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Indicator Fact Sheet

(WEC6b) North Atlantic Oscillation 
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Key messages
( The NAO is the dominant mode of winter climate variability (December - March) in Europe. It describes the pressure gradient between the subtropical high pressure centre and the Icelandic low. A number of impacts have been identified directly linked to positive or negative NAO indices.

( Over the recent period, the NAO index is mainly positive, inducing mild and rainy winters in northern Europe, and dry winters in southern Europe. There is a potential risk of a trend to a persistent positive NAO caused by global warming.

Figure 1: NAO Index for the period 1823 – 2002 (see sub-indicator for seasonal values for the years 1993 – 2002)
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Notes:
The index is normalised to a mean value (December-March) over the whole period. A positive index means  mild and rainy winters in mid and northern Europe and relatively dry winters in southern Europe. A negative index leads to  cold and dry winters in mid and northern and moist winters in southern Europe. 

Sources:
Osborn (2003); http://www.cru.uea.ac.uk/~timo/projpages/nao_update.htm
Climatic research Unit, University of East Anglia, UK, 

Results and assessment 

Policy relevance:

The NAO is one of the most important indicators representing natural climate variability in European winters. It is a background indicator which helps to separate natural variability from anthropogenic climate impacts. Changes in NAO variability by anthropogenic greenhouse gas emissions are discussed. In this case EU climate policy would be affected.

Policy context:
In the field of protection of Marine Environment of the North-East Atlantic, OSPAR is considering the implications of wide-scale natural variations in the assessment of nutrient status of the maritime areas within the framework of its Strategy to Combat Eutrophication (OSPAR Commission, 2001).

Environmental context:

The NAO is the dominant mode of winter climate variability in the North Atlantic region ranging from central North America to Europe and into Northern Asia. It represents a large scale “see-saw” in atmospheric mass between the subtropical high and the polar low. The corresponding index varies from year to year, but also exhibits a tendency to remain in one phase for intervals lasting several years.

The NAO has strong impacts on natural and economic systems. Because it controls seasonal environmental characteristics (temperature, light availability, etc.), it is a dominant exogenous factor in many biological systems. Changes in timing of reproduction, population dynamics, abundance and spatial distributions have been mentioned as possible impacts (Ottersen et al., 2001).

Assessment:

A substantial portion of the climate variability in winter (December to March) over the Atlantic basin is associated with the NAO. When the NAO is in its positive phase, low pressure anomalies over the Icelandic region and throughout the Arctic combine with high-pressure anomalies across the subtropical Atlantic to produce stronger-than-average westerlies across middle latitudes. This phase of the oscillation is, consequently, associated with cold conditions over the north-west Atlantic and warm weather over Europe, as well as wet conditions from Iceland through Scandinavia and dry conditions over southern Europe. The negative phase shows a weak subtropical high and a weak Icelandic low. The reduced pressure gradient results in fewer and weaker winter storms crossing on a more west-east pathway. They bring moist air into the Mediterranean and cold air to northern Europe. 

There are numerous impacts of NAO on natural and socio-economic systems (Hurell et al. 2003, Ottersen et al. 2001). The Positive Index is correlated with: increased wave heights in the North Sea, increased growing season length in Norway (Post et al.,1999) and increased precipitation in Norway which also affects hydroelectric power production. The Negative Index is correlated with: increased growth and recruitment of Northern Cod, increased grape and olive harvests in Spain and Portugal and increased precipitation and stream flow in Turkey (summarized in Visbeck, 2003). Influences on marine ecosystems (Fromentin and Planque, 1996) and on fish stocks (Dippner 1997a, b) are described by different authors.

The North Atlantic Oscillation is characterised by pressure fields of different meteorological stations. The annual index of the NAO is based on the difference of normalised sea level atmospheric pressures (SLP) between Ponta Delgada, Azores and Stykkisholmur/Reykjavik, Iceland since 1865 (NCAR/Hurrel, 1995), but also between Gibraltar and the South-West Iceland since 1824 (CRU/Jones et al., 1997). 

There are clear impacts of the NAO on European winters, which can be described on a qualitative level. It needs both quantification of the impacts of NAO on ecological and economical systems and the analysis of the temporal behaviour of NAO to get information in a predictive mode. Time series analyses show that the NAO behaves quite close to “white noise”. It seems difficult to extract relevant information for predicting the NAO in the near future (one to several years).




Sub-indicators

( Over the recent period the NAO index is mainly positive, inducing mild and rainy winters in northern Europe, and dry winters in southern Europe. A persistant positive NAO could be induced by global warming.
Figure 2: NAO Index 1993 - 2003
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Notes: Index of the last eleven years

Sources: Osborn et al., (2003)

Assessment of the sub-indicator

Recent data shows a trend towards positive NAO values. Whether this is an effect of climate change is still an open question (Graf et al. 1995). Because inter-annual variability of the NAO is quite close to “white noise” it is difficult to elaborate trends in the data. By comparing the last ten years with data of the 20th century, it can be shown that there have been several periods with a shift in NAO towards more positive or negative values (e.g. 1900 - 1910 or 1960 - 1970) which seem to be similar to the actual situation. The overlay of different oscillation patterns each with their own frequency might be the reason for the observed variability in NAO. 

References

Dippner J.C., 1997a. SST Anomalies in the North sea in Relation to the North Atlantic Oscillation and the Influence on the Theoretical Spawning Time of Fish. Deutsche Hydrographische Zeitschrift, German Journal of Hydrography, Vol. 49, Number 2/3, pp. 267-275.

Dippner J.C., 1997b. Recruitment Succes of Different Fish Stocks in the North Sea in Relation to Climate Variability. Deutsche Hydrographische Zeitschrift German Journal of Hydrography. Vol. 49, Number 2/3, pp. 277-293.

Fromentin J.M. and B. Planque, 1996. Calanus and environment in the eastern North Atlantic. 2. Influence of the North Atlantic Oscillation on C. finmarchicus and C. helgolandicus. Mar Ecol Prog Ser 134:111-118

Graf, H.-F., Perlwitz J., Kirchner I., and I. Schult, 1995. Recent northern winter climate trends, ozone changes and increased greenhouse gas forcing. Contrib. Phys. Atmos., 68, 233-248. 

Hurrel J.W. 1995. Decadal trends in the North Atlantic Oscillation: regional temperatures and precipitation. Science, 269: 676-679.

Hurrell, J.W., Kushnir Y., Visbeck M., and G. Ottersen, 2003. An Overview of the North Atlantic Oscillation. The North Atlantic Oscillation: Climate Significance and Environmental Impact, J.W. Hurrell, Y. Kushnir, G. Ottersen, and M. Visbeck, Eds. Geophysical Monograph Series, 134, pp. 1-35.

Jones P.D., Jonsson T. and D. Wheeler, 1997. Extension to the North Atlantic Oscillation using early instrumental pressure observations from Gibraltar and South-West Iceland. Int. J. Climatol. 17, 1433-1450.

Luterbacher J., Schmutz C., Gyalistras D., Xoplaki E., and H. Wanner, 1999. Reconstruction of monthly NAO and EU indices back to AD 1675, Geophys. Res. Lett., 26, 2745-2748.

Osborn T.J., Briffa K.R., Tett S.F.B., Jones P.D. and R.M. Trigo, 1999. Evaluation of the North Atlantic Oscillation as simulated by a coupled climate model. Climate Dynamics. 15, 685-702.

OSPAR Commission, 2001. OSPAR Comprehensive Procedure. Implications of Atlantic Influences on Regional Seas, presented by UK. OSPAR convention for the protection of the marine environment of the North-East Atlantic. Meeting of the Eutrophication Task Group. ETG 01/3/4-E, London (secretariat) : 9-11 October 2001, p. 9.

Ottersen G., Planque B., Belgrado A., Post E., Reid P.C. and C.N. Stenseth, 2001. Ecological effects of the North Atlantic Oscillation. Oecologia. DOI 10.1007/s004420100655. 29 p. 

Post, E, Forchhammer, M.C. and N.C. Stenseth, 1999. Population ecology and climate change: consequences of the North Atlantic Oscillation (NAO). Ecological Bulletins, in press.

Rogers, J.C., 1997. North Atlantic storm track variability and its association to the North Atlantic Oscillation and climate variability of Northern Europe. Journal of Climate 10(7), 1635-1647.

Visbeck M., 2003. The North Atlantic Oscillation. http://www.ldeo.columbia.edu/NAO/).

Data 

WEC6b_North_Atlantic_Oscillation_v3.xls
Table 1: Winter average indices 

Year
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Winter average 
1.43
1.80
2.44
-2.32
0.18
0.80
0.98
1.85
-0.50
0.79
0.40

Winter average =  means for 4 months (December, January, February, March)

Meta data
Technical information
1. Data source: 
Regular updates are processed by several groups: 
Links via http://www.ldeo.columbia.edu/NAO/
(IFREMER (UMR 6523 CNRS / IFREMER / UBO) http://www.ifremer.fr/lpo
(SAHFOS [Sir Alister Hardy Foundation for Ocean Science] http://www.npm.ac.uk/sahfos
(NCAR [National Center for Atmospheric Research] http://www.cd.ucar.edu
(Hurrell J.- North Atlantic Oscillation (NAO) Indices Information http://www.cgd.ucar.edu/~jhurrell/nao.html
(CRU [Climatic Research Unit (University or East Anglia, UK)] http://www.cru.uea.ac.uk/cru/data/nao.htm
(Osborn T. (2003): NAO Update http://www.cru.uea.ac.uk/~timo/projpages/nao_update.htm
2. Description of data: 
NAO is calculated using surface pressure data from Stykkisholmur (Iceland), invariably used as the northern station, whereas either Ponta Delgada (Azores), Lisbon (Portugal), Gibraltar are used as southern station.

3. Geographical coverage: 
Atmospheric high an low pressure systems of the Atlantic basin and surrounding continents 

4. Temporal coverage: 
Calculated from observed data since mid of 19th century. Proxy data derived from different sources (e.g. tree rings) are available for the time before (e.g. Luterbacher et al. 1999).

5. Methodology and frequency of data collection: 
Continuous recording of surface - level pressure at meteorological stations

6. Methodology of data manipulation, including making ‘early estimates’:
Winter (December through March) index of the NAO based on the difference of normalised sea level pressure (SLP) between southern and northern station since 1864. The SLP anomalies at each station were normalised by division of each seasonal mean pressure by the long-term mean (1864-1983) standard deviation (see Jones and al, 1997). Continuous collection of factual data and annual update ( Osborn T. – North Atlantic Oscillation : NAO Update http://www.cru.uea.ac.uk/~timo/projpages/nao_update.htm

Quality information
7. Strength and weakness (at data level):
Indices processed by different groups may vary slightly due to the use of data from different weather stations 

8. Reliability, accuracy, robustness, uncertainty (at data level):
Indicator is very robust with low uncertainty in data. Index differs depending on stations and aggregation schemes used for processing. Data from Gibraltar station was re-analysed because inhomogeneities were found in the data of this station (see above).

9.
Overall scoring: 

Relevancy: 1

Accuracy: 2

Comparability over time: 1

Comparability over space: 2

Further work required 

There are clear impacts of NAO on European winter on qualitative level. Further analysis is required to study potential climate warming impacts on NAO (e.g. Graf et al. 1995). NAO inter-annual variation seems to be close to “white noise”. Further work on time series analysis and indicator evaluation is necessary to foster predictability of NAO changes.
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data

		Year		J		F		M		A		M		J		J		A		S		O		N		D		Winter average (4 month)

		1992		0.64		3.18		1.66		1.32		0.80		-1.74		1.04		3.97		0.99		-3.33		4.52		0.21		(D+J+F+M)/4

		1993		3.91		0.11		1.47		0.83		-2.59		0.16		0.64		0.75		-2.60		-4.13		0.77		2.17		1.43

		1994		1.28		0.07		3.68		1.38		-1.43		2.99		-0.09		-1.59		-2.85		-1.88		1.68		2.86		1.80

		1995		2.70		3.13		1.06		-1.81		-0.36		-3.36		-0.96		-1.33		-1.55		1.22		-2.73		-3.33		2.44

		1996		-3.27		-0.12		-2.57		-0.31		-1.50		1.43		1.47		-0.19		-2.23		-0.07		-0.05		-4.70		-2.32

		1997		-1.95		5.26		2.09		-0.97		-1.35		-4.05		1.18		1.78		-0.67		-2.26		-0.99		-0.20		0.18

		1998		-0.28		2.44		1.24		-0.39		-1.26		-0.85		-0.57		1.80		-3.48		1.34		1.13		1.95		0.80

		1999		0.90		1.80		-0.72		0.43		1.03		1.39		-1.85		-3.67		-0.51		-0.69		0.30		2.13		0.98

		2000		0.35		4.37		0.54		-3.34		0.31		0.89		-2.99		0.78		-1.10		2.26		-0.24		-1.41		1.85

		2001		0.02		0.07		-0.68		1.24		-0.09		-1.33		-1.12		1.64		-3.83		0.88		0.01		-2.25		-0.50

		2002		2.31		3.01		0.09		0.91		-0.05		0.90		-0.71		-0.61		-3.58		-1.50		-0.27		-0.98		0.79

		2003		0.15		1.34		1.08		-1.74																		0.40
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&CData source: Pr. Phil Jones, Climatic Research Unit (CRU), University of East Anglia in Norwich, UK
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