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Table 1 The long-duration Ural blocking high events in winter from 1979/1980 to 2019/2020
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Fig 1 The 500 hPa geopotential height (shading) and its anomaly (black solid lines with interval of 20 gpm) of
long-duration (a) and other (b) blocking high events; (c) the difference field of 500 hPa geopotential height
between long-duration and other blocking high events.

Unit: gpm, dots have passed the significance test of 99%.
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Fig2 The 500 hPa geopotential height anomaly (black solid line) and the variation of each component (bar charts)
of long-duration (a) and other (b) blocking high events from -15 day to +15 day, unit: gpm; the 500 hPa
geopotential height tendency (black solid line) and the variation of each component (bar charts) of long-duration (c)
and other (d) blocking high events from -15 day to +15 day, unit: gpm/d; each component average of 500 hPa
geopotential height during maintenance process of long-duration (¢) and other (f) blocking high events (0 day to
the end of blockings), unit: gpm; the sum of 500 hPa geopotential height tendency of long-duration (g) and other
(h) blocking high events in the establishment process (-4 day to 0 day), unit: gpm/d.

Pentagrams indicate the maintenance process of blocking highs.
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Fig4 The variation of different time scale component (10-20 days scale for a and ¢, 20-80 days scale for b and d)
of 500 hPa geopotential height tendency (unit: gpm/d, left axis) and stationary heat flux gradient (unit: (m/s)K,
right axis) during the development stage of long-duration (a, b) and other (c, d) blocking high events.

BN AR T S 4R BURI RO RRAE, HrP YRR BOR FE IS 2R 0 RBP4 .
THE S L G X £ FE [l 45°E-80°F & W IR . o8 W E IR E 173y, 15204 -5 &
T (B 50 o DB BEL v S A1 A0 JF At L v =1 A 45 30 ) o 6 I P I 46 - ra P o A B (A
Sav b) HAEHETE B rh 4 bl X B AR e B TR BE IS AR, WHIAUZ R B BRI BE RO
FEALT 60°N Lb, S E B O AR, JF HBACHH g o0 SR, s FH A
H s JBE 1 DX g 38 R A AR, A IR R R YR HE A 30°N~40°N i),
_%%ﬁ%(@x)%%Eﬁmm$ﬁ¢éﬁhwﬁmmm$#¢ﬁﬁ, T A XS
g, IWHBEAZAE PO, KR 2 K29 oA T 45°N FL, 1fi 60°N BAAL X 1
B A BE E F AR E . ot — Bt W AR S A - E B A S AL (B 5d. o) RIS
JE 1 X IR AR AR O 32, R 60°N DL RE #viER: AR s B . (HR AR KB
R YERF A 60°N A7 #A B 1a B fn ik, FUE XS AL T A IE b 2 (8], fE R AGE TR
60°N PRI HERR, Ay BH m K I [ 4 RF QUG AT R 2 1 A8 A FE & 24 v S R K L XA 2
Rz F IR N IEE, SR ERFE R, TREER, AR T &R A
PR 2AS BHL re A i AR T R A I (1) S0 v R % B I B S SR K B i S SV 7E 60°N
BRichE &, NP e e RERR AR 41

(a) T of long UB (b) T of other UB (c) long - other

50 50 50

70 70

100 100

150 150

1BE BEe o 13
& 200 £ 4 200 g g 200
= 2= <=
&’ 250 2 37 250 S 3 250
300 9 T 300 9 T 300 9
400 400 400
500 5 500 5 500 5
700 700 700
850 T 850 - 850
0° 15N 30°N 45°N  60°N 75°N  90°N 0° 15°N  30°N 45°N 60°N 75°N  90°N 0° 15°N  30°N  45°N  B0°N  75°N  90°N
-1 I I I ~="] I I
i 10 8 6 4 2 0 2 4K 3 2 14 0 1 2 3K
(d) VT of long UB (e) vT of other UB (f) long - other
50 50 50
70 4 70 70 :
2 F17
100 100 100 :
150 -| 150 | 150 :
€ o £ - 13
& 200 | £ & 200 o 2 & 200
£ 5 < S
3 250 o 2 [ 250 2 ] 250
300 T 300 | T 300 -9
400 400 400
500 L s 500 | 5 500 5
700 700 700
850 - : { : : 850 g . / : . 850 : ! e B
0° 15N 30°N 45°N  60°N 75N 90°N 0° 15N 30°N 45°N  60°N  75°N  90°N 0° 15N 30°N 45N 60°N 75N 90°N
— e e —— — T e e —
20 10 0 10 20 30 40 50 60 (m/s)K 20 10 0 10 20 30 (mis)K

Els #BK () fEM b) EEE44EFREEERENSGE-SESHE, B K; (o) REESE

3

Height/km

Height/km



HEBEREZEANSE-SESHE, Bii: K; 8K () fFEM (o HEEHESHEEERERs
HWEE-SESHE, B4: /s K; ) AEESEGHEEAESREZEINGE-SESHE, 2
(m/s)-K
1T EFRIBT 0% S E MR
Fig5 Pressure-latitude distribution of the maintenance process of long-duration (a) and other (b) blocking high
events for stationary temperature, unit: K; (c) pressure-latitude distribution of the difference field of stationary
temperature between long-duration and other blocking high events, unit: K; pressure-latitude distribution of the
maintenance process of long-duration (d) and other (¢) blocking high events for stationary heat flux, unit: (m/s)-K;
(f) pressure-latitude distribution of the difference field of stationary heat flux between long-duration and other
blocking high events, unit: (m/s)-K.
Dots have passed the significance test of 90%.
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Fig 6 Pressure-latitude distribution of different time scales of stationary heat flux during the maintenance of
long-duration (a, b) and other (c, d) blocking high events.

Unit: (m/s)-K, dots have passed the significance test of 90%.
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of 500 hPa geopotential height tendency (unit: gpm/d, left axis) and stationary momentum flux (unit: m?/s?, right



axis) during the development stage of long duration (a, b) and other (c, d) blocking high events.
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Fig 8 Pressure-latitude distribution of the maintenance process of long-duration (a) and other (b) blocking high
events for zonal wind (black solid lines with interval of 5 m/s) and stationary zonal wind (shading), unit: m/s; (c)
pressure-latitude distribution of the difference field of zonal wind (black solid lines with interval of 1 m/s) and
stationary zonal wind (shading) between long-duration and other blocking high events, unit: m/s; pressure-latitude
distribution of the maintenance process of long-duration (d) and other (e) blocking high events for stationary
momentum flux, unit: m%s?; (f) pressure-latitude distribution of the difference field of stationary momentum flux

between long-duration and other blocking high events, unit: m?/s2.
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Dots have passed the significance test of 90%.
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Fig 9 Pressure-latitude distribution of different time scales of stationary momentum flux during the maintenance
process of long-duration (a, b) and other (c, d) blocking high events.

Unit: m?%/s?, dots have passed the significance test of 90%.
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The Influence of Thermal and Momentum Transport at Different

Subseasonal Scales on long-duration Ural Blockings in Winter

XU Binyu"2, YAO Suxiang®*
(1. Henan Key Laboratory of Agrometeorological Support and Applied Technique, China Meteorological
Administration, Zhengzhou 450003, Henan, China;
2. Henan Meteorological Service Center, Zhengzhou 450003, Henan, China;
3. School of Atmospheric Sciences NUIST, Nanjing 210044, Jiangsu, China)

Abstract In winter, the long-duration blocking highs often cause the accumulation of cold air with greater
intensity, which lead to the occurrence of widespread severe cold waves, and the study of the establishment and
long-term maintenance mechanism of blocking highs has great scientific significance. By used the ERAS daily
reanalysis data provided by the European Centre for Medium Range Weather Forecasts (ECMWF) from
1979/1980 to 2019/2020, 6 long-duration blocking high events (the lifetime is equal or greater than 10 days) were
selected from 114 Ural blockings (UB) during the last 41a winter. The similarities and differences between the
long-duration blockings and other blockings were compared, focusing on the thermal and momentum transport
characteristics at different subseasonal scales during the development and maintenance of long-duration blocking
highs. The results show that: (1) The geopotential height in Ural Mountains exhibits significant intra-seasonal
oscillations, and the establishment and maintenance of long-duration blockings mainly depends on intra-seasonal
scale component (20~80 days) of the geopotential height anomaly, while the establishment and maintenance of
other blockings depends on the quasi-biweekly scale component (10~20 days) and intra-seasonal scale component,
respectively. (2) During the development stage of long-duration blockings, both the quasi-biweekly and
intra-seasonal scale components of stationary thermal flux gradient are beneficial to the increase of geopotential
height, and the quasi-biweekly scale heat transport contributes more, while the intra-seasonal heat transport is the
largest contributor in the maintenance stage. In comparison, only intra-seasonal heat transport is beneficial to the
establishment of other blockings, with decreasing in values that is not favourable for its maintenance. (3) The
influence of momentum transport on blocking high events cannot be ignored. The development of blockings is the
result of quasi-biweekly and intra-seasonal scale momentum transport. However, the quasi-biweekly scale
momentum transport is concentrated in the early part of development stage, while the intra-seasonal scale
momentum transport occurs throughout the development stage in the long-duration blockings. In other blockings,
the momentum transport is relatively small. During the maintenance stage, the long-duration blockings is
dominated by intra-seasonal scale component of stationary momentum flux, and the other blockings is dominated
by quasi-biweekly scale component.

Key words Ural blocking high, Scale separation, Stationary thermal flux, Stationary momentum flux
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