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AN EMPIRICAL, GRAPHICAL, AND ANALYTICAL STUDY OF THE
RELATIONSHIPS BETWEEN VEGETATION INDICES

Lyle F. Lautenschlager and Charles R, Perry, Jr.
U.S. Department of Agriculture, Statistical Reporting Service

The aim of science 1is to seek the simplest ex~
planation of complex facts. We are apt to fall
into the error of thinking that the fact3s are
simpie because simplicity is the goal of our
quest. The guiding motto in the life of every
natural philosopher should be, "Seek simplicity
and distrust it",
Alfred North Whitehead

ABSTRACT

S8irnce the launching of Landsat I in 1972, investigators have derived
numerous formulae for the reduction of multispectral scanmer (MSS) measure-
ments to a single value (vegetation index) for predicting and assessing
vegetative characteristics such as plant leaf area, total biomass and gen-
eral plant stress and vigor. This report summarizes the origin, motiva-
tion, and derivation of some four dozen vegetation indices. Empirical,
graphical, and analytical techniques are used to investigate the relation-
ships among the various indices. It is concluded that many vegetative

indices are very similar, some being simple algebraic transforms of others.
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1. INTRODUCTION

Current and accurate information on a global basis regarding the extent
and condition of the world's wajor food and fiber crops is important in
today's complex world. Traditional sampling techniques for estimating crop
conditions, based on field collection of data, are time consuming, costly,
and not generally applicable to foreign regions. An alternate approach is
remote sensing - the science and art of obtaining information about an ob-
ject, area, or phenomenon through the snalysis of data acquired by a device
that is not in contact with the object, area, or phenomenon under investi-
gation [Lillesand and Kiefer (1979)].

A series of earth resources technology satellites (Landsats) have pro-
vided a way to monitor worldwide crop conditions since 1972. The sgensor
system onboard the Landsats, the multispectral scanner (MSS), measures the
reflectance of the scene in four wavelength intervals (bands or channels)
in the visible and near-infrared portions of the spectrum. The spectral
measurements are influenced by the vegetation canopy, soil type, and atmos=-
pneric condition.

Investigators have developed techniques for qualitatively and quantita-
tively assessing the vegetative canopy from spectral measurements. The
objective has been to reduce the four bands of Landsat spectral data to a
single number for predicting or assessing such canopy characteristics as
leaf area, biomass, percent ground cover, and plant population.

This report summarizes and references the origin, derivation, and
motivation for some four dozen of these formulae which are referred to as
vegetation indices (VIs). The VIs are categorized on the basis of statis-
tical correlations and algebraic similarities. This analysis reveals the

similarities of many vegetation indices.
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2, LANDSAT DATA CHARACTERISTICS

Three Landsats have been launched since the summer of 1972, with Land-
sats 2 and 3 still operational., Each satellite is capable of providing 18-
day repetitive coverage of the earth's surface., Each Landset's onboard
four-channel MSS system measures reflectance in four bands (fig. 1), The
measurements are converted to digital counts and transmitted to receiving
stations. Landsat MSS images cover an area of 185 by 185 kilometers and
are composed of 7,581,600 picture elements (pixels)., [Watkins and Freeden
(1979)].

Typical reflectance patterns for herbaceous vegetation and soil are
compared in figure 1. Dead or dormant vegetation has higher reflectance
than living vegetation in the visible spectrum and lower reflectance in the
near-infrared. Soil has higher reflectance than green vegetation and lower
reflectance than desd vegetation in the visible, whereas in the near-
infrared, soil has lower reflectance than green and dead vegetation [Tappan
(1980)]. Jackson et al., (1980), Tucker and Miller (1977), and Deering et
al, (1975) provide an extensive discussion of reflectance properties,
Three papers of historical interest are Jordan (1969), Knipling (1970), and
Pearson and Miller (1972).

60 r A

BLUE ' GREEN + RED .  NEARINFRARED
BAND4 , BANDG ' BANDG ; BAND?7
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WAVELENGTH (MICROMETERS)

Figure 1. Typical Reflectance of herbaceous vegetation and soil from 0.4

to 1.1 micrometers.
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3, DEVELOPMENT OF VEGETATION IWDEX FORMULAE

Numerous vegetation indices have been used to make quantitative esti-
mates of leaf area index, percent ground cover, plant height, biomass,
plant population, and other parameters [Pearson and Miller (1972) and
Wiegand et al. (1974)). The formulae are based on ratios and linear com~
binations of the MSS bands,

The individual Landsat bands (CH4, CH5, CH6, CH7) have been used to es-
timate percent ground cover and vegetative biomass [Wiegand et al. (1974)
and Seevers et al, (1973)]. The correlation coefficients reported ranged
from 0,295 for CH7 with crop cover to 0.877 for CH6 with leaf area index.
Similar correlations were reported by Tucker (1979).

Ratios of the Landsat bands have been used to estimate and monitor
green biomass, etc., [Rouse et al., (1973, 1974), Carneggie et al. (1974),
Johnson (1976), and Maxwell (1976)]. The obtained coefficients of deter-
minations were slightly higher than those for the corresponding band dif=~
ferences, The twelve pairwise ratios (six of which are inverses of the
other gix) will be denoted by R45 = CH4/CH5, R46 = CH4/CH6, etc.,

Rouse et al, (1973, 1974) proposed using the normalized difference of
Landsat channels 7 and 5 for monitoring vegetation, which will be referrad
to as ND7. Deering et al. (1975) added 0.5 to ND7 to avoid negative values
and took the square root of the result in hopes of stabilizing the vari-~
ance. This index is referred to as the transformed vegetation index and
will be denoted by TVI7, Similar formulae wusing channels 6 and 5

were proposed,

ND6 = (CH6 - CH5)/(CH6 + CH5)
ND7 = (CH7 - CH5)/(CH7 + CH5)
TVI6 = (ND6 + 0.5)1/2
TVI7 = (ND7 + 0.5)1/2

- P
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Our experienze has been that the addition of 0.5 does not eliminate all
negative values. We suggest the following computationally correct formu=-

lae:

11/2
1/2

TVI6 = (ND6 + ,5)/ABS(ND6 + ,5)[ABS(ND6 + .5)
TVI7 = (ND7 + ,5)/ABS(ND7 + ,5)[ABS(ND? + .5)]

where ABS denotes absolute value, and 0/0 is set equal 1., 1In gection 6, it
is shown that these formulae are equivalent for decision making to the bas~
ic ratios R65 and R75. Therefore, their use can only be justified if eith=-
er they improve the regression fit or they normalize the regression errors
[Draper and Smith (1966)].

Kauth and Thomas (1976) proposed an orthogonal transformation of the
original Landsat data space to a new four-dimensional space. They chris-
tened this transformation the tassel cap transformation and named the four
new axes soil brightness (SBIL), green vegetation (GVI), yellow stuff (YVI),
and non-such (NSI). The names attached to the new axes indicate the char~

acteristics the indices were intended to measure.

§BL = ,332 CH4 + .603 CH5 + .675 CH6 + .262 CH7
GVI = -,283 CH4 - .660 CH5 + .577 CH6 + .388 CH7
YVI = -,899 CH4 + ,428 CH5 + ,076 CH6 - .041 CH7
NSI = -,016 CH4 + ,131 CH5 - ,452 CH6 + ,882 CH7

Wheeler et al, (1976) and Misra et al, (1977) applied principal com-
ponent analysis to Landsat data. The structure of the resulting transfor~
mation and the interpretation of the principal components are sgimilar to

those for the Kauth-Thomas transformation,

MSBI = ,406 CH4 + ,600 CH5 + ,645 CH6 + ,243 CH?
MGVI = -,386 CH4 - ,530 CH5 + .535 CH6 + .532 CH7
MYVI = ,723 CH4 - ,597 CH5 + ,206 CH6 - .278 CH7
MNSI = .404 CH4 - .039 CH5 - .505 CH6 + ,762 CH7Y
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Misra et al, (1977) proposed another linear transform, based on the
idea of spectral brightness and contrast. Generalizations of spectral
brightness and contrast were defined in spectral density opace, then trang-
formed back to count space. The first two components of the resulting
transformation are similar to the first two components of the two preceding

transformations,

SSBIL = ,437 CH4 + ,564 CH5 + ,661 CH6 + ,233 CH7
SGVI = ~,437 CH4 ~ ,564 CH5 + ,661 CH6 + ,233 CH7
SYVI = ~-,437 CH4 + ,564 CH5 - .661 CH6 + .233 CH7
SNSI = -,437 CH4 + ,564 CH5 + ,661 CH6 - ,233 CH7Y

Richardson and Wiegand (1977) used the perpendicular distance to the
"g0il line" as an indicator of plant development. The "soil line", a two-
dimensional analogue of the Kauth~Thomas SBI, was estimated by linear re-
gression, Two perpendicular vegetation indices were proposed,

PVI7 = [(.355 GH7 - .149 CHS)® + (.355 cus - .852 cu7)?]}/2
PVI6 = [(-.498 - 457 CH5 + ,498 CH6)? + (2,734 + ,498 CH5 - ,543 cué)zll/2

Evidently a minor error was made in the derivation of PVI6. The formula
for PVI6 should be:

PVI6 = [(~2,507 -.457 CH5 + .498 CHﬁ)2 + (2,734 + ,498 CH5 -~ ,543 CH6)211/2

These formulae are computationally inefficient and do not distinguish
right from left of the "soil line" (water from green stuff)., The standard
formula from analytic geometry for the perpendicular distance from a point
to a line solves this difficulty [Salas and Hille (1978)].

PVI6 = (1.091 CH6 - CH5 - 5.49)/(1.0912 + 12)}/2
PVI7 = (2.4 CH7 - CH5 - .01}/(2.42 + 1%)1/2
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The differcence vegetation index (DVI), guggested by Richardson and Wie-
gand (1977) as computationally easier than PVI7, is esscucially a rescaling
of PVI17.

DVI = 2.4 CH7 - CH5

The Ashburn vegetation index [Ashburn (1979)] was ouggested as a mea-
pure of green growing vegetation., The doubling of CH7 is to make the scale
compatible; CH7 is 6-bit data and has one-half the range of the other three
bands which are 8~bit data.

AVI = 2,0 CH7 - CH5

Colwell et al., (1979) proposed a vegetation indicator called greenness
above bare soil (GRABS). This was another attempt to develep an indicator
for which a threshold value could Le specified for detecting green vegeta-
tion, The calculations were made using the Kauth-Thomas tassel cap trans-
formation applied to sun-angle and haze-corrected data. The resulting in-
dex is quite similar to the GVI, since the contribution of SBI is lesgs than
10 percent of GVI,

GRABS = GVI ~ ,09178 SBI + 5.5#959

Kanemasu et al., (1977) regressed winter wheat leaf area measurements on

MSS band ratios and produced the following regression equation.

ELAL = 2,68 - 3.69 R45 - 2,31 R46 + 2.88 R47 + 0.43 R56 - 1.35 R57
+ 3,07[R45 - (.5 R47)(R45)]

Pollack and Kanemasu (1979) later used a larger data set plus stepwise

regression and obtained another regression equation,

CLAI = .366 - 2.265 R46 - ,431(R45 - R47)(R45) + 1.745 R45 + ,057 PVI7
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Separate regression equations were also obtained for CLAI valucs above
and below 0.5,

LAI = 1,903 = 1,13v R56 ~ .071(R45 = R47)R45 - ,016 PVIG,
if CLAI is less than 0.5

LAI = =5,33 + ,036 PVI7 + 6.54 TVI6,
if CLAI is greater than 0.5

The Foreign Crop Condition Assessment Division (FCCAD) of the Foreign
Agricultural Service (FAS), Houston, Texas uses another leaf area model.

We have been unable to find any reference to the development of this model.

OLAI = 41,325 R45 - 42,45 R46

Badhwar (1981) proposed a ratio of GVI to SBI as an indicator of crop
discrimination. It will be shown in section 6 that this index is a genera-

lization of a normalized difference.
CVSB = GVI/SBI

Craie Wiegand (personal communication) suggested converting reflectance
va'ius to radiances, Linear transformations were used to chauge from re-
flectance to radiance vaiues. Ratio and normalized difference formulae
were also created using the radiance values.

RAD5 = 0,0157 CHS5 for Landsat 1
= 0,0134 CH5 + 0.06 for Landsat 2
= 0,0139 CH5 + 0.03 for Landsat 3
RAD7 = 0.0730 CH7 for Landsat 1
= 0,0603 CH7 + 0,11 for Landsat 2
= 0,0603 CH7 + 0,03 for Landsat 3

RADR75 = RAD7/RADS
NDRAD = (RAD7 -~ RAD5 /(RAD7 + RADS)
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Thompson and Wehmanen (1978) proposed a technique utilizing transformed
Landsat digital data to indicate when agricultural vegetation is undergoing
moisture stress., The screening num'2r or green number (GIN) was proposed
to estimate the percentage of land in an area with a "healthy" cover of ve-
getation, A "soil line" is determined by inspecting the channel data and
discarding data not considered veasonable for agricultural data, The "soil
line" is then evaluated as the minimum value remaining in CH5 and subtract-
ed from GVI to obtain GIN,

GIN = $VI - soil line

The data sets included in this study did not permit the computation of

GBIV, However, GIN is a linecar transformation of GVI,

- ey



4, EVALUATION OF VEGETATION INDICES
4,1 BACKGROUND

Richardson and Wiegand (1977) correlated eight Vis (GVI, DVI, SBI,
PVi6, PVI7, TVI6, TVI7, and R57) with four plant component variables (erop
cover, shadow cover, plant height, and leaf area index). The correlation
coefficients obtained by plant component with the VIs (excluding SBI) were
very ecimilar., Later, Wiegand et al. (1979) correlated leaf area indices
for winter wheat fields to five VIs (TVI7, TVI6, PVI7, PVI6, and GVI). The
correlation coefficients by field and even between fields were similar,

Aaronson et al, (1979) studied the similarities and differences among
seven VIs (AVI, DVI, GVI, OLAI PVI7, TVI7, and KVI). The obtained correl-
ation coefficients ranged from 0.8 to ..0 and were stable from spring
greenup to harvest., Aaronsow and Davis (1979) later used a large data set,
which included vegetation measurements and several VIs, to study interrela-
tionships. The Vis (AVI, DVI GVI, OLAI, KVI, PVIb, PVI7, TVi6, and TVI7)
were correlated against each other and against vegetation measures such as
plant height from tillering through harvest. The correlation coefficients
between the VIs ranged from 0.81 to 1.00, and those between VIs and vegeta-

tion measures were similar.

4.2 CLUSTER ANALYSIS OF VI

The similarity between the VIs was first studied using the BMDP program
P1M, cluster analysis of variables (Dixon and Bwown, 1979) and the data set
described in appendix A, The absolute value of the bivariate correlations
was used as the measure of distance between VIs, and the average distance
between elements was usad as the between cluster distance. Similar results
were obtained using other standard distance measures.

This procedure separated the VIs into two large clusters plus a number
of small clusters. One large cluster contained VIs based on MSS bands 5
and 7, which included AVI, PVI7, R75, TVI7, and ND7. The other large clus~-
ter contained VIs, based on MSS bands 5 and 6, and a few VIs involving
three or all four bands, which included GRABS, CLAIL, OLAI, R65, TVI6, ND6,
GVI, MGVI, PVI6, and SGVI. ' The VIs within these two clusters had absolute

10
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simple linear correlations greater than 0,90, with most greater than 0,95,
The elements of these two large clusters are correlated at 0.8 or higher,
Three smaller clusters readily apparent were: (NSI, R76), (R64, R74), and
(SBI, MSBI, S$BI, SNSI), This clustering is applicable to the period from
spring greenup to harvest, There are some clusters, however, which have
high correlations for the whole season, especially those involving baads 5
and 7., The cluster trees on which this discussion is based are attached as
appendix B,

Some VIs were not used in the cluster analysis because of their known
relationships to others. The inverse ratios RS54, R46, R47, R56, R67, and
R57 were not used. DVI was discarded because of its relationship to PVI7,
as were RAD5, RAD7, RADR75, and NDRAD because of the linear relationships
to CH5, CH7, R75, and ND7.

11
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5. VEGETATION INDICES EQUIVALENCE

In this section, a definition of VI equivalence will be developed.
This permits a natural categorization of the VIs, VIs are functions which
asgociate a real value to the four~dimensional Landsat reflectance measur-
ement vector, (MSS4, MSS5, MSS6, MSS7). Thus, it will be convenient to
employ standard function notation: f:Sl--S2 denotes a function from the
set §, into the set 8,5 £(X), the value of f at the point (X) of 8y
Dom(f), the domain of f; Ran(f)., the ranmge of f; and f-lzsz--sl, the in-

, verse of f when it exists., The inverse exists if, and only if, £ is one-

to-one and onto. The composition of two functions has an inverse if, and
only if, both functions have inverses; in which case
(f o g)_1 = gml ) f-l.

It might seem that VI equivalence should corzespond to function equal-
ity; i.e., vy =V if, and only if, VI(X) = VI(X) for each Landsat reflect-

ance value X. However, this requirement is too restrictive because it in-

volves only the VIs output and ignores the decisions made on the basis of

this output. Since vegetation indices are formulae used in making deci-

sions about crop characteristics and conditions, it seems appropriate to

e e I s s, S P

say that two Vls are equivalent if the same decision results regardless of
the VI employed. This means tbat two VIs, V and V2, are equivalenc for
making the set of decisions D if, and only if for every decision rule---

d :Ran(Vl)--D, there corresponds a decision rule d :Ran(Vz)-—D such that

1
and V

2
E the decision, based on d

2 2 is the same as the decision based on d1
and vy for all Landsat reflectance measurements X; that is, dl(Vl(X)) =
L d2(V2(x)) for each X, It is easy to see that the two vegetation indices,
i Vl and V

function

gs 8re equivalent if, and only if, there exists a one-to-one onto
T:Ran(Vl)-—Ran(Vz) such that T o vy =V, This implies that a decision d
results from the same set of Lundsat reflectance regardless of which VI is
used; that is

1

v, h @ 1= 0 v @) = v,

g, (d) (Equation 1)

12
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for each decision d in D, where the superscripr -1 indicates the inverse
image of d under the given function. The relrcionship defined is an equi-

valence relation on the set of vegetation indices; that is,

i, Each VI 38 equivalent to itself: Reflexive property.

ii, If V1 is equivalent to V2, then V? is equivalent to vy Symmetric
property.

2

iii. If V1 is equivalent to V2, and V, is equivalent to V3, the V
equivalent to Vg Transitive property,

1 +8

These properties are important because they permit one to avoid many
tedious computations.

A number of studies have investigated the transformed vegetation indi~
ces TVI6 and TVI7 and the corresponding ratios R65 and R75 as predictors of
bic.ass, leaf area index, plant height, and percent ground cover., The pre-
dictive ability of TVI6 and R65 or TVI7 and R75 are similar as evidenced by
the estimated correlation coefficient, We now show that the transformed
vegetation index and its generalizations are equivalent to the corres-
ponding ratios, This example makes clear not only the algebraic and gzome-
tric meaning of VI equivalence but also demonstrates the utility and appro-

priateness of this definition.

Let a and b be positive constante, and define the functions f, g, and T
by

f(xs,x7) = (ax7 - bXS)/(aX7 + bx5)
g(xs,x7) = x7/x5

T(y) = (b/a)[(1 + y)/(1 - y)]

for X and X, positive and ABS (y) less than one. Observe that T is invert-
ible; in fact

13



T-l(z) w (gz ~ b)/(az + b) for z positive

Thus, £ and g are equivalent and the values of f can be computed from the
values of g and vice versa.

(T o £)(Xg,X,) = g(Xg,X,)
(7! o g)(Xg,X,) = £(Xg,X,)

Let k and p be real, and define the functions G:(-~1,1)-~~(k~1,k+l) and
H:(k=-1,k+1)~-(L,U) by

Glv) = v + k
H(w) = w[ABJ(w)]P™Y, for

w between k-1 and k+l, L = (k-l)[ABS(k-l)]p-l, U = (k+l)[ABS(k+1)]P-1, for
ABS(v) less than one, and 0/0 dafined as l, It is easy to verify that G
and H are one-to-one and onto and that

(HoGo 1o g)(x5,x7) = (f(xs,x7) + k)[ABS(f(XS,X7) + k)lp'l.

Taking k = p = 1/2 and a = b = 1 shows that the transformed vegetation

index, TVI7, is equivalent to the seven-five ratio, R75.

(MoGorTl) RIS = TVI7

Equivalence of VIs means their response surfaces determine precisely
the same partition of the reflectance measurement space (equation 1). Ele-
ments of this partition are referred to as decision classes. Representive
response surfaces and equivalence classes associated with R75, ND7, and
TVI7 are illustrated in figures 2a, 2b, and 2c¢c. Similar graphs for other
popular indices are attached as appendix C. The nonlinear algebraic rela-
tionships exhibited among R75, ND7, and TVI7 are illustrated graphically in

figure 3, Similar graphs for other indices are studied in appendix D.
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Figure 3. R75, ND7, and TV17 versus time using data listed in Appendix A.
All VI values have teen rescaled 0 to 100,

As a further illustration of the utility of VI equivalence, GVSB is
shown to be approximated by ND6. Thus, the more complicated GVSB can be
expected to provide approximately the same information about crop condition
as the simple ratio R65.

Using Landsat data dw.scribed in appendix A, the following estimates

were obtained.

GRANT AREA DATA / N = 6084

Variable N Mean std. Dev.
CH4 6084 23.2 7.2
CH5 6084 26,7 10.0
CHé6 6084 h1l.4 15.9
CH7 6084 17.5 6.3

16
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CORRELATION COEFFICIENTS

Variable CH4 CH5 CH6 cu7
CH4 1.00
CH5 0.86 1.00
CH6 0.73 0.64 1,00
cH7 0.67 0.50 0.96 1.00

From these estimates, one easily obtains the regression equations

CH7 = ,4100 CH6 + ,5100
CH4 = ,6236 CHS + 6,564

Naively substituting into the formulae for GVI and SBI gives the following

formulae,

EGVI = ,74 (CH6 - 1.14 CH5 + ,03)
ESBI = ,78 (CH6 + 1.03 CH5 + 2.96)

These approximations are illustrated in figures 4 and 5. Using the
information in the above tables pertaining to the expected range of the

data, it is easy to see that a rough approximation for GVSB is:
EGVSB = (CH6 - 1.14 CH5)/(CH6 + 1,03 CK5)
which is approximately ND6. In fact, let

h(v) = (b + vd)/(a - vec)
k(x,y) = (ax - by)/(cx + dy)
r(x,y) = x/y,

then h(k(x,y)) = x/y = r(x,y)

Thus, the estimate, EGVSB, is equivalent to R65 and ND6. These relation-
ships are iliustrated graphically in figure 6. Graphs similar to figures

4, 5 and 6 for other sites are contained in appendix E.

17
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Figure 4. GVI and EGVI versus time using data listed in Appendix A. All

VI values have been rescaled 0 to 100.
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Figure 5. SBI and ESBI versus time using data listed in Appendix A. All

VI values have been rescaled from 0 to 100.
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Figure 6. R65, GVSB, ND6, and EGVSB versus time using data listed

PR Y
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All VI values have been rescaled 0 to 100.
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6., SUMMARY AND CONCLUSIONS

Other researchers have studied the relationships among a few of the Vis
considered in this report. Past work has been based exclusively on corre-
lation analysis, Aaronson and Davis (1979) showed coneclusively that, dur-
ing the spring greenup to harvest phage of the crop geason, the VIs used
operationally by The Foreign Agriculture Service (FAS)/Foreign Crop Condi-
tion Assessment Division (FCCAD) were highly correlated and had similar
correlations with various plant components such as biomass, plant height,
etc,

This study extends analysis to include all VIs found in the literature.
Techniques used to investigate relationships between the VIs included var-
iable clustering by correlation, graphical presentations, and functional
equivalence for decision making, Variable clustering separated out two
large clusters of VIs, One cluster contained those VIs which used channels
5 and 7 data. The other cluster contained VI8 using channels 5 and 6 data
plus some VIs using all four channels of data. The variable clustering
technique also showed that these two clusters were highly correlated, The
relationships were stable during the spring greenup to harvest period of
the crop season. Graphical presentations reinforced the clustering re-
sults, illustrating the relationships over time and through response sur-
faces. Mathematical techniques were used to formalize the idea of VI equi-
valence, This equivalence was used to confirm relationships observed earl=

ier and to investigate less apparent relationships.,
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APPENDIX A

DATA SET DESCRIPTIONS

The data set consisted of Landsat acquisitons from six different
sites for the 1977-78 crop year, The six sites were Finney County, Kansas;
Grant County, Oklahoma; Greeley County, Kansas; Keith County, Nebraska;
Washington County, Colorado; and Yolo County, California. The Finney
County site consists of an area 40 pixels by 26 lines or 1040 pixels of
data, The Yolo County site consists of an area 40 pixzls by 40 lines or
1600 pixels of data. All other sites consist of an area 26 pixels by 26
lines or 676 pixels of data.

One field within each area was also’selected, since it had already
been defined for another project. The Finney, Grant, Greeley, Keith and
Washington County fields were winter wheat and consisted of 85, 79, 67, 100
and 53 pixels of data respectively, The Yolo county field was a barley
field and consisted of 500 pixels of data.

The data sets are identified by county, acquisition date and Landsat

satellite as follows:

Finney Keith Yolo
9-22-77 (2) 10-12-77 (2) 10-07-77 (2)
9-23-77 (2) 11-17-77 (2) 11-12-77 (2)

10-11-77 (2) 12-04-77 (2) 1-23-78 (2)
11-16=77 (2) 3-22-78 (2) 2-28-78 (2)
1-08-78 (2) 3-31-78 (3) 3-27-78 (3)
3-04-78 (2) 4-28-78 (2) 5-02-78 (3)
3-31-78 (3) 5-15~78 (2) 5=~11~78 (2)
5-15-78 (2) 5-16-78 (2) 5~12-78 (2)
5-23-78 (3) 5~25-78 (3) 5-20-78 (3)
6-01-78 (2) 6-11-78 (3) 5-29-78 (2)
6-11-78 (3) 6-21-78 (2) 6-16~78 (2)
6-11-78 (3) 6-29-78 (2)
6-19-78 (2) 7-27-78 (2)
6-29-78 (3) 8-13-78 (2)
7-26-78 (2) 8-14-78 (2)
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Grant Greeley Washington

10-08=77 (2) 10-11=-77 (2) 10~12-77 (2)
11-13=77 (2) 11-16=77 (2) 11-17-=77 (2)
12-19-77 (2) 3-22-78 (2) 3-24=78 (2)
3-09-78 (3) 3-31-78 (3) 4=11-78 (2)
3-28-78 (3) 4=27-78 (2) 4-28-78 (2)
4=-06-78 (2) 5~15-78 (2) 5-16~78 (2)
4-24-78 (2) 5-25-78 (3) 5-26=78 (3)
5-30-78 (2) 6-11-78 (3) 6-12-78 (3)
6-17-78 (2) 6~29-78 (3)

The data were calibrated as follows to all look like Landsat II LACIE
segment data. Data from Landsat 2 EROS full frame CCT's were calibrated
using the calibration below (NASA (1976) and RICE (1977)).

CH4 = CH4 * 1,275 - 1.445
CH5 = CH5 * 1,141 - 2,712
CH6 = CH6 * 1,098 - 2.950

CH7

CH7 * 0.948 + 0.446

Data from Landsat 3 were calibrated using the following calibrations
which were developed by Wehmanen (1978).

CH4 = CH4 * 1,161
CH5 = CH5 * 1,230
CHé = CH6 * 1,246
CH7 = CH7 * 1.062

The field data were adjusted using the X~STAR haze correction pro-
cedure developed by Lambeck (1979)., Pixel data screened as shadow, water,
haze, cloud or garbled through this procedure were deleted from further
use., Sun angle correction was also applied which is part of the X~STAR
haze correction algorithm,

A partial listing containing descriptive statistics of MSS data by
band, date, field or area, and county are attached.

The dates are Julian dates where positive dates are for 1978 and
negative dates are for 1977 and indicate the number of days from end of
year. The Julian date for 1977 wmay be obtained by adding 365 to each

negative date.
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Keith County Field Data by Julien Date

ORIGINAL PAGE IS
OF POOR QUALITY

R IRBLE 1 HERD STRNTRRD HINTFLN MAYIFGN  STD ERRCR
BEGTATION URLLE VALOE CF RN
-- - CATE:31 --
e 55 3,33 1 88 .30 4,18 0.42
CH5 & 12,07 4,50 22,8 <5, 69 .52
Pug 85 4,19 5,5 25,08 57,10 5,58
o 85 2,19 2,13 1,59 24,00 7,82
DATE=99 -
oy 55 19,47 3,50 .80 22,15 4,04
ks %5 34.57 1.7 74,60 1428 538
g g5 RE .45 32,40 64,5 9,56
7 55 20.37 .54 15,62 74,3 8.2
- 14TE=1 15
*Hd %9 12,61 62 16,29 21,00 8,16
oHE % 15,49 2,43 11,08 23,0 3,25
oHE 9 45,53 370 %. 99 5300 8,37
o % 53,67 2,59 12,68 24,19 .23
- ' IATE=135 -
i % 3,7 P o 19 2,09 fo
e %5 7.7 638 21,60 48,08 5,59
" o 61,62 2,61 5.0 52,68 B2
w7 65 29,51 3.1 24,09 %, 49 8,28
DRTE=1%
W {63 25,16 182 7,03 15,08 B.2
CHE (29 £2.53 441 150 28 49 .44
Mg (13 56,47 .19 47,06 5. 09 532
tH7 60 27,42 2. 2.0 33,00 3,28
DATE=145
“hd 136 a0 1,66 5,55 34,12 537
ohs {3 27,56 S 67 5:3.45 49,20 857
e 138 6,56 2.6 58 69,73 8,39
w7 1 77,59 2.4 2.3 32,98 B4
IRTE={
ohd 166 24,50 2,75 19,7 24,5 8.2
oS {3 25 79 4 15,99 4,05 9,48
the {9 5053 4.79 5.3 74,76 §.48
Ch7 1 3,51 3.12 5. 49 3.9 5.31
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Keith County Field Data by Julian Date

CTANDFRT

JRRTARLE i RN HINTPUM HAN1IUH 87D tRY.«
MTYTATION URLLE UALLE aF STpN
- .- ATE-178 -
CH4 6a 22,59 2,64 24,05 LR 1.24
CHS 180 B3 2,58 23,93 41,79 8,35
THE 16 51,87 9,48 45,34 b, 22 g, 50
LH? i 22,89 2.47 17,3] 20,99 4,65
.- TRTE=120
CHY 0@ 3,83 1,69 29.82 35,89 B.i7
THS j6y 49,73 3.44 9,7 57.81 1,34
HE 169 £3.23 312 57,32 T2 e7 .31
cH? 16g ¢h. 67 1,63 22,36 34,98 n1e
IRTE=20@
THY 168 31,54 215 .60 38,68 B3¢
~HS 164 48,23 5,18 £9,06 48,09 8,91
“H 169 46,82 2,80 37,08 58,99 #,48
k7 {8 19,82 1,85 15,80 27,18 8,19
TATE=-2R
H4 164 22.2% Y 16.40 6,68 A, 82
43 104 £6. 42 1,45 13,97 22,66 9,34
Che 16w 7.7 4,83 24,50 42,66 8.41
CH7 @B 17,47 .74 14,87 £, 33 8,18
IATE=-44
CHde 164 i1, 72 1,17 19,03 15,13 3.12
oHS @R 11,45 2.¢1 7.56 28,11 8,28
CHe 168 ér. 5 2,77 16,31 33.79 #.23
oH? 106 14,32 .32 3,83 16,70 @13
[ATE=-27
“HY 95 2,58 .zt 7.8 14,068 B, 12
£HE 93 9,68 {,69 7,00 14,60 8,17
HE 3 15048 gty 5,68 19,49 .24
o7 65 7.84 182 5.98 9,89 .19
ORIGINAL PAGE IS
OF POOR QUALITY
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ORIGINAL PAGE 1S
OF POOR QUALIT

Keith County Area Data by Julian Date

- TR T T TR T T TR T TR

IRRIABLE H HERN STRNDARE HINTHH HRRIEDY ST ERX -
DEVIATIN YeLLE IALLE oF MEwm
- - DNTEZR] = =soemmmmmmmmmmmmmc e
44 57D 36,67 4,36 2.8 2,09 e
CHE 676 44,32 £.22 3,499 53,00 0.c4
cHE 476 43,45 3.49 9,60 84,08 9.¢i
H7 b7 20, 49 .89 11,08 .9 2,08
e UL R I
cHd h76 34,96 4,61 2,22 47.50 #.15
CHS h76 48,32 7l .68 53, 56 6,28
CHE 876 3,00 7,66 32,40 7e.87 6,29
cH? h7a 19,28 2,97 18,68 ¢3.49 b1
DATE={18
L A7H 22,7 4,63 16,00 34.00 8.16
M3 676 24,83 7, 11,68 48,00 8,29
THe 76 37,69 8.3l 12,08 34,09 8.32
K7 £75 "47 4,69 5.08 ¢, bg 8,19
= JATE=133
Chd o7h 38.31 6.5 ¢3.00 3¢, 03 f.23
cH3 £76 42,42 18,54 21,08 g2, 00 N
He nrh 37.94 4,72 44,49 73,09 2,18
Ch? 676k 25,04 2,31 19,60 34.00 .13
---- JATE=13¢€
ChY 676 3.9 3.67 cd. 08 46,48 8.23
H3 676 35.89 18,28 15,08 6.00 B.4¢
CHE £76 8.5 .18 36,00 53, 68 B.c
cH? afb 2l. 3% 3.64 16,68 33.060 815
JATE=145
chd Bl% 38.66 7 46 2. 06 5¢.cd §.29
CHS £76 44,74 14,43 18,45 71,04 8,54
Che n7b 04, 60 5,53 4%, 54 72,59 B.21
K7 b7b 23.23 2,12 on, 18 33,98 b.08
IATE=162
CHd arh 24,54 8,59 19.74 31,68 B.5¢
CH3 b7k 46,15 16,52 13,69 7€, 26 g, 6d
CHe B76 B6.49 11,33 42,36 26,96 f.44
H? G7d .25 4,98 ¢, 30 36,83 f.16
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Keith County Area Data by Julian Date

ORIGINAL PAGE 9
OF POOR QUALITY

WRRTESLE H MERN STRNCARD RIHIPCH RAXIRLY T tRRCR
PEVIATION URLYE ALLE OF "ERH
"""""""""""" PATE=172 ~=-==- smmmese
(h4 A7H 38,78 3.99 cl. 38 41,50 #.15
e 576 38,77 F.09 i3,3¢ 47,49 8.e5
b a2 54,12 £ KRy 8,62 6.8
g 478 2,75 ¢.b1 15,67 30,64 il
ATE=126
chd 87 31.49 4,14 2k, 59 42,55 9,16
(RS n76 41,62 12,31 19.68 61,39 6,47
(he R76 R5.E7 6,38 735 38,99 g.cd
cH7 67h 29,31 5.03 19.12 48,36 8,18
- JATE=2ng
Chd 676 29.¢6 7,69 17,48 5¢,00 4,30
H3 676 .77 4.6 12,68 67.08 8.36
“He B76 95.43 8.7% 32,08 74,00 8,34
tk? Brh £3. 5% £.6% 12.08 39.08 B.c6
- IATE=225
CHS nih 1218 11,39 14,98 34,83 B.44
cHe 76 3.9 2,63 33.68 71.09 e.3¢
HY e 22,54 £.43 12,08 37,08 #.23
DATE=2¢h
o4 675 27,46 7,68 1£.08 36,60 8.ce
e 576 9,81 6,73 13,48 49,09 6,41
Ché £76 48,04 514 31,08 08,04 B3]
ch? b7 a2 i3 6,33 13,08 34,00 B.24
TATE=-28
Thd o7k 2e.39 4,62 12,63 22,99 8.18
cHZ 676 25,3 .58 1£.68 48,63 9,38
“HE 87t 1.5 744 17,91 36,24 g.28
Ch? 674 {g. 64 ¢.%9 9.83 ¢.ea .42
JATE=-44
chd 676 18,53 .21 3,73 ce.78 g.12
CHy E76 18,56 h.td 7,55 2,66 8.6
THE arh gk, 54 4,79 12.42 39,87 6,18
W7 E76 11.86 e.3% 4,29 737 B.99




TR TEmemmEmE e e mE e s R RS o+ ;e B Vi S A N A

Keith County Area Data by Jullan Date

YARIRBLE N HERN TR KSR HACIEUR ST ERRIR
DEUIRTICH ALLE VALLE OF "ERH
----------- ATEz-27 ===
o 67 1. 75 157 6,08 (5,00 066
45 676 1.§7 2.5 ©.70 2,9 .10
M 576 12,59 3.22 6,08 22,00 B2
K7 67 6.21 1.3 3,00 11,60 8.0

Yolo County Field Data by Julian Date

JRRIFILE y WERN STANDRRD MINRN BRXIMUN STD ERROR
JEVIATiCN ALLE WLIE OF MERN .
S R T
44 465 12.81 113 8,75 15,13 .25
~ (5 345 11,34 1,51 7.5 15.54 5,09
| [t 45 22,37 %.67 12,42 .29 .18
7 455 16.3 1.9 .13 16,5 6.9
RTE=3?
[ 445 16,51 {48 12,00 22,00 0.7
ok 455 11,55 ERY 2.0 23,03 5.1
| 16 365 15.73 .56 2.8 62,09 027
r 7 485 21,71 2,28 12,9 3,09 0.15
y
;‘ SN ATE=86
* o 485 24,0 17! 12,59 3,67 .08
| 045 385 17,51 IS 1 .44 0. 14
, “H6 A5 24,60 78 .67 .47 5.3
CH7 85 27,57 41 15.53 44,36 319
FTE=122 -
?’ oh4 455 3250 2,3 %79 41,60 XY
ogE 155 31,04 3,23 214 .35 015
(6 455 .3 521 4.2 .57 023
7 455 8,72 2 % 1912 %65 0.9
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Yolo County Fleld Data by Julian Date

JPRIRSLE N HERN STANS 3L rIN g MRRIRUY €7D zei R
JEVIATIN HRLLE UALLE GF uEeN
-e DATEE}F) eees
(hd 300 4,54 nel 26,08 43,09 £.15
H3 308 44,3 £.0” .09 51,08 2,30
THE 00 25,86 5.85 54,08 t1,08 €23
CH? 300 29,34 151 23,08 36,09 ¢.69
DATE=12¢
el 568 3,31 3,59 24,69 41,00 8,16
CHS 60 %8.58 6,72 22,00 55,00 8.30
v kb 566 o8, 59 4,86 31,00 77,50 8,22
Ly 568 £ 24 1,98 ¢2.08 33,08 b.08
DATE=148
k4 64 4719 3.66 48,63 56,69 8.14
FE 368 ol.81 £, 43,09 76,72 .30
ks 569 83, %1 a9 74,74 97.19 1
K7 e .0 l.23 27,61 36,11 €.96
(M4 bl 47,48 6.4 22,98 .63 3.28
“H3 360 56,66 11 46 9,38 134,54 9.51
UG 369 31,69 754 67,32 114,54 9,48
W glilZ 34,62 2,58 29.63 45,00 8.13
-==- JTE=1€7
Chd i) o, 38 7.0 .33 73,85 6,32
cH3 768 34,16 12,13 52,06 115,99 8,34
tHb 0@ 106,99 18,81 73,51 128,61 8.45
HY 68 42,69 2.9 a7 48,79 B.13
DATE=-23
{Hd 265 el 4,62 8,23 46.63 b.c7
HE 283 34,54 £ 54 .11 JS 48 #.39
LHE 263 34,37 7.64 16,81 57,44 6,43
v 263 12,92 2,89 7.68 21,58 8.17
-== - DATE=-49
o 3ch 19.18 .71 12,58 27.63 B.15
oH3 och 22,36 4.63 12,12 24,54 B.26
CH6 e 2l.d .8 .13 35.48 9,32
oH? 3ca §.c7 174 4,04 2.7 B.10
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Yolo County Area Data by Julian Date
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VARIARLE I HER STRNAR] MITrCH FREINIY 61T SRR
BEGIRTI VALLE UALLE CF W
L B
(e 1640 12,78 Lt 7,48 {758 9.9
he '£4 (1,15 45 413 e,E9 8.6
Hg 1648 2,22 €, 3,74 46,46 4
h7 1647 3,65 2,67 2,49 2.2 0.07
IATE=59 -
T4 {640 16,6 1.78 6,09 27,08 0,84
kS 1£43 12.5¢ 2.28 .00 8.0 .06
(k6 1649 4,31 7,95 16,08 58,00 3,20
Ch? 1648 19,36 4,33 7,19 24,00 8.1
IATE=36
“hd 1£4d 25,58 1,99 13,58 41,68 8,19
CHS 1640 21,57 7,84 1£.38 54,12 0,18
CHE 1£h 68,24 10,62 33,64 35,47 6,26
W7 1549 25,81 5,53 1,62 40,36 615
DATE=1 ¢
H4 164 3,41 2,59 £5,54 49,92 8,10
HS 1640 34, 14 7,44 20,91 53,9 818
CHe 1648 68,45 .68 41,12 35,97 816
tH7 164 7,17 479 2,81 36,11 3.9
DATE=151
o4 1642 35,03 4,24 24,00 6,00 8,15
Chs 1¢40 41,35 7,53 20,09 63,08 8.19
CH6 1640 51,97 8.1 .69 32,09 .28
H7 1648 2,53 483 12,00 39, 08 B4
DATE=122
thd 164 31,86 4,32 19,60 47,00 Bl
CHE 1648 33,69 7,64 15.0 55, 69 8,19
CH6 649 57,1 7,42 31,09 77,68 B.él
oH? 1£48 25,19 4,91 12,69 35,68 R
IATE =14
Chd 164 47,23 3,5 17,15 56,69 .09
¥ 164 41,30 2,18 7,99 79,72 8.2
CHe 1448 90,63 759 51,69 9,43 3.0
th {640 29,42 4.79 16,05 7.7 8,10
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Yolo County Area Data by Julian Date
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URRIRBLE il (FFN STANTRRD RG] T 81D EFRR
MELIATI HALLE YALLE CF MEEN
......... 14762149 --eomm cmomaa
d ledy v, cd £ (R i 71,23 £.14
H5 ‘643 3,32 1¢.069 72,55 104,54 8,39
e 1€48 75,81 12,55 8.7 114,54 8,31
cH? 1648 .5 6.19 1.7 45,65 6,13
o MATE=1e7
o 1€48 33,% §.98 34,23 75,03 8,2
HE 1643 77,99 17,79 7.2 1599 0,44
Ché 1649 38,49 28,82 42,07 128,81 8,49
{u7 1648 24,52 8,40 .72 47,99 4.2l
ORTE=-53
ot 1449 0,34 6,13 13,95 81,63 8.15
cHS {e4d 37,66 £,%4 12,97 83,73 g.cc
kg {648 36,61 16,65 5,82 £7,32 0.c6
CH? 1648 12,32 4,87 3.c4 26,94 g.1;
DATE==29
oY 1648 ¢l.ei 4.39 12,38 26.69 g1
oHS 1648 24,88 6,58 18,98 3e.06 847
CHé {£48 £3.74 7.79 2,63 38,83 g.19
CHY {646 8.9 2.8 1,45 16,51 6.07
Finney County Area Data by Julian Date
VARIA3LE H NERN STANDARD RIVTFUM MAX THUM §TD ERK(R
JEVIATION YALUE UALUE OF MEAN
--------- DRTE=8 ---- R ks
CH4 1646 13,60 | e? 9,69 18,08 £.04
CHS 1648 13,74 2.26 11,68 22,08 8,07
CHE 1848 17,33 2.45 12.68 22,09 b.08
CH? 1040 .36 1.l 5. 08 .2.00 6,83
[RTE=53
M 1848 35,720 12.73 17,68 38,80 39
b 1848 41,43 14,58 2,33 119,37 B.45
CHb 1043 43.c2 12,56 9. 89 115,63 8,38
CH7 1940 16,35 3.3 3.98 34,63 .18
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‘RTABLE i ekl STAYLARD Plofky HRMN TP T el
JEVIATIE AR UALLE JFOERN
seemsrscncenmennmnnnes [ATECGR -0

ohd 1049 5.9 3.16 .79 45,28 A, 16
K5 1049 42,54 .62 8.2 57,81 8,18
He 1743 %451 R 4, (2 Te.e? 815
K7 1640 19,9 287 14,67 25,49 8.7

IRTE=135
cH4 1987 36,4 7,54 15,95 53.93 6,25
CH5 1207 41,78 12.89 15,54 A 2.41
CHE 1667 56.58 5.%9 .57 Té. 1 819
{H? 1067 ga,ze 3.408 15,67 53,51 a1

IATE=143
wHe 1848 40,73 b, 84 24,38 51,53 g2l
CHS 1640 44,35 12.27 18.45 Te7 2,38
CHE {RdG 64, 06 £, 69 43,59 33,97 19
oY 1949 ¢2.83 1,86 16,99 28,67 g.96

DATE=152
i <Hd 1844 .63 f 47 24,08 59,00 0,20
oHI 1040 49,45 18,97 19,09 74,00 .34
cHé 1040 56,73 5,19 32,00 77,00 3.19
) i 1646 £1.96 1,95 17,09 28,60 8.06

‘ NATE=167
CH4 1848 35,5 £.15 24, 58 59:73 .19
} CHS 1640 49.12 12,17 Y 23,64 .3
ke 1644 o4, 91 8.57 47,35 93,43 a.87
oH? 1948 27,38 2.99 13,12 ELIB 3.09
%V -------------- POTES| 7@ = cmmmmmvccccnmem e rommre ssmemessccen o
Ei W4 1648 48,54 18.9 22,84 187,69 2,59
N CH3 1p4a 57.82 21.8¢ 19,99 27,00 .68
“H 1040 8,24 20,84 12,00 127,00 0,69
cH? 1644 22.54 7,48 5,00 45,00 8,23

IATE=186
CHe 1246 4p, 14 4,08 267 59,83 8.13
CHS 1649 Al £9 5,48 45,51 57,33 B.c0
CHe 16844 86,75 £.61 51,29 93,45 @26
oH? {pda £5.93 2.38 el e 35,85 .87
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Finney County Area Data by Julian Date

FRTASLE 0 MERN CTMYRD SHI HAKIPON §TD EBRGR
TEVIATINN VALLE GELLE oF “ERN
- [ATE-T87
tid 1043 48,16 4,5 M, 19 61,00 8,15
ik 1843 59,23 Y %, 09 31,09 0,22
46 Ly 83,74 £,27 3,80 22,00 0,é0
CHY 15 21,35 :.:0 15,29 30,60 6,07
TATE=28d
THd 1643 19,87 £, 45 0,08 56,09 0,17
CHS 1040 49,75 2,72 £9,08 3,00 #é7
CHE {14 €2,84 6,65 %, 60 78,00 g.21
tH? 1040 26,69 R 4,79 29,60 2,07
JATE=25
oHd4 174 37,55 8,70 20,00 62,00 f.10
2H5 1848 46,76 2,67 %, 00 22,08 A.E7
£He 1549 99,39 7,19 32,00 78,0 g.e2
CH7 149 9,59 2,5 15,00 29,09 8,68
, DATE=-106
TH4 1649 27,64 2,69 19,69 37,08 2,04
CHE 1049 13,78 4,61 2,08 4,09 9,14
; CH6 1648 13,57 4,62 23,00 50,00 A 15
rH7 1649 I5,7 2,47 9,00 22,00 8,67
TATE=-19
‘ “Hd 1949 2%,58 1,02 13,00 24,00 N
CHS 164 2,95 4,5 12,99 43,00 0,14
b 1649 %.80 5.22 19,00 49,09 B.1¢
CH? 1643 5,12 2.1 3,00 21,00 8.47
g
A B - PATEz-g) ----
;, CH4 1648 24,43 3.6 14,09 39,00 2,12
; Cpe 174 0,41 5,36 16,60 49,60 3,17
CHe 1649 2,20 5,5 19,08 53,09 518
CHr 1648 15,51 2,3 9,00 22,00 0.67
| BATE=-45
: CHY 1649 15,54 1,9 12,83 N 9.06
CHS 1949 17,67 3,82 5,54 28,09 8.10
CHé 164 22,97 4,59 12,42 24,38 8.15
£H? 1848 9,57 2.5 5,24 16,62 3.08
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APPENDIX B

CLUSTER TREES

The cluster trees included in this appendix are for the Yolo County
and Keith County locations as described in appendix A. Separate trees were
produced by date for the arca pixels and tne field pixels. Data were also
combined by area or by field for the period spring greenup to harvest which
indicate che correlation coefficients remain high over this time period.
Although cluster trees are not attached for other data sets described in

appendix A, the results were very similar.
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Keith Couwty = March 22 thru July 27, 1978 - Field
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Part 1.

ORIGINAL PACE ;.
OF POOR QUALITY

APPENDIX C
GRAPHICAL REPRESENTATION OF VEGETATION INDICES

Graphical representation of response surfaces and equivalent clas-

ses associated with VIs involving two MSS channels.
Graphs for the square root of ND6 and ND7 are included in this

appendix. They probably have been studied by other investigators;

however, we found no specific reference to them.
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APPENDIX C

GRAPHICAL REPRESENTATION OF VEGETATION INDICES

Part 2. Generalized representation of VIs involving more than two MSS

channels.

Representation in 3 dimension of vegetative indices involving more than two
MSS channels is not possible. However, insight into this behavior is ob-
tained by studying theiv~ range as a function of two MSS channels. In these
graphs, the VI's range is represented on the vertical axis for fixed two-
dimensional subsets of the MSS data. Care should be used in interpretating
these graphs, and consideration should be given to the high correlations
that are known to exist between (CH4 and CH5) and (CH6 and CH7). Even with
these limitations, these graphs show the close relationship between the
gsoil brightness components and greenness components of the Kauth-Thomas and

the two Misra-Wheeler transformations.
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APPENDIX D

VEGETATION INDICES TRAJECTORIES

It is well known that two quantities may be functionally related and
yet have zero linear correlation. This possibility was studied by graphing
Vis over time. All VIs were rescaled to range from 0 to 100 to facilitate
interpretations.

This analysis revealed that some VIs were more closely related than
their bivariate correlations had indicated. In some cases, the relation-
ships appear to be close but nonlinear; in others, the correlations break
down outside the period of spring greenup to harvest.

The graphs presanted in this appendix are for the four sites with
good acquisition histories (Yolo, Finney, Keith, and Grant counties). The

trajectories are based on the field data described in Appendix A.
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APPENDIX E
VEGETATION INDICES EQUIVALENTS

AND APPROXIMATIONS ILLUSTRATED
WITH TRAJECTORY PLOTS
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