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Summary

Wheat is the most important crop in Australia in terms of the gross value of production. However,
in Australia wheat yield is extremely variable from year to year among major production regions, such
as New South Wales (NSW), with its agricultural system being significantly affected by water stress
and ongoing climate change. To accurately quantify crop yield, and estimate greenhouse gas
emissions (GHG) at specific sites and regional scales, it is essential to link spatial information of
agro-resources and crop simulation model to assess crop growth in response to agricultural
management and environmental variation. The outcomes of this project will enhance the capability of
farmers and policy makers to adapt and manage farm outcomes in the face of climate

change/variability.

For this study, I extracted the historical daily climate data (1900-2010), known as SILO patched

point dataset (PPD, http://www.longpaddock.gld.gov.au/silo/ppd/index.php), for maximum and

minimum temperature, rainfall, and solar radiation at 894 weather stations evenly distributed across
the NSW wheat belt. Wheat yields at shire level during 1922-2000 (data in some shires were not
available in some years) across the NSW wheat belt were obtained from Fitzsimmons (2001).
Statistical methods were used to quantify the relationship between reported shire wheat yields and
climate factors during the wheat-growing season across the NSW wheat belt in eastern Australia from
1922 to 2000. I found that wheat yields were positively correlated to rainfall and minimum
temperature while negatively correlated to maximum temperature at a significant level (p<0.05).
Growing season rainfall is usually the main direct climatic driver affecting wheat yields variation in
this semi-arid area, but the indirect effects of temperature and solar radiation are also important. A
detailed understanding of how historical climate variation has impacted on wheat yield can provide
useful insights for the development of sustainable agricultural systems in the face of future climate

change.

I used the statistical downscaling and bias-correction method developed by Liu and Zuo (2012)
to generate realistic daily site-specific climate data from monthly GCM output on a coarse-resolution
grid. Briefly, monthly GCM output data (solar radiation, rainfall, daily maximum and minimum
temperature) from each of the selected GCMs were downscaled to the 894 observation sites using an
inverse distance-weighted interpolation method. Biases were then corrected using a transfer function
derived from interpolated GCM data and observed data for the sites. Daily climate data for each of
894 sites under two RCPs for 1900-2100 were generated by a modified stochastic weather generator
(WGEN) with parameters derived from the bias-corrected monthly data. The results show that wheat

growing season rainfall is projected to decrease under different future scenarios across the NSW
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wheat belt. Future climate projected an averaged warming of 2.1 °C for RCP4.5 and 3.8 °C for
RCP8.5 across this region in 2061-2100 compared to the baseline period 1961-2000.

A crop simulation model (APSIM) driven by statistical downscaling data was used to simulate
wheat productivity and water use efficiency under the CMIP5 multimodel ensemble projections
across the NSW wheat belt. Despite an acceleration of crop development and shortening of growth
duration together with declining growing season rainfall, GCMs projected that multi-model median
yields could increase by 0.4% (4704 kg/ha) for RCP4.5 and 7.3% (5027 kg/ha) for RCP8.5 by
2061-2100. These results show that drier area would benefit more from elevated CO, than wetter area
in the NSW wheat belt. Without the increase in CO, concentration simulated wheat yield decrease
rapidly under RCP4.5 by 2061-2100 and much more so under RCP8.5 compared to the present. The
simulated evapotranspiration (ET) decreased by 11.9% (282 mm) for RCP4.5 and 18.8% (260 mm)
for RCP8.5 over the whole wheat belt. Increasing yields combined with decreasing ET resulted in
simulated water use efficiency increasing by 11.4% (15.4 kg ha'! mm™) for RCP4.5 and 29.3% (17.8
kg ha' mm™) for RCP8.5. Wheat production in water-limited, low yielding environments appears to
be less negative impacted or in some cases even positively affected under future climate change and

elevated CO», compared to other growing environments in the world.

Agro-ecosystems have high spatial heterogeneity and temporal variation of productivity, arising
from the spatial and temporal variability of climate, soil texture/water, and management practices.
Furthermore, the projected yield increase in the future could be overestimated because the crop model
generally does not sufficiently account for yield reduction due to diseases, pests and weeds. I did not
explicitly consider certain aspects such as efficient management practices, breeding new crop
cultivars, which will obviously have a significant impact on wheat yield in the future. Therefore, these
current simulated results would provide a baseline for future adaptive strategies such as incorporating

new traits into new cultivars in new management systems not currently available.
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