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ABSTRACT

In  the  boreal  summer  and  autumn  of  2023,  the  globe  experienced  an  extremely  hot  period  across  both  oceans  and
continents. The consecutive record-breaking mean surface temperature has caused many to speculate upon how the global
temperature will evolve in the coming 2023/24 boreal winter. In this report, as shown in the multi-model ensemble mean
(MME)  prediction  released  by  the  Institute  of  Atmospheric  Physics  at  the  Chinese  Academy  of  Sciences,  a  medium-to-
strong  eastern  Pacific  El  Niño  event  will  reach  its  mature  phase  in  the  following  2−3  months,  which  tends  to  excite  an
anomalous  anticyclone  over  the  western  North  Pacific  and  the  Pacific-North  American  teleconnection,  thus  serving  to
modulate  the  winter  climate  in  East  Asia  and  North  America.  Despite  some  uncertainty  due  to  unpredictable  internal
atmospheric variability, the global mean surface temperature (GMST) in the 2023/24 winter will likely be the warmest in
recorded  history  as  a  consequence  of  both  the  El  Niño  event  and  the  long-term  global  warming  trend.  Specifically,  the
middle  and  low  latitudes  of  Eurasia  are  expected  to  experience  an  anomalously  warm  winter,  and  the  surface  air
temperature anomaly in China will likely exceed 2.4 standard deviations above climatology and subsequently be recorded
as the warmest winter since 1991. Moreover, the necessary early warnings are still reliable in the timely updated medium-
term numerical weather forecasts and sub-seasonal-to-seasonal prediction.
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1.    Addressing  the  general  concern  on  how the  global  temperature  will  change  in  the  2023/24
boreal winter

Since June 2023, the global mean surface temperature (GMST) has continued to increase, repeatedly breaking records.
The GMST reached record warmth in September, 1.82°C warmer than the 1850 to 1900 baseline temperature, an anomaly
that  exceeded  any  other  month  by  an  astonishingly  large  margin  (https://berkeleyearth.org/september-2023-temperature-
update/),  further  noting  the  unprecedented  high  temperatures  were  dually  sourced  from  both  ocean  and  land 
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(https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface)  as
reported by the World Meteorological Organization. Over the ocean, significant warm anomalies are mainly located in the
North Pacific, North Atlantic, and tropical Pacific in 2023, where an El Niño event formed in June and has further developed
in  the  past  few  months.  Over  the  land,  long-term  warmer-than-normal  temperatures  occurred,  as  several  heatwaves  hit
North  America,  southern  Europe,  and  Asia  during  boreal  summer  (https://bnn.network/world/the-year-of-the-heatwave-
2023s-global-climate-crisis/),  increasing the  likelihood for  wildfires  and human deaths  (Ruffault  et al.,  2020; Lüthi  et al.,
2023).

⩾
According  to  both  dynamic  and  statistical  forecasts,  the  current  El  Niño  event  may  continue  to  strengthen  and  is

expected to become a strong (Niño-3.4 index  1.5°C) El Niño for the remainder of 2023 (https://iri.columbia.edu/our-exper-
tise/climate/forecasts/enso/current/), which will have the effect of consistently releasing plentiful heat into the atmosphere
(Cheng et al., 2019), thus enhancing the warming of the GMST (Su et al., 2017; Li et al., 2022). Considering these predictions
and the fact that the GMST rose beyond expectations during June to September 2023, should the GMST warming continue
into boreal  winter,  2023 will  be  the warmest  year  on record,  possibly exceeding the 1.5°C global  warming threshold (Li
et al., 2023). This could accelerate sea-level rise and sea ice loss (Zhang et al., 2022), severely impacting the global ecosystem
(Walther, 2010) and food security; such effects may persist into 2024 (Singh et al., 2023). In light of the general concern
regarding the nature of the temperature change and climate conditions, we will present the climate predictions in global tem-
perature for the 2023/24 boreal winter, focusing on the potential climate impacts in Eurasia, with a particular emphasis on
China.
 

2.    Prediction of the global climate in 2023/24 boreal winter

Multi-member seasonal climate predictions were carried out for the boreal winter (December–January–February, DJF)
of 2023/24 using three global climate models (FGOALS-f2, FGOALS-f3_L, and NZC-PSM) developed by the Institute of
Atmospheric Physics (IAP) at the Chinese Academy of Sciences. These models are initialized by assimilating various obser-
vational  data  through different  assimilation schemes (Table  1; Ma and Wang,  2014; Wu et al.,  2018; Bao and Li,  2020).
Multi-member ensemble means were conducted for each model, and then the multi-model ensemble mean (MME) was calcu-
lated  as  the  mean  of  the  single-model  ensemble  means  (i.e.,  the  so-called  one-model-one-vote  approach; Borchert  et al.,
2021). The MME shows that a medium-strong eastern Pacific (EP) El Niño will reach its mature phase during the boreal winter
of 2023/24, with positive SST anomalies in the equatorial central-eastern Pacific reaching around 1.7°C (Fig. 1a), consistent
with recently published El Niño predictions (Li et al., 2023).

The  El  Niño  event  will  dominate  the  global  climate  variations  in  the  2023/24  boreal  winter.  In  the  tropics,  it  will
enhance convection over the equatorial central-eastern Pacific and further cause an eastward shift of the Walker circulation,
a pattern that corresponds with negative precipitation anomalies over the Indo-Pacific warm pool. An anomalous anticyclone
will establish itself over the western North Pacific (WNPAC, Fig. 1c) through a Rossby wave response (Zhang et al., 1996;
Wang et al., 2000). The southwesterly wind anomalies on the northwestern flank of the WNPAC tend to weaken the north-
easterly associated with East Asian winter monsoon (Zhang et al., 1996; Chen et al., 2000; Kim et al., 2017). In the extratrop-
ics, the enhanced convective heating over the equatorial central-eastern Pacific will excite the poleward propagation of the
Pacific-North American (PNA) teleconnection (Horel and Wallace, 1981).  Meanwhile,  heating anomalies associated with
zonal dipole precipitation anomalies over the tropical Indian Ocean will tend to excite a poleward propagating wave train
(Doi et al., 2020), which will contribute to a weakening of the East Asian trough.

El Niño-Southern Oscillation (ENSO) is the most important internal mode that modulates the interannual variations of
the GMST (Yin et al., 2018; Hsu and Yin, 2019). The retrospectively predicted GMST by the MME for the past 30 years
shows a high temporal correlation with observations (r=0.89). However, the variance of the simulated GMST is underestimated
compared with observations. This suggests that the MME simulations have the problem of a signal-to-noise paradox. That
is, the MME can capture the temporal evolution signal but underestimate its strength (Scaife and Smith, 2018). To address
this issue, we corrected the simulated GMST by amplifying its variance to a magnitude consistent with that in the observation
(Eade et al., 2014). After the correction, the predicted GMST in the 2023/24 boreal winter will break the historical record
(Fig. 1b), in accordance with the superposition of the El Niño event and long-term global warming.

Meanwhile, the IAP GMST statistical ensemble prediction model is also adopted to predict the annual GMST in 2023

 

Table 1. Seasonal prediction experiments used in this report.

Model Ensemble size Assimilated observational/reanalysis data Reference

NZC-PSM 12 FNL, CFSR, CFSR Ma and Wang (2014)
FGOALS-f2 60 CRA40, FNL/GFS, OSTIA Bao and Li (2020); Li et al. (2021)

FGOALS-f3_L 10 EN4, HadISST Wu et al. (2018); Hu et al. (2020, 2023)

582 THE WARMEST WINTER SHOULD OCCUR IN 2023/24 VOLUME 41

 

  

https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://public.wmo.int/en/media/press-release/earth-had-hottest-three-month-period-record-unprecedented-sea-surface
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://bnn.network/world/the-year-of-the-heatwave-2023s-global-climate-crisis/
https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/
https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/
https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/
https://iri.columbia.edu/our-expertise/climate/forecasts/enso/current/


±

based on three datasets [HadCRUT5, NOAAGlobal-Temp5, and BEST (Rohde and Hausfather, 2020; Morice et al., 2021;
Vose et al., 2021)]. The prediction model contains various statistical methods that are generated by using historical observations
to predict the subseasonal-to-interannual GMST signals at a lead of 3−4 months, which have demonstrated good predictive
skill during the evaluation period of 1980–2022. According to the latest forecast initiated in September 2023 (Fig. 2), the
GMST in 2023 should be 1.38°C 0.09°C higher than that during 1850–1900, indicating that the GMST in 2023 will certainly
exceed that in 2016 (1.29°C) and go on to become the record high since 1850 (~95% chance). 

3.    Warmer-than-normal winter climate in Eurasia and China

Strong positive 500-hPa geopotential height anomalies are predicted by the ensemble results in low and middle latitudes
across Eurasia. Positive height anomalies at both 500 and 300 hPa are beneficial for weakening the East Asian trough, especially
over Northeast Asia (figure not shown). In addition, the negative (positive) anomalies of sea level pressure over the mid-
high (low) latitudes are unfavorable for a strong Siberian high (figure not shown). Such responses in atmospheric circulation
are consistent with the impact of an EP El Niño on the East Asian winter monsoon, as shown in previous studies (Tao and
Zhang, 1998; Mu and Li, 1999; Chen et al., 2000; Wang et al., 2000; Chen, 2002; Jia et al., 2015; Yu and Sun, 2018). Weak
cold advection over East Asia is supported by the atmospheric circulation anomalies for the DJF mean (Ding, 1994; Wang
et al., 2009; Wang and Lu, 2017).

Corresponding to the anomalous atmospheric circulation, it is predicted that most of China will experience a warm win-
ter,  except for northeastern China (Fig. 1a).  The regions that are expected to experience abnormal warming of more than
1°C span from Northwest China to Central and Eastern China. The magnitude of the average warming predicted over mainland

 

 

Fig.  1. The  multi-model  ensemble  mean  (MME)  prediction  of  the  2023/24  boreal  winter  (December–January–February,  DJF)
climate based on the three global climate models (FGOALS-f2, IAP-DecPreS, and NZC-PSM) developed by IAP. (a) The predicted
DJF  surface  air  temperature  (SAT)  anomalies  in  2023/24,  units:  °C.  (b)  The  predicted  time  series  of  the  DJF  global  mean  SAT
(GMST) for the period 1979–2023, unit: °C. The black, red, and blue lines represent the observation, corrected MME prediction, and
raw MME prediction, respectively. The correlation coefficients between the observation and the prediction are shown in parentheses.
(c) The predicted DJF precipitation (shading, units: mm d–1) and sea level pressure (SLP) anomalies in 2023/24 (contour, units: Pa;
the  red  solid  lines  are  positive,  the  blue  dashed  lines  are  negative,  and  the  interval  is  50  Pa).  (d)  The  predicted  DJF geopotential
anomalies at 300 hPa in 2023/24, units: gpm. The anomalies are relative to the climatology of 1999–2018.
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China is up to 2.4 standard deviations above climatology, surpassing that of the 2015/16 winter. Consistent with the predicted
GMST, this winter will be the warmest winter since 1991, according to the MME prediction, further noting that the warming
in China is 1.84 times higher than the global average.

It should be noted that the results shown in this report are for the overall DJF mean. Nonetheless, given the significant
sub-seasonal variability of the East Asian winter climate (Wu, 2016; Geng et al., 2017; Dai et al., 2019), it cannot be ruled
out that severe cooling processes caused by the cold air activities may occur in stages. 

4.    Uncertainties in seasonal climate prediction

The uncertainties in seasonal climate prediction arise not only from the capability of the prediction system itself,  but
also from climate noise that often originates from internal atmospheric dynamics that are loosely coupled to the slow-varying
components of the climate system, such as SST, sea ice, or soil moisture (Zheng et al., 2023a). These uncertainties pose chal-
lenges in predicting the status of the upcoming winter with a lead time of two months. Taking the 2022/23 winter as an exam-
ple, a combination of the objective predictions from dynamical models and the empirical predictions based on La Niña and
Arctic sea ice (Zheng et al., 2022a) generally captured the pattern of surface air temperature in China, but the observations
and  predictions  still  showed  discrepancies  in  the  coverage  and  amplitude  of  temperature  anomalies  because  of  frequent
mid- and  high-latitude  synoptic  disturbances  from  the  resultant  extreme  cold  weather  (Yao  et al.,  2023; Zheng  et al.,  2023b).

In contrast to the La Niña condition of the 2021/22 winter, the 2023−24 winter will very likely experience an El Niño
condition, with the Arctic remaining warmer than normal. This configuration of the climatic background does not facilitate
the  occurrence  of  persistent  Ural  blocking  because  of  the  intensified  meridional  potential  vorticity  gradient  (Luo  et al.,
2019; Zheng  et al.,  2022b; Yao  et al.,  2023).  As  such,  the  primary  internal  variability  of  influential  concern  is  the  East
Asian winter monsoon (Wang and Lu, 2017; Wang et al., 2019) which will tend to be inactive. This will likely reduce the
potential uncertainty of the wintertime prediction and increase the fidelity of seasonal prediction from dynamic models. How-
ever,  this  report  mainly  explored the  anomalous  climate  variations  over  the  northern hemisphere  (NH) that  are  primarily
based on the effects of El Niño and atmospheric circulations in the NH mid- and high-latitudes, further noting that the influence
of the southern hemisphere on the winter climate over NH is less considered. This is an issue that will be further examined
through diagnostic analysis and sensitivity experiments. 
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Fig. 2. The 2023 GMST prediction (relative to 1850–1900), starting in September 2023, by
the IAP GMST statistical ensemble prediction model. The red dot and red bar represent the
ensemble  mean  and  ensemble  spread  of  the  forecasted  results,  respectively.  The  black  dots
and  black  bars  represent  the  historical  observed  GMST  during  1850–2022  and  their
uncertainties  between  three  different  datasets  (HadCRUT5,  NOAAGlobal-Temp5,  and
BEST).

584 THE WARMEST WINTER SHOULD OCCUR IN 2023/24 VOLUME 41

 

  



 Bao, Q., and J. Li, 2020: Progress in climate modeling of precipitation over the Tibetan Plateau. National Science Review, 7, 486−487,
https://doi.org/10.1093/nsr/nwaa006.

 Borchert, L. F., V. Koul, M. B. Menary, D. J. Befort, D. Swingedouw, G. Sgubin, and J. Mignot, 2021: Skillful decadal prediction of
unforced southern European summer temperature variations. Environmental Research Letters, 16, 104017. https://doi.org/10.1088/
1748-9326/ac20f5.

 Chen, W., 2002: Impacts of El Niño and La Niña on the cycle of the East Asian winter and summer monsoon. Chinese Journal of Atmo-
spheric Sciences, 26, 595−610, https://doi.org/10.3878/j.issn.1006-9895.2002.05.02.

 Chen, W., H.-F. Graf, and R. H. Huang, 2000: The interannual variability of East Asian winter monsoon and its relation to the summer
monsoon. Adv. Atmos. Sci., 17, 48−60, https://doi.org/10.1007/s00376-000-0042-5.

 Cheng,  L.  J.,  K.  E.  Trenberth,  J.  T.  Fasullo,  M. Mayer,  M. Balmaseda,  and J.  Zhu., 2019: Evolution of  ocean heat  content  related to
ENSO. J. Climate, 32, 3529−3556, https://doi.org/10.1175/JCLI-D-18-0607.1.

 Dai, H. X., K. Fan, and J. P. Liu, 2019: Month-to-Month variability of winter temperature over Northeast China linked to sea ice over
the Davis Strait-Baffin bay and the Barents-Kara sea. J. Climate, 32, 6365−6384, https://doi.org/10.1175/jcli-d-18-0804.1.

 Ding,  Y.  H.,  1994:  The  winter  monsoon  in  East  Asia. Monsoons  Over  China,  Y.  H.  Ding,  Ed.,  Springer,  91−173, https://doi.
org/10.1007/978-94-015-8302-2_2.

 Doi,  T.,  S.  K.  Behera,  and  T.  Yamagata, 2020: Wintertime  impacts  of  the  2019  super  IOD  on  East  Asia. Geophys.  Res.  Lett., 47,
e2020GL089456, https://doi.org//10.1029/2020gl089456.

 Eade, R., D. Smith, A. Scaife, E. Wallace, N. Dunstone, L. Hermanson, and N. Robinson, 2014: Do seasonal-to-decadal climate predictions
underestimate the predictability of the real world. Geophys. Res. Lett., 41, 5620−5628, https://doi.org/10.1002/2014GL061146.

 Geng, X., W. J. Zhang, M. F. Stuecker, and F.-F. Jin, 2017: Strong sub-seasonal wintertime cooling over East Asia and northern Europe
associated with super El Niño events. Scientific Reports, 7, 3770. https://doi.org/10.1038/s41598-017-03977-2.

 Horel,  J.  D.,  and  J.  M.  Wallace, 1981: Planetary-scale  atmospheric  phenomena  associated  with  the  Southern  Oscillation. Mon.  Wea.
Rev., 109, 813−829, https://doi.org/10.1175/1520-0493(1981)109<0813:Psapaw>2.0.Co;2.

 Hsu, C.-W., and J. J. Yin, 2019: How likely is an El Niño to break the global mean surface temperature record during the 21st century.
Environmental Research Letters, 14, 094017. https://doi.org/10.1088/1748-9326/ab3b82.

 Hu, S., T. J. Zhou, and B. Wu, 2020: Improved ENSO prediction skill resulting from reduced climate drift in IAP-DecPreS: A comparison
of full-field and anomaly initializations. Journal of Advances in Modeling Earth Systems, 12, e2019MS001759. https://doi.org/10.
1029/2019ms001759.

 Hu, S., T. J. Zhou, B. Wu, and X. L. Chen, 2023: Seasonal prediction of the record-breaking Northward shift of the Western Pacific Sub-
tropical High in July 2021. Adv. Atmos. Sci., 40, 410−427, https://doi.org/10.1007/s00376-022-2151-x.

 Jia, X. J.,  S. Wang, H. Lin, and Q. Bao, 2015: A connection between the tropical Pacific Ocean and the winter climate in the Asian-
Pacific region. J. Geophys. Res., 120, 430−448, https://doi.org/10.1002/2014JD022324.

 Kim, J.-W., S.-I. An, S.-Y. Jun, H.-J. Park, and S.-W. Yeh, 2017: ENSO and East Asian winter monsoon relationship modulation associated
with the anomalous northwest Pacific anticyclone. Climate Dyn., 49, 1157−1179, https://doi.org/10.1007/s00382-016-3371-5.

 Li, J. X., and Coauthors, 2021: Dynamical seasonal prediction of tropical cyclone activity using the FGOALS-f2 ensemble prediction sys-
tem. Wea. Forecasting, 36, 1759−1778, https://doi.org/10.1175/WAF-D-20-0189.1.

 Li, K.-X., F. Zheng, D.-Y. Luo, C. Sun, and J. Zhu, 2022: Key regions in the modulation of seasonal GMST variability by analyzing the
two hottest years: 2016 vs. 2020. Environmental Research Letters, 17, 094034. https://doi.org/10.1088/1748-9326/AC8DAB.

 Li, K. X., F. Zheng, L. J. Cheng, T. Y. Zhang, and J. Zhu, 2023: Record-breaking global temperature and crises with strong El Niño in
2023−2024. The Innovation Geoscience, 1, 100030. https://doi.org/10.59717/j.xinn-geo.2023.100030.

 Luo, D. H.,  X.  D.  Chen,  J.  Overland,  I.  Simmonds,  Y.  T.  Wu, and P.  F.  Zhang, 2019: Weakened potential  vorticity barrier  linked to
recent winter Arctic sea ice loss and midlatitude cold extremes. J. Climate, 32, 4235−4261, https://doi.org/10.1175/Jcli-D-18-0449.1.

 Lüthi, S., and Coauthors, 2023: Rapid increase in the risk of heat-related mortality. Nature Communications, 14, 4894. https://doi.org/10.
1038/s41467-023-40599-x.

 Ma, J. H., and H. J. Wang, 2014: Design and testing of a global climate prediction system based on a coupled climate model. Science
China Earth Sciences, 57, 2417−2427, https://doi.org/10.1007/s11430-014-4875-7.

 Morice, C. P., and Coauthors, 2021: An updated assessment of near-surface temperature change from 1850: The HadCRUT5 data set. J.
Geophys. Res., 126, e2019JD032361. https://doi.org/10.1029/2019JD032361.

 Mu, M. Q., and C. Y. Li, 1999: ENSO signals in the interannual variability of East-Asian winter monsoon. Part I: Observed data analy-
ses. Chinese Journal of Atmospheric Sciences, 23, 276−285, https://doi.org/10.3878/j.issn.1006-9895.1999.03.03.

 Rohde, R. A., and Z. Hausfather, 2020: The berkeley earth land/ocean temperature record. Earth System Science Data, 12, 3469−3479,
https://doi.org/10.5194/essd-12-3469-2020.

 Ruffault,  J.,  and Coauthors, 2020: Increased likelihood of heat-induced large wildfires in the Mediterranean Basin. Scientific Reports,
10, 13790. https://doi.org/10.1038/s41598-020-70069-z.

 Scaife, A. A., and D. Smith, 2018: A signal-to-noise paradox in climate science. npj Climate and Atmospheric Science, 1, 28. https://doi.
org/10.1038/s41612-018-0038-4.

 Singh, B. K., M. Delgado-Baquerizo, E. Egidi, E. Guirado, J. E. Leach, H. W. Liu, and P. Trivedi, 2023: Climate change impacts on
plant pathogens, food security and paths forward. Nature Reviews Microbiology, 21, 640−656, https://doi.org/10.1038/s41579-023-
00900-7.

 Su, J. Z., R. H. Zhang, and H. J. Wang, 2017: Consecutive record-breaking high temperatures marked the handover from hiatus to accelerated
warming. Scientific Reports, 7, 43735. https://doi.org/10.1038/srep43735.

 Tao, S. Y., and Q. Y. Zhang, 1998: Response of the Asian winter and summer monsoon to ENSO events. Scientia Atmospherica Sinica,

APRIL 2024 ZHENG ET AL. 585

 

  

https://doi.org/10.1093/nsr/nwaa006
https://doi.org/10.1088/1748-9326/ac20f5
https://doi.org/10.1088/1748-9326/ac20f5
https://doi.org/10.1088/1748-9326/ac20f5
https://doi.org/10.1088/1748-9326/ac20f5
https://doi.org/10.3878/j.issn.1006-9895.2002.05.02
https://doi.org/10.3878/j.issn.1006-9895.2002.05.02
https://doi.org/10.3878/j.issn.1006-9895.2002.05.02
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1007/s00376-000-0042-5
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/JCLI-D-18-0607.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1175/jcli-d-18-0804.1
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org/10.1007/978-94-015-8302-2_2
https://doi.org//10.1029/2020gl089456
https://doi.org//10.1029/2020gl089456
https://doi.org//10.1029/2020gl089456
https://doi.org/10.1002/2014GL061146
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1038/s41598-017-03977-2
https://doi.org/10.1175/1520-0493(1981)109<0813:Psapaw>2.0.Co;2
https://doi.org/10.1175/1520-0493(1981)109<0813:Psapaw>2.0.Co;2
https://doi.org/10.1175/1520-0493(1981)109<0813:Psapaw>2.0.Co;2
https://doi.org/10.1088/1748-9326/ab3b82
https://doi.org/10.1088/1748-9326/ab3b82
https://doi.org/10.1088/1748-9326/ab3b82
https://doi.org/10.1029/2019ms001759
https://doi.org/10.1029/2019ms001759
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1007/s00376-022-2151-x
https://doi.org/10.1002/2014JD022324
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1007/s00382-016-3371-5
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1175/WAF-D-20-0189.1
https://doi.org/10.1088/1748-9326/AC8DAB
https://doi.org/10.1088/1748-9326/AC8DAB
https://doi.org/10.1088/1748-9326/AC8DAB
https://doi.org/10.59717/j.xinn-geo.2023.100030
https://doi.org/10.59717/j.xinn-geo.2023.100030
https://doi.org/10.59717/j.xinn-geo.2023.100030
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1175/Jcli-D-18-0449.1
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1038/s41467-023-40599-x
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1007/s11430-014-4875-7
https://doi.org/10.1029/2019JD032361
https://doi.org/10.3878/j.issn.1006-9895.1999.03.03
https://doi.org/10.3878/j.issn.1006-9895.1999.03.03
https://doi.org/10.3878/j.issn.1006-9895.1999.03.03
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.5194/essd-12-3469-2020
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41598-020-70069-z
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41612-018-0038-4
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/s41579-023-00900-7
https://doi.org/10.1038/srep43735


22, 399−407, https://doi.org/10.3878/j.issn.1006-9895.1998.04.02.
 Vose, R. S., and Coauthors, 2021: Implementing full spatial coverage in NOAA’s global temperature analysis. Geophys. Res. Lett., 48,

e2020GL090873. https://doi.org/10.1029/2020GL090873.
 Walther, G.-R., 2010: Community and ecosystem responses to recent climate change. Philosophical Transactions of the Royal Society

B: Biological Sciences, 365, 2019−2024, https://doi.org/10.1098/rstb.2010.0021.
 Wang, B., R. G. Wu, and X. Fu, 2000: Pacific–East Asian teleconnection: How does ENSO affect East Asian climate. J. Climate, 13,

1517−1536, https://doi.org/10.1175/1520-0442(2000)013<1517:peathd>2.0.co;2.
 Wang, L., and M.-M. Lu, 2017: The East Asian winter monsoon. The Global Monsoon System: Research and Forecast. 3rd ed., C.-P.

Chang et al., Eds., World Scientific, 51−61, https://doi.org/10.1142/9789813200913_0005.
 Wang, L., W. Chen, W. Zhou, and R. H. Huang, 2009: Interannual variations of East Asian Trough axis at 500 hPa and its association

with the East Asian Winter Monsoon pathway. J. Climate, 22, 600−614, https://doi.org/10.1175/2008JCLI2295.1.
 Wang, L., A. Y. Deng, and R. H. Huang, 2019: Wintertime internal climate variability over Eurasia in the CESM large ensemble. Climate

Dyn., 52, 6735−6748, https://doi.org/10.1007/s00382-018-4542-3.
 Wu, B., T. J. Zhou, and F. Zheng, 2018: EnOI-IAU initialization scheme designed for decadal climate prediction system IAP-DecPreS.

J. Geophys. Res., 10, 342−356, https://doi.org/10.1002/2017ms001132.
 Wu, R. G., 2016: Coupled intraseasonal variations in the East Asian winter monsoon and the South China Sea-Western North Pacific

SST in boreal winter. Climate Dyn., 47, 2039−2057, https://doi.org/10.1007/s00382-015-2949-7.
 Yao, Y., and Coauthors, 2023: Extreme cold events in North America and Eurasia in November-December 2022: A potential vorticity gra-

dient perspective. Adv. Atmos. Sci., 40, 953−962, https://doi.org/10.1007/s00376-023-2384-3.
 Yin,  J.  J.,  J.  Overpeck,  C.  Peyser,  and  R.  Stouffer, 2018: Big  jump  of  record  warm global  mean  surface  temperature  in  2014−2016

related to unusually large oceanic heat releases. Geophys. Res. Lett., 45, 1069−1078, https://doi.org/10.1002/2017gl076500.
 Yu, S., and J. Q. Sun, 2018: Revisiting the relationship between El Niño-Southern Oscillation and the East Asian winter monsoon. Inter-

national Journal of Climatology, 38, 4846−4859, https://doi.org/10.1002/joc.5702.
 Zhang,  R.  H.,  A.  Sumi,  and M. Kimoto, 1996: Impact  of  El  Niño on the  East  Asian monsoon:  A diagnostic  study of  the ‘86/87 and

‘91/92 events. J. Meteor. Soc. Japan, 74, 49−62, https://doi.org/10.2151/jmsj1965.74.1_49.
 Zhang, X. J., F. Zheng, J. Zhu, and X. R. Chen, 2022: Observed frequent occurrences of marine heatwaves in most ocean regions during

the last two decades. Adv. Atmos. Sci., 39, 1579−1587, https://doi.org/10.1007/s00376-022-1291-3.
 Zheng,  F.,  and  Coauthors, 2022a: The  predictability  of  ocean  environments  that  contributed  to  the  2020/21  extreme  cold  events  in

China: 2020/21 La Niña and 2020 Arctic sea ice loss. Adv. Atmos. Sci., 39, 658−672, https://doi.org/10.1007/s00376-021-1130-y.
 Zheng, F., and Coauthors, 2022b: The 2020/21 extremely cold winter in China influenced by the synergistic effect of La Niña and warm

arctic. Adv. Atmos. Sci., 39, 546−552, https://doi.org/10.1007/s00376-021-1033-y.
 Zheng, F., H. L. Ren, R. P. Lin, and J. Zhu, 2023a: Realistic ocean initial condition for stimulating the successful prediction of extreme

cold events in the 2020/2021 winter. Climate Dyn., 61, 33−46, https://doi.org/10.1007/s00382-022-06557-x.
 Zheng, F.,  and Coauthors, 2023b: Can Eurasia experience a cold winter under a third-year La Niña in 2022/23. Adv. Atmos. Sci., 40,

541−548, https://doi.org/10.1007/s00376-022-2331-8.

586 THE WARMEST WINTER SHOULD OCCUR IN 2023/24 VOLUME 41

 

  

https://doi.org/10.3878/j.issn.1006-9895.1998.04.02
https://doi.org/10.3878/j.issn.1006-9895.1998.04.02
https://doi.org/10.3878/j.issn.1006-9895.1998.04.02
https://doi.org/10.1029/2020GL090873
https://doi.org/10.1029/2020GL090873
https://doi.org/10.1029/2020GL090873
https://doi.org/10.1098/rstb.2010.0021
https://doi.org/10.1175/1520-0442(2000)013<1517:peathd>2.0.co;2
https://doi.org/10.1175/1520-0442(2000)013<1517:peathd>2.0.co;2
https://doi.org/10.1175/1520-0442(2000)013<1517:peathd>2.0.co;2
https://doi.org/
https://doi.org/10.1142/9789813200913_0005
https://doi.org/10.1175/2008JCLI2295.1
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1007/s00382-018-4542-3
https://doi.org/10.1002/2017ms001132
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00382-015-2949-7
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1007/s00376-023-2384-3
https://doi.org/10.1002/2017gl076500
https://doi.org/10.1002/joc.5702
https://doi.org/10.2151/jmsj1965.74.1_49
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-022-1291-3
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1130-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00376-021-1033-y
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00382-022-06557-x
https://doi.org/10.1007/s00376-022-2331-8
https://doi.org/10.1007/s00376-022-2331-8
https://doi.org/10.1007/s00376-022-2331-8
https://doi.org/10.1007/s00376-022-2331-8
https://doi.org/10.1007/s00376-022-2331-8
https://doi.org/10.1007/s00376-022-2331-8
https://doi.org/10.1007/s00376-022-2331-8

	1 Addressing the general concern on how the global temperature will change in the 2023/24 boreal winter
	2 Prediction of the global climate in 2023/24 boreal winter
	3 Warmer-than-normal winter climate in Eurasia and China
	4 Uncertainties in seasonal climate prediction
	Acknowledgements
	References

