












































16
OBTAINING THE MODEL

The Canonical Correlation Analysis is an extension of
linear regression analysis and a linear regression equation
in the form of Y = MX + K can be obtained, for which Y and
X are linear polynomial variables. The coefficients for
each variable in the polxnomials are determined in the
analysis, the slope (M) of the regression ‘l-.i..ne and the Y
intercept (K) need to be established however. This was
carried out by inéérti.ng .'tﬁe - Canonical - Coefficients,
together with th'e' respective surface reference and
satellite reflectance data, into a linear reg'ression

-

program.

The Canonical Correlation analysis was calculated for four
pairs of variables: surface chlorophyll. a and surface
turbidity with the four satellite reflectance bands;
integrated chlorophyll a and integrated turbidity with the
four satellite reflectance bands; surface and integrated
chlorophyll a with the four satellite reflectance bands and
surface and iﬁtegrated turbidity with the four satellite
reflectance Dbands. These provided four simultaneous
equations relating the water quality variables to the
satellite reflectance data. The solution of the four
simultaneous equations enabled a model to be produced. The
model was then used to obtain the calibration equation for

each day.

By applying the respective Canonical Coefficients and M and
K values, values could be calculated for the four water
quality variables for each pixel of the impoundment, by
entering the corresponding reflectance values of the four
wavebands. This made possible the synoptic determination
of chlorophyll a and turbidity concentrations in the

impoundment.
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TESTING THE ACCURACY OF THE CALIBRATION EQUATION

To determine the accuracy of the calibration equation
obtained from the Canonical Correlation Analysis, the
linear regression program and the solving of the four
simultaneous equations, it was hecessary to test the model
with data that had not previously been used in the model
development or the calibration thereof. 55 sampling points
had originally been analyéed and 32 of these points had
been used for calib‘lr.:-it'ioﬁv purposes. - Therefore 23 data
poiﬁts_wer‘é availébie to test the accuracy of the models.

These points .were termed the validation data set.

Two indicators were ‘used to assess the performance of the
models and the calibration equations. A coefficient of
efficiency of model performance was used to examine the
accuracy of the calibration equations on the original
calibrated data set. The Student t test and the percentage
relative error, between the simulated and the observed mean

values of the validation data were determined.

The coefficient of efficiency of model performance (Nash

and Sutcliffe, 1970) 1is "an index of one to one

correspondence that is sensitive to systematic errors in
the model output” (Roberts, 1978) and essentially
determines the closeness of the observed versus simulated
data around the 45° line on a graph. The closer the
regression line 1lies to the 45° 1line the higher the
coefficient of efficiency. Used in conjunction with the
coefficient of determination (Rz) “the value of the
coefficient of efficiency will be lower than the
coefficient of determination if the results from the model
are highly correlated but biased" (Aitken, 1973). Ideally
the coefficient of efficiency values approximate to 1,0

with intercept values of 0 and slope of 1,0.
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The Student's t test from the SPSS Statistical Package for
the Social Sciences (SPSS), (Nie et al, 1975), was used to
test the similarity between the observed and the simulated

data set means.

The t test gives an indication of the significance of the
difference between the means. The closer the t value to
zero, the better the fit, whereas the larger the value,

(sign ignored) the poorer the simulation.

If the absolute value of t (the sign ignored) is greater
than the critical value of t obtained from a table of the t
distribution then there is a significant difference between
the two means. The critical values for 44 degrees of

freedom at the 5% two tailed level of significance is 2,02.

The percentage relative error between the simulated and the

observed mean values were also calculated.

RESULTS AND DISCUSSION OF RESULTS

The results shown in Table 3 indicated good mean and
standard deviation values between observed and simulated
data, reasonable coefficients of determination all above
0,72 and an acceptable coefficient of efficiency for
integrated turbidity of 0,78. The coefficients of
efficiency for the remaining variables were between 0,59
and 0,62. The validation data, (Table 4) showed small t

values and percent relative errors for all of the variables.
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TABLE 3: COEFFICIENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET '

SUCOL INCOL SUTUL INTUL
Mean of observed data 22,95 24,49 4,75 5,06
Mean of simulated data 23,93 25,63 4,84 5,14
Std. dev. of observed data 12,79 12515 1,58 1,60
Std. dev. of simulated data 16,65 15.15 1,86 1,91
Regression intercept 6,34 6,56 1,24 1507
Regression slope 0,68 0,70 0,72 0,78
Coeff. of determination R? 0,78 0,76 0,72 0,86
Coeff. of efficiency 0,59 0,61 0,61 0,78
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TABLE 4: ANALYSIS OF ACCURACY OF THE VALIDATION DATA SET FOR 82.09.30:

Water Quality Sstd. Diff. t % Relative
Variables Mean Dev. Mean Test Error
23 Cases
Surface Observed 27,17 10,59
-1,43 -0,63 S
Chlorophyll a
' Simulated 28,60 12,94
/L
Integrated Observed 30,61 8,43
-1,21 -0,56 4
Chlorophyll a
Simulated 31.82 12.71
Surface Observed 5,67 1,69
0,16 0,71 3
Turbidity
Simulated 5;51 1,42
NTU
Integrated Observed 6,00 1,52
-0,14 -0,81 2
Turbidity
Simulated 6,00 1,52
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These results indicated that the models calibrated with
coefficients determined from the Canonical Correlation
Analysis enabled acceptably accurate simulations to be made
of concentrations of water quality variables for the
overpass of the 82.09.30 using satellite reflectance data

as the major input.

Utilizing the model to calculate chlorophyll a and
turbidity values for the entire water body could therefore
provide both synoptic and quantitative information of the
distribution and concentration of the four water quality

variables.

A model was developed which enabled the four water quality
variables to be obtained from the reflectance values of
each pixel in the impoundment. The concentratiqn and the
overall percentage distribution of surface and'iﬂtegrated
chlorophyll a and surface and integrated turbidity was

determined.

The results of the model for the overflight pass on
82.09.30 are presented in Table 5.




TABLE 5:

SIMULATED CONCENTRATIONS AND DISTRIBUTION OF THE WATER
QUALITY VARIABLES ON ROODEPLAAT DAM USING SATELLITE
REFLECTANCE DATA.

Numbers of pixels in impoundment

SURFACE CHLORCPHYLL RESULTS.

ug/

MEAN = 27,47

MAX = 430,09

MIN = 0,81

CLASS RANGE PERCENTAGE AREA

0,00 - 10,00 21,44
10,00 - 20,00 36,16
20,00 - 30,00 18,96
30,00 - 40,00 7,66
40,00 - 50,00 2,83
50,00 - 60,00 2,59
60,00 - 70,00 1,88
70,00 - 80,00 1,53
80,00 - 90,00 2,12
90,00 - 100,00 1,06
100,00 - 110,00 1,41
110,00 - 440,00 2,37

INTEGRATED CHLOROPHYLL RESULTS

ug/%
MEAN = 28,41
MAX = 344,05
MIN = 1,42
CLASS RANGE PERCENTAGE AREA
0,00 - 10,00 17,67
10,00 - 20,00 31,57
20,00 - 30,00 22,50
30,00 - 40,00 10,84
40,00 - 50,00 4,95
50,00 - 60,00 2,83
60,00 - 70,00 1,88
70,00 - 80,00 1,53
80,00 - 90,00 1,77
90,00 - 100,00 1,53
100,00 - 110,00 0,47
110,00 - 350,00 2,49

849

SURFACE TURBIDITY RESULTS

NTU
MEAN = 4,87
MAX = 22,52
MIN = 1,02
CLASS RANGE  PERCENTAGE AREA
0,00 - 2,00 6,60
2,00 - 4,00 38,28
4,00 - 6,00 35,10
6,00 - 8,00 7,89
8,00 - 10,00 6,83
10,00 - 12,00 3,06
12,00 - 14,00 1,41
14,00 - 16,00 0,35
20,00 - 22,00 0,24
22,00 - 24,00 0,24

INTEGRATED TURBIDITY RESULTS

NTU

MEAN = 5,14

MAX = 21,06

MIN = 1,84
CLASS RANGE PERCENTAGE AREA
0,00 - 2,00 0,47
2,00 - 4,00 35,92
4,00 - 6,00 39,34
6,00 - 8,00 12,84
8,00 - 10,00 6,60
10,00 - 12,00 2,71
12,00 - 14,00 0,94
14,00 - 16,00 0,94
20,00 - 22,00 0,24

1

B N

R S s s MAE e e ?

p— -



Lol

.

- ..

i

23

Table 5 presents mean, maximum and minimum values and
distributional estimates of concentrations, as simulated by
the model.

Surface  chlorophyll a in the range between 1 and 30
ug/% was found to cover 77% of the impoundment. An
area of 20% was shown as having between 30 to 100 wug/%
and 3% of the area had over 100 wug/%. The maximum
simulated value of surface chlorophyll a was 430 wug/%
but it is highly likely that the high values over 100
ug/% are due to mixels, mixed land and water pixels.
An area of 72% of the impoundment was simulated as
containing between 1 to 30 ug/% in the water column

(integrated chlorophyll a).

Turbidity values between 1 to 8 NTU were found to cover 88%
of the impoundment whereas integrated turbidity for the

same value range was found to cover 86% of the area.
A SYNOPTIC VIEW

The value of satellite reflectance data lies mainly in its
synoptic view. Concentrations and areal estimates can be
enhanced by the spatial characteristics of satellite data
to provide researchers with data concerning the location,
concentration and areal coverage of a specific water
quality condition. Mapping the distribution of water
quality conditions using values determined by the model was

the next step.

Maps of simulated (predictéd) water quality conditions were
produced using the simulated data and PIPS, a portable
image processing suite for remote sensing and geographic
information systems, obtained from the Department of
Surveying and Mapping, University of Natal, (O'Donoghue
et al, 1983). Plate 2 illustrates the results showing
concentration contours of chlorophyll a as determined by

the Canonical Correlations Analysis and the satellite
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PLATE 6.1 PREDICTED SURFACE CHLOROPHYLL. 820930

PLATE 2: DISTRIBUTION OF SURFACE CHLOROPHYLL a
CONCENTRATIONS AS DETERMINED BY THE CALIBRATION
MODEL AND THE SATELLITE REFLECTANCE DATA.
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reflectance data. Plate 2 indicates that chlorophyll a
concentrations are highest along the western arm where the
Pienaars River and Hartbeespruit enter the impoundment. It
is also evident that concentrations of chlorophyll a are
found along the edge of the impoundment, where the greatest
productivity can be expected, and along the northern

shoreline perhaps due to wind action.
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SUMMARY

It is evident that satellite reflectance data provides
spatial and quantifiable information unlike any other data
source yet available in the field of water resources. The
extrapolation of point source data to that of synoptic data
is a step forward for limnological and hydrological
research. Quantitative, reasonably accurate information
showing the position and concentration of specific water
quality conditions may, for example, aid in monitoring
levels of eutrophication of an impoundment, enable regions
of greatest productivity to be assessed, detect water
hyacinth and algal scums and help determine factors

involved in the sedimentation process.

The method of analysis and the resulting model discussed in
this paper can be applied to any impoundment visible to the
satellite, providing that adequate care is taken to ensure
representative surface reference data; and providing the
basic relationship between the satellite reflectance data
and the surface reference data in the impoundment can be

approximated by a linear model.

‘Only when researchers, limnologists and hydrologists
realise the potential of satellite imagery for aiding water
resources management and serious attempts are made to
utilize this vast source of information, will the value of

satellite reflectance data really be appreciated.
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