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Abstract:  Changes in potential streamflow response due to changes in land use and farm dam
development were analysed for three catchments in the Macquarie Basin in NSW, Australia. Land use
mpacts on streamflow response were isolated from the impacts of climatic variation using the
IHACRES rainfali-runoff model to filter climatic influences on streamtlow, The model was calibrated
on two-year periods for each catchment. Model parameters are intended to reflect the land use and
landscape attributes of the calibration period only and to be independent of the climatic nature of the
period.  Calibrated models were then simulated over the entire period of record for each catchment.
Differences between observed and simulated discharge reflect the effect of the differences in non-
chmatic conditions,  Two methods of analysing the trends in mode! residuals were employed and
compared: Estimated Generalised Least Squares (EGLS} and Generalised Additive Model (GAM)
method. The methods provided similar qualitative results for trends in potential streamflow response in
cach catchment for models with a good fit to the calibration period in terms of a number of statistics:
R’ bias and %ARPE. When the fit of models was very good in terms of these three measures, these
methods found vends with similar orders of magnitude. Otherwise the trend estimates were fairly
variable,

1. INTRODUCTION Jakeman and Hornberger (1993) and Evans
Schreider er af (1999) illustrate the use of two and  Jakeman {1998y The quatity of
methods for identifying trends in the potential calibration was contrelled by the Nash-
streamflow response due to increases in farm Sutcliffe efficiency (R?) and the model
dam development, using analysis of THACRES bias.
rainfall-runoff  model  residuals, in eleven 2. Generate a time series of simuiated
catchments in the Murray-Darling Basin. This sireamflow  data  using  the  calibrated
paper considers these methods in further detail, HACRES mode! and an input of climatic
with application to three catchments in the time series.  Simulation runs with a
Macquarie River Basin, where changes in farm calibrated model reflect the land use and
dam  development and pasture management landscape characteristics of the catchment
have led o conflicting changes in the potential aver the calibration period (and whatever
streamflow response of these catchments. climatic time series are used as an input,
usually some historical series for the
L.1 Potential streamflow response catchments).
Schreider er al. {1999} define the potential 3. Caleutate the mode! residuals, that is, the
streamtlow response (PSR) as g catchment difference between ohserved and modelled
property reflecting the streamflow response o values of flow. The difference hetween
a given temperature and precipitation time observed and modelled values primarily
series under different land (use and vegetation) reflect the difference in  non-climatic
conditions. That is, for each land condition conditions  between  the  period  of
there is a streamtlow response. simulation and calibration,
4. Perform trend analysis on time series of
1.2 Methodology model residuals to determine the trend in
Fall details of the methodology used to APSR over time. Two methods were
caleulate temporal changes in the potential empioyed for this trend analysis: Bstimated
streamtlow response (APSR) between two land Generalised Least Squares (EGLS); and the
conditions are given in Schreider ef af (19993, Generalised  Additive  Model (GAM)
A summary of this methodology is as follows: method,
L. Calibrate the conceptual rainfall-runctf 5. Relate changes in potential streamiflow
model IHACRES to a series of two year response  observed over the simulation
periods.  The IHACRES model  was period with changes in fand use,

described  in Jakeman er al (19903,



periods of missing data, serial correlation,
seasonality, non-linear exogenous influences
{such as climate), and heteroscedasticity. The
approach is ideaily suited to the analysis of
“reai world” hydrologic time series data, and its
ability to  satsfy the required statistical
assumptions means that any inferences drawn
regarding statistical significance are robust and
accurate. A more detailed description of the
GAM approach and examples of its application
te a range of practical problems can be found in
Nathan er af. (1999).

The GAM models applied were of the
following general form:

E=u + f{t) + gls) + hir) + j{p(€)),

where € is the model residual, a is a constant, t
is tume, s is season, r is rainfall, p(g) is the
austocorrelation of the error and (1), g(.), h(.)
and j{.) denote functional relationships between
the model residual and the variable concerned.
The basic aim of including functional
relationships as explanatory variables is to
remove the influgnce of the selected variable. It
is seen that in essence the functional
relationships are treated as independent variates
in order to remove, with as little bias as
possibie, the influence of the selected variable.
[t is important to note that ali functional
retationships are fitted jointly.

Trend analyses were completed or a monthly,
gquarterty and half-yearly time step, using both
linear and spline function for the time tread.
Seasonality was only fitted to monthly data.
Rainfall was fitted with a spline function to help
remove any residual model bias from the
[HACRES model calibration. Results were
reported for the analysis performed on a
guarterly  time  step, unless modelling
assumptions were violated.  Trend values
reported are for a linear time trend. In these
instances, the results at a monthly or haif-yearly
fime step were reported. This linear time trend
was estimated using ordinary [east squares
regression on the non-linear spline time trend
estimates.  Significance estimates are given
using a r-test based on the OLS estimates of
wrend and standard deviation.  One problem
with this approach is that the non-linear time
trend values are likely to be autocorreiated,
leading to the same problems with using OLS
as were outlined in the previous section on
EGLS trend analysis, In other words, in the
presence of autocorrelation the sigrificance
estimates provided using the OLS method can
have fimited meaning.

Previous studies have indicated that outliers can
significantly bias results. In order to remove
this bias, an objective means of assessing the
data for outliers, Cook’s statistic, was adopted.
Cook’s  statistic  evaluates  outliers by
considering the influence of each data point on
the coefficients of the fit of the data. A value of
Cook’s statistic of 2 was used as the basis for
identification of outliers,

3.4 Determination of Statistical Significance

The results of the trend analysis are reported

according to the statistical significance of the

trend being investigated, under the following

categories:

e statstically significant at the 5% level of
significance (strong trend corresponding to
a t-value of greater than 1.96 and a p-value
of less than 0.05 for a large sample size);

=  statistically significant at the 109% level of
significance (weak tread corresponding to a
t-value of greater than 1.65 and a p-value
of less than 0.1G for a large sample size);
and

e not stagistically significant (no trend
corresponding to a t-vatue of less than 1.65
and a p-value of more than 0.10 for a large
sample size).

4. TREND ANALYSIS RESULTS

Trerd analysis for the Ben Chifley and Green
Valley Creek catchments was undertaken for
two different periods, before and after 1984,
These periods were chosen because evidence
indicated that there had been a large change in
land management, which affected PSR at that
time. Before 1984 the main change in land use
appears to be an increase in the development of
tarm dams, which would be expected to
decrease APSR. After 1984 pasture degradation
due to declining use of fertifisers, and impacted
on further by the drought of 1982/83 appears 1o
be the most significant land use change in the
catchment (NSW Dept. of Agriculture, personal
comimunication), offsetting decreases in APSR
caused by farm dam development. Pasture
degradation would be expected to lead to an
tmcrease in APSR, The Pyramul Creek
discharge record ended in 1985. Anaiysis of
these data was undertaken for the entire period
of observation. The inclusion of one year of
data after [984 in this analysis may partially
account for the less significant trend results
found in this catchment.

4.1 Campbell River at Ben Chifley Storage
The results for EGLS trend analysis in the Ben
Chifley catchment are shown in Table 4. GAM
results for this catchiment are given in Table 3,



Table 5

GAM trend results for Ben Chifley

MNo. Period Trend Stgnificance
ML/yr
] Before -2100 10%
| Adtter 2300 Nii
2 Before -350) Nii
2 After 120 il
3 Before 2700 5%
3 After G400 Ml
4 Before -734) MNil
4 After - 1500 Ni

Table 4 Tabie 7
EGLS trend results for Ben Chifley GAM trend results in Pyramul Creek
Ne. | Period Trend Significance No, Trend Significance
MLsyr ML/yr
! Before -1047 5% ! 230 Nil
! After 1892 5% 2 -1H00 3%
2 Betore -594 5%
2 Adter 1652 5% Qualitative trends found using GAM and EGLS
3 Before -886 5% differed for Model |, with EGLS finding a
3 After 0y 5% decrease and GAM finding an increase in
4 Before 7R Ni APSR, whilst tends for Model 2 were
4 Afrer 5303 Nil gualitatively the same. with decreases for both
EGLS and GAM metheds.  However, the

magnitude of the GAM trend was almost 10
times greater than that found using EGLS.

4.3 Green Valley Creek at Hill End

The residual trend anatysis for Green Valley
Creek (see Tables 8 und 9} demonstrates the
presence of a significant negative tend o
APSR before 1984 and a non-significant trend
in APSR after 1984 in the catchment using the
EGLS method. No significant wends were
found using the GAM method.

Tabie 8
EGLS trend results in Green Yalley Creek

The results (see the trend column) for Modeis |
and 2 are qualnatively (in lerms of rend
direction) the swme for both methods, with a
decrense in APSR betore 1984 and an increase in
APSE after 1984, Results for Models 3 and 4
ditfer between the two methods, with EGLS
giving the same qualitative results as for Models
I and 2, and GAM finding both before and after
1084 ncreases in APSR for Model 3 and
decrenses tor Madel 4. Trend estimates for Mode!
4 were insigniticant using boths methods. Trends
found tor the other models with the EGLS
method  were all significans, whilst only the
befure rends for Models 1 ad 3 were significant
using the GAM method,

4.2 Pyramul Creek Upstream of Hill End Rd
The majority of trends in the Pyramul Creek
statistically
A pegative
therefore a

catchment were not found 10 he
signiticant (see Tables 6 and 7).
rend in the model residuals and
reduction of PSR was evident at the 5% level of
significance for one of the calibrated models
using the GAM method.

Table &
EGLS trend results in Pyramul Creek

N Trend Significance
MIL/yr
! -85 Nil
2 -132 Mij

— 157 -

No. | Period Trend Signiticance
ML/yr
] Before -120 5%
1 After 32 Nil

GAM frend results in Green Valley Creek

Table &

MNo. Perind Trend Significance
ML/yr
{ Before 290 Nil
! After 1490 Nil

Trend resuits for this model were qualitatively
different using the GAM and EGLS methods,
with the GAM method obtaining a decrease in
trend from ihe before 1984 period to the after,
whilst there wuas an in trend Tound
using the BGLS method. Interestingly the trend
for the entire period (both before and ateer
1984) was the same as the After wend (190
MUL/yr}.

nerense

5. DISCUSSION

{n general GAM and BGLS found similar
gualitative results when analysing the trends for
models calibrated during 1980-82. This period
was found to be less varfable in terms of rainfall

than other calibration  periods  for  each
catchment. It is suggested that during such
periods  the THACRES model  calibrated

parameters contain a much clearer signal of
non-climatic catchment characternistics of the



calibration period. These parameters would in

rn allow for a much clearer Hlustration of

changes in the PSR due to changes in land use,
This is generally supported by better mode]
calibration  statistics  for  models  calibrated
during these periods. The EGLS method found
similar qualitative changes in APSR for models
calibrated on fess stable periods, although with
a smatler significance, whilst GAM did not
generally indicate the same changes. Tt ois
suggested that this may be for two reasons:
= The EGLS method may not have removed
all of the autocorrelation in the residual time
series. due to the requirement that the nature
of awocorrelation must be estimated from
the data. This may mean that wends would
be more apparent and would have a larger
stenificance than may otherwise be the case.

o The GAM method removes evidence of

trends that are correlated  with  rainfall.
However land use changes in the Macquarie
catchments are indirectly correlated with
ruinfall, as the pasture degradation that toolk
ptace after 1984 initially cceurred partialy
in response 1o drought conditions, and this
degradation continued into the late 198075
as rainfall increased after the dronght. Thus

GAM would be expected to remove much of

the effect of changes in land use that are
correlated with rainfall, and as such would
not be able to identify the trends due to
pasture degradation as strongly as the BGLS
method.

GAM and EGLS did not find similar qualitative
resuits 10 the Green Valley Cresk catchment,
even though this model was also calibrated
during 1981/82. Interestingly, the GAM trend
for the entire period of observation was of the
swme magnitude as the trend for the period after
1084, This seemingly counterintuitive result is a
product of the method of estimating linear
trends from a nonlinear spline time function.
The production of such counterintuitive results
may be seen as a weakness of the GAM method
or more likely a problem with attempting ©
find lincar trend estimates of variables (APSR)
that are based on more complex nonlinear
functions of tme. EGLS also suffers trom this
fimitation, assuming a  linear relationship
hetween APSR and time.

6. COMNCLUSIONS

The GAM and EGLS methods are capable of

identifying qualitative changes in the potential
streamflow response due to changes in land use
from IHACRES model residuals.  However,
these methods appear to be most reliable when
the THACRES model 55 fitted to periods when
fand use and rainfall are fairty stable. The

ability of these methods o estimate trends
depends largely on the quality of the model fit
to the calibration period. The estimated trends,
reported  in MI/yr. obtained using thess
methods are very variable. indicating a great
deal of uncertainty. The EGLS method appears
to give the most consislent estimates of the
order  of  magnitude  of trends  for  each
catchment, although it tends o indicate greater
significance of mend estimates than the GAM
method.  The EGLS method also appears o
give the most consistent estimates of  the
gualitative trends in the dat

Also it may be best, considering the nonlinear
nature of rends i the APSR, o unilise methods
for calculating these nonlinear trends in APSR
and relating these to more detatled information
on land use changes in future work.
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