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ü  The selective absorption mechanism (SAM), which is an eddy-
feedback mechanism for the maintenance of blocking, can be adopted 
to Euro-Russian blocking in 2010. 

ü  ‘Effectiveness’ of the eddy feedback is related to the predictability 
variation during maintenance of the Euro-Russian blocking. 

Euro-Russian blocking in 2010 
ü  caused an extreme heat wave in western Russia and flooding in 

Pakistan (Dole et al. 2011; Hong et al. 2011). 
ü  The mechanism is still being discussed: influence of tropical forcing or 

extratropical dynamics (e.g., Schneidereit et al. 2012): Research for 
summertime block dynamics has been not so much. 

ü  Predictability of the block fluctuated during its lifecycle (Matsueda 2011). 

Contribution of the eddy feedback to the block 
maintenance 
Isentropic backward trajectory analysis 
ü  Parcels are placed on the blocking 

anticyclone and traced backwardly by 6 
days along the 330-K isentropic surface. 

The Atlantic storm tracks were suppressed for 
the noSTM Exps by subtracting the 8-day 
highpassed QGPV (anomalies) within the black 
square box from the initial values. 
(Shades) Z300 [m] balanced with the QGPV 
anomalies and (contour) Z300 [m] for the CTL 
Exp at 12UTC 11 July 2010. 

Conceptual diagram illustrating the SAM.  
After Yamazaki and Itoh (2013). 

adopt an eddy feedback mechanism to quantify the contribution of 
storm track on the maintenance and predictability variation of the 
blocking. 

Ensemble reanalysis ALERA2 (Enomoto et al. 2013) 

（Color contours）Response to 
the ATL storm track (CTL−noSTM) 
for Z300 at the forecast days 3, 5, 
and 7 from the initial date of 
12UTC 10 July 2010. (Shade) The  
ATL storm track (Z300) at the initial 
date and (black contour) Z300 in 
the CTL Exp at the valid dates.  

 Sensitivity experiments 
ü  Seven-day ensemble forecasts from every 12UTC during 20 June to 10 August. 
ü  AFES (an AGCM) was used for the forecast experiments. 
ü  (CTL Exps) Initial values with 63 members of ALERA2 reanalysis data. 
ü  (NoSTM Exps) Initial values same as the CTL Exp except suppressed the Atlantic 

storm track.  References 
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Six-day backward trajectories on the 320-K isentropic 
surface in a winter blocking event. The shading shows 
the low-frequency PV (PVU) on the initial dates.  

ü  Analyzed reanalysis dataset: ALERA2 (AFES-LETKF experimental 
ensemble reanalysis version 2). 

that Simmonds and Rudeva [2014] further revealed that TPVs were involved with almost all of 60 intense
Arctic cyclones. The large-scale fields were compared with ERA Interim (ERAI) [Dee et al., 2011] data in both
the upper and lower troposphere. Figure 2 shows the 10 day averaged upper level geopotential height and
sea level pressure (SLP) fields in CTL and ERAI. It can be seen that the circulation fields in CTL correspond
well with those in ERAI. Although SLP in the CTL near the pole shows weaker amplitude than in the
ERAI (Figures 2c and 2d), it reflects the underestimation of the amplitude of AC12 in the CTL, rather than a
difference in the environmental field of AC12. This could be caused by the shortage of satellite observations
in the NCEP PREPBUFR assimilated in the CTL and the resolution of the GCM used for ALEDAS2: The
resolution of ERAI is T255L60 [Dee et al., 2011], which is horizontally more than twice that of ALEDAS2.
However, the atmospheric pattern in the CTL is generally reproduced as well as in the ERAI. Tracks of the
centers of AC12 and the TPV are also shown in Figure 2. The centers are detected by minimum points of SLP
and 300hPa geopotential height (Z300) at each time interval in the prescribed region (60°N–90°N, 90°E–120°W).
Note that the centers of the TPV and the surface cyclone generally move from west to east. Overall, the tracks
of the TPV and AC12 are similar in both the CTL and the ERAI. AC12 develops from two different surface
cyclones that later merge during this time period. The first surface cyclone, over the Arctic Ocean, moves
from west to east during 2–4 August, corresponding to the northern course. The second surface cyclone
emerges over mid-Eurasia on 3 or 4 August and moves toward the northeast and then the north,
corresponding to the southern course. The first cyclone merges with and is absorbed by the second on
5 August 2012. With regard to the discussion on the formation of AC12, it is considered not essentially
problematic that the northern course in the CTL is somewhat different to that in the ERAI, because the first
cyclone is absorbed and thus is subordinate to the second surface cyclone that is AC12. These processes
are explained further in the description of the synoptic field. Therefore, it is concluded that CTL reproduces
the environmental fields of AC12 satisfactorily. Therefore, CTL is treated as a reanalysis representative of the
real atmosphere.

In the following, the time evolutions of AC12 and the TPV are described as synoptic fields. The developing
and mature stages of AC12 with the TPV are then considered in Figure 3. The two stages are separated
as follows: The developing stage is considered as the period from 1 to 4 August and the mature stage as
5–9 August. In the developing stage, the surface cyclone of AC12 formed over mid-Eurasia near the Laptev
Sea at around 12:00 UTC on 3 August and then moved to northern East Siberia. At this time, two surface
cyclones existed: AC12 over the Eurasian continent and another preexisting cyclone over the Arctic
Ocean. It can be seen that AC12 displays a west-tilted structure with an upper tropospheric trough, which is
typical of baroclinic instability, and thus, its amplitude increased. The upper tropospheric trough is the TPV

Table 1. Configuration of ALEDAS2 for Reanalysis Data Set ALERA2 and Ensemble/Deterministic Prediction System
(EPS/DPS) for Forecast Experiments

ALEDAS2

Atmospheric GCM AFES
Dynamical core Spectral, Eulerian, and primitive equation
Horizontal resolution T119 (~1° × 1°)
Vertical levels L48 (σ level, up to about 3 hPa)
Boundary conditions OISST daily 1/4°
Data assimilation method LETKF
Ensemble size 63
Observations NCEP PREPBUFR
Data assimilation window 6 h

Ensemble Prediction System (EPS) and Deterministic Prediction System (DPS)

EPS DPS
AGCM AFES (T119L48)
Boundary conditions OISST daily 1/4°
Ensemble size 63 1
Initial condition ALERA2 ERA Interim
Start date 00 UTC 3 August 2012
Length of forecasts 5 days

Journal of Geophysical Research: Atmospheres 10.1002/2014JD022925

YAMAZAKI ET AL. ©2015. American Geophysical Union. All Rights Reserved. 3253

Configuration of ALEDAS2 for reanalysis dataset ALERA2 

Snapshot of a SLP field in ALERA2 (63 
ensemble reanalysis members). 

Wind magnitude (shades, [m s-1]) and Z (contour, [m]) at 
300 hPa averaged over June-August. 

Hovmöller diagram of the blocking 
index based on the same definition 
as Matsueda (2011) for June-August 
2010 in ALERA2 (left) and ERAI 
(right). 
 

p has 63 ensemble members. 
p almost reproduce the block as well as 

ERA Interim. 
p available from http://www.jamstec.go.jp/esc/

research/oreda/products/alera2.html. 

Ratio [%] of parcels originating from the Atlantic storm-
track region to all parcels put on the blocking 
anticyclone. Dates on the horizontal axis indicate the 
initial (starting) dates of backward trajectory. 

strong eddy feedback 

Snapshots of backward trajectories starting from the blocking anticyclone and (right-bottom) the trough just 
southwest of the blocking anticyclone. 

ü  Air parcels of the blocking anticyclone (and the trough just upstream) was mainly 
from the Atlantic storm track region except the period during 25-28 July 
(reformation stage?) and around 10 August (decaying stage). 
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Ensemble-based occurrence probability of the blocking based on 
the blocking index (100% indicates all the 63 members could 
forecast blocking) in the CTL (left) and noSTM (right) Exps for lead 
time 7 days. Dates on the axis indicates valid dates. 

ü Response to the Atlantic storm track (CTL
−noSTM Exps) propagated along the jet 
streams. 

ü  Anticyclonic response appeared over the 
blocking anticyclone after the forecast day 5, 
implying selective absorption of synoptic 
anticyclones. 

ü Cyclonic response also remained at the 
trough southwest of the blocking anticyclone 
after the day 5, implying intensification of the 
trough by absorption of synoptic cyclones. 

When we focus on the strength of blocking, the dif-
ference between the two patterns is thought to depend
on amplitudes of maintained blocking anticyclones via
the strength of the vortex–vortex interaction. As for
pattern (i), because the vortex–vortex interaction is
strong, parcels originating from synoptic anticyclones
absorbed by a blocking anticyclone remain strongly
trapped within it. On the other hand, in pattern (ii),
anticyclonic parcels attracted by blocking anticyclones
remain on the north side of the block, and then drift
downstream. Therefore, these differences may cause
differences in the momentum and mass transport of
parcels from middle to polar latitudes or influence re-
gions downstream of blocking.

b. Troughs southwest of blocking anticyclones
and their relationship to the SAM

As shown in Fig. 6, anticyclonic parcels are trans-
ported into high latitudes by the trough located south-
west of the blocking anticyclone (hereafter, referred to
as southwest-side trough), then being absorbed by the
blocking anticyclone in event P-2002. In the other nine
events, anticyclonic parcels always reached blocking
anticyclones along the flow associated with southwest-
side troughs.
Then, we consider the role of the southwest-side

trough in the block maintenance. All the blocking an-
ticyclones analyzed in this study are located in high
latitudes, which are far from midlatitudes, where anti-
cyclonic parcels (i.e., origins of low PV) are generated.
Thus, a route for the supply of low PV from mid-
latitudes to high latitudes is necessary, as mentioned in
the appendix. The southwest-side trough is just what to
build this route. Without this route, the SAM may not
effectively work because the PV gradient associated
with blocking anticyclones does not have influence on
anticyclonic parcels in midlatitudes. In this respect, the
southwest-side trough may be an important ingredient
in the block maintenance.
The southwest-side trough itself may also be main-

tained by synoptic cyclones through vortex–vortex in-
teractions. Figure 9 shows a conceptual diagram of the
interaction between this trough and synoptic cyclones.
When blocking is maintained, the southwest-side trough
attracts and absorbs cyclonic parcels, being maintained
or even intensified by the SAM. In fact, we can see that
all trajectories of cyclonic parcels pass through regions
of southwest-side troughs (Fig. 5); cyclonic parcels seem
to be more effectively attracted than anticyclonic par-
cels. This may be explained that cyclonic parcels tend to
move higher latitudes owing to the b gyre, which is
a favorable condition for the southwest-side trough to
attract cyclonic parcels.

However, we still hesitate to include the southwest-side
trough in the general block maintenance mechanism.
This is because blocking can be maintained without it,
as will be shown in the b-plane, barotropic models in
Part II. Therefore, even real blocking that is formed
in relatively low latitudes may be maintained without
the southwest-side trough. We have no answer about it at
present, because all the blocking anticyclones that we have
analyzed are formed in high latitudes. It is an interesting
and important future work whether or not blocking
formed in relatively low latitudes still needs the south-
west-side trough in its maintenance, and is now under
way. Also, it is necessary to investigate whether the
southwest-side trough is indispensable for the mainte-
nance of all blocking formed in high latitudes.

c. Diabatic effect

The effects of diabatic heating were not considered in
this study, although some previous studies suggested
that the cloud-diabatic effect contributes to the onset of
blocking in some events (Altenhoff et al. 2008; Croci-
Maspoli and Davies 2009). However, we think that the
adiabatic condition of the upper andmiddle troposphere
is nearly satisfied in the situations that we studied, as we
investigated the maintenance process and not the process
of blocking formation.

6. Summary

In a study of blocking maintenance, we investigated the
interaction mechanism between synoptic (high-frequency
transient) eddies and blocking. The selective absorption
mechanism (SAM), in which a blocking anticyclone

FIG. 9. Conceptual diagram illustrating the relationship between
blocking and a southwest-side trough. The trough (gray-shaded
circle) attracts and absorbs cyclonic parcels (triangles) originating
from a synoptic cyclone (L), advecting anticyclonic parcels (dots)
in a synoptic anticyclone (H) toward a blocking anticyclone. The
black arrow shows the trajectories of cyclonic parcels before (solid)
and after (dashed) being absorbed by the southwest-side trough.
The gray arrow is a flow induced by the trough.
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ü Occurrence of blocking was substantially less 
and shifted more eastward in the noSTM 
Exps, suggesting that the eddy feedback from 
the ATL storm track was essential for the 
maintenance of the Euro-Russian blocking. 

(Upper) EKE300 [m2 s-2] and Z300 [m] in ALERA2 averaged over 
10 July-10 August. Green and red squares indicate the storm-track 
and blocking regions, respectively. 
(Left) RMSE of Z300 [m] at the forecast day 5 for the CTL Exps 
against the ALERA2 reanalysis within the blocking (red and black 
lines) and storm-track (green) regions. Note that the dates in the 
axis indicate valid dates. 
ü RMSE for the blocking shows relatively large 

values when the blocking air parcels did not 
mainly come from the ATL storm-track region. 

ü  The period may be the reformation stage of the 
blocking. 
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The Selective Absorption Mechanism (SAM): A blocking anticyclone 
selectively absorbs synoptic anticyclones (low-PV air) of storm tracks, and 
thus maintains against dissipation (Yamazaki and Itoh 2013).  
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