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El Niflo events typically lead to delayed rainfall and decreased rice
planting in Indonesia’s main rice-growing regions, thus prolonging
the hungry season and increasing the risk of annual rice deficits.
Here we use a risk assessment framework to examine the potential
impact of El Nifio events and natural variability on rice agriculture
in 2050 under conditions of climate change, with a focus on two
main rice-producing areas: Java and Bali. We select a 30-day delay
in monsoon onset as a threshold beyond which significant impact
on the country’s rice economy is likely to occur. To project the
future probability of monsoon delay and changes in the annual
cycle of rainfall, we use output from the Intergovernmental Panel
on Climate Change AR4 suite of climate models, forced by increas-
ing greenhouse gases, and scale it to the regional level by using
empirical downscaling models. Our results reveal a marked in-
crease in the probability of a 30-day delay in monsoon onset in
2050, as a result of changes in the mean climate, from 9-18% today
(depending on the region) to 30-40% at the upper tail of the
distribution. Predictions of the annual cycle of precipitation sug-
gest an increase in precipitation later in the crop year (April-June)
of ~10% but a substantial decrease (up to 75% at the tail) in
precipitation later in the dry season (July-September). These re-
sults indicate a need for adaptation strategies in Indonesian rice
agriculture, including increased investments in water storage,
drought-tolerant crops, crop diversification, and early warning
systems.

empirical downscaling models | risk assessment

gricultural production in Indonesia is strongly influenced by

annual and interannual variations in precipitation, caused by
the Austral-Asia monsoon and El Nino-Southern Oscillation
(ENSO) dynamics. Indonesia consistently experiences dry climatic
conditions and droughts during the warm phase of the ENSO cycle
(El Nino), with significant consequences for agricultural output,
rural incomes, and staple food prices (1, 2). The year-to-year
dynamics of ENSO and precipitation over the archipelago have
been well studied (3-6), as have various links between ENSO, crop
production, and famines in different parts of the country (7-10).
Over the longer run, rising concentrations of greenhouse gases will
likely create additional climate impacts on Indonesian agriculture.
The combined forces of climate variability and climate change
could have a dramatic effect on agricultural production in Indo-
nesia and other tropical countries.

Here, we present a framework for assessing the risks of climate
change for Indonesian rice agriculture, drawing on the obser-
vational record of interannual variability in precipitation and
production and on projections of climate change. We focus on
precipitation, rather than temperature, because the links be-
tween precipitation and production in Indonesia are significant
and well documented. Our earlier work (1) showed that ENSO
has been the primary determinant of year-to-year variation in
Indonesian rice output over the past three decades, accounting
for almost two-thirds of the total variation. During El Nifno
events, Indonesia’s production of rice, the country’s primary
food staple, is affected in two important ways: (i) delayed rainfall
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causes the rice crop to be planted later in the monsoon season,
thus extending the “hungry season” (paceklik, the season of
scarcity) before the main rice harvest; and (if) delayed planting
of the main wet-season crop may not be compensated by
increased planting later in the crop year, leaving Indonesia with
reduced rice area and a larger than normal annual rice deficit.
This pattern highlights the importance of timing, as well as total
production of rice, for food security, which is defined here as the
availability and access to staple food commodities for all con-
sumers throughout the year.

A key question for our study is whether natural climate
variability (including ENSO) will exert a greater impact on
Indonesian rice agriculture and food security in 2050 with
changes in the mean climate. To answer this question, we
compare the present vs. future likelihood of exceeding a seasonal
climate threshold, delayed monsoon onset, which has been
shown empirically to be important for rice production and food
security during El Nifio events in recent decades. We also
explore how the annual cycle of rainfall over the archipelago is
likely to change, in terms of both the total amount of rainfall over
the year and the distribution of rainfall throughout the year.
Examining potential changes in the annual cycle of precipitation
provides insight into future impacts of ENSO on both wet
(monsoon)-season and dry-season rice crops and suggests
thresholds that are likely to emerge by 2050. Our analysis covers
two regions: (/) West and Central Java and (if) East Java and Bali
(Fig. 1). These areas account for ~55% of the country’s total rice
production and are thus watched most carefully from a food
policy perspective. Agricultural data series for these regions are
also longer and more complete than for other provinces in
Indonesia, and rainfall-rice relationships on Java and Bali have
been well established in our earlier work (1, 2).

Selecting a Threshold. Climate impact studies apply a variety of
threshold concepts, including biophysical, behavioral, and user-
designed thresholds (11). Each concept indicates a point beyond
which the biophysical, socioeconomic, or institutional system in
question is significantly affected by, or fundamentally changes in
response to, climate change. The selection of meaningful and
operational climate thresholds for risk assessment is not a trivial
task. For example, without knowing how markets, preferences,
and technology will change in the distant future, it is difficult to
know how the relative profitability of crops, and hence farmers’

Author contributions: R.L.N., D.S.B., and D.J.V. designed research; R.L.N., D.S.B., D.J.V.,
W.P.F.,and M.B.B. performed research; D.S.B. and D.J.V. contributed new reagents/analytic
tools; R.L.N., D.S.B., D.J.V.,, W.P.F,, and M.B.B. analyzed data; and R.L.N., D.S.B., and D.J.V.
wrote the paper.

The authors declare no conflict of interest.

Abbreviations: EDM, empirical downscaling model; ENSO, El Nifio-Southern Oscillation;
GCM, global climate model or general circulation model.

*To whom correspondence should be addressed. E-mail: roz@stanford.edu.

This article contains supporting information online at www.pnas.org/cgi/content/full/
0701825104/DC1.

© 2007 by The National Academy of Sciences of the USA

www.pnas.org/cgi/doi/10.1073/pnas.0701825104


http://www.pnas.org/cgi/content/full/0701825104/DC1
http://www.pnas.org/cgi/content/full/0701825104/DC1



http://www.pnas.org/cgi/content/full/0701825104/DC1



http://www.pnas.org/cgi/content/full/0701825104/DC1
http://www.pnas.org/cgi/content/full/0701825104/DC1



http://www.pnas.org/cgi/content/full/0701825104/DC1



http://www.pnas.org/cgi/content/full/0701825104/DC1



http://www.pnas.org/cgi/content/full/0701825104/DC1

