University of
< Reading

Attribution of April 2020 exceptional cold
spell over Northeast China

Article
Published Version
Creative Commons: Attribution 4.0 (CC-BY)

Open Access

Yu, H., Yu, X., Zhou, Z., Wang, Y., Li, Y., Nanding, N.,
Freychet, N., Dong, B. ORCID: https://orcid.org/0000-0003-
0809-7911, Wang, D., Lott, F. C., Tett, S. F. B. and Sparrow, S.
(2022) Attribution of April 2020 exceptional cold spell over
Northeast China. Bulletin of the American Meteorological
Society. ISSN 1520-0477 doi: 10.1175/BAMS-D-21-0175.1
Available at https://centaur.reading.ac.uk/102472/

It is advisable to refer to the publisher’s version if you intend to cite from the

work. See Guidance on citing.
Published version at: https://www.ametsoc.org/index.cfm/ams/publications/bulletin-of-the-american-meteorological-
society-bams/explaining-extreme-events-from-a-climate-perspective/

To link to this article DOI: http://dx.doi.org/10.1175/BAMS-D-21-0175.1

Publisher: American Meteorological Society

All outputs in CentAUR are protected by Intellectual Property Rights law,
including copyright law. Copyright and IPR is retained by the creators or other
copyright holders. Terms and conditions for use of this material are defined in
the End User Agreement.

www.reading.ac.uk/centaur



http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence

University of
< Reading
CentAUR

Central Archive at the University of Reading

Reading’s research outputs online



Explaining Extreme
Events of 2020

from a Climate Perspective

Speaal Supplement to the
e Bulletm of the American Meteorological Socrety
VoL 103 No. 3, March 2022




EXPLAINING EXTREME
EVENTS OF 2020 FROM A
CLIMATE PERSPECTIVE

Editors

Stephanie C. Herring, Nikolaos Christidis,
Andrew Hoell, and Peter A. Stott

BAMS Special Editors for Climate

Andrew King, Thomas Knutson,
John Nielsen-Gammon, and Friederike Otto

Special Supplement to the
Bulletin of the American Meteorological Society

Vol. 103, No. 3, March 2022

American Meteorological Society

Unauthenticated | Downloaded 06/20/22 03:22 PM UTC



Corresponding Editor:

Stephanie C. Herring, Ph.D.

NOAA National Centers for Environmental Information
325 Broadway, E/CC23, Rm 1B-131

Boulder, CO 80305-3328

E-mail: stephanie.herring@noaa.gov

Cover: Low water bathtub ring on sandstone cliffs around Lake Powell in Glen Canyon National Recreation Area
in Arizona. (credit: trekandshoot/Shutterstock.com)

HOW TO CITE THIS DOCUMENT

Citing the complete report:

Herring, S. C., N. Christidis, A. Hoell, M. P. Hoerling, and P. A. Stott, Eds., 2022: Explaining Extreme Events
of 2020 from a Climate Perspective. Bull. Amer. Meteor. Soc., 103 (3), https://doi.org/10.1175/BAMS-
ExplainingExtremeEvents2020.1.

Citing a section (example):

Tradowsky, J. S., L. Bird, P. V. Kreft, S. M. Rosier, |. Soltanzadeh, D. A. Stone, and G. E. Bodeker, 2022: Toward
Near-Real-Time Attribution of Extreme Weather Events in Aotearoa New Zealand [in “Explaining Extremes of
2020 from a Climate Perspective”]. Bull. Amer. Meteor. Soc., 103 (3), S105-5110, https://doi.org/10.1175/BAMS-
D-21-0236.1.

AMERICAN METEOROLOGICAL SOCIETY BAMS MARCH 2022 Sii
Unauthenticated | Downloaded 06/20/22 03:22 PM UTC



TABLE OF CONTENTS

1. The Life and Times of the Weather Risk Attribution Forecast
Daithi A. Stone et al. . ... ... .. . e S1

2. Sub-seasonal to Seasonal Climate Forecasts Provide the Backbone
of a Near-Real-Time Event Explainer Service
Pandora Hope et al. ... ... . S7

3. Development of a Rapid Response Capability to Evaluate Causes
of Extreme Temperature and Drought Events in the United States
Joseph J. Barsuglietal. . ...... ... . . . .. . S14

4. How to Provide Useful Attribution Statements: Lessons Learned
from Operationalizing Event Attribution in Europe
Friederike E. L. Otto etal. . ....... ... e e S21

5. Record Low North American Monsoon Rainfall in 2020 Reignites
Drought over the American Southwest
Andrew Hoell etal. .. ... ... . e S26

6. Anthropogenic Climate Change and the Record-High Temperature
of May 2020 in Western Europe
Nikolaos Christidis and Peter A. StOtt. .. ... ... S33

7. Anthropogenic Contribution to the Record-Breaking Warm
and Wet Winter 2019/20 over Northwest Russia
Jonghun Kametal. . ... ... .. . . . e S38

8. Were Meteorological Conditions Related to the 2020 Siberia
Wildfires Made More Likely by Anthropogenic Climate Change?
Zhongwei Liu et al. . .. ... e S44

9. The January 2021 Cold Air Outbreak over Eastern China:
Is There a Human Fingerprint?
Yujia Liuetal. . ... S50

10. The Contribution of Human-Induced Atmospheric Circulation
Changes to the Record-Breaking Winter Precipitation Event
over Beijing in February 2020
Lin Pei et al. ... S55

11. Attribution of April 2020 Exceptional Cold Spell over Northeast China
Hongyong Yu etal. ..... ... . e e S61

12. Anthropogenic Influences on 2020 Extreme Dry-Wet Contrast
over South China
Jizeng Du et al. ... ... .. e S68

13. Was the Record-Breaking Mei-yu of 2020 Enhanced by Regional
Climate Change?
Yuanyuan Ma et al. ... ... ... S76

AMERICAN METEOROLOGICAL SOCIETY BAMS MARCH 2022 Siii
Unauthenticated | Downloaded 06/20/22 03:22 PM UTC



14. Reduced Probability of 2020 June-July Persistent Heavy Mei-yu
Rainfall Event in the Middle to Lower Reaches of the Yangtze River
Basin under Anthropogenic Forcing
Haosu Tang et al. . ... ... . e S83

15. Human Contribution to the 2020 Summer Successive Hot-Wet Extremes
in South Korea
Seung-Ki Min et al. ... ... .. S90

16. The 2020 Record-Breaking Mei-yu in the Yangtze River Valley of China:
The Role of Anthropogenic Forcing and Atmospheric Circulation
Chunhui Lu et al. ... ... . 598

17. Toward Near-Real-Time Attribution of Extreme Weather Events
in Aotearoa New Zealand
Jordis S. Tradowsky et al. . ... ... . . e S105

18. Heavy Rainfall Event in Mid-August 2020 in Southwestern China:
Contribution of Anthropogenic Forcings and Atmospheric Circulation
Cheng Qian et al. .. ... . S111

AMERICAN METEOROLOGICAL SOCIETY BAMS MARCH 2022 Siv
Unauthenticated | Downloaded 06/20/22 03:22 PM UTC



Attribution of April 2020 Exceptional
Cold Spell over Northeast China

Hongyong Yu, Xiaojing Yu, Ziwei Zhou, Yu Wang, Yingxin Li, Nergui Nanding, Nicolas
Freychet, Buwen Dong, Donggian Wang, Fraser C. Lott, Simon F. B. Tett, and Sarah Sparrow

AFFILIATIONS: H. Yu—State Key Laboratory of
Earth Surface Processes and Resource Ecology,
College of Global Change and Earth System
Science, Beijing Normal University, Beijing,
China; X. Yu—LASG, Institute of Atmospheric
Physics, Chinese Academy of Sciences, and
University of the Chinese Academy of Sci-
ences, Beijing, China; Zhou—Department of
Atmospheric and Oceanic Sciences, School of
Physics, Peking University, Beijing, China; Y.
Wang—College of Atmospheric Sciences, Lan-
zhou University, Lanzhou, China; Li—Chinese
Research Academy of Environmental Sciences,
Beijing, China; Nanding—Guangdong Prov-
ince Key Laboratory for Climate Change and
Natural Disaster Studies, School of Atmospher-
ic Sciences, Sun Yat-sen University, Zhuhai,
China; Freychet and Tett—School of Geosci-
ences, University of Edinburgh, Edinburgh,
United Kingdom; Dong—National Centre for
Atmospheric Science, Department of Meteo-
rology, University of Reading, Reading, United
Kingdom; D. Wang—National Climate Center,
China Meteorological Administration, Beijing,
China; Lott—Met Office Hadley Centre, Exeter,
United Kingdom; Sparrow—Oxford e-Research
Centre, Department of Engineering Science,
University of Oxford, Oxford, United Kingdom

CORRESPONDING AUTHOR: Xiaojing Yu,
yuxj@lasg.iap.ac.cn

DOI: 10.1175/BAMS-D-21-0175.1

A supplement to this article is available
online (10.1175/BAMS-D-21-0175.2)

©2022 American Meteorological Society

For information regarding reuse of this content

and general copyright information, consult
the AMS Copyright Policy.

AMERICAN METEOROLOGICAL SOCIETY

Human-induced thermodynamic effects have
declined the likelihood of April 2020-like cold spells
over Northeast China by ~80%, but such events tend
to be triggered by more intense dynamical factors.

ortheast China (105°-135°E, 37°-55°N) is an

important agricultural production area for

wheat, soybean, and maize, among other crops
(Lu et al. 2017; http://country.cnr.cn/gundong/20160303/
t20160303_521524231_1.shtml), making a substantial
contribution to the food security of China. Late bore-
al spring (mid-April to mid-May) is a transition period
when most crops are at their critical growing stage.
Under climate change, a widespread shift toward ear-
lier spring greening, triggered by warmer temperature,
has been documented (Schwartz et al. 2006; Piao et al.
2015; Tan et al. 2018). Extreme cold events occurred at
growth stage are more likely to cause serious damage
to crop yields and large economic loss (Wheeler et al.
2000; X. Li et al. 2015).

In the recent decades, regional cold extremes, su-
perimposed on a warmer climate, recurred throughout
the Northern Hemisphere (Cattiaux et al. 2015; Qian
et al. 2018; Christidis and Stott 2020; Zhang et al. 2021).
April 2020 was the second hottest April (following
April 2016) in the records, being 1.06°C above the twen-
tieth-century average (www.noaa.gov/news/april-2020-
was-earth-s-2nd-hottest-april-on-record). However, North-
east China witnessed an exceptional cold spell from
19th to 25th April 2020, mainly affecting the provinces
of Heilongjiang, Jilin, Liaoning, Inner Mongolia, Hebei,
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and Shanxi (Guan et al. 2020). The regionally averaged daily mean temperature anomaly
during the coldest 5 days (20-24 April 2020) exceeded —5°C with respect to the normal level
(Fig. 1a), and some stations were even below —7°C (Fig. 1b). More than 4 million people and
530,000 ha of crop area were impacted by this extremely cold event, resulting in a total di-
rect economic loss of 8.2 billion RMB (www.mem.gov.cn/xw/yjglbgzdt/202101/t20210102_376288
.shtml). This event was one of the top 10 natural hazard events in China for 2020 (www.cma
.gov.cn/2011xwzx/2011xmtjj/202101/t20210104_569543.html) due to its agricultural damage.
Recent attribution studies addressed that anthropogenic forcings have basically reduced
the likelihood of extremely cold waves (Qian et al. 2018; Christidis and Stott 2020; Duan et al.
2021; Zhou et al. 2021). It remains insufficient in elaborately documenting the human-induced
thermodynamic and dynamical effects on such cold events. Here, we attempt to investigate
the changing probability of April 2020-like cold spells over Northeast China due to anthropo-
genic forcings from both thermodynamic and dynamical perspectives. Our results should pro-
vide a comprehensive insight into human influences on cold extremes in a warming climate.

Data and methods.

We used daily mean temperatures from nearly 200 stations over the study region (Fig. 1b) for
1961-2020. This observational dataset is homogenized and provided by the National Meteoro-
logical Information Center of China (Z. Li et al. 2015). The atmospheric circulations were depict-
ed using daily data from the ERA5 reanalysis at a horizontal resolution of 0.25° (Hersbach and
Dee 2016). To be consistent, observation and reanalysis data were interpolated into the model
resolution (0.56° x 0.83°) using the iterative improvement objective analysis and bilinear inter-
polation [available in NCAR Command Language (NCL); www.ncl.ucar.edu/], respectively.

Considering the significant impacts of continuous low temperature on agriculture (X. Li
et al. 2015) and following the definition of spring cold spells in Zhu et al. (2018), we charac-
terized spring extremely cold events as the minimum value of 5-day running mean of daily
mean temperature anomalies (TA5) for 16 April-15 May. To remove the seasonal variations of
temperature during the transition period, anomalies were calculated with respect to the daily
mean climatology for 1981-2010.

At synoptic scale, the April 2020-like cold spells over Northeast China are closely associat-
ed with an anomalous dipole pattern of geopotential height at 500 hPa (Zhu et al. 2018). Thus,
we defined a circulation strength index (CSI) as the difference of regional-averaged 500-hPa
geopotential height between the Ural ridge (80°-115°E, 50°-65°N) and the East Asian trough
(115°-150°E, 35°-50°N), identified according to ERA5 reanalysis (Fig. 1d). A positive index
means a meridional circulation with anomalous northerlies prevailing between the two re-
gions from the geostrophic wind balance, which favors the transport of cold air into Northeast
China (Guan et al. 2020). Significant (p < 0.01) correlations between the regionally averaged
TAS5 and the corresponding CSI further demonstrate their reasonability (figures not shown).
For slight displacements in the anomalous centers compared with the ERA5 observations (see
Fig. ES2 in the online supplemental material), the simulated CSI was calculated according to
the adjusted regions 75°-110°E, 55°-70°N and 110°-145°E, 40°-55°N. In the attribution analy-
sis of the April 2020-like cold extremes, TA5 and CSI represented the thermodynamical and
dynamical factors, respectively.

The HadGEM3-GA6-based attribution system (Christidis et al. 2013; Ciavarella et al. 2018)
at a resolution of 0.56° x 0.83° was used to investigate the anthropogenic influences on the
changing probability of the April 2020-like cold extreme over Northeast China. Here, ensem-
bles of simulations from the HadGEM3-A-N216 atmosphere model were used to estimate the
frequencies of extremes with and without human influences. First, a 15-member ensemble
of historical simulations (Historical) for 1961-2013, driven by both natural (solar variability
and volcanic eruptions) and anthropogenic forcings (greenhouse gases, aerosols, ozone, and
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Fig. 1. (@) Observed running pentad-mean temperature anomaly (TA5; °C) averaged over Northeast China during 16
Apr-15 May 2020, relative to the daily mean climatology for 1981-2010. Each value is indexed by the middle day of
the pentad. (b) Observed TA5 (°C) for 20-24 Apr 2020. Shading is TA5 based on the gridded observations. Dots are
the percentile ranks of minimum TA5 for 16 Apr-15 May 2020 during 1961-2020 at each station. (c) Return periods
of minimum regional TA5 for 16 Apr-15 May during 1961-2020. (d) 500-hPa geopotential height (contours; gpm) and
anomalies (shadings; gpm), for 20-24 Apr 2020, relative to the monthly mean climatology for 1981-2010. Gray boxes
indicate the regions of the Ural ridge (80°-115°E, 50°-65°N) and East Asian trough (115°-150°E, 35°-50°N).

land use), was compared with observations to evaluate the model’s performances. A Kolm-
ogorov—-Smirnoff (K-S) test was applied to test if the distributions of the observations and
Historical simulations are from the same population. Then, two 525-member ensembles of
simulations for 2020 only, with different specifications of climatic forcings, sea surface tem-
peratures (SSTs), and sea ice, were applied to estimate the probability of the April 2020-like
cold events. One ensemble was forced as the Historical simulations (HistoricalExt), and the
other was forced by climatic forcings without human influences, comprising the preindus-
trial atmospheric forcing and SSTs and sea ice with anthropogenic contributions removed
(HistoricalNatExt).

For a better performance (figures not shown), a gamma distribution was fit to the indices
for each ensemble of simulations and observations. The probabilities of exceeding the thresh-
old of cold events with (HistoricalExt) and without (HistoricalNatExt) anthropogenic forcings
were denoted as P, | and P, ,,, respectively. Then, the risk ratio (RR) was calculated as P ./

P, (National Academies of Sciences, Engineering, and Medicine 2016). The 90% confidence
interval uncertainty (90% CI) for RR was estimated by bootstrapping (sampling with replace-
ments; Efron and Tibshirani 1993).

AMERICAN METEOROLOGICAL SOCIETY BAMS MARCH 2022 563
Unauthenticated | Downloaded 06/20/22 03:22 PM UTC



(@) (b)

2 0.35
—— Observation
—— Historical
0- 0.30
0.25
—_ =21
s
= 20.20
g
c QO 0.151
5 ' '
._6 4
0.10
-8 —— Observation ]
—— Historical 0.05
-------- Apr 2020 Event
=10 T T T T T T 0.00 T T T T T
1960 1970 1980 1990 2000 2010 2020 -10 -8 -6 -4 -2 0 2
Year Min TA5 (°C)
(c) (d)
0.28 0.005
—— HistoricalExt 2020 —— HistoricalExt 2020
0.241 —— HistoricalNatExt 2020 —— HistoricalNatExt 2020
-------- Apr 2020 Event 0.004 1 - Apr 2020 Event
0.20
_§‘0.16- QO.OOB-
0 0
o o
0 0.124 ()] 0.002
0.08
0.001
0.04 4
0.00 T T T T T T T 0.000 T T T T T T T T
-10 -8 -6 -4 -2 0 2 —500 —400 —300 —200 —100 O 100 200 300
Min TA5 (°C) CSI with Min TA5 (gpm)
(e) (f)
0.35
—— HistoricalExt 2020 0.008{ —— HistoricalExt 2020
0.30] —— HistoricalNatExt 2020 —— HistoricalNatExt 2020
’ 0.007
0.25 0.006
20.201 >0.005
2 2
0.004
3 0.151 a
0.003
0.10
0.002
0.051 0.001
0.00 T T T T T 0.000 T T T T T . .
4 6 8 10 12 14 -350 —300 —250 —-200 —-150 —-100 -50 0 50

Monthly Mean Temperature (°C) Monthly Mean CSI (gpm)
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tions (1961-2013). The ensemble mean and spread are illustrated by the red line and pink shadings. (b) Gamma-fitted
probability density function (PDF) and histograms of minimum TAS5 for 16 Apr-15 May for observations and Historical
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(CsSl) for 16 Apr-15 May based on HistoricalExt (red) and HistoricalNatExt (blue) simulations for 2020. The vertical lines
in (c) and (d) indicate the minimum TA5 and CSI of April 2020 event. Also shown are gamma-fitted PDF and histograms
of monthly (16 Apr-15 May) mean (e) temperature and (f) CSI in HistoricalExt and HistoricalNatExt simulations.
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Results.

The overlapping TA5 during 16 April-15 May 2020 shows that the coldest 5 days occurred
on 20-24 April (Fig. 1a). During these 5 days, nearly half of the stations in Northeast China
experienced a record-breaking cold event (Fig. 1b). The recorded lowest TA5 was below —7°C.
The regionally averaged TA5 exceeded —5°C, with a return period of about 1 in 20 years (Fig.
1c). This cold extreme was accompanied by positive and negative geopotential height anom-
alies at 500 hPa over western Siberia and East Asia, respectively, with prevailing anomalous
northeasterlies between the two regions (Fig. 1d).

Model performance was evaluated by comparing the annual time series of minimum TA5
for 16 April-15 May from observations and the 15-member ensemble of Historical simula-
tions (Fig. 2a). HadGEM3-A-N216 basically reproduces the temporal evolution for the April
2020-like cold events, and the observational range is within the model spreads. The prob-
ability density functions (PDFs) of the minimum TA5 for 16 April-15 May for observations
(1961-2020) and historical simulations (1961-2013) are also highly comparable, confirmed
by the K-S test (p = 0.55; Fig. 2b). Therefore, the HadGEM3-A-N216 simulations are reliable
enough to conduct further attribution analysis.

First we examine the thermodynamic effects of anthropogenic forcings on the April 2020-
like cold events. The PDF of the minimum TA5 shifts toward a warmer condition for Histor-
icalExt simulations compared to HistoricalNatExt simulations for 2020 (Fig. 2c), indicating
that the probability of cold events tends to decline due to human influences. The minimum
TA5 based on the observation (-5.2°C) was used as a threshold to define the April 2020-like
cold event. The probability of 2020-like cold extremes is ~14.3% [90% confidence interval (CI)
12.1%-16.4%] for HistoricalNatExt simulations, while it is 2.4% (90% CI 1.6%-3.4%) for Histori-
calExt simulations. Thus, RR is 0.17 (90% CI 0.11-0.25), indicating that anthropogenic forcings
have decreased the likelihood of April 2020-like cold events over Northeast China by ~80%.
Correspondingly, the return period of such cold events has increased from ~1 in 7 years for
HistoricalNatExt simulations to ~1 in 40 years for HistoricalExt simulations (Fig. ES1).

We further investigate the human-induced dynamical impacts on the April 2020-like cold
events. The differences in 500-hPa geopotential height during such cold extremes (minimum
TA5 less than —5.2°C) between HistoricalExt and HistoricalNatExt simulations present positive
anomalies over western Siberian region while negative anomalies over the Northeast China
(Fig. ES2), with a slight displacement compared with the ERA5 observations (Fig. 1d). As for
CSI corresponding to minimum TA5, the PDF shifts toward higher values for Historical Ext sim-
ulations relative to HistoricalNatExt simulations, with a RR of ~10.0 (90% CI 2.9-18.4) (Fig. 2d),
indicating that strong cold events, like the one that occurred in April 2020, need stronger circu-
lation under the influence of anthropogenic forcings relative to HistoricalNatExt simulations.

The human influences on monthly (16 April-15 May) mean temperature over Northeast Chi-
na and the 500-hPa circulation strength have also been examined. Clearly, the average value
of monthly mean temperature for HistoricalExt simulations is warmer than the counterparts
for HistoricalNatExt simulations (Fig. 2e). Meanwhile, the monthly mean CSI shows insignif-
icant changes under anthropogenic forcings (Fig. 2f). This further demonstrates that the an-
thropogenic forcings have substantially increased the mean state of temperature in late spring,
which is attributed to the decline in the likelihood of the April 2020-like cold extremes.

Conclusions.

An exceptional spring cold event in 2020 swept across Northeast China and caused tremen-
dous damage to agricultural production. Using the HadGEM3-GA6-based attribution system,
we found that anthropogenic forcings have reduced the probability of April 2020-like cold
spells over Northeast China by ~80%, in line with previous studies on spring cold events
(Christidis and Stott 2020; Duan et al. 2021). The decline is mainly attributed to the substan-
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tial increase of mean temperature induced by human influences, reconfirming the conclu-
sions of Lu et al. (2020) and Sun et al. (2020). It is worth noting that such cold events tend to be
triggered by more drastic dynamical factors to offset the anthropogenic warming, although
the monthly mean circulation changes little.
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