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I - INTRODUCTION

Following the January 1970 SERE-NASA meeting at the
National Research Council a new phase of work has begun. This
new phase, named interphase C-D was aimed to develop fundament
al research based upon available equipment and imagery data.

Most effort was concentrated on the more important
Test Site 801 "Santa Eliza" Experimental Farm in Campinas {Lines
3 and 5 of the operational flight).

Eleven research papers have been produced and are
presented below. The papers are divided as follows:

6 practical
1 theoretical-practical
4 theoretical

These papers are fundamental for the Phase D work
programme in which the CNAE "Bandeirante" aircraft and other
facilities will be used next year.




The first seven papers are based upon light densi-
ty measurement and correlation studies with respect to:

Field measurements
Coffee spacing

Soils

Coffee yields

Soil Mutrient Status
Land Use Capability
Yield Prediction
Primary.yield evaluation

Also four theoretical studies were completed related to synoptic
studies of the environment specifically related to:

Tolerance Theory
A System for Crop Boundary and Natural Vegetation
Boundary Recognition
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1. SUMMARY

The light density passing through the colour trans
parency of the Campinas test site at St. Eliza was - compared
with the ground truth assessments for the percentage of light
reflectance on the different colour panels during the time of
the operational flight.

Given the constraints of equipment and : resolution
requirements of the sampling procedure, the results were very
encouraging. There exists a strong correlation between the
field results and the image point samples.

2. METHOD:

Light intensity readings wer- taken thfough alumin
ium foil masks over the colour panels. Fach reading represent-
ed the combination of two or four panels ‘n aggregate. The
reason for this was the difficult of making an aluminium foil
mask which was capable of covering single panels. The best that
could be achieved was a resolution cell chich was equivalent in
area to about 150% of a panel

The readings were taken under the same conditions
of light table intensity and instrument adjustment.

3. RESULTS

Ten point samples were taken and nho replications
were made.

Table 1 shows the analytical results obtained by
programming:a 3.500 Burroughs computer.



The density records (d) together with the weighted
mean of the ground truth assessments (g) are shown in Table 2.

Table 2 - Density Records (4} and Ground Truth
Assessments (gj

d g a g

38 39.61 30 17.87
52 58.27 55 49,04
39 19.80 49 27.80
50 48.94 35 33.43
48 39.06 49 38.44

The correlation betwsen d and g was found to be:
r =0.73 significant at the 2.5% level.
The regression of 4 on g was found to be:

d = 0.4729 + 26.95
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4. DISCUSSION

The correlation coefficient above is significant
but still appears a shade lower than might be expected 1n such
a straight forward comparison. However, the photometer used
in the ground truth assessments was sensitive to the infrared
region of the spectrum as well as the visible. The film intens
ities only relate to reflectance values in the visikle range.

' There was a significant variation in the panel tem
peratures relating to their different colours (heat ralance
characteristics) and hence within the infrared range there was
a related variation in wavelength within this waveband. The
above experiment will be repeated utilising the colour IR film.
It is hoped that in this case the correlation coefficient will
be higher and that the variation (standard deviation) of the
observations about the regression line of d on g will be less.

The standanj deviation in the above experiment was
calculated to be:

S =¢6.0

5. THE USE OF SUCH INFORMATION

By using the same methodology with different films
sensitised to different wavelengths it would be possible to cde
fine very accurately the reflectance of terrain within differ
ent areas of the spectrum. Since plants, scils and other sensed
objects lie in differing areas of the mass spectrum,the filter
ed films, plus the conversion equations, permit more intelligent
typification of the objects concerned. By maximising the corre
lation coefficient in different wave bands for specific objetes

- 8 -



the likehood of correct classification is also maximised.

6. LIMITATIONS

Although the above experiment is fairly straight
forward to carry out, there exist certain complications  when
application is considered.

In spite of the fact that comparisons within the
grounds of films might appear highly significant there is no
measure of the variance of density and spectral characteristics
which are related to processing.

One reason that this cannot be assessed is that
only one sample of films for each waveband exists for each site.

Hence there is a danger that research results achiev
ed in one centre may not be found to be reproduceable elsewhem

because knowledge of the processing variance does not exist.

Ore way of assessing such variations is to take
gseveral replications within the same wavebands and testing for
a variance with the sample of film gathered. However, a far

simpler solution exists to this problem. If the films produced
for remote sensing could possess a grey scale relating to pro-
cessing reactions then the relevant corrections for variance
could be made.

Quotation of the “processing value” in scientific
research reports would permit intelligent interpretation to be
made of research results obtained in different research centres
throughout the world operating under variable conditions.

7. CONCLUSION:

The above investigation illustrates a method where
by it is possible to select optimal film filter combinations

9 -




for the sensing of specific objects on the basis of simple re-
gression analysis. It is emphasized that the next step in the
method is an inter-film comparison and choice and for this to
have any significance from the standpoint of international ap-
plication and comprehension it is necessary to have an estmate
of processing variability. At the present time this does not
exist since 1t 18 assumed that no such variation exists (espe-
cially in the case of automatic processing), or that 1t is not
significant., A method of overcoming this problem 1s suggested
above. Indeed, it might be profitable at this stage attempt to
introduce the concept above as an international convantion SO
as to enable relevant corrections to be made on films from var
-ious sources. '



BRRAZILIAN REMOTE SENSING PROGRAM
PRACTICAL RESEARCH PAPER N@ 2/70

AGRICULTURE

INVESTIGATION INTO COFFEE CROP SPACING AND IMAGE
DENSITIES ON COLOUR-EKTA & COLOUR-IR

Test Site B0l = July 1969 flight

A.G. de Souza Cecelho
(CAI - Campinas)

Hector W. McNeill
(CNAE - Project SERE)

- 11 -



1. SUMMARY

Some forty plots of coffee (Coffee arabica ) laid
out at St. Elisa experimental farm in a randomised block were
surveyed utilising Colour Ektachrome and Colour I[P images. The
images of the plots were tested for light intensity,concluding
that the crop spacing significantly affected density readings
as did the number of trees per hill.

However, these results were only significant in the
case of the Colour IR film (at 2.5% level) whilst with the
colour Ektachrome the results were insignificant (50% chance
of obtaining such results by chance).

2. METHOD

Using an aluminium foil mask and a standardised
light meter, the resolution cell of the mask was made in order
to enable the investigator to survey within the plots them-
selves at random.

3. RESULTS

The following results are only part of those in the
process of being calculated since the forty plots wathin the
block represented four separate treatments: Spacing, number of
trees per hill, variety, and tree height.

The results below are normalised with respect ¢to
tree height and variety so that the remaining variables of sig
nificance are spacing and number of trees per hill. All the
coffee plots represented below are of the variety "Caturra" and
~all of them are 40.0 cms height.

- 12 =



Table 1. Spacings and Areas for each Plot

Blocks | Spacings (m) | Area (mz)
a 1.62 by 0.62 | 1.0044
b 2.00 by 1.00 ’ 2.00
c 2.30 1.30 1 2.369%9

Table 2. Colour IR. Related densities for "Caturea"
plots with two plants at each hill.

Blocks | Readings from 4 plots Mean
a 2.40 2.40 2.50 2.20 2.38
b 2.50 2.60 2.30 2.60 2.50
c 3.20 3.10 2.30 2.70 2.83

Table 3. The same readings taken in "Caturra" plots
with one plant at each hill.

Blocks | Reading from 4 plots Mean
a 2.60 2.30 2.60 2.45 2.49
b 2.90 2.35 2,80 2.60 2.66
c 2.85 3.30 3.10 2.75 3.00

The analysis of variance for each of the above
series of results proves them to be significant within the 1%
ko 2.5% range.

The graphical realationships are shown in Fig. 1.



2.9
28+t one tree/hill

~—

Two trees/hill
-—

25

QQ?F

23l 1.00 2,00 237

Fig. 1 - Relationship between coffee spacing and
trees per hill and density (v. "Catur-

ra").

As can be seen from the above diagram the light den
sities increase with coffee spacing and also the densities are
:1owgf}ﬁhen there are two instead of one tree ver hill.

” The experiment was repeatecd with the Colour Ekta-
chrome £ilm but the results were found to he insignificant on
the basis of the stancard aralyvsis of variance in spite of the
fact?that the plot of the mean values stowed a similar,but less
marked, trend as was found with the colour-IR.



4. CONCLUSION

On the basis of density measurements it is possible
to discriminate between. the number of'plants per hill at given
- spacings in a coffee crop.

Alternatively, at a fixed number of plants pertull
it is possible to discriminate different spacings.

These conclusions only relate to Colour IR density
readings. ' ‘ '

The results of the Colour Ektachrome density read-
ings indicate that this fllm is not sultable for such applica—
tions as discrimination of the’ above factors.

15,AKN®WLEDGEMENT

The authors thank the Agronomlst Sergio Vasco de
Toledo from the Coffee Section of CAL, who provided experlment
‘al field data essential for the development of this work.
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1. SUMMARY

Thirteen bare soil areas were surveyed for image
density on colour-ektachrome film. The areas represented three
types of soil: Red (highly fertile), Yellow {low fertility),
and Bog soil (High Orgahic Matter).

It was possible,on the basis of densities, to sepa
rate the soils into three groups representative of the three:
soil types.

2. METHOD

Five random samples were taken within each of the
bare soil areas through an aluminium fcil mask and utilising
a light meter to record measurements.

The resolution cell in the mask was made such as
to pemit this number of random samples to be taken with ease
‘within each bare soil area.

3. RESULTS

The results of the sampling are shown in Table 1,
dn the form of sample means:

Table 1 - Soils and Relative Densities obtained

MEANS

7.30 7.60
1.45 3.05 3.00 3.00
3.83 3.79 4.35 2.70 3.45 4.83 4.15 4.65

- 17 -



As can be seen from Table 1, only few samples were
taken in the Yellow soil and Bog areas. The reason for this
is that the Bog soils represent only a small area of the total
region covered by the operational flight and the Yellow soils
only have few bare fields since the majority of the Yellow scil
region is in pasture.

| Fig. 1 shows the graphical results:

74 - (mean: 7.45)

{mean: 4.16)

Densities

w  a
—
-65-
50 E- GO

(mean: 2.62)

Bog Red Yellow

Fig. 1 - Graphical results for the achieved

measurements.

Since the mean square or variance between soils was
found to be 17.4 and within the soils 1,60 the variance ratio
of 10.8 shows a significant difference between the so0il dens-

ity readings (at 1% level).

- 18 -



However, in practice, these variances however sig-
nificant in statistical terms do not necessarily permit an easy
discrimination between soils since there is a larce degree of
overlap in their ranges, especially the Bog and Red soils.Idealy

the situation is shown in Fiqure 2:

S SR R N
4

Bog Red Yellow

Fig. 2 - Overlaping representation for
two types of soil.

If the density means were more dispered such over-
lap would not occur or at least would be reduced. The ahove ex
periment will be repeated using Colour-Infrared film and the
multiband images in an attempt to achieve this wider separa-
tion.



4. CONCLUSION

Whereas using the above technique it was possible
to separate yellow soil from red and bog soils it was found
that there was considerable overlap between the black bog soil
densities and the red soil densities records.

In an attempt to simplify the separation of these
soils the experiment will be repeated with Colour~IR and the
multiband films.

- 20 -
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l. SUMMARY

Forty coffee plots were surveyed on the basis of
light density within each separate plot. The main treatment var
iations for the plots concerned were spacing, variety, height
and the number of trees per hill.

The relationship between bean yields and the image
densities were investigated.

The results confirm the theoretical basis of crop
spacing and yield performance on a field rather than plant ba-
ais.

The empirical outcome is that there exists an inter
mediate density value at which physical yields are higher than

those associated with higher or lower density values.
2. METHOD
Light density readings were taken within plots
through a standard aluminium mask using a standardised light
meter,
3. RESULTS
The density readinas of the images vary with yield

Ind crop spacing as weil as for the number of trees per hill

B shown in Figure 1.

-2



Intensities

3,0

28 1l tree/hill

—

&7 - 2 trees/hill
-—

2.5
24

23

kilos/plot
Fig.l - Relationship between image density and the two
variables, yield and number of trees per hill.

As can be seen in Figure 1 higher yields are achiev
ed at intermediate intensity values. On a theoretical basis
this is predictable since per plant yield increases to a peak
with spacing whilst the spacing effect is to disperse the 1in-
dividual plants over a wider and wider area. For this reason the
actual yield per hectare will increase with spacing to a peak
and then fall with the remaining increases in spacing.This is
illustrated in the second figure.

- 23 -



YiEId/ha

. +12
. /-0 i Yield/tree
d’/’ N
S+ N 9
/ °\ /// S
8 4 . T
3: / \ ¢
% 3 . -FG ;
i \
> 24 ©
| \ 1
i+
7 \
o + 4 t + \ﬁ
4 3 2 | 0
spacing (trees/m}
Fig. 2 - Theoretical rrojections for yield per
hectare with different spacings.
Figure 3 shows the relationship between the theo-
retical curves and the spot readings achieved in this ipvesti

gation,
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thecretical

curves

31 measurerents
-

Ui

£

y

- 1 crop/hill

— - 2 crops/

hill

kilos/plot
fig, 3 - Relationship of spot readings in this investi-

gation to theoretical curve forms,

Since the spacings of the plots investicot~"  were
at three standard levels it was not possille to achieve

continuous curve as shown in Fig. 3 in theoretical forr.

4, SICNIFICANCE

The results indicate that the light densitv reac-
ings provide a useful indication of yield based on the knov:-

ledge of the spacing of the crop (See Practical Research Mo 2,
70) .
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5. APPLICATIONS

The capacity to predict yield on the basis of light
intensity readings would provide planers and marketing organi-
sations to foresee shortages etc. in the post-harvest months
before the time of harvest.

Also, general geographical measures of yield dis-
tribution can aid planners to isolate regions with inefficient
production.

Such knowledge aids effective corrctive action
either through economic policy measures or more effective agri
cultural extension services.

6. LIMITATIONS

Variations in fertility, scil conditions, variety
etc. all limit the case which the above system of yield pre-
diction can be applied. However, there is hope that the data
which we have at present will clarify the major constraints on
such a system and suggest means whereby these can be overcome.

7 . BKNOVLEDGEMENT

The authors thank the Agronomist Sérgic Vasco de
Toledo from the Coffee Section of CAI who provided experiment
‘al field data essential for the development of this work.
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1. SUMMARY

Fifty four coffee plots (Coffee arabica ) were sx

veyed on the basis of IR image densities. The coffee surveyed
had undergdne a seriesof fertilizer treatments as a part of the
regular research activities of CAI. Use was made of the varia
tions in image density to isolate the main relationships with
both soil fertility and coffee yield. The results indicate a
capacity to discriminate low nutrient soils from high nutrient
status soils with ease. The overall relationship ketween the
intensity and vield was alsc traced and proves to be of great
utility in defining the parameters of the coffee crop product-

ion surface in terms of remote sensing variables.
2. METHOD

Light density readings were taken utilizing an alu
minium foil mask and a light meter. Plots were surveved so as
to sense within;plots so as to remove nutrient fringe effects.
Thé resolution cell of the sensing eguipment was designed SO

as to make this possible,
3. RESULTS
The relationship hetween the light intensity and
mutrient status can be seen in Figure 1.

_ As can be seen intensity increases with falling
Emtrient status of the soil.

_23_



‘Intensity

3.5+

304 ) \___

20 T T f
Low Medium High
(manure) (Concentrated N,P,K)

(O treatment)

Nutrient Status

Fig.l - Relationship between fertility and
light intensity.

Similarly the relationship between yields and in

tensity is shown in Figure 2.
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3,5

Intensity
[\
»
y S

2.0
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&
L) BB
o
6—1
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s
o
®
o

Yield (Kilos)

Fig. 2 = Relationship between light intensiﬁy

ané yield.

Eence in créer to appreciate the effect of nutrient
status upon the crop yielé and intensity at the same time it
is possible to consider the relationship in three dimensions

as illustrated in Fig. 3.
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Fig. 3 - Fertility effect on Crop yield and light

intensity.
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The overall effect therefore is for nutrient sta-
tus to shift tbhe mean yield for a given intensity or spacing to
a higher level.

In other words the production surface (Fig.3) re-
presents the variation in yields which can occur with a given
spacing and intensity.

Given that differentiation can be obtained be-
tween intensity relating to spacing and intensity relating to
- actual plant condition then Figure 3 represents the correction
function for yield prediction associated with light intensity
variations.

4, AKNOWLEDGEMENTS

The authors thank the Agronomist Sérgio Vasco de
Toledo from the Coffee Sfection of CAI who provided experimental
field data essential for the development of this work.
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l. SUMMARY

The surface ground temperature & of fundamental
importance, mainly to agronomic and hydrologic fields,considex
ing that of the energy balance depends upon the heat flux and
water evaporation in plants and in soil.

This paper reports studies done in order to verify
the possibility of terrain temperatures using a lighf tahle and
transparencies, followed by comparisons with ground  tempera-
ture measurements,

A multiband set of imagery, obtained with four KA-
62 cameras and Plus-X Aerographic 2402 film, was taken with the
following filters: 47 Blue, 477 mu ; 57 Green, 530 mu; 25 AR,
617 mp ané 89B Tr, 750 mu , besides Infrared Scanner Imagery RS
14, 8-14p . The imagery set was obtained by the NASA 927
{(Lockheed NP 3A) aircraft in July 1969, over the test site 801,
lines 3 and 5, corresponding to Campinas. "Santa Elisa" Experi-
‘mental Station.

An ISCO spectroradiometer was used to obtain read
ings and the application of linear regression of the type
:k = a + bX gave a highly significant correlation coefficient
(r = 0,92*%) for the Infrared Scanner Imagery.

On the other hand, the multiband imagery set showed
no significant correlation.

2, INTRODUCTION

Tlhe ground surface temperature assessment, as for
soils and water, arc of basic importance for applied scientif-
ic fields such as Agriculture, Forestry and Hydrology, where
gﬁhe energy balance at the surface level has a high correlation

- 34 -



Table 1 - Multiband Data

FILM FILTEP VAVEBAND
Plus-X Aerographic 2402 47 (Blue) 477 m
" " " " 47 (Green) 530 m
" " " " 25A (Red) 617 m
Infrared Aerographic S0-246 89D 750 m
IR Scanner Imagery RS-=14 - 8§-14

For the measurements of light density a light-tablk
was used with a emission espectrum as shown in Fig.l.

An ISCO spectroradiometer was used (Model S.R.,
calibrated from 0 to 10) to make measurements of light percent-
age through sample areas in the transparencies,( regardless of
"the wavelength.

The sample areas in the transparencies were the
same as those in which ground-truth surface temperature assess-
' ments were made and were as follows:

Area 1. "Caturra" pruned coffee variety, 1.62 x .62 meters
spacing, two trees per hill and tree average height
of 1.70 meters.

Area 2. Idem, 2.30 x 1.30 meters spacing, two trees per

T hill and tree average height of 1.30 meters.

Area 3. Plowed and well prepared soil.

Area 4. Young corn crop with .30 an of height.

Area 5. Field with cotton crop debris.

Area 6. Water surfaces (reservoir)

Using available and right egquipment it was made
temperature assessments for each of the above areas,

Thermocouples were used for coffee leaf (areas 1
and 2) temperature assessments based upon an average for 12
leaf sample.
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with the sensible heat flux and water evaporation,.

' In the net energy (N) estimation, the surface tem-
perature is one of the most important microclimatic parameters,
Any object with a temperature above -273°c (0°k), has a long-
wave radiation (8-13u for natural ‘surfaces) according to the
Stefan~Boltzmann Law (Wb = oT )

From the above em1551on, plus!the short-wave radla
tion from the sun (.3 - 3.u), plus the albedo of the surface
(R), plus atmospheric emission,'wiil depend the net energy (N)
available to the heat transfer and evaporation of the surfaces.

The net radiatien (N) would be expressed as follows:

=0 {(1-R) - 4 _ b
= 0y (1-R) - o(Tg ~ T))

where:

QY = sun short-wave fadiation'(cal.cmfz.min_l)
R = Albedo of the surface

¢ = Stefan-Boltzmann constant (.827 x 10'10

. calocm-z.min-l._9K74)

T, = Surface temperature (°g) -

T, = Air teﬁperature {°K)

. In this research the authors have etudied the possi
bility Gf T determination’ using remote sensing imagery, with

the aim- of avoidlng field measurements, a difficult task for
large areas.

3. DATA COLLECTION AND. RESULTS

The NASA alrcraft flight over the Test Site 801

Camplnas Farm, in June 17, 1969, provided a multiband imagery
set as shpwn in Table 1.
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In areas 3, 4 and 5 Foxboro Thermographs were used
with sensible heads covered with a slight guantity of sieved
soild of the same type.

Finally, water surface temperature in area 6 was
taken with a special thermometer.

Table 1 presents the obtained assessments for spec

ific imagery.

4. STATISTICAL CORRELATION BETWEEN TEMPERATURE
AND IMAGERY LIGHT TRANSMISSIVITY

The data analysis considering the above parameters
was made based in the linear regfession of the type Y=a+bX.

The surface temperature (T)was measured and the
imagery transmissivity of light (L) from a light-table source.

The four multiband camera data showed no signifi-
cance with a high point dispersion.

' The only imagery with correlation coefficient (r)

was the thermal one, that is, the scanner data.

Hence it was studied in more detailed way the temp
erature and thermal imagery light transmissivity, getting the
regression below, with correlation coefficient r = 92**

T=6.32+ 9.70 L (1)

2s r2 = .8359, it is possible to explain that B83%

of the imagery tone is due to the surface temperature.

Table 2 shows the obsewved temperature values and,
the calculation based on equation (1) at the confidence level
limit of S%.

On its turn, Figure 2 shows the obtained regres-
sion line.
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Table 2 - Observed and Expected Temperature

Observed Expected Confidence Limit
Areas Tegperature Temperature C i5% level)
C
Y obs. T=6.32 + 9,70 L + 5 (Yi) tN—2
1l 30.50 32.49 + 4.20
2 30.50 28.14 + 4,37
3 41.00 39,30 + 6.64
4 3B8.00 35.90 + 5.15
5 24,70 30.38 + 4.07
6 19,90 18.44 + B8.60

5. CONCLUSIONS

The linear regression of the type ¥ = a + bX,where
Y = Surface Temperature and X = Percentage of Light through the
transparencies (Optical Transmissivity), showed correlation
when the imagery was thermal one with Y = 6.32 + 2.70 X and
r = .92"", |

Multiband camera system provided with Biue, Green,
Red and Infrared filters gave no correlation :n the studies
done. |

New studies can be developed using better data and
& greater range of surface temperatures.
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ANNEX 1

Table 1 - Ground surface temperature assessments

(°c) and, light imagery transmission (%)

AREAS 1 2 3 4 5 6
Surface

Temperature 30.5+#> 30.5 41.0 38.0 24.7 19.9

TRANSMISSION OF LIGHT (%)

47 Blue filter

(477 mu) 3.0 2.5 3.0 3.5 4.0 3.5
57 Green filter

(530 mp) 8.0 8.0 7.0 9.8 10.0 10.2
25A Red filter

{617 mu) 8.5 7.0 12.5% 12,5 13.0 10.0
89B IR Filter

(750 mu) 9.0 10.5 2.5 4.5 4.5 0.5
Scanner Imagery

RS~14 (8-14y) 27.0 22.5 34,0 30.5 24.8 12.5
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1. CUMMARY

This panerrattempts to agaregate previous research
results {(Practical Research Parers Yos. 2/70 and 4/70) sc as
to place the indivicual results ohtained in a theoretical ner-
spective,

Tre overall result is a mcdel with three dimen-—
sions irncorporatirnag concepts of spacing, licht irntensity, vield

ancd the numher of trees rer hill.

2. GENCKRPI ERESULTE ONTRINED PREVIQUSLV

Two basic relaticnships were obtained¢ from Practic
al Research Paver MN¢ 2/70 ancd MN¢ 4/70. These are summarised

in graphical form in Figures 1 and 2.

A
~ A
“ —
ol >
0 =) + B
o -
QO ul
Fy =
- 5
! C =
H
-~ G
(Sracinc) (vield)
Fig. 1 - Relatiorshin retveen Fig. 2 - Pelzticnship hetween
light intersitvy and liaht intensity anc
crop spacina, vield



These two crarhs can be corbired along the light in
tersity axis so as to form a three-dimensicnal model. This 1is

illustrated in Figure 3.

Yield

Fig. 3 - The three-cdirencioral relaticr-hin Fetween

Vield, liqght intcnsity and cror sracirc.,
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:Figure 3 is based on spot readings which help ot
indicate thégeneralshape of a single filament in the product-
ion surface:on the crop concerned. In fact all readings tak:n
- would occur on the parabolic shaped line ABC.

Figures 1 and 2, in two dimensions, are the sim: e
projections of the above three-dimensional function ontc e
Yield/Intenéity plane or onto the Spacing/Intensity plane. T«
‘projection oE the curve onto the Spacing/Vield plane woulc bhe
as outlined in Figure 3.

'fhe next stage in the discussion is to develon the
rest of the brop production surface without the aid of actu-l
empirical figures. However, some simple reasoninc, hased on
the few figures we possess, is sufficient to form an im~res-
.sion of the actual form.

Returning to the two dimensions, consider the ef-
fect of varYing numbers of trees per hill or relative syrrrcity
of vegetal growth within trees. With more trees per hill the
intensity of image light transmitted will fall until it reaches
a constant level which simply represents solid vegetation. “1-
milarly as trees per hill fall and vegetation bhecomes more
sparse the intensity readings will reach arother higher level
asymptotically which represents the bare soil reflectance (in-
tensity). Hence this can be summarised in Figure 4,
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Intensity

Spare trees

[, Soil

-— Large N@/hill

Vegetation

Spacing

Fig. 4 - Relationship between light-spacing intensity
for bare scils {large dispersion) and solid
vegetation (maximum vegetal concentration).

Considering the same diagram but now considering

associated yields on the various lines drawn it is possible to
form an idea of the final form of the production surface.

- 48 -



Intensity

Sfracina

Fig. 5 - Yigld variation related to light intensity

and vegetal concentration,

Consider vield verformance along thre lire DFF. It
high concentrations of plants (small spracing) the irncdivicual
yieléd of mlants is suppressed threcugh comretiticn for rutrierts,
light etc. and the cverall vield per hectare is low. ° ith ret-
ter spacing the indivicdual rlant vields increase as dcers the

yield per hectare- pbove this level, heyoncé woint F, tre rro-
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duction begins .to decrease again since the spacing reduces the
overall concentration of plants with an horizon yileld.

Hence at point F the production at field level {s
very low. Similarly, viewing the transition GHI a similar peak
function is bbserved. At G the higher concentration of plants
{g counteracted by the low numbers per hill and weak foliar
growth and hence yield per hectare is low. Point H is similar
to E and represents a peak in the yield function. Point I is
also a point of relatively lower production because of inter-
plant competition such as was observed at point D.

Given this general formof distribution the three
dimensional view of the function can be reconstructed and is
iliustrated in Pigure 6.
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Fig. 6 - Crop production surface relating yieléd, spacing

and image density in coffee.
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As can be seen in Figure 6 for any given spacing a
particular intensity will define the yield. The production sur
face in thus a useful model with.which to predict yiéld from
two measureable parameters on the basis of remote sensing.

3. LIMITATIONS

The actual form of the production surface presents
no problem in terms of applicability to the real world situg .
tion. The main problem is associated with its position in space
and relative variations in its absolute dimensions associated
with variations in basic land fertility and water status etc.
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1. SUMMARY

It is possible to estimate the Leaf Area Index (IAT)
(This is simply the ratio of the Leaf area to the soil area it
covers in plan or synoptic view.) of vegetation on the basis
of diffuse reflectance in the spectral band width 0.75 - 1.4
microns.

The LAI of vegetation markedly affects the net
photosynthesis, (the difference between photosyntheticised car
bohydrates and respiration losses) is a direct measure of pri.
mary production. The conversion of primary production into*yield"
for domestic crops can then be quantitised on the basis of
whether the yield corresponds to reproductive tissues (grains,
fruits) or to vegetative tissues (grass, foliage, forrage) or
both,

The method provices the basis for the estimation of
primary production potencial and productivity over large areas
of terrain.

In the past the assessment of LAI has been charact
erised by tedious laboratory proccdures. Assessments of pri-
mary production rotential have alsc involved detailed time-con
suming work capable of being executed only in minute areas of
terrain.

2., TOWARDS A SYSTEM OF YIELD PREDICTION

The photosynthesis for single leaves within agri-
cultural crops cdepends upon light intensity, plant species,tem
perature, nutrient status and water supply.

According to de Wit (1966) if a crop surface is
considered to be large horizontal leaves then the first layer,
subjected to a light intensity of about 0.6 cal an? min~! on
a clear day with the sun at 45°, would produce carbohydrates at
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a rate of about 18 kg CH,O ha * hr~l. The second layer would

produce about 1l kg/ha/hr and including the third layer the
total production would be about 30 kg/ha/hr.

However, this idealised profile seldom exists in
practice and a crop canopy consists of a multitude of small
leaves oriented at many angles. This has the effect of deepen-
ing the profile of light action since 1its intensity is not re-
duced as rapidly as in the case of horizontal leaves. Conse~
guently, in order to intercept all of the downfiltering 1light
a leaf area index greater than one is required.

Actual potential photosynthesis estimations rely
on a knowledge of the actual LAI, the light intensity and its
distribution, temperature cycles and the effects of any limit
ing factors operating on the crop in question,

For Dutch conditions {de Wit) the variation in Kg/
ha/day for a crop with an LAI of 5 is shown in Figure 1.
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2 .
Cal/cm®/day kg carbohydrate/ha/dav
- 400
200
150 Light m300
100 -200
photosyn-
thesiiy//)f
80 / -100
o] +— +— + o]
January July January
______ Months of _ _ _ _ _ _ _ o me .
the vear

Fig. 1 - Daily total of rnotential photosynthesis and light
throughout the vear in the Netherlands.

Source: de Vit C.T. "Photosynthesis of Crop Sur-
faces" Section M of ®ritish
Assn. Sept. 19€5. Rrdv, Scn.
Julv 196€. pp 161,
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The potential photosynthesis varies from about 375
kg CHzo per ha/day in June to 40 kg CH,0 ha/day in December.
The Potencial Photosynthesis with clear and overcast skies for
differemt latitudes are given below-in Table 1.

Table 1 -~ Daily totals of light and potential photo-
synthesis for a Canopy with a LAI of 5; Tro
pical Latitudes

LATITUDES MONTHS
North January April July October
0°  HC-1 343 364 342 365
PC-2 413 426 413 427
PO-3 219 228 218 228
10°  ©HC-1 299 375 375 345
PC-2 : 376 437 439 411
PO-3 197 234 236 218
20°  HC-1 249 375 399 313
PC-1 334 439 465 387
PO-3 170 235 249 203
30° HC-1 191 363 411 270
pPC-2 281 437 483 356
PO-3 137 232 258 182

Where: HC is light on very clear days and is expressed as
cal/cm/day.
PC and PO are the daily totals of photosynthesis on
very clear and overcast days, repectively,-ahd are
expressed in kg CHZO/ha/day.
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According to Figure 2 a LAI of 5, hence in order to
appreciate what this assumption means in terms of other LAIs it

is useful to understand the relationship.

Photosynthesis

400} ‘
~
3 300 .
] e
ke ™® . Respiration
>1 L]
£ 200t /.
£ "
o ©

Net Photosynthesi

°3 100t yRERESES
o M
v te

0 L 1 A 1 ] ]

Fig. 2 - The relationship between Leaf 2rea Incex

and Photosynthesis,

As can be seen from the above diagram the LAI of
5 is about optimum from the standpoint of net photosynthesis
(the component which influence the yield of a crop). The ef-
fect of LAI values on either side of this optimum value can he
observed to he a movement awav from the optimum., Since it is
seldom the case that plants maintain this optimum condition it
is obvious that the major problem in yield prediction is to es
timate the LAI for the varying species of plants covering the

terrain in a specific geographical location.



3. REMOTE SENSING AND THE ESTIMATION OF"LAI"

The importance of the transmittance of infrared
light through upper leaves and multivle reflection from lower
leaves has keen demonstrated by leaf-stacking experiments'whﬂh
effectively simulate idealised conditions of different LAIs.
One stack of leaves being equivalent to an LAI of 1 and two
stacks to an LAI of 2 2ncd so on. The form of the results of
=uch an experiment are r!:wn in Figure 3.

l1AF=Y
|AFs2
&
o |AFa|
©
g
v U
Sow
Gy i
Yo b
ol W
(@R
¥ T L 1
G5 1,0 L5 2.0 25
from: Myers et al
Vavelength microns (19€6) , Veslaco,

Texas.

Fig. 3 - Experimental variation of LAI and correspond-
ing diffuse reflexions.
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There is about a 30% increase in relfectance in the
range 0.5-1.5 with movement from an LAI of 1 to and LAI of 2.
With movement from an LAI 2 of 3 there is a further increase
in reflectance of about 12% and between LAI 3 and 4 an in-
crease of about 8-10%. Beyond an LAI of 4 the increases become
very small {about 3-5%) but still noticeable. Hence it should
be possible on the basis of reflection in the 0.75 to 1.4 mi-
cron bandwidth to form an assessment of the LAI of plants.

Hence by sensing within the bandwidth 0.75 - 1.4
microns it should be possible to map LAls for regions under-
going similar photoperiods and photointensities. However, when
LAT levels reach values of 6 and above it becomes difficult to
discriminate the differences in diffuse reflectance.

On the basis of a map of LAI values it should be
possible for each species of plant to assess the net photosyn-
thesis and hence assimilation of carbohydrates for growth of
vegetal and reproductive tissue.

Since the actual harvested component in plants var
ies between species i.e. grains are reproductive tissue and
energy stores, grass is vegetative tissue, citrus is reproduct
ive tissue etc. Hence for each species the conversion of net.
photosynthesis to actual yield values will depend upon the
species under consideration and the metabolic pathways utilised
in forming what constitutes "yield" for the species concerned.

4. CROP SPACING

In dense stands the amount of light filtering down
through the canopy of a crop will be effectively lower than
that which impinges upon leaves in a more open stand.

The effect for a given LAI should be to increase
photosynthesis in the case of the better spaced crop as shown
in Figure 4. Certainly the net photosynthesis per plant should
be higher through whether this also means the totél production
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per hectare is also higher depends upon the relative different
ials of yield reduction throuch larger spacing and indivicual
plant yield increase through the same situaticn of larger

spacing. Through careful experimentation on sracing effects and

total yields the correct correction factors can ke assessed.

Height

()

Yielé/h
100- a/ha é
80 L Yield/plant
80- ’ SIT77777777777 0| et hesin
) ilation
g 70 + Rate
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g 807 S
v 5. J !
Lal 50— E 3
> e JP
40 , >
YL
30
204 -1
|
1
10 ¢
, :
1 L
40 30 20 10 0
Spacing
Fig. 4 = Vield probability curves as function of
spacina.



5. SOME LIMITATIONS AND THE NECESSITY
FOR .CORRECTION FACTORS

The species variations in what constitutes yield
have been mentioned above. Several other complicating factors
however, exists which cause corrections to be necessary on any
vield assessments carried out on the basis of the above system.

6. DIURNAL TEMPERATURE VARIATION

Temperature variation has a marked effectupon both
photosynthekic rate and also upon the rate of respiration. 1In
general plants undergo a positive heat exchange balance dJdur-
ing the early part of the day which is kept in check partially
by the transpiration of the plant surfaces. However, often the
rate of transpiration is not sufficient to prevent the leaf
témperatures from reaching 30 - 32°¢C the temperature at which
effective photosynthesis stops. However, at this temperature
respiration continues to increase causing a reduction in the
effective net photosynthesis and for a short period the net
photosynthesis assumes negative values since the actual photo-
synthesis is zero and the respiration is positive.

Hence for each region assessments are required as
to the diurnal character of leaf temperatures under normal con
ditions. Of course checks can be made by utilising the thermal
regions for remote sensing and attempts could be made at extra
polating spot.readings to a diurnal profilé. However , for this
to be possible it is necessary to have a more exact knowledge
than is at present in existance of the relative performance of
different environmental ocbjects in relation to their thermal
. cycles, Plants of different shapes and aspect heat up and cool
at different rates. Cool soils of high moisture status heat up
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and cool in a time lapse (lagged) fashion as compared with
drier soils. Such variations will need to be accounted for in
an accurate system of yield prediction.

7. FORM OF THE CORRECTIONS

There is little reason for the correction factors
to be no more than summation and subtraction procedures. For
example a region experiencing clear conditions during January
at the latitude 10°N will have a total photosynthesis of 376kg
C/ha/day. However, daily negative records, because of elevated
midday toemperatures, may be as much as 65 kg C/ha/day hence
the overall value will be 311 kg C/ha/day.

Corrections in water ‘deficiency can also be sens
ed through the thermal and IR channels so as to construct the
necessary corrections to the primary photosynthesis levels
fixed for different locations.

8. APPLICATIONS

The application of the above methodology should aid
our understanding of the geographical biological basis of pro-
ductivity. The estimation of primary production is one of the
fundamental objects of the International Biological Programme.

One of the limitations upon the successwith which
this programme achieves its aims is that the tedious and detail
ed techniques which have been proposed on a standardised basis
by several of the scientists working in this programme (IBP Had
book N9 2 Methods of Estimating Primary Production of Forests;
P. J., Newbould; IBP Handbook N@ 6, Methods for the Measurements
of the Primary Production of Grassland, C, Milner, R. Elfyn
Hughes) .
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The broad classification possible, on the hasis OfH

the technique mentioned above, should provide a usef 1l geograpl:

ical classification of primary production to complement such
work as the two Russian authors L.E., Rodin and N.I. Bazilevich:

in their "Production and Mineral Cycling in Terrestrial Vegeta

tion" which atterpts o collect this information in such a way

as to form a geographical
Unfortunateiy
search results cover such
an approach can result in
The scale and
ed above should offer the

picture of the process.

the limite number of reliable re-
minute areas of the globe that such
only indicative results.

detail offered by the system propos
capability of a more comprehensive

knowledge of our environment being built up so as to enable ef

ficient utilisation of our natural resources through an under-

standing of their basic productivity.
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1. SUMMARY

In this paper a basic discussion on the Tolerance

Theory is attempted. This theory developed by R. Good in 1931
("A Theory of Plant Geography", New Phytol. 30:149-171)presents
‘the following basic concept: Each vegetal species is able to
grow and to reproduce successfully under limited weather and
-environmental conditions.

' Vegetal association, the plant community  concept,
and the influences of man on vegetal life will be considered,as
well some practical applications of the tolerance theory.

2. THE BASIS OF TOLERANCE THEORY

Each plant species can axist and reproduce success
fully only within a definite range of climatic and pedological
parameters. This range represents the tolerance of the species
to external conditions.

Diagramatically, this concept is shown in Fig. 1.
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Fig.1 - Growth activities of three different species of

plant with corresponding overlaping ranges.

Figure 1 illustrates three species of plant whose
ranges overlap. From the above it can be seen that species A
will more than likely be associated with B. This is also true
of C which will in general be able to occcur in association with
B. The asscociation does not have to be intimate but only loca-
tional with respect to the environmental gradient being consid
ered.

At the same time it can be said that the species A
will never occur with species C since their ranges do not over
lap.



3. THE CONCEPT OF COMMUNITY SETS

In order to clarify the concepts presented before
as they apply to remote sensing it is opportune to resort to
the symbolism and conventions of set theory. -

Figure 1 can be represented in several ways when
it is converted into a Venn diagram (l)

(R "y l | "
: ! | )
| | " | .
1 1 i ! I
1 | i i i
1 | i | i
| ! ! ( !
| |

! | L |

|

: ' ! I B :
| | 1| ! |
i ! i ! '
| I i

t i 1 i 1
I L i | ‘
I t i [ |
! ' . .. e a

(a) (c)
Fig. 2 - Three sets A, B and C according to

Venn's diagram.

(l) John Venn (1834-1923) - Introduced a diagram by using over

laping circle:, I':o circle represents a set.
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In Figure 2 the probability of finding Aor C A
associations which do not include B is quite high. At the san.w

time the probability of finding A and C in the same associatim
is zero. E
In Figure 2 (b) the probability of finding A in ag
sociation with B is 100% whilst a B/C association has a proba-
bility of about 25%. Again the probability of an A/C  associa
tipn is zero. In (c) the probability of both A/B association
and B/C association is 100% whilst again the probability of A/'
¢ is still zero. |

In practice, of course, the number of posaible .
plant associations is enormous and might involve ten, twenty o
more basic plant species.

However, this very diversity has can be put to use
in varicus applications of remote sensing.

4. CENTRES OF DIVERSITY AND THE
INFLUENCE QOF MAN

One basic relationship which is of great relevaﬁcé
in modern times is the monitoring of man's interaction with his
environment, _

Man's ecological situation has progressed with time
from nne of being dominated by the natural environment to one
of dominance of the natural environment. A measure of this do-
minance is the reduction in natural diversity and alsc the ree
lative expansion of certain selected species at the expense of
others which under nommal circumstance would be members of the
same community set.

The effect mentioned above can be illustrated Ey
Venn diagrams as is attempted in Fig. 3.
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Fig. 3 - (a) Natural situation and diversity.
(b) Effect of man. Expansion of dominant
species and relative reduction in
diversity.

The natural diversity represented by the seven com
peting species in dynamic equilibrium is influenced markedlyly
man's selection of two of them for domestication (B and C).The
remaining species thereafter become weeds comreting for the
same nutrients as the domesticated crons. The remaining species
are relegated to the position of weeds.

For example, Figure 3 indicates species A,D and E
to be weeds of the corp B and G of crop C.

Technology might be such as to have completely re-
duced the effective competition of spécies F by the application
of a selective herbicide.

| In other words F can only exist in the ahsense of

crop B and C since such crops normally receive selective herbic



ide.treatments.

For example this situation would exist for dicoty
ledons in say the two crops wheat and barley which regularly
receive treatments of 2,4-D (2).

The effectiveness of this drastic ecological in-
fluence of man varies between countries and regions of the
world and is related to the degree to which modern agricultural
technology is applied to the industry.

fimilarly the effective concentration of crops re-
lates to the technology employed on the farms. For example, in
undulating or flat terrains, large fields associated with high
degrees of mechanisation are utilised in developed nations and
certain areas of the developing nations. In countries incapable
of justifying large field equipment the general field size is
smaller since the main power sources are animals or man himself.
Hence the overall effect of the development of agriculture with
in the context of extant agricultural technology is to cause
large variationc in the extent to which single species dominate
giver production rcgions and also the degree of homogeneity with
in the regions a .4 c.ops concerned.

i: order to clarify the distinctions above view Fig-
ure 4.

(2) 2,4-D 15 a selective herbicide vhich is toxic to dicoty-
ledons but not to monocotyledons. Its effect is to cause
imbalance in the growth hormone activity (auxins) caus-
ing dvsfunction in this process and the eventual death
of the plant.
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Fig. 4 - Dominant species and technology effects.

In Figure 4, in (o) I is relatively more dominant
than C, both of which are the most dominant species in the
regions represented above. In the same figure, in (b), B is
more homogeneous than C since technology has permitted the com
plete exclusion of the weeds A,D,E and F from the domain of
the crop. In the case of C it would seem that technology has
not succeeded in permitting the easy exclusion of G from the
crops domain. Indeed, the effect might not be technological
but economic. It may be possible to exclude G from C by there
gion may be too underdeveloped to empley the technique becaus

of pecuniary limitations or indeed information deficits.
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5. APPLICATION OF THE AROVE THEORY

Pofole such a theory can be effectively applied to
remote sensing applicaticrs it is necessary to account for lo-
cational (bioclimatic) variations in the above processes.

The concept of location has to be interpreted in
three dimensions (longitude, latitude and altitude). The over

all effect of the latitude/altitude interaction is shown in
Fig. 5.
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Fig. 5 - Composite effects of latitude and altitude
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The latitude/altitude interaction diagram simply
shows the effect of moving to a cooler latitude is the same as
moving toc a higher altitude. Hence the bioclimates are distrib
uted generally with latitude and longitude and also within hamo
geneous zones one can find bioclimatic gradients associated
with altitude.

With each bioclimate there is an associated commun
ity set of vegetation and these bioclimatic variations help to
define the actual sets most likely to occur. Secondly, depend
ing upon the type of agricultural development, the actual dom-
inance and homogeneity of the different species can be roughly
defined. These three simple interactions provide the basis -of
a simple differentiation system in remote sensing which is de
veloped in more detail in Theoretical Research Paper NQ 3/70.
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1. SUMMARY

In the previous paper a discussion of the relevance
of plant tolerance theory to the three major variables relevant
to the synoptic view of the environment was developed.

(1) Bioclimatic definition of the plant community,
(2) Species dominance, and
(3) Species homogeneity.

This paper develops the actual applications of
these three simple concepts to the field of remote sensing.

2. GENERAL CONSIDERATIONS

The capacity for rapid land utilisation survey 1is
of both scientific and economic importance.

The concepts developed in the previous paper prov-
ide the basis for such a system.

However, the method of automisation of data collect
ed is different from those previously developed (Purdue Annual
Reports for example all rely on an absolute definition of multi
spectral.characteristics for the various crop plants) as will
became clear below.

Consider a large terrain of say a million square
kilometers.

The preliminary consideration in any survey is to
estimate where natural vegetal zones, cultivated regions and
human concentrations exist. From the standpoint of natural ve-
getation we will ignor in this paper the concepts associated
with human habitation distribution.

We are faced with the problem of distinguishing na
tural vegetation zones from cultivated crop zones.
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Referring hack to the concepts develered in Thecret
ical PResearch Paper N¢ 2/70 we are faced with the prohlem of
discrimination between basic plant communitv sets, community
domination and species homogeneity.

Consider the following situations within a bioclim
atic zone (Fig. 1).

Fic. 1 - Situations: (a) Natural (b) Cultivated

r

The cultivated zone (b) is markedly cifferent from
the natural zone. Three crops have been introduced, all of
which dominate the zone (I,J and K). Species A and C onlv occur
in isolation whilst the species F,D,H,E and B remain in associa
tion with the crop plants as weeds. Species G has recome extinct
since its major natural association, E, has heen recuced to in-
significance. Species E may have been the maijor shace rlant of
G for example.

| Crop J can ke seen to he relatively more romogeneous
than I of X {less weed infestation).



3. THE CHARACTERISTICS OF NATURAL
PLANT ASSOCIATIONS

The natural situation for plant communities is one
of extreme complexity. The associations between species form a
multitude of possible combinations. The very aggregate tendercy
for any bioclimatic.zone. 2 position of dynamic equilibrium is
attained with climax vegetal forms associated with predictable
subsets of plant communities. The central tendency effects re
sults in a varying but relatively hamogeneous plant community
(as opposed to a homogeneous species occurrence which is a
major variable in crop plants).

Considering a certain region of the energy spectnm
we can hypothesise that the overall variation of reflectance
and emmitance in the natural regions associated with the aggre
gate plant community is slight.

4. THE CHARACTERISTICS OF
CULTIVATED ZONES

In the cultivated zones the plant community  sub-
sets are quite distinct. For example, crop I does not occur
with J or K in an intimate stand. A field might border - the
others but they do not form a complex association since man
does not permit this. Hence overall, associated with field to
field communities, there is a larger variation in sensed re-
flectance or emmitance than in natural zones.

However, within the fields it can be expected that
the variation will also be very small and be associated with
the relative homogeneity of the crop species concerned.Another
influence upon the in-field variance will be cultivation pract
ices which vary from crop to crop.
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5. THE SUMMARY OF TEE AROVE VARIZNCE
CONSIDEPATIONS

Consider two regioné bordering one another., One is
a natural vegetation zone anéd the other a cultivated zone. The

variation of reflectance with distance is illustrated in Fig.2.
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Fig. 2 - Variation of reflectance for natural and
cultivated zones.

6. THE SIMPLF THEEOPY OF BOUMDARY
RECOCMTTION

2 preliminary step in the recognition of l1-rd use
and natural resource distribution is the cdelineatior of reund-



aries. In Figure 2 the boundaries between the naturai zone and
cultivated zone is an obvious jump at the border of the field
containing species I. The boundaries between fields are also
obvious within the cultivated zone.

To recognise a real vegetal boundary reguires Two
processes. One is the recognition of the change in reflectance
between one point and the other and the seccnd is the decision
as to whether this 1s significant or not. Putr in other words,
is the gradient of reflectance with distance over the terrain
indicative of a boundary or of the natural varziat.on waithin a
particular zone?

The solution to this problem is not difficulc. At
this point is sufficient to note that a significant negative or
positive gradient indicates a boundary which will be located
roughly at the point of the maximum. Howeﬁer, the acocuracy with
which the boundaries can be established varies with ths resoclu
tion of the sensing instrument and several other variables to
be discussed.

7. THE EFFECTS OF RESOLUTION CHANGES

The best method of assessing the effects of vary-
ing resolutions 1s on the basis of the concept of cne moving
average. A resolution of 10 meters will give the same value as
one of 20 meters if the 1l0m readings are converted into a mov-
ing average based on pairs of sequential readings The extremes
of the prozess can be seen in an hypothetical effects of reso-
lution upon the natural/cultivated zone readings ililustrated
in Figure 3.
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Fig. 3 - Hypothetical effects upon natural/cultivated
zones.

The actual gracients cf the alove three lines are

given in Fig. 4 and each represents the change in reflectance
with distance:

Gradient = cP

where R is reflectance

D ig distance
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Fig. 4 ~ Reflectance gradients as function of

distance.
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As can be seen the large resolution indicates the
rough location between the natural vegetation and the cultivat
ed zone.

The middle resolution indicated the locaticn of the
natural/cultivation zones as well as those betweer fields.

In small resolution the ER/ED transforms indicate
boundaries between plant association within the natural vegeta
tion region and also within fields.

For the situation represented above the best resolu
tion is that illustrated in the middle of the &r/AdD transforms
illustrated above. Fowever this resoluticn will not have univ -

ersal applications as the fecllewing discussion will illustrate.
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8. THE EFFECT OF FIELD SIZE

If fields are in general far bigger tiian those in-
dicated above then the larger resolution used (Fig. 4) might
be quite adequate to record field boundaries. In areas with
smaller fields the resolution will also need to be smaller in’
order to record the boundaries aon the basis of AR/AD transforms.

The general effect of resolution upon the correct
location of boundaries is shown in Figure 5.
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o
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Fig. 5 - Effect of resolution upon the correct
' location of boundaries.
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Perce in orféer to record the correct numher of
field boundaries it is necessary to have smaller resolutions

in the case of small fields and larger ones in the case of
larcer fielcs.

e, TEF TFFLCTS OF VARIZNCE

In heth fields and natural recions demeonstrate hiah
varience witr distance ther it mav ke difficult tc locate the
actual rouncaries with a high accuracy. However, the overall
chance in mean sheould indicate a transitior into anotrer tvne
of rlant asscciatien. Vher toth means and variances are the
same it is not ressiltle teo define boundaries unless they are
marked hv roads or zones cof veaetation markedly different from
thet existinag or either side. "hen the means are the same the
variance chance mav te sufficient to incdicate houndaries.

l This can he illustrdted in Ficure 6 on the rasis of

variance ratio
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Fia, € - Reflectance-~distance diagram for boundary
detection '
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vith a variarce ratio of ®he there is a zerc cif-
ferential ané n¢ arverent difference ir the roruvlaticons and
hence on thris hasis no roundaries exist. ith variarce ratics
differinc from uritv hourncaries can he located accuratelvy,
However, for the differences in variance to "e measurecd, it is
necessary to sense usina irstruments which have . rescluticns
smaller than the spatial period over which tle main variastions

occur.,

D variarce ratio of one however does net mean that
the fields are of the same porulation. The actual means of the

tarcets migkt be different hut their variances miaht »e effect

ivelv the sane.

nfloctanc

D—istance bounaary

Tfig, 7 ~ Reflectance variation with distance.

In this case the variance ratic is less useful
than .the ér/éD transform which indicates the heourdary verv

simply as showr ir Figure 8,



Fig.‘B - Boundary definition'according to dr/dD

relationship.

10, SPATIAL CONCEPTS OF VARIANCE

If use is made of variance ratio relaticnships ac-
count needs to he taken of the distribution of the values ab-
out the mean with distance. ”

For example both of the following distributions
have the same variance hut have a different distribution with

respect to distance:

Distance™ D

(a)

. -
Distance™  (p)

Fig. 9 - (a) and (b) - Different distributions for

the same variance.



Hence in order to assess the correct variance for
a specific plant community set it is necessary in situation (b}
to traverse the whole distance D. In the case of (a) it is pos
sible obtain as accurate to assessment by sensing only about
20% of this distance.

Hence in assessing:variance account needs to be
taken of the absolute value assessment with respect to dist-
ance over the terrain covered with the target variable.

Therefore with differing means it is usually ade-
gquate to utilise the AR/AD transforms. If the means are only
slightly different or the same, use can be made of the variance
ratios V/V.

When both the V/V and dR/AD transforms assume val-
ues of one and zero respectively, it is not possible to differ
entiate zones nor indeed classify crops or plants.

4. AUTOMATION

Rutomation of the above form of data representation
is very simple. Consider the following figures from a linear
transect which represent reflectance values: '

a,b,c,4,e,f,9,h,i,ij,k,1,m,n,o0,p,q,r,s,t,u,v,w,x,vy,2.

Several of the above figures might have equal values
as illustrated in Figure 10.
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In order to estimate the AR/4D transform we select
a reasonable number of consecutive peoints, In this case assume
the selection of triplets. Fence dR/AD for first sample is: é
minus §_plus é (Rr) divicded hy the distance covered hy samples
a,b and c (dr),(where “indicates the deviation from a ).

Viewing tbe secuence of drR/dD transforws-khey can

be seen to be of the following form (Table 1).



Tabhle 1 - Boundary selection by computer

threshold.
dR/4aD , magnitude boundary (S)
a i
b | zexro // ﬁ[
C jpositive 4%
d | zero [ N
e | negative A
t | zero A N
g |positive A
h [zero A q
1 |positive A
7 | zero 7 |
k [negative U A "
l | negative VA A
m | zero
n |positive Y 1/, pd
0 |positive N A (£)
p | positive A j°)
g [ zero 7z .l
r |positive [ X4
etc.
//1//' -——~§-

computer threshold

The computer simply records the boundary symbol
when the dR/AD transform reached a specific threshold. Accord
ing to Table 1 the dR/AD transform locates the boundary at ab-
out point o. As can be seen from the diagram plotting the val-
ues of the readings this is about right, the boundary occur be
tween o and p. If the dR/AD transform was based upon duals of
consecutive readings the location of the boundary would  have
been more accurate since the 4R/dD value recording the highest
value occurs between 0 and p

In order to correct for dR/AD shifts due to ab-
solute variations in record levels it is better to express all
of the figures as percentages of the mean (mean being 100%).
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In this way the dB(dD transforms at all levels are
compareable. |

Hence based upon the above principles it is very
easy to establish the automatic recognition of vegetal boundar
ies on the basis of dR/AD transforms.
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1. SUMMARY

The studies of the Practical Research Paper N 3/
70 (1) are the bases for a new Land classification methodology,
according with land use and capability, following a soil dis-
crimination test based on natural fertility.

The present work uses the variable light density
measurements obtained from images of different soils, and takes
into account multiband imagery. The work is useful in studies
of Soil Conservation, Reclaimation,and Changes in the Use - of
the Land.

2. INTRODUCTION TO THE PROBLEM

 In Practical Research Paper NQ 3/70 (1) it was con
cluded tHat the.colour film, by itself, did not offer as clear
a definitioﬁ for the separation of red soil and black soil as
desired. | |

All of the readings taken in the above study were
taken from images of bare soil. Since such a simple procedure
made possible the separation of the yellow soil from the black
and red soils investigation or the uses of these soils provides
the basis for an inproved methodology for separating soils.

One factor of importance in the approach being con
sidered is the use to which soils are put. For example the yel
low soil is inherently less fertile (in Test Site 801) and the

(7Y Practical Research Paper NQ 3/70 - Investigation into
Image Densities for three Soil Types on Colour Ekta-

chrome Film = Page 16.
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red 80il is more fertile. The black bog soil differs fram both
since by definition it has a far higher water status and galso
1igher organic matter content (the reason for its black colour).

3. THE APPROACH AND BASIC ASSUMPTIONS”

The approach which is likely to provide more conclu
sive results is one which separates the land usage and capabil-
ity into categories based upon the variance of densities which
relate to the varying complexities of land utilisétion associat
ad with different soil types.

For example, the fertile red soil is used for a
jreater range of crops than the bog soil which lxmits the range
of crops grown because of its high water status. The j yellow

soils are used even less since they are less fertile and tend
to be represented by a ground cover of natural vegetation. Hence
the variances of the densities within the three soil types should
differ, Hypothetically it would be expected that the variance of
the red soil area would be greater than the bog area which in
turn would possess a variance greater than the yelléw ébil area.

The approach will therefore be to measure these para
meters by taking random density measures in each major soil area.
Use will be made of the multiband films A, B, C and D in order
to select the superior film for this purpose. o

4. APPLICATIONS OF THE RESULTS

In the results prove to be significant they have var
ious potential applications. A field of particular application
is that of conservation and reclamation and land use change.

In general areas of lower fertility have been avoid-
ed from the standpoint of agricultural production. In such re-
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gions the vegetation has been alloWéa to attain its climax sta
tus which in general is represented by a homogeneous zone cov-
ered with grassland, shrubs, small érees or forests depending
upon the bioclimate. In some regions, of course, climax vegeta
tion 1s very sparse because of severe fertility or water re-
straints result in desert and arid zpne formations.

By definition the above description of areas poss-
essing climax vegetation also assumes a low level of variabil-
ity within the homogeneous zones. On the other hand, ajoining
regions of higher fertility will pogsess a mixture of crops
under farm management conditions which result in a region of
great heterogeneity. By the same token these regions will poss
ess a higher variance caused by bare soil areas bordering per-
renial crops which in turn might border annuals in different
stages of growth.

Regions which have been used historically for agri
cultural production, but which sincé'have been abandoned be~
cause of reduced fertility, can alser be recognised on the same
basis as the above observations. In general abandoned regions
do not attain their climax natural vegetation form for some
time after the beginning of the regeneration of natural vegeta
tion. In favourable regions the climax conditio might be reach
ed in about 20 to 30 years whilst in others the process may
take 50 or more years. The transition period between abandon-
ment and the attainment of the climax condition is marked by
a succession of definite plant commﬁﬁity complexes which can
be recognised on the basis of density measurements.

Hence, knowledge of the ‘variabilities of different
regions based upon spectral densities should provide informa-
tion on three important facts. l. Where most agricultural pro
duction is ogcuring. 2. Where the less fertile regions are lo-
cated. 3. Wﬂére the abandoned regioh; occur together with a
measure of how long they have been abandoned.
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Such information permits an assessment to be made,
in historical perspective, of the rate at which land is being
worked out. On the other side of the equation, assessments can
also be made, with time, of the rate at which relatively less
fertile areas are being colonised in order to maintain agricult
ural production.

_ Such facts provide crucial ainformation for studies
in conservation and reclamction of land.

5. CONSERVATION

Decisions have to be made upon whether it is cheap
er, in the long run, to conserve land fertility through judic-
ial use of fertilizers and soil conservation (by implementing
anti-erosion measures} or to spread production to other regions
of high fertility.

6 RECLAMATION

Following a continuing process of colonisation of
high fertility regions, the marginal land begins to approach
levels of lower fertility sin~e more »dd more of the land left
for colonisation is of lower fertility. There comes a point
when a decision has to be made as to whether it 1s cheaper to
 spread production into lower fortility regions or to reclaim
previously abandoned zone:s and to regenerate the fertility lev
el. In general this might be an expensive process, but, since
most abandoned regions are in superior market (in general)loca
tions, this might be justified since by spreading to outlying
lower-fertility areas the transport costs might prove to be
high for the prccedure.

As can be seen from the above discussion the actual
use of land is an economic problem as well as one relating to
bagsic primary production potential. Since the economic variables
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are often a combination of both primary p:oduction potential
and locational aspects (markets and communications), the syn-
optic view of the process- and interaction of these variables
offered by remote sensing technology is particularly useful for
those concerned with conservation and reclamation.

7. CONCLUSION

Although the Test Site 801 data does not represent
a normal situation (St. Elisa fam contaihs far more crops than
normal farms would) it is hdped thaﬁ-the&éfééqseé stﬁd;” will
indicate the feasibility of such an application of remote
sensing.
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