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Abstract: Quantifying the coastal mean sea level change causing by the winter positive phase of the North Atlantic oscillation index 
NAO+ at the Gulf of Finland coast is of high priority for detecting and predicting the global warming impact in this region. Both 
boreal winter months and season of three long-term data station series of the coastal mean sea levels and the NAO indices were 
linked for two cases, i.e.: different periods and the 1977-1994 period. This study is dedicated to: (1) Detecting the exclusive impacts 
of the NAO+; (2) Estimating the significant standard bivariate linear regression models; (3) Calculating the climatic linear trend 
coefficient by using three methods (OLS, GLS, Theil-Sen); (4) Correcting the mean sea level series anomalies by using the 
significant linear regression equations as a function of NAO+ anomalies, over the period 1977-1994; (5) Calculating the realistic 
linear trend caused as a function of NAO+ for period 1977-1994 in the context of the realistic portion of the global warming. The 
results reveal that, the NAO+ manifests their impacts on the coastal mean sea levels and its contribution in the configured linear 
trends. The realistic linear changes have detected and predicted. The Gulf of Finland coast showed the warmest regions in the context 
of the realistic portion of the global warming during the winters of the period 1977-1994. 
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1. Introduction 

The anthropogenic climate change is very complex 

process, varies regionally, and refers to the production 

of greenhouse gases emitted by human activity. 

Human activities result in emissions of four principal 

greenhouse gases: carbon dioxide CO2, methane CH4, 

N2O (nitrous oxide) and the halo carbons (a group of 

gases containing fluorine, chlorine and bromine), in 

which these gasses increased the global warming 

potential [1]. The global warming revealed through 

different oceanic-atmospheric processes in the 

Northern and Southern Hemispheres. Thompson et al. 

[2], confirmed the following points: (1) various 

indices in the NH (Northern Hemisphere) related to 

the AO (Arctic Oscillation) have exhibited a 

pronounced linear trend during the winter of the past 3 

decades of the last century, which is reflected in 
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patterns of SLP (sea level pressure), geopotential 

height, precipitation, total column ozone, tropopause 

pressure, surface air temperature trends, strengthening 

of the westerlies at subpolar latitudes, and warming of 

the lower troposphere over Eurasia [2-7]; (2) different 

climate trends in the NH that pointed out by Hurrell [3, 

4] what caused by the trend in the NAO (North 

Atlantic oscillation) index are consistent with the 

trend in the AO index; (3) these trends were consistent 

with model simulations of the response to increasing 

greenhouse gases and sulfate aerosols [8-11]. In 

particular, the recognition of the warming changes 

was predicted as a function of the winter positive 

phase of NAO+ in the North Atlantic Ocean and in the 

continent between the latitudes 20°-90° N of the NH 

by Hurrell [4]. Where, the realistic portion of the 

global warming was revealed also by the behavior of 

the NAO, which turned from the negative phase of 

NAO- index to the positive phase of NAO+ index 
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since the mid of 1970s [2-4], during the winters of the 

period 1977-1994 [4]. That is, the atmosphere is very 

active dynamically during the winter season and has 

largest perturbations amplitudes [12, 13]. 

Thus, the winter NAO+ may affect the water cycle 

between land, sea, and air across many sectors of the 

economy, society, and the environment in the northern 

Europe. 

So, the prominent impact of the NAO+ on the 

coastal mean sea levels at the Gulf of Finland coast is 

related with the economic life and population living 

along the coastlines. Thus, this impact should be 

detect and predict through analysis of the interrelation 

between the NAO and the coastal mean sea levels 

which is the most important step allows the realistic 

linear mean sea level change to predict as a function 

of NAO+ during the winters of the period 1977-1994 

in the context of the realistic portion of the global 

warming considering this phase as a major forcing for 

mean sea level change. 

The NAO is a measure of the ocean-atmosphere 

circulation at the surface and the only teleconnection 

pattern evident throughout the year in the NH [14] that 

can influence the local sea level in the Baltic Sea and 

the Gulf of Finland. During the winter, it accounts for 

more than one-third of the total variance in sea level 

pressure SLP over the North Atlantic [3, 4, 15-20].  

There have been many studies concerning the 

detection of the influence of the NAO and estimation of 

the linear trend configured in the long-term mean sea 

level data series in Baltic Sea [21-24]. Nevertheless, 

most of the previous publications have not dealt 

quantitatively with the influence of the NAO+ through 

the 1977-1994 period on the mean sea level in the Gulf 

of Finland. In contrast, one goal of the current study is 

to quantify the influence of this phase by estimating the 

configured trends, which have NAO+ origins, in the 

present study by using statistical time series analysis 

technique in accordance with Hurrell [4], in which this 

kind of mean sea level is especially needed for 

detecting the impact of the global warming. 

There are four main objectives representing the 

research hypotheses. The first is to detect the 

influence of boreal winter months and season of 

NAO+ on the individual mean sea levels stations 

series over the whole period for each data station. The 

second is to estimate the relative linear mean sea level 

trend as a function of the climatic conditions after 

removing the VLM (vertical land movement), i.e. due 

to GIA (glacial isostatic adjustment) per each boreal 

winter months and season for the individual mean sea 

levels stations series. The third is to detect the 

influence of the boreal winter season of NAO+ on the 

individual mean sea levels stations series over the 

period (1977-1994). The fourth is to predict the 

realistic linear mean sea level change as a function of 

the boreal winter season of NAO+ over the period 

(1977-1994), for identifying the regional differences 

of the realistic portion of the global warming in term 

of NAO+ at the study region. 

The assessment for the outcome has been achieved 

for the boreal winter months DJF (i.e. the months of 

December, January, and February) and the boreal 

winter season DJF (the average of the months of 

December, January, and February months) timescales 

for each studied data station where the temperature 

gradients between Eurasia and North Atlantic were 

most pronounced through the period of the positive 

NAO+ within wintertime [4, 16, 18, 20].  

The paper is organised as follows: following the 

introduction, the data sets used in this study and the 

methods applied in the analyses are described in 

Section 2. Then, Section 3 presents the results and 

discussion. Finally, conclusions are clarified in 

Section 4. 

2. Materials and Methods 

2.1 Materials 

For the analysis, two different types of NAO 

indices were taken into account. The first was Jones’ 

winter monthly mean NAO index for the 1824-2011 

period, which represents the difference between 
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normalised monthly mean SLP at Gibraltar and 

south-western Iceland. The data were collected from 

the website of the Climate Research Unit in Norwich, 

UK [25, 26]. The second was Hurrell’s winter season 

DJF mean NAO index for the 1865-2011 period, 

which represents the difference between normalised 

boreal winter season DJF mean SLP at Lisbon, 

Portugal and Stykkisholmur, Iceland. The data were 

collected from the website of the NCAR in Boulder, 

CO, USA [3, 12]. 

The mean sea level tide gauge data series were 

collected from Holgate et al. [27] and PSMSL [28]. 

Since tide gauge measure sea level relative to the land, 

they are in some parts of the Baltic Sea strongly 

influenced by vertical land movements VLM in 

response to glacial isostatic adjustment GIA. So, the 

linear trend in the sea level records, was caused by a 

combination of vertical land movement due to glacier 

isostatic adjustment GIA and other processes caused 

by climate variability (called the relative mean sea 

level) along the Baltic Sea coasts [29].  

Then, the relative mean sea level trend = isostatic 

trend + climatic trend, and assumed to be linear. 

The OLS (Ordinary Least Square), GLS 

(Generalized Least Square Error Minimization), RSE 

(Robust Standard Error) and Theil-Sen techniques [4, 

18, 29-45], could be used for estimating the individual 

linear trends, but these trends should be eliminated 

(linearly detrended) from the record before the 

correlation and regression calculations. In particular, 

the lands around the northern Baltic Sea are still rising 

from the last ice age due to postglacial rebound. This 

process also displays the linear trends that may caused 

by the long-term regional climate forcing, which have 

different physical origins Chen and Omstedt [22]. A 

more sophisticated filtering of postglacial rebound 

was by using consistently modelled sets of glacial 

isostatic vertical deformation rates (provided by 

Andreas Groh1), based on GIA Model ICE-5G (VM2) 

of Peltier [46]—ICE-5G is the ice load history and 
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VM2 is the viscoelastic Earth model—by using the 

SELEN code which is described in Spada and Stocchi 

[47]. 

2.2 Methods 

2.2.1 For Different Periods 

(1) Calculation three kinds of the configured linear 

trends (i.e.: OLS-Trend in term of normality 

distribution of the regression residuals, GLS-Trend in 

term of the autocorrelation distribution of the 

regression residuals, Theil-Sen-Trend in term of non- 

normality distribution of the regression residuals) 

depending on the natural feature of the mean sea level 

data series at each boreal winter month and season 

DJF per each studied station, if detected. 

(2) Each mean sea level time series what has the 

linear trend was detrended, by running (OLS-Detrend 

or GLS-Detrend or Theil-Sen-Detrend). Thus, the 

residuals represent the detrended mean sea level 

series. 

(3) Estimation the Pearson’s correlation coefficients 

for the interrelations between the detrended mean sea 

level data series and the NAO indices series of boreal 

winter months and season DJF per each studied 

station. 

(4) For each significant correlation, the linear 

regression equation has been calculated strictly for 

establishing the causation relationship concerning the 

interrelations mentioned in (3). 

(5) The formal regression models have been 

calculated precisely with percentage error between 

0.000%-0.001% by using high accurately techniques 

for satisfying all regression assumptions like: 

non-linearity, non-normality, autocorrelation, 

heteroscedasticity. 

(6) The linear trends calculated from (1), represent 

the relative linear mean sea level trends for each data 

station over the different data station periods of boreal 

winter months and season DJF. The climatic trends 

have been estimated after correcting to the related 

isostatic trends. 
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2.2.2 For the Period 1977-1994 Anomalies 

(1) Recalculation the same procedures of 

calculations that mentioned in the aforementioned 

points (1, 2, 3, 4, 5) from section 2.2.1, over the 

period 1977 through 1994 for the boreal winter season 

DJF of the mean sea level anomalies series per each 

studied station. 

(2) Prediction the new detrended mean sea level 

series anomalies by using the estimated significant 

linear regression equations that calculated from the 

previous point as a function of the NAO+ indices 

anomalies. 

(3) Estimation the configured linear trend (i.e.: 

OLS-Trend, GLS-Trend, Theil-Sen-Trend) for each 

predicted mean sea level anomalies series that 

calculated from point (2). Thus the estimated linear 

trend is the trend caused by the positive phase of the 

NAO+ index. 

2.2.3 Correlation and Regression Coefficients Test 

Hypotheses 

For the correlation and regression coefficients test, 

a suitable null hypothesis would be that “there is no 

impact for the NAO+ on the mean sea level during 

boreal winter months and season timescales over the 

whole per each data station”. On the other hand, a null 

hypothesis for the linear trend coefficient test would 

be that “the mean sea level during boreal winter 

months and season timescales for each data station 

over the whole period, fluctuate along its constant 

mean”. The analyses will tell if the data are consistent 

or depart from this expectation. The statistical tests for 

these coefficients have been calculated at a critical 

value of the significance level (P-value) according to 

Smith et al. [48], Cyberski et al. [49], and Kundzewicz 

and Robson [50], i.e. a P-value ≤ 0.05 indicates 

statistical significance, but a P-value > 0.05 indicates 

statistical insignificance.  

3. Results and Discussion 

The impact of the NAO+ index due to its 

contribution to the configured linear trend of the mean 

sea level series is expected for different periods. 

Furthermore, the impact of the NAO+ with its 

configured linear trend is expected for the 1977-1994 

period of the mean sea level series. 

3.1 Results for Different Periods 

3.2 Results for the Period 1977-1994 Anomalies 

In accordance with previous studies (Alexandersson 

et al. [52]; Plag and Tsimplis [53]; Johansson et al. 

[51]; Andersson [21]; Chen and Omstedt [22]; 

Jevrejeva et al. [23]; Hunicke and Zorita [24]; 

Hunicke [29]; Johansson [54]), which are not cited in 

the below text. All these studies confirmed the 

significant interrelation between the mean sea level 

and the NAO in boreal winter conditions at the 

Finnish coast and at the Fennoscandian coasts in the 

Baltic Sea. Furthermore, they showed a significant 

increasing linear trend concentrated in the last decades 

of the 20th century. Also highly correlation was found 

between the NAO and the mean sea level in the 

Stockholm tide gauge in Sweden [21], and with 

temperature anomalies in Sweden and Copenhagen as 

well [18, 19]. Johansson [54] confirmed that the 

variations in the winter (December-March) mean 

NAO index were shown to explain 37-46 per cent of 

the interannual mean sea level variability at the 

Finnish coast. 

The impacts of the NAO+ on the mean sea level 

have been detected in the studied stations (St1, St2, 

St3) in the boreal winter months and season for 

different periods (Figs. 1 and 2), and for the 

1977-1994 period in the boreal winter season (Fig. 3), 

respectively. 

The correlations and regression coefficients, i.e. 

under the impact of the NAO+, are high and 

statistically significant and spatially non-uniform in 

boreal winter months for different periods, referring to 

the differences in the strength of the westerly winds as 

well as the other processes associated with NAO+ at 

the different stations in accordance with Hünicke and 

Zorita [24]. Thus, the NAO is responsible for the non 
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Fig. 1  Map of special classifications of correlation coefficients (R), regression parameters (a, b) between Jones’s monthly 
mean of the NAO indices, and linearly detrended mean sea level series in boreal winter months (December, January, and 
February) for different periods at the Gulf of Finland coast. (T) Linear Trend coefficients in boreal winter months of mean 
sea level series for different periods, which it is in (mm. (winter month)–1). (T) Represents the eustatic or climatic linear trend 
with contributions of the NAO+. The asterisk (*) indicates to the insignificant trend. Map source Johansson et al. [51]. 
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Fig. 2  Map of special classifications of correlations coefficients (R), regression parameters (a, b) between Hurrell’s winter 
season DJF mean of NAO indices, and linearly detrended mean sea level series in boreal winter season DJF for different 
periods at the Gulf of Finland coast. (T) Linear trend coefficients in boreal winter DJF mean sea level series for different 
periods, which are in (mm. (winter season)–1). (T) Represents the eustatic or climatic linear trend with contributions of the 
NAO+. The asterisk (*) indicates to the insignificant trend. 
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Fig. 3  Map of special classifications of correlations coefficients (R), regression parameters (a, b) between Hurrell’s winter 
season DJF mean of NAO indices, and linearly detrended mean sea level anomalies series in winter season DJF in the Gulf of 
Finland for the 1977-1994 period. (T) Linear trend coefficients in winter DJF mean sea level anomalies series for the 
1977-1994 period, which is in (mm. (winter season)–1). (T) Represents the trend cause by the NAO+ index. 
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uniform patterns of westerly winds, precipitation and 

temperature as well as rivers discharges changestend 

to keep the Baltic Sea mean sea level high during 

winter [51, 55]. 

However, in the boreal winter season the 

coefficients are high and statistically significant and 

almost spatially uniform with different stations. A 

homogeneous pattern of the correlation in the boreal 

winter season was detected for the 1997-1994 period 

within the NAO+ in accordance with Hurrell [3, 4]. 

The results confirm that the westerly winds, air 

temperature and precipitation changes were highest in 

winter when the difference between the regional 

climate and the climate of the surrounding areas was 

largest and the atmospheric circulation was strong. 

Thus, that may lead to the fact that the precipitation 

contributes heavily to the mean sea level rise in 

accordance with [56], in which these studies 

confirmed that the NAO is of major importance for 

precipitation conditions in Scandinavia and the Baltic 

Sea during winter. 

The existence of the linear trends in boreal winter 

months and seasons of mean sea level series have 

been detected at the studied stations (Figs. 1 and 2) for 

different periods (but not for all stations). These linear 

trend coefficients that show the significant 

correlations and regression coefficients which 

represent the linear trend are configured with the 

impacts of the climate conditions with the 

contributions of the NAO+ and the vertical land 

movement VLM, i.e., due to GIA. Spatially 

non-uniform and statistically significant findings of 

linear trends, i.e., referring to the different climate 

conditions at different stations. Sporadic pattern of 

positive significant responses are apparent in terms of 

respective boreal winter months at specific stations 

can be explained by milder boreal winters (Figs. 1 and 

2). Negative linear trends in boreal winter mean sea 

level can be explained by the influence of the vertical 

crustal movement due to glacier isostatic adjustment 

from the melting Scandinavian ice sheet in the early 

Holocene at the Finnish coast in the Gulf of Finland. 

However, the insignificant trend coefficients that 

showed the significant correlation coefficients, could 

be explained from the time series theory [57-59]. 

Where, a statistically significant correlation between 

NAO and mean sea level does not necessarily mean 

there is a “cause” and “effect” relationship between 

these variables, very weak, where this correlation 

because of the presence of the low frequency 

components in the time series such as seasonal and 

cyclical components. 

Therefore, the significant correlations for the 

impacted stations (St1 and St3 in Figs. 1 and 2) with 

the NAO indices does not mean there is a linear trend 

that configured in the mean sea levels series for these 

stations under the influence of NAO, but the mean sea 

level fluctuation at each station might be under the 

influence of lasting multi-decadal wet and dry periods, 

in which they have different periods from one station 

to another, and which might correspond with the 

similar periods that are found in the NAO spectrum. 

That is consistent with Hurrell and Van Loon [18] 

identified significant variance in the boreal winter 

NAO+ at biennial periods and for 6-10 years. As well 

as, numerous authors have examined the spectrum of 

the NAO indices; Hurrell et al. confirmed that the 

spectrum of the winter mean NAO index is slightly 

enhanced variance at quasi-biennial periods and for 

8-10 years. Thereafter, Andersson showed that peaks, 

with periods of 2.2-2.3, 5-6, and 7-8 years, appeared 

in the cross-coherency spectra of the boreal winter 

NAO index and the Baltic Sea level. These peak 

periods have also been identified in various other 

climatological and hydrological time series [3, 18, 19, 

20, 60-62].  

While, for the 1977-1994 period the existence of 

the linear trends in boreal winter season DJF of mean 

sea level anomalies series have been detected at all 

stations (St1, St2, St3) (Fig. 3), these linear trend 

coefficients represent a trend that is configured by the 

impacts of the NAO+ throughout this period what 
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calculated after correcting the mean sea level series 

for the winter NAO+. Spatially uniform positive linear 

trends, which are around 14 mm (winter season)–1, 

and statistically significant due to the predominating 

the NAO+ at these different stations during winter 

showing strong westerly winds, high temperature, 

high precipitation that is strongly related to the strong 

NAO+ during this period. Where, almost of the local 

warming across Europe and downstream over Eurasia 

since the mid-1970s can be linearly related to changes 

in the NAO [18]. 

In this respect, the change in the local pattern 

temperatures (surface land, sea surface), based on the 

linear regression relationship with Hurrell’s winter 

NAO index across the middle and high latitudes of the 

Northern Hemisphere had been estimated for this 

period [4, 18] , and the change was 0.10 °C.winter-1. 

So, the realistic linear mean sea levels trends that 

found from the Gulf of Finland coastal stations 

showing the global warming was more pronounced 

over the coast. Thereby, the linear trends calculations 

are very important for the coastal mean sea levels for 

detecting the anthropogenic climate change and NAO 

change. That is consistent with the findings of the 

Bengtsson [63] and Omsted et al. [64] for the 

European near-surface temperature over the past 500 

years when they found the warming trend was 

appearing as the accumulation of the warmest seasons 

over the last decades of the last century only causing 

by the increasing of the greenhouse gases.  

It can be concluded that the large-scale westerly 

winds component over the North Atlantic has a 

significant effect on sea level oscillations at the Gulf 

of Finland coast, through the NAO+ influence.  

Obtaining the significant trends for the short period 

1977-1994, may expect to be very difficult especially 

the significant relationship between all details of the 

large scale atmospheric circulation NAO and the 

coastal mean sea level, since the NAO contain 

information about many oceanic-atmospheric 

processes affect the mean sea level change. However, 

the realistic linear mean sea level trend in the present 

study was found after the winter mean sea level time 

series were corrected for the winter NAO+ index 

within the significant standard ordinary bivariate 

linear regression relationship considering this phase as 

a major forcing for mean sea level change. That is, the 

strong winter positive of NAO+ enhanced as a zonal 

circulation over the northern Europe supporting the 

strong westerly winds which brought about more 

frequent advection of warm and wet Atlantic air 

masses reinforced this zonal circulation [65, 66]. 

In this regard, there are many studies estimated the 

linear trend for the coastal mean sea level as a 

function of the station-based of NAO index during 

winter season for different periods in northern Europe 

seas by using simple linear OLS regression like: 

Tsimplis et al. [66], estimated the linear mean sea 

level trend as a function of the station-based of NAO 

index for studying the influence of NAO on long-term 

winter mean sea level trends for different tide gauges 

in northern Europe seas by using statistical analyses 

and they found that the NAO is a major forcing for 

mean sea level variability. Then, Dangendorf et al. [67] 

estimated the linear mean sea level trend as a function 

of the station-based of NAO index also for studying 

the influence of NAO on long-term, 1937-2008 and 

1951-2008, and short-term, 1971-2008, periods of 

winter mean sea level trends in the German Bight, in 

which these trends were found after correcting the 

winter mean sea level time series for the NAO index 

by applying the simple linear regression models. The 

results for the trends showed smaller values for the 

long-term series, but higher values for the short-term 

series such as for the entire German Bight-North sea, 

the trends were found to be 7.6 mm.winter-1, 8.4 

mm.winter-1, 6.9 mm.winter-1 for the German Bight, 

Schleswig-Holstein and Lower Saxony virtual stations 

respectively. 

It has to be clear the presented results are not 

limited to NAO only. For example, the air 

temperatures especially over the Baltic Sea also 
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display discernible trends in the 20th century what 

caused by the influence of the global warming and 

could also affect the winter mean sea level rate.  

An important thing, is weather the detected linear 

trend of the positive phase of the NAO+ during 

1977-1994 can be extended into the future. That may 

lead to changes can be happened in mean sea levels 

patterns at the study region. 

Results of the global climate models [68] driven by 

different scenarios of anthropogenic greenhouse gas 

forcing and anthropogenic tropospheric aerosols 

indicate that dry season precipitation will likely 

increase in northern Europe. The simulated trends are 

consistent with the trends observed in the twentieth 

century. If a causal link between the NAO and 

greenhouse gas forcing can be established, that may 

lead to increasing the NAO impact on the mean sea 

level, which enhances the winter linear trend of the 

mean sea level at the Gulf of Finland coast in the next 

decades.  

The analyses presented here should be understood as 

complementary to modelling studies. Simulations with 

a regional model of the Baltic Sea [69] can help to 

falsify or confirm these hypotheses. 

4. Conclusions 

Since the significant responses of the correlation 

coefficients were revealed, the winter positive phase 

of the NAO+ index manifests its linear impact on the 

coastal mean sea levels of the studied coastal stations 

during boreal winter months and season over the 

periods, (i.e., different periods, 1977-1994). The 

seacoasts revealed the direct impact of the NAO+ 

manifested by (the westerly winds and the other 

processes) leading to rising the mean sea levels. Since 

the linear trends coefficients that are showed the 

significant correlation coefficients revealed 

simultaneously for the same mean sea level series, the 

positive phase of the NAO+ manifests its contribution 

on the configured linear trend during boreal winter 

months and season over the periods, (i.e.: different 

periods). Since the significant responses of the 

correlation coefficients were revealed during winters 

of the period 1977-1994, the positive phase of the 

NAO+ manifests its linear impact on the coastal mean 

sea levels changes and on the configured linear trend.   

The regions of Gulf of Finland coasts were the 

warmest regions in the context of the realistic portion 

of the global warming during the winters of the period 

1977-1994. The influence of winter NAO+ that 

causing winter mean sea levels changes is a typical 

indication for brought strong advection of warm and 

wet Atlantic air masses in the context of the global 

warming. 

The quantitative differences in significant 

correlation coefficients for the (mean sea level and 

NAO) interrelations indicate the differences in the 

strength of the westerly winds as well as in the other 

processes at the different stations. The quantitative 

differences in the linear trends coefficients of the 

mean sea levels series are caused by the differences in 

the vertical land movement VLM, i.e. due to GIA, and 

the differences in the processes that controlled by 

climatic conditions. The significant positive linear 

changes for mean sea levels are typical indication of 

the milder winters. However, the significant negative 

linear changes are the typical indication of the 

influences of the vertical land movement VLM, i.e. 

due to GIA. 

The mean sea levels that have significant 

correlations with NAO and showed insignificant 

trends are typical indications of lasting multi-decadal 

wet and dry periods associated with NAO spectrum. 

Coastal mean sea levels changes could be 

considered as indicators of the influences of the NAO, 

the North Atlantic Ocean as well as the realistic 

portion of the global warming forcing associated with 

NAO, and the global warming in winter. The present 

result so may expect to be preserved also in the future 

when the change for the positive phase of NAO+ 

happen. The global warming was more pronounced 

over the Gulf of Finland coasts than due to the 
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predominating the influence of the winter NAO+ 

during the period 1977-1994. 

Future Work 

It would also be interesting to investigate the 

upwelling in the Gulf of Finland under the influences 

of NAO+ in boreal winter only during the 1977-1994 

period by establishing a statistical relationship, for 

evaluating the global warming impact on this process. 

Upwelling is a typical phenomenon in the Baltic Sea, 

including the Gulf of Finland. As the Baltic Sea is a 

semi-enclosed basin, winds from favourable directions 

blowing predominately parallel to the coast cause 

upwelling, leading to vertical displacement of the 

water body [70]. 
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