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SUMMARY
A study of the records of Helena Catchnent fTom'1904 

to 1970 showed that when noise due to varying
rainfall was nathernatically rernoved, annual saltflow
(sodiun chloride) into the dam was not Tandomly
dist"ibuted through tine. When the record of forest
canopy removal was nodelled according to certain
assunptions, a strong correlation was found between
forest canoDy renoval and saltflow.



INTRODUCTION

A possib le l ink between removal  of
native vegetation and increasing stream
sal in i ty  in  Western Austra l ia  was
proposed by Wood in 1924, A nore recent
survey was nade by Peck and Hur le (1975) .
The following records of Helena Catchrnent
f ron 1904 to 1970 were exarn ined to
invest igate the re lat ionship between
removal of native vegetation and strean
salinity: weather (fron the Comrnonwealth
Meteoro logi  ca1 Bureau) ,  cut t ing and
clearing (from the Forests Departrnent of
Western Austra l ia) ,  and darn levels  and
sal ln i t ies ( f ron the Publ ic  Works
Department and the Perth MetLopolitan
Water  Board) .

Descript ion

^ Helena Catchnent covers about ,l500

knz (F igure 1) .  In  genera l ,  the
topography is flat in the east but nore
dissected in  the west  toward the Dar l ing
Scarp. The dam is situated in the high
rainfall zone in the valleys of the two
nain s tTeans,  the Helena and Dark in
R i v e r s ,  I t  h a s  a  c a p a c i t y  o f  6 8 . 9  m 3  x
1 0 - o  w h i c h  c a n  b e  r a i s e d  t o  7 7 . 1  n 3  x
1 0 - 6  b y  u s e  o f  t h e  c r e s t  g a t e s .  I n  t h e
west  of  the Catchnent ,  where jar rah
(Eucalyptus narginata Sn.) is the nain
species, the canopy cover is about 75%.
In the east, where wandoo (Euca1)?tus
w a n d o o  B l a k e l y )  i s  t h e  m a i n  s p e c i e s ,
canopy cover decreases to abotJt 20%.

History
The first major renoval of forest

canopy in the Catchnent was in the first
decade of  th is  century,  just  a f ter  the
darn wal l  was conpleted.  Owing to a
succession of dry years the dam did not
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FIGURE 1 :  Locat ion of  Helena
Cat chrnent showing Helena and
Darkin Rivers , Mmdaring Dan,
aainfa l l  isohyets,  and areas
ringbarked.
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f i 1 1 ,  s o  i n  a b o u t  4 8  k r n -  o f  t h e  h i g h
ra infa l l  zone c lose to the dan,  and in
about 18 kn2 of the subcatchrnent of the
Helena River ,  the t rees were k i1 led by
ringbaaking. This treatnent seemed to
give nore nrnof f  ,  a l though the ef fect
was par t ia l ly  masked by a wet ter-
than-average year  (1907) .  A l though the
dam filled, sone stTeams in the ringbarked
areas were more salty than before, and,
as will be shorm 1ater, there was a rnarked
rise in the amount of salt flowinq into
the dam.

Parts of the ringbarked areas were
planted with pines in the second and
third decades, The Catchnent has been
logged at  vary ing in tensi t ies s ince 1900,
with extensive cutting of green firewood
by the Wundowie lron and Steel CornDanv
s i n c e  1 9 6 0 .  S i n c e  l g 4 8  t h e r e  h a s  t " " . t  " . t
upsurge of clearing of Private property
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( A ' =  F ' X  l t )

)
lL.-- .

TABLE
Method of calculating annual inflow of

salt and water for Mrmdarins Dam

Ini  t i  a1
Inf low
Rain on surface
Evaporation frorn surface
Draw
S p i  1 1
Final

*- known variab le

A r  =  A  +  B  +  C  -  D  -  E
- t  B = A '  -  A *  C + D + E

Vol.ume
of water

^ f

G
*H
* I
*J
* K
* F  I

F r  =  F  +  G  +  H  -  I  -
+  G  =  F r  -  F  -  H  +  I

2

Sal in i ty

* L  ( A = F X L )
M

* N  ( C = H X N )

Weight
of  sa l t

B
C

D
E
A l

*P
* L l

J - K
+ J + K



METHOD
Data conversion

The amount of salt (sodiun chloride)
and water flowing into the dan each year
was calculated by a sinple book-keeping
nethod fron the raw data on dan levels
and sal in i t ies (Table 1) .  Sal in i ty  of
10 ppn was used for the rainfall. at the
dan (Hingston,  1958)  .

There are several conpl"ications with
the renoval of tree canopy.
(1) The canopy cover diminishes fron west
to east so that the rernoval of a given
percentage of original canopy in the west
inplies renoval of a greater absoLute
anormt of canopy, or transpirational
surface, than does renoval of the sane
percentage of original caaopy in the east,
(2) Intensity of removal ranges fron
totaL removal. for agriculturaL cLearing
down to renoval of 409" of originaL canopy
in the lightest logging.
(3) No record of original canopy over
the whole Catchnent exists - only recent
air-photo interpretation rnaps after the
removal has taken pLace and sone regrowth
has occurred.

Consequently, a single va"iable
dubbed Forest Canopy Renoval. was created
whi ch allows for the above considerations
according to the Assunption 5 below. To do
this, original canopy cover was estinated.
From an air-photo interpretation nap,
areas of prine, mature forest within the
Catchnent were located. Ten of these
were then selected at Tandon, and the
percentage canopy cover pailed with the
annual rainfall for that part of the
Catchnent. Although the relationship
between rainfall and canopy cover is
almost certainly signoid (since canopy
cover cannot be less than 0% nor greater
than 100%), for the range of rainfall
encountered a Iinear regression gave a
satisfactory fit (Figure 2). Fron this
regression, original canopy covers for
the different Tainfall zones were
est inated.

As sumptions
Before tackling the analysis, the

fol.lowing assutnptions were rnade.
(1) There was f.ittle if any canopy renovaL
on the Catchnent before this century.
(2) If canopy renoval causes salt to be
set in rnotion, then regrowth of trees,
while possibly preventing further salt
nobilisation, h'ill not stop the novernent
of that saLt alTeady in notion.

500 r0@
Annuol roinfoll (mm)

FI GURI 2: Relationship between
% forest canopy cove" (Y) and
annual rainfall (X)
Y = 0 . 0 7 X -  1 6 . 8  r  =  0 . 9 8 9 7 ! t * *
S . E .  e s t .  =  3 . 1 4
9 5 %  C . L . e s t  - -  !  6 . 1 5 %

(3) A variable which deternines
evapotranspination effects is Leaf area,
and removal of part of the canopy over a
large area wilL reduce evapotranspirati on
by the sane a.nount as total rernoval. of
canopy over a proportionately snaller
area. Again, total renovaL of canopy in
heavy forest (high percentage canopy cover)
will reduce evapotranspi rat j on by a
propoltionateLy greater amount than total
rernoval of canopy in a light forest (low
percentage canopy cover). To put it rnore
succinct ly:
if 0 is original percentage forest canopy

cover,
X is percentage of original canopy

renoved,
V. is total area over which renoval

took place,
and (l) is actual area of tree canopy

rernoved (a reasonab le a4a1og of
leaf area renoved),

then o = 0 X V x t O - +
This as sr:rnpt i on is contentious - renaining
trees nay take up the slack in transpiration
when the canopy is paatly renoved, However,
in the absence of evidence of this we nust
apply Occanrs razor and use the sinpl.er
explanation. ShouLd evidence come to light
of a threshold cutting intensity below
which the water table does not rise, any
cutting below this Level could be excluded
fron the calcuLat ion (see discussion later) .
(4) If canopy removal causes salt rel"ease,
the appearance of that salt in stTeams, and
so eventually in the darn, wil.L follow this
pattern: there wil"l" be a lag between
cutting ard salt appearance (LAG), then
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FIGURE 3a: Annual rain
Ho:randon. r=57 o=0.05
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(R) plotted through time
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FIGURE 3b: AnnuaL strearnflow (S)
Ho.randon.  r=35 c l=0.05 Z=-0.24.
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FIGURE 3c: AnnuaL saltflow (T) plotted through tine
Ho:  randon.  r=28 c l=0.05 Z=1 .93.  Reiect  Ho,
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there will be a rise in salt flow up to a
peak (BOOM), foJ"lowed by a gradual decline
in saLt flow to its original level (BUST).
LAG could range fron a few days for areas
of high rainfall cLose to the dan to many

FIGURE 5d: Forest canopy rernoval
(U) plotted through tirne

years for areas of 1ow rainfaLl in the
east of the Catchnent. Sirnilarly, one
would expect the leaching period (BOoM
and.BUST) to be shorter in high than in
low rainfal"l areas, Geornorphology nay
also affect the pattern.
(5) The water balance equation can be
written as

W t = W t _ t * R t - F t - E a - L a

where W- is water in Catchnent at end' of t th tine period
Wr_1 it water in Catchment at end

o f  ( t -1 )  t h  t i ne  pe r iod
R* is water input by rain in t th" t ine oer iod
l  1 s

l]

F- t

L -
E

water fi.owing out of Catchment
' i n  f  f } t  + i m a  a a + i n / l

evapotransp irat ion loss in
f  fh  f i  mA hAf i  ^ .1

water  lost  by leakage in
+  t h  + i n a  n o t i n j
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FIGUR.E 5e: Water
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FIGURX 3f: Salt storage change (W) plotted through
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t irne



Since in this study the tine 1mit is a
year, the assunption is made that the
volune of wate" in the CatchrDent on
I January is approxinately constant
through time, i. e, that

w * = w - '
Here we can say

E a * L t = R t - F t

Examination of variables
The four basic variables _ annual

"ainfal l  (R),  streanf low into dan (S),
saltflow into dam (T) and forest canopv
renoval (U) - are plotted through tim;'
ln Figure 3. No assunption of nornal
distribution was nade for any variable,
and the nulL hypothesis of ranrlon
distribution through tine was tested by
the nonparanetTic Runs Test (Freund,
1971) for R, S and T,

For R and S there is insufficient
evidence to disrniss the null hypothesis,
but T appears to have deterrniniltic
fluctuati ons through tirne.

Water usage (VJ ana salt storage chanse
(W) are Dlotted against tine in fiiures
3e and 3f respectively. V is the difference
between the volune of water put into the
Catchnent each year and the anount
flowing out, and represents the water

stored in or lost fron the Catchnent by
transpiration and leakage. W is the
difference between salt nass entering the
Catchnent with the rain, and the sali
rnas s leaving the Catchnent in the streams,
and represents the change in nass of the
salt stored in the Catchrnent, excluding
any salt lost by leakage.

Inte"correl ations were caLculated for
seventy observations on each of the six
variabl"es, and these are shown in
Figure 4.with the systen that they and
the part ia l  correLat ions suggest,  With
this.systen in rnind, we nay attenpt to
obtain regressions which will adequately
describe the relationships between the
nain variables. Since streamfLow is
detennined by rainfall and water usage,
it seens sensible to try to p"edict
streanflow fron these two. ilo"u.r"",
rainfall and water usage are themseives
hrghly correlated (see discussion),  so
the usual mlltiple regression tu"hniqrr"
ls urel iable,  The approach, then, is
as foL lows :

v = f ( R )
and since

S = R - V
S = R_f (R)

This leads to the relationship
l n V = 0 , 8 8 0 9 + 0 , 8 6 5 7 R  r  =  0 . 9 9 2 5 * * *

n = 7 0

-o.67
***

9 l
* *

rvs/R : -o'zs

S  :  R - V

FIGURE 4: Systen chart
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In Figure 3b, streanflohr appears to
be randonly distributed through tine. The
departures of observed streanfi.ow fron
that expected for a given rainfall are
plotted through tirne in Figure 5; the
hypothesis of random distribution can be
confidently rejected for these residuals.
For the period rmder study, streamflow
seens to have a stTong randon corponent
due to the strong randorn corqponent of
rainfalL (rain rnay also have a
deterrrinistic conponent - see discussion).
the randon conponent of streanflow nasks
a deterninistic conponent, probably
caused by a deterninistic element in the
pattern of water usage through time.

Similarl.y, saltflow can be calculated
as a function of streamflow

T =  1 9 5 . 7 1  S +  4 7 7 6  ( 2 1
1  =  9 .  3699* * *
n = 7 0

The departures of observed saltflow
fTon that expected fron streanfl.ow
observations are plotted through tine in
Figure 6. Again we conclude that the
Tesidual"s are not randonly distributed
through tinne.

Fron Assunption 4, the h)?othetical
effect of canopy renoval on salt release

is shown in Figure 7. Fron Figure 6 we
see that we need a rrforgettingtr fimction
which will describe this rise and fa1l
pattern. A gene"al forn could be

Tt

rr t t  = l t  exP (-Bt)  for t  > o
t0 elsewhere

We can now introduce a Sal.t Release
Index (call it 0) which is the sum of
the areas of canopy renoved in preceding
tine units operated on by f(t) to allow
for changing rate of salt release. Hence

1 + K

o = i  u n _ t f ( t )
t =1

where
Ih_t it the area of canopy

removed in the (n-t) th
tine unit

i is time imits of LAG
j is tine lmits of BO0l4
k is tine tmits of BUST
t* is t ine rmits s ince canoDy

renoval
and t is (t *- i)

Fron exanination of the records of
canopy renoval and saltflow, a LAG of
zelo, a BOOM of two decades, and a BUST of
three decades may expl.ain the pattern of
salt release which followed the ringbarking
arol.nd the dam. The absence of LAG is
teasonable when looking at tine ruits of a
decade since the ringbarking took place in
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FIGURE 5:
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Streanflow residuals through tine
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FIGURI 6: Saltflow residuals through tine

a high rainfall zone close to the dan. The
fimction fo" these periods is caLibrated
as folLows. Let

L A G = 0
B00M = 2

and BUST = 5.
Start r,rith f(t) = to exp (-gt). We want
f t  ( 2 )  =  0 .  We1 l ,

^ .  . 0  ^ .  . df '=q  B)  t *  exp  ( -  B t )

,4, ^. ^o->f, (2) = (; - g) 2" exp (-2 B) = 0

By substituting the appropriate Un-t
we obtain a value of fl for each decade,
and can conpare this with other variables
suitably sunrned over the same perio<l, It
will be seen that the weightings in the
surmation for f| are the ordinates of the
rrforgettingl function, and represent rate
of salt release. 'Ihis gives a crude
integration. This rnethod is sirnple and
increases in accuracy as the tine uits
becone smaller relative to the Leaching
period; hence the use of this sunmation
rather than the tTue integral. The
sinpLe regressions of decade saltflow
(0) on decade streanflow (0), and fl, are
foLLowed by the mrltiple regression of
0 on both variables.

+ n = g  - R- 2

+o, = 28
Hence

f( t)  =
We also want f (  5)

t2B u*p (- gt)
be a snall. value, say
0 .  0 1

) a
+  5 - '  exp  ( -58 )  -<  0 .01

from which it can readily be seen that
l , n  0 .01B ,  f f i  

=  2 . 5 9 .

S o l e t B = 3 ,
Hence f( t )  = t6 exP (-5t) .
Fron this result we can calculate the
Salt  Release Index:

J

0r, = X Un_tf(t)
+ -  l

:  un_ l  (0 .05)  +  un_,  (0 .16)  +  u r r_a(O.09)

+  \ _ 4 ( 0 . 0 3 )  +  u " - 5  ( 0 . 0 1 ) .
FIGIIRE 7: Diagran of assumed
salt-reLease Dattern

t o

Conopy t*r i t*: ir j
r e m o v o l  | ! 0  i = j

t*= i.l rk
t  ' j * k

f r(.1) =o



0 = 4 3 7 . 6 5 9 0 - 8 5 2 6 9 . 5 9 2  r  =  0 . 8 6 8 5 *
n =  I

0=  91 .159 f1  +  98767 .492  r  =  0 .8025*

0 = 30s.s9600 + 50.7410 -  42657.945

R =  0 .9408* * *

1 0
Where 0 = X T1 (Ti in tonnes),

1 0
a  =  

|  _  t t  
(S1  i n  n r  x  t o -6 ) ,

5
, A

and fl = I Ur,_t to exp (-3t) (Un-t
t - l  i n  ha ) .

T e s t  o f  H o  :  P = 0
Test stat ist ic = y 'E- -  (1+r) ( t  _p)

-- ' -6:')-(1-p-t
=  3 . 4 7 ' t 2

Pr . ( z  >3 .47  fHo)  -<  O ,Ooos  +  re jec t  Ho .
In words, the probability of a cor"elation
of 0.9408 for seven pairetl observations, if
there were no corfelation between the
populations fron which they are drawn, is
less than 0.0005. (The populat ion is
assuned to be normal. )

RESULTS

Using the above nuLtipLe regression,
saLtflow was calculated frorn rainfall and
canopy renoval for the seven decades.
'Ihese calculated values were then conpared
with the observed values, and both are
given in Table 2.

TABLE 2
Observed ard expected saltflow in tonnes

Decade
1
2
3
^

o

7

- but 1et us exanine the fact more closely.

the ringbarking took place mainly in
ar area of high rainfall (1000-1200 nrn)
very close to the dam. Previous workers
have formcl that such areas have the
lowest saLt store, there being up to five
tines nore salt stored in the lower
rainfall zones to the east (Dinnock et a1.,
1974). Also, one would, as di s cus sed-fi--
Assunption 4, expect a high rainfall zone
to have a shorter lag, and to start and
finish Leaching nore rapidly than the
easterrr zone. Most of the recent
(1950 onward) canopy lrenoval has taken
place in nedirnn or low rainfall areas, at
greater distances fron the dam. Thus,
calibrated on the ringbarking, the model
wouLd be expected to rmderestinate the
lag, the leaching period, and the volune
leached, for canopy rernoval in the low
rainfall. zone, The fact that the
expected saltflow for the last two
decades is greater than that observed is
consistent with an rmdere.stinate of LAG.
It Temains to be seen whether the
leaching period and the volune leached
wil.1 be greater than that fron the
ringbarked area, and this should be a
natter of concern to r,Jater-suppLy
authorities.

The voLume of rain falling on the
Catchnent is highly correlated with the
volurne of water apparently used by the
Catchnent. One probable reason for this
is that the nore rain there is, the more
free water there is available for
evaporation frorD the grormd, and fron leaf
and sten surfaces. An alternative, or
nore likely an associated reason, nay be
that the rnore water available in the soil,
the nore the vegetation takes up and
eventual Ly transpires. This confi.icts
with Assumption 3 where it is supposed
that if a tree is rernoved the water which
it would have tTanspired remains
rmtranspired, This is possibly inco"rect
- when a tree is renoved other plants,
incJ.uding trees, in the vicinity may
extend their root systens to exploit the
avaiLable water. Howeve", as the nain
tree species is jarrah which seems to
obtain nost of its water by deep sinker
roots alnost reaching the water table
(Kinber,  1974),  Assurpt ion 3 is retained
as the sirnplest explanation. Further
work nay require that it be nodified.

Another flaw in this study is that it
takes no accomt of the effect of

0
76 027

172  751
217  046
169 835'177 314

: , )  4JJ

137  679

E

87 526
141 941
223 504
162 396
174 038
96 568

1 6 0  1 1 1

R = 0 '  9408***

DISCUSSION
No great clains are made for the

predictive accuracy of the nodel since the
data on which it is based are few, and
often only approxirnati ons . We see,
however, that there is a high correl"ation
between the saltflow observed aDd that
calculated frorn the mode1. It nay be
argued that the nodel is calibrated on one
naj or event: the ringbarking. this is so



geonorphology on saLt leaching. Lantlforn
probably affects salt storage and salt
leaching (Shea and Hatch, 1976), and
probably a different LAG, BOOM and BUST
should be used for each type of surface.
For a nore intensive study, a conposite
nodel with different paraneters for
different landforms (and rainfall zones) .
would be better.

For the period studied, rainfalJ.
seened to behave in a random fashion.
With the statistical test used, and the
data available, no trend or cycle was
found for l',[mda!ing rainfall. perhaps
a nore sophist icated t ime ser ies
technique, or a longer record, would
reveal one or both.

The assunptions nade about saLt
release are siniLar to assurnDtions one
couLd nake about water releaie after
vegetation renoval: the volune of
streanflow follows a LAG, B00M, BUST
pattern with evapotrarspiration
decreasing after renoval., then increasing
with regro{th of vegetation. The LAG
may be dependent on season of cutting,
The coarseness of the cutting data
precluded the use of the model for
predicting water release after cutting,
but shoul.d better data becone availabLe
the nodel nay be worth testing.

CONCLUSIONS

(1) There is alnost certainly a causative
link between rernoval of forest canopy
and fluctuations in stream salinity
within the Helena Catchnent.
(2) This deterministic relationship is
obscured by a strong randon conpon-ent,
owing nainly to fl"uc:tuating annual
rainfal l .
(3) Once nost of the noise is renoved,
the pattern of salt release can be
successfuLly minicked by rnodelling
canopy removal records according to
certain stated assunptions.
(4) No clain is made that these
assumptions are tTue - only that they are
the nost reasonable in the writer's
present state of knowLedge.

(5) 'Ihe data used in this study are few,
and, especialLy for canopy rernoval,
approxinate. fire nodel may be worth
testing on a rnore accurate set of
numbers .
(6) Using a conposite of sub:nodels where
each sub-noclel represents a different
Landform and rainfall zone, each with
different LAc, BOOM, and BUST, woutd
be a r,rorthwhile refinement if such
detai led data were available.
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