















































































































































































































































TABLE £.5: RESULTS OF THE CANONICAL CORRELATION ANALYSIS FOR INTEGRATED CHLORDPHYLL a/INTEGRATED TURBIDITY AND SATELLITE
REFLECTANCE BANDS

81.11.01.
fiittunlue ALL DATA EXCLUBING OUTLIERS NORMALISED GATA
OATE: 81.11.01 n cC Hean % n 2 MEAN % n cc MEAN 4
32 2 32
INCOL 1,28 1,53 K1l
INDEPENDENT
X
VARIABLES INYUL 5,57 0,80 69
[9))
mn
DEPENDENT BAND 4 0,15 6,19 21
Y BAND 5 0,21 1,25 19
VARIABLES BAND b 0,07 8,56 13
BAND 7 -0,17 6,0 23
" CANONTCAL
CORRELATION ¢ 0,93
TAIL
PROBABILITY 0,0000
L
€C - CANONLCAL COEFFLCLENT n = NUMBER OF SAMPLING POINTS
MEAK - MEAN OF OATA SET % - PERCENTAGE CONTRIBUTION
INCOL - 1INTEGRATED CHLOROPHYLL a INTUL = TINTEGRATED TURBIDITY
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TABLE 4.6: RESULTS OF THE CANONICAL CORRELATION ANALYSIS FOR §

REFLECTANCE BANDS

URFACE CHLOROPHYLL a/SURFACE TURBIDITY AND SATELLITE

81.12.07.
INCLUDING ALL DATA EXCLUDING GQUTLIERS NORMALISED DATA
CATE: 81.12.07 n cC Mean % n c MEAN % n cC MEAN
28 28 28
SUCOL 0,02 1,14 2
INDEPEHDENT
X
VARLABLES SutuL 2,b2 0,54 98
DEPENDENT BAND 4 0,05 311,92 21
Y BAND $ t,06 10,93 23
VARIABLES BAND & 0,1 8,46 K11}
BAND 7 -0,12 6,25 26
CANONICAL
CORRELATION r 0,94
TalL
PROBABILITY 0,0000
€L = CANDNILAL COEFFICIENT n = NUMBER OF SAMPLING POINTS
MEAN = MEAN OF DATA SET X = PERCENTAGE CONTRIBUTION
SUCOL -~ SURFACE CHLORDPHYLL a SUTUL = SURFACE TURBIDIIY
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TABLE 4.7: RESULTS OF THE CANONICAL CORRECATION ANALYSIS FOR INTEGRATED CHLORDPHYLL a2/INTEGRATED TURBIDITY AND SATELLITE
REFLEETANCE BANDS :

81.12.07.
INCLUDING ALL DATA EXCLUDING QUTLLERS NORMALISED GATA
DATE: B81.12.07 n €C Mean % n cc MEAN % n cc MEAN x
28 28 28
INCOL 0,63 1,13 35
INDEPENDENT
X
VARIABLES INTUL 2,38 0.56 65
n l—
~J
ODEVENDENT BAND 4 6,06 11,93 41
Y BARD 5 0,05 10,93 n
VARIABLES BAND & 0,05 8,46 24
BAND 7 -0,M 6,25 4
CANODNICAL
CUGRRELATION r 0,95
TALL
PROBABILITY D,0000
CC = CARONICAL COEFFICIENT p = NUMBER OF SAMPLING POINTS
MEAN = MEAN OF DATA SEV % = PERCENTAGE CONTRIBUTION
INTOL = INTEGRATED CHLORDPHYLL a INTUL = TINTEGRATED TURBIGLY
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TABLE 4.8: RESULTS OF THE CANDNICAL CORRELATION ANALYS1S FOR SURFACE CHLORDPHYLL a/SURFACE TURBIDITY AND SATELLITE

REFLECTANCE BANDS

82.09.14.
IRCLUDIRG ALL DATA EXCLUDING DUTLIERS NORMALTSED DATA
DATE: 82.09.13 n £€C  Mean % n CC  MEAN % n CC  MEAN %
K3 30 25
SUCOL d,¢3  1,25% n 0,57 1,23 10 0,79 1,24 11
INBEPENDENY
X
VARIABLES  SUTUL 6,73 0,70 89 9,34 0,68 90 8,56 0,69 86
DEPENDENT  BAND 4 0,05 14,52 13 0,17 14,37 a5 0,23 14,88 49
Y BAND § 0,36 9,16 59 0,38 8,87 48 0,36 9,08 48
VARIABLES  BAND 6 0,16 7,8 14 0,08 1,5 8 -0,01 7,72 2
BARD 7 L0100 1,71 14 0,08 1,5 9 a,0 7,92 0,4
CANORICAL
CORRELATION r 0,87 0,78 0,79
|_T.‘nlL
LfRGBABILIIY 0,0000 0,0014 0,0063
€L = CANDNICAL COEFFICIEN] n = NUMBER DF SAMPLING PBINTS
MEAN = MEAN OF DATA SET % - PERCENTAGE CONTRIBUTLON
SUCOL = SURFACE CHLOROPHYLL a SUTUL = SURFACE TURBIDITY
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TABLE 4.9: RESULTS DF THE CANDNICAL CORRELATION ANALYS1S FOR INTEGRATED CHLOROPHYLL a/INTEGRATED TURBIDITY AND SATELLITE
REFLECTANCE BANDS
82.09.13.
INCLUDING ALL DATA EACLUDING OUTLIERS NORMALISED OATA
DATE: 82.09.13 n CC Mean % n CC  MEAN % n €C  MEAN %
3 30 25
TNCOL 0.64 1,23 13 323 .22 7 .52 1.2 20
INDEPENDENT
X
VARTABLES  INTUL 7,23 0,74 87 10,54 0,72 83 10,00 0,713 80
DEPENDENT  BAND A 0,03 14,5 8 0,16 14,47 3 0,26 14,88 50
Y BAND 5 0.3§ 9.2 58 0,34 8,87 45 0.3t 4.08 36
VARIABLES  BAND b 014 1.8 20 012 1.5 13 -0,05 7.72 5
BAND 7 010 1,71 4 -0,07 1,8 8 0,00 7,92 3
[ CANGNTCAL '
CORRELATION r 0,86 0,76 0,86
TAIL .
PROBABILITY 0,0000 0,0015 0,025
€C = CANDNICAL COEFSICIEN n = NUMBER DF SAMPLING POINTS
MEAN = MEAN OF DATA SET % = PERCENTAGE CONTRIBUTION
INCOL - [NTEGRATED CHLOROPHYLL a INTUL = INTEGRATED TURBIDITY
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TABLE 4.10: RESULTS GF THE CANONLICAL CORRELATION ANALYSIS FOR SURFACE CHLOROPHYLL a/SURFACE TURBIDITY AND SATELLITE
REFLECTANCE BANDS
82.09.30.
INCLUDING ALL DATA EXCLUDIRE DUTLIERS NORMALISED DATA
DATE: 82.09.30 o cc Hean % n cc HEAN % n cc WEAN %
32 30 17
I SUCoL 3,62 1,13 97 2,45 1,28 65 3,35 1,29 18
LNBEPENDENT
S
VARIABLES SUTuL 0,24 g.n 3 2,6 0,66 35 1.8 0,80 22
CEPENDENT BAND 4 g, 21,3 19 0,33 21,2 18 0,45 21,24 "
Y BAND S 0,06 1413 10 0,1 13,87 16 0,08 13, MN 9
VARIABLES BAND & 0.6 12,78 8 0,01 12,33 1 -0,1F 12,85 It
BAND 7 -0,02 10,718 3 -0,04 10,53 - 0,00 10,53 k|
CANDNICAL
CORRELATION 0,90 0,89 0,83
TAIL
PROBAB1LITY 0,0000 0,0000 0,0300
CC = CANONICAL COLFFICIENT n = NUMBER OF SAMPLING POINTS
MEAN - MEAN OF DATA SET % = PERCENTAGE CONTRIBUTION
SUCOL = SURFACE CHLORGPHYLL a = SURFACE TURBIDITY

SUTUL




TABLE 4.11:
REFLECTANCE BANDS

RESULTS OF THE CANONICAL CORRELATION ANALYSIS FOR INTEGRATED CHLOROPHYLL a/INTEGRATED TURBIDITY AND SATELLITE

B2.09.30.
INCLUDING ALL DATA EXCLUBING GUTLIERS NORMALISED OATA
DATE: B2.09.30 n CC  Mean % n €C  MEAN % n cc MEAN %
a2 10 17
INCOL 0,66 1,35 17 -0,2 1,13 5 1,12 1,14 43
INDEPENDEN]
X
VARLABLES  INTUL 6,26 0,71 83 6,15 0,69 95 16,45 0,69 57
o
- DEPENDENT  BAND 4 0,14 21,1 41 0,23 21,2 5% 0,00 21,24 K
Y BAND 5 6,11 14,13 22 6,17 13,87 27 8,24 13,71 42
VARIABLES  BAND 6 0,4 12,18 25 0,04 12,33 6 0,18 12,65 29
BAND 7 -p,08 10,78 12 -0,1 10,53 12 -0,%9 10,53 26
CANGNICAL
CORRELATION r 0,92 0,92 0,92
TAIL
PROBABILITY 0, 0000 0,0000 0,0000
CC = CANONLCAL COEFFICIENT B = NUMBER OF SAMPLING POINTS
MEAN = MEAN OF DATA SEI % = PERCENTAGE CONTRIBUTION
INCOL = TNTEGRATED CHLOROPHYLL a INTUL = INTEGRATED TURBIDITY
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TABLE 4.12: RESULTS OF THE CANONLCAL CORRELATION ANALYSIS FOR SURFACE CHLOROPHYLL a/SURFACE TURBIDITY AND SATELLITE

REFLECTANCE BANDS

B82.11.16.
[lNﬂLUﬂING ALL DATA EXCLUDING DUTLIERS NDRMALISED DATA
DATE: 82.11.16 il cC Hean % n € MEAN % tc REAN %
28 24
sucoL 2,67 1,4 a9 4,28 1,34 84
INDEPENDENT
X
VARIABLES SUTHL 0,58 0,78 1 1,02 0.,7% 12
DEPENDENRT BAND 4 8,3 21,5 42 0,38 21,38 30
Y BAND 5 -0,05 22,39 8 -0,04 22,11 3
VARIABLES BAND 6 0.24 20,79 32 0,52 19,46 kl:}
BAND 7 -4,131 2,719 18 -0,38 20,63 29
CANDNICAL
CORRELATION r 0,95 0,9
TAIL
PROBABILITY 0,0000 0,0000
CC = CANONICAL COEFFICIENY n = NUMBER OF SAMPLING POINTS
MEAN = WMEAN OF DATA SET % = PERCENTAGE CONTRIBUTION
SUCOL = SURFACE CHLOROPHYLL a SUTHL = SURFACE TURBIDITY




TABLE 4.13: RESULTS OF THE CANONLCAL CORRELATION ANALYSIS FOR INTEGRATED CHLOROPHYLL a/INTEGRATED TURBIDITY AND SATELLITE
REFLECTANCE BANDS .

82.11.16.
lmcwnme ALL DATA EXCLUBING OUTLIERS NORMALISED DATA
DATE: 82.11.16 n CC  Mean F n CC MEAN % n cC MEAN %
28 24 24
INCOL 2.65 1,38 87 §,25 1,33 87
INGEPENDENT
X
VARTABLES 1KTUL 0,68 0,82 13 1,10 6,79 13
M
[#%]
UEPENDENT BAND 4 0,26 21,5 4 0,35 2,38 28
¥ BAND 5 0,05 22,39 7 _0,02 22,17 2
VARIABLES BAND 6 0,24 20,79 32 0,53 19,46 40
BAND 7 -g,14 21,79 20 -0,38 20,63 30
| CANDNICAL
CORRELATION r D,95 0,90
TAIL
PROBABILITY 0,0000 0,0001
CC = CANONICAL COEFFICIENT n = NUMBER OF SAMPLING POINTS
MEAN = MEAN OF DATA SET % - PERCENTAGE CONTRIBUTION
INCOL = JIKTEGRATED CHLOROPHYLL 2 INTUL = 1RTEGRATED TURBIDITY




When extending the interpretation of results to the other two options
'Excluding Outiiers' and ‘Normalised Data' it becomes apparent that
the trend of both surface and integrated turbidity relating to bands
4 and 5 is repeated. Both the independent and dependent variables
appear to become more polarised with the normalisation procedure.
Only for one other day's data, 82.09.13 (Tables 4.8 and 4.9), does
the abovementioned trend follow in a similar vein. On two occasions,
81.12.07 (Table 4.7) and 82.09.30 (Table 4.11), integrated turbidity
is related to band 4. Conversely though, on 81.12.07 (Table 4.6)
surface turbidity appears to be related to band 6. On 82.09.30
(Table 4.10) surface chlorophyll a is connected with band 4. Further
discrepancies are found on 82.11.16 (Tables 4.12 and 4.13) where both
surface and integrated chlorophyll a appear to be related to band 4.
The existence of the abovementioned discrepancies is not unexpected
and emphasises the need to examine all of the different approaches.
There are many factors that affect the relationship between water
quality conditions and satellite reflectance values and either of the
approaches may be applicable depending on the situation.

A major reason for the inconsistencies could be the presence aof
different algal species 4n the impoundment at the time of the
overflights (refer to Section 2.3.3). Figure 4.1 gives an Jdea of
the distribution of the main algal genera present at specific points
in the impoundment (refer to Figure 3.2). It is apparent that the
proportion of the genera is fairly constant at each site. Equally
relevant is the fact that the genera change from month to month. The
green algae (odcystis sp, Cryptomonas sp and Pediastrum sp) are
largely evident in October 1981 and September 1982. The blue-greens
(Microcystis sp, Anabeana sp and Chrodccus sp) appear in
December 1981 and November 1982. The dlatoms (Melosira sp) appear
in November and December 1981.

Overall the green algal species appear to be the most prevalent. The
possiblity that blue-green algae reflect light differently from green
algae is a question beyond the scope of this study.

Figure 4.2 1llustrates the seasonal cycle of major algal species 1in
Roodeplaat Dam over the period of the Landsat Water Quality Project
(Young and Silberbauer, 1984). Unfortunately surface reference data
and satellite reflectance data were not obtained when high
concentrations of algae were present.

The relative stages of algal growth also might be important 1in
understanding the inconsistencies in the results.

The presence of phaeopigments was examined to determine a possible
influence, 1f any, on the data (refer to Section 2.3.6).

Canonical Correlation Analysis using phaeopigment data was attempted
but the complexity of the results and the obvious intercorrelations
made it difficult to come to a definite conclusion. 1In an attempt to
assess the influence of phaeopigment on the Canonical Correlation
Analysis of chlorophyll a, a simple linear regression analysis was
carried out. A1l six day's data were analysed using the "Including
A1l Data' coefficients for the individual reflectance bands. Table
4.14 1ists the results.
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DATEOF | SAMPLE § SAMPLE SAMPLE J SAMPLE |-
OVERFLIGHT| SITE 31 SITE & SITE 30 SITE 25

81-10-14

81-11-01

81-12-07

82-09-13

82-09-30

82-11-16

OTHER GENERA

l;l.lh.roms,sm

HE . MELOSIRA°° el

FIGURE &.1° MAJOR ALGAL GENERA PRESENT AT FOUR SAMPLING
SITES ON ROODEPLAAT DAM AT THE TIME OF THE
SATELLITE OVERFLIGHTS
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4.4

TABLE 4.14:  LINEAR REGRESSION ANALYSIS OF PHAEOPIGMENT WITH THE
CANONICAL COEFFICIENTS OF THE REFLECTANCE BANDS

RATIO OF

PHAEQPIGMENT/
DATE TOTAL CANONICAL COEFFICIENTS

PIGMENT BAND 7 BAND 6 BAND 5 BAND 4
81.10.14 0,129 0,06 0,025 0,084 0,387
81.11.01 0,219 -0,148 0,28 0,082 0,195
81.12.07 0,264 -0,121 0,096 0,055 0,048
82.09.13 0,164 0,1 0,102 0,364 0,052
82.09.30 0,764 -0,024 0,05 0,062 0,313
82.11.16 0,110 0,131 0,238 -0,053 0,301

r -0,47 0,082 0,089 -0,70

Y intercept 0,045 0,106 0,614 0,52
Slope -0,007 0,000 0,002 -0,017

The results of this brief analysis indicated very low correlation
coefficients Dbetween phaeopigment/total pigment ratio and the
Canonical Correlations of the reflectance bands 5 and 6 (r = 0,089
and r = 0,082 respectively), but a negative correiation between the
Canonical Coefficients for band 7 (r = -0,47) and band 4 (r =
-0,70). This shows that the state of health of the algae, as
reflected in the amount of phaeopigment present, has a noticeable
effect, particularly for the Canonical Coefficient of band 4. The
influence of phaeopigments on the calibration of surface reference
data relative to satellite reflectance data, is something that would
be worth pursuing but is beyond the scope of this study.

AN _INTERPRETATION OF THE COLOUR CODING

<~ The digital reflectance data in colour coded format provided visual

impressions of conditions 1in the ‘{mpoundment at different times
(refer to Section 3.3.3).

Data for the 82.09.30, tllustrated on Plates 4.1 to 4.4 Aindicate
relatively high reflectance values all over the impoundment in bands
4 and 5. Band & shows a heterogeneous range of values while band 7
has fairly tow reflectances. This:could indicate the presence of
more turbid tham chlorophyll laden water due to the high values
recognisable in bands 4 and 5.

Tables 4.10 and 4.11, which present the Canonical Coefficients and
the percentage contribution of each variable to the relationship on
the 82.09.30 indicate that surface chlorophyil a and integrated

“turbidity are both related to band 4, a contradictory picture.

Plates 4.5 to 4.8 of the day 82.11.16, 1ltustrate an error that can
occur with satellite data. A radiometric error has caused some data
to be lost. Plates 4.5 and 4.6 show bands 4 and 5 to have high
reflectance values all over the impoundment. Bands & and 7 also have
relatively high valuyes 1indicating the possible presence of
chlorophyll. Tables 4.12 and 4.13 support this observation with
surface and integrated chlorophyll a relating to band 4 on 82.11.16.
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4.5

Colour coding therefore enables qualitative and comparative
observations to be made. The degree of heterogeneity can be
assessed, but the distinction between chlorophyl a and turbidity
distributions 1is not always obvious, particularly when low
concentrations of both chlorophyll and turbidity are present.
Finally, a problem associated with colour coding is the photographic
process involved, which can cause variation between the colour
distributions.

UNSUPERVISED CLASSIFICATION

Using a modified 1image processing program (Modified CATNIPS) an
unsupervised classification of 4 wave bands for each day's data
produced classified digital images of Roodeplaat Dam. The different
signatures on the classified image were represented by symbols to
enhance the visual effect. One image for 81.12.07 showed outstanding
differences in the classification (Figure 4.3). The statistics
performed on the data (Table 4.15) indicate that bands 4 and 5 mainly
account for 3 of the 4 reflectance classes. The two more Significant
classes ($,M) evident along the western arm of the ‘mpoundment
indicate different water quality conditions. The relationship to
bands 4 and 5 suggests the presence of suspended sediments (mean
reflectance units of 15,621 and 20,979 for band 4 and 12,807 and
22,643 for band 5.

The 4th class (-), registering a relatively high value in band 7
(16,669) and found only along the shoreline can be considered to be
mixels (mixed pixels of water and vegetation).

Plate 4.13 represents the unsupervised classification for 81.12.07
obtained from the SRSC. The image shows four distinct classified
regions, the areas which they cover and the turbidity concentrations
that have been attributed to each class.

TABLE 4.15: STATISTICS OF THE UNSUPERVISED
CLASSIFICATION FOR 81.12.07

CLUSTER NUMBER R MEAN R SIGMA
OF
PIXELS
M 140 12,93 1,18
$ 140 14,90 3,26
. 568 7,34 2,93
- 133 10,16 3,80
MEANS 4 by 20
BANDS M $ ‘ -
4 15,621 20,979 6,845 8,414
5 12,807 22,643 4,607 8,902
6 8,221 17,086 3,968 16,218
1 4,871 9,693 3,928 16,669
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4.6

OVERVIEW OF ONE DAY'S OATA 81.12.07

It s necessary to collate information for one day's data in order to
obtain a perspective of the issues involved. The data for 81.12.07
was chosen for examination because the data contained the widest
range of distributed water quality conditions as judged from the
colour coded images.

To recdnstruct a picture of the data already presented:

Plates 4.9 to 4.12 1llustrate the colour coded reflectance data for
81.12.07. '

Figure K.2 in Appendix K presents the Stepwise Discriminant Analysis
for 81.12.07.

Tables 4.6 and 4.7 disclose the Canconical Correlation, Canonical
Coefficients and each wvartables percentage contribution to the
relationship for 81.12.07.

Figure 4.3, Table 4.15 and Plate 4.13 represent information
concerning the unsupervised classification of the day's data.

Plates 4.9 and 4.10, the colour coded images for bands 4 and 5
clearly indicate the presence of water quality conditions along the
southern part of the left arm of Roodeplaat Dam. Bands & and 7
(Plates 4.11 and 4.12) also indicate differing conditions but to a
lesser extent. The remainder of the impoundment appears to be
relatively homogeneous.

Figure K.2 illustrates that potentially 3 different populations are
present in the impoundment: P, vrepresenting the southern most
poliuted arm of the impoundment; C, the canoe lanes along the western
arm and B and D, the low reflectances, depicting clear water of the
main body of the impoundment. The one Canonical variable that
dominates the analysis is surface turbidity.

Table 4.6 reveals that for this overpass surface turbidity is by far
the dominant variable (98%) and that all of the bands contribute
fairly equally to the relationship. Band 6 shows a s1light head
(30%). The Canonical Correlation of 0,94 is high. It is noteworthy
that there are no outliers in the data for this image and there was
no necessity to normalise the data.

Table 4.7 affirms the presence of turbid water with a fairly high
contribution (65%) of 1integrated turbidity. Band 4 (21%) in
particular appears to be related to the integrated turbidity. The
high Canonical Correlation of 0,95 suggests a good relationship.
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~ ROODEPLAAT DAM
UNSUPERUISED CLASSIFICATION

WES  {EZ, T8 L OSCENE 2I5LE-e7162 T DAYE Pe1eee)

E}

PLATE 4.13:  UNSUPERVISED CLASSIFICATION OF ROODEPLAATY
DAM - 81.12.07

The unsupervised classification and colour coded images were further
reinforced by a classification of the 81.12.07 image being produced
by an 1image processing system at Hartbeesthoek, Plate 4.13. The
classification identified 8 classes, 4 which could be considered to
be border classes 1indicating mixed areas of vegetation and water.

The remaining 4 classes distinguished different water gquality
conditions.

From the abovementioned results, due to the obvious weight in favour
of turbidity, the image classes were compared with the surface
reference data for surface and integrated turbidity (Figure 4.4).
Five turbidity categories became apparent (Figure 4.5).
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4.7

A query arose as to the importance of bands 6 and 7 which had fairily
high percentage contributions in the relationship (30 and 26%
respectively). Plate 4.13 classes were compared with surface and
integrated chlorophyll a data (Figure 4.6). The results given in
Figure 4.7 1llustrate the high contribution chlorophyll a maintains
in the overall context.

This information immediately identifies a major problem associated
with distinguishing the difference between chlorophyll a and
turbidity. Turbidity was previously identified into classes of 0-3,
3-5, 5-14 and 14-22 NTU (refer to Plate 4.13). 1In similar areas,
chlorophyll a was also present at concentrations of approximately
6-10 ug/e, 10-20 ug/e, 20-30 ug/e and 30 + ug/t
respectively.

A11" of the problems discussed in Sections 2 and 3 suddenly become
highly relevant. The necessity for applying multi-variate analysis
to the data, the instability of the Canontcal Correlation Analysis
and the multi-collinearity of the surface reference data and
satellite reflectance data were all made very apparent.

SUMMARY

The initial results of the investigation have highlighted some
important points. Firstly, there is a distinct correlation between
specific water quality conditions and satellite reflectance data.
Secondly, the relationship between the dependent and independent data
sets is a complex one and it is difficult to isolate individual
relationships. Thirdly, the question of which statistical approach
should be followed in order to obtain the most accurate results is
very difficult to ascertain. Fourthly, chlorophyll a and turbidity,
particularly at Tow concentrations, are interrelated.

In order to gain quantitative results it 4s therefore essential to
butld on the basis of multi-variate analysis, incorporating the
problem of multicollinearity of the data set, and attempt to
establish a model with which to simulate water quality conditions
from satellite-derived information. A model has been attempted and
will be discussed in the following chapters.
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5.1

5.2

CHAPTER $§
USE OF THE CANONICAL COEFFICIENTS FOR SIMULATIVE PURPOSES

INTRODUCTION

Canonical Correlation Analysis, provides a set of multi-variate
coefficients and correlation coefficients, which represent, in this
instance, the relationship between surface reference data and
satetiite reflectance data.

A problem inherent 1in Canonical Correlation Analysis is that the
equations produced are in their implicit form {refer to Section 4.3)
which means that the equations require solution before they can be
understooed and used for simulative purposes.

Therefore a method was established which could incorporate the
Canonical Coefficients and the multi-linear relationship, in such a
way that quantifiable and interpretable results could be acquired for
simulative purposes and the most appropriate of the three different
approaches ‘Including Al1 Data', 'Excluding Outliers' and ‘Normaiised
Data' could be assessed.

OBTAINING THE LINEAR REGRESSION EQUATION

The Canonical Correlation Analysis is an extension of linear
regression analysis and a Vinear 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 polynomtals are
determined in the canonical analysis, the slope (M) of the regression
1ine and the Y 1intercept (K) need to be established, however. This
was carried out by finserting the Canonical Coefficients, together
with the respective surface reference and satellite reflectance data,
into a linear regression program. The linear regression program
‘LINREG' 15 presented in Appendix L. 1In this way the slope {M) of
the regression line and the Y fintercept (X} were obtained and the
linear regression 1line for each set of data for each day was
acquired. An example of results obtained from program 'LINREG' is
given in Appendix M. Values obtained for M and K for each day and
for each of. the three approaches are presented in Appendix N. The M
and K values differed for each day and with each different approach.
This information suggested that the relationship, between the surface
reference data and the satellite reflectance data, was unique to each
specific overpass.

1t must be pointed out that values for the combination of variables,
surface chiorophyll a/integrated chiorophyll a and surface
turbidity/integrated turbidity are included in Appendix N. As there
are four surface reference data unknowns it is essenttal to have four
simultaneous equations in order to solve explicitly for the surface
reference variables. The statistical assumption requiring
interdependency between variables was ignored.

The four equations to be solved are in the form

Y = MX + K as discussed in Section 4.3
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5.3

5.4

The solution of the four simultaneous equations with 4 known and 4
unknown variables made it possible for the model CALMCAT* to be set
up which could simulate water quality conditions (refer to Section
6.1).

SOLVING THE SIMULTANEQUS EQUATIQONS

The solution of the four stmultaneous equations (Appendix 0) enabled
a model to be produced. By substituting the respective Canonical
Coefficients and M and K values into the model the calibration
equations for each day and for each of the three approaches were
obtained. Values could be calculated for the four water quality
variables for each pixel of the 4impoundment, by entering the
torresponding reflectance values of the four wavebands. This made
possible the determination of chlorophyll a and turbidity
concentrations at specific sites in the impoundment.

Appendix P presents the subroutine used to determine concentrations
at specific sites. Appendix Q is an example of the calibration data
set required to run Subroutine “Convrt".

TESTING THE ACCURACY OF THE CALIBRATION EQUATIONS

To determine the accuracy of CALMCAT and the calibration equations
obtained from the Canonical Correlation Analysis, the linear
regression program and the solving of the 4 simultaneous equations,
1t was necessary to test the equations. Ffor three of the sampling
days (82.09.13, 82.09.30 and 82.11.16), 55 sampling points had been
sampled, but only 32, or fewer depending on the alternative applied,
had been used in the calibration of the models for each specific day
t.e., the establishment of the Canonical Coefficients and Canonica)
relationship. Therefore data from 23 sampling points on 2 of the
days and 22 sampling points on one day were available to test the
accuracy of the models* (refer to Sections 3.2.1 and 6.1). These
sampling points, which had not been used in the Canonical Analysis
were termed the wverification data set. The concentrations of each
water quality variable at the verification data sites were simulated
using the model CALMCAT and the simulated values were compared with
the observed values,

Two indicators were used to assess the performance of the models and
the calibration equations. Firstly a coefficient of efficiency of
mode} performance was used to examine the accuracy of the calibration
equations on both the original calibrated data set, as well as the
verification data set that had not previously been used in the model
development or calibration thereof. Secondly the Student‘s t test
and the percentage relative error, between the simulated and the
observed mean values of the verification data were determined.

* CALMCAT - tCanonical Analysis Landsat Model of Chlorophyll a and
Turbidity

+ CALMCAT has three variants Y.e. Including Al Data, Excluding
OQutliers, Normalised Data
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5.4.1

5.4.2

In this 1instance, ‘simulated' values are concentrations calculated
for pixels from the reflectance values by the CALMCAT model, and
therefore they represent the simulated ambient water quality
conditions present in the impoundment.

The Coefficient of Efficiency of Model Performance

The coefficient of efficiency of model performance (Nash and
Sutcliffe, 1970) 3s “an index of one to one correspondence that is

sensitive to systematic errors in the model output® (Roberts, 1978).

The statistic has the form

2 2
Coefficient of 2(0; - MO)" - F(04- Sy)
Efficiency

2
Z(D1 - "01)

where 0 and S represent observed and simulated data respectively and
M represents the mean.

The coefficient of efficiency essentiaily determines the closeness of
the observed versus simulated data to the 45° Tine* on a graph. The
closer the regression line lies to

the 45° 1ine 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
ofdetermination if the results from the model are highly correlated
but biased" (Aitken, 1973). 1deally, the coefficient of efficiency
values should approximate to 1,0, wifth intercept wvalues of 0 and
slope of 1,0.

The Student's t Test

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 equation
for the t test is;

(xy - ;2 )\ with (n, + n, -2) degrees of freedom,

where (§1 - ;2) is the difference between the two means and

where

ors 2 2
sd = 5 /n] + 5 /n2
is the pooled variance and ny and np are the respective sample

stzes of the two groups.

* Equal value line
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5.5

5.5.1

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) 1is greater than the
critical value of t obtained from a table of the t distribution then
there 1s a significant difference between the two means. The
critical value for 44 degrees of freedom at the 5% two tailed level
of significance is 2,02.

The data were antilogged before the t test analysis.

The percentage relative error between the simulated and the observed
mean values were calculated using the following equation:

Simulated Mean - Observed Mean x 100)\= Percentage relative error
Observed Mean

RESULTS AND OISCUSSION OF RESULTS

The results of the coefficient of efficiency analysis for the
calibration data set, the results of the t test analysis, the
percentage relative error and the coefficient of efficiency analysis
for the verification data set, for each option and for each day are
presented and are discussed,

Overpass of 82.09.30

The coefficient of efficiency analysis of the Calibration Data set
for the ‘'Including A1l Data' Option, B82.09.30, is shown in Table
5.1. The mean and standard deviation values between the observed and
simulated. data are comparable. The coefficients of efficiency and
determination are all greater than 0,73 with the exception of surface
turbidity. The reason for surface turbidity having such Tow
coefficients, while integrated turbidity indicates good
correspondence levels between observed and simulated values, may lie
Iin the noise of the observed data. Of the four variables; surface
turbidity is the only variable showing a standard deviation for the
observed data greater than the observed mean. The results indicate
that the calibration equations provide an acceptable fit with the

- possible exception of surface turbidity.

Table 5.2 listing the results of the verification data 'Including A1l
Data' option for day 82.09.30, shows that the mean values of the
observed and the simulated data, for each water quality variable, are
very similar. The t value for surface chlorophyll a, of -0,06,
suggested a good simulation for mean values, whereas fintegrated
chlorophyll a2 had a high t value, of 3,38, indicating a poorer
simuiation. The t values for the turbidity variables are below the
cr1txca1 1imit of 2,02 and are therefore acceptable. The percentage
relative error for all of the variables are below 9% with a low error
accredited to the simulation of surface chlorophyll a.
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TABLE 5.1:  COEFFICIENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET,

"INCLUDING ALL DATA‘ OPTION FOR 82.09.30

SucoL INCOL SUTUL INTUL

Number of samples 32 32 32 32
Mean of observed data 24,217 27,1 6,46 5,65
Mean of simulated data 25,712 27,65 5,47 5,73

Std. dev. of observed data 17,06 20,15 7,02 3,36

Std. dev. of simulated data 21,45 21,04 2,56 3,36

Regression intercept 5,4 3,65 1,10 0,36

Regression slope 0,73 0,85 0,98 0,92

Coeff. of determination RZ 0,85 0,79 0,13 0,86

Coeff. of efficiency 0,73 0,79 0,1 0,85

In contrast to the caiibration data set which generaily showed high
coefficients of efficiency (Table 5.1), the coefficients of
efficiency for the verification data set were poor. The reason for
this discrepancy probably Ties in the inherent noise in the surface
reference data which places a fundamental limitation on the precision
which may be achieved.

While an overaill trend is observable for plots of simulated versus
observed data (Figure 5.1 to 5.4) the relationship shows a high
degree of scatter particularly over small ranges of the data (see
Figure 5.1). It is the latter phenomenon which is responsible for
the poor coefficients of efficiency for the verification data set as
this data set only represents a small region of the total range in
contrast to the calibration data set. Figure 5.3 indicates the
reason for the low coefficients of efficiency obtained for the
surface turbidity calibration data set (Table 5.1), as an extreme
outlier with an observed surface turbidity of 41 NTU, not lying on
the equal value line, is present.

The results of the 'Excluding Outliers' Option on the Calibrated Data
set of 82.09.30, Table 5.3, presented similar mean and standard
deviation values. The coefficient of determination for all of the
variables including surface turbidity were acceptable but the
coefficients of efficiency were less than 0,5, except for integrated
turbidity where a value of 0,78 was found.
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TABLE 5.2: ANALYS1S OF ACCURACY OF THE VERIFICATION DATA SET FOR 82.09.30,
‘INCLUDING ALL DATA' OPTION
B82.09.30 INCLUDING ALL DATA
Water Quality Std. Diff. i % Relative Regression Regression R2 Coeff, of
Variables Mean Dev. Mean Test Error Intercept Slope Efficiency
23 Cases
Surface Observed [27,%7 10,59
-0,17  -0,06 0,4 1M 0,59 0,62 0,33
Chlorophyll a
Simulated | 27,28 14,12
ng/i
Integrated Observed | 30,61 8,43
0,87 3,38 3 19,23 0,38 0,44 -0,72
Chlorophyll a
Simulated | 29,75 14,68
Surface Observed 5,67 1,69
-0,%2 -1,96 9 1,9 0,61 0,72 0,32
Turbidity
Simulated | 6,19 2,36
NTU
Integrated Observed 5,86 1,59 :
-0,29 -1,01 5 2,48 0,55 0,15 0,22
Turbidity
Simulated | 6,15 2,50
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TABLE 5.3: COEFFICIENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET,

'EXCLUDING OUTLIERS' OPTION FOR 82.09.30

sucoL INCOL SUTUL ~ INTUL

Number of samples 30 30 30 30
Mean of observed data 22,51 24,54 4,92 5,22
Mean of simulated data 24,40 26,10 5,09 5,30

Std. dev. of observed data 13,84 13,47 2,12 2,16

Std. dev. of simulated data 19,73 17,68 2,46 2,39

Regression intercept 8,21 7,83 1,52 0,88
Regreséion slope 0,59 0,64 0,67 0,82
Coeff. of determination R¢ 0,70 0,Nn 0,6 0,82
Coeff. of efficlency 0,34 0,47 0,44 0,78

The verification data set (Table 5.4) showed poor chlorophyl) a
coefficients of determination and efficiency and 8% to 12% relative
error in their estimates. The t test results tindicated acceptable
values at the 5% two tailed level of probability and good predictions
for integrated turbidity. Overall the ‘Excluding Outliers' Option
produced acceptable results for integrated turbidity.

Table 5.5 showing the results of the 'Normalised Data' Option
jndicated 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 0,61. The verification data, Table
5.6, showed small t values and low percent relative errors for all of
the variables, low coefficients of determination and efficiency for
chiorophyll a and acceptable coefficients for integrated turbidity.
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TABLE 5.4: ANALYSIS OF ACCURACY OF THE VERIFICATION SET fOR 82.0%.30,

"EXCLUDING OUTLIERS' OPTION

82.09.30 EXCLUDING DUTLIERS
Water Quality Std. Diff. t % Relative Regression Regression R2 Coeff. of
Variables Mean Dev. Mean Test Error Intercept Slope Efficiency
23 Cases
Surface Observed (27,17 10,59
-3,18 1,48 12 11,48 0,52 0,4 -0,04
Chlorophytl a
Simulated [30,35 12,96
ug/%
Integrated Observed | 30,61 8,43
2,32 1,08 8 18,94 0,4 0,47 -0,56
Chlorophyll a
Simulated (28,30 14,04
Surface Observed 5,67 1,69
0,38 1,72 7 2,0 0,69 0,77 0,56
Turbidity
Simulated |} 5,29 2,15
NTU
Integrated Observed 5,86 1,59
-0,12  -1,55 2 1,N 0,66 0,78 0,57
Turbidity
Simelated 5,98 2,13




TABLE 5.5:  COEFFICIENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET,

"NORMALISED DATA' OPTION FOR 82.09.30

SucoL INCOL SUTUL INTUL

Number of samples 17 17 17 17
Mean of observed data 22,55 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 12,15 1,58 1,60

Std. dev. of simulated data 16,65 15,15 1,86 1,9

Regression intercept 6,34 6,56 1,24 1,07

Regression slope 0,68 0,70 0,72 0,78

Coeff. of determination RZ 0,78 0,76 a,72 0,86

Coeff. of efficliency 0,59 0,81 0,6 0,78

In summary, the three options for the day 82.09.30 indicated that the
*Including A1l Data' Option obtained both the best (0,85 for
integrated turbidity) and the worst (0,11 for surface turbidity)
coefficients of efficiency. The best overall coefficients of
efficiency were provided by the 'Normalised Data' Option where the
coefficients lay between 0,59 and 0,78.

The best overall coefficients of determination were obtained by the
*Normalised Data' Option, 0,72 to 0,86 for the four variables.

The t test showed relative errors lay in the range 0,4% to 9% for the
"Including A1 Data' Option; between 2% to 12% for the 'Excluding
Qutiters' Option; and between 2% to 5% for the 'Normalised Data'
Option.

Considered synoptically, the 'Normalised Data' Option provided the
best calibration for the overpass of 82.09.30. The calibration
equations of the 'Normalised Data' model are used in the model to be
discussed in Chapter 6. :

While there was good simulation between the means of the observed
versus simulated data sets, there was not always such a good fit for
individual pixels. Tables 5.7 to 5.9 1indicate that in some
individual cases the values varied fairly significantly. This can be
expected due to the fact that the surface reference data for each
pixel represents a sample of 1 000 mt taken within a pixel and
cannot be expected to be exactly equal to the average water quality
conditions as seen by the satellite over an B0 m by 80 m area 1.e.
notsy data.
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TABLE 5.6:  ANALYSIS OF ACCURACY OF THE VERIFICATIDN DATA SET FOR 82.09.30,

'NORMALISED DATA' OPTION

82.09.30 NORMALISED DATA
Water Quality Std. Diff. t % Relative  Regression  Regression  R2 Coeff. of
Variables Mean Dev. Mean Test Error Intercept Slope Efficiency
23 Cases
Surface Observed 27,17 10,59
-1,43 -0,63 5 13,44 0,48 0,33 -0,08
Chlorophyll a -
Simulated | 28,60 12,94
ug/t
Integrated Observed | 30,61 8,43
-1,21  .0,56 4 18,42 0,38 0,33 -0,5%
Chlorophytl a
Simulated (31,82 12,
Surface Gbserved 5,67 1,68
0,156 o.n 3 0,56 0,93 0,61 0,60
Turbidity
Simulated [ 5,51 1,42
NTU
Inteqrated Ubserved 6,00 1,52
-0,12  -0,81 2 0,50 0,89 0,73 o,Nn
Turbidity
Simulated { 6,00 1,52
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TABLE 5.7: DBSERVED VERSUS STMULATED WATER QUALITY DATA FOR INDIVIDUAL SAMPLING
POINTS 82.09.30, 'INCLUDING ALL DATA' OPTION

SAMPLING SURFACE INTEGRATED SURFALE INTEGRATED
POINY CHLOROPHYLL a CHLOROPHYLL a TURBIDITY TURBIDITY
wg/e rg/1 NTU NTU

NO. 08s. SIM. 08S. SIM. 08s. SIM. 08s. SIM.
33 57,00 64,12 40,50 73,45 9,70 14,49 9,70 14,62
k1] 36,50 53,58 35,80 52,12 8,00 7,85 7,80 8,75
35 34,00 39,17 41,90 44,36 7,70 9,48 8,10 9,18
36 26,30 46,03 34,50 48,87 1,00 9,08 7,70 9,18
37 35,40 36,81 39,20 36,73 1,20 6,37 1,00 6,32
38 35,90 1,62 39,20 33,635 7,00 6,58 7,20 6,61
39 42,60 32,66 44,50 34,99 1,20 6,79 7,00 7,00
40 33,00 32,66 37,80 34,99 6,70 6,79 6,60 1,00
4 33,00 42,07 36,40 42,95 6,00 7,26 6,00 8,00
42 30,60 24,43 33,00 27,10 6,20 5,81 6,10 5,82
43 33,00 10,33 33,50 14,32 5,90 5,30 6,30 4,48
44 21,30 22,23 32,10 23,88 5,60 4,98 5,60 4,82
45 21,50 19,10 33,00 22,39 5,40 5,75 5,70 5,06
46 20,60 16,03 28,70 17,58 5,00 3,84 5,00 4,06
47 21,50 15,81 21,30 17,54 4,40 4.0 5,00 3,94
48 18,170 14,09 27,30 17,30 4,40 5,20 4,90 4,36
49 16,30 16,1 23,00 18,79 4,10 4,45 4,40 4,25
50 19,10 20,8% 18,70 22,54 3,70 4,81 4,30 4,83
5 15,569 17,78 20,10 20,04 3,60 4,48 3,50 4,81
52 13,90 17,30 20,60 19,54 3,70 4,59 4,00 4,50
53 16,70 18, M 18,70 18,79 3,90 4,45 4,40 4,25
54 16,70 14,35 17,50 17,22 4,30 4,58 4,40 4,43
55 19,60 22,91 21,10 25,00 3,70 5,43 4,00 5,18

TABLE 5.8: OBSERVED VERSUS SIMULATED WATER QUALITY DATA FOR INDIVIDUAL SAMPLING
POINTS 82.09.30, 'EXCLUDING OWTLIERS' OPTION

SAMPLING SURFACE INTEGRATED SURFACE INTEGRATED
POTNT CHLOROPHYLL 2 CHLOROPHYLL 2 TURBIDITY TURBIDITY
Hg/h ug/% NTU NTY

NO, 08s. SIM. 0Bs. SIM. 0BS. SIM. 0BS. SIM.
33 57,00 48,64 40,50 66,07 9,70 12,25 9,70 12,65
u 36,50 54,58 35,80 54,08 2,00 8,30 7,80 8,65
35 34,00 41,88 41,90 38,46 1,70 7,16 8,10 8,39
1) 26,30 56,23 34,50 42,07 1,00 7,00 1,10 8,49
n 35,40 44,57 39,20 42,76 1,20 5,46 7,00 7,05
38 35,90 35,32 39,20 33,57 7,00 5,86 1,20 §,54
39 42,60 35,40 44,50 32,89 7,20 65,0 1,00 6,73
40 33,00 35,40 31,80 32,89 6,70 6,01 6,60 6,73
41 33,00 45,39 36,40 39,08 6.00 5, M 6,00 7,45
42 30,60 26,24 33,00 25,82 6,20 5,13 6,10 5,69
43 33,00 11,22 33,50 11,09 5,90 3,24 6,30 4,0
44 27,30 20,94 32,10 30,82 5,60 5,69 5,60 5,52
45 21,50 21,53 33,00 23,17 5,40 4,80 5,70 5,4
a6 20,50 18,45 28,70 15,92 5,00 3,48 5,00 3,93
47 21,50 21,53 21,30 16,75 4,40 3,39 5,00 4,08
48 18,70 23,33 27,30 13,90 4,40 KL 4,90 4,27
49 16,30 20,42 23,00 18,62 4,10 3,83 4,40 4,4
50 19,10 34,20 18,10 117,58 3,70 3,34 4,30 4,53
51 15,69 19,63 20,10 16,29 3,70 3,74 3,60 1,1
52 13,90 20,57 20,60 18,24 3,70 3,86 4,00 4,47
53 16,70 20,42 18,70 18,62 3,90 3,83 4,40 4,4
54 16,70 16,18 17,20 14,66 4,30 3,53 4,40 4,15
5% 19,60 26,06 21,10 21,04 3,70 5,02 4,00 5,53
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TABLE 5.9: OBSERVED VERSUS SIMULATED WATER QUALITY DATA FOR INDIVIDUAL SAMPLING
POINTS 82.09.30, 'NORMALISED DATA' OPTION

SAMPLING SURFACE INTEGRATED SURFACE INTEGRATED
POINT CHLOROPHYLL a CHLOROPHYLL a TURBIDITY TURBIDITY

ug/e ug/e NTU NTU
NO. 0BS. SIH. 083. SIN. oBS. SIM. 0Bs. SIM.
33 57,00 38,46 40,50 38,82 9,70 7,80 9,70 9,48
34 36,50 59,16 35,80 57.41 8,00 8,24 7.80 8,26
35 34,00 32,36 41,90 35,65 1,10 6,55 8,10 7,69
k! 26,30 43,85 34,50 46,13 7,00 7.4 1,70 8,26
a7 35,40 55,72 39,20 63,39 1,20 7,62 7,00 1.1n
38 35,90 35,48 39,20 39,17 7,00 6,30 7,20 6, N
a9 42,60 32,m 44,50 34,99 7420 6,14 7,00 6,58
40 33,00 2. 37,80 34,99 6,70 6,14 6,60 6,49
L3 33,00 40,93 36,40 40,09 6,00 6,89 6,00 1.13
42 30,60 25,18 33,00 28,05 6,20 5,27 6,10 5,70
43 33,00 7,48 33,50 10,00 5,90 3,0 6,30 3,9
44 27,30 30,83 32,10 31,07 5,60 5,57 5,60 5,74
45 21,50 22,86 33,00 29,79 5,40 5,00 5,70 5,74
46 20,60 17,62 28,70 19,23 5,00 4,13 5,00 4,23
47 21,50 21,09 27,30 25,64 4,40 4,50 5,00 4,16
48 18,70 16,37 27,30 22,34 4,40 4,20 4,90 5,08
49 16,30 20,94 23,00 25,4 4,10 4,57 4,40 4,90
50 19,10 25,00 18,70 27,99 3,70 5,02 4,30 5,33
51 15,69 15,85 20,10 16,60 3,60 4,07 3,60 4,34
52 13,90 19,36 20,60 22,10 3,70 4,46 4.00 4.0
53 16,70 20,94 18,70 25,4 3,90 4,57 4,40 4,90
54 16,70 13,34 17,20 15,74 4,30 3,78 4,40 4,27
55 1v,60 29,38 21,10 35,32 3,70 5,55 4,00 5,93
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5.5.2

Qverpass of 82.09.13

The results of the overpass for 82.09.13 are presented in Tables 5.10
to 5.15. A1l three options, 'Including A1l Data'; 'Excluding
OQutliers' and 'Normalised Data' gave negative coefficients of
efficiency for integrated chlorophyll a. The coefficient of
determination for integrated chlorophyll a. was poor for the
'Including A1l  Data' Option; whereas the coefficients of
determination for surface and integrated chlorophyll a were poor for
the 'ExcTuding Qutiiers' and 'Normalised Data' Options.

Despite the inability to simulate individua) data points as shown by
the unacceptable coefficients of efficiency and determination, the t
tests on the verification data sets showed that the mean values were
acceptably simulated with relative errors of less than 10%, except
for integrated chlorophyll a where relative errors of between 14% and
16% for the three options were found.

TABLE 5.10: COEFFICIENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET,

"INCLUDING ALL DATA' OPTION FOR 82.09.13

sSucoL INCOL SUTUL INTUL
Number of samples N 31 37 3
Mean of observed data 20,65 20,05 5,33 5,85
Mean of simulated data 21,23 24,80 5,38 6,08
Std. dev. of observed data 9,10 9,43 2,48 3,08
Std. dev, of simulated data 19,01 39,38 2,54 3,88
Regression intercept 12,19 16,04 0,38 1,25
Regression slope 0,40 0,i6 0,92 0,76
Coeff. of determination R¢ 0,69 0,46 0,89 0,91
Coeff. of efficiency -0,89 -12,07 0,88 0,81
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TABLE 5.11: ANALYSIS OF ACCURACY OF THE VERIFICATION DATA SET FOR 82.09.13,

'INCLUDING ALL DATA' OPTION

B82.09.13 INCLUDING ALL DATA
Water Quality Std. Diff. t % Relative Regression  Regression RZ Coeff. of
Variables Mean Dev. Mean Test Error Intercept Slope Efficlency
22 {ases
Surface Observed | 20,80 4,58
1,1 2,00 5 13,69 0,38 0,26 -0,67
Chlorophyll a
Simulated | 19,69 4,09
ug/%
Integrated Observed | 21,15 3,94
3,43 an 16 14,37 0,38 0,45 -1,52
Chlorophyll a
Simulated | 17,72 6,92
Surface Observed 5,10 2,06
-0,09 -0,24 2 1,24 0,74 0,19 0,16
Turbidity
Simulated | 5,19 1,21
NTU
Integrated Observed 5,44 1,38
-0,16 -0,57 3 2,44 0,53 0,32 0,06
Turbidity
Simylated | 5,59 1,45




TABLE 5.12: COEFFICLENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET,

"EXCLUDING QUTLIERS' OPTION FOR 82.09.13

SUcOL INCOL SUTUL INTUL

ﬁumber of samples 30 30 30 30
Mean of observed data 19,49 19,04 4,94- 5,35
Mean of simulated data 19,81 24,22 5,0 5,52
Std. dev. of observed data 6,56 7,69 1,24 1,28

Std. dev. of simulated data 7,37 19,87 1,49 1,90

Regression intercept 7,54 12,39 1,59 2,45
Regression slope G,60 ,2* 0,67 0,53
Coeff. of determination Re 0,46 0,50 0,64 0,61
Coeff. of efficiency 0,26 -3,48 0,48 0,1

*

TABLE 5.14: -COEFFICIENT OF EFFICIENCY ANALYSIS FOR THE
CALIBRATION DATA SET,

‘NORMALISED DATA' OPTION FOR 82.09.13

sucoL INCOL SUTUL INTUL

Number of samples 25 25 25 25

Mean of cbserved data 20,00 19,41 5,08 5,48
Mean of simulated data 19,84 24,63 5,13 5,62
Std. dev. of observed data 6,96 8,27 1,31 1,36

Std. dev. of simulated data 6,37 20,43 1,47 1,88

Regression intercept 5,50 11,99 1,40 2,23
Rggression slope 0,73 0,30 10,72 0,58
| Coeff. of determination R¢ 6,45 0,55 0,64 0,63
Coeff. of efficiency 0,39 -2,84 0,54 0,29

* Table 5.13 is on the next page
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