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Abstract
Rice production is the major source of food security for the Cambodian population and planted to 85 % 
of the country’s arable land, of which 90% is rainfed lowland rice. Medium and late maturing varieties 
account for >70% of the rice planted during the summer monsoon. By 2050 climate change is predicted to 
reduce rainfed cultivation area by 20%. Adaptation strategies developed through collaborative research with 
farmers support the replacement of traditional low input systems with a ‘response farming’ approach for 
better temporal utilisation of available labour, land and water resources. Replacing a traditional transplanted 
crop with short duration varieties, more efficient establishment methods and better agronomic and fertiliser 
management that responds to timing, intensity and longevity of the monsoon has potential to mitigate effects 
of climate change. Using the APSIM model and a downscaled GCM baseline climate scenario production 
risk from an increase in temperature of 0.7-2.7 °C, an atmospheric CO2 concentration of 509-638 ppm 
and variation in rainfall, for rainfed and irrigated systems to 2060 was evaluated. Simulated rice yields 
under higher CO2 increased by 6.11% (380-480 ppm) and 4.13% (630-730 ppm) per 100 μmol mol-1 while 
rice yields decreased by 4% per degree increase above baseline temperatures. Without irrigation or better 
utilisation of available water through use of short duration varieties, distribution and timing of rainfall has 
significant impacts on productivity. Simulations show that interventions are beneficial for managing risk 
from extremes of CO2 and temperature on rice production to at least 2030. 
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Introduction
Food security in the face of population growth, urban migration, loss of agricultural land and climate 
change is a major challenge for Cambodian smallholder farmers reliant on rainfed rice-based agriculture. 
However, by 2050 climate change is predicted to reduce the national rainfed rice cultivation area by 20%. 
Replacing a traditional low input transplanted rice crop with a ‘response farming’ approach has potential 
to not only mitigate effects of current seasonal variability but enable farmers to transition their farming 
practices in response to future climate uncertainty. It is assumed that a number of strategies are available to 
farmers in response to the timing, intensity and longevity of the monsoon period and that a particular mix 
of options better suit the specific and unfolding seasonal conditions that a farmer faces in a given season 
is more appropriate than rigid traditional practice in realising livelihood goals. This approach is based on 
utilising improved, shorter duration varieties, more efficient establishment methods and better agronomic 
management. Well-tested biophysical models have been successfully employed in investigating impacts of 
projected climate change on food production at global (Rosenzweig and Parry, 1994), regional and country 
(Ruane et al, 2013) scales and are a cost effective method for evaluating possible adaptation strategies 
available to farmers in managing current and future climatic risk. The APSIM-Oryza model (Gaydon et al., 
2012) has been calibrated and validated for transplanted and direct seeded rice for current climatic conditions 
(Poulton et al. 2015). This analysis investigates the risk from projected climate change at the IPCCs 2060 
time horizon, on rainfed and irrigated rice production in Southern Cambodia and explores the impacts of 
some adaptation strategies on future rice yields in the region.

Methods
Baseline climate was generated from local observations (1997-2011) and downscaled GCM data using a 
‘Linear Mixed-Effect State-Space’ model applied to produce effective point scale projections suitable for use 
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in bio-physical modelling (Kokic et al., 2011). APSIM-Oryza was parameterised for a short duration rainfed 
rice crop and run for incremental changes to CO2 (380 – 830 ppmv), ambient temperature (28.06 – 34.06 
°C), rainfall (-20% – +20%) and for 9 combinations of all three climatic factors (rainfall -20% – +20%, CO2 
-118% – +118%, temperature -21%  – +21%) to evaluate model response for a given set of input parameters. 
A multi-factor sensitivity analysis was then applied to assess potential variation from current baseline yields 
for IPCC projected scenarios of 0.7 – 2.7 °C change in ambient air temperature and a 31.0 – 64.0% increase 
in atmospheric CO2 to 2060 for the Cambodian region. Three scenarios compared a traditional transplanted 
medium duration rice variety (MSTR) with a ‘response’ farming approach using a modern direct seeded short 
duration variety grown under rainfed (SSDR) and irrigated (SDDI) conditions under scenarios involving a 
combination of changes to temperature and CO2 previously described and ±15% change in annual rainfall. 
Results are presented as a series of probability of exceedence graphs showing the difference in rice yield 
as a percentage change from baseline or current yields (defined as 0% on the x axis) for each scenario. The 
percentage of years experiencing a crop failure is indicated by a -100% change from baseline yield on the x 
axis. Climate scenarios projected to 2020, 2040 and 2060 are presented. 

Results and Discussion
Model response to elevated CO2 of 680 ppm for current temperature and rainfall is consistent with the 
accepted physiological effects of CO2 on C3 crops, simulating a 17.5% yield increase above baseline 
levels. Figure 1 demonstrates results of sensibility testing of the model for incremental changes to ambient 
temperature, CO2 concentration and rainfall all within the IPCC projected range for climate change for the 
Cambodian region to 2090. The modelled yield response is comparable with Li et al. (2014), for 13 rice 
models, reporting a 7% to 11% (APSIM 6.11%) increase per 100 μmol mol-1 for the 380 – 480 ppm CO2 
range and 3% to 5% (APSIM 4.13%) for the 630 – 730 ppm range and a reduction in yield of 2% to 11% 
(APSIM 4%) per degree C increase above the baseline temperature. Simulated long-term mean yields of 3.65 
t ha-1 (MSTR), 4.64 t ha-1 (SSDR) and 5.16 t ha-1 (SDDI) for 380 ppm CO2 and 1997 – 2011 temperature and 
rainfall are the basis for directly comparing the resilience of the selected management scenarios for projected 
increases in temperature and CO2 for the period 2020 – 2060 and changes in annual rainfall of -15% (a), 0% 
(b), +15% (c). Baseline yields are comparable with on-farm yields observed in 3 years of experimentation to 
2014 (data not shown). For the 15% decline in annual rainfall example, for 2020 (Figure 2 MSTR (a)), the 
probability of a crop failure occurs in 39% of years and increases to 42% by 2060. Years exceeding baseline 
yields declined from 24% (2020) to 15% (2060). In comparison, for a 15% increase in annual rainfall in 2020 
(Figure 2 SSDR (c)), the probability of crop failure occurs in only 9% of years.

Figure 1. Mean yield response of APSIM to incremental changes in (a) CO2 concentration above 380 ppmv, (b) 
mean daily temperature above a baseline temperature of 28.06 °C, (c) rainfall of ± 20 % of baseline rainfall; 
and (d) combined climate factors (rainfall -20% (-E) – +20% (+E), CO2 -118% (-E) – +118% (+E), temperature 
-21% (-E)  – +21% (+E)) for a single direct seeded short duration rice crop planted after May 1. Results based on 
incremental adjustment of baseline climate for 1978 – 2011.

For this scenario baseline yields are exceeded in 55% of years but decline to 42% by 2060. While crop 
failure remained relatively static within each rainfall scenario, yields fell in response to the combination of 
higher temperature and CO2, particularly with declining rainfall. A 15% increase in rainfall and elevated CO2 
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partially offset the effect of increased temperature on crop development whereas a reduction in rainfall of 
15% results in a 40% yield penalty. Access to irrigation mitigates the effect of climate extremes, reducing 
risk of crop failure and improving yields for all rainfall scenarios in 60% to 85% of years (Figure 2. SDDI 
a-c). Except for the wetter climate scenario (+15%) where additional rainfall offsets the irrigation required to 
maintain current yields until 2040, a significant investment in irrigation infrastructure or improved water use 
efficiency will be required to maintain existing rainfed yields in response to increasing temperature by 2060. 
In comparison, use of supplementary irrigation early in the season has been shown to support successful 
early crop establishment and development during the critical growing period and delivers the opportunity 
for a second crop and therefore higher on-farm returns. For a 15.7% increase in CO2 by 2030, early crop 
establishment and use of modern rice varieties and improved N fertiliser management can double production 
compared with traditional systems utilising low input late maturing local varieties. 

Figure 2. Probability of exceeding baseline yields (0% on X axis) for current ambient air temperature and 380 
ppm CO2, for a rainfed transplanted single medium variety (MSTR), rainfed single direct-seeded short variety 
(SSDR) and irrigated double cropped direct-seed short variety (SDDI) in response to projected increase in 
temperature and CO2 and for a changes in annual rainfall of (a) -15%, (b) 0%, (c) +15% for 2020, 2040, 2060. 

Conclusion
The response of APSIM-Oryza to elevated temperature and CO2 is consistent with measured physiological 
CO2 effects on C3 crop yields and is comparable with results from similar crop modelling studies. For 
Cambodian smallholder farmers, traditional rainfed rice production beyond 2030 is at risk from increased 
variability in the distribution and timing of rainfall. The long-term resilience of a ‘response farming’ 
approach in managing seasonal variability is demonstrated by a reduction in crop failures when compared 
with traditional transplanted practice. Adoption of direct seeding of higher yielding, short duration rice 
varieties; access to mechanical harvesting; improved nitrogen management; use of supplementary irrigation 
at sowing, and/or better utilisation of available water, all support early crop establishment and deliver 
farmers additional strategies for maintaining and potentially increasing rice production in response to future 
climate uncertainty.
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