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or a user-defined model. The users can select a model manually or automatically based on lowest value of 
Akaike’s Information Criterion (AIC) (Akaike, 1974). For example, the seven-parameter model; 

ln(L) = a0 + a1 lnQ + a2 lnQ2 + a3 sin(2πdtime) + a4 cos(2πdtime) + a5dtime + a6dtime2                               (1)           

where L = pollutant load in kg/day; a0 = regression constant; a1, a2, a3, a4, a5, a6 = regression coefficients; Q = 
daily mean streamflow in ft3/s; dtime = time parameter in decimal years. The best model was selected 
automatically in LOADEST based on AIC at each station. Adjusted maximum likelihood estimation and 
calibration option was selected in LOADEST as residuals approximated a normal distribution, and sometimes 
contained censored data. Figure 4 shows plotting of residuals against explanatory (streamflow and time) and 
predicted variables (estimated load) at station 2 as a typical case for TN; they were reasonably 
homoscedastic. Similarly, the goodness of fit in the estimation was also tested by normal probability plot of 
the residuals, and found to be normally distributed as shown in Figure 4d. 
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Figure 4. Model residuals against (a) streamflow (b) time and (c) estimated load, and (d) normal probability 
plot for TN at Warrandyte (station 2) 

The LOADEST model performed well in estimating TSS, TN and TP loads. The coefficients of 
determination (R2) for the regression models in LOADEST were greater than 0.84, 0.94 and 0.88 for TSS, 
TN and TP respectively at all stations. The R2 value indicates the ‘‘variability explained’’ by the models for 
logarithm of loads. Figure 5 shows a typical case of comparison between observed and estimated TSS, TN 
and TP loadings (back-transformed to data scale) only on grab sampling days at Warrandyte station.  
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Figure 5. Observed versus estimated TSS, TN and TP loadings at Warrandyte (station 2) 

Observed loads were calculated on the particular grab sampling days by multiplying observed daily 
streamflow by observed pollutant concentration, and compared with estimated loads on those days. TN, TP 
and TSS yields were calculated by dividing their annual loads by the corresponding station’s drainage area. 

4. RESULTS AND DISCUSSION 

4.1. Pollutant Concentrations 

The study period (1994-2008) included both very wet and extreme drought event in the history of the 
catchment which affected the pollutant generation processes (Figure 2). Years 1996, 2003 and 1997 were 
considered as representative of wet, average and dry year respectively for analysis purposes. Statistical 
analysis (maximum, minimum, and mean) of pollutant concentrations is shown in Table 3. In general, TSS, 
TN and TP mean concentrations were higher in wet years than in the dry and average years, except at stations 
2 and 3 where TN mean concentrations were higher in the average years. Also, TSS and TP mean 
concentrations were higher in the dry years than in the average years. This is due to the direct correlation of 
TSS and TP, and high runoff events. In addition, TSS, TN and TP mean concentrations were higher in the 
urban areas, and then in the agricultural areas.   
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Table 3. Summary statistics of TSS, TN and TP concentrations 

Station 
Number 

P
ol

lu
ta

nt
 Wet year (1996) 

concentrations (mg/L) 
 

Average year (2003) 
concentrations (mg/L) 

Dry year (1997) 
concentrations (mg/L) 

Study period (1994-2009) 
concentrations (mg/L) 

Min. Mean Max.  Min. Mean Max. Min. Mean Max. Min. Mean Max. 

1 
TSS  11 29 93 

 
6 10 13 10 18 36 1 16 230 

TN 0.60 0.86 1.31 0.55 0.78 1.30 0.49 0.68 1.10 0.19 0.80 2.29 
TP 0.03 0.05 0.10 0.02 0.03 0.04 0.02 0.04 0.07 0.003 0.04 0.30 

2 
TSS  7 28 120 

 
4 8 23 5 13 36 1 20 310 

TN 0.62 0.97 2.63 0.79 1.13 1.93 0.40 0.88 1.23 0.40 1.04 2.93 
TP 0.03 0.07 0.28 0.04 0.06 0.08 0.04 0.07 0.15 0.009 0.07 0.35 

3 
TSS  14 49 210 

 
16 31 52 9 34 200 4 37 280 

TN 0.69 1.18 3.07 0.70 1.48 2.31 0.48 1.04 1.79 0.36 1.16 3.07 
TP 0.04 0.10 0.35 0.05 0.09 0.15 0.05 0.08 0.19 0.024 0.09 0.36 

4 
TSS  2 24 100 

 
1 12 33 1 9 78 1 14 100 

TN 1.14 2.44 5.15 0.81 1.52 3.46 1.05 1.51 2.32 0.20 1.63 5.15 
TP 0.07 0.20 0.46 0.06 0.13 0.23 0.07 0.14 0.41 0.028 0.14 0.57 

5 
TSS  8 43 200 

 
4 14 39 4 31 160 1 49 1200 

TN 1.10 1.99 4.83 1.00 1.69 2.85 1.11 1.72 4.22 0.18 2.00 13.26 
TP 0.05 0.13 0.30 0.05 0.11 0.19 0.05 0.11 0.37 0.01 0.15 2.60 

4.2. Estimated Annual Loads and Yields 

In general, TSS, TN and TP annual loads in different climatic years (wet, average and dry) or during the 
study period (1994-2008) increased from upstream to downstream in the main stream stations as shown in 
Figure 6. However, annual load at the station 2 was not higher than that of the station 1 during the dry year 
especially for TSS (Figure 6). This may be because of the Yering Gorge pumping station located in upstream 
of the station 2 which withdraws significant amount of water during dry years, and that pumped out water 
was not considered during the load estimation. The four wet years (1995, 1996, 2000 and 2004) carried out 
on average 60% of TSS, 51% of TN and 53% of TP loadings in the monitoring stations.  
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Figure 6. Annual loads of TSS, TN and TP in different climatic years of the Yarra River catchment 

Figure 7 shows that during the study period (1994-2008) and wet year (1996), the highest yields/export rates 
of TSS, TN and TP were from urban areas, and the lowest export rates of TSS and TP were from forest areas, 
and TN from agricultural areas. Similarly, during the dry (1997) and average (2003) year, the highest export 
rates of TSS, TN and TP were from urban areas, and the lowest export rates of TP were from forest areas. 
However, the lowest export rates of TSS and TN from were from agricultural areas. 
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Figure 7. Annual yields of TSS, TN and TP in different climatic years of the Yarra River catchment 

5. CONCLUSIONS 

Effects of climate and landuse activities on nutrient (TN, TP) and sediment (TSS) loads have been assessed 
in the Yarra River catchment of Victoria, Australia. A simple data-based technique was applied using long-
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term in-stream water quality data and other readily available tools rather than using complex catchment 
models and GCMs. The methodology is simple to apply, and can be used as a first step for management 
purposes where limited time and data available. The study period (1994-2008) included both very wet and 
extreme drought event in the history of the catchment which affected the pollutant generation processes. In 
general, TSS, TN and TP mean concentrations were higher in wet years than in the dry and average years. In 
addition, TSS, TN and TP mean concentrations were higher in the urban areas, and then in the agricultural 
areas. The LOADEST model performed well in estimating TSS, TN and TP loads (R2 >0.84) at all stations 
from monthly grab sample data. The four wet years (1995, 1996, 2000 and 2004) carried out on average 60% 
of TSS, 51% of TN and 53% of TP loadings in the monitoring stations. During the study period, the highest 
export rates of TSS, TN and TP were from urban areas, and the lowest export rates of TSS and TP were from 
forest areas, and TN from agricultural areas. Overall, water quality and constituent concentrations were 
influenced by rainfall events and landuse types. 
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