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ABSTRACT 

The possible relation of a major sudden 

stratospheric warming (SSW) with the mid-

latitude surface weather conditions was 

investigated using data from the ERA-Interim and 

NCEP–NCAR reanalyzes. An important feature of 

the SSW event is the impact on lower altitudes, 

when temperature and wind anomalies descend 

downward into the high- and mid-latitude 

troposphere during the weeks or even month and 

influence the surface weather [1, 2]. Owing to 

known SSW impacts on the surface weather [2], 

we consider the possible relation of the SSW 

event in winter 2018 to cold weather anomaly in 

the Northern Ukraine and North-East China in 

February 2018. 

1. INTRODUCTION 

The event of major sudden stratospheric warming 

(SSW) which happened roughly each two years in 

the North Polar region is produced by strong 

planetary wave activity. The major SSW is 

accompanied by dramatic increase of the 

stratosphere temperature up to 50 K and zonal 

wind reverse from climatologically westerlies to 

easterlies during several days [3, 4, 5]. The SSW 

event can impact on lower altitudes and mid-

latitude troposphere changing the surface weather 

significantly. The SSW event in February 2018 

shows enhanced warming in the stratosphere and 

cooling in the mesosphere. These processes 

trigger the chain of effects that propagate down in 

altitudes and moving from high to lower latitudes. 

In the paper we consider the possible relation of 

the SSW event in winter 2018 with cold weather 

anomaly in the Northern Ukraine and North-East 

China regions in February 2018.  

2. METHODOLOGY 

2.1 DATA 

The data of air temperature, zonal wind, and 

geopotential height were used from the NCEP–

NCAR reanalysis data ([6], 

https://www.esrl.noaa.gov/psd/cgi-bin/data/). The 

NCEP–NCAR reanalysis data on time–latitude air 

temperature anomaly sequence allow to retrieve 

the delayed response of the near-surface 

temperature to the stratospheric anomalies in 

February–March 2018 (Fig. 1). The warm 

stratospheric anomaly at 10–200 hPa expands to 

lower latitudes and cold anomaly to –8ºC appears 

at the surface at 45–70ºN with about one week 

delay after the SSW beginning and it was 

observed from February 20 till March 5 (Fig. 1d). 

The air surface temperature negative anomaly was 

observed overall at the end of February and 

beginning of March 2018 in the North-East 

Ukraine including region around Kharkiv city, 

where the microwave radiometer site for detecting 

mesosphere parameters is located [5]. The air 

surface temperature negative anomaly was 

observed also over North-East China in the same 

time period.  

The latitude–height and longitude–height sections 

of daily air temperature anomalies from the 

NCEP–NCAR reanalysis data 

(https://www.esrl.noaa.gov/psd/data/composites/d

ay/) were used to analyze the possible downward 

influence of the SSW event (Fig. 2). The 

temperature anomalies have been averaged in 

segment 30–40ºE centered at Kharkiv (Fig. 2a–2e) 
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and zone 45–60ºN (Fig. 2f–2j). Surface negative 

temperature anomalies are observed mainly in the 

zone 45–60ºN in late February–March (Fig. 1d), 

therefore the vertical profiles along the eastern 

longitudes 0–180ºE (Fig. 2, lower panel) are 

averaged for this zone.  

3. RESULTS  

3.1 Time–latitude air temperature anomaly  
The longest cold period in time–latitude plot of 

surface temperature anomaly is seen on February 

20–28 (Fig. 1d).  

  
Figure 1. Time–latitude air temperature anomaly 

plots at the pressure levels 10, 100, 200 and 1000 

hPa (T10, T100, T200 and T1000, respectively) 

during SSW event. Latitude 50ºN is marked by 

black solid line. Climatology 1981–2010 is used 

for the NCEP–NCAR reanalysis anomalies. 

This cold temperature anomaly period is also 

confirmed by altitudinal distributions in Fig. 2. 

Initially, the negative regional anomaly in the 

tropospheric temperature is formed at the north of 

the Kharkiv latitude 50ºN (vertical line in Fig. 2). 

It locates in middle troposphere (white contours in 

Fig. 2a and 2b) and is vertically aligned with the 

southern edge of the strong positive stratospheric 

anomaly (> 10ºC, thick black contour). The cold 

anomaly gradually descends between the 

tropopause (black dashed curve) and the surface, 

reaches the level < –10ºC and moves a little south 

of latitude 50ºN synchronously with the positive 

stratospheric anomaly (Fig. 2a–2e). In zonal 

direction, both anomalies shift westward, however 

descent is observed only in the troposphere (Fig. 

2f–2j) similarly to the meridional section (upper 

panel in Fig. 2). The similar but weaker processes 

took place in the atmosphere at North-East China 

region in the longitudinal sector 110–130E and 

averaged in latitudinal zone 45–60N (see Fig. 2f–

2j).  

So, appearance of the cold surface anomaly in late 

February is associated with the strong warm 

anomaly in the stratosphere, which meridionally 

extends between the middle and polar latitudes 

and zonally covers the eastern longitudes (upper 

and lower panels, respectively, in Fig. 2). The 

downward stratosphere–troposphere coupling 

involves vertical dipole-like structure of the 

temperature anomalies appeared near 20 February, 

with a 10-day time delay relative to the starting 

date of the SSW (10 February). 

It should be noted that the cold anomaly intensity 

is sensitive to the thermal tropopause, which 

declines in the North-East Ukraine (near Kharkiv) 

region to 400 hPa (~7 km) on 24 and 26 February 

(black dashed curve in Fig. 2c, 2d and 2h). The 

similar smaller tropopause altitude decline over 

the cold temperature anomaly is seen at the 110–

130E latitudinal sector in the atmosphere at 

North-East China (see Fig. 2f–2j). This regional 

tropopause decline resembles the tropopause 

folding and suggests that the processes associated 

with stratosphere–troposphere exchange of air 

masses that can play a critical role in the cold 

weather formation [7]. Since the coldest air 

masses concentrated near the tropopause, their 

downward penetration could cause a cold anomaly 

occurrence in the troposphere. It should be noted 

that the warm tropospheric anomalies are 
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sometimes observed under the elevated 

tropopause (Fig. 2b–2g). 

4. DISCUSSION 

As known, cold surface anomalies can be 

produced by downwelling of the stratospheric 

anomalies, they are associated with the negative 

phase of annular mode and the direct downward 

influence involves the whole polar region [8, 9, 

10]. The Arctic Oscillation (AO) index that 

describes annular mode phase had slightly 

positive value 0.1 in February 2018 

(https://www.esrl.noaa.gov/psd/data/climateindice

s/). This does not suggest significant anomaly in 

zonal mean circulation and surface weather. The 

strongest surface anomaly up to –10 K in late 

February covered mid- to high-latitude Europe 

between about 45N and 70N (Fig. 1d and Fig. 

2c–2e) in the longitude sector 0–50E (Fig. 2h– 

2j). This shows that anomaly was relatively small 

zonally to be seen in global scale AO index. 

  

Figure 2. Daily vertical profiles of the air temperature anomalies in the troposphere–stratosphere in (a–e) 

latitude–height section, 0–90N, and (f–j) longitude–height section, 0–180E, averaged in segment 30–

40E centred at longitude of Kharkiv and in zone 45–60N, respectively. Latitude and longitude of the 

Kharkiv site is marked by vertical line. Longitudinal sector of North-East China region is 110–130E (not 

marked). Thin (thick) contours outline temperature anomalies of 5 (10) C. Black dashed curve shows 

thermal tropopause pressure. From the NCEP–NCAR reanalysis data. 

 

Cool surface anomaly in late February–early 

March 2018 lasted about two weeks (Fig. 1d) and 

it started 10 days after the SSW onset (10 and 20 

February, respectively). This time delay is 

consistent with the time scale of stratospheric 

anomaly downwelling to the surface due to the 

SSW influences [8]. Downwelling of cold 

anomaly through the troposphere is also clearly 

observed and it occurs in coupling with warm 

anomaly in the lower stratosphere (Fig. 2). 

Therefore, generally, cold surface anomaly in Fig. 

1d and Fig. 2 could be interpreted as the regional 

midlatitude effect of the large-scale SSW event 

concentrated mainly in the polar region. 

It is worthy of note that the surface cooling peak 

was reached 26 February (Fig. 2d and 2i) and it 

was preceded by a sharp weakening of upward 

wave flux. It may be suspected that wave 

reflection cold be involved in stratosphere–

troposphere coupling [11, 12] during this event. 

Whether or not the wave reflection took place in 

surface cooling in February 2018 should be 

additionally studied considering the longitudinal 

dependence of upward and downward wave 
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propagation [11, 12] not represented in zonal 

means. 

The stratosphere–troposphere coupling in late 

February 2018 was accompanied by significant 

decrease of the thermal tropopause height above 

the cold tropospheric anomaly in the North-East 

Ukraine including Kharkiv region (down to 400 

hPa, or 7 km, on 24 and 26 February; black 

curve in Fig. 2c, 2d, 2h and 2i). The similar but 

weaker processes took place in the atmosphere at 

North-East China region. It is possible that this 

tropopause anomaly evolves similarly to the 

tropopause folding with stratosphere–troposphere 

exchange of air masses, which can also contribute 

to the cold weather formation [7, 13]. These 

processes also need more detailed analysis. 
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