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Abstract. The North Atlantic Oscillation (NAQO) and that Artic (AO), respectively,
are by considerable importance to make the short-time weather forecast (until three
days), followed by those of middle range and long time (until two weeks).

To analyzing the ‘Hess-Brezowsky’ weather patterns associated with the NAO and
AO during 19 years (2000 to 2018), has highlighted some aspects over the weather
kind in the north part of Moldova. The zonal air-masses’ movements such as
northwestern and western, both of them into the anti-cyclonic and cyclonic regime,
were deployed in a predominately positive phase of NAO and AO. In the case of
NWA type, NAO was 0.17 and AO 0.60, and for WA, NAO was 0.12 and AO 0.71.
From NWZ, the NAO shown values around of 0.03 and AO 0.08. Exceptionally,
NAO was into a negative phase in the case of WZ, with a value of around -0.13.
Instead,

for WZ, the AO was positive, with a yearly average of 0.08. Such air-masses
movements are associated with a mild weather pattern, especially during the
wintertime. Then, over the southern part of Europe, it’s set up the ‘Omega’ ridge. In
doing so, the amounts of the precipitations are low at the studied area’s level.

By a more significant interest is the southwesterly air-masses movement into a
cyclonic regime (SWZ) who shown values of NAO of -0.16 and 00.26 for AO. Also,
negative values for NAO were in the case of TRM (Trough over Central Europe),
with -0.04 and HNFZ (High over Scandinavia-lceland, Trough over Central
Europe), with -0.64. For the same synoptically contexts (TRM and HNFZ), the AO
was of -0.23, respectively, -1.31.

Associated with the negative phases of NAO and AO, the planetary waves have
shown an undulatory tendency. In such a case, there are development areas with
extreme weather. For the studied region, the negative phases of NAO and AO were
associated with severe weather events, such as blizzards, storms, and floods.
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1. INTRODUCTION

The atmospherically dynamic at the Earth’s level varies because the warm
areas aren’t spread equally. In this way, there’re take place permanently warm
exchanges between low and high latitudes. In this context, when it comes to the
Coriolis force, there occurs the baric topography.

The baric gradients (that mean the difference between cyclonic and anti-
cyclonic patterns) give rise to the atmospherically dynamic. By that, the air-masses
start to move, when will take place advection by miscellaneous proprieties.

For the middle latitudes (the Euro-Atlantic area), in the wake of the
differences in atmospheric pressure, the North Atlantic Oscillation (NAO) occurs.
This index plays a key role in Europe’s weather level (Hurrell, 1995; van Loon,
Rogers, 1978), especially during wintertime. The positive phase of NAO occurs
when the Icelandic low-pressure center is lower than usual. At the same time, the
subtropical high-pressure center near the Azores tends to be higher than usual. The
pressure difference is resulting in a strong westerly at the entire scale of Europe.
Also, associated with NAQO's positive phases, there can be noticed a northward shift
in the general tracks of midlatitude cyclones (Hurrell et al. 2003; Osborn, 2006;
Sereze et al. 1997; Wanner et al. 2001).

Thus, precipitations tend to increase over Europe's northern part, and dry
conditions occur over Europe's southern part, especially in the Mediterranean Sea.
(Lopez-Moreno et al. 2008; Scaife et al. 2005; Trigo et al. 2002; Bartholy,
Pongracz, 2009).

Another important parameter within this study is the Arctic Oscillation (AO).
The AQ is a northern annular mode around the Northern Pole, given by the thermal
differences between the middle and polar latitudes. In contrast with NAO, which
plays a major role in the European continent (Thompson, Wallace, 1998), AO
shows a major interest above the entire northern hemisphere. The AO show three
centers of action: one is located over the North Pacific, and the other two are
located in the North Atlantic, which has a large projection onto the NAO
(Thompson, Wallace, 1998).

This paperwork will be a correlation between the weather’s patterns, based on
the Hess-Brezowsky (HBGWL) type with NAO and AO, respectively, by the
northeastern part of Romania (Northern part of Moldavia).

2. DATA AND METHODS
The entire database used in this paperwork was taken from the NOAA (North

Ocean and Atmospherically Agency) for the 2000 to 2018 time series. There were
used daily data regarding the NAO and AOQ. There was used daily data because
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The 29 Grosswetterlagen with English definitions

Type Indicative What do they represent
WA Anticyclonic Westerly
Wz Cyclonic Westerly
West -
WS South-Shifted Westerly
ww Maritime Westerly (Block E. Europe)
SWA Anticyclonic South-Westerly
SWz Cyclonic South-Westerly
SA Anticyclonic Southerly
Sz Cyclonic Southerly
South —
TB Low over the British Isles
TRW Trough over Western Europe
SEA Anticyclonic South-Easterly
SEZ Cyclonic South-Easterly
NWA Anticyclonic North-Westerly
NwWz Cyclonic North-Westerly
NA Anticyclonic Northerl
North- nticyc o.n|c ortherly
Nz Cyclonic Northerly
westerly R .
HNA Icelandic High, Ridge C. Europe
and North —
HNZ Icelandic High, Trough C. Europe
HB High over the British Isles
TRM Trough over Central Europe
NEA Anticyclonic North-Easterly
NEZ Cyclonic North-Easterly
EA Anticyclonic Easterl
North- icy ' ic Easterly
EZ Cyclonic Easterly
easterly . - -
and Est HFA Scandinavian High, Ridge C. Europe
HFZ Scandinavian High, Trough C. Europe
HNFA High Scandinavia-Iceland, Ridge C. Europe
HNFZ High Scandinavia-lceland, Trough C. Europe
Blocking HM High over Central Europe

Figure 1. The 29 Grosswetterlagen types
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these can reflect the weather’ features, which can occur in short periods, from one
to three days. (Feldstein, 2000, Cash, Lee, 2001, Johnson, Feldstein, 2010).

To distinguish the NAO's phases positively or negatively, the aisle between -
0.25 to 0.25 was deemed the neutral phase. All the values smaller than -0.25 were
linked with the negative phase and those greater than 0.25 with the positive phase.
All the values smaller than -0.5 were linked with a negative phase and greater than
0.5 with one positive for AO.

For the study area (the northern part of Moldavia), a classifying of all-weather
patterns according to the ‘Hess-Brezowsky’ Grosswetterlagen (HBGWL) type was
made. This is one among more other developed around the world, which means
establishing namely weather patterns. Subsequently, based upon these patterns,
there’ll be building a broad range of weather forecast scenarios.

The Grosswetterlagen (GWL) concept was proposed by Baur et al. (1944),
improved upon, and later revised by Hess and Brezowsky (1952, 1969, 1977),
which is one who includes a large area of analyses with very accurate details. This
classification is particularly fitted for the central part of Europe. Because the
northern and northeastern parts of Romania do a many of the weather’s features
from Central Europe, | used this concept (HBGWL).

For the entire time-interval took into account (2000 to 2018), there were
analyzed the daily synoptically materials provided by www.wetter3.de, regarding
the 500 hPa and 1000 hPa geopotential heigh at 00 UTC.

The HBGWL includes 29 of the atmospherically types, as shown in fig. 1.

3. RESULT AND DISCUSION

3.1Annual

In this paperwork, the atmospheric circulation types at the Central Europe
level using the HBGWL and the NAO/AO’s phases (negatively, positively, and
neutral) have been correlated. The study was undertaken from the annual to the
seasonal level. The study period took into account was from January, the 1% 2000
to December, the 31%, 2018.

By NAO+, there’ll prevail the westerlies types. Also, the same feature is
linked by AO+.

NAO+ is mainly linked to the following types: HM:0.24, EA:0.25, NEZ:0.24,
and NWA:0.24. For AO+, of interest are the follows HM: 0.55, WA:0.75, NA:0.5,
NWA:0.6.

The NAO-, by interest types such as: SEZ: -0.28, TB: -0.58, HNFZ: -0.63,
HFZ: -0.24, HNZ: -0.68, and HNA: -0.6. For AO-, mainly the types such as: WS: -
0.5, TB: -1.3, SZ: -0.52, HNFZ: -1.4, HNFA: -1.25, EZ: -0.5, HNZ: -1.81, and
HNA: -1.3 (fig.2).
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Thus, the westerlies in anti-cyclonic type (NWA, WA), blocking
(HM), and even those into the north in the anti-cyclonic type (NA — derived
by westerlies, as a result of the ‘Coanda’ effect, imposed by the Carpathian
range’s shape, Bordei-lon — 1988, taken Apostol, Sfica, 2013) are linked by
NAO+/AO+. Such atmospherical patterns are associated, in many cases,
with stable weather, without spectacular weather events, especially, in the
wintertime. During the warm season, especially in the summer, there isn’t a
concrete linkage between NAO+/AO+ with special weather events.
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Figure 2. The annual correlation between HBGWL with NAO (A) and AO (B)
In the Northern part of Moldavia during the 2000 to 2018 period

Opposingly, the presence of some types such as HNFZ, HFZ, HNZ,
and HNA is associated with the NAO-/AO-. In these conditions, the high-
pressure centers are widely spread over Europe's northern part (the
Scandinavian Peninsula) and even in the northeastern part of the North
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Atlantic. No matter the year’s period, the synoptic patterns are associated
with extreme weather phenomena in the studied area, such as blizzards and
snowfalls during the cold semester, and intense rainfalls, and an entire range
of severe weather phenomena during the warm semester. Furthermore, the
same types are associated with early and late frost occurring in the
northeastern part of Moldavia.

To better understand the correlation between HBGWL and positive-
negative phases of NAO/AO, a semestrial study was made.

3.2. Semestrial

A. Warm semester
The global warming that occurs during the last decades is associated with a
decrease of the Arctic ice-sea extend (Nakamura et al. 2015). The entirely process
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Figure 3. The warm semestrial correlation between HBGWL with NAO (A) and AO (B)
In the Northern part of Moldavia during the 2000 to 2018 period
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is related to anthropogenic activities by increases the greenhouse gasses amounts
into the atmosphere, which are feeling like feedback into the atmosphere-ocean-ice
sea through the last decades (Serreze et al. 2007, 2009; Comiso et al. 2008;
Schweiger et al. 2008; Kay et al. 2011). So, when the ice-sea in the Arctic area has
shown a lower extent than the average, the negative phases of AO’s activity
prevailed while the positive AO phase is related to above normal sea-ice extent.

In the analyzed period (fig.3), a largely presence of the NAO's neutral or
negative can be noticed. By NAO, there were associated the following types: SEZ:
-0.4, TB: -0.7, SWZ: -0.3, HNFZ: -0.36, HNZ: -0.5, and HNA: -0.63. Instead, for
NAO+ types such as SA: 0.25, HB: 0.23, NZ: 0.24.

B. Cold semester
During the cold semester, the NAO- is associated with the following types:
TB: -0.6, HNFZ: -0.9, HNFA: -0.41, HFZ: -0.4, HNZ: -0.75, HNA: -0.66, and WS:
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Figure 4. The cold semestrial correlation between HBGWL with NAO (A) and AO (B)
In the Northern part of Moldavia during the 2000 to 2018 period
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-0.25. For NAO+, the most representative types are HM: 0.3, WA: 0.42, SEA:
0.25, SWA: 0.25, EA:0.29, and NWA: 0.3 (fig.4). The high intensity of NAO+ is
given by the thermal gradient built between the sea surface temperature (SST) and
the colder subpolar areas. As a result, there’s an increase of the lows’ rate over the
northern part of the Northern Atlantic.

A decrease of the ice extent over the Arctic region has driven to a weakening
of the AO. Therefore, during the cold semester, especially in the second half of
winter when take place suddenly stratospheric warmings (SSW), the AO shows
strong anomalies. (Pedatella etal. 2018).

Therefore, it can be noticed negative phases of AO are associated with the
following of HB atmospheric patterns: WS: -2.0, TB: -2.5, SZ: -1.1, HNFZ: -1.6,
HFZ: 2.5, EZ: -1.2, HNZ; -2.5, and HNA: -1.91. All of those are associated with a
meridional air-masses movement over Europe. The negative phase of AO brings
more of cyclonic conditions. In the case of AO, this fact will prevail these periods
featured by significant rainfall amounts. Moreover, HNFA or HNA types are
directly linked with the early (fall) and late (springtime) grass and ground frost in
the studied area.

During the AO+, by the interest, the following types: HM: 0.37, WA: 0.41,
NWA: 0.3. At the same within the NAO+ scenario, the air-masses movement is
associated with the zonal type where the rainfall amounts are weak or even non-
existent.

3.3. Seasonal

A good sight about these correlations is made when they come about their
evolution during the seasonal level.

Therefore, once the atmospheric circulation gets more intense in the
springtime, there can be noticed a positive phase of NAO. So, in the springtime,
many types take place with a NAO+ phase in the background. NAO-'s few
exceptions were associated with the following types: HNFZ: -0.39, HNA: -0.76,
and HNZ: -0.3. Those are associated with the winter’s phenomena in the first half
of spring, then, later, with the ground and grass frost occurrence. For AO, the same
situation like that shown in the NAQO’s case is noticed.

For AO+, the following atmospheric circulations are common: WA: 1.0, SA:
0.8, SWA: 0.72, EA: 0.98, NA: 0.9, NWA: 0.75, and for AO- types: TB: -1.0,
HNFZ: -1.42, HNFA: -0.67, HNZ: -1.25, HNA: -1.28.

The summer is associated with an obvious decrease both at the low-pressure
level placed over the northern part of the Atlantic and a thermal gradient between
middle and polar latitudes. In this case, there can be noticed a predominance of the
synoptic types featured by a negative phase of NAO. Also, the AO tend toward a
neutral-weakly negative phase in the majority of types.
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Figure 5. The seasonal correlation between HBGWL with NAO (A) and AO (B)

In the Northern part of Moldavia during the 2000 to 2018 period
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A weakening phase of both NAO and AO is linked with a strengthening of the
meridional air-mass movement. Due to a high energy rate in the system, there will
be extreme weather events, such as storms and heavy rainfall in short time-periods.

In the fall, at least in the first half of it, the summertime features will show a
continuity, both of the NAO and AO, respectively. In such conditions, a ridge will
be established over the northern part of Europe. Therefore, beginning with the end
of September, in the northern part of Moldavia, the ground frost can occur.

Furthermore, during October, increase the chances for important amounts of
rainfall. Also, in October, associated with colder weather than monthly means, the
rain can turn into sleet or even snow. As a result, a snow cover occurs not only in
the highland but also in the lowlands.

In the wintertime, especially in the first half, there can be an increase in the
number of synoptic types in NAO's positive phase. The fact is due to the latency
heat of the water in comparison with the atmosphere. More accurately, the North
Atlantic's warm water and the cold air-masses from the sub-polar area drives to a
strengthening of the low-pressure areas around Iceland. In this way over Europe
can be noticed an increased rate of westerlies. As a result, during the winter, the
NAO+ is associate with the following types: HM: 0.53, WA: 0.51, SEA: 0.3, SWZ:
0.26, SWA: 0.5, and NWA: 0.41. For NAO-: WS: -0.81, TB: -1.3, HNFZ: -1.2,
HFZ: -0.4, HNA: -0.6, and HNZ: -0.37.

Associated with AO+, the main types are HM: 0.9, WA:1.0, NWA 0.87, and
for AO-: WS: -4.4, TB: -4.96, SZ: -1.8, HNFA: -1.95, EZ: -1.8, HNZ: -2.1, and
HNA: -1.8.

Associated with positive phase of NAO and AO, over a lot part of Europe take
place air-mass movements what don’t have a major impact regarding the weather.
The shortage of precipitation associated with those types is the main factor for
drought set up in the studied area. Instead, a range of extreme phenomena during
the winter (huge amounts of snowfall, blizzards) are linked by atmospheric
circulation types such as EZ, HNA, HNZ, HNFA, and HNFZ.

For a more suggestive sight regarding of all about brought into discussion in
this paperwork, by the interest the following pictures which show the synoptic
types at the continental’s level by HBGWL and NAO/AO positive or negative
phases. In fig. 6 (above), there are highlighted some aspects during the winter (cold
semester) and summer (warm semester).

Therefore, in the wintertime (cold semester), when a high-pressure occur over
the southern part of Europe (an ‘Omega’ shape ridge), there is a high risk for
drought. Such weather patterns are associated with positive phases of NAO and
AO. As a result, there will prevail the NWA, WA, and TRW atmospheric
circulation types. When the phases of NAO and AO are negative, over the central
and southern parts of Europe will occur lows associated with TRM, NEZ, and EZ
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Figure 6. The linkage between some synoptically types with representative rainfall in the
northern part of Moldavia (H-High, L-Low pressure). The maps with the hail’s spread (below
picture, last two from right) use the parameter's values into the maximum reflectivity of convective
clouds (Cumulonimbus). Take into account only the values which exceed 1 cm in diameter.
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atmospheric circulations. Meanwhile, in the northern part of Europe, high-pressure
areas are associated with HFA, HFZ, and HNFZ atmospheric circulation types.

During the warm period (especially in the summertime), there is a high risk
for large hailstone in Moldavia's northern part when the zonal circulations occur.
Such situations occurred on June the 18™ 2016, and June the 23 2017. Then, at
the continent's level prevailed TRM, SWZ, SZ, WZ, and NWZ atmospheric
circulation types. Instead, when the SEZ, EZ, NEZ atmospheric circulation types
occurred, the risk of high hailstones at ground level was much lower but has
increased the risk of intense rainfall associated with flash floods. In contrast with
the cold semester, it couldn’t be established a direct association with positive or
negative NAO/AO phases with weather patterns during the warm semester.

A summarize all the atmospheric circulation associated with NAO +/- and AO
+/- for the entire time period 2000 to 2018 in the northern part of Moldavia, shown
in table 1.

Table 1. The linkage between HBGWL types with the positive/negative phases of
NAO/AQ in the northern part of Moldavia between 2000 to 2018

Type NAO+ NAO- AO+ AO-
SEZ, TB, HNFZ,HNZ,
Annual (KM, EA NEA,NWA | HIM, WA, NA, NWA WS, TB, HNFZ, HNFA, HNZ, HNA
Warm season|SA, HFA, HB, NZ aﬁz THBNZM HNFZ, HM, WS, WA, SA, NWA, NAITB, HNFZ, HNFA, HNZ, HNA
Coldseason | M WA, SEA, SWA,  |Ws, T8, HNFZ, HNFA, o WS, TB, SZ,HNFZ, HNFA, HFA,
EA, NEA, NA, NWA  |HFZ, HNZ, HNA HFZ, EZ, TRM, HNZ, HNA
. HM, SEA, SA, EA,
spring | TB, HNFZ, HNZ, HNA WA, EA, NEZ, NA, NWA  |TB, HNFZ, HNFA, HNZ, HNA
Su SA e e SEA, SA TB, HNFZ, HNFA, HNZ, HNA
mmer " "
HNFZ, HNFA, HFZ, HNZ, NWA, NWZ
HM, WA, HFA, NEA, WW, TB, HNFZ, HNFA, NEZ,
Fall ) WW, SEZ, HNFZ, HFZ, HNFZ, HNFA  |HM, WA, NA, NWA e
HM, WW, WA, §
Winter M, A, SEA, WS, TB, HNZ, HNA, HNZ HIM, WA, NWA WS, TB, SZ, HNFA, EZ, HNZ, HNA

SA, SWZ, SWA, NWA

4. CONCLUSIONS

The linkage between HBGWL types with the positive and negative phases of
NAO/AO has highlighted that the westerlies (NAO, WA) are associated
exclusively with NAO+/AO+. The negative phases of NAO/AQ are following by
HNFZ, HNA, HNZ, and TB types.

The westerly types aren’t associated with exceptional phenomena regarding
the pluvial aspect. However, the prolonged periods characterized by rainfall
shortage during of cold semester can set up the drought.



Ilie Nicolae, Axinte Aurel-Danut, Apostol Liviu 189

The synoptic patterns associated with the negative phase of NAO or AO can
set up extreme weather events, such as huge amounts of rainfall/snowfall or
blizzards.
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