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Abstract. The North Atlantic Oscillation (NAO) is an important mode of variability in
the Northern Hemisphere influencing the climate fluctuations from the eastern seaboard
of the United States to Siberia and from the Arctic to the subtropical Atlantic. Although
observational and modeling evidence proves that forecasting of the NAO is theoretically
possible, a major difficulty in outlining a comprehensive strategy for the NAO prediction
is the extreme complexity of the phenomenon as it involves different mechanisms with
different characteristic time scales from several days to decades. The management of
energy resources and agricultural yields could benefit from the prior knowledge of the
winter NAO phase in Romania as well as in almost all Europe. An economic benefit
associated with the use of the NAO prediction could be assessed for potential users as the
ratio between the cost of their action to prevent NAO related damages, and the loss that
they incur in case they do not protect their operations.

Since at least the 18th century, it has been known in Denmark that when the
winter there is severe, the winter in Greenland tends to be milder than normal,
and vice versa [1]. This behavior is part of a prominent planetary-scale mode
of climate variability known as the "North Atlantic Oscillation" (NAO). Like
its more famous cousin, the El Niño/Southern Oscillation (ENSO), NAO was
first defined by Sir Gilbert Walker [2]. Both phenomena are major players in
the climate moving heat from one part of the globe to another. Hurrell [3]
estimated that most of the warming across Europe and over Eurasia since the
mid 1970s, which seem to be unprecedented over the past 1000 years, results
from changes in NAO variability during winter.

NAO is associated with a large-scale displacement of air between the
subtropical high near the Azores and the low-pressure region near Iceland and
the Arctic region. High index winters have stronger mean westerly flow over
the North Atlantic and Western Europe associated with a deeper than normal
Icelandic low and a stronger than normal Azores high. In winter, stronger
westerly flow brings more warm oceanic air over Europe and more cold Arctic
air over Greenland and the Northwest Atlantic, thereby giving rise to the
anti-correlation between temperatures in Greenland and Denmark. Over Romania,
negative precipitation anomalies are associated with a high NAO index. Stan
circulation, the Carpathian mountains modulate the local response to NAO v
(precipitation) anomalies in the extra-Carpathian regions are characterised by a h
NAO [4].

After almost a century of scientific investigation, the fundamental mec
evolution of the NAO are not yet completely understood. Polar vortex variations r
features (see Figure 2) have been documented in simple atmospheric models with
contrasts suggesting that external forcing is not required to sustain them.  Furt
variability of NAO is found in atmospheric general circulation models (AGC
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specified, seasonally varying sea surface temperatures (SSTs). However, the magnitude of the recent
observed upward trend in the NAO index is inconsistent with recent results from more complex climatic
models (e.g. [5]), implying that either the models are deficient or that external forcing is responsible for this
variation.

The most likely candidate for generating the recent upward trend in NAO is the human influence
on the climate system. Increases in greenhouse gas concentrations appear to enhance the meridional
temperature gradient in the lower stratosphere, leading to a stronger polar vortex and hence, a tendency for
the high NAO index phase to occur. Modeling and observational evidence suggests that  heating anomalies
over the tropical oceans may be also involved in the interdecadal variability of the NAO [6-8]. More
detailed studies are needed to ultimately discriminate between possible human-induced changes and the so-
called natural variations in NAO evolution.

Improved understanding of causal mechanisms of the NAO may enable skilful climate forecasts to
be made seasons to years in advance, with obvious socio-economic benefits. For example, a simple
fractionally integrated noise model can be used to make one-year ahead forecasts that have a small yet
significant correlation (r=0.17) with the observed NAO index for the period 1864-1998 [9]. Rodwell et al.
[10] obtained a higher correlation of r=0.41 for the ensemble mean of NAO index simulated by an
ensemble of 6 runs of an atmospheric model forced by observed SSTs over the period 1947-97. However, it
should be noted that these simulations are not useful forecasts since they rely upon knowing a priori the
SST. Bojariu and Paliu [4] identified a source of NAO predictability over the Central and Eastern European
regions. November thermal anomalies over these regions are out of phase with the NAO index and could be
used to predict the onset of the following NAO winter, based on a canonical correlation mode with a
correlation coefficient r=0.73 (see Figure 3).
 Through its control over regional temperature and precipitation anomalies, NAO directly impacts
agricultural yields, water management activities and living marine resources [11-13]. Understanding and
modelling the processes that govern NAO variability are, therefore, of high priority, in the context of
extended range forecasting and global climate change.

For Romania, the NAO related predictability could be useful in anticipating the crop damages due
to the negative thermal anomalies over the extra-Carpathians regions where wheat is cultivated.  Also, the
management of energy resources could benefit from the prior knowledge of the winter NAO phase.
Scientificaly significant forecasts alone are not necessarily valuable from an economic point of view.
Further assessment of the cost/benefit ratio has to be done in order to select scientific information with
socio-economic relevance.  Ideally, scientist and economists should work together to implement sustainable
development plans to minimize climate impacts on the society.  Signs of such collaboration are hardly seen
nowadays in Romania.

Figure 2. The NAO features revealed by spatial patterns of first empirical orthogonal function for
November (a) and January (b) air pressure anomalies at sea level. EOFs are computed using  CEP/NCAR
reanalysis [14] in the interval 1961-2000. Shading scale is in hPa.



Roxana Bojariu: North Atlantic Oscillation 3

References

1. van Loon, H. and Rogers, J.C. The Seesaw in Winter Temperatures between Greenland and Northern
Europe. Part I: General Description. Mon. Weather Rev., 106, pp. 296-310, 1978.

2. Walker, G.T. Correlations in seasonal variations of weather IX. Mem. Indian Meteorol. Dept., 24, pp.
275-332, 1924.

3. Hurrell, J.W. Influence of variations in extratropical wintertime teleconnections on Northern
Hemisphere temperature. Geophys. Res. Lett., 23,6, pp. 665-668, 1996.

4. Bojariu, R. and D. Paliu. North Atlantic Oscillation projection on Romanian climate fluctuations in the
cold season. In Brunet M., and D. L. Bonillo (eds.), pp. 345-356. Springer, 2001.

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

6. Bojariu, R. Climate variability modes due to ocean-atmosphere interaction in the central Atlantic.
Tellus, 49A, pp. 362-370, 1997.

7. Robertson, A., Mechoso, C. and Kim, Y.-J. The influence of Atlantic sea surface temperature
anomalies on the North Atlantic Oscillation. J. Climate, 13, pp. 122-138, 2000.

8. Hoerling, M.P., J.W. Hurrell, T. Xu. Tropical Origins for Recent North Atlantic Climate Change.
Science, vol. 292, pp. 90-92, 2001.

9. Stephenson, D. B., V. Pavan and R. Bojariu. Is the North Atlantic Oscillation a random walk?
International Journal of Climatology, 20, pp. 1-18, 2000.

10. Rodwell, M. J., D. P. Rowell, and C. K. Folland. Oceanic forcing of the wintertime North Atlantic
oscillation and European climate. Nature, 398, pp. 320-323, 1999.

Figure 3. Spatial patterns of first canonical correlation (CCA) mode for November air surface temperature
anomalies (shaded, in ºC) and January air pressure anomalies at sea level (contour, in hPa). CCA is
computed using NCEP/NCAR  reanalysis [14]  in the interval 1961-2000.



4 Ad Astra

11. Meinardus, W. Einige Beziehungen zwischen der Witterung und den Ernte-Ertr¨agen in
Nord-Deutschland. Verhadl. des VII. Int. Geographen Kongresses in Berlin (1899), 1900.

12. Kettlewell, P.S., Sothern, R.B., and Koukkari, W.L. U.K. Wheat Quality and Economic Value are
Dependent on the North Atlantic Oscillation. Journal of Cereal Science, 29, pp. 205-209 (05), 1999.

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

14. Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D. Deaven, L. Gandin, M. Iredell, S. Saha, G.
White, J. Woollen, Y. Zhu, A. Leetmaa, R. Reynolds M. Chelliah, W. Ebisuzaki, W.Higgins, J.
Janowiak, K. C. Mo, C. Ropelewski, J. Wang, R. Jenne, and D. Joseph. The NCEP/NCAR 40-Year
Reanalysis Project. Bulletin of the American Meteorological Society, March 1996.


