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I. ABSTRACT

Surveillance of water quality by re-
mote sensing technique can be persued
with advantage. An attempt has been made
in this paper to obtain regional models
of water quality of inland tanks and
lakes. Stepwise multiple linear regres-
sion analysis between water quality para-
meters and several functions of Exotech
radiometer band reflectance values, name-
ly, bands alone, bands and their ratlos,
and, bands and their products are evalua-
ted with respect to performance of the
regression parameters. It is seen, that,
the pairwise product of the reflectance
in different bands is better correlated
than the bands and their ratios. A pos-
sible explanation for this could be the
higher order non-linear relation between
the water quality parameters and the spe-
ctral bands.

II. INTRODUCTION

1. Environmental implication of water
quality has assumed much importance in
recent times. With increasing industrial
activity, agricultural practices and
man's increasing use of the land and the
environment, waters which were once con-
sidered safe and most easily available
commodity on Earth, are no longer there
for the present and future generations.
The increasing concern for availability
of safe and enough water for drinking,
industrial use, irrigation needs, recrea-
tional purposes and assthetic reasons re-
flects the problem of dimension both in
developing and developed ccuntries of the
world. The United Nations has realised
the urgency of it and declared 'Eighty!
as the 'Drirking Water and Sanitation
Decade!.

2e Evaluation of water quality of inland
tanks and lakes on a regional scale is a
time consuming and costly means by conven-
tional ground survey methods. Since qua-
lity of water 1s an intricate and variable
natural or man-made phenomena, it requires
periodic survey and monitoring for evalua-
tion of safe and acceptable water and for
implementation of corrective measures, if
required. Effective management and accu-
rate prediction of water quality on a re-
gional scale thus need a superior device
for numerical modelling which may satis-
factorily answer unforeseen happenings at
a future date. Recent advances in remote
sensing data acquisition technique and 4i-
gital processing of environmental data may
help in this respect.

3. Many studies have indicated that re-
flected radiation from a water body in
different bands of the visible and infra-
red portions of the electro-magnetic spe-
ctrum nhave strong correlatiops with seve-
ral water quality parameters . In these
studies, Landsat and airborne multispec-
tral scanner data have been correlated
with the water quality parameters. Com-
puter implemented pattern recognition te-
chnilque using supervised classification
proceduﬁe like the maximum likelihood al-
@ﬂ&maMsw%hemRmhlm%rm-
gression analysis” have been commonly
used in these studies. The regression
eqguations derived for sample areas have
been utilised to produce water quality
maps over the entire water body and to
enable prediction of water quality over
non-sampled areas using supervised clas-
sification of the space acquired data.

In regression analysis between water qua-
lity parameters and remotely sensed data,
reflected mean values alone or reflected
méan values and their,ratios of the lLand-
sat MSS or airborne M?S bands have been
employedhgg several water quality para-
meters.
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However, the usefulness of other functions

of the band values, say, palrwise products
of the mean reflectance of the bands have
not been investigated yet.

L. Secondary to this aim is to attempt
regional models of water quality. Since,
one of the gzreat advantzges of the remote-
ly sensed data from space, such as landsa-
ts, 1s the ready availability of the near-
surface environmental data on a regional
scale and on a repetitive basis, this si-
tuation could be used with advantage to
construct regional models of water guali-
ty of inland tanks and lakes by consider-
ing data of different water bodies and of
different dates. However in this study,
groundbased Exotech radiometer observation
has been used as a first step in that di-
rection.

I1I. METHODS AND MATERIALS

1. In connection with another study of
resources survey in Bundelkhand region of
Uttar Pradesh State in India, Water Qua-
1lity of four selected reservoirs were ta-
ken up for examination. These reservoirs
are of small sizes and managed by the
State Irrigation Department for irriga-
tion and drinking purposes. Ground data
collection were conducted for these reser-
voirs between 16th October and Lth Novem-
ber, 1979. These data collections were
of two types: (i) Exotech radiometer
measurement of surface water reflectance
for each of these reservoirs at two or
three different locations, (ii) water
sample collection from each of these lo-
cations for subseguent laboratory analy-
sis of water quality parameters.

2. Axotech (sometimes called the Land-
sat ground-truth radiometer) 1s a four ba-
nd portable instrument which can be used
in hand-held mode. The four bands are
the same as the Landsat bands, i.e., band
4 (0.5 - 0.6 um), band 5 (0.6 - C.7 um),
band 6 (0.7 - 0.8 um), and band 7

(0.8 - 1.1 um). The instrument measures
per cent radiation back-scattered (% re-
flectance) from any object with respect
to solar incident radiation. Laboratory
anazlysis of water samples determined 10
water quality parameters. These were:
PH, Conductivity (micro-mhos), Turbidity,
Total solidis (mg/l), Dissolved Solids
(mg/1l), Suspended Solids (mg/l), Total
Hardness (mg/l), Ca-lsriness (mg/l),
Chloride (mg/l1), Total Alkalinity (mg/l).
Besides, surface water temperatures were
recorded by Precision Radiation Thermo-
meter (Model PRT-5).

Iv. ANALYSIS

1. The stepwise regression model is em-
ployed in this analysis. The classical
multiple linear regression problem is that
of estlmating the coefficients,

_ 120, lyenenonnnnn. , L.
In the linsar model,

A

t
Y=Bot+t S BiXiteieiiiiii.n. ()

based on a set of n responses, Y, to vari-
ous values of the input variables, Xi, in
the presence of errors. In the present
problem, Y corresponds to the water quali-
ty parameter and Xi represent the spectral
tands or some functions of tnhe hands. In
many cases, a subset of size 's' of the
original 't' input variables willl be ade-
quate to describe the data. The stepwise
regression algorithm selects this subset
(optimal in the mean square sense) and eva-
luates the BRi's as follows: First, the
most correlated variable is chosen by con-
sidering the correlation coefficients.

The correlation metrix is updated to acc~
ount for the variable (s) entering the
regression; the next highly correlated va-
riable is chosen, based on the new matrix
and so cn. The procedure terminates, when
the required level of significance is rea-
ched. At each step, a check for deciding
whether, a variable already in regression
has become redundant or not, is performed
and, if found redundant, is discarded.

2. In this study, stepwise regression
analysis were carried out between water
quality parameters and several functions
of EZxotech b band radiometer reflectance
values. Here, water quality parameter is
the response variable and Exotech values
are the independent variables. Only eight
water quality parameters, viz. depth, tem-
perature, pH, conductivity, turbidity, Ca-
hardness chloride and total alkalinity are
found to be correlated with Exotech read-
ings and therefore, taken up for further
investigation in this paper. The follow-~
ing three models were investigated:

i) Regression of water quality para-
meters on the 4 exotech band
values.

ii) Regression of water quality on the
L4 Exotech bands and their ratios
(g};i LY/5, 4W/6, %/7, 5/6, 5/7 and

iii) Regression of water quality on the
L Exotech bands and their products
évi§. Lxg, 4x6, Lx?7, 5x6, 5x7 and

X7 ).
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ope of the aims of this investiga-
3. is to obtain regional model of water
tion,t . For this purpose, data for all
qual%ozr reservoirs were lumped together
the ed in the regression analysis. The
and usdata used in the regression models

iggugresented in Tablei.

v. DISCUSSIOH OF RESULTS

out of eleven water guality parame-
* .« taken up for examination, eight pa-
tersters, nauwely, depth, temperature, pH,
rame oo} ty, turbidity, Ca-Nlardness,
conduide =nd total alkalinity were found
chlor woll correlated using all the three
to bi Zven though the observed data of
mode :11 wyater bodies and different dates
Jumped together, the regression
were Y ere not impaired as can be seen
Table 2. For evaluating the perfor-
from > :"the regression models and for
the regression test parame-
posen were: Exotech band as well
pelr ratios and products in regres-
as thell  iering variables (E.V.), the
the standard error of estimate
e.) and the multiple correlation
(s Sticlent (¥)-
! ultant water quality models
2. tgﬁﬁlﬁigd in Table 3.q Compgring the
are % els, it is observed that the
threi using pairwise products of band va-
mode ~iyes pbetter performance in terms of
lues & ndard error of estimates and
lovel ®:°0.lues than the other two models.
higgz suggested, that, one of the reasons
this could be a higher order non-
for > . relation between the water quali-
linegrameters and the bands. This can
gg gxplained as follows:
suppose that the water quality

parameter

y = Bi.xa.Xs + Po +..... +e (2)
and Xo represent the bands 4 aﬁd

whefgig%e, the’bands themselvas are cor-
rélated’ we can assunme that,

Xa = B2.Xs + B3 4. +e' (3)

Now ubstituting for X, in eqn. (2), ve
ggt’

y =Bi(Ba-xs t Bz + &) x5 + Bo+....+e (4)

=71|.xsz + 32X +...... +Bo+..... +e (5)

Egn. (5) shovs that Y is a quadratic func-
tion of X5.

VI. CONCLUSION

Regional models of water quality may
be attempted by considering remotely sen-
sed dats of different water bodiss and of
different dates. Further, in water quali-~
ty studies using regression model, besides
the bands and their ratios, other func-
tions, such as, pairwise product of bands
may also be useful and these need to be
further investigated.
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Table

2.

Results Of Stepwise Regression Analysis
(Wumber of observations = 11)

Response
Variable, ¥4

Regression test
parameter chosen
for comparison

Exotech Bands only.
No. of variables = k4

Bxotech bands

and their ratios.
No. of variables = 10 No. of variables =10

EZxotech bands and

their products.

Depth

Temperature

pH

Conductivity

Turbidity

Ca-Hardness

Chloride

Total Alkalinity

F

r
Soe.en
EOV.

S.e.e.
E.V.

S.€.€e
E.V.

S.€.8,

w7
.

e ]

S.€.€,
ECV.

S'e.eo

EOV.

Se€.Ce
E.V.

S.8.€.
5.V,

8.6396

0.700
1.9279
6

31.2273

—_

8.6396

0.700
1.9279
6

8.6396

0.700
2-9279

. ..
3 BB Lokl
w®oP xaAJF
w-—\
X
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Table 3

Water Quality HModels

water quality

Exotech Bands

Exotech bands and
their ratios

|

Exotech bands and
their products

Depth

Temperature

PH

Conductivity

Turbidity

Ca-~Hardness

Chloride

Total Alkalinity

12.6167 ~ 6.8082  (band 6)
19.5781 - 2.8376 (band 7)
7.4294% + 0,3332  (band &)
- 0.2630 (band 5)

130.8351 +25.9788  (band %)
-7.2471 + 9.0533 (band 6)

19.8616 + 3.3212 (band k)
-17.6530 (band 7)

-3.4716 + 21.0808 (band 6)

93.6620 +'3.7k56 (band L )

12.6167 - 6.8082 (band 6)
19.5781 - 2.8376 (band 7)
6.4977 + 0.4266 (band5/6)

130.8351 + 25.9788
3 (%gnd 5y’
-7.2471 + 9.0533 (band 6)
9.9727 + 34249 (band 4/
band 6)

32.9890 - 2.1881 (band 4/
band 7)

93.6620 + 3.7456 (band L)

12,6167 - 6.8082 (band 6)
19.5781 - 2.8376 (band 7)
7.1606 + 0.2649 (band 4)

0.1680 (band 5 x band 7 )

161.7%3% + 25,5494
(band 5 x band 7 )

~1.8116 + 1.2848 (band 5 x
band 6 )

17,4344 + 3.6289 (band 4
-12.9103 (band 6 x band 7)

-28.9072 + 66.4023 (band 6)
+ 7.3843 (band 4+ x band 7)
- 10.9877 (band 5 x band 6)

93.6620 + 3.7456 (band 4)
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