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Figure 4. Time series of spatially averaged annual groundwater recharge (blue solid line) calculated from the 

438 bores in South Australia with the linear trend line from 1970 to 2012 (red solid line) and its linear 
extension for the period of 2013-2058 (orange dashed line). 

Similar to annual groundwater recharge, the spatially averaged annual rainfall was also calculated for the 438 
bores across the study domain. The nonparametric Mann-Kendall trend test shows that the 43-year annual 
rainfall has a decreasing trend of -1.23 mm/year at a non-significant level of p < 0.10 during 1970-2012. This 
decline in annual rainfall across the study domain is consistent with the temporal change in annual 
groundwater recharge. 

 

Figure 5. Scatterplot of spatially averaged annual groundwater recharge versus annual rainfall across the 
study domain in South Australia for the period 1970-2012. The sign of star means that the correlation has a 

significance level p < 0.005. 

Figure 5 shows the relationship between annual groundwater recharge and annual rainfall spatially averaged 
from the 438 bores in South Australia for the period 1970-2012. Obviously, annual groundwater recharge is 
highly correlated (r = 0.79) with annual rainfall, which is statistically significant at a level of p < 0.005 with a 
two-sided test. As described in Section 2, the climate in the study domain is water-limited Mediterranean 
with potential evapotranspiration greater than rainfall everywhere on an annual basis (Donohue et al., 2010). 
Also, the groundwater system is the only source of water, whereas the surface runoff is very little (Leaney 
and Herczeg, 1995). Therefore, the above correlation coefficient between annual groundwater recharge and 
annual rainfall indicates that the dominating downward trend in annual groundwater recharge is caused by 
annual rainfall in the study domain. 

5.    SUMMARY 

In this study, the WTF method was applied to estimate annual groundwater recharge at 438 groundwater 
monitoring bores in South Australia for the period 1970-2012. By using the nonparametric Mann-Kendall 
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trend test, the spatially averaged annual groundwater recharge across the study domain exhibited a 
statistically significant downward trend with a trend slope of -0.92 mm/year during the period 1970-2012. 
Moreover, the 237 groundwater monitoring bores with annual groundwater recharge data records longer than 
20 years showed different long-term trends across the study domain, including 161 bores with downward 
trends (103 bores are statistically significant), 44 bores with upward trends (15 out of the 44 bores are 
statistically significant), and 32 bores without any trends. Further, a linear extrapolation of annual 
groundwater recharge trend suggested that it would reach the lowest recorded annual recharge by 2058 if the 
recent climatic trends continue over a longer period, indicating a potential threat to the hydrological and 
ecological regimes. 

The dominating downward trends in annual groundwater recharge and annual rainfall with their statistically 
significant correlation coefficient indicate that the temporal changes in annual groundwater recharge are 
affected by annual rainfall across the study domain. To further diagnose the causes of changing annual 
groundwater recharge, we need to investigate other large-scale hydroclimate factors, such as 
evapotranspiration and surface runoff, which may be responsible for the long-term trends in annual 
groundwater recharge. Therefore, the study will be extended to investigate the effects of large-scale 
hydroclimate factors (and also soil hydraulic properties, land cover changes and groundwater pumping) using 
the Landscape component (AWRA-L) of the Australian Water Resources Assessment model (Vaze et al., 
2013). In our preliminary investigation, the AWRA-L model has been shown to reproduce the long-term 
trend in annual groundwater recharge across the study domain, both in trend direction and statistical 
significance, which provides the opportunity to improve our understanding regarding the impact of long-term 
climate variability/change on groundwater recharge. 
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