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Summary
It is widely recognised that climate change will impact negatively on food security
and poverty, particularly in some countries in the developing world.
This paper, however, points out that population growth will likely have a bigger negative impact on food security and poverty in some countries in Asia and subSaharan Africa.
The impact of climate change and population growth on food security and poverty
in Timor-Leste (East Timor), a newly-independent country in South-East Asia, is
discussed as an example.
Simulation modelling of the eﬀects of warming temperatures in East Africa indicates
that sorghum yields of small-holder farmers using little or no fertiliser will increase
at least in the short term due to faster breakdown of organic matter and uptake of
higher amounts of nitrogen from the soil.
The warming temperatures reduce yields only when higher levels of fertiliser are
applied.

It is recognised that crop production is only one of the factors that aﬀect food
security and an example from South Sudan, the world’s youngest country, is used to
show that social factors aﬀect food supply in the market, not climate change or lack
of available land or water.
The paper argues that research on climate change should continue, but that
research to improve crop productivity with the present climate should not be
disadvantaged if poverty reduction and food security targets are to be met.
Keywords: Crop production, East Africa, East Timor, fertiliser levels, global warming,
sorghum, South Sudan, Timor-Leste
Glossary
C4 plants are species such as maize, sorghum and sugar cane with a pathway of
photosynthesis that produces the four- carbon compound (hence the name)
oxaloacetate, rather than a three-carbon sugar in C3 plants. The C4 pathway of
photosynthesis is much more eﬃcient than the C3 pathway chain.
As I begin to write this article, Australia is sweltering with high temperatures at
levels not seen previously since records began, while China is freezing with cold
temperatures not experienced for decades.
These extreme events are being attributed to climate change as climate scientists
now are predicting that the incidence of extreme events is linked to
anthropomorphic global warming with greater certainty than predicted by the
Intergovernmental Panel on Climate Change in its fourth report (1).
It is the greater incidence of extreme events around the world that is convincing the
general public that climate change is ‘real’ and that investment in mitigation and
adaptation measures is worthwhile.
There is widespread consensus that one of the major consequences of global
warming is the predicted decrease in crop yields in semiarid and subtropical regions
of the world as a result of the speeding of crop development and a reduction in
crop fecundity at higher temperatures, and the increased incidence of water
shortage associated with reduced rainfall (2, 3, 4, 5).
Müller et al. (6, 7) calculated that most regions of the world would experience yield
decreases by 2050 if the higher atmospheric carbon dioxide levels did not change
yields, as several studies suggest (8, 9), particularly in crops, such as maize and
sorghum, exhibiting the C4 pathway of photosynthesis (see Glossary) .
Figure 1 shows the projected percentage change in yields of 11 major crops (wheat,
rice, maize, millet, ﬁeld pea, sugar beet, sweet potato, soybean, peanut, sunﬂower
and rapeseed/canola), showing signiﬁcant yield reductions in sub-Saharan Africa,
South Asia, North and South America and Australia (7).

Thus, global climate change raises concerns about food security and the
vulnerability of particularly small-holder farmers to cope with climate change and
adaptation to climate change (4, 6, 10, 11).
As it is generally recognised that small-holder farmers in the developing world are
the persons most at risk from climate change (10), considerable aid and research
resources are being channelled into research on the impact of climate change on
food security and the adaptive capacity of vulnerable farmers.
However, all is not gloom and doom. Global warming is predicted to increase yields
in more northerly latitudes where cold temperatures limit yields (Fig. 1).
Warmer seasons will enable winter-sown crops (e.g., winter wheat) to grow where
only spring- sown crops (e.g., spring wheat) can be grown under current climates,
higher- yielding crops such as maize will be able to supplant lower-yielding crops
such as wheat in regions too cold for C4 crops or where it has to be grown under
plastic for cobs to develop (12).
In a drying climate, livestock farmers will be able to switch from pastures to produce
food and feed crops, in wetter regions where waterlogging currently limits crop
yields (5, 13). Examples where studies suggest that climate change is not the major
driver of food security are discussed in the following section.
Timor-Leste (East Timor) is a small island state in the Timor Sea just north of
Australia. It gained its independence in 2002 after a period of conﬂict during which
agricultural production and food security were compromised.
Australia and the International Agricultural Research Centres provided signiﬁcant
aid to the Ministry of Agriculture and Fisheries in Timor-Leste to re-establish
agricultural production in the young island nation (14, 15).
An analysis of climate change by Molyneux et al. (16) indicated that temperatures
were likely to rise by about 1.5°C, while rainfall was predicted to increase by about
10% across the island.
The authors conclude from simulation studies in Africa and India that yields of
maize and peanut on Timor-Leste may decrease by 4% and 21%, respectively (2).
The analysis by Cooper et al. (2) was conducted with nitrogen non-limiting.
A subsequent analysis of the eﬀects of climate change on sorghum showed that
with fertilizer rates used by small- holder farmers in Africa, namely 0 and 20 kg N
ha-1, yields actually increased with temperature rises of 3°C and no change in
rainfall (17).
The increase was observed despite a shortening of the growing period and the
simulation results indicate that the higher temperatures induced a faster
breakdown of organic matter in the soil and greater uptake of nitrogen by the
sorghum (17).

As fertiliser is not used by farmers in Timor-Leste, it is likely that the climate change
scenario for the island will result in increased yields, at least in the short term until
the soil organic matter runs down.
While climate change may not result in a reduction in yield, population growth is
likely to create a greater risk to the alleviation of poverty than climate change in
Timor-Leste (16).
The current population is about 1.20 million with an annual growth rate of 2.4 %
(18). By 2050 the population is expected to nearly treble to 2.5 to 3 million (18).
While Timor-Leste’s population growth rate is lower than many countries in East and
West Africa, it is twice that of other countries in South-East Asia (18).
The four major food crops are rice, maize, cassava, and sweet potato. In 2011,
98,000 tonnes of rice, 31,000 tonnes of maize, 22,000 tonnes of cassava and 10,000
tonnes of sweet potato were produced by Timor-Leste farmers (19).
The four crops provide 1300 kcal/capita/day, 64% of the daily caloriﬁc intake from all
sources, and 27 g/capita/day of protein, 47% of the daily protein intake (19).
To supplement the local production Timor-Leste imported 3,800 tonnes of rice and
2850 tonnes of maize in 2009 (19), suﬃcient to ensure that overall consumption at
2100 kcal/capita/day was above the minimum energy requirement of 2000
kcal/capita/day considered necessary for limited work.
However, consumption is unevenly spread within the population, with 23% of the
population considered undernourished (19).
Malnutrition is particularly serious among children with about 47% of children
under the age of ﬁve considered chronically malnourished (stunted) and 43%
severely malnourished (20), suggesting that food supply is already insuﬃcient to
meet the current population.
With 37% of the population living on less than
US$1.25/day (http://www.ausaid.gov.au/countries/e astasia/timorleste/Pages/statistics-east- timor.aspx), the international measure of poverty, the
opportunity to purchase food, particularly in rural areas, is limited.
Pockets of poverty in densely populated farming communities already exist. With
the predicted population increase, the incidence of poverty and malnutrition is likely
to increase unless food production, food imports and incomes increase.
Food security is not simply a function of food production, but is inﬂuenced by
regional conﬂicts, changes in international trade agreements and policies, infectious
diseases and other societal factors (11, 21).
For example, decades of civil war in Sudan have left the new nation of South Sudan
with very limited supplies of food in the market place (Fig. 2), despite access to large
areas of uncultivated land and water (River Nile).

As a result of the civil war, a generation of refugees living in neighbouring countries
have lost their farming experience and lost initiative.
Additionally, the lack of training facilities and infrastructure such as roads and
transport facilities makes inputs of fertiliser, insecticides and seed, diﬃcult to obtain
and produce diﬃcult to market.
I do not wish to suggest that there should be no investment in research and
development to enable farmers in the developing world to adapt to climate change,
but that the investment should not be at the expense of current research and
development aimed at improving yields and livelihoods.
In Timor-Leste, the successful introduction and adoption of improved cultivars of
staple food crops after the period of food insecurity resulting from conﬂict, has
resulted in increased household food security and produced a surplus for sale in the
market, often for the ﬁrst time (14).
This was the result of a targeted research and development program funded by the
Australian and Timorese governments aimed at increasing crop production and
food security (15, 22).
Furthermore, studies of timely and improved management of crops in eastern and
southern Africa, including the use of fertilisers, have shown that crop production
can be increased much more than the increases induced by global warming with
low levels of fertiliser application (17).
Overcoming malnutrition and food insecurity, particularly in South Asia and subSaharan Africa, are primary challenges for agriculture in the 21st century.
Climate change, particularly the incidence of extreme events, will have an impact on
malnutrition and food security, but in regions with high population growth and low
adaptive capacity such as Timor-Leste and sub-Saharan Africa, governments and
agencies will ﬁrst need to strengthen the adaptive capacity of farmers through
improved yields and productivity.
Conclusions
The impact of climate change on food security may be less than that of popu- lation
rise and lack of experience in some countries recovering from con- ﬂict such as
Timor-Leste and South Sudan, and countries in sub-Saharan Africa with high rates of
population increase.
Further, warming temperatures may result in increased crop yields for small-holder
farmers using little or no fertilisers on nutrient-poor soils. Continuing emphasis on
improved cultivars management infra- structure and marketing will be required to
ensure food security as the population rises to 9 billion by 2050.
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Figures

Figure 1.
Figure 1. Percentage change in yields of 11 major crops (ﬁeld pea, maize, millet, peanut,
rapeseed (canola), rice, soybean, sugar beet, sunﬂower, sweet potato, wheat) between 19962005 and 2046-2055. The values are the means of three emission scenarios across ﬁve global
climate models assuming no CO2 fertilisation (6, 7).

Figure 2.
Figure 2. Stall in the market in Melut, South Sudan at the end of the wet season in November
2012 showing small amounts of tomatoes, ochra, chillies, garlic, dried beans and salt for sale.
Other stall-holders were selling dried ﬁsh, onions, pumpkin and limes (the only fresh fruit
available). Photo by Neil Turner.
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