.51 5.99 
14.69 6.91 
22.32 7.32 
20.64 6.28 
22.24 5.75 
22.06 6.43 
22.75 5.84 
12.95 6.36 
18.53 6.69 

Control Plots 

Green Red 

9.81 11.34 
8.61 10.12 
8.08 10.49 
9.11 9.75 

11.18 13.56 
11.29 13.87 
10.41 12.70 
11.74 11.63 
10.17 12.56 
8.36 11.29 
9.49 12.21 

10.76 11.34 
9.94 10.94 
8.77 11.34 
9.67 12.32 
8.79 10.00 
9.34 9.03 
9.46 10.13 

NIR 

13.35 
12.48 
12.14 
14.69 
18.17 
16.77 
17.15 
16.74 
17.97 
17.03 
19.01 
18.42 
20.06 
19.33 
20.91 
19.30 
19.10 
17.78 

.;:. 
()'t 
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Data Analysis 

Four vegetation indices and a brightness index were generated from 

the spectral data set: the normalized difference (NOVI), the perpendicular 

vegetation index (PVI), the green vegetation index (GVI), the soil 

adjusted vegetation index (SAVI) and the soil brightness index (SBI). The 

SAVI was calculated as a derivative of the normalized difference as 

described by Huete (1988) using an adjustment factor L = 0.75. The two 

and four-dimensional orthogonal indices were calculated from equations 

developed for a Superstition- Cloversprings soil line (Lumbuenamo, 1987). 

The equations were derived following the algebraic n-space procedure 

described by Jackson (1983) whereby, unit vector elements were calculated 

for each featur~ in each waveband. Coefficients thus computed were 

multiplied by reflectance factors of corresponding wavebands before being 

added up to yield additive indices as follows: 

Brightness (SBI) = (Blue x 0.29864)+(Green x 0.43025) 

(Red x 0.57024)+(NIR x 0.63427) 

Green Vegetation Index (GVI) = (Blue x -0.22467) + 

(Green x -0.30437)+(Red x -0.51180)+ 

(NIR x 0.77132) 

The perpendicular vegetation index (PVI) was derived 

following Jackson et al., (1980) such that 

PVI = (Vi - a1X1 - ao)sine / (A2 + a2
1 -2Aa1 )2 cose 

-~- -- ----
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In this study, PVI= 1.518 Vi - 1.734 Xi - 2.802 

Indices thus derived were then compared as to their performance over time 

in both treatments; the February burn and the Control plots by plotting 

each index against time or biomass. 

A series of simple 1 inear regressions were run between these 

spectral greenness indicators and vegetation biomass in order to show the 

ability of each index to describe vegetation behavior in both 

environmental situations. Cumulative values of biomass and vegetation 

indices were also used to investigate the relationship between green 

biomass and spectral indices. A statistical analysis was used to 

determine the degree of variability. A t-test (at .05 level of 

significance) was applied to determine if there was a significant 

difference between the two treatments in terms of not only biomass, red 

and NIR radiances, but also NOVI, PVI, GVI, and SAVIo 



CHAPTER 5 

RESULTS AND DISCUSSION 

Vegetation Dynamics 

As mentioned in preceding paragraphs, 
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there are two growi ng 

seasons in southern Arizona with one being in early spring and another 

during the.summer monsoons. The green up process starts in late January

early February when winter rains help initiate regrowth. In early 

February when the experiment started, there was, but a very little amount 

of green grass at the base of the grass cl umps of standi ng senesced 

vegetation from previous seasons. The dry grass phytomass, at this time 

ranged from 2500 to 3000 Kg/ha and encompassed two distinct types; the dry 

(yellow) and the weathered (gray). The yellow type represented the newly 

senesced grass from the previous season whereas the gray portion was 

remnant of a growth from previous years. 

From February the greening trend maintained a steady increase 

throughout the growing season in the control plots; however, both the dry 

and weathered components of the total biomass remained higher than the 

green until the beginning of the summer when the decomposition rate of the 

grass increased rapidly. At this period, dry (yellow) and green biomass 

curves crossed-over as the amount of green biomass became significantly 

higher than dry fraction and reached a peak in early June (Day of Year 

154). Similarly, the weathered portion of the biomass which remained 

almost constant from february to May underwent a fast decrease reaching 
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its lowest value (1156 Kg/ha) in late August Apparently, this is due to 

a faster decay rate triggered by higher humidity and higher temperatures 

in both soil and atmosphere. The above results are presented in Figure 

1. 

Throughout the first growing season, the canopy in the control plots 

was a mixture of inextricably interwoven dry, green and weathered stems 

with protruding yellow seedheads. During the monsoon season, the canopy 

appeared greener; most of the seedheads from last season's regrowth had 

weathered and shed onto the ground where litter from previous growth had 

already accumulated. 

On the burned plots on the other hand, after the fire treatment, the 

greenup process started with small regrowth at the base of some burned 

clumps. Large patches of bare soil alternated with relatively small spots 

of green grass emergi ng from bl ack ashes. Later in the season, as 

precipitation increased, bare soil patches were progressively invaded by 

emerging seedlings; the canopy grew denser but never achieved full 

closure. 

Figure 2 shows the vegetation dynamics in the February burn plots. 

These plots had virtually no weathered biomass, as their phytom.ass was 

mostly green. In fact, from February to May, the green fraction remained 

the only component of its total biomass and the first dry leaves appeared 

in early June. This is readily visible in Figure 2 where a decline in the 

green biomass curve coincides with the beginning of the drying process. 

This small decline in green biomass is probably due to the transient dry 
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period which marked the end of the winter growing season and the beginning 

of the monsoons (Figure 3 ). 

The control plots as used here represent vegetation conditions of 

perennial grasses and managed biomes whereas burned plots, more or 

1 ess, dupl i cate fi re-managed pastures. Under these 1 atter conditions, 

there is no substantial biomass carryover from one growing season to the 

other. 

Figure 4 shows total biomass production for these plots. The 

greatest total biomass accumulation occurred in the control plots where 

it reached a peak of 4362 Kg/ha on April 8, (day 98). It is, however, 

interesting to note that in the control plots, biomass did not show 

substantial variation during Winter and Spring in spite of sizable winter 

rainfall. This seems to suggest that humidity alone cannot drive the 

decomposition process. Although a decrease in total biomass was initiated 

shortly after the peak in early April, a good portion of the biomass lost 

before the summer rainfall was transformed into litter. It is, however, 

difficult to quantify the process because of the different modes of litter 

decomposition and disappearance involved (termites, rodents or 

microorganisms of the soil biota). Nonetheless, a peak in litter 

accumulation was recorded on June 17 (day 168). The beginning of the 

monsoon season in early July coincided with a steep decrease in all 

components of the total biomass and litter. This seems to suggest that 
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high air and soil temperature and humidity drive the decomposition process 

(Figures 3 and 4). The rate of loss was such that total biomass declined 

sharply from 3812 Kg/ha on July 01 (day 182) to 1934 kg/ha on September 

23 (day 286) a 50% overall drop. 

In the burned plots on the other hand, the total biomass increased 

at a slow rate in -Winter and Spring but accumulated at a faster rate in 

the Summer to reach a peak of 1913 Kg/ha on August 26 (day 238). Figure 

5 depicts the green fraction of the above ground biomass in both burned 

and control plots. As mentioned in preceding sections, the burned plots' 

green fraction was characterized by an overall steady increase throughout 

the growing season. Under these environmental conditions, the green 

fraction behaved like a bimodal function of time. It accumulated slowly 

during the winter to reach a first peak of 507 Kg/ha on May 6 (day 126). 

Nearly 70% of the total green biomass was produced during the monsoon 

season with a second peak of 1343 Kg/ha occurring on August 26 (day 238). 

It is interesting to note that the first green biomass peak and valley 

occurred well after the peak and valley in winter/spring rainfall. 

The control plots exhibited a different growth pattern characterized 

by a slow, but relatively regular, rate of accumulation. In these plots 

the green fraction peaked at 931 kg/ha in mid-July, more or less a month 

(45 days) earlier than the burn treatment, before declining steadily for 

the remainder of the growing season. During the same period, the green 

biomass curves criss-crossed as burned plots accumulated about 50% more 

biomass than the control which dropped to almost its winter values 

.--.----~---
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in October. The lag between the two green peaks may be attributable to 

depression in the growth process. This was probably caused by the effect 

of the fast decomposition of dry and weathered biomass that accompanies 

the decline in green vegetation production from mid-July to the end of the 

growing season despite substantial rainfall during that period (Figure 3). 

A high grass production period seems to correspond with high precipitation 

only for the burned plots for which both biomass and precipitation peaks 

were almost simultaneous with the fi rst occurri ng on day 238 and the 

second on day 227. This seems to suggest that green herbage production 

in control plots was not an exclusive function of precipitation as it 

seems to be for burned plots. Because green herbage production seems to 

be affected by the decomposition activity, probably through the 

competition for nitrogen between the microorganisms and the grass. 

Spectral Assessment of Biomass 

Figures 6 and 7 show, respectively, near-IR and red spectral 

responses as functions of time for both burned and control plots. These 

figures show that red reflectance decreased with increasing green biomass 

in the burned plots. However, the red reflectance showed a very slight 

increase in the control plots despite the increasing amount of green 

bi omass. The NIR refl ectance factor increased wi th i ncreas i ng green 

biomass over both the burned and control plots; however, the NIR signal 

gave virtually the same values over both treatments. A t-test applied to 

that effect showed no significant difference between the two means at the 
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.05 level even though the Control plots' green biomass was much higher 

than the Burned plots. Red and NIR variability was much higher for the 

burned plots than the unburned ones. This was most likely due to the lack 

of spatial uniformity in these plots where sizable patches of bare soil 

alternated with green vegetation. As the grass canopy grew denser, these 

patches of bare soils decreased in size without ever closing up. 

Huete and Jackson (1987) studied mixtures of 1 ive and senesced 

grass and they found the greatest variation occurred in the red waveband, 

whereas the NIR signal showed 1 ittle variation. The higher the dry 

biomass the higher the red reflectance factor. The NIR signal is closely 

associated with leaf tissue such that the higher the green phytomass the 

higher the NIR reflectance factor; it is therefore understandable that it 

increases with decreasing ratio of dry over green phytomass. lumbuenamo 

(1987) studied the spectral behavior of various mulched soils and reported 

that dead grass, like soil, exhibit a high red reflectance in comparison 

with green vegetation. He stated that the red signal variation was a 

function of the brightness of the underlying background. A layer of mulch 

of a given brightness would increase the red reflectance of darker 

backgrounds and decrease it over the bri ghter ones. For a non-grazed 

vegetation stand, as is the case for the control plots used in this study, 

the brightest portion is the protruding dry phytomass. This may explain 

in part the stagnation of the red signal recorded over the control plots 

in spite of substantial changes in the underlying green portion of the 

biomass. Apparently, the red signal bounces off the canopy's surface 
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whereas the NIR penetrates deeper into it but gets trapped and re-oriented 

in many directions thus lowering its responsivity at the sensor level. 

The Normalized Difference Vegetation Index (NOVI) has been 

extensively used for vegetation assessment in areas of low biomass 

production. For this study, the NOVI was calculated as «NIR - REO)/(NIR 

+ RED» using reflectance factors. The reflectance data for the control 

and the burned plots are presented in Table 5. Figure 8 presents the NOVI 

calculations for both plots. This figure shows that early in the season, 

when control plots contained mostly dry vegetation, and the burned plots 

were virtually bare, NOVI values were essentially the same for both 

treatments except for the first day of spectral sampling (day 42) where 

burned plots showed a relatively high NOVI. This may be attributable to 

the fact that the surface of burned plots were still covered with black 

ashes as a result of their burning early in the week. Huete (1988) 

reported that dark substrates resul tin higher NOVI. As ashes washed 

away, a brighter soil surface was exposed from which emerged a sparsely 

distributed green grass. NDVI values were essentially the same for both 

treatments until the beginning of April (day 98), when a neat demarcation 

between the two curves became visible; the gap between the two curves 

progressed along with the season before reducing at the beginning of the 

second growing season only to widen again during the monsoons. 

Although the control plots carried more green phytomass in the first 

growing season, their NDVI values were much lower than the burned ones. 
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Similar findings were made by Sellers (1985), who reported that the 

presence of dead phytomass amidst green vegetation lowered NOVI values. 

Huete and Jackson (1987) found standing dead vegetation to decrease all 

vegetation indices by 20 to 30%. In an attempt to characterize surface 

parameters along the US-Mexico Border, Hutchinson et al (1987) found the 

NOVI values to be higher on the Mexican side even though the US side had 

more green biomass; they attributed this apparent paradox to the 

accumulation of considerable amount of dead vegetation on the US side. 

A plot of SAVI as a function of time for both control and burned 

plots is presented in Figure 9. There is a similarity between Figure 8 

(NOVI) and Figure 9 (SAVI). SAVI is similar to NOVI, in that the first 

is deri ved by addi ng an adjustment factor (L = constant) to the NOVI 

denominator and multiplying the new expression by a factor equal to (1 + 

L) to maintain the bounded condition of the normalized difference index. 

In this study, L = 0.75 and SAVI was derived as [(NIR - REO)/(NIR + REO 

+ 0.75)] x 1.75. The SAVI mimics the NOVI when there are no soil 

influences. It is thus easy to understand the fact that SAVI exhibited 

all the characteristics of the NOVI curve described above. Similar in the 

early weeks of the experiment, both treatments grew apart as herbage 

production progressed. As the season advanced, the gap between the two 

curves grew wider with the burned plots exhibiting the highest index even 

though they carri ed the 1 east amount of green bi omass compared to the 

control. The difference between the two curves decreased from early June 

to early August only to widen throughout August and September. Ouring the 
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monsoons' production peak, the burned plots' curve was nearly 50 % higher 

than the control. Aside from the normal ized difference and the soil 

adjusted index, the two vegetation conditions were examined using two 

orthogonal vegetation indices: the two-dimensional Perpendicular 

vegetation Index (PVI) and the four-dimensional Greenness Vegetation Index 

(GVI). PVI is particularly known for its ability to minimize soil 

background· effect at vegetation densities as low as 20%. Figures 10 and 

11 show that the burned plots still had the highest values for both 

orthogonal indices as well. However, the gap between the control and 

burned curves appears less pronounced for the orthogonal ones. 

All vegetation index peaks almost coincided with the green biomass 

peak in the burned plots. In the control plots however, green biomass and 

vegetation index peaks occurred on days 196 and 266 respectively, about 

2 months apart. This lag between the two peaks suggests that during this 

period, vegetation indices responded indirectly to the presence of green 

vegetation which, in fact, was already decreasing while all the greenness 

indicators kept climbing. The factor responsible for this apparent 

contradiction is probably the differential rate at which dead and live 

biomass were decreasing in these plots. With the summer's high humidity 

and temperature, dead vegetation decayed very fast causing the ratio of 

dead to green vegetation to drop substantially from 9.5 to about 3 during 

the monsoons. Thus, gradually increasing green vegetation "visibility" and 

detectability. So, for perennial grass stands, an increasing vegetation 

index may not necessarily mean an increase in green biomass; it may simply 



:z 
o 

~ ,. 
iii 
5 

GREEN VEGETATION INDEX 

12 

10 

-2 '-~2"'---:-'D""""-9-11 -'--26-'---5<O-'-::B2:---:2:-'D~2~J---D -""'2&---6-
~ 91 112 110 169 196 221 252 290 

TI"'" C.JULIAN "''I') 

Figure 10. Green Vegetation Index as a function of time for 
both control and burned plot. 

64 



PERPENDICULAIRE VEGETATION INDEX 

10 

-2~~2~~'0~~9B~~'~~6~'~~~'=~~2~'0~~~3B~2~G~6-
~ 1M 112 110 169 196 22~ 2~2 290 

TIIoE C.JULIAN 00.'0 

Figure 11. Perpendicular Vegetation Index as a function of 
time for both control and burned plots. 

65 



66 

suggest an increase in "visibility" of existing live vegetation due to 

changes, such as decomposition of dead biomass, occurring within the 

canopy. Sometimes, the green biomass may even be decreasing. Figure 12 

illustrates the peak lag phenomenon between green biomass and the 

normalized difference index. For the sake of scale, NDVI and total green 

biomass were, respectively, divided by 200 and multiplied by 10. 

All four greenness indicators used in this study were found to be 

seriously dampened by the presence of standing dead biomass. A few 

theories have been suggested to explain this phenomenon. Huete and 

Jackson (1987) suggested that the senesced biomass affected greenness 

indices by casting shadow that obscures emerging green elements thus 

preventing the solar flux from interacting with the green canopy. They 

also suggested that standing dry vegetation increases the trapping of the 

solar flux within the canopy due to a change in the canopy architecture. 

Canopy architecture or geometry is defined by parameters like plant 

height, leaf phyllotaxy and epinasty, plant density and distribution. Any 

factor apt to mod i fy the above parameters is 1 ike 1 y to affect the way 

light is intercepted and scattered by the canopy. 

When plants become stressed, their tissues become less turgescent 

causing leaves to droop. If the stress is severe, such as at the onset 

of senescence, leaves may curl or even coil bringing about important 

changes in the geometry of the canopy. Planophile canopies tend to become 

erectophile under stress. However, radiation reflected in a vertical 
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direction from plant canopies is considerably greater for p1anophile 

canopies than for erectophi1e ones. Jackson et a1. (1983) reported that 

vertical elements of an erectophi1e canopy trap reflected radiation. This 

results in a corresponding reduction in the amount of reflected energy 

towards a nadir oriented radiometer. They added that p1anophi1e canopies 

ref1 ect 20 to 30% more f1 ux in compari son wi th thei r erectoph il e 

counterparts. 

The above arguments seem to hold for the NIR signal for which the 

dampening effect is quite evident. Given the high amount of green biomass 

present in the control plots one might expect a corresponding responsivity 

in the NIR channel; instead, the NIR reflectance for these plots is 

virtually equal to the burned one even though the later carried much less 

green phytomass throughout the first growing season. On the other hand, 

the red ref1 ectance factor behavi or cannot be exp 1 ai ned by the above 

reason i ng as the red signal rem a i ned unchanged with i ncreas i ng dead 

biomass instead of decreasing as suggested by the theory. If one defines 

cover as the amount of the soi l' s surface covered by vegetation wi th 

regard to the total soil's surface then, one of the most readily 

observable consequences of senescence is the decrease in percent cover. 

The increase in red reflectance observed over the control plots is 

probably a consequence of a more mulched soil being exposed to the sensor 

as a result of the change in canopy geometry (leaves drooping and 

coiling). However that alone cannot explain the fact that the red 
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reflectance factor remained constantly higher over these plots than the 

burned ones even when most of the litter had decayed during the reflected 

summer. This leaves us with only one possible source of red reflectance 

remaining, the standing dry biomass. 

Lumbuenamo (1987) showed that penetration of dry phytomass by the 

solar radiant flux increased with wavelength and decreased with biomass 

density (Figure~13). From this premise it can be suggested that a good 

deal of red radiant flux is intercepted and scattered towards the sensor, 

by the protruding dead vegetation, before ever interacting with the green 

elements at the lower level of the canopy. The NIR flux, on the other 

hand, does penetrate the dry elements and interact with the emerging green 

vegetation but gets scattered in many directions on its way upward to the 

sensor. It is this high reflectance of the red flux coupled with an 

attenuation of the NIR flux by the standing dead grass that leads to the 

lower NDVI recorded over the control plots. 

To better understand near-IR and red signal behavior as functions 

of biomass in the control plots, ratios of total over green biomass were 

plotted against both red and near-IR reflectance factors (Figure 14). 

This figure shows that the red reflectance, which normally decreases with 

increasing amounts of live vegetation, remained constant even when the 

ratio of total to green biomass was at its lowest. It seems as if there 

is a threshold of total to green vegetation ratio beyond which, regardless 

of the presence of any amount of green vegetation, the red reflectance 

factor remains invariant. 
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In this study, the red factor remained unaffected for a total to 

green biomass ratio ranging from 3 to 10. A simple linear regression run 

between the red reflecta~ce factor and the biomass ratio showed a slope 

of -0.062 with an r = 0.03. The threshold may depend on the ability of 

the red flux to penetrate the standing dead vegetation "screen". The near 

infrared, on the other hand, decreased wi th i ncreas i ng total to green 

biomass ratio and showed a negative correlation with an r = 0.91 and a 

slope of -1.142. More than 82% of the variations in the NIR reflectance 

are explained by changes in the total/green biomass ratio. The above 

observations suggest that both the NIR and the red signals are sensitive 

to the presence of dead 1 itter each accordi ng to thei r capacity of 

penetrating the standing dead biomass. 

For totally green targets, because of their high chlorophyll 

density, red reflectance is low whereas NIR reflectance is high; for 

erectophile canopies however, both of these fluxes are slightly 

attenuated. Apparently, for undisturbed vegetation stands such as non

grazed pastures where standi ng dry el ements conceal an emergi ng green 

canopy, the NIR response is an inverse function of standing dead biomass. 

To further explain spectral indices and biomass relationships, the four 

green indicators were regressed against total biomass, green biomass and 

a ratio of total/green biomass. The ratio was used to show the rate of 

change of both dead and green biomass with regard to each other. Results 

shown in Table 6, Appendix B and Figures 15, 16 and 17 indicate that 

vegetation indices are better predictors of green biomass over 
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Table 6. Summary of regression results of vegetation indices with green biomass, total biomass, and 
their ratio (total/green). 

NDVI 

SAVI 

PVI 

GVI 

GREEN TOTAL RATIO 

BURNED CONTROL BURNED CONTROL BURNED CONTROL 

R SLOPE R SLOPE R SLOPE R SLOPE R SLOPE R SLOPE 
-------------------------------------------------------------------------------------------------

0.88 0.0003 0.15 0.0001 0.89 0.0001 0.76 

0.88 0.0004 0.15 0.0001 0.9 0.0009 0.75 

0.91 0.014 0.2 0.005 0.91 0.0085 0.75 

0.87 0.0040 0.25 0.003 0.83 0.004 0.75 

-0.0001 0.69 -0.31 

-0.0001 0.69 0.53 

-0.0035 0.61 13.61 

-0.0035 0.53 6.11 

0.77 

0.78 

0.81 

0.84 

-0.032 

-0.054 

-1.63 

-0.864 

""-J 
0'1 
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predominantly green stands than they are for perennial biome.s where the 

heavy build up of dead herbaceous material prevent red radiant flux from 

interacting with the underlying green elements while trapping a good 

portion of the upwelling NIR flux and thus affecting all vegetation 

indices. On the burned plots all four indices used in this study showed 

good correlations with green and total biomass. NOVI, SAVI and GVI 

exhibited similar relationships with the live portion of the biomass with 

r = 0.87 for both NDVI and GVI and 0.88 for SAVI, the best predictor of 

green biomass under these environmental conditions was PVI with a 

correlation coefficient of 0.93. Under the perennial environment however, 

a 11 four green vegetat ion i ndi cators failed to adequately detect the 

underlying green grass present in the canopy. Orthogonal indices seem to 

perform better under such conditions in comparison with the ratio-based 

ones. GVI had the highest correlation, r = 0.25 followed by the PVI, r 

0.20. The NDVI and SAVI, showed an r = 0.15 each. 

Despite the lack of correlation between vegetation indices and live 

biomass in the control plots, one can still draw some information from 

these relationships. A closer look at the four figures (18, 19, 20, 21) 

presented below reveals that each encompass two major portions which we 

will call A and B for the sake of clarity. In the first portion of each 

figure, the vegetation indices behaved like linear functions of the live 

vegetation. This section of the scatterplot represents the period between 

February and July. In the control plots, this period is characterized by 

two major features: a) a constant amount of standing dead biomass and, b) 
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an increasing live biomass. With standing dead biomass being constant, 

the vegetation index increases as a result of an increasing green biomass. 

The second portion of the scatterplots starts from day 210 (end of July) 

to the end of the experiment. In this section, vegetation indices exhibit 

linear and negative relationships with the green component of the biomass. 

The exp 1 anat i on of th is apparent paradox can be related to the 

differential rate of disappearance of the live and the dead components of 

the standing biomass. This period is characterized by: 1) a decrease in 

all three components of the total biomass namely the green, the dry and 

the old and, b) a faster disappearance rate of dead grass with regard to 

the live portion such that in spite of a decrease in green biomass, the 

ratio of total to green biomass is cut down to less than a half; from 

about 9.5 in February-March to 3 in August and September thus increasing 

green biomass "visibil ity". Here, regardless of the trend in 1 ive 

vegetation production, vegetation indices are not, directly, green 

biomass-driven. Their high responsivity is, rather, due to the gradual 

increase in exposure of the underlying green biomass following a faster 

decay rate of dead biomass. This phenomenon is depicted by plots of 

vegetation indices against total to green biomass ratio. These 

relationships show that vegetation indices and total/green biomass ratios 

are inversely related. GVI and PVI were the most sensitive to change in 

the ratio of total to live vegetation compared to the NDVI and SAVI. 

Sixty-five percent and 71% of the variations in PVI and GVI were explained 

by changes in the biomass ratio, whereas the same changes accounted for 
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only 60% and 61 % of the variations in NOVI and SAVI respectively 

(Figures 22, 23, 24 and 25). 

Good correlations were found between vegetation indices and total 

biomass in burned plots. For this particular relation, SAVI and PVI 

outperformed NOVI and GVI; r= 0.90 to 0.80 and 0.91 to 0.83 respectively 

(see Table 6). SAVI's superiority may be due to its ability to reduce 

soil-induced noise. On the other hand, the addition of more wavebands to 

the NIR and the red in the GVI equation has been suggested to account for 

its low performance in comparison with the two-dimensional PVI (Huete et. 

al., 1984). All four indices had relatively equal success in predicting 

total biomass in control plots. They were all negatively correlated with 

total bfomass with (r) values of 0.76, 0.75, 0.75 and 0.74 for NOVI, SAVI, 

PVI and GVI respectively (Table 6 and Appendix B). 

Integrated Vegetation Indices 

Studies have shown that there is a better correlation between a 

Vegetation Index integrated over a certain period of time and biomass 

integrated over the same period than between single date values of both 

parameters (Goward et al., 1985). The degree of correlation appears to 

be dependent on the choi ce of the i ntegrat i ng peri od. Hi ernaux and 

Justice (1986) found a lack of correlation between the integrated NOVI and 

the end of season biomass in the Gourma Region of Mali. They attributed 

this finding to factors such as bad sampling, soil background effect, and 

inappropriate intergrating period. A good study of the appropriateness 
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of the integrating period should "include data for many growing seasons; 

this is not the case for the set of data at hand which covers only nine 

months. 

The i ntegrated ve~p.t~t il)!'l index and bi omass are defi ned as the areas 

under the parameter's temporal curve. They were calculated using the 

rectangular approximation (Anton, 1980) whereby, given a function 

(Vegetation Index) VI = f(t), defined in the interval [ta , t b], its 

integral can be approximated by calculating the area bound by the curve 

and the x-axis within the interval. One of the techniques used for that 

purpose is the Riemann sum. In this approach, the interval [ta , t b] is 

divided into n subintervals centered at arbitrary points t a , t*2' t\, 

.......... 't\-l such that t a< t\< t*2<"'< t\-l < tb' 

If ht 1 , ht2, ... , htn denote successive subintervals with max htk being the 

largest, then A, the area under the curve can be defined by: 

n 

A = 1 im L = f(t*k) htk = (10) 

max htk ... 0, k=l 

(VI )dt. (12) 



For the purpose of this study 
6tk = 1 (constant) 

t\ = day of year 

f(t*k) = VI value on a given k day. 

Thus 
tb n 

(VI)dt = L f(t\)(I) L = f(t*k) 
k=1 

89 

(13) 

therefore, for this particular study, the VI temporal integral can be 

expressed as the summation of individual VI values over the chosen 

integrating period. In other words by taking cumulative values of the VI 

over the growing period. 

Cumulative Vegetation Indices 

Many VI-based mathematical models have been developed in an effort 

to, qualitatively and quantitatively, characterize vegetation. Often 

however, equations devised for some specific conditions are extended to 

other situations where characteristics may be different. In the preceding 

chapters it was shown that given a mixture of both green and standing dead 

vegetation, the latter biomass prevents radiative flux from effectively 

interacting with the green component of the canopy by scattering back a 

good portion of the visible. The overall effect is an increase in the 

visible reflectance factor and an attenuation of the near infrared signal. 

Consequently, all spectral vegetation indices are adversely affected; in 

spite of the abundant biomass in the control plots. This behavior is 
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readily visible in a scatterplot depicting the relationship between 

cumulative VI values and similar values of green biomass. From these 

figures (26,27, 28, 29 and Appendix 8) it appears that for the same amount 

of green biomass, burned and control plots exhibited different cumulative 

VI values with the highest occurring in the burned plots. In tE!rmS of 

cumulative VI, both control and burned plots were similar at the beginning 

of the growing season. As the season advanced, the difference between the 

two vegetation stands increased until the end of the growing 

season when both VI curves started to converge. 

In other words, differences in cumulative VI between the two 

treatments were the lowest at the beginning and the end of the growing 

season when spectral differences were less pronounced. In the beginning, 

the bare soil of the burned plots and the dry grass in the control had 

similar spectral behavior. Dry grass and soil exhibit similar spectral 

curves (Lumbuenamo, 1987). In the end, the increase in "visibility" of 

the green fraction of the biomass in the control plots, as well as the 

increasing dead biomass in the burned plots made both spectral index 

curves converge. 

The same technique was appl ied to total biomass for all four 

vegetation indices. The noise gap between the curves were much wider for 

total biomass than they were for the green fraction. 
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Regression of cumulative vegeta~ion index values on corresponding 

biomass values improved the relationship between those parameters in 

comparison to discrete ones. For instance, over the control plots the 

correlation coefficient (r) went from 0.15 to 0.98, 0.20 to 0.92 and 0.25 

to 0.96 between green biomass and NOVI, PVI and GVI respectively. 

This transformation of the vegetation indices was used here to 

illustrate the discrepancies introduced by standing dead vegetation in VI

based greenness assessment. With regard to the above discussion, one can 

see that it may be erroneous to use NOVI or any other index to compare 

different regions or simply the same region at different times as is 

usually done. Similarly, extending relationships developed over certain 

bi omes to other ecosystems can 1 ead to very seri ous errors even for 

integrated indices. 

In order to assess the error one might incur by extending equations 

deve loped over all-green vegetat i on stands to und i sturbed ones, green 

biomass values were predicted over the Control plots by using the 

regression equation derived from Burned plot data. The results presented 

in Figure 30, showed that for the NOVI, the computed VI values were 

similar to the measured ones from February to July. From July to October, 

the equation overestimated green biomass by a factor of 3. This is, of 

course the peri od when the increase in the vegetat ion index did not 

correspond to the change in green biomass but instead responded mostly to 

the decomposition of the dead fraction. All the other indices yielded 

rather deplorable results; the GVI underestimated the biomass in the 
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first growing season and overestimated it over the second one. The PVI 

underestimated the biomass throughout the season whereas SAVI 

overestimated it throughout the season. These results are also presented 

in Figures 31, 32 and 33. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The extent to which standing dead vegetation influences spectral 

vegetation indices was the objective of this study. The study consisted 

of two blocks of three randomly distributed plots from which above ground 

biomass was harvested and hand-separated in three different categories: 

green, dry, and old (standing gray) every 14 days. One of the blocks was 

burned in early February whereas the other was kept undisturbed. 

Radiometric measurements were made with a hand-held Exotech 100 radiometer 

equipped with the first four-TM bands. The spectral data, gathered a day 

before biomass sampling, was used to generate four spectral vegetation 

indices: the normalized difference vegetation index, the soil-adjusted 

vegetation index, the perpendicular and the green vegetation index. The 

indices were then plotted against time. Simple linear regressions were 

run between them and green biomass, expressed both as a temporal integral 

(cumulative) and discrete values. Integrated (cumulative) values were 

used to improve the correlation between green biomass and the vegetation 

indices. However, while discrete values represented the actual average 

amount of biomass at a given time and site, cumulative values represented 

the end of the season biomass. This transformation increased the 

sensitivity of the indices. 
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Results showed that: 

a} Although burned plots had the lowest green biomass for most of 

the growing season, they exhibited higher vegetation indices values 

compared to the control counterparts. 

b) The greatest difference in spectral response between the two 

vegetation conditions was the high responsivity in the red signal recorded 

over the unburned plots. Apparently, in those plots, standing dead 

vegetat i on scattered the red fl ux back toward the sensor before it 

interacted with the emerging green elements of the canopy (shadow). 

c) The near infrared reflectance, attenuated over the control plots, 

showed little difference between the two vegetation stands. This is 

probably due to the higher penetration capacity of NIR compared to the 

visible wavelengths (Lumbuenamo, 1987). The attenuation noticed in the 

NIR may be attributed to the difference in canopy geometry between the two 

plots. Due to senescence, the control plots had more vertical elements 

in the canopy. So, even though the near infrared radiant flux may reach 

the lower layers of the canopy to effectively interact with the emerging 

green phytomass, only a portion of the reflected flux may reach the sensor 

as the erectophile elements of the canopy trap or rescattered it in many 

directions. These two phenomenon combined are probably the reason for the 

dampening of the vegetation indices noted in the presence of standing dry 

vegetation. 

d) The study also proved that given a perennial herbaceous 

vegetation stand, an increasing spectral vegetation index may suggest a 



103 

decrease in dead standing biomass rather than an actual increase in live 

biomass. In the winter time when most of the dead biomass does not 

undergo fast decomposition, the increase in green biomass underneath the 

yellow canopy may still affect the vegetation indicators even though an 

overall weak correlation may exist between them. 

e) Results also showed that extending the use of equations developed 

under certain vegetation conditions to others may lead to the 

underestimation or overestimation of vegetation parameters. The error 

incurred in any case depends on the index used and the way it is affected 

by the dead vegetation present in the canopy. For this particular study, 

the best prediction was achieved using the normalized difference. 

However, this index did overestimate biomass in the second growing season. 

This research has shown that standing dead biomass is an important 

factor that adds yet another limitation to the use of vegetation indices 

for vegetation assessment. The effect of standing dead biomass does not, 

however, reject the use of vegetation indices for green biomass 

assessment. On the contrary, these results show the suitability of these 

indices as indicators of change while stressing the fact that their values 

are not necessarily comparable between vegetation communities and need 

further ground truth. Furthermore, the results underscore the need for 

a suitable sampling approach of spectral bands. 

The spectral response of a plant canopy is a composite signal made 

of contributions from all reflecting elements in it. In order to better 

understand the spectral behavior of plant canopies, it is necessary to 
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establish the spectral contribution of its major components. At this 

point, soil background, vegetation, and litter spectral responses are very 

well documented. But their behavior as mixtures at different densities 

need further investigation. 
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BLUE 

DATE PlOTl2 PLOT 28 PLOT 44 

42 3.27 3.23 2.47 
56 6.10 7.50 7.47 
70 6.43 5.48 6.98 
84 6.71 6.38 7.07 
98 4.93 4.45 2.79 

112 4.45 4.70 2.54 
126 5.62 7.16 6.43 
140 5.70 5.91 4.47 
154 4.95 4.51 4.32 
168 4.98 5.93 4.28 
182 4.41 5.32 4.12 
196 5.20 4.45 4.67 
210 5.14 6.09 6.51 
224 5.23 6.21 6.23 
238 5.09 4.50 5.05 
252 4.91 5.88 4.51 
266 5.01 5.19 5.48 
280 5.23 4.93 5.88 

REFLECTANCE FACTORS (%) 

FEBRUARY BURN 

AVRG PLOT 12 PLOT 28 

2.99 5.05 4.26 
7.01 9.40 9.28 
6.30 9.83 8.26 
6.72 8.73 9.48 
4.06 7.03 8.53 
3.90 6.77 7.82 
6.40 7.36 10.71 
5.36 9.64 10.83 
4.59 6.24 8.60 
5.06 6.74 8.91 
4.62 5.15 8.13 
4.77 7.61 7.67 
5.91 8.83 9.37 
5.89 8.85 9.77 
4.88 8.83 7.48 
5.10 8.26 9.27 
5.23 8.22 8.66 
5.35 8.25 8.49 

GREEN 

PLOT 40 

2.70 
8.88 

10.57 
12.58 
4.95 
4.51 
8.88 
9.35 
9.23 
5.39 
4.99 
7.65 
9.65 
9.89 
8.78 
7.42 
9.04 
9.27 

AVRG 

4.00 
9.18 
9.55 

10.26 
6.84 
6.37 
8.98 
9.94 
8.02 
7.01 
6.09 
7.64 
9.28 
9.50 
8.36 
8.32 
8.64 
8.87 

-o 
0'1 



REO 

PLOT 10 PLOT 29 PLOT 40 AVRG 

10.32 13.09 10.60 11.34 
10.29 10.90 9.17 10.12 
7.98 13.04 10.45 10.49 

10.78 8.11 10.35 9.75 
13.86 13.41 13.40 13.56 
14.62 13.98 13.00 13.87 
12.70 13.03 12.37 12.70 
11.43 11.23 12.23 11.63 
13.03 10.51 14.13 12.56 
12.12 10.10 11. 76 11.29 
11.52 13.10 12.01 12.21 
11.00 11.85 11.16 11.34 
10.18 11.93 9.51 10.94 
9.12 8.77 10.00 11.34 
8.45 9.00 10.45 12.32 
7.89 10.00 11.35 10.00 
9.92 9.42 10.74 9.03 
9.94 10.45 9.99 10.13 

R~FlECTANCE FACTORS (%) 

CONTROL 

PLOT 10 PLOT 29 

12.33 15.29 
12.74 11.05 
9.45 14.94 

15.52 13.41 
18.41 18.18 
17 .10 16.31 
16.93 17.59 
17.80 16.42 
18.73 14.82 
18.31 14.49 
18.36 18.16 
18.99 17.55 
17 .49 20.51 
16.58 19.54 
19.49 21.25 
20.91 19.77 
18.00 21.00 
18.03 17.00 

NIR 

PLOT 40 

12.43 
13.66 
12.02 
15.15 
17.91 
16.87 
16.93 
16.00 
20.37 
18.29 
20.51 
18.73 
22.17 
21.87 
22.00 
17.23 
18.30 
18.30 

AVRG 

13.35 
12.48 
12.14 
14.69 
18.17 
16.76 
17 .15 
16.74 
17.97 
17.03 
19.01 
113.42 
20.06 
I!J .33 
20.91 
19.30 
19.10 
17.78 

...... 
o 
'-I 



RED 

PLOT 12 PLOT 28 PLOT 44 AVRG 

5.73 5.17 3.24 4.71 
9.66 10.91 10.67 10.41 
9.97 9.38 14.00 11.12 
5.60 6.30 5.51 5.80 

10.52 10.95 7.80 9.76 
9.10 10.99 6.18 8.76 
8.46 13.39 9.82 10.56 

11.20 11.40 9.13 10.58 
10.41 10.97 9.02 10.13 
9.97 10.94 6.12 9.01 
9.00 10.81 6.10 8.64 

11.51 11.93 11.95 11.80 
12.65 9.42 9.00 10.36 
8.35 9.75 9.87 9.32 
7.72 6.63 8.01 7.45 
6.83 8.93 5.91 7.22 
5.40 4.29 4.25 4.65 

12.01 9.84 7.76 10.54 

REFLECTANCE FACTORS (%) 

FEBRUARY BURN 

NIR 

PLOT 12 PLOT 28 

8.30 8.23 
12.12 12.68 
12.23 12.62 
4.90 10.20 

16.41 18.82 
14.60 15.57 
14.46 23.23 
17.80 17 .42 
17 .95 19.61 
16.00 16.62 
15.93 17 .40 
22.17 23.46 
19.35 20.33 
25.72 20.68 
23.36 22.51 
25.13 24.74 
15.50 12.00 
16.50 22.10 

PLOT 44 

4.51 
12.33 
19.80 
7.00 

12.22 
8.72 

17.75 
15.33 
14.51 
10.91 
10.73 
21.33 
22.25 
20.31 
20.30 
18.38 
11.35 
17.00 

AVRG 

7.01 
12.38 
14.88 
7.37 

15.82 
12.96 
18.48 
16.85 
17.36 
14.51 
14.69 
22.32 
20.64 
22.24 
22.06 
22.75 
12.95 
18.53 

..... 
o 
to 



REFLECTANCE FACTORS (%) 

CONTROL 

BLUE GREEN 

DATE PLOT 10 PLOT 29 PLOT 40 AVRG PLOT 10 PLOT 29 PLOT 40 AVRG 

42 7.00 9.14 7.18 7.77 8.99 11.27 9.17 9.81 
56 7.51 7.48 6.36 7.12 9.16 9.00 7.67 8.61 
70 6.76 6.86 7.32 6.98 7.74 7.80 8.69 8.08 
84 6.82 6.06 6.92 6.60 9.53 8.18 9.63 9.11 
98 8.59 8.52 8.39 8.50 11.50 II. 25 10.78 11.18 

112 8.40 7.92 8.75 8.36 11.73 10.59 11.56 11.29 
126 7.48 7.97 7.44 7.63 10.30 10.46 10.46 10.41 
140 8.45 8.15 7.50 8.03 12.30 12.59 10.32 11.74 
154 7.16 6.24 8.31 7.24 10.14 8.00 12.36 10.17 
168 6.01 5.62 6.33 5.99 8.21 7.36 9.51 8.36 
182 6.98 6.93 6.82 6.91 9.37 9.41 9.68 9.49 
196 6.71 7.25 8.00 7.32 10.24 10.45 11.58 10.76 
210 5.94 6.92 5.98 6.28 9.55 10.77 9.50 9.94 
224 4.94 6.09 6.22 5.75 7.46 9.37 9.47 8.77 
238 5.77 6.51 7.02 6.43 8.82 9.85 10.34 9.67 
252 6.33 6.36 4.84 5.84 9.45 9.27 7.65 8.79 
266 6.09 6.24 6.75 6.36 9.37 8.82 9.83 9.34 
280 6.32 7.02 7.72 6.69 8.86 10.34 9.17 9.46 

'.:l 



VEGETATION INDICES 110 

CONTROL PLOTS 

BRIGHT GVI PVI NDVI SAVI 

21.45 -0.24 -2.19 0.08 0.14 
19.50 0.23 -1.40 0.10 0.18 
19.22 -0.03 -2.57 0.07 0.12 
20.75 2.09 2.60 0.20 0.34 
26.57 1. 76 1.27 0.15 0.25 
25.88 0.52 -1.40 0.09 0.16 
24.85 1.85 1.21 0.15 0.25 
24.67 1.58 2.44 0.18 0.31 
25.07 2.72 2.71 0.18 0.30 
22.61 3.47 3.47 0.20 0.35 
25.14 3.97 4.88 0.22 0.37 
24.94 3.49 5.51 0.24 0.41 
25.09 5.43 8.67 0.29 0.50 
24.20 5.15 6.88 0.26 0.45 
26.35 5.44 7.58 0.26 0.44 
23.46 5.78 9.16 0.32 0.54 
23.16 5.84 10.53 0.36 0.61 
23.10 4.15 6.62 0.27 0.47 
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VEGETATION INDICES 

FEBRUARY BURN 

BRIGHT GVI PVI NDVI SAVI 

9.74 1.11 -0.33 0.20 0.32 
19.82 -0.16 -2.07 0.09 0.15 
21.75 1.47 0.51 0.14 0.25 
14.38 -1.92 -1.68 0.12 0.20 
19.74 4.21 4.29 0.24 0.40 
17.11 2.70 1.69 0.19 0.33 
23.50 4.68 6.95 0.27 0.47 
22.58 3.35 4.44 0.23 0.39 
21.60 ·4.73 5.97 0.26 0.45 
18.86 3.31 3.60 0.23 0.40 
18.23 4.02 4.52 0.26 0.44 
25.58 7.78 10.62 0.31 0.53 
24.74 6.47 10.58 0.33 0.57 
25.25 8.16 14.79 0.41 0.70 
23.28 9.56 17.76 0.49 0.84 
23.63 10.17 19.21 0.52 0.88 
16.13 3.81 8.80 0.47 0.79 
23.16 5.00 7.06 0.28 0.47 
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