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.NARROGIN

these or several other uses should
take priority? What forms of land
use are besl in the short and long
term interests of this State?

In the norlhern jarrah forest in
Western Australia, competing land
uses are vying for preference. In
view of the value of this resource to
the community, and its proximity to
the State's capital and main centre
of  populat ion,  a considerab le
number of people will eventually
be affected by land use decisions
made here.

The resources of the northern
jarrah forest provide both wood
and agriculture products, minerals
(bauxite, gravel and blue metal)and
various recreational and conservat-
i o n a l  v a l u e s .  O f  p a r a m o u n t
importance is its use as a catchment
for domestic and industrial water
supply  and for  i r r igat ion.  The bulk
of the land stil l under forest is held
as dedicated State forest and
m a n a g e d  b y  t h e  F o r e s t s
Department of Western Australia.
However, much o[ t he region is
privately owned and cleared for
either pasture or crops, so that
resource utilization involves other
Covernment Departments, private
c o m p a n i e s  a n d  i n d i v i d u a l
tanoowners.

The Murray is the largest un-
dammed stream in the region. lts
catchment is located some 100km to
the south of Perth, has an area of
660,000 ha and extends eastwards
wel l  in to the Agr icu l tura l  be l t .  l t  l ies
between existing metropolitan and
irrigation catchments $ee fig. 1).
Rainfallvaries from less than 500mm
to 1 300 mm per annum. Some 45
per cent of the catchment has
al ready been c leared,  causing
severe salinity problems from salt
seepages on farms and salination of
the mbjor waterways. lt is possible
that the Murray will be used tor
metropolitan water supplies by the
end of the century and this would
d rast ica l ly  a{ fect  the current
recreat ional  and conservat ional
values of the main valley.

Within the catchment are sonre of
the finest young regrowth stands of
jarrah as well as some high qualitv
b a u x i t e  d e p o s i t s .  C o n f l i c t  i n

Fig. 1.
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AA prosperous looking Iarm in the
eastern oart ol the catchment, Note
that clearing of the area has not been
total. c. Pead

Canoeing and rafting are popular forms
of recreationonthe f ree-Ilowing waters

t oI the Murray River. ,. Carey

. installation of desalination
p l a n t s  u t i l i z i n g  r e v e r s e
osmosis technology.

Reforestation would involve a
considerable amount of social
disruption and effort to achieve the
desired effect, and its capacity to do
this is uncertain. lt would increase
transoiration and therefore reduce
streamflow by perhap,s 30 per cent,
but it would stil l leave enough
runoff to supply approximately 200
million cubic metres per year.
Mixing with less saline supplies
w o u l d  i n v o l v e  f a i r l y  s e v e r e
engineering problems to achieve
an adeouate mix of saline and fresh
waters within the supply system. In
the absence of special measures to
increase runoff, the building of two
dams would involve a lower yield of
water for the metropolitan system
(an approximate total of 100 million
cubic metres per year), and would
also more than double the cost of
dams and pipes. But it would almost
c e r t a i n l y  i n v o l v e  l e s s  s o c i a  I
disruotion and less environmental
effect than reforestation. The
strategy of building small dams on
fresh tributaries would yield less
water (an approximate total of 30
million cubic metres per year) but it
would possibly have lesser effects
on other  land uses.  Physica l
desalination by reverse osmosis
could produce a large volume of
water (approximately 200 million
cubic metres per year), with little
social disruption, but at a high cost.

The complexities of the decisions
required for future planning of this
catchment become obvious when
all of the variables are assessed.

The Study Team
A number of experts from the
CSIRO's Division of Land Resources
Management, the Department of
A g  r i c u  l t u  r e  a n d  t h e  F o r e s t s

< The landscape ol a roaded catchment.
tor efficient water collection the
surface has to be free of plants,
eradication of which causes high
annual maintenance costs. (Photo
courtesy of the w.A. Departnlent of
Agticulture.)

Department came together to
propose a systematic and economic
plan for the catchment. Members
of other Government DeDartments
and private companies assisted the
S r o u p  a s  a o v t s e r s  I n  m o r e
specialized fields. Public opinion on
recreational use of the catchment
was obtained through surveys and
q uestionnaires administered by the
Forests Deoartment.

The Model
A mathematical model was used to
allocate land uses in the Murrav
catchment, under various scenarioi
of water planning, including tne
ootion of not to dam. The
citchment was divided into 41
zones according to land form types,
rainfall and vegetation coverage,
and all orobable land use activities
were considered for each zone. A
computer programme was wntten
t h a t  w o u l d  a c c o u n t  f o r  a l l
combinations of the activities in the
zones. Eleven land uses were
considered, including flora and
fauna reserves, national parks,
e u c a l y p t  h a r d w o o d  f o r e s t  r y ,
plantation forests, agriculture (as
adapted to d i f  ferent  zones) ,
agroforestry, streamline plantations,
water runoff enhancement by
sur face seal ing la  nd sur faces
( " r o a d i n g " ) ,  b a u x i t e  m i n i n g
(followed by forestry, agriculture or
roaded sub-catchments), and water
storage. The task was to assess the
economic value of each activity in
each zone and work out which
would be the most efficient land
use, according to three basic water
development options (no water
using development, one dam with
reforestation, two dams diverting
saline headwaters).

Landform mapping, a technique
developed by the CSIRO has now
been applied to large areas of the
south-west of Western Australia.
The main reason for this is that land
forms can be mapped from the air
over very large areas, where as quate
significant differences in soils and
vegetation can often be seen only
from the ground, and can therefore
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Fig. 3.

WATER YIELOS IN T}IE MURBAYCATCHM€NT UNOEF OIFFERENT SCENAFIOS

Walerylelds lrom lhe Mur.ay depend on the amounl ol th€ catchment covered by lorest
which evapor.l6 water allyear, asopposed lo annualcrops and paslureswhich only
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subjecl lo conslderable

only be mapped very laboriously.
There are now several studies
within State forests that successfully
relate land forms to vegetation and
soils. lt is therefore possible to
interpret landform maps in terms of
vegetation and soils, and thus utilize
them as a basis for land use
p l a n n i n g .  F o r  e x a m p l e ,  t h e
allocation of parts of the State forest
to various land uses such as

I

catchment protection, recreation,
flora and fauna conservation and
t i m b e r  p r o d u c t i o n ,  i s  t o  a
considerable degree based on land
forms, though economic and social
factors also have a strong influence.

Budgets

The economic va lue of  each
possible land use activity in each

zone was calculated on the basis of
f ive 'budgets ' .

( 1 )  A n  o v e r a l l  e c o n o m i c
cost/benefit comparison of
the activi es themselves in
each zone. For example, the
cost of planting pines and
the prof i t  made in  logging
these pines, compared with
direct cost,/benef it of a
other activities.

(2) A water budget - how each
activity in each zone would
affect the amount of potable
water released into the river,
and how much th is  water
would be worth.

(3) A salinity budget - how
each activity in each zone
would affect the amount of
salt released into the Murray
River ,  and what  economic
costs would be incurred as a
result.

(4) A recreation budget - how
much each act iv i ty ,  for
example bauxi te  min ing,
would affect recreation in
each zone.  Numbers of
visitors to the area were
estimated and then vaiued.

(5) A conservation budget. This
w a s  d i f f i c u l t  t o  a s  s e s  s
b e c a u s e  t h e  v a l u e s  o f -
c o n s e r v a t i o n  c a n n o t  b e
directly incorporated into
the model. Therefore, it was
used as a constra int .  By us ing
conservatron as a constrarnt
an indirect value was gained
in dol lars  as to how much i t
cost to allocate land to this
purpose. This is called an
opportunity cost, or the
value foregone. Acl ivities
were assessed both with and
w i t h o u t  c o n s e r v a t i o n
constarnts.

Overall then, the model accounted
for 41 zones, 11 activities per zone,5
budgets per activity per zone. The
task then posed was to simulate the
catchment under proposed water
supply schemes and optimize land
use activities. The overall econonrrc
return of each scheme could then
be assessed.
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THE COSTS OFCONSERVATION IN THE MURRAY VALLEY

The modeleslimabs thallheovergll costol lmplementlng propoced conaeflallon areasamounlsloa dbcounted cost ol $24 rnlllion at
ii?i orrci{i-iniiitent ioin annuat cost ot 31.'68 mllllon.-fle ilisiribution ol thls cost beiween the aflecled land uses i3 shown In this
dlagrim lor tha case ot a slngle dam and 200 kn'ofmining'

By reducing thearea available lor
llmber harvestin g conservation

./ cuts forBtry value bY

,1 
$910,000per year'

Becaule there ls l0lrr|rless agficultule'
and le93 run ofl,wabl suppllea are leduced
In Yalue by $l40,000 PerYear.

Ths ar€r mlncd is not reduce4 bul
lncreaged tanSporl coab amounl io

1140,000 per year.

reteryed area.

fr9.4,

\
Flora tnd launa con3€rvailon realuce€
iecreallon yalue! by 3490,000 per year by
excludlng recteatlontl acllvltle3 lrom

bauxite, but may well be exceeded
bv the value of recreation alone.
Therefore, taking advantage of the
potential mobility of mining is an
important principle of efficient land
use management in this and similar
catchments.

Discussion of the Studv
On Rational Grounds includes an
evaluation of the methods that
were used in the case study. This
evaluation illuminates some of the
problems that af{ect the viability of

'10

'rational' planning in our society.
The available physical data is always
far from pertect- so that some
oredictions will be in error. ln'addition, 

analysts and decision
makers always have their own
assumptions about what is good tor
society: about what environmental
factors are important for in$ance,
and about the evaluation of social
welfare and benefit. Economic
assumptions, though necesary, are
always questionable. for instance,
the task of ascribing values to
r e  c r  e a t i  o  n  p o t e  n t i  a  I  a n d
conservation, both of which carry

much' in tangib le '  though real
ualue, Ieads to a fundamental
questioning of economic concepts,
and makes great demand on logical
reasoning. But if problems such as
these are not tackled. much well-
i n t e n t i o n e d  s c i e n t i f i c  d a t a
gathering may be fruitless.

The study highlighted several
areas where collection of more
information would reduce, but not
eliminate, the uncertainties o/
planning in the Murray study-

At the time of the study there was
only a limited amount of data on
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recreational activities. Subsequent
forests Department surveys have
added considerably to the available
information, however, data on the
recreational use of streams, rivers
and open bodies of water in the
south-west is still relatively sparse
and unco-ordinated. Surveys aimed
specifically at the econornic aspects
of recreational activity have not
been undertaken.

Another data de{iciency noted in
the study was the lack of reliable
estimates of the waY changes in
price will change the demand for
water. Ihese are imPortant for
calcu lat ing growth in  Per th 's
demand for water, the Srowth rate
in the utilization o{ a particular
water resource development, and
thus, the estimation of benelits
from building dams. Currently the
Perth Metropolitan Water SUPPIy
Sewerage and Drainage Board is
undertaking a major study of social
and economic faclors influencing
water use that will yield data
relevant to these purposes.

Ihere is even less available
inf ormation on the economic costs
which result from salinity in water
supplies. American data suSSests
that for a city the size of Perth,
economic co)ls of about $5 million
annually could be incurred even at
the acceptable standard for human
consumption of 500 milligrams per
Iitre total dissolved salts. fh is occurs
f  r o m  i n c r e a s e d  s c a l i n g  a n d
cor r osi on ca usi n g hi gh er ope r at ing
costs and a shorter working life for
all manner of waler-conlaclin9
a p p l i a n c e s ,  f o r  e x a m p l e ,  i n
industr ia l  p ipes and boi lers ,
domestic water heaters, ta?s and
valves, and the urban reticulation
system. This does not include any
h e a l t h  c o s  t s  I r o m  r  a i  s e d
c o n c e n t r a t i o n s  o f  s a  l t 5 ,  o r
purchases of high quality bottled

< Pine plantations and jarrah forest f lank
the deeply incised Munay Valley near
Dwellingup. ln the distance is Nanga
Bridge, below which the dam for the
one dam option would be constructed.
H. Bradbury

Part of the jarrah forest devastated by dieback disease in the western part of the
catchment. C. Pead

Bauxite mining in the western pan of the catchment. C. Pead
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