USE OF IMAGE PROCESSING TECHNOLOGY IN HYDROLOGY
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ABSTRACT

A challenge facing the:hydrologist‘in the 1989°'s
is how to keep informed about the rapid advances
being made in computer technology and to update
the hydrological tools in the 1light of these

~advances. The science of image processing has
developed with the advances in computers, and as

- such needs to be examined to assess the use of
this new technology in hydrology.

The .aim of ' this' paper is . to. stimulate interest-
and discussion, and as such is not intended to
be a comprehenisive review of the topic. Three
applications © in~ hydrology- will be discussed
namely:

1. The use of remotely sensed data in
hydrological modelling.

2. The use of the data base to manage large
volumes of raster data and

3. The use of image processing software.

THE USE OF REMOTELY SENSED DATA IN HYDROLOGICAL MODELLING

Remotely sensed data has been used to estimate both the
input data needed to drive the model and the parameters in
the model. For example, satellite data have been used to
estimate the rainfall data needed to run hydro-electric
power operating models in Canada (Bellon and Austin,
1985). There are many well known remote sensing techniques
to estimate model parameters such as land cover and

irrigated areas.



The model state varzables like soil moisture have also been
updated by means of remote sensing, - Peak, Johnson and
Keefer (1983) modified the Natz.onal Weather Service River
Forecast System raxnfalIirunoff ‘and snow melt models so
that the variables of soil mositure, snow water equivalent

and snow extent could be updated as the model was being run.

-

THE USE OF THE IHAGE PROCESSIN@XDATA BASE TO HANAGE RASTER
DATA ' ; '

A typical Landsa(f. séene conta1ns,?foé'rf." l imag'e's:' o'f‘ about 7
million .= pixels r=each. ~Therefore, the ‘image processing
systems have efficient techniqués  for storing and
retrieving large quantities of raster data. Rainfall, soil
and temperature data could ‘c{e _stored ‘§§‘Jt,digi€§l ‘maps and
output in sevefal fométs -hyv'ma;ans of  ‘an im;ge display
subsystem. Some of the larger image processing systems
also support geographic: ‘information to produce thematic

maps.

Seed, Dent and Piper (1985) used the locally developed
image processing system P.I.P.S. to store elevation data as
a geodetic grid. This grid was accessed by means of the
P.I.P.S. utility subroutines and was used to generate a

rainfall map which was also stored in P.I.P.S. format.
A major constraint on the use of distributed hydrological
models in the past, has been the volume of data to be

processed at each time step.

THE USE OF IMAGE PROCESSING SOFTWARE

If the data are stored as an image data base then the
software features (image manipulation) for classification
can be used. There are many routines for general image
manipulation that are of wuse for any data set. For
example, enhancing the data base by means of smoothing,
changing the pixel size and specifying an area of interest

by means of a bit map to name just three applications.
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The many powerful classification procedures soppoéi:eﬁ by an

image processor are also of considerable interest to the

y ﬁy’d'rolo‘gisi'. * For example, thesg routi.nes could be used to

'o‘bjectively 1dent1fy homogeneous reg:.ons, ‘for example, of
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As' a 'first Attempt, the Mfolozi catchment was classified

into seven physi.og'r.;e‘p'i;ier !’vregg:i%o'ri"sw "ix':sfitig ‘height, maximum
slope at a point and the de Villiers, 1968 soil maps. The
slopes were calculated using the height data, and both
images were scaled to have a range of 256 levels. It was
found that the numbering system used by de Villiers was
somewhat arbitrary for examole, the class 2 had in fact
similar properties to class 14 as both were sandy soils.
The classes were grouped into five broad classes and ranked
according to texture. New class numbers were assigned to
each class and then rescaled to the same range as the other

images. The modified numbering system is shown in Table 1.

TABLE 1: RENAMED SOILS CLASSES FOR PHYSIOGRAPHIC
REGIONALISATION

de Villiers class 14 11 2 1 3 4 5 8 9 6 7

New class Lheadialls 20 and3 0 34w 30w 4Ta 1424051 52
12°:13¢110
93, D4 95

The iterative clustering routine in P.I.P.S. was used to
identify seven clusters in the feature space. These

regions are shown in Plate 1.

As the intention was simply to demonstrate by way of an
example the usefulness of the iterative clustering routine,
cne is able to conclude from these preliminary results that

the technique is able to produce interpretable regions.



4. CONCLUSION
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"_.. Image processing technology can not only provide data to be
; used by hydrdlogmal models, bug elso a convenient data
bese structure together with powerful software mappmg and
regionalisation. It i.s the author's opinion that image
= E%roce_s:s‘ingl may ’well . .groviyd“e‘ the 7p?a$sis?" for- the next
xap*eFation of hydrological modsls.. ..
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PLATE 1: PHYSIOGRAPHIC REGIONS FOR THE MFOLOZI CATCHMENT
USING HEIGHT, SLOPE AND SOIL TYPE.

( '




REFERENCES

BELLON, A. and AUSTIN, G.L.
(1985)

DE VILLIERS, J.M. (1968)

PECK, E.L., JOHNSON, E.R.
and KEEFER, T.N. (1983)

SEED, A.W., DENT, M.C. and
PIPER, S.E. (1985)

On the relatiwve accuracy of satellite
and raingauge rainfall fields. Paper
presented at the XIX CMOS Congress in
Montreal, June 12;14. 1985.

Soils zones map: Published in -~
Philips, J. 1973: The agricultural and

related development of the Tugela basin

and its influent surrounds.

Creating a bridge between remote
sensing and hydrologic models.
N.A.S.A., Goddard Space Flight Center,

Greenbelt, Maryland, U.S.A,

The use of a digital elevation model

in mapping median monthly rainfall.
Paper presented at the Second National
Hydrology  Symposium, University of
Natal, September 1985.



