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Abstract  

 

Our climate is changing and will continue to do so in the future. This has a large potential impact on 

agriculture. Here we present case studies for two major agricultural regions in the world, Argentina and 

Australia in which a simulation model was used to explore the potential impact of recent and future climate 

change on wheat production and externalities. 

Using the well tested simulation model APSIM-NWheat indicated that the large increases in rainfall in the 

Pampas of Argentina have contributed to some of the increase in yield potential of wheat in the current 

cropped region, but less than might have been anticipated. The increases would also allow the extension of 

profitable wheat cropping into currently non-cropped areas. Soil water storage capacity and managing the 

stored water over summer will be critical for the wheat crop to benefit from increased summer rainfall. In 

Western Australia, despite a large decline in rainfall, simulated yields based on the actual weather data did 

not drop, because rainfall changes occurred mainly in June and July, a period when rainfall often exceeds 

crop demand and large amounts of water are usually lost by deep drainage. These studies highlight that the 

impact of climate change is often not linearly related to rainfall and that the complexity of the change, the 

rainfall distribution and the crop water use need to be considered for realistic climate change impact 

assessments. The examples show that there will be both threats and opportunities for agriculture due to 

climate change, depending on the actual change and other systems parameters. 

 

Media summary  

There will be both threats and opportunities in agriculture from climate change. 
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Introduction  

The global climate is changing and further changes are inevitable regardless of current efforts to reduce 

global emissions (IPCC, 2007).  The accelerating increase of CO2 concentrations in the atmosphere is one of 

the most certain aspects of global change over the coming decades and recent reports have shown that CO2 is 

accumulating in the atmosphere faster than recently expected (IPCC, 2007).  Because atmospheric CO2 is 

fundamental to the growth and productivity of terrestrial vegetation, as well as critical for the radiative 

properties of the atmosphere and hence climate, the changing atmospheric concentration of CO2 will have 

far-reaching effects on agricultural production.  Projected climate change, such as increased atmospheric 

concentration of CO2, more severe and more frequent droughts and changing temperatures (IPCC, 2007), 

will be particularly important for agricultural systems. As these changes can have direct and indirect 

consequences for crop growth and development with many possible feedback loops, climate change impact 

might not be the same across agricultural regions.  

The Pampas of Argentina shows a temperate humid climate with most rainfall occurring in summer. At the 

Western bound of the Pampas, the main factor limiting wheat production, grown over winter, is rainfall. 

Rainfall has increased by 100-200 mm/year over the last century in the Pampas, but mainly in summer 

(Viglizzo et al., 1995). In contrast, the wheat-belt of Western Australia shows a distinct Mediterranean 

climate with most of the rainfall occurring in winter. Also here wheat is grown in winter and again rainfall is 

the main factor limiting production. Annual rainfall in the wheat-belt has declined by about 11% since the 

mid 1970’s (Smith, 2000).  
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To assess the likely impact of these changes requires well validated simulation models which consider these 

changes as drivers and capture the main crop physiological functions and other bio-physical aspects of crop-

soil-atmosphere systems (Jamieson et al., 2008). We present the impact of these past rainfall changes and 

possible future changes on wheat production using a simulation modelling approach.  

 

Methods  

Simulation model 

The Agricultural Production Systems SIMulator (APSIM) (Keating et al., 2003) for wheat (APSIM-Nwheat 

version 1.55s) is a crop simulation model consisting of modules that incorporate aspects of soil water, 

nitrogen, crop residues, crop growth and development and their interactions within a crop/soil system that is 

driven by daily weather data. Documented model source code in hypertext can be viewed at www.apsim.info. 

The model has been successfully tested against data from field experiments across different soil types and 

Mediterranean and other climatic regions (Asseng et al., 1998a; 1998b; 2001; 2003; 2004) including data 

from South Queensland, Australia (Asseng et al., 2002), a similar summer dominant climate with wheat 

growing over winter/early spring mainly on stored water as is the case near the western bound of the Pampas 

of Argentina.  

APSIM-Nwheat calculates potential daily biomass production based on light interception and radiation-use 

efficiency (RUE). Sub-optimal temperatures, water and N-deficit can reduce the potential growth. Potential 

water demand is a function of transpiration efficiency (TE) modified by vapour pressure deficit (Monteith, 

1988). Simulated plant water uptake is a function of uptake demand, root length density distribution within 

the soil profile, and available soil water in different soil layers. Rate of rooting depth advance is a function of 

air temperature, crop water stress, and soil water content in the soil layer with the deepest roots. Vertical soil 

water movement is simulated using a multi-layered soil model primarily using a cascading approach, with 

movement both upward and downward also occurring by diffusive flow (Probert et al., 1995). Water (deficit) 

stress reduces tillering, LAI and photosynthesis, and enhances senescence. 

Grain yield is a function of grain number, grain filling and carbohydrate remobilization. In the model, the 

potential amount of carbohydrates available for remobilization to grain is defined as 75% of biomass growth 

between 150°Cd before grain filling and the commencement of grain filling. Crop phenology is a function of 

accumulated degree-days, photoperiod and vernalisation requirements. 

 

Simulation experiments 

Argentina: Simulations were carried out for wheat (Triticum aestivum L.) for Chacharramendi, Argentina 

(about 100 km West of the current central cropping region). Daily rainfall data were partly measured or 

derived from monthly measured data distributed according measured daily data from Santa Rosa, a location 

150 km north-east to Chacharramendi. Maximum and minimum temperatures were derived from three years 

of measured data at Chacharramendi and correlations with measured data from Santa Rosa. Solar radiation 

data were used from Santa Rosa. As a fine sandy soil (with about 80 and 110 mm plant-available soil water - 

PAW to 140 cm depth) is the dominant soil type in this region (INTA, 1990), simulation results can be 

considered as being representative for the larger region south and north of Chacharramendi.   

Western Australia: Nine sites were simulated within the central and northern parts of the wheat-belt (Ludwig 

et al. 2008). The nine sites covered both the high and low rainfall parts and the warmer and cooler parts of 

the region. For all sites, daily rainfall data were available from at least 1945 until 2004. Weather data for all 

sites were downloaded from the from patch point dataset on the Silo website (www.bom.gov.au/silo). To 

analyse the impact of recent climate change on wheat yield and deep drainage two different periods: (i) 

1945-1974 and (ii) 1975-2004 were compared. These two sets of years were selected because of a large step 

change in atmospheric circulation that occurred during the mid 1970’s (Smith, 2000). Three soil types typical 

for the region were used for the simulations: (i) a sand, (ii) a loamy sand, and (iii) a sand over clay duplex 

soil. PAWC (Plant-available waster-holding capacity) for the sand was 55 mm to a depth of 150 cm, the 

maximum rooting depth for this soil. For the loam PAWC was 130 mm to a maximum rooting depth of 230 

cm and PAWC was 81 mm for the duplex soil to a maximum rooting depth of 70 cm. Full details of the soils 

are given by Asseng et al. (2001). The weather data from the last 30 years were then further manipulated by 

reducing June and July rainfall in steps of 10% to explore the sensitivity of the cropping system to these 

changes. The reduction assumes that the recent trend in rainfall reduction continues. 
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Results  

Argentina: Rainfall at Chacharramendi, a location outside the current cropping region of Argentina, has 

increased since the period of 1937-1965 by about 120 mm for the 1986-2005 period. Simulated grain yields 

over the 70 years increased by 22 - 31 kg/ha per year at Chacharramendi (Figure 1) as a result of the higher 

rainfall, but less than expected from the large rainfall increase. As the rainfall increase mainly occurred in 

summer, soil water storage capacity and summer management (summer crop, weeds or fallow) become 

critical for having an impact on yield potential of wheat grown over winter. Increased losses of water from 

deep drainage in the low water storage capacity soils at Chacharramendi (low compared to the main soils in 

the current wheat growing region) and evaporation over summer are the reasons for the lower than expected 

yield increase in wheat. Summer crops or weeds would further reduce yield benefits for wheat from the 

increased summer rainfall. Nevertheless, during the last 25 years average wheat grain yields reached about 

2.2 t/ha and this average yield and the year-to-year variability of grain yields at Chacharramendi were similar 

compared to average grain yields and variability at Santa Rosa, a location at the edge of the current cropping 

region, 50 years ago (data not shown), suggesting new cropping opportunities.  
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Figure 1: Simulated annual grain yields for Chacharramendi, Argentina.  

 

Western Australia: Simulated grain yields based on actual weather records showed no evidence of a 

systematic reduction between the pre- and post-1975 periods, despite a reduction in rainfall (Ludwig et al., 

2008). None of the yield changes were statistically significant. Simulated average grain yields for a loamy 

sand for the pre- and post-1975 periods are shown for a location in Western Australia in Figure 2c, 

representative for other simulated locations. Simulated average grain yields often tended to be higher (but 

not statistically significantly) with the reduced rainfall in the post-1975 period due to reduced nitrate 

leaching on sandy soils and therefore better nitrate availability for crop uptake. However, deep drainage 

declined significantly in the drier post-1975 period by up to 95% (Ludwig et al., 2008).  

Continuing the reduction of rainfall in June–July further reduced deep drainage (data not shown) but 

indicated that the current cropping systems can absorb even more rainfall decline without affecting grain 

yields (Figure 2a, b). However, depending on rainfall location and soil type, further reductions of June-July 

rainfall beyond 30-50% will eventually cause significant yield declines in an increasing number of seasons 

(Figure 2a, b) due to reduced sowing opportunities and increasing water limitations during early growth. 

Some of this decline might be further delayed by an increasing atmospheric CO2 concentration (Figure 2c).    
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Figure 2: Simulated grain yields for the period 1975-2004 and with rainfall reductions (10-100%) for June-July 

rainfall based on the 1975-2004 period for a) Mingenew (medium rainfall region) and b) Buntine (low rainfall 

region) of the Western Australian wheat-belt. Lines indicate individual years. c) Simulated average grain yields 

for Mingenew for 1945-1974, 1975-2004 and with rainfall reductions (10-100%) for June-July rainfall based on 

the 1975-2004 for 350 ppm atmospheric CO2 and elevated atmospheric CO2 (525 ppm). 
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Conclusion  

The simulation results indicated that the large additional rainfall in the currently non-cropped region of 

Argentina increased some of the yield potential of wheat, but less than anticipated from the large rainfall 

increase. However, the increased yield potential would allow the extension of profitable wheat cropping into 

currently non-cropped areas. Soil water storage capacity and managing the stored water over summer will be 

critical for the wheat crop to benefit from increased summer rainfall. In Western Australia, despite the large 

decline in rainfall, simulated yields based on the actual weather data did not drop, because rainfall changes 

occurred mainly in June and July, a period when rainfall often exceeds crop demand and large amounts of 

water are usually lost by deep drainage. Further reductions in rainfall during June and July indicated that the 

current cropping system is resilient to even more rainfall decline until it affects sowing opportunities and 

early crop survival causing sever reductions in yield potential. These studies highlight that the impact of 

climate change is often not linearly related to rainfall and the complexity of the change, the rainfall 

distribution and the crop water use need to be considered for realistic climate change impact assessments. 

The examples show that there will be both threats and opportunities for agriculture with climate change, 

depending on the actual change and other systems parameters. 
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