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ABSTRACT—Stephanie 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.
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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 anthropogenic 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 anthropogenic effects.
This year researchers also considered other humancaused 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. Similarly, the Jakarta floods may have been compounded by
land-use change via urban development and associated
land subsidence. These types of mechanical factors reemphasize the various pathways beyond climate change
by which human activity can increase regional risk of
extreme events.
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22. ROLE OF ANTHROPOGENIC FORCING IN 2014 HOT
SPRING IN NORTHERN CHINA
Lianchun Song, Ying Sun, Siyan Dong, Botao Zhou, Peter A. Stott, and Guoyu Ren
Anthropogenic forcing may have contributed to an 11-fold increase in the chance of the 2014
hot spring in northern China.
Introduction. The spring of 2014 was the third warmest
spring in northern China since reliable observations
were established in the late 1950s. The spring mean
temperature was 2.2°C higher than the 1961–90
average (Fig. 22.1). In late May, daily maximum temperatures broke their historical records at 12 stations
and exceeded 40°C in many regions (CMA 2015).
The number of hot spring days in northern China
also ranked third highest in the observational record
(Fig. 22.1b). The drought and hot winds related to this
high-temperature event resulted in serious impacts to
agriculture and other important sectors (CMA 2015).
Therefore, there is considerable societal interest in
whether anthropogenic influence has contributed to
the occurrence of such an unusually hot spring.
Here, we investigate the relative contribution from
natural and human-caused forcings to the 2014 hot
spring with high mean temperatures in northern
China. We closely follow the method developed by
Sun et al. (2014). First, we establish that there is a high
correlation between spring mean temperature and
the number of hot spring days. Second, we show that
both spring mean temperature and the number of hot
spring days have been increasing. We then establish
that the increased likelihood of such hot spring mean
temperatures in northern China increased 11-fold
due to human influence on the climate system. Based
on this, we can conclude that human influence may
have contributed to the high number of hot days in
the spring of 2014. Since the natural forcing field
used in the Coupled Model Intercomparison Project
AFFILIATIONS: Song and Dong —National Climate Center,
China Meteorological Administration, Beijing, China; Sun
and R en —National Climate Center, China Meteorological
Administration, Beijing, and Joint Center for Global Change
Studies, Beijing; Zhou —National Climate Center, China
Meteorological Administration, Beijing, and Collaborative
Innovation Center on Forecast and Evaluation of Meteorological
Disasters, Nanjing University of Information Science and
Technology, Nanjing, China; Stott—Met Office Hadley Centre,
Exeter, United Kingdom
DOI: 10.1175/BAMS-D-15-00111.1
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Phase 5 (CMIP5) simulations (Taylor et al. 2012) for
the 21st century underestimates volcanic aerosols,
the model-simulated NAT (natural forcings) response
during this period could become too warm (Santer
et al. 2014), which would make our estimate of the
attributable human influence conservative.
Data. Homogenized daily temperatures at 2419 stations in China for the period 1951–2014 are available
for this study (Xu et al. 2013). We compute monthly

F ig . 22.1. (a) Mean surface air temperature (SAT)
anomalies (relative to the 1961–90 average) in spring
2014, Mar–May (MAM), in China. The key study region
of northern China is shown as a 5° × 5° grid box. (b)
Anomalies (relative to the 1961–90 average) of hot
spring days (maximum temperature greater than 25°C)
and mean SAT during the period of 1958–2014.
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mean temperature anomalies relative to their 1961–90
average at each station and then average available
station data within 5° × 5° grid boxes to produce
gridded temperature anomalies. The hot spring days
are counted as the number of days with daily maximum temperatures exceeding 25°C. The regional
mean temperature anomalies for the spring season
(March–May, MAM) in northern China, covering a
rectangular box at 30°–55°N, 105°–135°E (Fig. 22.1),
are then computed based on the gridded data.
Since the urbanization effect is not accounted for
in climate model simulations (Sun et al. 2014), we attempt to remove this effect prior to the detection and
attribution analysis. We use monthly data at 143 rural
stations identified by Ren et al. (2015) and produce
gridded monthly temperature anomalies in northern
China following the same procedure as used for the
full dataset. We consider the difference in the trends
of regional mean temperatures computed from the
full dataset and from the rural dataset as the effect
of urbanization and distribute this effect to the years
when urbanization is strong. We produce an annual
series representing the urbanization effect with the
consideration of different urbanization development
prior to 1970 (little urbanization) and after the 1990s
(most stations become urban stations). We set the
urbanization effect zero prior to 1970 and stabilize
after 2000, with a linear temperature increase between the two years where the total increase equals
the identified total urbanization effect (Fig. 22.2a,
brown line). This annual series is removed from the
regional mean series.
Temperature responses to external forcings are
estimated based on model-simulated responses to historical all forcing (ALL) and natural forcing (NAT) by
CMIP5 climate models. Two independent estimates
of internal climate variability are based on climate
model simulations including interensemble differences of forced simulations as well as preindustrial
control (CTL) simulations. We use the model simulations listed in Supplemental Table 1 in Sun et al. (2014)
and follow the same procedure when processing the
model data. All the model data are interpolated onto
a 5° × 5° grid box to obtain the regional temperature
average for MAM. Prior to regional averaging, model
data are masked with the observations to mimic the
availability of observed data.
Results. Spring 2014 has positive temperature anomalies relative to the 1961–90 mean over almost the
whole country, with the strong positive anomalies
being more than 2.5°C in northern China (Fig. 22.1a).
S112 |

The number of hot spring days shows a large positive anomaly in the same region (not shown). Both
the mean temperature and the number of hot spring
days increase in a manner consistent with the rising
seasonal mean temperatures (Fig. 22.1b), with a correlation coefficient of 0.53 between the two regional
mean series. The correlation coefficient between the
two series, after a linear trend is removed from both of
the series, is 0.19. This is a positive correlation though
not statistically significant. Thus, in northern China
the increase in spring mean temperature is indicative
of an increase in the number of hot spring days.
Figure 22.2a shows temperature anomalies in
the observations and in model simulations under
the combined effect of anthropogenic and natural
(ALL) forcings and under natural forcings alone
(NAT) from 1958 to 2012. There is a large overlap in
the range of model-simulated responses to ALL and
NAT forcing, indicating that it is difficult to separate
responses to natural and anthropogenic forcing.
There is a strong upward trend in the observations
especially after 1970. In contrast, the trend in NAT
is very weak (0.03°C 10yr−1). The positive trend in
the ALL simulations (0.16°C 10yr−1) is also weaker
than that observed (0.33°C 10yr−1 for 1958–2012 and
0.43°C 10yr−1 for 1970–2012). However, the large
positive temperature anomalies in the observations
after the late 1990s are more consistent with the ALL
simulations. Given that urbanization has resulted
in positive temperature trends (Ren et al. 2008), the
effect of urbanization should not be neglected. As a
result, we conduct detection and attribution analysis
on the temperature series (OBS) after the removal of
the estimated urbanization effect (URB), i.e., that is
on OBS − URB.
We regress nonoverlapping five-year means of
regional average spring OBS − URB temperatures to
model-simulated responses to ALL and NAT forcings
based on the optimal fingerprinting method (Hegerl
et al. 1997; Allen and Stott 2003; Ribes et al. 2013), first
with separate regressions for each signal (one-signal
analyses) and then jointly in a regression involving
both signals (two-signal analysis). The one-signal
analysis yields a scaling factor of 1.53 (90% confidence
interval: 0.87–2.21) for ALL, but the scaling factor
for NAT is not significantly detected. This indicates
that the effects of anthropogenic (ANT) forcings
on observed changes in the northern China spring
temperature can be detected, but the effects of NAT
forcings cannot. In the two-signal analysis, the ANT
signal and the NAT signal are regressed jointly. The
scaling factor for the ANT signal is 1.78 (90% confi-
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Fig . 22.2. (a) Observed and simulated mean spring
temperature anomalies (relative to the 1961–90 average) in northern China (box in Fig. 22.1a). Black,
brown, red, and green lines show the observed
temperature anomalies (OBS), the annual series
representing the urbanization effect (URB), and multimodel response to anthropogenic and natural (ALL)
and natural (NAT) forcing, respectively. The pink and
green shadings show the 5%–95% ranges of the ALL
and NAT responses in individual simulations, respectively. The overlap in the range is shown as dark khaki.
Data for the response to ALL forcing for 2006–12 are
extended using RCP4.5 simulations. (b) Normalized
histogram for the mean spring temperature anomalies
from the best estimates of NAT (green) and ALL (red)
forcing simulations in comparison with the OBS – URB
(vertical black line) in 2014.

dence interval: 0.94–2.68), indicating that the ANT
signal is detected. The NAT signal is not detected.
This means that the observed spring temperature
AMERICAN METEOROLOGICAL SOCIETY

increase is mainly attributable to ANT forcing, and
NAT forcing does not have a discernible influence.
The residual consistency tests for the above analyses
do not suggest inconsistency between the regression
residuals and the model-simulated variability.
The standard deviations of the observed temperature with and without external influence, computed
using a method described in Sun et al. (2014), are
0.91°C and 0.77°C, respectively. For the models, the
median values of the standard deviations computed
from preindustrial control simulations and from
reconstructed observations are 0.79°C (with a 90%
range of 0.56°–1.03°C) and 0.98°C (with a 90% range
of 0.74°–1.22°C), respectively. These indicate that interannual variability of the model-simulated natural
climate system is consistent with the observations.
The observed 2014 spring temperature is 2.2°C
above the 1961–90 mean. With the urbanization effects removed, the anomaly is about 2.0°C. The best
estimate of response to ALL forcing by 2014 is 1.5°C
above the 1961–90 climatology. Therefore, the hot
2014 spring is only about 0.5°C above the mean of the
current state of the climate. The percentage of years
with temperature anomalies at or above 2.0°C in the
reconstructed simulations with ALL forcings and
with only NAT forcings are 25.7% (90% confidence
interval: 12.7%–51.7%) and 2.31%, respectively. We
estimate therefore that the observed high spring mean
temperature for 2014 would be roughly a once-in43.3-year event in the NAT world, and that it became
a once-in-3.9-year event in ALL due to anthropogenic
forcing. This translates to an 11-fold (90% confidence
interval: 5-fold to 23-fold) increase in the probability
of occurrence (Fig. 22.2b) or, alternatively, a fraction
of attributable risk (FAR; Stott et al. 2004) of 0.91 (90%
confidence interval: 0.81–0.96) for the event.
Conclusions. We find a close relationship between the
number of hot spring days (with maximum temperatures above 25°C) and the mean spring temperature
in northern China. Using a two-step attribution procedure we find that the spring temperature increase is
explained by the combined effects of anthropogenic
and natural forcings with human influence dominating. The 2014 spring temperature is 2.2°C above the
1961–90 mean of which 0.2°C of the increase may
be due to the urbanization effect and 1.5°C of the
increase may be due to external influence on climate.
This translates to about an 11-fold increase in the
probability of an event such as the extreme 2014 hot
spring occurring.
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We also find that urbanization plays an identifiable
role in this hot spring event. However, after removing
the urbanization effects, the climate models still
underestimate the obser ved increasing trend
in the spring temperature. Further analyses are
needed to understand the mechanisms behind this
underestimation.
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Table 34.1. ANTHROPOGENIC INFLUENCE
ON EVENT STRENGTH †
INCREASE

DECREASE

Australia (Ch. 31)
Heat

NOT FOUND OR UNCERTAIN

Europe (Ch.13)

Australia, Adelaide & Melbourne
(Ch. 29)

S. Korea (Ch. 19)

Australia, Brisbane (Ch.28)

Cold

Upper Midwest (Ch.3)
Eastern U.S. (Ch. 4)

Winter
Storms and
Snow

Heavy
Precipitation

N. America (Ch. 6)
N. Atlantic (Ch. 7)
Jakarta**** (Ch. 26)
Canada** (Ch. 5)

New Zealand (Ch. 27)

E. Africa (Ch. 16)
Drought

United Kingdom*** (Ch. 10)

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

Middle East and S.W. Asia
(Ch. 15)
N.E. Asia (Ch. 21)
Singapore (Ch. 25)

Tropical
Cyclones

Gonzalo (Ch. 11)

Wildfires

California (Ch. 2)

Sea Surface
Temperature
Sea Level
Pressure

W. Pacific (Ch. 24)

W. Tropical & N.E. Pacific (Ch. 20)
N.W. Atlantic & N.E. Pacific (Ch. 13)

S. Australia (Ch. 32)

Sea Ice
Extent

Antarctica (Ch. 33)

† Papers that did not investigate strength are not listed.
†† 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.

S168 |

DECEMBER 2015
Unauthenticated | Downloaded 01/09/23 07:56 AM UTC

ON EVENT LIKELIHOOD ††
INCREASE

DECREASE

NOT FOUND OR UNCERTAIN

Total
Number
of
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

Winter
Storms and
Snow

Heavy
Precipitation

Upper Midwest (Ch.3)

1
Eastern U.S.(Ch. 4)

Nepal (Ch. 18)

N. America (Ch. 6)

4

N. Atlantic (Ch. 7)

Canada** (Ch. 5)
New Zealand (Ch. 27)

Jakarta**** (Ch. 26)
United Kingdom*** (Ch. 10)

5

S. France (Ch. 12)
Middle East and S.W. Asia (Ch. 15)

Drought

E. Africa (Ch. 16)
S. Levant (Ch. 14)

E. Africa* (Ch. 17)
N.E. Asia (Ch. 21)

7

S. E. Brazil (Ch. 8)
Singapore (Ch. 25)

Tropical
Cyclones

Hawaii (Ch. 23)

Wildfires

California (Ch. 2)

Sea Surface
Temperature
Sea Level
Pressure

Gonzalo (Ch. 11)

3

W. Pacific (Ch. 24)

1

W. Tropical & N.E. Pacific
(Ch. 20)

2

N.W. Atlantic & N.E. Pacific
(Ch. 13)
S. Australia (Ch. 32)

Sea Ice
Extent

1
Antarctica (Ch. 33)

1
TOTAL

32

† Papers that did not investigate strength are not listed.
†† 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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