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Abstract. North Atlantic Oscillation (NAO) can be considered as the primary large scale atmospheric 
driver of the European climate, especially in winter. In the present paper, first, NAO effects on regional 
circulation represented by the circulation patterns (CP) using the Hess-Brezowsky Grosswetterlagen 
(HBGWL) and Péczely classification systems are analyzed. Our results for the 1901-2000 period suggest 
that the zonal/meridional CP classes occur more often during NAO+/NAO– phase in all seasons in case 
of both classification systems. Furthermore, Cyclonic/Anticyclonic CP types are more/less frequent in 
NAO– phase, and less/more frequent in NAO+ phase than in case of normal conditions. Then, NAO and 
CP joint effects on local temperature and precipitation time series are evaluated for the 20th century. In 
general, NAO– phase is associated with cold and wet winters, whereas NAO+ phase implies warm and 
dry winters in the Carpathian basin. If considering cyclone or anticyclone dominance over the region, 
NAO+ is associated with dry and warm winters, and dry summers in case of Anticyclonic CP class, 
whereas NAO– phase implies wet and cold winters and autumns in the Carpathian basin (either for the 
Péczely or the HBGWL classification systems). When Cyclonic CP class occurs using the HBGWL 
classification system (i) winters tend to be drier and warmer than usual, springs tend to be drier and 
colder than usual in NAO+ phase; (ii) springs and autumns tend to be wetter than usual, winters tend to be 
colder than usual in NAO– phase. If the Péczely classification system is used then Cyclonic CP class is 
associated with (i) significantly warmer winters and colder springs during NAO+ phase; (ii) significantly 
wetter and colder winters, and wetter autumns during NAO– phase. 
Keywords: North Atlantic Oscillation, Hess-Brezowsky Grosswetterlagen, Péczely CP types, 

temperature, precipitation 

Introduction 

Several oscillation phenomena have been recognized [1, 24] in the climate system 
both in the low- and midlatitudes. In the tropics, El Nino/Southern Oscillation (ENSO) 
is the leading climatic mode with warm and cold phases [17] both having world-wide 
ecological, economical and social consequences, especially in strong cases [3]. Let us 
mention here only some examples of these environmental impacts: fish catches off the 
coast of Peru, maize harvests in Zimbabwe and the occurrence of malaria in Columbia 
can all be shown to depend on the ENSO [2]. One of the extratropical large scale 
oscillations is the North Atlantic Oscillation (NAO) that performs great importance in 
determining climatic variables of Europe [6, 12], especially in winter. Certainly, 
climatic conditions affect the European environment and biosphere. The positive NAO 
phase occurs when the Icelandic low-pressure center is lower than usual while the 
subtropical high-pressure center near the Azores tends to be higher than usual thus 
resulting in a strong meridional pressure gradient over the North Atlantic region. This 
strong gradient is associated with intense westerly flow over the North Atlantic region, 
and also, a northward shift in the general tracks of midlatitude cyclones [8, 14, 21, 25]. 
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Thus, precipitation tends to increase in Northern Europe, and dry conditions occur in the 
Mediterranean region [13, 20, 22]. During this positive phase, warmer-than-usual 
conditions are observed in Northern and Central Europe, which can be explained by the 
low-level advection over the Atlantic [7]. During the negative NAO phase the 
meridional pressure gradient is weaker, thus the weakened westerlies across the North 
Atlantic region result in cold and dry conditions in Northern Europe and wet conditions 
in the Mediterranean region [8]. 

In the present study, we are focusing on the teleconnections of NAO, namely, 
climatic impacts of this large scale phenomenon to the Carpathian basin both on 
regional and local scales are analyzed. Regional circulation is represented by circulation 
patterns (CPs): the Hess-Brezowsky Grosswetterlagen (HBGWL) [4, 5] and the Péczely 
CP types [15, 16]. On local scale temperature and precipitation time series observed in 
the 20th century are used. After presenting the database in Section 2, the statistical 
relationship between NAO and CP types is discussed in Section 3. Then, the joint effect 
of NAO and CP types on the local climate variables of the Carpathian basin is analyzed 
in Section 4. Finally, the main conclusions are summarized in Section 5. 

Data 

Monthly NAO index time series  

North Atlantic Oscillation can be characterized by the monthly NAO index, which is 
the difference between the normalized sea level pressure over Gibraltar and that of 
Southwestern Iceland [9, 23]. The 1901-2000 time series used in the present study is 
available via Internet (from the data archive of the Climatic Research Unit, University 
of East Anglia). The large positive and negative index values are separated using the 
standard deviation of the entire time series (σ= 1.71). Hence NAO+ and NAO– phases 
are defined when the NAO index is larger than 1.71 (208 months) and smaller than -
1.71 (182 months), respectively. In the present analysis normal conditions are defined 
when the NAO index value is between -1.71 and 1.71. 

 
Daily catalogue of CP types  

Two different CP classification systems are used, namely, the Hess-Brezowsky 
Grosswetterlagen [4, 5], and the Péczely CP types [15, 16]. Both of them are defined to 
characterize the large scale structure of the air pressure systems over the North Atlantic 
region and the European continent using daily sea level pressure data. The Hess-
Brezowsky CP types (HBGWL) consider the Central European aspects of the European 
circulation while the Péczely types focuses more on the Carpathian basin particularly. 

According to the HBGWL classification system CP types are classified into 29 types 
based on the dominant direction of air mass movements and the presence of cyclones or 
anticyclones in different European subregions (Table 1). The available dataset consists 
of daily CP codes from 1901 to 2000 and is published monthly in the journal “Die 
Grosswetterlagen Europas” of the German Meteorological Service. In the present 
analysis, we use CP classes aggregated using various aspects. (1) According to the main 
air flow directions (W, SW, NW, N, NE, E, SE, S), eight different groups can be 
distinguished and two extra classes where the circulation is controlled by Central 
European pattern. (2) Circulation characteristics can be another factor, thus zonal, half-
meridional and meridional CP classes were defined. Zonal CP class includes 4 HB types 
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(Wa,Wz, Ws, Ww), meridional CP class consists of 18 different HB types (Na, Nz, 
HNa, HNz, HB, TRM, NEa, NEz, HFa, HFz, HNFa, HNFz, SEa, SEz, Sa, Sz, TB, 
TRW), and the other 7 HB types (SWa, SWz, NWa, NWz, HM, BM, TM) compose the 
half-meridional CP class. (3) Cyclonic and anticyclonic CP types are separated into 
classes consisting 14 (Wz, SWz, NWz, TM, Nz, HNz, TrM, NEz, HFz, HNFz, SEz, Sz, 
TB, TrW) and 12 (Wa, SWa, NWa, HM, Na, HNa, HB, NEa, HFa, HNFa, SEa, Sa) 
types, respectively. 

 
Table 1. Macrocirculation types defined in the HBGWL system. 

Circulation type Main flow direction Macrosynoptic type (notation) 

Zonal West (W) West anticyclonic (Wa) 
  West cyclonic (Wz) 
  Southern West (Ws) 
  Angleformed West (Ww) 

Half-Meridional Southwest (SW) Southwest anticyclonic (SWa) 
  Southwest cyclonic (SWz) 
 Northwest (NW) Northwest anticyclonic (NWa) 
  Northwest cyclonic (NWz) 
 Central European high (HM) Central European high (HM) 
  Central European ridge (BM) 
 Central European low (TM) Central European low (TM) 

Meridional North (N) North anticyclonic (Na) 
  North cyclonic (Nz) 
  North, Iceland high, anticyclonic (HNa) 
  North, Iceland high, cyclonic (HNz) 
  British Islands high (HB) 
  Central European Trough (TRM) 
 Northeast (NE) Northeast anticyclonic (NEa) 
  Northeast cyclonic (NEz) 
 East (E) Fennoscandian high anticyclonic (HFa) 
  Fennoscandian high cyclonic (HFz) 
  Norwegian Sea/Fennoscandian high anticyclonic (HNFa) 
  Norwegian Sea/Fennoscandian high cyclonic (HNFz) 
 Southeast (SE) Southeast anticyclonic (SEa) 
  Southeast cyclonic (SEz) 
 South (S) South anticyclonic (Sa) 
  South cyclonic (Sz) 
  British Islands low (TB) 
  Western European Trough (TRW) 

 
The Péczely classification system was defined by György Péczely, a Hungarian 

climatologist (1924-1984), on the base of the geographical location of cyclones or 
anticyclones relative to the Carpathian basin [15, 16]. Altogether 13 types were 
composed as listed in Table 2. In the present analysis individual CP types are grouped 
according to (1) the main directions: Meridional, northern types (mCc, AB, CMc), 
Meridional, southern types (mCw, Ae, CMw), Zonal, western types (zC, Aw, As), 
Zonal, eastern types (An, AF), Central types (A, C), and (2) the cyclonic or anticyclonic 
dominance consisting 6 (mCc, CMs, mCw, CMw, zC, C) and 7 (AB, Ae, Aw, As, An, 
AF, A) types, respectively. Daily time series of the Péczely CP types are available for 
the period 1901-2000 [10, 11, 16]. 
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Table 2. Macrocirculation types defined in the Péczely CP system 

Main type Macrosynoptic type  Notation 

Meridional, northern types Cold front with meridional flow  mCc 
 Anticyclone over the British Isles AB 
 Cold front arising from a Mediterranean cyclone CMc 

Meridional, southern types Warm front arising from a meridional cyclone mCw 
 Anticyclone located east of the Carpathian Basin Ae 
 Warm front arising from a Mediterranean cyclone CMw 

Zonal, western types Zonal cyclone zC 
 Anticyclone located west of the Carpathian Basin Aw 
 Anticyclone located south of the Carpathian Basin As 

Zonal, eastern types Anticyclone located north of the Carpathian Basin An 
 Anticyclone located over the Scandinavian Peninsula AF 

Central types Anticyclone located over the Carpathian Basin A 
 Cyclone located above the Carpathian Basin C 

 
 
Local-scale daily observations  

Daily temperature and precipitation time series observed in Budapest (47.5°N, 19°E) 
are used to represent the local climate conditions in the Carpathian basin. Daily 
minimum, mean, and maximum temperature values and daily precipitation amounts of 
Budapest for the entire 20th century (1901-2000) are available from the Hungarian 
Meteorological Service (www.met.hu). 

Analysis of CP types during different NAO phases  

First, the relationship between NAO and regional circulation patterns is analyzed. 
For this purpose, annual and monthly frequencies of each CP class is determined for 
both the HBGWL and the Péczely systems on the basis of CP types’ occurrence during 
the 1901-2000 period. Then, differences of CP class relative frequencies in case of 
NAO– and NAO+ are calculated relative to the normal conditions (defined by the 
standard deviation as described in the previous section). Since the positive NAO phase 
implies strong pressure gradient over the North Atlantic thus resulting in enhanced 
westerly flow (Hurrell, 1995; Hurrell et al., 2003), therefore, special focus is given to 
the zonal and meridional patterns. Annual and seasonal frequency differences are 
summarized in Table 3 for zonal and meridional CP classes from the HBGWL and 
Péczely systems. In general, the differences are opposite to each other in case of NAO+ 
and NAO–, which highlight the remarkable difference of these two phases. The zonal 
CP class occurs more often during NAO+ phase, and meridional CP class during NAO– 
phase in all seasons. The frequency difference values are smaller in case of the Péczely 
classification system than in case of the HBGWL system. This can be explained by the 
geographical target area of the Péczely system, which focuses more on the Carpathian 
basin located in a larger distance from the NAO action centers than the target area of the 
HBGWL. The largest difference values (mostly exceeding 10%) are observed during 
winter, which is the most relevant season in terms of NAO-associated climatic effects 
(Hurrell et al., 2003; Osborn, 2006). Furthermore, the occurrence difference between 
NAO– and NAO+ phases is also large in autumn, whereas it is the smallest in summer. 
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Table 3. Difference in seasonal and annual occurrences of zonal and meridional CP classes 

during NAO negative and positive phases relative to the normal conditions (defined by the 

standard deviation), 1901-2000. In case of the HBGWL system, zonal CP class consists of 

the following CP types: Wa,Wz, Ws, Ww, and meridional CP class: Na, Nz, HNa, HNz, HB, 

TRM, NEa, NEz, HFa, HFz, HNFa, HNFz, SEa, SEz, Sa, Sz, TB, TRW. In case of the Péczely 

CP classification system, zonal and meridional CP classes contain zC, Aw, As, and mCc, AB, 

CMc, mCw, Ae, CMw, respectively. 

CP class 
Classification 

system 

NAO 

phase 

Winter 

(DJF) 

Spring 

(MAM) 

Summer 

(JJA) 

Autumn 

(SON) 
Annual 

Zonal HBGWL NAO– -13% -10% -3% -14% -11% 
  NAO+ 16% 15% 13% 11% 14% 
 Péczely CP NAO– -12% -6% -2% -7% -7% 
  NAO+ 11% 10% 8% 9% 9% 

Meridional HBGWL NAO– 26% 17% 11% 22% 19% 
  NAO+ -18% -21% -17% -15% -18% 
 Péczely CP NAO– 9% 4% 11% 9% 8% 
  NAO+ -10% -7% -8% -11% -7% 

 
 
Fig. 1 shows the winter mean pressure fields for the zonal and meridional CP classes 

during NAO– and NAO+ phases, which are characterized by similar structures in case 
of HBGWL and Péczely classification systems. The composite maps of the NAO+ 
phase clearly illustrate the strong pressure gradient over the North Atlantic, in case of 
the zonal patterns the average pressure difference between the Icelandic Low and the 
Azores High is 38 hPa, and it is 34 hPa in case of the meridional patterns. Much smaller 
pressure difference can be seen on the NAO– composite maps, not exceeding 20 hPa 
(even in the zonal CP maps) over the North Atlantic region. 

Another aspect is also evaluated, namely, the frequency differences of the cyclonic 
and anticyclonic CP classes. In the Péczely classification system cyclonic CP types are 
more frequent in NAO– phase, and more rare in NAO+ phase in each season than in 
case of normal conditions, the largest differences are found in summer (13% and -10%, 
respectively) and the smallest in winter (7% and -7%, respectively). Opposite to this, 
anticyclonic CP types tend to occur more rarely in NAO– phase and more often in 
NAO+ phase than in normal conditions. Since all CP types are either cyclonic or 
anticyclonic according to the Péczely classification system, the differences are the same 
but with opposite signs. In the HBGWL system the largest frequency difference of 
cyclonic CP types during NAO– phase is also in summer (9%), while during NAO+ 
phase it can be observed in Spring (-10%). Similarly to this, for the anticyclonic types 
the largest difference is in summer (-9%) and in spring (7%) in case of NAO– and 
NAO+ phases, respectively. 
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Figure 1. Winter mean sea level pressure field during NAO negative and positive phases 

relative to the normal conditions (defined by the standard deviation). In case of the HBGWL 

system, zonal CP class consists of the following CP types: Wa,Wz, Ws, Ww, and meridional CP 

class: Na, Nz, HNa, HNz, HB, TRM, NEa, NEz, HFa, HFz, HNFa, HNFz, SEa, SEz, Sa, Sz, TB, 

TRW. In case of the Péczely CP classification system, zonal and meridional CP classes contain 

zC, Aw, As, and mCc, AB, CMc, mCw, Ae, CMw, respectively. 
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Analysis of local climate conditions 

The joint effects of NAO phases and CP types on local climatic conditions are 
analyzed using temperature and precipitation time series for the 20th century from 
Budapest. This meteorological station is used in the present paper since it well 
represents the Carpathian basin in general. The daily minimum, mean, and maximum 
temperature values as well, as daily precipitation amounts are averaged in case of each 
CP classes for the HBGWL and the Péczely classification systems. Daily average values 
are calculated separately for the NAO– and NAO+ phases, and the normal conditions 
(defined by the standard deviation of NAO index time series as described in ‘Data’ 
section). 

 
Temperature 

CP-class-wise temperature differences for the NAO– and NAO+ phases relative to 
the normal conditions are shown in Table 4 (using the HBGWL system) and Table 5 
(using the Péczely CP system) for daily mean temperature (in the upper large cell), and 
the minimum and maximum temperature values (in the lower small cells on the left and 
on the right, respectively). Bold values with grey background indicate significant 
differences at 0.05 level. In general, the climate of the Carpathian basin is warmer than 
usual during NAO+ phase, and colder than usual during NAO– phase [18]. According 
to the temperature difference values shown in Tables 4 and 5, most of the significant 
differences are found in winter, which can be explained by the fact that NAO is the 
primary large scale atmospheric driver of the European climate mostly in this season [8, 
19]. The largest temperature decrease (exceeding 2.5 °C on average!) in the Carpathian 
basin during NAO– phase is observed in winter when the northern CP classes occur 
both in case of the Péczely and HBGWL classification systems. The largest winter 
temperature increase associated with NAO+ phase is observed in case of the Central CP 
class of the Péczely system (1.8 °C, 1.6 °C, and 1.4 °C for the minimum, mean, and 
maximum temperature, respectively), and Eastern CP class of the HBGWL system (2.8 
°C, 3.0 °C, and 2.9 °C for the minimum, mean, and maximum temperature, 
respectively). 

In spring, the largest significant temperature decrease in NAO– phase is detected 
when (i) Western CP class occur according to the Péczely system (cooling of all the 
temperature parameters exceeds 1.4 °C on century-wise average, although only daily 
minimum and mean temperatures are significant), or (ii) HM type (Central European 
high) occurs according to the HBGWL system (the temperature is lower by 2.3 °C, 2.9 
°C, and 3.5  C than usual on average in case of the daily minimum, mean, and 
maximum temperature, respectively). The significant temperature changes are also 
negative for the NAO+ phase in spring, the largest are detected for the Southern (both 
according to the Péczely and HBGWL system) and Southwestern (only for the HBGWL 
system) CP classes. 

In summer, none of the average temperature differences relative to the normal 
conditions are significant at 0.05 level. Finally, in autumn significant differences are 
observed mostly in case of NAO– phase. The largest cooling exceeds 2.2 °C on century-
wise average for the daily minimum temperature, 2.5 °C for the mean temperature, and 
2.8 °C for the maximum temperature. It is detected when Central CP class occurs 
according to the Péczely system, or Northwestern CP class according to the HBGWL 
system. 
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Table 4. HBGWL CP-class-wise average temperature differences (°C) during the NAO 

negative and positive phases relative to the normal conditions (defined by the standard 

deviation). Bold values with grey background indicate significant differences at 0.05 level. 

CP classes Winter (DJF)  Spring (MAM) Summer (JJA) Autumn (SON) 

 NAO– NAO+ NAO– NAO+ NAO– NAO+ NAO– NAO+ 
 Tmean Tmean Tmean Tmean Tmean Tmean Tmean Tmean 
 Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax 

W -0.2 0.5 -1.7 -1.1 -0.8 0.2 -0.5 -0.3 

 -0.2 -0.1 0.5 0.7 -1.4 -2.1 -1.1 -1.1 -0.5 -1.1 0.0 0.3 -0.6 -0.7 -0.4 0.0 

SW 0.5 0.2 0.2 -2.9 0.1 1.9 -1.7 -2.2 

 0.7 0.2 0.3 0.4 0.5 0.0 -2.4 -3.5 0.6 -0.3 1.6 2.2 -1.6 -2.2 -2.3 -2.5 

NW -1.2 1.3 -2.6 0.4 -0.2 -0.2 -2.5 -2.0 

 -1.2 -1.1 1.2 1.3 -2.7 -2.8 0.5 0.5 -0.2 -0.2 0.1 -0.3 -2.3 -2.8 -2.0 -2.5 

HM -1.7 0.6 -2.9 -0.6 -1.0 0.3 -1.5 -0.7 

 -1.6 -2.0 0.6 0.4 -2.3 -3.5 -0.8 -0.5 -0.6 -1.4 0.1 0.7 -1.1 -1.6 -0.3 -0.9 

TM -1.7 0.3 -1.6 -1.4 -0.3 -- 2.5 2.9 

 -1.9 -1.5 -0.2 0.8 -1.3 -2.2 -1.1 -2.0 0.0 -0.4 -- -- 1.8 3.3 3.4 0.6 

N -2.6 1.4 -0.4 -0.1 -0.2 0.0 -0.8 -0.4 

 -2.8 -2.5 1.3 1.3 -0.4 -0.4 -0.2 0.2 -0.1 -0.2 0.1 0.2 -0.9 -0.8 -0.3 -0.5 

NE 0.9 -0.1 -0.5 0.8 0.5 -1.2 1.3 -1.0 

 0.6 0.7 -0.4 0.6 -0.6 -0.7 0.5 1.2 0.9 0.1 -1.3 -1.2 1.3 1.9 -0.9 -1.0 

E -0.4 3.0 1.1 0.7 -1.9 0.7 -1.5 0.2 

 -0.8 -0.5 2.8 2.9 1.0 1.2 0.4 0.8 -1.5 -2.4 0.3 0.4 -1.1 -1.9 -0.2 1.2 

SE -0.5 1.3 2.0 -1.2 1.2 -- 1.3 2.1 

 -0.6 -0.5 1.4 1.2 2.1 1.9 -0.9 -1.7 1.1 1.8 -- -- 1.2 1.8 1.7 2.0 

S -0.5 -0.7 -0.3 -2.6 -0.5 1.4 0.9 0.8 

 -0.4 -0.5 -0.5 -0.7 -0.3 -0.4 -2.5 -2.6 -0.2 -0.8 1.2 1.7 1.0 0.9 0.7 0.8 

Zonal -0.2 0.5 -1.7 -1.1 -0.8 0.2 -0.5 -0.3 

 -0.2 -0.1 0.5 0.7 -1.4 -2.1 -1.1 -1.1 -0.5 -1.1 0.0 0.3 -0.6 -0.7 -0.4 0.0 

Half- -1.3 0.5 -1.9 -0.8 -0.3 0.4 -1.6 -1.1 

Meridional -1.2 -1.4 0.5 0.5 -1.5 -2.5 -0.8 -0.9 0.0 -0.5 0.3 0.6 -1.3 -1.8 -0.9 -1.3 

Meridional -1.7 1.2 -0.1 -0.5 -0.6 0.2 -0.4 0.9 

 -1.9 -1.7 1.2 1.2 0.0 -0.2 -0.6 -0.5 -0.4 -0.8 0.1 0.2 -0.2 -0.4 0.6 1.1 

Anticyclonic -1.8 1.6 -0.9 -0.2 -0.9 0.3 -1.4 -1.1 

 -1.8 -1.9 1.6 1.4 -0.7 -1.1 -0.5 0.2 -0.7 -1.1 0.0 0.7 -1.1 -1.7 -1.0 -1.3 

Cyclonic -1.9 1.3 -0.4 -1.2 -0.4 0.2 -0.9 0.9 

 -2.0 -1.9 1.1 1.6 -0.2 -0.7 -1.1 -1.3 -0.2 -0.7 0.1 0.2 -0.8 -1.1 0.6 1.3 

 
 
If considering cyclone or anticyclone dominance over the region, NAO+ is 

associated with warm winters and cold springs in case of Cyclonic CP class, whereas 
NAO– implies cold winters in the Carpathian basin (either for the Péczely or the 
HBGWL classification systems). When Anticyclonic CP class occurs, winters are 
significantly warmer than usual (by 1.4-1.6 °C on century-wise average) in NAO+ 
phase, and both winters and autumns are significantly colder than usual (by 1.8-2.3 °C 
and 1.0-1.7 °C, respectively) in NAO– phase. 
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Table 5. Péczely CP-class-wise average temperature differences (°C) during the NAO 

negative and positive phases relative to the normal conditions (defined by the standard 

deviation). Bold values with grey background indicate significant differences at 0.05 level. 

CP classes Winter (DJF)  Spring (MAM) Summer (JJA) Autumn (SON) 

 NAO– NAO+ NAO– NAO+ NAO– NAO+ NAO– NAO+ 
 Tmean Tmean Tmean Tmean Tmean Tmean Tmean Tmean 
 Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax Tmin Tmax 

North -2.8 1.3 0.1 -0.6 0.1 -0.3 -1.1 0.2 

 -3.2 -2.6 1.3 1.4 -0.3 0.0 -0.6 -0.6 0.2 -0.1 0.0 -0.2 -1.3 -0.8 -0.1 0.1 

South -1.4 0.2 -1.1 -1.1 -1.1 0.2 -0.1 -0.3 

 -1.5 -1.4 0.2 0.3 -0.8 -1.4 -1.1 -1.2 -0.8 -1.3 0.1 0.1 0.0 -0.2 -0.2 -0.4 

West -0.8 0.8 -1.7 -1.1 -0.4 0.2 -1.5 0.3 

 -0.8 -0.7 0.6 1.0 -1.4 -2.0 -0.7 -1.2 -0.2 -0.4 0.3 0.3 -1.4 -1.9 0.1 0.8 

East -1.1 1.3 0.0 -0.4 -0.9 0.3 -0.2 0.5 

 -1.3 -1.2 1.4 1.2 0.3 -0.2 -0.4 -0.4 -0.6 -1.4 -0.1 0.5 0.0 -0.2 0.6 0.6 

Central -1.8 1.6 0.0 -0.9 -0.8 0.7 -2.8 -1.5 

 -1.9 -1.8 1.8 1.4 0.5 -0.3 -1.5 -0.4 -0.4 -1.1 0.4 1.2 -2.2 -3.4 -1.2 -2.1 

Anticyclonic -2.2 1.4 -0.6 -0.5 -0.7 0.3 -1.2 -0.2 

 -2.3 -2.2 1.4 1.4 -0.4 -0.8 -0.6 -0.4 -0.5 -0.9 0.2 0.5 -1.0 -1.4 -0.3 -0.2 

Cyclonic -1.7 1.1 -0.7 -1.4 -0.1 -0.5 -0.5 0.2 

 -1.8 -1.8 0.9 1.4 -0.6 -1.0 -1.2 -1.6 0.0 -0.2 -0.1 -0.5 -0.5 -0.6 0.1 0.1 

 
Precipitation  

The NAO– CP joint effect on precipitation of the Carpathian basin is also analyzed. 
In general, for all seasons, the climate of the Carpathian basin is drier than average 
during NAO+ phase, and wetter than average during NAO– phase. For this region, 
similar results are published by [13]. Our results suggest that the NAO+ drying effect is 
significant in all seasons when either the Central CP class of the Péczely system (the 
Carpathian basin is drier than average by 37%, 52%, 73%, and 70% on century-wise 
average in winter, spring, summer, and autumn, respectively), or the Southern CP class 
of the HBGWL system (the average precipitation decrease is 34%, 44%, 71%, and 15% 
in winter, spring, summer, and autumn, respectively) occurs. When using the HBGWL 
classification system, NAO– is associated with significantly wetter than average climate 
(by 77%, 41%, 76%, and 130% in winter, spring, summer, and autumn, respectively) in 
case of Half-meridional CP classes. In case of Meridional CP classes, significantly 
wetter winters and autumns (by 25% and 35% on century-wise average, respectively) 
are observed during NAO–, and drier summers and autumns (by 36% and 37% on 
century-wise average, respectively) during NAO+ phase. In case of zonal CP classes, 
only wetter and drier than average winters associated with NAO– and NAO+ phases, 
respectively, are significant at 0.05 level. 

If considering cyclone or anticyclone dominance over the region, NAO+ is 
associated with dry winters and summers in case of Anticyclonic CP class, whereas 
NAO– implies wet winters and autumns in the Carpathian basin (either for the Péczely 
or the HBGWL classification systems). When Cyclonic CP class occurs (using the 
HBGWL classification system) both winters and springs are significantly drier than 
usual (by 19-20% on century-wise average) in NAO+ phase, and springs and autumns 
are significantly wetter than average (by 22% and 59%, respectively) in NAO– phase. If 
the Péczely classification system is used then Cyclonic CP class is associated with 
significantly wetter winters and autumns (by 25% and 22%, respectively) during NAO– 
phase. 
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Since the local climatic effect of NAO is most evident in winter [7, 8], this season is 
selected to illustrate to CP-class-wise average temperature and precipitation differences 
for the Carpathian basin during NAO– and NAO+ phases relative to the normal 
conditions (Fig. 2). Significant difference values (at 0.05 level) are indicated by an 
asterisk near the column. In general, NAO– phase is associated with cold and wet 
winters, whereas NAO+ phase implies warm and dry winters in the Carpathian basin. 
Both differences for both phases are significant for the Anticyclonic CP classes (using 
either the Péczely or HBGWL system) as well, as for the Half-meridional CP class of 
the HBGWL system. In addition, precipitation-wise differences for both NAO phases 
are significant when Southern CP classes (using the Péczely classification system), and 
Western or Zonal CP classes (using the HBGWL system) occur. 

 

 
Figure 2. CP-class-wise average temperature (T; °C) and precipitation (P; %) differences in 

winter during the NAO negative and positive phases relative to the normal conditions (defined 

by the standard deviation). Significant differences at 0.05 level are indicated by an asterisk near 

the column. 

Conclusions 

NAO effects on regional circulation represented by the occurrence of HBGWL and 
Péczely CP classes have been analyzed. Then, NAO and CP joint effects on local 
temperature and precipitation conditions have been evaluated for the 20th century. 
NAO+ and NAO– phases applied in our analysis have been defined using the standard 
deviation of the monthly NAO index time series. Based on the results presented in this 
paper, the following conclusions can be drawn. 
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• The zonal/meridional CP classes occur more often during NAO+/NAO– phase 
in all seasons in case of both classification systems. 

• Cyclonic CP types are more frequent in NAO– phase, and less frequent in 
NAO+ phase than in case of normal conditions, whereas frequency differences 
of Anticyclonic CP types are opposite to these. 

• The largest frequency difference values between NAO–/NAO+ phases and the 
normal conditions are observed during winter, which mostly exceed 10%. 

• NAO– phase is associated with cold and wet winters, whereas NAO+ phase 
implies warm and dry winters in the Carpathian basin. This difference is 
especially manifested when Anticyclonic CP class occur using either the 
Péczely or HBGWL classification system. 

• NAO+ is associated with dry and warm winters, and dry summers in case of 
Anticyclonic CP class, whereas NAO– phase implies wet and cold winters and 
autumns in the Carpathian basin (either for the Péczely or the HBGWL 
classification systems). 

• When Cyclonic CP class occurs using the HBGWL classification system 
winters tend to be drier and warmer than average, and springs tend to be drier 
and colder than average in NAO+ phase. In addition, springs and autumns tend 
to be wetter than average, and winters tend to be colder than average in NAO– 
phase. 

• If the Péczely classification system is used then Cyclonic CP class is associated 
with significantly warmer winters and colder springs during NAO+ phase. 
Furthermore, significantly wetter and colder winters, and wetter autumns occur 
during NAO– phase. 
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