The Central European and Russian
Heat Event of July–August 2010
by

Richard H. Grumm

A

strong and persistent blocking ridge over central Europe during most of the months of June,
July, and August 2010 brought above-normal
warmth, which began in mid-June and persisted
most of the summer (Fig. 1). The strong ridge led to
record warmth over many locations in central and
eastern Europe. Finland experienced a stretch of record warmth in July. Most of western Russia had the
hottest summer in recorded history 1. The heat over
Russia produced many days where the high temperature was greater than 40°C (104°F).
Russia had a record-warm summer, with Moscow
averaging near +18° and +16°C above normal for the
months of July and August, respectively. Under a
strong ridge (Figs. 2 and 3), 850-hPa temperatures
were 2–4 standard deviations (SD) above normal over
Russia during the month of July (Fig. 2b). The high
temperatures combined with relatively dry conditions (Fig. 2d) contributed to the massive fires across
the country. Peat bog and forest fires made the news
during the months of July and August. The country
was experiencing the worst drought since 1972. The
conditions decreased Russian grain production by
20%–30% relative to 2009 levels. The Russian government put a limit on grain exports until the full impact
1

The head of the Russian Meteorological Center stated, “We
have an ‘archive’ of abnormal weather situations stretching
over a thousand years. It is possible to say there was nothing
similar to this on the territory of Russia during the last one
thousand years in regard to the heat.”
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of the heat wave on grain production was known.
This caused fears in Egypt, the world’s top wheat
importer. These data were compiled from reports in
the Associated Press and the Daily Telegraph related
to the Russian heat wave.
Moscow set a new all-time record high of 37.7°C
(100°F) on 26 July 2010 (Table 1). This broke the
previous record of 36.8°C (98.2°F) set back in 1920.
The record was tied on 28 July but fell on 29 July
2010 when a new all-time record-high temperature of
38.3°C (101°F) was achieved. July 2010 was the hottest
month on record for the city of Moscow. Many locations across western Russia topped 35°C (95°F) over
the course of July and August. Moscow set 12 and
13 daily high temperature records, respectively, in
July and August 2010 (Table 1). An impressive string
of 11 consecutive high-temperature records was set
during 2–12 August 2010. The heat event along with
the drought conditions had huge impacts on lakes,
rivers, and fish production.
The blocking ridge continued into August (Fig. 3)
along with the heat and record-high temperatures.
Temperatures exceeded 34°C (94°F) during 2–8 August 2010, setting new daily high temperature records
originally set back in 1920 and 1932. Moscow set new
monthly highs on 4 and 6 August when the temperatures peaked at over 37°C (99°F) on both days.
Previous research (by Galarneau et al., Kunkel,
and others) has shown the importance of subtropical
ridges in producing heat waves. Namias (in a 1982
Monthly Weather Review article) and Robinson (in a
2001 Journal of Applied Meteorology article) showed
the patterns associated with protracted heat waves
over North America. In a 2004 Nature article, Schar
and Jendritzky examined the meteorological conditions associated with the European heat wave of 2003.
This event primarily impacted central and western
Europe. In a 1991 Weather paper, Brugge showed
the importance of a blocking anticyclone during the
record heat of August 1990 in the British Isles. In a
1995 Weather article, Thwaytes completed a study of
October 2011

| 1285

Unauthenticated | Downloaded 01/09/23 04:25 AM UTC

(as shown by Chang and Wallace and
Lyon and Dole).
This paper will document the
large-scale conditions associated with
the eastern European and Russian
heat wave of July–August 2010. The
focus is on an analysis of anomalies
associated with key features. This
is based on the work of Lipton et al.
(2005), which showed the value of
anomalies in identifying heat waves
and warm episodes.
METHODS. The 500-hPa heights,
700-hPa temperatures, and other standard level fields were derived from the
National Centers for Environmental
Prediction Global Forecast System
(NCEP GFS) 00-hour forecasts. The
means and standard deviations used
to compute the standardized anomalies were derived from the NCEP/
NCAR reanalysis data as described by
Hart and Grumm in a 2001 Monthly
Weather Review article. Anomalies
were displayed in standard deviations from normal, as standardized
anomalies. All data were displayed
Fig. 1. Climate Prediction Center plot of surface temperatures at using GrADS (Doty and Kinter 1995).
the Moscow Observatory. Upper panel shows the daily mean tem- The composites used in the analysis
perature versus the climatic mean; red areas show above-normal were produced from NCEP GFS data.
temperatures relative to climatology. The middle panel shows the
For each 6-h time period, the NCEP
daily temperature departure (°C) from normal, and the bottom panel
GFS analysis was used to compute
shows the observed daily high and low temperatures (°C).
the mean field and anomalies of the
respective field. Composites were
Northern Hemispheric heat waves. Strong ridges are limited to 500-hPa heights, 850-hPa temperatures,
a common theme in most of these works.
250-hPa winds, and precipitable water (PW). These
Heat waves often have significant impacts on hu- variables were selected based on the work of Lipton
man activities. Goklany (in a 2008 paper in the Journal et al. (2005) and Namias (1982) and are believed to
of American Physicians and Surgeons) and Changnon be important in describing and identifying both a
et al. (in a 1996 BAMS article) showed that heat waves subtropical ridge and a heat wave. The standardized
are a leading cause of weather-related deaths. The anomalies are computed as:
elderly often suffer the most during heat waves. In a
(F - M )
2001 BAMS paper, Palecki et al. examined mortality
SD =
(1)
σ
rates in Chicago and St. Louis during the 1999 and
1995 midwestern United States heat waves. Despite where F is the value from the reanalysis data at each
the fact that the 1999 event was meteorologically more grid point, M is the 21-day running mean for the
intense than the 1995 event, the lower mortality rates specified date and time at each grid point, and σ is the
during the latter event suggests that cities can learn value of ±1 standard deviation at each grid point.
from these events and mitigate their impacts. ProDaily images were also produced using GFS data,
longed heat waves are often associated with droughts which represent a single time. The times displayed
1286 |
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Table 1. Record-high temperatures for the NCDC site for Moscow. Data include the day, month, year
and the record temperature in °F and °C. The data are limited to one day prior to and one day after
records were set during 2010.
Day

Year

Max (°F)

Max (°C)

Day

Year

Max (°F)

Max (°C)

15-Jul

1951

93

33.89

2-Aug

2010

98

36.67

16-Jul

2010

92

33.33

3-Aug

2010

95

35.00

17-Jul

2010

95

35.00

4-Aug

2010

99

37.22

18-Jul

1970

90

32.22

5-Aug

2010

98

36.67

19-Jul

1970

91

32.78

6-Aug

2010

99

37.22

20-Jul

2010

91

32.78

7-Aug

2010

95

35.00

21-Jul

1981

93

33.89

8-Aug

2010

97

36.11

22-Jul

2010

95

35.00

9-Aug

2010

96

35.56

23-Jul

2010

97

36.11

10-Aug

2010

94

34.44

24-Jul

2010

98

36.67

11-Aug

2010

93

33.89

25-Jul

2010

97

36.11

12-Aug

2010

88

31.11

26-Jul

2010

100

37.78

13-Aug

2007

89

31.67

27-Jul

2010

96

35.56

14-Aug

2007

90

32.22

28-Jul

2010

100

37.78

15-Aug

2010

88

31.11

29-Jul

2010

101

38.33

16-Aug

1954

90

32.22

30-Jul

1981

97

36.11

17-Aug

2008

91

32.78

31-Jul

2010

92

33.33

18-Aug

2010

92

33.33

1-Aug

1961

91

32.78

19-Aug

1954

90

32.22

F i g . 2 . The mean of
all GFS 00-hour forecasts from 0000 UTC
1 J u l t o 18 0 0 UTC
31 Jul 2010. Data include (a) mean 500 hPa heights (m) and
anomalies ; (b) mean
850-hPa temperatures
( °C) and anomalies ;
(c) mean 250 -hPa
winds and anomalies;
and (d) mean precipitable water (mm) and
anomalies. All anomalies are as in the color
key to the right and are
standardized anomalies depicted in standard deviations from
normal.
AMERICAN METEOROLOGICAL SOCIETY
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as it is the capital of Russia and the NCEP CPC has
a good dataset to use as a
control for the temperatures
(Fig.1). It should be noted
that the GFS with horizontal
resolution at T574 (27 km)
is of finer resolution than
the 2.5 × 2.5-degree climate
data used here. The actual
GFS data used here were on
a 1 × 1-degree grid, which
were of finer resolution than
the 30-yr climatological data
used to compute the standardized anomalies. The
impact is minimal for variables above the planetary
boundary layer. However,
Fig. 3. As in Fig. 2, except for 0000 UTC 1 Aug through 0000 UTC 24 Aug 2010.
variables such as precipitable water will generally be
were based on news accounts of heat records over higher than those in the reanalysis data and thus will
Moscow and the NCEP Climate Prediction Center likely produce higher anomalies than the reanalysis
(CPC) plots of departures and departures from nor- data might show.
mal (Fig. 1). Any city in western Russia would have
The observations for Moscow and the daily data
exhibited a similar trend, but Moscow was chosen were obtained from the National Climatic Data
Center (NCDC). The station data go back to 31 December 1936. However, the
period of record (POR) ends
on 30 December 1937 and
does not become continuous until August 1949. All
high-temperature records
cited and all temperature
comparisons herein are from
this climatic site. The daily
records spanning mid-July
to mid-August are shown
in Table 1. The record high
of 38.3°C (101°F) on 29 July
2010 is the all-time high for
this site. No daily records
were set in July prior to 16
Fig. 4. As in Fig. 2, except over a larger spatial domain showing the mean of July, and no records for Auall GFS 00-hour forecasts from 0000 UTC 20 Jul to 0000 UTC 12 Aug 2010. gust were set after 18 August
Data include (a) mean 700-hPa u-winds (m s -1) and u-wind anomalies; (b) mean
2010. Record temperatures
700-hPa v-winds (m s -1) and v-wind anomalies; (c) mean 250-hPa heights (m)
and dates of these records
and anomalies; and (d) mean precipitable water (mm) and anomalies. All
anomalies are as in the color key to the right and are standardized anomalies from news accounts with
depicted in standard deviations from normal. The larger spatial domain and dates prior to 1949 should be
used with caution.
date range were used to capture the extent of the block.
1288 |
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T h e b a s e l i ne NC E P/
NCAR globa l reana lysis
data and climatology were
u s e d t o f i nd t he h i g hest 500-hPa heights and
850-hPa temperatures at a
point near Moscow from 1
January 1948 to 24 August
2010. These data with the
standardized anomalies are
shown in Tables 3 and 4,
respectively. The data in
Tables 3 and 4 were then
ranked by the highest value
of height or temperature.
Only the top 30 dates are
displayed.
Finally, nine NCEP Global Ensemble Forecast System
(GEFS) forecasts valid at Fig. 5. NCEP GFS 00-hour forecasts valid at 1200 UTC 28 Jul 2010 showing
1200 UTC 7 August 2010 are (a) 500-hPa heights (m) and 500-hPa height standardized anomalies; (b) 850presented here. The data are hPa temperatures (°C) and 850-hPa temperature standardized anomalies;
-1
limited to the mean 500-hPa (c) 250-hPa winds (m s ) and 250-hPa wind standardized anomalies; and
(d) precipitable water (mm) and precipitable water standardized anomalies.
height field to demonstrate
how well the subtropical
ridge was predicted and the value of using standard- month. This strong ridge displaced the jet well north
ized anomalies to identify potentially significant of its typical summer position. The 250-hPa winds
events. The results using 850-hPa temperatures were showed a strong and anomalous jet (Fig. 2c) during
of comparable skill.
July over Scandinavia.
RESULTS. Composite pattern. Figures 2 and 3 depict
the patterns for the months
of July and August 2010.
The data for August were
terminated when the pattern broke. As shown in Fig.
1, cooler weather moved
through the region, ending
the protracted period of abnormally warm weather.
The key features associated with the protracted heat
wave included an abnormally strong ridge (Figs. 2a
and 3a). During July 2010,
the 500-hPa heights were
1–2 SDs above normal over
western Russia (Fig. 2a),
with a 5820-m contour over
the region during the entire

Fig. 6. As in Fig. 5, except valid at 1200 UTC 29 Jul 2010.
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Beneath the strong ridge, the 850-hPa temperatures
were above normal (Figs. 2b and 3b). During July the
850-hPa temperatures (Fig. 2b) over Russia were +2
to +3 SDs above normal. These values are more commonly found in the daily, not monthly, composite data,
indicating the truly anomalous warmth of July 2010.
Composites of the 700-hPa u-winds, 700-hPa vwinds, 250-hPa heights, and the PW for the period
0000 UTC 20 July through 0000 UTC 12 August

2010 are shown in Fig. 4. The dates encompass the
peak period of the heat episode, and the domain
was expanded to show the impacts of the large-scale
blocking pattern episode. Consistent with Weaver et
al. (in a 2008 Journal of Climate article), the persistent
southerly flow with +2 to +3 SDs 700-hPa v-wind
anomalies (Fig. 4b) on the west side of the 250-hPa
ridge (Fig. 4c) transported above-normal PW air
(Fig. 4d) into central and northern Europe. Beneath

Table 2. Daily temperature data (°F) from the Moscow Observatory. Data include date, maximum,
minimum, and mean temperature for the date, normal mean temperature, and rainfall (inches). Data
were provided by the NCEP Climate Prediction Center. Shading shows daily highs above 97°F, and
purple shows the hottest day in Moscow and the new all-time record high.
Moscow Observatory Data, July–August 2010
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Date

Max

Min

Mean

Normal

Departure

Precip (in.)

20100719

90

71

81

65

16

0

20100720

91

73

82

65

17

0

20100721

88

70

79

65

14

0

20100722

95

70

83

65

18

0

20100723

97

69

83

65

18

0

20100724

98

69

84

65

19

0

20100725

97

69

83

65

18

0.03

20100726

100

72

86

65

21

0

20100727

96

64

80

65

15

0

20100728

100

75

88

65

23

0

20100729

101

79

90

65

25

0

20100730

88

73

81

65

16

0

20100731

92

65

79

65

14

0

20100801

87

67

77

65

12

0.35

20100802

98

68

83

65

18

0

20100803

95

70

83

65

18

0.01

20100804

99

76

88

64

24

0

20100805

98

72

85

64

21

0

20100806

99

74

87

64

23

0

20100807

95

69

82

64

18

0

20100808

97

70

84

64

20

0

20100809

96

69

83

64

19

0

20100810

94

67

81

64

17

0
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the ridge, weak zonal flow
(Fig. 4a) and below-normal
moisture (Fig. 4d) were present. Though only 700-hPa
u-winds and anomalies were
shown, weak zonal winds
were a lso present in the
blocking ridge from 850 to
250 hPa during this time
period. Similarly, strong meridional winds were present
on the western periphery of
the ridge at these same levels.
The weak 250-hPa winds in
ridge (Figs. 2c and 3c) and
the weak 700-hPa u-winds
in Fig. 4a suggest that a persistent blocking episode was
present (Lejenas and Oakland 1983 and Tibaldi and
Molteni 1990).

Fig. 7. As in Fig. 5, except valid at 1200 UTC 7 Aug 2010.

Record-hot days: 26 to 29 July. Table 1 shows an ex- 29/1200 UTC (not shown). This feature resulted in a
tended period of hot weather over Moscow from 16 to surge of warm air ahead of an advancing frontal sys31 July. During this period, 12 daily high temperature tem. This surge resulted in a 24°C contour over southrecords were set, including the new all-time record ern Russia (Fig. 5b) at 28/1200 UTC and produced a
high on 29 July 2010. A period of successive hot small area of +5 SD 850-hPa temperature anomalies.
days was observed during 26–29 July 2010 (Table 2). Over Moscow, the 850-hPa temperature reached 23°C
The all-time high was set on 26 July, was tied on with a +4.44 SD anomaly (Table 4). A front brought
the 28th, and broken on the
29th. The pattern associated with the hottest 24-h
period of 28–29 July 2010
is shown in Figs. 5 and 6,
valid at 1200 UTC each day.
These data were included in
the July composites (Fig. 2).
Tables 3 and 4 show the point
values of 500-hPa heights
and 850-hPa temperatures
with the anomaly values for
a point near Moscow.
Around 1100 UTC on 26
July, Moscow set a new alltime record high when the
850-hPa temperatures were
in the 20°–22°C range and
were +4 to + 5 SDs above
normal (not shown). The
ridge was relatively progressive from 26/1200 through Fig. 8. As in Fig. 5, except valid at 1200 UTC 8 Aug 2010.
AMERICAN METEOROLOGICAL SOCIETY
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Table 3. Overall rank, dates, standardized anomalies,
and 500-hPa heights, and observed height values for the
30 highest 500-hPa heights observed over a point near
Moscow. Data used to make the table span the period
of 0000 UTC 1 January 1948 through 24 August 2010.
Rank

1292 |

Date

Anomaly

Height (m)

1

18Z07AUG2010

3.08

5956

2

18Z06AUG2010

3.07

5955

3

12Z07AUG2010

3.03

5954

4

06Z07AUG2010

3.12

5951

5

00Z07AUG2010

3.00

5941

6

12Z08AUG2010

2.88

5941

7

18Z14JUL1972

2.99

5940

8

12Z06AUG2010

2.86

5940

9

18Z08AUG2010

2.87

5938

10

12Z15JUL1972

2.91

5936

11

00Z08AUG2010

2.93

5935

12

12Z14JUL1972

2.88

5932

13

18Z29JUL2002

2.82

5928

14

00Z15JUL1972

2.89

5925

15

06Z15JUL1972

2.86

5925

16

18Z15JUL1972

2.79

5924

17

06Z08AUG2010

2.78

5923

18

06Z06AUG2010

2.78

5923

19

12Z29JUL2002

2.71

5921

20

06Z14JUL1972

2.81

5919

21

00Z29JUL2002

2.80

5917

22

00Z09AUG2010

2.67

5912

23

06Z29JUL2002

2.70

5911

24

18Z28JUL2002

2.63

5911

25

18Z01JUL1991

2.62

5910

26

18Z04SEP1999

2.54

5907

27

00Z06AUG2010

2.57

5906

28

12Z09AUG2010

2.47

5906

29

18Z05AUG2010

2.46

5906

30

18Z14AUG2010

2.39

5905

considerably cooler air into western Russia on
29 July (Fig. 6b). The surge of warm, moist air
ahead of this front likely contributed to the
warm overnight low and record high at Moscow
on 29 July 2010 (Table 2).
Figures 5d and 6d show the surge of high
PW along the western edge of the ridge. PW
anomalies of 2–3 SDs above normal were
present over Scandinavia. Over northern
Russia, the ridge increased the gradient, and
the 250-hPa winds reached as high as +5 SDs
above normal at times over northern Russia
(not shown) and were +3 SDs above normal
at 1200 UTC 28 July 2010 (Fig. 5c).
Record-hot days: 4–8 August. Eleven of the
first 12 days of August 2010 set new daily high
temperature records in Moscow (Tables 1 and
2). During this period, several 500-hPa height
and temperature records were set over Moscow (Tables 3 and 4). The daily images for 7–8
August at 1200 UTC are shown in Figs. 7 and
8, respectively. These dates were selected as
they show record high 500-hPa heights and the
closed 5940-m contour over Russia.
The strong ridge with a closed 5880-m contour was present at 04/1200 UTC (not shown).
This feature intensified, producing the six largest 500-hPa height values over Moscow (Table 3)
from 1800 UTC on 6 August through 1800 UTC
on 8 August 2010. The closed 5940-m ridge at
1200 UTC on 7 August 2010 is shown in Fig. 7a.
Beneath the ridge, large 850-hPa temperature
anomalies were present (Fig. 7b) and the surge
of high PW air along the west side of the ridge
was evident (Fig. 7d) as well.
The changes in the ridge clearly impacted
the intensity of the jet rounding the ridge. By
1200 UTC on 8 August 2010, the jet north of
the ridge showed wind anomalies of +4 to +5
SDs above normal (Fig. 8c).
During the period of 4 to 8 August 2010,
the 850-hPa temperatures were 22°–24°C over
much of west-central Russia. This produced
an expansive area of +4 to +5 SD temperature
anomalies over the region. Briefly, at 1200 UTC
8 August 2010, a small area saw +5 SD temperature anomalies. Though the 500-hPa heights
had decreased, the 850-hPa temperature peaked
with a +5 SD anomaly east of Moscow at 1200
UTC on 8 August 2010.

October 2011
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Fig . 9. NCEP GEFS mean 500-hPa heights (m) and 500-hPa height anomalies valid at 1200 UTC 8 Aug 2010
from GEFS initialized at (a) 0000 UTC 2 Aug; (b) 1200 UTC 2 Aug; (c) 0000 UTC 03 Aug; (d) 1200 UTC 03
Aug; (e) 0000 UTC 04 Aug; (f) 1200 UTC 4 Aug; (g) 0000 UTC 5 Aug; (h) 1200 UTC 5 Aug; and (i) 0000 UTC
6 Aug 2010. Heights are contoured every 60 m and anomalies are in standard deviations from normal as
indicated by the color bar.

Similar to the intense heat of July 2010, these
data showed the surge of high PW air along and
over the western and northern flanks of the massive
ridge (Figs. 7d and 8d). The persistent PW anomalies (Fig. 4d) and strong meridional flow (Fig. 4b)
on the west side of the ridge (Fig. 4c) from 20 July
through 12 August 2010 suggest that this heat event
was associated with blocking.
GEFS forecasts of the ridge on 7 August 2010. Figure 9
depicts forecasts from nine GEFS cycles, all valid at
1200 UTC 7 August 2010, with forecast projections
ranging from 36 to 132 h, showing the 21-member
mean 500-hPa heights and 500-hPa height anomalies.
These data show that a strong ridge was relatively well
AMERICAN METEOROLOGICAL SOCIETY

predicted in the 0.5–5.5 day range. The potential for a
closed 5940-m contour is evident with a lead time of
at least 4 days (Fig. 9d). All the forecasts suggested +2
to +3 SD 500-hPa height anomalies over west-central
Russia. With the exception of the forecasts initialized
at 0000 UTC 2 August 2010, the rare +3 to +4 SD
height anomalies were present in all forecast cycles.
Though not shown, the GEFS 850-hPa temperature forecasts captured the warmth, forecasting a
large area of +3 to +4 SD anomalies over western
Russia with shorter-range forecasts showing a small
area of +5 SD 850-hPa temperature anomalies. These
850-hPa temperature and 500-hPa height forecasts
indicated the potential for a period of exceptionally
warm weather over western Russia.
October 2011
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Table 4. As in Table 3, except for 850-hPa temperatures
(°C) and temperature anomalies.

1294 |

Rank

Date

Anomaly

Temperature
(°C)

1

18Z04AUG2010

4.88

26.05

2

18Z05AUG2010

4.82

25.85

3

06Z05AUG2010

4.99

25.25

4

00Z05AUG2010

4.70

24.85

5

18Z06AUG2010

4.50

24.75

6

00Z06AUG2010

4.62

24.65

7

06Z06AUG2010

4.74

24.45

8

12Z04AUG2010

4.67

24.35

9

00Z07AUG2010

4.49

24.25

10

12Z06AUG2010

4.60

24.15

11

18Z09AUG2010

4.25

24.15

12

18Z07AUG2010

4.24

24.05

13

18Z08AUG2010

4.14

23.85

14

12Z28JUL2010

4.60

23.75

15

00Z04AUG2010

4.34

23.75

16

12Z05AUG2010

4.48

23.75

17

00Z28JUL2010

4.41

23.55

18

06Z04AUG2010

4.49

23.55

19

06Z07AUG2010

4.45

23.55

20

18Z28JUL2010

4.15

23.45

21

00Z29JUL2010

4.32

23.45

22

12Z07AUG2010

4.27

23.15

23

06Z28JUL2010

4.44

23.05

24

00Z10AUG2010

4.13

23.05

25

06Z02AUG2010

4.18

22.95

26

12Z02AUG2010

4.10

22.95

27

18Z26JUL2010

3.95

22.85

28

18Z24JUL2010

3.73

22.65

29

18Z21JUL1981

3.52

22.55

30

00Z08AUG2010

3.96

22.55

CONCLUSIONS. A strong and persistent
blocking ridge at 500 hPa brought a protracted
period of high temperatures to central and
eastern Europe in July 2010 (Fig. 1). Moscow
recorded its warmest July on record (Table 1
and 2). The strong ridge and heat persisted into
August (Fig. 2) over eastern Europe and Russia.
The protracted heat event was associated with
a strong blocking event over eastern Europe
during July and August 2010. It is an interesting
question as to why this ridge was so persistent.
It is beyond the scope of this paper to address
this issue; however, it is clear that this feature
persisted and produced a period of record heat
and relatively dry conditions.
Societal impacts resulting from the combination of heat with dry conditions include peat fires,
forest fires, a decrease in wheat production, and
an increase in death rates in cities such as Moscow. The increased death rate is consistent with
the findings of Goklany (2008), which show that
heat episodes are the primary cause of weatherrelated fatalities. As the third-largest exporter
of wheat, the event’s effect on Russian wheat
production could have resulted in economic and
political impacts. A similar heat event appeared
to impact Soviet grain production in 1972. It
would be interesting to compare this event to the
1972 Russian (Soviet Union) drought pattern.
The strength and persistence of the 500-hPa
ridge was clearly identified by compositing
data over monthly periods. The composite data
for the month of July 2010 (Fig. 2) show this
exceptionally strong ridge and above-normal
850-hPa temperatures. With such persistent
above-normal conditions it is understandable
why many sites in Russia experienced the warmest July on record. The data for August showed
a slightly weaker 500-hPa ridge (Fig. 3a) for the
first 24 days of August 2010 relative to July 2010
(Fig. 2a). As implied in Fig. 1, the last 6–8 days of
August were cooler and a composite for the full
month of August (not shown) showed a weaker
500-hPa ridge and lower 850-hPa temperatures
with corresponding smaller 850-hPa temperature anomalies. There was a pattern change in
mid- to late August, and the data presented here
were selected to emphasize the heat event of the
first three weeks of the month.
The daily data showed a closed 5880-m
ridge over Russia during the period of warmest
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weather. During the 11-day stretch of hot weather
in early August, a closed 5940-m high developed
on 6 (not shown) and 7 August 2010 (Fig. 7a). The
5940-m closed contour and 3–4-SD, 500-hPa height
anomaly for 7 August is shown Fig. 7a. Closed 5940-m
ridges are common features with heat waves in the
eastern United States, and they are likely quite rare
over western Russia. The data in Table 3 show that
7 of the 8 times the 500-hPa heights were 5940 m or
greater were observed in 2010. This ridge was clearly
a highly anomalous feature and produced 500-hPa
height anomalies over 3 SDs above normal on two
successive days.
The importance of ridges and subtropical ridges
with heat waves has been well documented (by
Brugge, Chang and Wallace, Lipton et al., and
others mentioned above). The persistent ridge and
weak zonal flow (Madden and Lejenäs 1989) over
eastern Europe was part of a high-latitude block
with the anomalous ridge (Fig. 4c) and weak zonal
flow (Fig. 4a) located over western Russia. This ridge
showed a weak connection equatorward to the subtropical ridge over the Middle East and the Arabian
Sea near the same longitude (Fig. 4c). The flanking
trough to the southeast of this ridge was associated
with the heavy rains over Pakistan in late July 2010.
To the west, the strong and persistent meridional
flow (Fig. 4b) pushed deep moisture into central and
northern Europe (Fig. 4d). The strong southerly
700-hPa jet (Fig. 4b) and 850-hPa jet (not shown)
is consistent with Weaver and Nigam’s research
published in a 2008 Journal of Climate article. This
case demonstrates the importance of strong and
persistent ridges in relation to heat waves and their
ability to push deep moisture poleward along their
western flank.
The strong meridional flow on the western periphery of the ridge (Figs. 2d and 4b) was associated with
a plume or atmospheric river (Nieman et al. 2008) of
deep moisture. These data show how the flow around
a blocking ridge can transport moisture northward
along the western periphery and the over the top of
the ridge. In the United States, the enhanced low-level
jet (Weaver and Nignam 2008) produces a “ring-offire” effect that often produces convective activity and
enhanced rainfall on the western and northern flanks
of the ridge. The focus here is on the heat episode
associated with the blocking, and no attempt was
made to analyze the impact of the enhanced moist
flow over central Europe and the flood episodes in
central Europe during July and August 2010.
AMERICAN METEOROLOGICAL SOCIETY

The data presented here suggest that many
500-hPa height, 850-hPa temperature, and surface
temperature records were achieved near Moscow in
July and August of 2010. These data also implied the
value of using standardized anomalies to characterize
the magnitude of this and potentially other events.
Applying these data to GEFS forecasts also demonstrates how using standardized anomaly data with
model and ensemble output can provide insights into
forecasts of potential record events.
Tables 3 and 4 show the top 30 highest 500-hPa
heights and 850-hPa temperatures from a point located near Moscow, Russia. The six highest 500-hPa
heights were observed in August 2010. These values
also dominated the list of largest 500-hPa height
anomalies. The 850-hPa temperatures show a similar
pattern, with July and August dominating the highest 850-hPa temperature data. The largest 850-hPa
temperature anomaly was observed at 0600 UTC
on 5 August 2010. These data suggest that July and
August 2010 were exceptionally warm months relative
to all other months from 1948 to 2010.
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