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Synopsis

We investigate the mechanism and predictability of a strong and persistent blocking
residing over Russia from late-July to mid-August of 2010 using a reanalysis dataset and
two kinds of forecast datasets. It is found that the following different mechanisms
contributed to the enhancement of the blocking: During a maintenance period of the
blocking in the end of July, when the predictability of the blocking was much reduced in
comparison with the adjacent periods, an anticyclonic vorticity forcing associated with
horizontal divergence in the upper troposphere due to a deepening trough upstream of
the blocking was a predominantly important factor for the blocking formation; during
another maintenance period in early-August, an anticyclonic vorticity forcing produced
by the interaction between the climatological horizontal convergence and the coexisting
anticyclonic anomaly in the upper troposphere over the western part of the Eurasian
continent was a key to maintain the blocking. These maintenance mechanisms are also
found to be inherent to the Russian blocking in the summer of 2010.
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Fig. 1 Observed maximum temperature during a period from
June to August 2010 based on Barriopedro et al. (2011). The
anomaly from the climatology is shown in parentheses.
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Fig. 2 Horizontal distribution of the residual term R (a) and the horizontal divergence term ¢, at 250 hPa averaged
over a period from 0000UTC 16 July to 1800UTC 15 August (color shade). Regions with anti-cyclonic (cyclonic)
forcing are shaded by warm (cool) colors. The 250-hPa geopotential height field averaged over the same period is
shown by contours (contour interval is 100 m; the bold line indicates 10700 m).
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Fig. 3 (a) Time variation of the blocking strength
(m/latitude) at each longitude (x-axis) during a period from
June to August, 2010. (b) Time variation of the blocking
strength (m/latitude) averaged over western Eurasia (30°E
~70°E). The occurrence period of the Russian blocking is
defined as a time interval delimited by the two vertical lines
(from 1800UTC 20 July to 1200UTC 12 August).
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Fig. 4 Predicted occurrence probability of blocking at
each longitude (x-axis) for a lead time of 120 hours by
the hindcast ensemble forecast experiment. The y-axis is
the valid time of forecast. The observed blocking
regions are shown by black curves (see also Fig. 3a).
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Fig. 5 Time variation of Brier Score for the
prediction of blocking occurrence by the hindcast
ensemble forecast experiment. The x-axis denotes the
valid time of forecast from 0000UTC 11 July to
0000UTC 18 August. The red, green, and blue lines
denote lead times of 72, 120, and 168 hours,
respectively.
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Fig. 6 (a) Ensemble average of predicted 250-hPa low-pass filtered height anomaly (m) at 12200UTC 26 July 2010 for
the JIMA 1-month ensemble forecast (25 members) starting from 1200UTC 21 July 2010. (b) Regressed anomaly of the
predicted 250-hPa low-pass filtered height (m) at 1200UTC 26 July based on the predicted 250-hPa low-pass filtered
height at 1200UTC 28 July averaged over the Russian region (32.5°E~62.5°E, 50°N~70°N) for the same ensemble
forecast (contour interval is 5 m). The color shades indicate regions where the statistical significance of the regression
exceeds 95 %. Warm (cool) color indicates positive (negative) correlation.
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Fig. 7 (a) Horizontal distribution of 250-hPa height (contour) averaged over the occurrence period of the Russian
blocking (from 1800UTC 20 July to 1200UTC 12 August). Contour interval is 100 m, and the bold line indicates 10700
m. The color shade indicates the anomaly from the climatology, and its scale is shown at the bottom of this panel. The

open star indicates the location of the maximum height anomaly at 47.5°E and 60°N in the Russian blocking region,
which is shown by the rectangular region (32.5°E~62.5°E, 50°N~70°N). (b) Time variation of 250-hPa height
tendency A, = dZ,/dt in the Russian blocking region projected on to the time-averaged height anomaly of the

blocking (Fig. 7a) using Eq. (7). The period when the 250-hPa height tendency has a positive (negative) value such as

period (1) and (3) [period (2) and (4)] is defined as the growing (decaying) period.
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Eq. (8)).
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Fig. 9 (a) Horizontal distribution of 250-hPa height tendency (color shade) induced by the first term of the right
hand side in Eq. (8) averaged over the period (1) (from 0000UTC 21 July to 0600UTC 29 July). The warm (cool)
colored regions have a positive (negative) value. The contours show the time-averaged 250-hPa height anomaly (the
contour interval is 50 m) during the Russian blocking period. (b) Same as in Fig. 9a except for 250-hPa horizontal

divergence associated with the low-frequency anomaly V -V;. Divergent (convergent) regions are shaded by warm

(cool) colors.
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Fig. 11 (a) Ensemble average of the predicted 250-hPa V - V;(color shade) and Z; (contour: contour interval is 50m)
at 1200UTC 24 July 2010 for the JIMA 1-month ensemble forecast (25 members) starting from 1200UTC 21 July
2010. (b) Concurrently regressed anomaly of the predicted V-V, at the same time (contour: contour interval is
5 x 10~7s™') upon the predicted 250-hPa height anomaly averaged over the rectangular region (10°E~25°E, 35°N~
50°N). The color shades indicate regions where the statistical significance of the correlation exceeds 95%, which is

assessed by Student’s t-test.

TV -VIIREREDME E 72> T7= (Fig. 10)

UL EOFEMNTT — & 2 AT TR RS, BAR
DIcBITE7T 0y R FOEEICIE, Tayxo s
DO LW CREFRBNRRELS R0 ZENEETH
LT EWRTRBINT. LT TIE, ZOKFERBEDOHE
RKeETmoXr 7OREL OBRREERMICHG )
2T 5720, [EITHEINAT VU TIVTHRT—

(a)

80N 1

7 9
(X 10651

S8ON 1 :: 7

60N

XA 2 T 7. T O T, 7HA21H
1200UTC% FHMMBA L 27 v T A THT
— & (AR —$25) & TR & FEh L 7.

FORE, £, THTTEOZ v v 7o EFiflic
BT AV -V, OTRMEL, FRZOLZ2Y 7 EZED b
Z 7L1 (10°E~25°E, 35°N~50°N) i T & E S
WTHE s FREICEET S Z LB rRanTz (Fig 11) .

(b)

60E

99% 95% 95% 99%

Fig. 12 (a) Same as in Fig. 10a except for 0600UTC 26 July 2010. Ensemble average of the predicted V-V, (color
shade) and Z; at 250-hPa (contour: contour interval is 50m). (b) Concurrently regressed anomaly of the predicted
250-hPa height tendency 8Z, /@t (contour: contour interval is 2.5 x 10~° ms™') at the same time upon the predicted
V-V, averaged over the rectangular region (20°E~30°E, 40°N~50°N). The color shades indicate regions where the
statistical significance of the correlation exceeds 95%, which is assessed by Student’s t-test.
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Fig. 13 (a) Scatter diagram of the predicted 250-hPa daily-mean low-frequency height anomaly (m) averaged over the

rectangular region (10°E~25°E, 35°N~50°N) (x-axis) and the predicted accumulated precipitation (mm/day) during
the preceding 24 hours averaged over the downstream region (20°E~30°E, 40°N~50°N) (y-axis) at 1200UTC 24 July
2010 for each ensemble member of the JMA 1-month ensemble forecast (25 members) starting from 1200UTC 21 July

2010. (b) Same as in Fig. 13a except for the predicted accumulated precipitation (mm/day) during the preceding 24

hours averaged over the region (20°E~30°E, 40°N~50°N) (x-axis) and the predicted 250-hPa V-V, averaged over

the same area (y-axis).
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Fig. 14 (a) Horizontal distribution of 250-hPa height tendency (color shade) induced by the second term of the right
hand side in Eq. (8) averaged over the period (3) (from 1800UTC 2 August to 1800UTC 7 August). The warm (cool)
colored regions have a positive (negative) value. The contours show the time-averaged 250-hPa height anomaly (the
contour interval is 50 m) during the Russian blocking period (same as in Fig. 9a). (b) Same as in Fig. 14a except for
the horizontal divergence associated with the climatological flow V-V (color shade) and ¢, (contour: contour
interval is 2.0 x 10~% s’') at 250 hPa. Divergent (convergent) regions are shaded by warm (cool) colors.
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Fig. 15 (a) Ensemble average of the predicted 250-hPa vorticity source term S,, = —(, V-V in Eq. (8) (color
shade) and Z; (contour: contour interval is 50 m) at 0600UTC 5 August 2010. Cool (warm) colored regions have
anticyclonic (cyclonic) vorticity forcing for the JMA 1-month ensemble forecast (25 members) starting from
1200UTC 28 July 2010. (b) Concurrently regressed anomaly of the predicted 250-hPa 9Z, /dt at the same time
(contour: contour interval is 2.5 x 1075 ms™) upon the predicted S,, at 250 hPa averaged over the rectangular
region (10°E~35°E, 30°N~45°N). The color shades indicate regions where the statistical significance of the
correlation exceeds 95%, which is assessed by Student’s t-test. Warm (cool) colored regions have a positive
(negative) correlation.
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Fig. 16 Low-pass filtered height anomaly (m) (color
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(vector) of Takaya and Nakamura (2001) at 0600UTC
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