
Australia is the driest of the inhabited continents, yet 
our modern society makes large demands on water 
supplies for domestic, industrial, and agricultural pur­
poses. The average annual run-off from the Australian 
mainland has been assessed as the equivalent of only 5 
centimetres depth over its surface. The run-off from 
Africa, the next driest continent, is equivalent to a depth 
of 17 cm. 

T o c o m p o u n d the p r o b l e m o f small re­

sources , Australia exper iences p r o l o n g e d 

droughts , and its lack o f h i g h moun ta ins 

means that it has n o permanent s n o w -

fields. A s a result, stream f lows here de­

pend largely o n indiv idual ep i sodes o f 

h e a v y ra in , and are c o n s e q u e n t l y e x ­

tremely variable. 

T h e potential o f a stream in p rov id ing 

water can o n l y be est imated i f w e have 

g o o d long- t e rm f l o w in format ion . T h e 

A u s t r a l i a n wate r r e s o u r c e au thor i t i e s 

have a valuable and extensive ne twork o f 

s t ream-gauging stations, but it w o u l d be 

an imposs ib l e task to p lace gaug ing sta­

t ions o n all our rivers. It w o u l d a lso be 

many years before long- te rm values c o u l d 

b e established. 

Y e t in m o s t areas o f Austral ia , records 

o f daily rainfall and c l imate have been 

kept s ince the earliest days o f sett lement. 

It is therefore an attractive n o t i o n that, if 

w e c o u l d use c l ima te data to est imate 

evaporat ion and transpiration and l ink 

these estimates wi th rainfall readings , w e 

c o u l d calcula te the total surface run-off 

and seepage to groundwater . 

What is needed is a hydro log ica l m o d e l 

that can tie rainfall wi th in a ca t chmen t to 

the stream f l o w generated in it. T h i s is the 

a im o f the Represen ta t ive Bas ins P ro ­

gram, an ambi t ious projec t be ing run by 

the Austral ian Water R e s o u r c e s C o u n c i l 

( A W R C ) . 

T h e idea o f representative basins relies 

o n similarit ies be tween different ca tch­

m e n t s . W h e n d r i v i n g a l o n g a r o a d 

through the Austral ian landscape , repeat­

i ng patterns o c c u r . E a c h culvert or creek-

c ros s ing drains an area that l o o k s similar 

to the last or to o n e a few ki lometres back . 

N o w , if w e can identify the similarit ies 

b e t w e e n t w o ca t chmen t s that are hyd-

ro log ica l ly s ignif icant — terrain, g e o l o g y , 

Lake Eucumbene gains most of its water 
from melting snow. However, most 
Australian streams depend largely upon 
storms, making their flow extremely 
variable. 

This gauging station in the Orroral Valley 
is designed to register nearly all 
conceivable floods. 

A data recorder designed at the Division 
of Land Use Research for field 
operation. When its protective cover is in 
place, only the solar cell on top is 
exposed. 

A borehole instrumented to record the 
groundwater level. 

29 

Taking stock of 

i i ^ r f B o u r c e s 
B o u r c e ss



land use , so i l , and vegeta t ion — w e wi l l be 

in a pos i t i on to estimate the stream flow o f 

o n e f rom the rainfall and stream f l o w o f 

the o ther . A r ea sonab ly s i m p l e m o d e l 

s h o u l d be able to take a c c o u n t o f the var­

iability resul t ing w h e n the hyd ro log i ca l 

e lements o f the ca tchments are the same 

but arranged i n different ways . 

Starting f rom this idea in 1965 , the 

A W R C has identif ied 93 bas ins , ranging 

in size f rom 25 to 2 5 0 square k m , that have 

been selected as representing a very w i d e 

range o f Austral ian landscapes , hyd ro log ­

ical c o n d i t i o n s , and c l imate . E a c h ca tch­

men t is be ing ins t rumented (about 9 0 % o f 

them have been so far) so that the part icu­

lars o f its water ba lance can be measured . 

Ve ry flat arid and semi-arid pla inlands 

d o no t , in general , possess dist inct drain­

age basins . Because they canno t b e easily 

a c c o m m o d a t e d in the representative basin 

c o n c e p t , these areas, o c c u p y i n g one-third 

o f the con t inen t , d o no t c o m e under the 

p rogram umbre l la . 

Collecting data 

T h e implementa t ion o f the p r o g r a m has 

invo lved virtually all agenc ies associa ted 

wi th the A W R C . T h e particular State 

w a t e r a u t h o r i t i e s are u n d e r t a k i n g 

s t ream-gauging o f basins , the Bureau o f 

M e t e o r o l o g y is c o l l e c t i n g rainfall and 

c l ima to log i ca l data, and the G e o l o g i c a l 

Survey authorit ies are invest igat ing g e o l ­

o g y and groundwater . 

The proof of the method is 
in its operation, and on this 
score the model is doing 
well. 

A u t o m a t i c recorders take readings o f 

stream he igh t at least every 15 minu tes , 

and the stream f l o w is ca lcula ted f rom 

them. A t least four rainfall stations wi th in 

a ca t chmen t take daily readings and o n e o f 

them records rainfall at 6-minute inter­

vals. 

T h e c l imate station in each ca t chmen t 

records standard m e t e o r o l o g i c a l data — 

daily m a x i m u m and m i n i m u m temper­

atures, dai ly totals o f wind-run and radia­

t ion, and wet- and dry-bulb temperatures 

at 9 a .m. and 3 p . m . S o m e stations are 

more elaborate and record hour ly values , 

and s o m e possess evaporimeters as w e l l . 

T h e mass o f data is transferred to the 

C S I R O D i v i s i o n o f L a n d U s e Resea rch at 

Canberra o n magne t i c tape, w h e r e it is 

p rocessed and added to the c o m p u t e r data 

bank. Current ly this data bank conta ins 

data f rom 67 basins and the total informa­

t ion exceeds 10 m i l l i o n words o f c o m p u ­

ter store. T h i s represents m o r e than 2 0 0 0 

s ta t ion-years o f data. T h e data bank , 

w h i c h is available to all researchers, is 

already a r e s o u r c e o f c o n s i d e r a b l e na­

tional value , and is be ing drawn o n by 

workers in universit ies and other research 

insti tutions. 

M r N e i l B o d y , M r M i c k F l e m i n g , and 

M r J im G o o d s p e e d are the scientists at the 

D i v i s i o n respons ib le for deve lopmen t and 

use o f the data bank. A s M r B o d y sees it, 

the acquis i t ion o f data in the first 10 years, 

and the deve lopmen t o f c o m p u t e r prog­

rams to edit , manipula te , transfer, and 

store the data, were far m o r e difficult than 

anybody or ig inal ly expec ted . T h e y have 

required the efforts o f hundreds o f p e o p l e 

th roughout Austral ia, but the results are 

n o w b e g i n n i n g to s h o w . 

F r o m the beg inn ing , the D i v i s i o n has 

been invo lved in s o m e way in nearly every 

aspect o f the Representat ive Basins Prog­

ram. It operates and maintains o n e o f the 

representa t ive bas ins , the U p p e r Y a s s 

River basin. Part o f its ro l e has been to 

d e v e l o p instruments that enable the data 

to be p rocessed by digital compute r . M r 

G o o d s p e e d was respons ib le for des ign ing 

equ ipmen t that translated exis t ing charts 

into digital fo rm. H e also p r o d u c e d an in­

s t rument for l o g g i n g f ield data, w h i c h 

p u n c h e d the data directly o n t o paper tape 

ready for the compu te r . 

M r B o d y and his co l l eagues n o w have 

before them the cha l l eng ing task o f de ­

v e l o p i n g and ref ining the c o m p u t e r m o d e l 

that wi l l a l l o w the data bank to be put to 

work . T h e m o d e l wi l l provide s imulated 

s t r e a m - f l o w r e c o r d s f r o m u n g a u g e d 

ca tchments , g iven appropriate input data. 

It w i l l a lso b e used to refine the semi -

empi r i ca l d e s i g n m e t h o d s used by en­

gineers for smal l structures such as weirs 

and culverts . 

The Australian Representative Basins 
Model ( A R B M ) is basically an 
arrangement of five different water stores 
that simulate water storage in the field. 
Formulas, derived from physical theory 
and experiments, link the stores. 

It is est imated that, o n average, $400 

m i l l i o n is spent each year o n s u c h f l o o d -

m i t i g a t i o n s t r u c t u r e s i n u n g a u g e d 

ca tchments . 

Five moisture stores 

T h e m o d e l has evo lved over t ime, incor ­

porat ing n e w research f indings as m o r e 

has been learnt about the physical p r o c e s ­

ses i n v o l v e d i n water p e r c o l a t i o n and 

run-off. But the basic idea beh ind it is 

fairly s imple , and a schemat i c vers ion o f it 

is s h o w n in the diagram. It has five m o i s ­

ture stores, or ' tanks' , and water m o v e s 

be tween them as s h o w n . Fo rmu la s , de­

r ived f rom phys ica l theory and exper i ­

ments , l ink the stores and approximate 

what g o e s o n in the field. 

R a i n fal l ing to the g r o u n d first e n c o u n ­

ters fo l iage , f rom where it drips or runs 

d o w n stems to the g round , but leaving a 

p r o p o r t i o n b e h i n d in the ' in te rcep t ion 

store ' . R a i n reach ing the g round enters 

the soi l , but if it falls faster than it can be 

absorbed, water beg ins to fill depress ions 

in the surface, the 'depress ion storage ' , 

un t i l it o v e r f l o w s and creates sur face 

run-off . W i t h i n the s o i l the a b s o r b e d 
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water beg ins to saturate the upper soi l 
store (cons idered as the top 3 0 - 6 0 c m ) 
where the roots o f mos t grasses and c rops 
are located. T h e lower soi l store, to about 
150 c m deep , is the reg ion explored by the 
roots o f trees and other deep-rooted vege ­
tation. Water seeps d o w n to the l ower soi l 
store, but as the upper soi l store dries out , 
it can also rise by capillary act ion. Water 
a lso drains f rom the lower soi l store into 
the groundwater store, w h i c h keeps the 
stream runn ing dur ing dry spel ls . 

A n important feature o f the Austral ian 
Representat ive Basins M o d e l ( A R B M ) is 
that each store is an ama lgam o f the c o n d i ­
t i ons f rom the w h o l e c a t c h m e n t . T h e 
m o d e l finds the capaci ty o f each store, and 
this s ingle value , or ' l umped parameter ' , 
is accep ted as the effective average for the 
ca tchment , despite the mul t ip l ic i ty o f dif­
ferent areas with different characterist ics. 

T h e capaci t ies o f the stores are found by 
c o m p a r i n g observed and predicted stream 
f lows and de te rmin ing the sets o f values 
that g ive the best match . Actua l ly , the 
m o d e l i n v o l v e s 12 l u m p e d parameters 
( represent ing , as we l l as store capaci t ies , 
such factors as evaporat ion, infiltration, 
and drainage) , and it is no t always easy to 
f ind the best set o f these, s ince they de­
pend u p o n o n e another . 

A gauging station on a bushland stream. 

T h e m o d e l demands a very large quan­
tity o f data; in particular, rainfall readings 
n e e d to b e taken in the f ie ld every 6 
minutes . T h e s e a lmos t -con t inuous data 
are necessary because the m o d e l is trying 
to simulate the physical p rocess o f water 
inf i l t ra t ion . T h i s p r o c e s s c a n c h a n g e 
rather qu ick ly , as the rate at w h i c h infilt­
ration takes p lace depends o n the initial 
m o i s t u r e c o n t e n t o f the s o i l and h o w 
m u c h has already infiltrated. H o w e v e r , if 
n o rain is fall ing the m o d e l does no t have 
to operate o n a 6-minute interval; in n o n -
rain per iods o n wet days it uses a 1-hour 
per iod and o n dry days o n e o f 24 hours . 

Never the less , the p r o o f o f the m e t h o d is 
in its opera t ion , and o n this score the 
m o d e l is d o i n g we l l . T h e parameters for 
all the bas ins ana lysed so far, e x c e p t 
perhaps o n e , s eem to be fairly stable — 
they d o n ' t c h a n g e rad ica l ly f r o m o n e 
rain-storm to the next or across seasons . 
T h e researchers prefer to say that their 
m o d e l is in this respect fairly ' robust ' . 

T h e o n e excep t ion was the War rambine 
representative bas in , w h e r e run-off be­
h a v i o u r d i f f e r e d ve ry m u c h b e t w e e n 
s u m m e r and winter . T h e p r o b l e m lay in 
the so i l type, a deep c rack ing c lay , w h i c h 
was normal ly dry and c racked in s u m m e r 
bu t a l m o s t i m p e r v i o u s by the e n d o f 
w i n t e r . T h e s c i e n t i s t s t h e r e f o r e d e ­
v e l o p e d a spec ia l c r ack ing - so i l m o d e l , 
w h i c h s u c c e s s f u l l y l i m i t e d s i m u l a t e d 
run-off at War rambine in summer to the 
few o c c a s i o n s w h e n the cracks were effec­
tively fi l led. A t the same t ime, it preserves 
response to winter rain. 

Although the amount of data is 
considerable, only 49 basin-years of data 
for 12 basins can be used for computer 
modelling (because sometimes 
meteorological data are not available at 
times when hydrological data are, and 
vice versa). Nevertheless, the proportion 
of complete data is steadily increasing. 

Refining the model 

T h e m o d e l has been used by a n u m b e r o f 

other researchers to he lp solve hydro log i ­

cal p rob l ems . 

T h e S n o w y M o u n t a i n s E n g i n e e r i n g 

Corpora t ion has buil t it into its urban 

run-off m o d e l and has appl ied it to s imu­

late the effect o f urban deve lopmen t at 

A l b u r y - W o d o n g a . T h e m o d e l has also 

been used to c o m p u t e the size o f retarding 

basins and f loodways necessary to handle 

run-off f rom adjacent rural land. 

A t the m o m e n t , M r B o d y and his c o l ­

leagues are invest igating the relat ions be­

tween m o d e l parameters and other physi­

cal descr ip t ions o f ca tchments . T h e y are 
a lso trying to determine h o w sensitive the 
m o d e l is t o v a r i a t i o n s i n c a t c h m e n t 
parameter values. 

In particular, the researchers are inves­
t igating the informat ion that can be ex­
tracted f rom the 1 : 100 0 0 0 series o f to­
pog raph ic maps p roduced by the D i v i s i o n 
o f Na t iona l M a p p i n g . T h e s e maps are 
based o n a fairly un i fo rm interpretation o f 
aerial photographs c o u p l e d with field o b ­
servat ions, and thus offer a s imple and 
effective way o f obta in ing land data. In­
deed they s e e m m o r e useful than Landsat 
p h o t o s , a l though the scientists are exam­
in ing them also. Landsat appears to be 
particularly g o o d for m o n i t o r i n g land use 
c h a n g e s . 

T h e maps are at present be ing analysed 
to inves t iga te the spread o f m e a s u r e d 
characterist ics a m o n g groups o f adjacent 
c a t c h m e n t s . T h e y are d i v i d e d i n t o 
4 - s q u a r e - k i l o m e t r e s e c t i o n s , and the 
d o m i n a n t land cover , g e o l o g y , s lope , and 
so o n are recorded for each sec t ion and 
filed in a c o m p u t e r data bank. Indexes o f 
similarity are der ived, and the first test 
wi l l be to see h o w c l o s e hydro log ica l ly are 
basins wi th similar index values. 

T h e CSIRO scientists h o p e that the re­
fined m o d e l and the parameter relat ions 
wi l l a l l o w conf iden t predic t ion o f the ef­
fect o f land use changes , wi thou t the de ­
tailed field exper imenta t ion usually in­
v o l v e d ( s u c h as w a s necessary for the 
Shoa lhaven ca t chmen t study descr ibed in 
the article o n page 8) . 

Andrew Bell 
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T h e representative basins m o d e l applied 

to four ca tchments . D . N . B o d y and M . 
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The amount of data in the data bank 

Rainfall at 6-minute intervals 

Daily rainfall 
Stream discharge 
Evaporation 

831-8 station years for 151 
stations in 55 basins 

941-5 station years for 62 basins 
206-2 station years for 32 basins 
370-6 station years for 54 stations 

in 42 basins 




