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ABSTRACTStephanie C. Herring, Martin P. Hoerling, James P. Kossin, Thomas C. Peterson, and Peter A. Stott

Understanding how long-term global change affects
the intensity and likelihood of extreme weather events
is a frontier science challenge. This fourth edition of
explaining extreme events of the previous year (2014)
from a climate perspective is the most extensive yet
with 33 different research groups exploring the causes
of 29 different events that occurred in 2014. A number
of this year’s studies indicate that human-caused climate
change greatly increased the likelihood and intensity for
extreme heat waves in 2014 over various regions. For
other types of extreme events, such as droughts, heavy
rains, and winter storms, a climate change influence was
found in some instances and not in others. This year’s
report also included many different types of extreme
events. The tropical cyclones that impacted Hawaii were
made more likely due to human-caused climate change.
Climate change also decreased the Antarctic sea ice
extent in 2014 and increased the strength and likelihood
of high sea surface temperatures in both the Atlantic and
Pacific Oceans. For western U.S. wildfires, no link to the
individual events in 2014 could be detected, but the overall
probability of western U.S. wildfires has increased due to
human impacts on the climate.

| BAMS DECEMBER 2015

Challenges that attribution assessments face include
the often limited observational record and inability of
models to reproduce some extreme events well. In
general, when attribution assessments fail to find anthro-
pogenic signals this alone does not prove anthropogenic
climate change did not influence the event. The failure
to find a human fingerprint could be due to insufficient
data or poor models and not the absence of anthropo-
genic effects.

This year researchers also considered other human-
caused drivers of extreme events beyond the usual
radiative drivers. For example, flooding in the Canadian
prairies was found to be more likely because of human
land-use changes that affect drainage mechanisms. Simi-
larly, the Jakarta floods may have been compounded by
land-use change via urban development and associated
land subsidence. These types of mechanical factors re-
emphasize the various pathways beyond climate change
by which human activity can increase regional risk of
extreme events.



21. THE 2014 HOT, DRY SUMMER IN NORTHEAST ASIA

L. J. WiLcox, B. Dong, R. T. SutTon, AnD E. J. HiIGhwooD

Northeast Asia experienced a severe drought in summer 2014. Sea surface temperature forcing may have
increased the risk of low precipitation, but model biases preclude reliable attribution to
anthropogenic forcing.

Observational evidence. Northeast Asia (including a
large part of north and northeast China, North Ko-
rea, and South Korea) experienced a severe drought
in the summer (June to August, JJA) of 2014 (Fig.
21.1a). Seasonal mean rain rates were 1 mm day-1 less
than the 1964-93 mean; a deficit of 30%. It was the
fourth driest year recorded by the Global Precipitation
Climatology Centre (GPCC) since 1901 (after 1901,
1902, and 1943), and the third driest year recorded
by the Global Precipitation Climatology Project
(GPCP) since 1979 (after 1997 and 1999). The 2014
drought occurred in the context of over a decade
of summer drought in the region, with an apparent
phase shift in precipitation amounts taking place in
the late 1990s (Fig. 21.1a). In addition to persistent
summer droughts, northeast Asia has experienced
steadily increasing temperatures in recent decades
(Fig. 21.1b), and indeed most of Asia was warmer in
JJA 2014 compared to the 1964-93 mean (Fig. 21.1c).

Summer drought in northeast Asia is part of a
larger pattern of southern flooding and northern
drought. This pattern is clear when JJA 2014 precipi-
tation is compared to the 1964-93 mean (Fig. 21.1d).
Comparing these anomalies to those relative to the
more recent period since 1997 (Supplemental Fig.
S21.1) shows that the summer of 2014 is an extreme
example of the pattern of recent decades, and is
therefore likely to be the result of similar underlying
mechanisms.

The pattern of summer precipitation in east Asia
is related to the meridional propagation of the Mei-Yu
front. This is typically located over the south coast
in May, propagates north to reach the Yangtze basin
by June and northern China by July, and retreats in
August with the end of the East Asian monsoon (e.g.,

Chang et al. 2000). Drought occurs in northern China
when the southerly flow over east China is weak, and
the propagation of the Mei-Yu front stagnates in the
Yangtze River valley (e.g., Zhu et al. 2011).

Summer drought in northern China has been
observed to have significant quasi-50-year periodic-
ity (Tan et al. 2014). The main factor controlling this
decadal variability in precipitation is thought to be
the southerly water vapor transport associated with
the monsoon (e.g., Zhao et al. 2010; Tan et al. 2014).
However, drought has also been attributed more
widely to other factors, such as the positive phase of
the Pacific decadal oscillation (PDO; e.g., Zhu et al.
2011), warming tropical Pacific and Indian Oceans
(e.g., Zhao et al. 2010), anthropogenic aerosols (Xu
2001; Menon et al. 2002), and the positive phase of
the Atlantic multidecadal oscillation (AMO; Qian
et al. 2014).

The 850-hPa wind anomalies for 2014 relative to
1964-93 (Fig. 21.1e), and to 1997 to 2014 (Supplemen-
tal Fig. S21.1f), show weakened southwesterly flow
over China in 2014, consistent with slower northward
propagation of the Mei-Yu front. They also show a
weaker Indian monsoon circulation, which is again
consistent with a more southerly location of the Mei-
Yu front.

Sea surface temperature (SST) anomalies for 2014
relative to 1964-93 (Fig. 21.1f), and to 1997 to 2014
(Supplemental Fig. S21.1c), show very warm SSTs
along the northern edge of the North Pacific and into
the Bering Sea, extending along the western coast of
North America. A tongue of cool SSTs extends from
the south of Japan into the central North Pacific. Such
anomalies are characteristic of the warm phase of
the PDO, which has previously been associated with
drought in northern China (e.g., Zhu et al. 2011). The

AFFILIATIONS: WiLcox, DoNng, AND SuTToN—National Centre
for Atmospheric Science, Department of Meteorology, University
of Reading, Reading, United Kingdom; HiGhwoop—Department of
Meteorology, University of Reading, Reading, United Kingdom

DOI:10.1175/BAMS-D-15-00123.1

similarity of the SST anomalies relative to 1964-93
and 1997 to 2014 suggest that 2014 is a particularly
extreme case of the recent decadal pattern.

Indications from CMIP5. Historical experiments for

A supplement to this article is available online (10.1175 . .
the Coupled Model Intercomparison Project Phase

/BAMS-D-15-00123.2)
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Fic. 21.1. (a) Seasonal mean precipitation anomalies over northeast Asia from GPCC (Schneider et al. 2011,
2013), GPCP (Adler 2003), and the NCEP-NCAR reanalysis (Kalnay et al. 1996). The northeast Asia region is
indicated by the boxes in panels (c)-(e). Anomalies are relative to 1964-93. GPCP is shown relative to the GPCC
mean. (b) Seasonal mean temperature anomalies (relative to 1964-93) over northeast Asia from CRUTEM4
(Jones et al. 2012) and the NCEP-NCAR reanalysis. (c) Near-surface temperature anomalies (2014 vs. 1964-93)
from the NCEP-NCAR reanalysis. (d) Precipitation anomalies (2014 vs. 1964-93) from GPCC. (e) 850-hPa
wind anomalies (2014 vs. 1964-93) from NCEP-NCAR. (f) SST anomalies (2014 vs. 1964-93) from HadISST.

5 (CMIP5) subset listed in Table 21.1 were compared
for scenarios with all forcings, greenhouse gas (GHG)
changes only, and anthropogenic aerosol (AA)
changes only. The all-forcing simulations indicate a
positive trend in multimodel mean JJA near-surface
temperature in northeast Asia, in good agreement
with HadCRUTA4. This is driven primarily by GHG in-
creases, mitigated in part by AA increases. However,

the AA influence on temperature trends is small in
recent decades (Supplemental Fig. 21.2).

The multi-model mean trend in precipitation in
northeast Asia is small. GHG simulations show a
small positive trend. AA forces a larger, bit still small,
negative trend from around 1950 to around 1980, and
little change in recent decades (Supplemental Fig.
S§21.2). CMIP5 mean precipitation does not show the

Table 21.1. CMIP5 models, and the number of ensemble members for each experiment, used
in this study.
Historical GHG-only AA-only
S e l] Members Members Members i

CCCma CanESM2 5 5 5 Von Salzen et al. (2013)

CSIRO-

QCCCE CSIRO-Mk3.6.0 10 10 10 Rotstayn et al. (2012)

NOAA- Donner et al. (2011),

GFDL GFDL-CM3 3 3 2 Levy et al. (2013)

IPSL IPSL-CM5A-LR 6 3 I Dufresne et al. (2013)
Bellouin et al. (2007),

MOHC HadGEM2-ES 4 4 4 Collins et al. (2011)

NCC NorESMI-M 3 I | Iversen et al. (2013)
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pattern of decreases in the north and increases in the
south seen in the NCEP-NCAR reanalysis. However,
the consistent responses to forcing across the mod-
els suggests a degree of understanding of the forced
response that is useful in quantifying the relative
influence of AA and GHG on the sign and magnitude
of the regional response.

Attribution using HadGEM3-A. We use the atmospheric
component of the Hadley Centre Global Environment
Model version 3 (HadGEM3-A; Hewitt et al. 2011),
with prescribed SST and sea ice extent (SIE) from the
Hadley Centre Sea Ice and Sea Surface Temperature
dataset (HadISST; Rayner et al. 2003) to attempt
to quantify the role of SST and SIE, GHG, and AA
changes in causing the 2014 drought.

We use a set of four specially designed experiments
for attribution of the 2014 drought (Table 21.2), ana-
lyzing the last 25 years of each 27-year experiment.
Assuming responses to individual forcings can be
linearly combined, we can examine the influence of
each individual forcing component on the summer
of 2014: GHG only (SSTGHG2014-SST2014), AA
only (ALL2014-SSTGHG2014), SST only (SST2014—
CONTROL), and all-forcing (ALL2014-CONTROL).

The HadGEM3-A experiments show a reduction
of precipitation over most of China, and in excess of
3mm day-!in the south, in response to all forcings, as-
sociated with a weakening of the East Asian summer
monsoon. SST changes account for the majority of the
spatial structure and magnitude of the anomalies seen
in the all-forcing case (Fig. 21.2). This is consistent
with Zhu et al. (2011) who found that SST explained a
large part of the weakening of the East Asian summer

monsoon. AA and GHG changes cause an increase in
precipitation (in HadGEM3-A) in northeast Asia (Fig.
21.2). This offsets the decrease in precipitation driven
by SST changes, resulting in the small response seen
in the all-forcing case.

Although AA and GHG appear only to make a
small contribution to the HadGEM3-A all-forcing
response compared to SST changes, this does not
preclude an anthropogenic role in the severe drought
of 2014. The HadGEM3-A response to SST may be
exaggerated by alack of air-sea coupling in the model
(e.g., Zhu and Shukla 2013), and the SST changes
themselves may have an anthropogenically driven
component. In particular, drought in northern China
has previously been linked to PDO and AMO vari-
ability, which are potentially driven, at least in part,
by AA changes (Booth et al. 2012; Zhang et al. 2013;
Allen et al. 2014; Boo et al. 2015).

The precipitation pattern in the mean of the 25
HadGEM3-A realizations of JJA 2014 does not agree
with observations. Additionally, no single one of the
25 realizations correctly reproduces the precipita-
tion pattern seen in observations (Supplemental Fig.
S21.3). Thus no reliable attribution statement can be
made. Christidis et al. (2013) found that HADGEM3-
A was unable to provide reliable results for the 2010
flooding in Pakistan, and suggested that biases in the
Asian region may be the cause. All CMIP5 generation
models have biases in this region, which need to be
addressed for successful attribution (e.g., Sperber et
al. 2013; Supplemental Fig. $21.2).

When forced with 1964-93 mean SST and SIE,
HadGEM3-A has a zonal band of heavy precipitation
over the Indian Ocean, a line of heavy precipitation

Table 21.2. Summary of attribution experiments performed with

following the Himala-
yas, and a line follow-

ing the Burmese coast

HadGEM3-A.

Experiment Boundary Conditions
Monthly climatological sea surface temperature (SST) and sea ice
extent (SIE) averaged over the period 1964-93, with greenhouse gas

CONTROL (GHG) concentrations set at their mean values over the same period,
and anthropogenic aerosol (AA) precursor emissions (Lamarque et al.
2010) at mean values over the period 1970-93.
Forced with monthly mean SST and SIE from October 2013 to Sep-
tember 2014 using HadISST data, with GHG concentrations from 2013

ALL2014 (WMO 2014) and AA precursor emissions for 2010 (Lamarque et al.
2010), which is the most recent year for which emissions data were
available, and is not expected to be substantially different to actual
2014 emissions.

S As ALL2014, but with AA precursor emissions the same as in CONTROL

GHG2014 ’ ? '
As ALL2014, but with GHG concentrations and AA precursor emissions

el the same asin CONTROL.

AMERICAN METEOROLOGICAL SOCIETY

(Supplemental Fig.
S21.4). Precipitation
rates are too high over
south China and too
low over India in Had-
GEM3-A compared to
the NCEP-NCAR re-
analysis, which shows
a more uniform pre-
cipitation distribution,
with maxima off the
Indian west coast and
in the Bay of Bengal
(Supplemental Fig.
S$21.4). The HadGEM3-

DECEMBER 2015 BAMS | S107
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Fic. 21.2. HadGEM3-A responses to summer 2014 forcings, relative to the 1964-93 mean.
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A Indian monsoon circulation is comparable to the
reanalysis over the Arabian Sea, but weaker and more
meridionally diffuse over India and the Bay of Bengal,
with weaker flow into southern China. HadGEM3-A
near-surface temperatures are generally too warm
over Asia (Supplemental Fig. S21.4).

Conclusions. Northeast Asia experienced a severe
drought in summer 2014. This was not an isolated
event, occurring in the context of two decades of dry
summers. The spatial pattern of precipitation in these
years is for there to be flooding in southern China
and drought in the north, linked to a stagnation of
the northward propagation of the Mei-Yu front (e.g.,
Zhu et al. 2011).

Analysis of an ensemble of CMIP5 models suggests
that it is likely that greenhouse gas emissions have
caused increased summer temperatures in northeast
Asia, partially offset by increasing anthropogenic

| BAMS DECEMBER 2015

aerosols. Precipitation responses to forcing are small.
HadGEM3-A experiments designed to simulate sum-
mer 2014 show reductions in precipitation over China
in response to recent changes in SST, but do not cap-
ture the observed pattern of precipitation anomalies,
thus precluding definitive attribution.

Sperber et al. (2013) show that all climate models
have biases in the Asian summer monsoon. Our re-
sults, and those of Christidis et al. (2013), suggest that
these biases need to be reduced to enable successful
attribution of extreme precipitation events in Asia.
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Table 34.1. ANTHROPOGENIC INFLUENCE

ON EVENT STRENGTH f

INCREASE DECREASE NOT FOUND OR UNCERTAIN
Australia (Ch. 31) Australia, Adelaide & Melbourne
Heat Europe (Ch.13) (Ch. 29)
S. Korea (Ch. 19) Australia, Brisbane (Ch.28)
Cold Upper Midwest (Ch.3)
Winter Eastern U.S. (Ch. 4)
Storms and N. America (Ch. 6)
Snow N. Atlantic (Ch. 7)

Jakarta**¥* (Ch. 26)
Canada** (Ch. 5) United Kingdom®*** (Ch. 10)
New Zealand (Ch. 27)

Heavy
Precipitation

Middle East and S.W. Asia
(Ch. 15)

N.E. Asia (Ch. 21)
Singapore (Ch. 25)

E. Africa (Ch. 16)
Drought E. Africa* (Ch. 17)
S. Levant (Ch. 14)

Tropical Gonzalo (Ch. 1)
Cyclones W. Pacific (Ch. 24)
Wildfires California (Ch. 2)

Sea Surface W. Tropical & N.E. Pacific (Ch. 20)
Temperature | N.W. Atlantic & N.E. Pacific (Ch. 13)

Sea Level

S. Australia (Ch. 32)
Pressure

Sea lce .
Extent Antarctica (Ch. 33)

T Papers that did not investigate strength are not listed.

11 Papers that did not investigate likelihood are not listed.

* No influence on the likelihood of low rainfall, but human influences did result in higher temperatures and increased net incoming radiation at the
surface over the region most affected by the drought.

** An increase in spring rainfall as well as extensive artificial pond drainage increased the risk of more frequent severe floods from the enhanced
rainfall.

*#* Evidence for human influence was found for greater risk of UK extreme rainfall during winter 2013/14 with time scales of 10 days
*#+% The study of Jakarta rainfall event of 2014 found a statistically significant increase in the probability of such rains over the last 115 years, though
the study did not establish a cause.
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ON EVENT LIKELIHOOD 1t

Total

Number
of
INCREASE DECREASE NOT FOUND OR UNCERTAIN Papers
Argentina (Ch. 9)
Australia (Ch. 30, Ch. 31)
Australia, Adelaide (Ch. 29)
Heat Australia, Brisbane (Ch. 28) Melbourne, Australia (Ch. 29) 7
Europe (Ch. 13)
S. Korea (Ch. 19)
China (Ch. 22)
Cold Upper Midwest (Ch.3) |
Winter Eastern U.S.(Ch. 4)
Storms and Nepal (Ch. 18) N. America (Ch. 6) 4
Snow N. Atlantic (Ch. 7)
Jakarta**##* (Ch. 26)
Heavy Canada** (Ch. 5) i .
ot United Kingdom*** (Ch. 10) 5
Precipitation = New Zealand (Ch. 27)
S. France (Ch. 12)
Middle East and S.W. Asia (Ch. I5)
E. Africa* (Ch. 17)
E. Africa (Ch. 16) .
Drought N.E. Asia (Ch. 2I) 7
S. Levant (Ch. 14) R
S. E. Brazil (Ch. 8)
Singapore (Ch. 25)
i Gonzalo (Ch. |1
Tropical Hawaii (Ch. 23) ) ,( ) 3
Cyclones W. Pacific (Ch. 24)
Wildfires California (Ch. 2) |
W. Tropical & N.E. Pacific
Sea Surface (Ch. 20) 2
Temperature  N.W. Atlantic & N.E. Pacific
(Ch. 13)
‘:ea ey S. Australia (Ch. 32) |
ressure
Sea lce .
Extent Antarctica (Ch. 33) |
TOTAL 32

T Papers that did not investigate strength are not listed.

11 Papers that did not investigate likelihood are not listed.

* No influence on the likelihood of low rainfall, but human influences did result in higher temperatures and increased net incoming radiation at the
surface over the region most affected by the drought.

** An increase in spring rainfall as well as extensive artificial pond drainage increased the risk of more frequent severe floods from the enhanced
rainfall.

**#* Evidence for human influence was found for greater risk of UK extreme rainfall during winter 2013/14 with time scales of 10 days
**#%% The study of Jakarta rainfall event of 2014 found a statistically significant increase in the probability of such rains over the last 115 years, though
the study did not establish a cause.
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