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Preface
This report was commissioned by the Department of Conservation and Natural
Resources in March 1995 in response to claims that timber harvesting in the Wombat
State Forest is having a detrimental effect on water values.
It was prepared by nationally recognised forest hydrology experts Mr. Pat
O’Shaughnessy (formerly Senior Research Forester at Melbourne Water), Dr. Leon
Bren (Co-operative Research Centre for Catchment Hydrology, University of
Melbourne) and Mr. Tim Fletcher of Benchmark Environmental Consulting.
The report shows that water quality in the catchment is good, and water yield is
consistent with the yield from similar catchments. It concludes that the forested portion
of the catchment is in a hydrologically stable condition and that land-use patterns
(including timber production) during the periods 1960–1995 (for water yield), and
1976–1995 (for water quality) have not caused any long term changes to these values.
With paricular regard to the Lerderderg River, salinity and turbidity levels
indicate a river that, by Victorian standards, is in excellent condition.
Timber harvesting in the Wombat State Forest is conducted in accordance with a
series of rules designed to ensure water values are protected. This report is evidence that
both past and present harvesting practices have not had a detrimental impact on those
values.

Richard Rawson
Director, Forests Service
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1) Background
The implications for water yield and quality of forest harvesting and
regeneration in the Wombat Forest have formed part of a recent active debate on the use
of the Wombat Forest for timber production. Opponents of current timber harvesting
operations have claimed that reductions in water yield and quality have resulted from
past timber harvesting operations in the forest (Flinn pers. comm.)
The aims of this consultancy were to:
(a)

Examine those claims by the analysis of streamflow yield and quality data
from a Wombat Forest catchment subject to timber harvesting;

(b)

Provide a brief overview of pertinent Australian research results;

(c)

Develop a worst case water yield model for the Wombat Forest.

2) Catchment Selection and Description.
The first task was to find a suitable catchment. The data for stream gauging sites
was obtained from Water EcoScience Victoria, and Hydrotechnology (formerly Rural
Water Corporation).
It rapidly became apparent that most sites, particularly those north of the Divide,
were located well outside the forest boundaries resulting in public land forming a
relatively small proportion of the catchments. Use of these sites would have introduced
the impacts of permanent clearing and agricultural land uses.
The gauging site at O'Briens Crossing on the Lerderderg River was finally
chosen for the following reasons;
(a)

Most of the catchment is forested.

(b)

The availability of over thirty years of yield data and eighteen years of
quality data.

The catchment area is 15,300 ha. Of this 2130 ha (13.9%)is State Park and
330 ha (2.2%) is in a Heritage River Corridor (outside the State Park) and 11130 ha
(72.7%) is available for timber production and 1460 ha is alienated land (9.5%). The
remainder is made up of other Reserves and public land (60ha) and Reference Area
(190ha)1. The catchment is also a proclaimed catchment. A potentially perturbing
factor in terms of water quality is the Blackwood township located in the lower reaches.
The other areas of alienated land occur on the northern boundary and are likely
1

Data provided by GIS Unit, SW Area Forests Service.
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to have a minimal impact. The history of the Wombat Forest is described in the 1985
Land Conservation Council Descriptive Report.
Utilisation during the mining period was extremely heavy both for structural
timber and firewood. As a result the forest was closed to logging until 1930. Since
then utilisation has built up. It was basically a thinning process until the early 1970s
when a shelterwood system was introduced.
The following data provided by Sharon Slater (DCNR Daylesford) indicates the
level of utilisation in the Lerderderg catchment since 1985.
Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
Total

Area Harvested
70ha
356ha
135ha
293ha
250ha
171ha
125ha
186ha
549ha
157ha
2292ha

This level of utilisation at about 229 ha per year represents 1.6% of catchment a
year or a total of 16% over a ten year period. In hydrological terms this is a
conservative rate of change. Experimental evidence is that at least 20% of a catchment
has to be affected in the one year by a change in vegetative cover for the effects to be
hydrologically detectable.

3) Catchment Inspection
An inspection of the upper Lerderderg Catchment was undertaken on the
14/4/95. The following points were noted:
•

Forest site quality and apparent soil depth in many locations indicates
that evapotranspiration differences, between old growth and regrowth
could influence soil moisture and therefore streamflow.

•

In the State Forest component of the Lerderderg catchment where there
are areas of comparatively steep terrain, dense roading systems, and
streamside camping, catchment management needs to be of a high
standard in order to protect water values. This need is given increased
emphasis by the fact that the catchment is a special water supply
catchment area under the Catchment and Land Protection Act 1994 and
has a Heritage River status.
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4) Catchment Hydrology and Resource Use
For the thirty four year period from 1960 to 1994 average annual rainfall at
Blackwood was about 1000mm and average streamflow about 175mm. These statistics
fit the pattern given in Nandakumar and Mein (1993) for mixed species forests in
Victoria. Given the sharp increase in rainfall with elevation Blackwood rainfall could
underestimate catchment rainfall above O'Briens crossing.
As shown in Appendix A20 of "Water Victoria the next 100 years", the
Lerderderg Catchment is an important component of the Werribee River water supply
system. Below O'Briens' Crossing the stream is diverted into Goodman's Creek via a
tunnel. Goodman's Creek discharges in the Merrimu storage. Ransom (pers. comm.)
indicated that the Lerderderg diversion abstracts a high proportion of the stream flow.
The Lerderderg flow is highly variable ranging from 7320 Ml per day to 0. Water
quality in terms of salinity is excellent at 96 mg per litre.

5) The Analysis of Water Yield and Quality Data
Analysis is presented in the attached comprehensive report prepared by Tim
Fletcher, a member of the Consultancy team. Its implications are covered in the
following sections.

6) An Interpretation of the Results of Yield and Quality Data
Analysis
6.1 Water Yield
As shown in section 10 of this report there is a potential for vegetation change to
affect water yield. In our view the following factors have influenced the result of the
water yield analysis which shows no detectable change over the period 1960 to 1995.
(a)

The fact that the average forest age of the area historically utilised is
probably still at a level where yield is increasing from the unharvested
and selectively harvested areas.

(b)

The comparatively low level of utilisation.

(c)

The retention of a shelterwood which dampens any regrowth effect. If a
retention rate of say 25 tree per ha and with an average crown diameter of
15m is assumed this results in a residual crown cover of about 4400m2
per†ha. This dominating canopy would limit the influence of the
regrowth canopy by reducing the radiation load on the regrowth crowns
and therefore transpiration.
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6.2 Water Quality
(a) Conductivity (Salinity)
The stable record for salinity can be attributed to the retention of tree cover over
most of the catchment and the absence of cleared areas in the lower catchment. The
stable nature of the streamflow also shows the absence of higher flows which could
indicate rises in ground water due to excessive tree clearing
(b) Turbidity
These results show that the turbidity record is stable given the noisy data
inherent in monthly grab sampling. Figure 16 of Tim Fletcher's report shows some
unusually high turbidity data relative to rainfall about the September 1990 period.
Further investigation showed that these high ratios could be attributed to high flows
("storm events"), and are also largely dependent on sampling time relative to peak
sediment load during the storm.

7) A Review of Australian Water Yield Data for Mixed Species
Forest.
7.1 Victorian Data
Langford (1974) and Kuczera (1985) both developed water yield models based
on empirical evidence which predict on a regional basis the impact on water yield of the
conversion of an old growth mountain ash forest to a regrowth condition. Both models
were able to assume that the mixed species forest component of the forests investigated
had an unchanged water yield. This is due to the fact that the majority of the individuals
in a mixed species forest survive fire and develop a new crown thus quickly re-establishing
the original leaf area. However, when harvested and regenerated a mixed species forest
does change it's age composition.
In 1971 the Melbourne Water Picaninny Catchment had 85% of its mature forest
converted experimentally to a regrowth condition. The regenerated forest was 60%
mountain ash and 40% mixed species. Streamflow from the catchment doubled by year
3 after treatment and by the 14th year after treatment had declined to 50% of the pretreatment flows. This condition has persisted for the last 15 years. The proportion of
this effect due to each forest type is unknown.
The only other Victorian experimental catchment to have had a clear cutting and
regeneration treatment applied was located in the DCNR Reefton Experimental Area.
Catchment No. 2 had 20% of its area clear felled and regenerated in 1984. To 1989
increased flows of 70mm or 32% of pre-treatment had been observed (Nandakumar and
Mein, 1993). No further published data is available.
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7.2 Interstate Data
Although State Forests NSW has experimental catchments in coastal silvertop
forest and a high altitude E.fastigata forest which have been subject to experimental
treatments, the determination of long term water yield trends following the typical
initial yield increases after clearing awaits detailed data analysis. Ruprecht and
Stoneman (1993) consider that there is a possibility that yield declines could occur in
the Jarrah forests following harvesting and regeneration.

8) A Water Yield Model For Mixed Species
The authors of this report consider that changes in yield on a unit area basis
could be expected where a forest treatment leads to a change in forest age. Whether
these yield changes are detectable at a catchment level would depend on the proportion
of forest treated, the timing of treatments and the age of the forest being treated.
A worst case water yield model for areas completely converted to a regrowth
condition, fully stocked without any old growth overhead canopy could be constructed
as follows based on the work reported in Nandakumar and Mein (1993) and in
O'Shaughnessy and Jayasuriya (1991).
(a)
(b)
(c)
(d)

After clear felling an initial yield increase of 330mm three years after the
operation.
After 3 years, a period of decline reaching pre-treatment levels 7 years
later or 10 years after treatment.
A further decline to 50% of pre-treatment streamflow reaching a
minimum 30 years after treatment.
A period of recovery back to pre-treatment levels taking some 70 years.

This period is based on sample plot data provided by Fiona Hamilton (DCNR)
which shows a pronounced slowing in height and diameter growth at about 100 years.
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The suggested curve is outlined in Figure 1, below.
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Approximate worst case age/yield curve for an even aged mixed species eucalypt forest
in Central Victoria

9) Conclusions
(1)

The analysis of data from the Lerderderg Catchment has shown that no
important long-term trends in water yield and quality have developed during the
period 1960-1995 and 1976-1995 respectively. Due to the low sampling
frequency of water quality, small short-term trends may not have been detected
due to the "noise" characteristics of such data.

(2)

It can be concluded that land use patterns during the period have not caused
important changes in water yield and quality.

(3)

The current hydrological patterns could be similar to those prevailing before
1960.
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(4)

The catchment water quality is good and the water yield is consistent with that
from similar catchments.

(5)

A worst case unit area water yield model has been provided. However,
modelling of stream flows should not be required if current utilisation levels are
maintained without any significant increase.

(6)

Given the importance of mixed species eucalypt catchments in Victoria, it is
strongly recommended that research into their water use be significantly
increased. For example, the heat pulse method of measuring sap flow could be
used to estimate tree water use in relation to stand density and age.

(7)

Catchment management procedures should be implemented at a high standard in
order to protect water values.
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Summary
Rainfall, water yield and water quality data for the Lerderderg River catchment were
obtained from the Bureau of Meteorology, Hydrotechnology (formerly Rural Water
Corporation), and Water Ecoscience (formerly State Water Laboratory) respectively. The
study focuses on the Lerderderg River, at O'Brien's Crossing, with rainfall data coming from
Blackwood, approximately three kilometres away. The catchment area is 153 km2.
In interpretation of the findings, the following caveats must be observed:
(i)

the period of data available reduces the power of the analyses, particularly in
relation to water quality parameters, since the variability is large.

(ii)

some serial autocorrelation exists in hydrologic and water quality data, which
increases the chance of falsely detecting a trend. However, since no trends
were found, this is not significant.

(iii)

this study examines for the presence of trends in data, but does not examine
causal relationships.

(iv)

it is not possible to extrapolate back into the past based on these findings.
Therefore, the analysis is restricted to what changes/trends have taken place
during the period data was collected. It does not determine whether these
parameters are in an "as-natural" condition, since the natural condition is not
known.

As this study was based on the determination of trends in historical data, no paired
catchment control could be set up. However, rainfall, found to be highly stable over the period
of analysis, was used as a control variable. Analysis of water yield used the double-mass plot
method, as well as ratio analysis. Double-mass plots of cumulative rainfall against cumulative
flow showed no significant trends for the study period, 1960-1995. Analysis of the proportion
of rainfall converted to flow at O'Brien's Crossing also revealed no long-term trends, with high
variability from month to month. The mean catchment yield of 16 mm / month (173 mm /
year) represents approximately 15% of monthly rainfall, which is typical of this catchment
type (Mein & Nandakumar, 1993). Since major catchment changes should result in a change in
the proportion of rainfall that becomes runoff, no significant impacts seem to have occurred
during the study period.
Water quality analyses concentrated on electrical conductivity (measured in µS/cm,
and used as an indicator of salinity) and turbidity (measured in NTU, and used as a broad
indicator of water quality), and are based on available data, spanning the period 1977-1995.
The mean electrical conductivity value of 160 µS/cm, which translates to a mean total
dissolved solids (TDS) concentration of 96 mg/L is quite low by Victorian standards, although
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there is much variation within the State. Double-mass plots, and ratio analysis show no trends
in salinity. The highly seasonal nature of salinity is evident, with highest values in summer,
during low flows, when groundwater contribution is greatest, and overland flow (which is low
in salinity) least. Mean turbidity of 6.5 NTU suggests a stream with good bed and bank
stability, and suggests a catchment relatively undisturbed. No trends are evident in turbidity by
double-mass plot or ratio analyses.
Overall findings suggest a catchment in fairly healthy condition. Catchment
parameters of water yield and quality have been fairly stable (despite large short-term
variability) over the period of data collection, which suggests that land and water use
management within the catchment has also been fairly stable over time, within this period.
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Introduction
This study analyses water quality (electrical conductivity and turbidity) data, water
yield data, along with records of rainfall, to determine the presence of any trends. From this
analysis, it can be determined whether the land use practices in the upper Lerderderg River
catchment have had a significant impact on water yield or quality. Most of this catchment is
made up of the Wombat Forest, an area which has been managed over a long period as
productive forest, amongst other uses. The catchment is also a special water supply catchment
area, under the Catchment and Land Protection Act (1994).
Since no control catchment was available for the study, rainfall data, determined to
have been highly stable over the last 100 years, is used as a control variable, with which to
compare the water yield and quality variables. Data is sourced from historical records held by
Hydrotechnology (formerly Rural Water Corporation), the Bureau of Meteorology, and Water
Ecoscience (formerly State Water Laboratories).
This analysis examines apparent trends in water yield and quality. What it does not do
(nor seek to do) is determine causality relationships for these parameters. In a catchment which
was entirely homogeneous in land use determining these apparent trends would then provide an
approximately "one-to-one" indication of the and use effect. However, it was not possible to
find such a catchment with adequate data availability. This catchment provides the best
compromise of homogeneity and data availability.

6

Methods
Data Acquisition
Data was acquired from a number of sources. Table 1, on the page following, details the
data obtained, including time periods, parameters, and their sources. All of this data can be made
available to the Department should it wish. More data than required was collected, due to the low
marginal cost of acquisition, and to allow for efficient expansion of the area of analysis, should it be
required. Figure 1 shows the location of data sources. The site on which the analysis was based was
231213, on the Lerderderg River at O'Brien's Crossing, and termed in most cases throughout this
report, as "Blackwood". This site represents "the spout at the bottom of the funnel" for the upper
Lerderderg river catchment, and enables us to determine if land use manage-ment within that
catchment has significantly impacted water yield and/or quality.
Details regarding required periods of data for water yield and quality data are given in the
interpretation of results. However, it is worth noting here that the available water quality (salinity
and turbidity) data covers a relatively short period (refer to Table 1), and this reduces the power of
analyses carried out. This is a fact of any analysis of historic water quality data, since it was not
collected in a systematic way in Victoria until the 1970s.

DATA LOCATION
087 017 (Bureau of Met)
232 213 - Water Ecoscience
232 213(A) - Hydrotechnology
Blackwood

Gisbourne

Ballan

Melton

approximate study catchment (Area = 153km2)
Figure 1. Location of data sources used in this study: Rainfall data from Bureau of Meteorology at
Blackwood (087 017), water quality data from Water Ecoscience on the Lerderderg River,
at O'Brien's Crossing, near Blackwood (231 213), and flow data from Hydrotechnology at
the same location (231 213A).
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Table 1.

Data acquisition details.

Parameter

Location

Site Code

Source

Period of Data

Use in analysis

Mean monthly flow
(Ml/day)

Lerderderg River at Sardines
Creek (O'Briens Crossing)
Lerderderg River at
Goodmans Creek

231213A

HydroTechnology
"

Initial use , but replaced
by total monthly flow.
Not used. Held for
verification analyses, if
necessary.

Good data source; good time period.

231211A

1 Feb 60current
"

Daily Flow (Ml/day)

Lerderderg River at Sardines
Creek (O'Briens Crossing)

231213A

HydroTechnology

1 Feb 60current

Lerderderg River at
Goodmans Creek

231211A

"

"

Not used; obtained in case
of need for detailed
analysis of small timesections
"

Signall:noise ratio too low to be of
use. Most appropriate smoothing is
total monthly flows. That parameter
was therefore used instead.

Lerderderg River at
Sardines Creek (O'Briens
Crossing)

231213A

"

"

Lerderderg River at
Goodmans Creek

231211A

"

"

Lerderderg River at Sardines
Creek (O'Briens Crossing)

231213

Water Ecoscience

15 Feb 77 current

Lerderderg River at
Goodmans Creek
Goodmans Creek at
Diversion Weir
Goodmans Creek above
Lerderderg Tunnel
Lerderderg River at Darley

231211

"

231218

"

231219

"

231201

"

6 Aug 86 12 Jul 90
18 Jul 84 3 Feb 88
15 Feb 77 18 Jun 82
15 Feb 77 11 Nov 86

Total Monthly flow
(ML/month)

Salinity - measured by
E.C. [Electrical
Conductivity] (µS/cm)
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Comments

Innappropriate geographic location.

Used - double mass
Useful data - good period.
plotting against
equivalent total monthly
rainfall.
"
Useful data in temporal dimension,
but inappropriate geographical
location for anything other than
callibration/verification.
Used to determine EC
trends.

Relatively good amount of data good quality control.

Held over -obtained "just- Very little data.
in-case"
"
Very little data; inadequate for
required analyses.
"
"
"
"

Table 1 (cont.d).

Data acquisition details.

Parameter

Location

Turbidity (NTU)

Lerderderg River at
Sardines Creek (O'Briens
Crossing)
Lerderderg River at
Goodmans Creek
Goodmans Creek at
Diversion Weir
Goodmans Creek above
Lerderderg Tunnel
Lerderderg River at Darley

Discharge (Ml/day) concurrent withquality
data.

Lerderderg River at Sardines
Creek (O'Briens Crossing)

Site Code

Source

Period of Data

Use in analysis

231213

Water Ecoscience

15 Feb 77 current

231211

"

231218

"

231219

"

231201

"

6 Aug 86 12 Jul 90
18 Jul 84 3 Feb 88
15 Feb 77 18 Jun 82
15 Feb 77 11 Nov 86

Full analysis to
determine possible
trends in turbidity.
Not used- obtainef for
verification / callibration
"

Water Ecoscience

15 Feb 77 current

231211

"

231218

"

231219

"

231201

"

87017

Bureau of
Meteorology

6 Aug 86 12 Jul 90
18 Jul 84 3 Feb 88
15 Feb 77 18 Jun 82
15 Feb 77 11 Nov 86
1878-current

Four other stations

-

"

Various

Temperature (max/min)

Ballarat composite

89002

Bureau of
Meteorology

Evaporation

Blackwood (Armstrong)

87159

Bureau of
Meteorology

Lerderderg River at
Goodmans Creek
Goodmans Creek at
Diversion Weir
Goodmans Creek above
Lerderderg Tunnel
Lerderderg River at Darley
Rainfall-monthly totals (mm) Blackwood

231213
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"

Comments
Relatively good amount of data good quality control.
Very little data.
Very little data; inadequate for
required analyses.
"

"

"

Initialto provide flow rfor
EC & turbidity analysis,
but found to be
unreliable.
Not used- obtainef for
verification / callibration
"

Relatively good amount of data , but
measured instantaneously, only once
per month.

"

Very little data.
Very little data; inadequate for
required analyses.
"
"

"
Used as control variable
for water yield &quality
analysis.
Not used- obtained for
verification / callibration

Long period of data available.
1900 on used

1908 -now

Not used .

Remote from study site. Rainfall
gives adequate information.

1975-1982

Not used

Data period too short.

Data of varying quality. Some is of
very short temporal length.

Analysis Outline
In studies of land use impacts, a paired catchment is usually set up (Gordon,
McMahon, & Finlayson, 1992) and a period of calibration observed. In this case, such a design
could not be used, since there are no control catchments present in close enough proximity to
the effects study catchment. Instead, climate (specifically rainfall, in mm) was used as the
control to the effects study catchment. Therefore, trends in water yield and quality parameters
were compared against trends in rainfall.
Double-mass plots were used for the initial basis of the analyses; the technique an
excellent method of determining changes in hydrologic and/or water quality parameters
(Gordon, et al., 1992). Double-mass plots are simply plots of the cumulative values of two
variables against each other (eg. time against flow). They are particularly valuable in providing
a visual indication of possible trends or perturbations. A detailed description of their
application is provided in Searcy and Hardison (1960). Such plots are based on the theory that
the relationship between the cumulative values of two variables should be a relatively straight
line (ie. fixed ratio), unless there is a perturbation in one or both variables. This is illustrated in
Figure 2. However, due to their nature (being cumulative) statistical inference taken from
double mass plots is less reliable; since the assumption of independence of data is broken. ie.
each value is dependent on the values before it, since each cumulative value is the sum of all
prior values. Therefore, the analysis was based on a combination of double-mass plots with
other statistical methods.

Treatment
Treatment
Cumulative Catchment A Flow over Time
Figure 2. An example of a double-mass plot. This plot shows the relationship between flow in two
catchments (A and B), with some catchment treatment occurring . Note the sudden change in
the relationship; such plots can be applied to any two variables whose relationship between
cumulative values should be fairly constant through time under constant circumstances.
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In particular, ratios were analysed to determine trends. The theory of such analysis is
best explained by example. In calculating the ratio of flow to rainfall, it would be expected,
given fairly constant catchment conditions, that over the long term, the ratio would remain
fairly constant (the same percentage of rainfall is converted into flow over time). This can be
tested by regression analysis. However, since the data is not normal (this applies to almost all
hydrologic and water quality parameters), the power of regression analyses, which are
parametric techniques, is reduced (refer to Appendix A). It will be seen that in most cases this
did not matter, as there were no discernible trends. However, a non-parametric analysis (the
Spearman Rank correlation coefficient) was also used, to test the data, since it does not assume
a normal distribution (does not assume any distribution). Another option is to transform the
data , which attempts to achieve normality. A common transformation applied to hydrologic
data is the log-normal transformation: Xtransform = Loge (X). This transformation was
performed, along with Log10 transformation, and a square root, as outlined in Zar (1984)
However, none of these achieved normality (as tested by Kolmogorov-Smirnov), and so nonparametric tests were instead employed. The only disadvantage of such techniques is a slight
reduction in power, since continuous data is converted to ranks. However, this is not regarded
as significant here. Specific details of analyses are also provided as part of the discussion of
findings.
Rainfall data was in the form of totals-per-month (mm). Double-mass plots, along with
regression analysis, and Spearman Rank correlation coefficients, were used to examine for
trends.
Flow data from Hydrotechnology was obtained first as monthly means of daily flow, in
megalitres/day. Total monthly flows were to be derived from this by a conversion factor, but it
was felt that obtaining total monthly flow (Ml/month) would give a better basis on which to
provide comparisons with rainfall. To provide a "one-to-one" comparison, flow data was
converted to a runoff per area basis (mm), based on the catchment area for site 231 213 of
153 km2 (State Rivers and Water Supply Commission of Victoria, 1984).
Water quality data, collected approximately once per month, had flow data measured
concurrently; based on a stage height reading. This gave an instantaneous flow, which is
converted by a rating curve to an estimation of daily discharge. However, discharge readings
taken this way are somewhat unreliable, as they estimate flow based on an instantaneous
reading. This may or may not be a good estimation of prior flows, which may have contributed
to the measured water quality. Therefore, concurrent discharge was not used as a control
variable, a comparison with total monthly rainfall and total monthly flow was instead utilised.
Further details are given in the discussion of results and their implications, further on.
Double-mass plots, along with ratio analyses, were also used in water quality trend
examination.
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Results and Discussion
Rainfall
Summary statistics for rainfall are provided for both total monthly and total annual
rainfall, in table 2, below. Total monthly at Blackwood site 231 213 is plotted below, in Figure
3 (total annual rainfall is plotted in Appendix B).
Table 2. Summary statistics for total annual- and total monthly rainfall (mm) at Blackwood (087017),
1900-1995.
Parameter
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count
Confidence Level(95.0%)

Annual
983.70
21.48
976.70
976.70
209.36
43830.31
0.07
-0.28
1127.90
354.40
1482.30
93451.20
95
42.65

Monthly
82.05
1.54
73.70
39.60
52.01
2705.36
1.57
0.91
407.40
0.00
407.40
93451.20
1139
3.02

450
400
350
300
250
200
150
100

y = 0.0003x + 76.678
R 2 = 0.0035

50
0
Jan-00

Sep-13

May-27

Jan-41

Oct-54

Jun-68

Feb-82

Oct-95

Date

Figure 3. Total Monthly Rainfall (mm) at Blackwood (087017) from 1900 to 1995, including linear
regression.
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Initial analysis of rainfall trends by regression were carried out on the raw data (ie.
Total Monthly Rainfall in mm/month). However, since the data was not normally distributed
(refer to Appendix 1), the p-value for the test of the slope of regression could not be used with
complete confidence. Various transformations (loge, log10, square root, etc) were attempted, but
none achieved normality, and so a non-parametric method (Spearman Rank correlation
coefficient) was therefore used. Results of both tests are presented below in Table 3.
Table 3.

Regression and Spearman Rank analysis for total monthly rainfall(mm) vs date, at
Blackwood, 087017) from 1900-1995.

Regression Summary

Spearman Rank Correlation Summary

y = 0.0003x + 76.671
R value

0.071

R squared

0.0035

p-value

0.0169

Serial Autocorr.

Rho

0.066

p value (correlation)

0.0249

0.213

The Spearman Rank test is less powerful , but both tests show the trend as being
statistically significant. However, that is not to say that it is the relationship is significant in
terms of magnitude. The slope y = 0.0003x (refer to Figure 3) shows how small the increase is,
and this is confirmed by Figure 4. The small amount of serial autocorrelation present (0.213)
gives confidence in the p-value. At higher levels of autocorrelation (>0.6), the chance of making
a Type 1 error (ie. predicting a significant trend when there is none) is increased. The doublemass plot provided in Figure 4 shows cumulative rainfall , from 1900 to 1995. It is also
apparent that the trend in rainfall is minor, with some evidence of short- and long-term cycles.

Figure 4. Double-mass plot showing cumulative Rainfall vs. Date, at Blackwood (087017) from 19001995
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To ensure that this homogeneity also existed within periods for which the water yield and
quality analyses were carried out, double-mass plots for rainfall with these shorter durations were
also examined, along with statistical analyses of raw trends by regression and Spearman Rank
correlation. These plots are presented in Appendix 2, and also show a high degree of
homogeneity. It is therefore concluded that the stability of rainfall data provides a suitable
control with which to compare the water yield and quality variables, given the absence of pairedcatchment data.

Water Yield
Comparison of total monthly flows with total monthly rainfall was conducted from 1960
to 1995 (the length of available data), with both parameters analysed in mm, to give a direct
comparison. A descriptive statistical summary for total monthly flow (mm), as well as for the
ratio (converted to percent) of flow-to-rainfall is presented in Table 4 . The latter represents the
proportion of rainfall in the Lerderderg catchment (153 km2 ) that is converted to flow leaving
the catchment via the Lerderderg River . It is referred to as the “catchment yield”. It can be
seen, from Table 4, that the mean catchment yield for the Lerderderg catchment for the study
period was approximately 15%. This figure is typical of the type of forest / land use contained
in the Lerderderg catchment (Mein & Nandakumar, 1993). Analysis to determine possible
changes in this ratio is presented in Figure 8 and Table 6.
Table 4.

Statistical summary information for total monthly flows at Blackwood (213 231A) from 19601995.
Parameter
Flow (mm)
Mean
16.01
Standard Error
1.11
Median
5.36
Mode
0.00
Standard Deviation
22.66
Sample Variance
513.67
Kurtosis
8.42
Skewness
2.35
Range
181.96
Minimum
0.00
Maximum
181.96
Sum
6723.14
Count
420.00
Confidence Level(95.0%)
2.17

Flow:Rain (%)
14.86
0.78
8.41
0.00
16.02
256.68
0.39
1.15
69.34
0.00
69.34
6240.26
420.00
1.54

Figure 5, below, presents a plot of total monthly flow (mm) against time, with linear
regression. It is apparent from this plot that flow, like rainfall, is a very variable parameter, and
that there are no obvious trends. Table 5 gives summary information for the linear regression,
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along with Spearman Rank correlation coefficient. Note here that since no trend is found, the
presence of a moderate (rather than low) serial autocorrelation index is irrelevant; serial
autocorrelation can only increase the chance of finding a “false trend”, not decrease the chance of
finding a real one.

Figure 5. Total monthly flow(mm) at Blackwood (231 213A) from 1960 to 1995, including linear
regression.
Table 5.

Regression and Spearman Rank analysis for total monthly flow (mm) vs date, at Blackwood,
(231 213A) from 1900-1995.

Regression Summary

Spearman Rank Correlation Summary

y =2E-6x + 15.964
R value

0.037

Rho

0.052

R squared

0.001

p value (correlation)

0.2837

p-value

0.4488

Serial Autocorr.

0.459

In comparing total monthly rainfall with flows, the presence of a lag between rainfall and
its conversion to flow through the Lerderderg site (232 213) was examined. Long-term trend
analysis, based on monthly data, showed no significant lag effect. To verify that no trends were
existent in flow, the following analyses were carried out:
(i)

double-mass plot of flow over time (Figure 6)

(ii)

double-mass plot of flow vs rainfall (Figure 7)

(ii)

ratio of flow:rainfall over time, with linear regression and Spearman Rank
correlation (Figure 8, Table 6).
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Figure 6. Double-mass plot of cumulative total monthly flow (mm/month) against time at Blackwood,
1960-1995. Dashed line represents perfect linear relationship (hypothetical), for visual
comparison.

Figure 7. Double-mass plot of cumulative total monthly flow (mm/month) against cumulative total
monthly rainfall (mm)at Blackwood, 1960-1995. Dashed line represents perfect linear
relationship (hypothetical), for visual comparison.
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Figure 8. Plot of total monthly flow (mm):total monthly rainfall (mm) at Blackwood, 1900-1995.
Table 6.

Regression and Spearman Rank correlation summaries for flow:rainfall ratio.

Regression Summary

Spearman Rank Correlation Summary

y =-2E-6x + .193
R value

0.037

Rho

-0.02

R squared

0.001

p value (correlation)

0.6571

p-value

0.4682

Serial Autocorr.

0.615

It can be seen from both double-mass plots that flow has remained fairly constant over
time (Figure 6), and in relation to rainfall (Figure 7). The straight line represents an ideal
(unreal) situation of complete uniformity, allows for easy visual interpretation of the magnitude
of fluctuation. The fluctuations in Figure 6 largely represent natural changes due to climate.
This is illustrated by the reduction in variation in Figure 7, which takes account of the changes in
rainfall. Any remaining variation after this may be due to:
•

changes in abstraction (eg. increased water demand at Blackwood during drought
years)

•

long-term depletion of soil water storage; a lag may occur after a long drought
before such sources become recharged.

•

possible measurement variations or errors.

•

the (raw) relationship between rainfall and flow not being perfectly linear

Overall, it is obvious that there are no significant trends or distortions. As detailed
previously, it would be expected that if any recent activity, such as significant changes in
harvesting regimes, were to have had any effect, then the slope of the double mass plots (eg.
Figure 7) would not be homogeneous.
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Analysis of the ratio of flow to rainfall is valuable in determining possible changes in the
rainfall-runoff regime. Significant land use changes within the catchment should yield a change
in this ratio. For example, if 50% of the catchment was cleared converted to pasture, the
proportion of rainfall converted to runoff would increase significantly. Similarly, a significant
reduction in forest health would result in increased flow, since evapotranspiration would
decrease . None of these trends are evident. The yield ratio remains constant.
It is important to realise the limitations of this data. The examination is for the period
1960-1995. Therefore, in examining for trends, it is assumed that the homogeneity of slope or
flow:rainfall ratio represents no trend. That is a valid assumption, but may not be extrapolated
backwards. This is because the slope or ratio prior to the period of data availability may have
been different, but since the data is not available, this cannot be detected. From a management
perspective, this is rather trivial, since management responsibility is really to ensure that current
actions are not having significant deleterious effects, using analysis of recent actions to “learn
from”. In summary, the data suggests that in the last 35 years there has been no significant
trends. It does not extend to showing that the flow regime is still “natural”, because the natural
regime is not known. Using the work of Mein et al. (1993), however, it can be seen that this
catchment conforms to the hydrologic norms for this forest type. The second limitation of this
data is the high noise:signal ratio. That is, the natural variation in this data (indeed most, if not
all, hydrologic data) decreases the chance of finding a significant trend. It is therefore worth
being aware that small trends may not be detected. However, the amount of data available for
flow should reveal any significant trends that were present.
No significant trend in yield, in absolute terms, or as a proportion of rainfall is detected.
The rainfall-runoff relationship for the Lerderderg catchment is concluded to have been stable
over the 35 years from 1960-1965.

Water Quality

To examine water quality trends, concurrently collected discharge data was also initially
examined. This discharge data was found to be highly variable, and to show some evidence of
increasing trends, despite these trends not being evident in the total monthly flow data available
from Hydrotechnology . The double-mass plot of discharge against time is presented below, in
Figure 9. However, this data is of very little value in any analysis, because of its method of
collection. It is based on an instantaneous stage reading, taken at the same time the water quality
reading was taken, which provides a very poor sample of continous flow. The purpose of this
data is to provide interpretation to unusual water quality measurements. For example, in
verifying salinity, an officer at Water Ecoscience may wonder why a particular reading is so
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large. By looking at the concurrent discharge data, she/he could determine whether discharge had
almost stopped, which would explain the high reading. However, for long-term trend analysis,
instantaneous flow data is not suitable, since it does not accurately represent flow for the month.
Therefore, instantaneous discharge data was not used in this analysis, with total monthly flows
and total monthly rainfalls used, due to their greater reliability. This was supported by officers of
Water Ecoscience. Similarly, in an ideal world, water quality data would be measured daily (or
continuously!), but neither is feasible. Therefore, water quality data (read once per month) is
inherently variable, and its analysis and interpretation must take this into account.

Figure 9. Double-mass plot of discharge (Ml/day) at Blackwood (231 213) derived from instantaneous
stage height, 1976-1995. Dashed straight line present to allow visual comparison with 100%
linear relationship (hypothetical).

Salinity
Salinity as a general indicator of water quality is becoming viewed more seriously, due
to increased salinisation of many areas, associated with upland clearing (permanent vegetation
removal) and subsequent water table rises. Salinity measurements may take two forms. The first
is electrical conductivity. (EC), which is measured in µS/cm, at a standard temperature of 25oC.
This is self explanatory, being a measure of conductance, which indicates the amount of ions
present. The second is Total Dissolved Salts (TDS), which is a weight-per-volume measurement
(mg/L). Conversion between the two parameters is possible in most surface-water studies, since
most of the TDS is made up of inorganic ions. In situations where there is a high degree of
organic components in the TDS measurement, then the correlation between the two may be quite
variable. Conversion for surface water has been determined by Cramer (1993) to be: TDS =
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EC x 0.62, in the adjacent Moorabool catchment. Water Ecoscience state that 0.6 is a generally
accepted value, and that there is not a great deal of variability in this correlation. While EC was
used for the analysis, TDS values have also been calculated (based on the 0.6 conversion factor)
for summary statistics (Table 7), in order to provide figures which are easily interpretable, as
well comparable with other rivers/regions around the State. It is important to remember that EC
provides “an indication of salinity of water but does not specify the exact chemical
characteristics” (Hunter, 1993), since many ions contribute to the electrical conductivity of water.
Table 7.

Summary statistics for electrical conductivity, EC (and derived total dissolved salts, TDS) in
Lerderderg River at O’Brien’s Crossing (231 213), from 1976 to 1994.

Parameter
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum 33821.00
Count

EC @25oC (µS/cm)
160.29
7.48
140.00
110.00
108.70
11814.78
62.86
6.76
1232.00
68.00
1300.00
20292.60
211.00

Confidence Level(95.0%)

14.75

TDS (mg/L)
96.17
4.49
84.00
66.00
65.22
4253.32
62.86
6.76
739.20
40.80
780.00
211.00
8.85

The mean TDS value (ml/L) of 96 concurs with the findings of Codd (1992), who states
that salinity, in the Werribee Basin ranges from a low of less than 90 mg/l in the upper catchment
to around 1400 mg/l at the Werribee Diversion Weir. As a broad comparison, average salinity in
the Werribee River at Werribee is approximately 460 mg/L, Barwon River at Pollocksford 860
mg/L, and the Yarra River near Warburton approximately 26 mg/L (Hunter, 1993). Such
variation across the state is due to a number of parameters: soil type and geology, groundwater,
land use, vegetation, etc. Most importantly, the mean EC value of 160 µS/cm falls well below a
recent Australian guideline for fresh water, namely 1,500 µS/cm (Australian and New Zealand
Environment and Conservation Council, 1992).
The plot of EC over time given in Figure 10 shows how seasonal salinity is. This is
because in summer, during low flow, groundwater contributes significantly to flow, while when
flow is high, the groundwater contribution is low, more being due to overland flow. Groundwater
is generally much more saline than is rainwater, or surface water. It can be seen that occasional
outliers occur, such as the three at 23rd April 1980, 26 Sep, 1983, and 5th August, 1991. These
values, all verified by scientists from Water Ecoscience, occurred at times of low flow. While
there is no explanation for such outliers then, other than the variation present in natural systems,
and the random chance in spot sampling of taking a sample at the “peak” or “trough” of an event,
there is no valid reason to remove these outliers.
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Figure 10. EC (µS/cm) vs time at Blackwood (231213) from 1977 to 1995.

To examine for trends, double-mass plots of cumulative EC vs time, cumulative EC vs.
cumulative flow, and cumulative EC vs cumulative rainfall were examined. The double-mass
plots are shown in Appendix C, with the double mass plot against rainfall also provided in
Figures 11, below. No obvious trends could be conducted. While there is some “wandering”
either side of the hypothetical straight line, which is typical of a highly variable parameter such
as salinity, there is no evidence of any trend with time.

Figure 11. Double-mass plot of cumulative EC vs cumulative rainfall at Blackwood (231 213) from
1977-1995. Dashed straight line present to allow visual comparison with 100% linear
relationship (hypothetical).
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Ratio analysis was also conducted, comparing EC to total monthly flow rainfall (mm).
This analysis works on the theory used in the previous flow analysis; that given constant
catchment conditions, the ratio of EC to rainfall should remain constant in the long-term, despite
short-term variability. This plot is presented in Figure 12 . Table 8 provide summaries of linear
regression and Spearman Rank correlation analyses conducted on the ratio plot.

Figure 12. Ratio plot of EC:total monthly rainfall over time at Blackwood (231 213) from 1977-1995.
Table 8.

Regression and Spearman Rank correlation summaries for EC:rain ratios.

Regression Summary

Spearman Rank Correlation Summary

y =0.0002x - 1.366
R value

0.049

Rho

-0.021

R squared

0.002

p value (correlation)

0.7652

p-value
Serial Autocorr.

0.4819
0.109

It is apparent that no trend is present (p-value for slope =0.4819). All analyses
therefore indicate no trend in salinity for the study period. Therefore, any changes in land use or
vegetation cover that have occurred within the catchment, do not appear to have significantly
affected the ion content of water in the Lerderderg catchment. Due to the relatively short period
of data (almost 20 years) trends are less likely to be determined (the signal:noise ratio is high).
Also, the caveat applies that we do not know what the EC regime was for this river 50 or 100
years ago. However, there is nothing that can be done about such a lack of long-term, historic
data. Widespread water quality data has only been available in Victorian rivers since the mid
1970s.
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Turbidity
Turbidity is often used as broad indicator of water quality, or water pollution. It is a
measure of the light scattered by particulate matter within water. It is an optical property, and is
a function of materials suspended within the water, such as organic matter, inorganic matter, clay,
silt and microorganisms (American Public Health Association, 1992). It is also affected by water
colour, in the case of turbidimeters using visible light, as was the turbidimeter used in this study
(Gippel, 1989a).
Summary descriptive statistics are provided for turbidity (1977-1995) in Table 9, below.
The mean turbidity of 6.5 NTU is quite low by Victorian standards, and suggests a relatively
undisturbed catchment, with good bank condition and stability.
Table 9.

Summary statistics for turbidity (NTU) in Lerderderg River at O’Brien’s Crossing (231 213),
from 1976 to 1994.
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

6.49
0.65
4.25
2.50
9.37
87.86
46.48
6.22
83.80
1.20
85.00
1363.30
210.00

Confidence Level (95.0%)

1.28

For comparison, the Werribee River at Werribee has a mean turbidity of 22.2 NTU, the
Barwon at Pollocksford a mean of 25.5 NTU, and the Yarra River near Warburton has a mean
turbidity of 9 NTU (Hunter, 1993).
A graph of turbidity against time for Blackwood (231 213), presented in Figure 13,
shows how variable it can be. Flow is also plotted on this graph, to illustrate the effect that
storms (high flows) have on turbidity. Each spike usually represents some type of storm event.
This means that very high levels of intense rainfall occur, causing accordingly high levels of
runoff, bringing much transported sediment with it. During such a storm event, the turbidity
level may vary dramatically. The generalised response is illustrated in Figure 14. It can be seen,
therefore, that the sampling time is critical in determining what turbidity reading will be obtained
when sampling during a storm. In fact, to determine a proper turbidity-storm response, an
automated sampler which took samples every half-hour for 48 hours surrounding the storm
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would be used. The data used in this analysis was not obtained this way. Therefore, there is no
point in comparing one or two storm events (eg. A and B, labelled on Figure 13) for the purposes
of demonstrating changes in the catchment, since the magnitude of variation caused by
differences in sampling time could more than account for the differences between these two
points, even if the turbidity regime was actually the same at each event.

Figure 13. Turbidity (NTU) vs time at Blackwood (231213) from 1977 to 1995.

Figure 14. Generalised turbidity response to intense storm events.

In looking for trends, the double-mass plot and ratio analysis techniques were used
again. Figure 15 provides a double-mass plot of cumulative turbidity against cumulative total
monthly rainfall (with dates also marked). It can be seen from this that there has been no change
in the slope of the turbidity-rainfall cumulative relationship. Once again, this suggests no trends.
The large increase in cumulative turbidity, which occurs in August and September of 1989,
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associated with storm events may be due to any number of causes. Localised bank erosion or
collapse, or upstream works on or near the waterway are possible explanations. So is the
explanation of the importance of sample timing. Perhaps these readings were taken right at the
peak of sediment transport, while readings during other storm events were not. However, it is
apparent that the data settles back to slope similar to that before these events, and so long-term
catchment changes do not appear to have taken place. Double-mass plots of cumulative turbidity
against time, and against total monthly flow are provided in Appendix D. The ratio analysis also
shows no trend (Figure 15, Table 10).

Figure 15. Double-mass plot of cumulative turbidity against cumulative total monthly rainfall for
Blackwood (231 213) .

Figure 16. Plot of turbidity:rainfall ratio, including linear regression line, for Blackwood (231 213) from
1977-1995.
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Table 10. Regression and Spearman Rank correlation summary for turbidity:total monthly rainfall ratio,
for Blackwood (231 213), from 1977-1995.

Regression Summary
y =1E-7x + .1093
R value
R squared
p-value

Spearman Rank Correlation Summary
4.25 E-4
1.81E-7
0.9951

Serial Autocorr.

Rho
p value (correlation)

-0.035
0.5809

0.105

In interpreting these results, it is important to be aware of some of the properties of
turbidity which affects its measurement. There may be some difficulties in the measurement of
turbidity as a reliable indicator. For example, the laminar flow and particle size distribution
within a stream has been suggested to pose some problems. In this situation, the velocity of flow
and particle size are thought to different at different points within the cross-section of the stream,
and therefore turbidity will also vary , depending on where in the cross-section of the river the
sample is obtained from (Cramer, 1993, Klingeman, 1981). This is illustrated in Figure 17.

Figure 17. Variation in particle size concentration in a stream (Klingeman, 1981)

Klingeman states that the smallest particles, such as the clays, and perhaps colloidal
material, are quite evenly distributed throughout the depth of the stream. However, for the larger
particles, distribution is a function of the balance between turbulence causing movement, and
settling. However, the work of Osboldstone (1992) and Gippel (1993), in Victorian streams,
found that these differences are not significant. The reason for the small amount of variation may
be the relatively small and uniform particle size in Australian streams, which causes a complete
dispersal throughout the stream.
Another consideration with measurement of turbidity is the effect of water colour
(influenced by tannins, etc), which varies depending on the type of turbidimeter used. The
nephelometric turbidimeter, used in this study, works on the principle of measurement of the
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intensity of light scattered at right angles by suspended matter within the sample. The more
matter present, the more scatter. Using a nephelometric turbidimeter, the turbidity reading may
be decreased, due to the light absorbance of the water colour (Gippel, 1989b; Gippel, 1993) .
However, this is fairly minor, and does not affect the type of analysis carried out in this study,
which is interested in turbidity trends, more than knowing the exact turbidity level at a particular
time.
The caveat regarding periods of data availability and variability outlined in the EC
analysis is also given here. The variation in turbidity can make analysis more difficult. For
example, Mackay, et al. (1988) attempted to determine whether the Murray River had become
more turbid as a result of changed land use. They found that, even with four decades of data, the
variability was too great to allow them to establish such a trend.
Overall, however, turbidity is an excellent parameter for use in determining broad water
quality changes over time, and providing an indication of overall condition of the catchment and
its effects on water quality. It is reliable and easy to measure consistently, provided equipment
and techniques are regularly calibrated and reviewed. This reliability could certainly be expected
of the data source (Water Ecoscience) used for this analysis.

27

Conclusions
Rainfall within the catchment has been quite stable over the last 100 years, with some
cyclical variation, and indications of a slight overall increase in rainfall. Using rainfall as a
control variable, no trends in water yield could be detected. The proportion of rainfall which
becomes runoff averages approximately 15%, which is typical for this type of catchment, with
this forest type in a relatively undisturbed condition.
Water quality parameters also, were found to have been quite stable. Whilst it is
possible that very small trends may be occurring, analysis within the limitations of the data
(relatively short periods, with high variability) reveals no trends other variation either side of the
mean. Based on recent Australian guidelines in draft form, and comparison with other Victorian
rivers, the salinity values in this river (mean of 160 µS/cm) represent quite high quality, potable
standards. Similarly the mean turbidity value of 6.5 NTU represents a river that by Victorian
standards is in excellent condition.
As more data becomes available, such as relating water yield and quality to specific
operations within the catchment, it should be analysed for detection of trends. The value of
collecting long-term water quality and yield data for catchments such as this, with multiple-use
objectives, cannot easily be over-stated.
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Appendix A - Frequency Histograms of Data
Data was examined to test its normality. Normal data is that which is randomly selected, and has
a symmetrical distribution about a mean (µ). Such a distribution is illustrated below in Figure
A1, which is a plot of each value against its frequency in the dataset. Normal data can have
parametric statistical tests applied to it (providing other assumptions regarding data
independence, etc. are not broken) with no increase in the chance of incorrectly finding or not
finding a trend. However, as can be seen in figures A2-A6, none of the data used in this analysis
strictly conformed to a normal distribution. Kurtosis and skewness statistics are given in the
summary statistics for each parameter in the body of the report.

Figure A1. Frequency histogram of generalised normal distribution.

Figure A2. Frequency histogram of rainfall data at Blackwood (087017) from 1900–1995.
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Figure A3. Frequency histogram of total monthly flow data at Blackwood (231 213A) from 1960-1995.

Figure A4. Frequency histogram of discharge (instantaneous stage readings conducted by Water
Ecoscience, and converted into Ml/day) data at Blackwood (231 213) from 1977-1994.
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Figure A5. Frequency histogram of electrical conductivity data at Blackwood (231 213) from 1977-1994.

Figure A6. Frequency histogram of turbidity data at Blackwood (231 213) from 1977-1994.
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Appendix B - Rainfall Data
Figure B1 is a plot of the total annual in mm, along with linear regression analysis and
Spearman Rank correlation (Table B1). Figures B2 and B3 are double mass plots of total
monthly rainfall (mm) against time, at Blackwood for the time periods in which the flow and
water quality analyses. The purpose of these is to verify that the homogeneity of rainfall found
over the period 1900-1995 also applies to the shorter periods of 1960-1995 (for flow analysis)
and from 1977-1994 (for water quality analysis).
Figure B1. Annual rainfall (mm) at Blackwood (087017) from 1900-1995.

Table B1. Regression and Spearman Rank correlation summaries for annual rainfall (mm) vs date at
Blackwood (087017) from 1900-1995.
Regression Summary

Spearman Rank Correlation Summary

y =.0035X + 921.77
R value
R squared
p-value

0.179
0.032
0.0921

Serial Autocorr.

0.088

Rho
p value (correlation)
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0.198
0.061

Figure B2. Double mass plot for cumulative total monthly rainfall (mm) against time (date) at
Blackwood (087017) from 1960-1995.

Figure B3. Double mass plot for cumulative total monthly rainfall (mm) against time (date) at
Blackwood (087017) from 1977-1994.
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Appendix C - Salinity (Electrical Conductivity) Data

Figure C1. Double-mass plot of cumulative EC vs time, Blackwood (231 213), 1977-1995. Dashed
straight line present to allow visual comparison with 100% linear relationship (hypothetical).

Figure C2. Double-mass plot of cumulative EC vs cumulative total monthly rainfall, Blackwood (231
213), 1977-1995. Dashed straight line present to allow visual comparison with 100% linear
relationship (hypothetical).

35

Figure C3. Double-mass plot of cumulative EC vs cumulative total monthly flow, Blackwood (231 213),
1977-1995. Dashed straight line present to allow visual comparison with 100% linear
relationship (hypothetical).
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Appendix D - Turbidity Data

Figure D1. Double-mass plot of cumulative turbidity vs time, Blackwood (231 213), 1977-1995.
Dashed straight line present to allow visual comparison with 100% linear relationship
(hypothetical).

Figure D2. Double-mass plot of cumulative turbidity vs cumulative total monthly rainfall, Blackwood
(231 213), 1977-1995. Dashed straight line present to allow visual comparison with 100%
linear relationship (hypothetical).
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Figure D3. Double-mass plot of cumulative turbidity vs cumulative total monthly flow, Blackwood (231
213), 1977-1995. Dashed straight line present to allow visual comparison with 100% linear
relationship (hypothetical).
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