
nature.com Sitemap Cart Login Register

NATURE  | NEWS & VIEWS

Subject terms: Climate sciences

Environmental sciences

日日本本語語要要約約

Climate science:
Historical drought trends
revisited
Sonia I. Seneviratne

Nature  491,  338–339  (15 November 2012)
doi:10.1038/491338a

Published online  14 November 2012

A new assessment of drought trends over
the past 60 years finds little evidence of an
expansion of the area affected by droughts,
contradicting several previous estimates.
See Letter p.435

The 2011–12 drought in the United States was
reported as one of the most severe on record1,

2, and led to economic losses of billions of
dollars3, 4. When such extreme events occur
(Fig. 1), a common question is whether they
might be a result of climate change1. Not only is
this question far from trivial5, but it is also more
complex for droughts than for most other
climate extremes. On page 435 of this issue,
Sheffield et al. 6 report an overestimation of
historical drought trends obtained using a
method that served as the basis for historical
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drought assessments made in the Fourth
Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC)7, 8, as well as
for analyses in more recent publications9, 10.

Figure 1: Severe drought.

A field of dried maize (corn) plants near Percival,
Iowa, during the severe drought that struck the
United States in 2012.
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The authors' results suggest a high uncertainty
in global-scale drought trends over the past 60
years and little evidence of an increase in the
total area affected by droughts. A recent IPCC
assessment5 highlighted strong uncertainties in
historical drought records and, in particular,
inconsistent conclusions of studies carried out
after the Fourth Assessment Report with
respect to some regional drought trends.
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Sheffield and colleagues' results are consistent
with this assessment, but also suggest that
methodological issues may partly explain
reported conflicting results in the literature.

Soil-moisture drought, which is of most
relevance to agriculture, is induced by a deficit
in the land water balance and is caused by lack
of precipitation and/or excess
evapotranspiration5 (Fig. 2). Evapotranspiration
refers to the moisture loss from soils, either
through plant transpiration (water extracted by
the plants and lost through the leaves' stomata)
or by direct evaporation from moist surfaces
(such as bare soils, lakes, rivers, or water
stored on top of leaves).

Figure 2: Drought drivers.
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Several factors, apart from temperature, affect the
development of droughts. These should all be
taken into account for assessing historical drought
trends and the contribution of anthropogenic
climate change to recent drought events. Red
arrows indicate factors that contribute to drought,
and blue arrows show factors that counteract it.
Sheffield et al. 6 find that results obtained for
historical trends in the global land area affected by
drought (even possibly affecting the sign of these
trends) are heavily influenced by the
meteorological drivers chosen to estimate them.
(Adapted from ref. 5.)

The key point addressed by Sheffield and
colleagues is the contribution of
evapotranspiration as a driver for droughts.
Most approaches compute actual
evapotranspiration as a function of potential
evaporation — that is, the evaporation occurring
from bodies of water. In their study, the authors
evaluate the extent to which different
formulations used for computing potential
evaporation can affect resulting estimates of
historical drought trends that are computed by
means of a drought indicator called the Palmer
Drought Severity Index (PDSI). It should be
noted that evapotranspiration depends not only
on potential evaporation in the PDSI but also on
soil-moisture availability11, an aspect not
directly assessed by the authors.

The PDSI approach is commonly used to
assess drought trends7, 8, 9, 10, 11, although its
validity for such applications is questionable
because of several issues5, 6, 7, 12. One of
these is the usual practice of estimating
potential evaporation as if it were solely
dependent on temperature and latitude — an
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estimation known as the Thornthwaite-based
formulation. This formulation neglects the role of
several other climate drivers of potential
evaporation, in particular wind speed, relative
humidity and solar and long-wave radiation (Fig.
2). In addition, using temperature as a driver for
drought overlooks the fact that, in dry
conditions, the causal link is often reversed —
that is, drought itself induces hot temperatures
when the lack of soil moisture leads to a
suppression of evaporative cooling13.

In earlier studies, the rationale for using a
formulation that relied only on temperature was
the absence of credible long-term global data
sets of other driving variables7. Sheffield et al.
used a recently compiled data set for these
variables to assess their impact on trends in
potential evaporation and resulting drought
computed using the PDSI. By applying the
Penman–Monteith formulation, which considers
these other drivers, the authors find much
weaker trends than with the Thornthwaite
formulation, and little evidence of an expansion
of the area affected by drought in past
decades 7, 8, 9, 10.

The authors provide detailed evaluations of their
results, as well as thorough explanations for the
apparent conflict with previous studies9, 11 that
found few differences between PDSI drought
trends obtained with the Penman–Monteith and
Thornthwaite formulations (see the
Supplementary Information to the paper6). On
the basis of this analysis, the main
discrepancies in these previous studies9, 11

seem to be rooted in slight differences in
methodological approach, for example
differences in the calibration periods used or the
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atmospheric forcing (data-set choice; data-gap
filling, in some cases with climatological data;
and consideration of spurious trends in data
sets). Clearly, the quality and reliability of the
forcing data sets6 and lack of observations5

remain an issue for any assessment related to
drought trends. Because of these uncertainties,
Sheffield and colleagues' investigation has its
own limitations, as the authors themselves
recognize. Therefore, their results will also need
to be confirmed by other independent analyses.

The 2007 IPCC Fourth Assessment Report's
conclusion8 that the area affected by droughts
was “likely” to have increased in many regions
since the 1970s had already been revised in a
more recent IPCC special report on extreme
events and disasters published earlier this year
(the SREX Report)5. This report assessed that
“[t]here are still large uncertainties regarding
observed global-scale trends in droughts”, and
highlighted regions in which drought trends
have increased (southern Europe and West
Africa) as well as those showing decreasing
trends (central North America and northwestern
Australia)5. These reported regional trends
agree with Sheffield and colleagues' results.
Furthermore, the SREX Report did not provide
any assessment of previous changes in the
areas affected by droughts. Given Sheffield and
colleagues' findings, this metric of drought (that
is, the total land area affected by drought)
seems rather ill defined, because the error
range of their Penman–Monteith-based PDSI
estimates does not exclude either positive or
negative trends in this quantity.

The authors' results confirm the complexity of
the processes that lead to changes in drought
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conditions, also discussed in the SREX Report5.
The findings imply that there is no necessary
correlation between temperature changes and
long-term drought variations, which should warn
us against using any simplifications regarding
their relationship. Furthermore, apart from the
variables considered in potential evaporation,
the PDSI has several other shortcomings, in
particular those resulting from the simplicity of
its water-balance model5, 12. These may explain
a reported tendency of the PDSI approach
(even when using the Penman–Monteith
formulation12) to overestimate future drying
trends when driven with climate-model output,
compared with other estimates, including
soil-moisture output of the climate models
themselves. Future investigations should
carefully consider these uncertainties, for
instance in the context of palaeoclimate
studies6 and when relating specific changes in
global mean temperature (for example, for the
commonly discussed 2 °C target14) to their
effects on drought.
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