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During the 2010 summer, a severe drought impacted Western Russia, including regions surrounding Moscow and Belgorod (about
700 km south of Moscow). The drought was accompanied by high temperatures. Moscow recorded 37.8°C (100°F) for the first time
in over 130 years of record keeping. The record heat, high humidity, dry weather, and smoke from forest fires caused increased
human mortality rates in the Moscow region during the summer. The excessive heat and humidity in Western Russia were the
result of atmospheric blocking from June through mid-August. The NCAR-NCEP reanalyses were used to examine blocking in
the Eastern European and Western Russia sector during the spring and summer seasons from 1970 to 2012. We found that drier
years were correlated with stronger and more persistent blocking during the spring and summer seasons. During these years, the
Moscow region was drier in the summer and Belgorod during the spring seasons. In the Moscow region, the drier summers were
correlated with transitions from El Nino to La Nifa, but the opposite was true in the Belgorod region. Synoptic flow regimes were
then analyzed and support the contention that dry years are associated with more blocking and El Nifio transitions.

1. Introduction

During the summer of 2010, a severe drought impacted
Western Russia, including the regions surrounding Moscow
and Belgorod (about 700 km to the south of Moscow). The
drought was accompanied by record high temperatures and
humidity. Moscow recorded 37.8°C (100°F) for the first time
in over 130 years of record keeping. The combination of heat,
dry weather, and smoke from forest fires caused increased
mortality rates in the Moscow region during July and August
2010, (http://ifaran.ru/science/seminars/Summer2010.html).
The record temperatures and humidity in both regions were
the result of strong atmospheric blocking from late June
through early August (e.g., [1-9]). The result was increased
human mortality, as well as more forest and peat fires (e.g., [3-
6]). These fires were the cause of severe air quality problems
in Moscow and other cities.

Several studies have examined various aspects of the
summer 2010 blocking events that led to this drought. For
example, [1, 3] linked the occurrence of these blocking events
to the record high temperatures and examined these events
within the context of climate variability and change. Studies
[4, 5] examined the formation of air pollution events and
the impact of these pollution events on local and regional
radiation and heat budgets. Then, [6] also found that the
atmospheric dynamics were more similar to that of winter
season blocking events. The resulting high humidity that
accompanied these blocking events and the source of this
humidity was examined in [6-8]. These studies determined
that the Atlantic and Mediterranean were the primary source
regions of humidity. Finally, these blocking events inspired
[9] to study the likelihood of future occurrences of northern
hemisphere blocking episodes in a warmer climate using
and atmospheric general circulation model. They found no
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tendency for more or stronger summer blocking events in two
climate change scenarios.

Long range (seasonal) forecasting has been of interest
to the meteorology community for about two decades (e.g.,
(10, 11]). Much of the interest has been generated by the
agricultural community which is increasingly sensitive to
long term drought and heat stress. Thus, the ability to
anticipate these conditions months in advance is of general
scientific and applied interest. Within this context, [12-
15] examined interannual and interdecadal variability in
the climate of the Midwestern United States with the goal
of using this information to generate long range forecasts
(http://weather.missouri.edu/gec/). Also, [13] explored the
role of blocking in the summer season climate of the Midwest
and found that summer blocking in the north Pacific gener-
ally leads to cooler and wetter conditions in Missouri and the
surrounding region.

These investigations supported the conclusions of [16]
who provided evidence that in the Midwest region, the
phase of El Niflo itself was not strongly correlated with the
summer season temperature and the precipitation regime.
However, the change in phase of El Nifio and Southern
Oscillation (ENSO) was shown to be a more important
indicator for the occurrence of wetter or drier summers. In
particular, it was found that the time between significant
rainfall events was nearly three weeks during summers that
were transitioning toward La Nifia or were in steady-state La
Nina conditions. These summers were generally warmer as
well [13-15]. Summers in which the transition was toward
El Nifo or steady state ENSO conditions were cooler and
featured more frequent rain events. These summers were also
associated with more blocking in the North Pacific [13].

ENSO is also understood to have an impact on European
weather and climate including Western Russia. Western
Russia, however, is known to be regularly impacted by
drought and is a region where blocking is also prevalent,
even during the warm season (e.g., [17, 18]). The goals of
this work were to determine whether or not blocking can
be used as an indicator of drought potential and determine
whether ENSO or the transition of ENSO phase may be
influential in determining drought-producing flow regimes.
Such a study has not been published using data within this
region. In addition, synoptic flow regimes will be examined
and demonstrate a distinct difference between anomalously
dry and wet years in the study region.

2. Data and Methods

2.1. Data. The observed blocking information was obtained
from the blocking archive housed in the University of
Missouri Weather Analysis and Visualization (WAV) lab-
oratory by the Global Climate Change Group (GCC)
(http://weather.missouri.edu/gcc/). Precipitation and tem-
perature data for the Moscow and Belgorod were obtained
from the All Russia Research Institute of Hydrometeo-
rological Information-World Data Centre (RIHMI-WDC)
(http://meteo.ru/). The blocking information used was
duration (days) and intensity (BI) and is available from
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TABLE 1: A list of years examined in this study separated by ENSO
phase. Each ENSO year begins in October and ends in September.
The El Nifio year (e.g., 1969) is defined as starting in October (1969)
and ending in September (1970). ENSO definition can be found
online at http://www.coaps.fsu.edu/jma.shtml.

La Nifna (LN) Neutral (NEU) El Nifio (EN)
1970-1971 1977-1981 1972
1973-1975 1983-1985 1976
1988 1992-1996 1982
1998-1999 2000-2001 1986-1987
2007 2003-2005 1991
2010 2008 1997
2011-2012 2002
2009

1968 to 2014. Precipitation data was provided in millimeters.
The temperature and precipitation data were obtained for the
period from 1970 to 2012.

2.2. Methods. The blocking definition used in this study can
be found in [18] and references therein (and below). The
blocking index is a combination of subjective and objective
blocking definitions found in the previous literature and is
based on the zonal index. Block intensity is a normalized
center point height value and is proportional to the Northern
Hemisphere height gradient and vorticity [18].

The ENSO definition used here is used in many studies
(e.g., [12, 13] and references therein). In summary, the index
classifies years as El Nifo (EN), La Nifa (LN), and neutral
(NEU) based on 6-month running-mean Pacific Ocean basin
sea surface temperature (SST) anomaly thresholds bounded
by the region 5° N, 5° S, 150°W, and 90°W. The defined region
is the Nino 3 region but encompasses part of the Nino 3.4
region (170°W to 120°W) in the tropical Pacific. The anomaly
thresholds used to define EN years are those greater than
+0.5°C, less than —0.5°C for LN years, and NEU otherwise.
The ENSO vyear is defined as beginning on 1 October (Table 1)
and ending on 30 September the following year (following the
references above and COAPS (http://coaps.fsu.edu/)).

In this study, the spring (summer) season was defined
as February through May (June-August) for the purposes
of tabulating blocking events. Also, blocking events were
considered to impact the region of Eastern Europe and
Western Russia using the longitudes within the sector 20°E-
60°E, and this includes the Moscow and Belgorod regions.

3. Blocking and Precipitation

The summer of 2010 was very dry in the Moscow region.
The blocking dynamics of the spring and summer blocking
episode from May through August were examined by [6].
Figure 1 shows the mean 500 hPa heights for the Northern
Hemisphere for July 2010. The blocking event is clearly
evident, even in the mean height field. Persistent blocking
also impacted Eastern Russia during the summer and caused
drought conditions, but this blocking event was not examined
here.
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TABLE 2: Summers that were generally dry over Western Russia (Moscow and Belgorod regions). The data shown here are for the Moscow
region. Normal precipitation is 126 mm, 242 mm, and 705 mm for the spring, summer, and year, respectively. The number of events, days,

and intensity is shown for February-August/summer months.

Year ENSO trans Blocking events Days Intensity Spring precipitation  Summer precipitation ;) precipitation (mm)
(mm) (mm)
1972 LA-EL 6/3 51/36  3.31/2.68 168.0 126.0 529.0
1975 LA-LA 6/2 39/14  2.81/2.11 76.0 245.0 559.0
2002 Neu-EL 7/4 68/41 2.50/2.22 60.8 94.8 540.5
2003 EL-Neu 4/1 57/32  2.49/1.77 108.3 291.0 701.2
2010 EL-LA 6/3 88/48 2.46/2.21 112.0 142.0 602.0
Average 5.8/2.6 61/34 2.72/2.27 139.4 179.8 586.4

FIGURE 1: The mean Northern Hemisphere 500 hPa heights (m) for
July 2010. The contour interval was 60 m.

It was also determined by [6] that these blocking events
were stronger and longer-lived than typical summer season
events (about 8 days and intensity of 2.1) for this region as
found in [18]. They also determined that the dynamics of
the genesis and maintenance of the late spring and summer
blocking events were more similar to cold season events
through much of the summer in that the synoptic scale
forcing was a relatively strong contributor to maintaining
the block. In cold season events, the synoptic scale has been
demonstrated to be a stronger contributor to maintaining
blocking events ([19] and references therein).

In order to investigate the impact of blocking on the
precipitation regime for the Moscow and Belgorod regions
in Western Russia, five known dry summers were chosen
and the numbers of blocking events during the spring and
summers were then examined and presented in Table 2 for
the Moscow region. The numbers of blocking days and their
intensity were also calculated. These were then compared
to randomly chosen summers (Table 3). The ENSO phase
was also noted for each summer. An examination of the

data demonstrated that there were more blocking events of
longer duration, and these blocking events were stronger
during the drought summers. These summers were also
warmer than the mean +1.5°C, which is more than one
standard deviation above the mean (1.4°C). In Table 3, these
summers were wetter than normal and only slightly cooler
than normal (-0.8°C). Also, the preceding spring season was
not necessarily drier prior to a dry summer season, which is
similar to the results of the central USA and may represent
a barrier between the spring and summer [16]. However,
there was still increased spring blocking activity. There was
no statistically significant correlation between the numbers
of blocking events for all spring seasons to spring season
precipitation using a simple Z-score test of the means (e.g.,
[20]). The same general conditions were true for the Belgorod
region as well. Note that the dry summers with blocking
involved either an ENSO phase transition or steady-state La
Nifa conditions, and this was true for both regions.

The results in this section indicate that spring blocking
activity may be a precursor to a dry summer. A correlation
analysis for the entire data set for the number of blocking
events and days in the spring, summer, and the total period
versus precipitation in both regions showed that the highest
correlations were about —0.17. These were significant at just
under the 90% confidence level when testing the significance
of the correlation coefficient [20]. The highest correlations
between precipitation and blocking days were —0.24, which
was significant at the 90% confidence level. The highest
correlations were between February to August blocking and
summer season precipitation, as well as summer season
blocking and precipitation. In testing the hypothesis above,
a forecast for the summer season in the Moscow region was
made for the summer of 2011 and 2012 based on frequent
and persistent blocking in the 20°E-60°E sector during these
springs. During the period, there were six blocking events
(47 days), three (24) of which were summer season events.
These blocking events had a mean intensity of 3.09 during
the February to August period, 2.27 during the summer
season. All these numbers are very comparable to the values
in Table 2. The temperature was 2.8°C above normal in
the Moscow region, a departure of more than one standard
deviation, while precipitation was 71 mm below the normal,
a departure of approximately one standard deviation. In
the Belgorod region, the summer season departures were
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TABLE 3: As in Table 2 except for randomly chosen summers in the Moscow region.
Year ENSO trans Blocking events Days Intensity Spring precipitation  Summer Precipitation 5] Precipitation (mm)
(mm) (mm)

1978 Neu-Neu 3/0 25/0  3.38/NA 213.0 262.0 788.2
1984 Neu-Neu 6/1 48/7  2.65/1.67 85.6 157.8 486.4
1990 Neu-Neu 5/3 39/22 234171 172.7 165.8 635.6
1995 Neu-Neu 31 34/12  2.79/2.07 165.5 63.1 421.0
2000 Neu-Neu 311 24/14 1.43/1.14 148.1 160.3 506.9
2004  Neu-Neu 4/4 64/64 2.43/2.43 184.2 113.6 540.9
Average 4.0/1.7 39/20  2.51/1.97 161.5 153.8 563.2
in the same direction; the temperature departure was 1.7°C
above normal (more than one standard deviation) and the 200
precipitation 17 mm below the summer normal. For 2012,
there was also more blocking during the February through 100
August period but not during the summer when blocking was
relatively infrequent. While temperatures were above normal

o o 0 -
(+1 C e.md.+2 .C for Moscow and Belgorod, resp.), the summer ElNino(11) | Neutral (21) | La Nina (10)
precipitation in each location was very close to normal. Thus,
the spring blocking alone was not enough to make a forecast ® Seasonal precipitation versus ENSO phase spring
of a dry summer. As implied by the correlations, blocking ® Seasonal precipitation versus ENSO phase summer
occurrences alone may not be sufficient to make a projection, © Seasonal precipitation versus ENSO phase fall
but additional information may be needed. (a)

v e . 200 -

4. ENSO and Precipitation
In the previous section, it is evident that there may be a 100 -
relationship between the frequency, duration, and intensity
of spring and summer blocking and the climatological char-
acter of the summer season in Western Russia. In order to 0-

determine whether or not there is a relationship between the
summer season precipitation regime and the phase of ENSO
or the transition in ENSO phase, the data were stratified by
ENSO vyear.

In Figure 2, all years were classified by ENSO phase and
spring and summer precipitation amount was examined for
both Moscow and Belgorod. In is apparent that there are no
statistically significant differences using a Z-score test of the
means (at the 90% confidence level [20]) between spring or
summer season precipitation across each phase. However, in
the Moscow region, summers following El Nifio were the
driest, while in the Belgorod region, summers following La
Nina were the most arid. This result is similar to that shown
in [14, 16] for the central USA. These studies found that it
was the transition between ENSO phases that was the most
important indicator for the summer season weather regime.
They also showed that the preceding spring weather regime
offered no guidance for the summer season precipitation in
any region across the central USA.

In Figure 3, the data were stratified by transitions from
warmer ENSO to cooler, and vice versa, as well as steady
state ENSO phase. For the Moscow region, drier summers
were associated with the transitions from El Nifo to La Nifia
and during steady state La Nifia conditions. In this region,
Figure 3 implies that the drier summers are characterized
by early summer (June and July) dryness. This result is

El Nino (10) Neutral(21) La Nina (9)

® Seasonal precipitation versus ENSO phase spring
® Seasonal precipitation versus ENSO phase summer
® Seasonal precipitation versus ENSO phase fall

(b)

FIGURE 2: Seasonal precipitation over Western Russia for the region
of Moscow (a) and Belgorod (b), separated by ENSO phase.

similar to that for the Midwestern USA, which includes
the Missouri region. Steady El Nifio conditions also were
associated with a dry summer season; however, there was only
one occurrence in this category. Therefore, for the purposes
of this study the single occurrence was binned with the steady
La Nifia conditions. By a majority, in the cases where the
ENSO phase was steady, the preceding spring seasons were
dry (not shown). Additionally, the summer of 2010 was a
transition year from El Nifio to La Nifia, while the summer
of 2011 followed a La Nifia year but by fall was considered a
Neutral year (but colder SSTs). Thus, when combined with the
blocking occurrences, the projection for the summer of 2011
verified well. For the summer of 2012, the fact that the ENSO
phase remained neutral suggested a wetter summer (Table 3).
Conversely, the increased frequency of spring blocking may
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TABLE 4: ENSO phase versus blocking (events/days) for the February-August, the presummer, and summer periods for 1970-2012.

ENSO phase Feb.-Aug. blocking Feb.-May blocking June-Aug. blocking
El Nifo 4.8/45 2.7/21 2.1/24
Neutral 4.1/43 2.2/26 1.9/17
La Nina 4.8 2.6/18 2.220

300 decade (abscissa) for blocking occurrences. There is a statisti-

200 -

100 -

ENtoLa LatoEL Lasteady Elsteady NEU steady

® June
s July

= August
® Summer

200

100

0
ENtoLa LatoEL Lasteady Elsteady NEU steady
® June ® August
s July ® Summer

(®)

FIGURE 3: Monthly and summer precipitation for western Russia in
Moscow (a) and Belgorod (b), separated by ENSO transitions from
cooler to warmer, warmer to cooler, and then steady state La Nifa,
El Nifio, and neutral conditions.

have suggested a drier summer. The blocking regime did not
persist and precipitation values were close to normal. Thus,
for 2011, the ENSO regime and blocking regime both pointed
toward a dry summer, while in 2012 only the blocking did.
In the Belgorod region, drier summers were found to
occur under similar conditions to those in the Moscow
region, with one exception. In the Belgorod region, drier
summers occurred with the transition from La Nifa to El
Nino and the later portion of the summer is drier (August).
A dry late summer and fall are consistent with another
published study for this region [21]. As in the Moscow
region, only during steady state La Nifna conditions, was
the previous spring an indicator for a dry summer. While
none of the results are statistically significant (at the 90%
confidence level) using a Z-score test of the means due
to the small samples here (43 years), the next section will
examine synoptic flow regimes during these periods in order
to compare them with the statistical results found in thus far.
A spectral analysis (Figure 4) provides supporting evi-
dence of a link between blocking, ENSO, and precipitation in
the Western Russia region. Figure 4(a) shows a periodogram
with spectral power (ordinate) versus period in cycles per

cally significant (at the 90% confidence level (e.g., [22])) peak
close to 2.5 cycles per decade (four years) which is within the
2-7 year period often used to describe ENSO. Figure 4(b) is
the same as Figure 4(a), except for precipitation and there is
a very strong spectral peak near four years per cycle. Finally,
Figure 4(c) shows the covariance (see [22]) between blocking
and precipitation when the two spectra are convolved. Here,
there is also a significant peak near 2.5 cycles per decade, and
similar results were found using the Belgorod region data (not
shown). These results suggest a relationship between ENSO,
precipitation, and blocking. Wavelet analysis could not be
used here as the dataset was too small/short in duration. This
type of analysis can be performed more effectively with longer
data sets.

Tables 2 and 3 examine blocking occurrences and asso-
ciate these with the transition of the ENSO phase. Table 4
examines further whether or not there is a relationship
between blocking occurrences and ENSO itself during the
February through August period from 1970 to 2012 as
suggested by Figure 4. For the whole period, there are about
five blocking events per year that occur in the study region
during both El Nifio and La Nifia years. This is one more event
than during Neutral years. An examination of the number of
blocking days shows that there are about seven fewer days
during La Nifia years in the study region over the period of
study. While these results are not statistically significant at the
90% confidence level when testing the means owing in part
to the small sample size, some of these results are consistent
with the synoptic regimes studied in the next section. For
example, years in which the phase remained neutral showed
a tendency toward wetter summers and more zonal flow. In
these years, there was an average of seven fewer blocking days
per summer. Additionally, while our study did not look at fall
season precipitation regimes [21] demonstrates that there is
more blocking in late summer and fall (August-November)
during drier years within this general region as well.

5. Synoptic Analysis and Discussion

In order to determine whether the results of the statistical
analysis above reflected different flow regimes, synoptic maps
were examined. Figure 5(a) shows the composite 500 hPa
heights for the five summer seasons used in Table 2. There
is a distinct split flow pattern which is likely the result of
a greater number of more persistent and stronger blocking
events. The jet stream flows north over Scandinavia, and
there is a strong height gradient across North Africa and the
Middle East. Figure 5(b) shows the height anomalies which
were calculated by subtracting the 1981-2010 mean 500 hPa
heights. A region of anomalously strong high pressure is
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FIGURE 4: The periodograms for (a) blocking event occurrences, (b) precipitation, and (c) the cross-spectra of blocking and precipitation
for the Moscow region covering the period 1970-2013. The abscissa is cycles per decade in (a), (b), and (c). The green (blue) line is the 90%
confidence level for a red (white) noise process. The dotted line in (c) assumes only a white noise process.

present over northeastern Europe and Western Russia region
west of the Urals, and thus drier conditions are implied. This
region of strong positive 500 hPa height anomalies is about
one standard deviation greater than the long term mean in
this region (e.g., [1, 23, 24]). A similar pattern of anticyclonic
height anomalies can be associated with drought in the
central USA [15]. More study would be needed in order to
determine the role that surface processes and other variables
may have played in establishing this pattern, but such a study
is beyond the scope of this study. Nonetheless, Figure 5(a)
strongly supports the statistical associations found in sections
three and four.

Figure 6 shows the composite 500 hPa height maps for the
summer seasons chosen at random used in Table 3. Many
of these springs and summers were associated with above
normal precipitation in the Moscow region. In Figure 6(a),

the 500 hPa summer flow regime over Europe and much
of Russia is more zonal than that shown in Figure 5(a). In
Figure 6(a) there is even a weak trough over western Russia.
Figure 6(b) shows weak negative 500 hPa height anomalies
over the study region. These anomalies were less than one
standard deviation below the normal but suggest a very
different summer flow regime from that found in Figure 5(a).

The results above are based on comparing summer flow
regimes to Moscow summer season precipitation. Thus, five
of the six driest summers based on the Belgorod precipitation
record were chosen in order to examine this summer season
flow regime. These summers were 1994, 1996, 2008, 2009,
and 2010, and were on average +1.1°C above the mean
summer temperature. Many of these years were associated
with frequent blocking occurrences (number and days) in
the study region in both the spring and summer seasons.
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FIGURE 5: The composite height fields for the years given in Table 2
for the 500 hPa level in m (contoured every 60m) (a) and the
500 hPa height anomalies in m (contoured every 10 m) (b). In (b),
solid (dashed) lines are positive (negative) height anomalies.

These represented a mixture of ENSO phase and ENSO phase
transitions in this group, but were generally transitioning
toward a warmer ENSO phase, consistent with Table 3.
Figures 7(a) and 7(b) show the composite 500 hPa heights and
anomalies over the region. There is clearly a positive 500 hPa
height anomaly associated with these summers, although it
is weaker (about one-half to one standard deviation above
the mean), and located further equator ward than the positive
500 hPa height anomaly in Figure 5. The center of the 500 hPa
height anomaly was located nearly over the Belgorod region,
suggesting the suppression of precipitation formation here.

Finally, five of the six wettest summers in Belgorod were
chosen for a one more 500 hPa height composite (Figures
8(a) and 8(b)), and these were 1973, 1978, 1980, 1989, and
1997. These summers were on average —1.3°C below the mean
summer temperature. This composite shows strong negative
height anomalies (about one standard deviation) centered
over Eastern Europe and Western Russia. This negative
500 hPa anomaly is stronger than that shown in Figure 6(b)
and slightly more equator ward. Figure 8(a) suggests a split jet
maximum, but for most of these years there was little blocking
in the study region including no blocking at all during
February to August 1997. These years also included that the
ENSO phase transitions were similar to those suggested in
Section 4 for wetter years.
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FIGURE 6: As in Figure 5, except for the summers in Table 3.

6. Summary and Conclusions

In response to the Russian summer drought of 2010, which
brought record high temperatures and increased human
mortality rates to Moscow and surrounding regions, the
summer seasons (1970-2012) were examined in order to
better understand the impacts of drought, the link to blocking
and ENSO and improve the predictability of future extreme
events. In this study, the NCAR-NCEP reanalyses were used
to identify blocking, while data for the precipitation analysis
were provided through RIHMI-WDC.

The preceding spring seasons for dry summers were
examined and it was found that dry summers were not
necessarily preceded by dry springs, which is similar to that
in the central USA. However, dry summers were preceded by
more active blocking in the study region during the spring
seasons. These blocking events were also more persistent and
stronger than events preceding normal or wetter summers.
During dry summers strong blocking persisted through the
season. Thus indicated that blocking is a variable that can be
used to indicate the upcoming summer precipitation regime
but was not itself a sufficient variable.

Much drier summers were not necessarily correlated
with the phase of ENSO. Nonetheless, as was found for the
Missouri region in the USA, drier summers were favored
for the Moscow and Belgorod regions during steady-state
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FIGURE 7: As in Figure 5, except for the summers of 1994, 1996, 2008,
2009, and 2010.

La Nifia conditions overall and the Moscow region during
transitions toward La Nifia. For Belgorod, the transition
toward El Nifio was more important and associated with drier
conditions. Thus, an ENSO phase transition (“d — (EN)/dt”)
during the summer could be used in conjunction with
blocking as an important drought indicator. This result is new
in the literature, especially in applying the concept to eastern
European and Western Russia summer flow regimes. Finally,
a dry spring was a good indicator of summer dryness only
for steady state La Nifla conditions. A forecast for the 2011
summer season based on 1970-2010 data was successful in
using blocking and ENSO phase as an indicator for summer
season conditions, while a forecast for 2012 yielded mixed
results.

As these data sets were small and did not produce
statistically significant results consistently. Some tests showed
statistical significance but others did not rise to the 90%
confidence level, even if there was a correlation. However,
seasonal forecasts or projections can still be made using
contingency probabilities which is a long-range forecasting
technique. Also, an examination of the 500hPa synoptic
composites supported the statistical analysis shown here. For
both dry and wet summers in Moscow and Belgorod, a very
different 500 hPa flow regime was suggested in each case.
Strong tropospheric ridging dominated for dry summers,
and more zonal flow or troughing over the region during
moist summers. Dry summers in the Moscow region were
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FIGURE 8: As in Figure 5, except for the summers of 1973, 1978, 1980,
1989, and 1997.

associated with anticyclonic 500 hPa height anomalies cen-
tered over the poleward portion of the study region, while
the randomly chosen wetter summers were associated with
weaker troughing. A similar result was obtained using some
of the driest and wettest summers for the Belgorod region, but
the 500 hPa height anomalies were located further equator
ward.
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