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Abstract 

 
On the basis of the Japanese reanalysis (JRA25) dataset (1979–2008), linear trends, 

interannual to decadal variability of the sea level pressure (SLP), surface air temperature (SAT) and 
precipitation fields over the Eurasian region have been studied. For the recent 30 years there are only 
significant positive linear trends of SAT in the northwestern part of the Eurasia/eastern Asia in winter 
and central Europe in summer. Areas with significant negative trends of SAT are absent. For 
precipitation field there are no significant tendencies except for the significantly positive area over 
England both in winter and in summer time. In winter, there are two areas with the opposite SLP 
tendencies: insignificant negative (to the north of 45-50N) and significant positive (to the south of 45-
50N) one. These trends could be accompanied by the corresponding tendencies bee-hive reproduction 
and honey production in different regions of Ukraine. 

Space-time patterns of the first, second and third EOF of the fields under study are mainly 
determined by the NAO and in the less extent by the SO (only in spring-summer). It was found that 
the leading modes become more contributive over the Eurasia for the last 30 years comparing with 
NCEP data for the previous period (1950-2001). It could imply that an internal signal of the ocean-
atmosphere system, which determines space-time patterns over Eurasia, has arisen. Intercomparison of 
the space-time EOF patterns between JRA25 and NCEP (1950-2001) re-analyses show that in autumn, 
winter and spring the first 3-4 corresponding time coefficients stay at the same order (coefficient 
correlations between them are significant), while in summer such correspondence in order of modes is 
changed. 
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INTRODUCTION 
Nowadays, combination superimposed natural fluctuation and anthropogenic influence is widely 
approved [1]. Such a combination could be responsible for the rapid global warming. In spite of the 
global warming there are areas in the Eurasian region, where opposite tendencies [7] have been 
observed. Do the significantly negative tendencies still exist in the recent 30 years in any areas of 
Eurasia? 
 It is well known that the El-Nino Southern Oscillation (ENSO) as well as the North Atlantic 
Oscillation (NAO) are the main large-scale quasi-periodic processes in the ocean–atmosphere system, 
which determine the observed variability of meteorological fields in the Northern Hemisphere and, in 
particular, in the Eurasian region [3–8, 23]. Apart from other effects, these processes are responsible 
for a space-time pattern of the first modes of empirical orthogonal function (EOF) of meteorological 
fields in the Northern Hemisphere practically in all seasons. At the same time, the results of 
investigation of the influence of these patterns on modal decomposition of meteorological fields in the 
Eurasian region are rather contradictory. Thus, for instance, in [9], it is argued that the second mode of 
surface air temperature (SAT) in winter in the European region is determined by the NAO. Also, the 
results of other works show that the first modes of the surface fields like sea level pressure (SLP) and 
surface air temperature (SAT) in this region are affected mostly by the NAO [7, 10, 11]. This 
discrepancy may be coursed by the different types of data used and methods. Recently, the new 
reanalysis called Japanese reanalysis (JRA) dataset has become available. It is renewing on the 
internet in real time. It starts from 1979 when the most intensive warming became apparent. This 
reanalysis shows a better agreement (according to mean value, root mean square, interannual to 
decadal fluctuations) with the observed data [12, 13]. 

In a recent study [2] it was concluded that in Eurasia there is the influence of the 1976–1977 
climate shift (associated with Pacific decadal fluctuations [14]) on the large-scale hydrometeorological 
processes using NCEP reanalysis. It manifests itself as a change in the space-time structure of all 
empirical orthogonal functions except the first two. Are there any changes in these main patterns and 
principal components of the surface fields in the rapid warming period for the last 30 years in JRA? 
The analyses will be done using JRA 1979-2008. Also, the question how strong is the influence of the 
considered modes and their interannual fluctuations on the beekeeping industry in Ukraine will be 
discussed.  

 
DATA AND THE PROCESSING TECHNIQUE 
The topics outlined above were investigated on the basis of the JRA25 reanalysis data 
(http://ds.data.jma.go.jp/gmd/jra/download/download-e.html) with a monthly resolution on a regular 
grid for 1979–2008. For the fields of surface air temperature (SAT) at the 2-m level, sea level pressure 
(SLP) and total precipitation, the spatial resolution was selected to be 2.5 to 2.5 degrees. The area 
under study was mainly limited to Eurasia (between 30-80 N and 10W -150E). The NAO and SO 
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indices for 1979–2008 from (http://www.cpc.ncep.noaa.gov/) and short time series (2002-2008) of 
beehive and honey production in Ukraine were used for the analysis. 

The sampled SAT, SLP, and precipitation data were bi-monthly averaged for the whole 
months, starting from January. This ensured decreasing the number of the data for analysis and 
increasing the statistical reliability of the results for large-scale fields. It was justified by a similar 
character of low-frequency processes in paired months.  

The dataset array was analyzed by the EOF method frequently used in practice for data 
processing on a regular grid [16, 17]. According to this method, the original field F ( x, t ) is expanded 
in a series in certain functions Xn ( x ) (spacial coefficient) with coefficients Tn ( t ) (time coefficient) 
(n = 1, 2, 3, … ) varying from one field to another: 

F ( x, t ) = Σ( Tn(t) Xn(x) ). 
In this case, the procedure of determination of unknown functions is based on a single condition that 
the sum of squared errors of the expansion over all points of a given collection for the analyzed field 
must be the minimum for all n. The empirical orthogonal functions minimizing the sum of squared 
errors of the expansion form the best possible basis. 

Later, this method was developed in numerous works. First, it was generalized to the case of 
complex variables, which, in principle, made it possible to detect nonstationary modes. Also several 
modifications of the traditional expansion were proposed. It should be mentioned the method of 
rotating components (used for instance in [11]), as one of the most popular. In [18], one can find the 
critical comparison of these and some other generalizations as applied to the analysis of 
hydrometeorological fields. 

In the present work the traditional EOF method has been used. Before applying of this method 
to the meteorological fields, the linear trends have been estimated and briefly analyzed. This is done 
not only because of self-contained interest in the trend estimation, but also because of the presence of 
significant trends affecting the space-time pattern of different modes if the trend is not removed before 
decomposition [6, 19]. 

The results were analyzed using routine statistical techniques. For all data, the following 
characteristics were computed: 
—linear trends of SAT, SLP, and precipitation for the pair months (January–February, March–
April,…, November–December) in Eurasia for 1979–2008; 
—the first five spatial and temporal empirical modes of SAT, SLP, and precipitation for pair months 
whose contribution to the variance of the corresponding fields is maximal in Eurasia in 1979–2008; 
— synchronous correlation rates between NCEP (1950–2001) and JRA (1979-2008) for the 
corresponding first five time coefficients of SAT, SLP, and precipitation for the crossing period 1979-
2001; 
—spectra of time coefficients and their spectral peaks with significance (at 5% level) for SAT, SLP, 
and precipitation fields for 1979–2008; 
—averaged NAO and SO indices for the pair months; 
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—correlation rates of time coefficients of the first two modes and averaged NAO and SO indices for 
the pair months. 

SAT, SLP, and precipitation fields were all detrended by removing the climatological mean 
and the linear trends as well as NAO and SO indices. The linear trends and correlation rates 
significant at 5% level were analyzed. 

 
RESULTS AND ANALYSIS 
Characteristics of linear trends of SAT, SLP, and precipitation in Eurasia, using JRA25 
The linear trends of SAT, SLP, and precipitation in Eurasia have been analyzed in [2, 8], using NCEP 
reanalysis (1950–2001). According to the conclusions of [2, 7] (where NCEP reanalysis has been 
used) the SAT maximum positive linear trends in winter (up to 2.5C/10 years) are observed in the 
northwestern part of the North Atlantic and eastern part of Asia, while significant negative trends 
reach –0.8C/10 years in the area covering southeast Eurasia (to the east of the Mediterranean Sea). In 
spring and summer, the space pattern of the trends differs largely. Over Scandinavia there are 
significant negative trends of up to –0.6C/10 years. In the central and western Himalaya, there are two 
small areas with positive and negative trends of similar value.  

At the same time, according to the JRA reanalysis for the recent 30 years it is possible to see 
changes in SAT fields (Fig. 1).  In winter, the SAT significantly positive linear trends (up to 4C/10 
years) are observed in the northwestern part of the Eurasia/northeastern part of North Atlantic. Also in 
summer, central Europe and a “small” area with center in Baikal Lake coved by significantly positive 
SAT trends with the less values (up to 1C/10 years). There are several areas with negative trends of 
SAT, as well, but they are insignificant. So, for most of Eurasia positive trends have dominated in the 
last 30 years. 

Through the year, SLP trends are very similar in JRA25 and in NCEP [2, 4] from the point of 
view of the space distribution and their values (Fig. 2). However, negative trend in JRA in the 
northern part of Eurasia isn’t significant (up to -2 hPa/10 years) while the positive one is significant 
(up to 1.5 hPa/10 years) but has less value in winter and summer.  

According to [2], it was found significant negative trends of precipitation in Mediterranean 
/Black Sea/ Caspian region (NCEP data for 1950-2001 have been used). This study (1979-2008) 
shows that they are still negative but insignificant. There is basic area with the significantly positive 
trends of precipitation over England both in winter and summer (up to 0.6 mm/day per 10 years) (Fig. 
3). Al in all, it could be concluded that the general distribution of both winter SAT, SLP and 
precipitation fields are dynamically consistent with the SLP field that is driven by the NAO-like 
meridional dipole pattern. 

Numerous studies of linear trends show that they may be caused by different factors [3-5, 8-
11, 20]. Some authors consider them as a manifestation of anthropogenic processes. Others show that 
regional climatic changes on the scale under consideration are caused by low-frequency fluctuations 
(with periods exceeding 50 years) in the global ocean–atmosphere system. For example, in a number 
of papers, it has been shown that the linear trends of the given type in Europe are due to the spatial-
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temporal variability of storm-tracks as a result of NAO intensification in the North Atlantic in the 
second half of the 20th century [15, 21, 22]. The authors of [22] believe that the trends derived from 
relatively short series which describe part of long-period (65–70 years) oscillations. Such oscillations 
could be observed on longer data series or even the quality of the data could be questionable (Fig. 5). 
This question will remain controversial until sufficiently long global climate data series are collected. 

 
Characteristics of major space-time modes for the Eurasian region 
To reveal main natural fluctuations (interannual to decadal scale), the detrended JRA25 dataset over 
Eurasia was analyzed by the traditional EOF method. First, it is worth to pay attention to the output of 
the singular values (Table 1). Actually, they become more contributive for the last 30 years than the 
previous one [2, 7]. It could imply that the internal signal of the ocean-atmosphere system, which 
determines space-time patterns (Figs. 4, 6) over Eurasia, has been increased. The first three main 
modes of SAT, SLP, precipitation have been analyzed because they have maximal contributions to 
their total variance. “Lower” order modes (4, 5, …30) have a sharp decreasing of their contributions 
(Table 1). 

In the Eurasian region, the NAO influence manifests itself in the major space-time patterns of 
SAT, SLP and precipitation. It is most pronounced in winter-spring (Fig. 4) while in summer special 
patterns change strongly. The synchronous correlation rate between the NAO index (detrended and 
averaged for pair months) and the time coefficient of the first mode reaches 0.56, 0.58, and 0.65 for 
SAT, SLP, and precipitation, respectively. Note, that it remains significant for all fields from January 
to April as well as their space patterns aren’t changed. It implies that they are, to a large extent, related 
to NAO. Thus NAO signal is rather stable and maximal from January to April. It explains up to 40% 
of the variance of the first mode of SAT, SLP, and precipitation fields in Eurasia. However, there are 
periods of the year when 2nd and 3rd modes correlate significantly as well (Table 2). That’s why, not 
only first mode but also “lower” order ones (2nd and 3rd) maybe partly due to the NAO as it found in 
[2, 9]. 

This result partly confirms the conclusions of [2, 7-9]. The contradiction, however, can be 
caused by the differences in data processing. Firstly, it is because the analyzed characteristics 
correspond to different space and time; in some papers, the trends were removed before EOF 
decomposition, while in other papers, they were not. 

The effect of SO is significant in spring-summer on the major EOF for SAT, SLP, and 
precipitation fields in Eurasia. In March-April, the 3rd mode of SAT is significantly correlated with 
SOI (0.4), while at the end of spring 2nd mode (0.35) is. At summer time, significant synchronous 
correlation is observed between the SO index and the time coefficient of the 2nd mode of the SLP field 
(0.46), 1st mode of SAT (0.48) and 2nd mode of precipitation (0.56). It implies that in the spring-
summer period (in summer especially) the major 2-3 modes of the considered fields over Eurasia are 
affected significantly by the El Niño development in the Pacific Ocean. The most probable mechanism 
of the ENSO influence on the extratropical processes was described by Bjerknes [14]. Later, it was 
developed in numerous works. This mechanism manifests itself in the excitation of large-scale 
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disturbances in the atmosphere in the period of the mature phase of El Niño, which can be found over 
the most part of the Globe.  
  Therefore, it can be concluded that the SO manifests itself in the leading EOF pattern, 
although it explains no more than 25% of the variance of the leading EOF of the fields under study in 
spring-summer. In other seasons, the correlation rates between the SO index and the first modes of the 
fields are not significant. At the same time, it can be noted that variability of all time coefficient 
related here as SO influenced has a dominant 3–5 year periodicity. It manifests itself as a significant 
spectral peak (significant at 5% level) at the corresponding frequency, which is typical of the SO 
periodicity. 

Space distribution of the second mode of precipitation, SAT, and SLP, as compared with the 
first one, has a more complicated pattern similar to [7]. The second mode in the SAT field, practically 
in all cold seasons (November-April), exhibits a vast, zonally oriented area of extremum in Siberia 
(55–70N, 90–150E) and an area with the opposite sign to the north of the former (in the subpolar area) 
(Fig. 6). This space distribution is associated with the Siberian High, which can be quantitatively 
described by an index representing normalized surface pressure anomalies in the center of the Siberian 
High (presented at the site [24]). In fact, the significant correlation rate between the time coefficient of 
the second EOF of SAT and the Siberian High index for the same period has been obtained. In 
summer (May to August), four centers exist, which alternatively change their signs and are located in 
chain from west to east of Eurasia. 

Considering again Table 1, it can be noted that the two first modes, in total, determine a 
considerable part of the total variance. The total impact of the first 3 modes reaches 63–82, 45–67 and 
25–45% for the SLP, SAT, and precipitation fields, respectively, during the entire year. Starting from 
the 4th mode, this contribution decreases. Summing up the analysis of the space-time leading patterns 
of the fields under study, it can be concluded that the first three modes is mainly determined by NAO 
and in less extent by SO. 

 
Intercomparison of the time coefficients of EOF patterns between reanalyses JRA 1979-2008 and 
NCEP 1950-2000 and their influence on bee keeping industry in Ukraine 
Time coefficients of SAT, SLP and precipitation have been analyzed and compared between JRA25 
and NCEP reanalyses. They are crossing in the 1979-2001 period of time. 

The intercomparison shows that in autumn, winter and spring the first 3-4 time coefficients of 
corresponding modes stay at the same order and have significant coefficient correlations among them 
(0.47 – 0.99). While in summer such correspondence in the order of modes is changed and becomes 
insignificant. However, in most cases, in summer, if the order of insignificant modes in any field is 
exchanged, the correlation can become significant. For example, in summer there is a synchronous 
correlation rate - 0 between the first corresponding modes of JRA25 and NCEP and 0.12 for the 
second ones in July-August. But if the first and second modes of SAT swap around mutually, the 
correlations between the first mode of JRA25 and the second one of NCEP (as well as the second of 
JRA25 and the first of NCEP) become significant (0.97 and 0.6 correspondently). The reasons for the 
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changes of the order of modes in all summer fields can be explained partly by enhanced noise and 
errors in reanalysis products, pronounced especially in summer (Fig. 5). Thus it could imply that 
variability of the first 3-4 modes of SAT, SLP and precipitation fields are steady for different 
reanalyses because their space-time structure is determined not only by large-scale processes in the 
ocean–atmosphere system, such as the NAO and ENSO, but also by the effect of the Siberian High in 
winter. 

For the recent 6 years the data of the beehive reproduction and honey production in different 
regions of Ukraine (2002-2008), which have been used for analysis [25], became available. These data 
have a short time series, that’s why it is not worth to analyze them using correlation analysis because 
of small amount of freedom degree. Therefore, just their tendencies were considered. The most part of 
the region has a tendency to increase the quantity of beehives. It’s accompanied by the SAT positive 
trend and its own positive tendency of the first mode of SAT over Ukraine in winter-spring. This 
positive feedback can be simply explained. Relatively warm winter-spring seasons lead to more rate of 
beehive reproduction.  

At the same time, in spite of the growing quantity of beehive reproduction there is no stable 
tendency of raising the honey production in different regions of Ukraine; opposite tendency exists in 
some of them. It can be explained by the insignificant decreasing of the precipitation over Ukraine in 
summer season. It is no good for the quality of nectariferaus grain-crops accompanied by lack of 
steady growing quantity of the honey production. 

 
CONCLUSIONS 
In total, the following results can be formulated. 

For the recent 30 years areas the significant negative trends of SAT are absent. There are only 
significant positive linear trends (up to 4C/10 years) of SAT in the northwestern part of the 
Eurasia/eastern Asia in winter and central Europe in summer. For precipitation field there are no 
significant changes except for the significantly positive area over England in winter and in summer 
time. In winter, there are two areas with opposite SLP tendencies: insignificant negative (to the north 
of 45-50N) and significant positive (to the south of 45-50N) which can be due to the spatial-temporal 
variability of storm-tracks as a result of NAO intensification in the North Atlantic in the second half of 
the 20th century. These tendencies are reflected on the corresponding beehive reproduction and honey 
production in many particular regions of Ukraine. 

Space-time patterns of the first, second and third EOF of the fields under study are mainly 
determined by the NAO (up to 40% of the variance of the first mode) and to the less extent by the SO 
(mostly in spring-summer). At the same time, a contribution of the major leading modes to their total 
variance for the recent 30 years has been arose.  

Intercomparison of the space-time EOF patterns between JRA25 and NCEP reanalyses show 
that in autumn, winter and spring, their variability and order of the first 3-4 corresponding time 
coefficients are steady in different reanalyses because their space-time structure is determined not only 
by large-scale processes in the ocean–atmosphere system, such as NAO and ENSO, but also by the 
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effect of the Siberian High in winter. In summer such correspondence in the order of modes is 
modified. 
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Table 1. Seasonal distribution (%) of contributions of the 4 first modes (1st, 2nd, 3rd and 4th rows, 
respectively) of precipitation, SAT, and SLP to their total variance. 

 

Months January-

February 

March-

April 

May- 

June 

July-

August 

September-

October 

November-

December 

 

Precipitation 

25,4% 

10,0% 

9,5% 

6,7% 

14,1% 

12,0% 

9,1% 

6,8% 

10,6% 

7,5% 

6,8% 

6% 

20,1% 

8,7% 

6,8% 

6,3% 

16,6% 

9,8% 

7,9% 

7,1% 

17,6% 

13,7% 

8,7% 

7,5% 

 

SAT 

37,2% 

25,6% 

8,8% 

6% 

34,3% 

17,4% 

11% 

7,1% 

21,6% 

14,6% 

10,3% 

7,5% 

20,2% 

11,4% 

10,3% 

8.8% 

35,1% 

15,4% 

10,1% 

5,9% 

30,2% 

26,0% 

10,9% 

5,6% 

 

SLP 

51,6% 

15,1% 

14,1% 

6,9% 

47,4% 

20,2% 

10,5% 

6% 

37,6% 

16,1% 

9,5% 

6,6% 

40,4% 

13,1% 

9,6% 

7,5% 

37,6% 

16,9% 

13,2% 

9,5% 

45,4% 

18,3% 

13,4% 

6% 
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Table 2. Seasonal distribution of correlation rates between the NAO index and time coefficient of the 
first three modes of SAT (a), SLP (b) and precipitation (c) for 1979–2008. Significant (at 5% level) 
correlation rates are marked by star(*) and  those which have a time coefficients with significant 6-10 
year peaks are underlined. 

 

а  

Months January-

February 

March-

April 

May- 

June 

July-August September-

October 

November-

December 

1 mode -0.58* -0.34* -0.49* -0.46* -0.21 0.28 

2  mode 0.04 0.06 -0.09 -0.31* 0.14 0.45* 

3  mode 0.61* -0.52* 0.38* 0.07 -0.49* -0.57* 

b  

Months January-

February 

March-

April 

May- 

June 

July-

August 

September-

October 

November-

December 

1 mode 0.65* -0.36* 0.12 -0.37* 0.02 0.25 

2  mode -0.13 0.05 0.15 0.08 -0.19 -0.7* 

3  mode 0.05 -0.25 0.20 -0.33* -0.21 0.35* 

c  

 

Months January-

February 

March-April May- 

June 

July-

August 

September-

October 

November-

December 

1 mode 0.56* 0.49* -0.25 0 0.34 0.26 

2  mode -0.46* 0.23 -0.11 0.08 -0.32* -0.14 

3  mode -0.07 0.12 -0.19 -0.48* -0.03 -0.1 
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Fig. 1: Distribution of linear trends of SAT(C/year) in winter (a) and in summer  (b) over Eurasia, using JRA25 
(1979-2008). Zero isolines are thick, negative - black, positive - gray. Areas with significant (at 5% level) linear 
trends are dotted. 
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Fig. 2:  As in Fig. 1, but for SLP (hPa/year). 
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Fig. 3:  As in Fig. 1, but for precipitation (mm/day per year). 
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Fig. 4: Space structure of the first EOF of SAT (a), SLP (b) and precipitation (c) over Eurasia in January–
February. 
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Fig. 5: Seasonal correlation rate between 
station based observation of 
precipitation in north part of the Black 
Sea region and JRA/NCEP precipitation 
in the nearest grid point (1-2 means Jan-
Feb., 3-4 – March-April, 5-6 – May-
June, …). 
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Fig. 6: Space structure of the second EOF of SAT over Eurasia in January–February. 

 

 

 


