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Summary

Vast areas of the Northern Hemisphere are influenced by the North Atlantic Oscillation
(NAO) and the Madden-Julian Oscillation (MJO). Revealing the interaction between
them can help us predict the phase and amplitude of each one based on the conditions of
the other. Statistical-dynamical study on critical events of MJO and NAO during the
Northern Hemisphere winter in a 37-year period (1974-2011), reveals a considerable
connection between NAO and MJO. In a statistical method, the computed mean value of
NAO index for different phases of MJO associated with 5 to 25-day lags, showed a causal
relation between the two phenomena. Phase 7 (3) of MJO was observed 20 to 25 days
after the positive (negative) phase of NAO. On the other hand, 5 to 15 days after phase 3
(7) of MJO, positive (negative) phase of NAO occured.

Lagged composite maps of 200-hPa zonal wind anomaly and the outgoing long-wave
radiation (OLR) anomaly were computed for different phases of critical NAO in order to
analyze the dynamical impact of NAO on MJO. Within 5 to 25 days after the positive
NAO, maximum 250-hPa westerly anomalies in the Africa-Asia jet region propagate
eastward from Africa to central Indian Ocean. On the other hand, OLR anomaly patterns
propagate eastward in the same period and same region after the positive NAO that might
be induced by the propagation features of 250-hPa zonal wind anomalies. On the 25-day
lag relative to the critical positive NAO, both 250-hPa westerly anomalies over the central
and eastern Indian Ocean and the development of positive OLR anomalies in the same
region were consistent with the conditions of phase 7 of MJO. However, on the 5 to 25-
day lags relative to the critical negative NAO, 250-hPa zonal wind anomalies showed the
attenuation of the westerly Africa-Asia jet leading to the favorable conditions for
evolution of the easterly anomalies over the Indian Ocean. On the other hand, the OLR
anomaly patterns displayed either little or no westward propagation. On the 25-day lag
relative to the critical negative NAO, the development of both 250-hPa easterly anomalies
and negative OLR anomalies over the central Indian Ocean corresponded to the
conditions of phase 3 of MJO.

Lagged composites of 500-hPa geopotential height anomaly for different phases of
MIJO were also computed in order to analyze the dynamical impact of MJO on NAO. On
the 5 to 15-day lags relative to phase 3 of MJO, a Rossby wave train was observed over
the Pacific Ocean extending to the North America and Atlantic region. The waves were
oriented in the South West — North East direction. On the 10-day and 15-day lags, the
waves started to gradually break anticyclonically over the North America and North
Atlantic regions. On the 15-day lag, a dipolar pattern formed in the Atlantic region
associated with a negative anomaly center of 500-hPa geopotential height in the northern
part of the North Atlantic and a positive anomaly center in the central part of the North
Atlantic, leading to the formation of the positive NAO phase. On lag days after phase 7 of
critical MJO, a similar wave train was also extended from the Pacific and North America
to the Atlantic region; however, the orientation of the waves was South East-North to
West at this time. On the 5 and 10-day lags, a cyclonic wave breaking was observed over
the North America and North Atlantic regions. Ultimately, on the 10-day lag a dipole
structure similar to the negative NAO phase was formed over the North Atlantic region.

Keywords: Interaction between MJO and NAO, critical phase, statistical analysis, lagged
composite map, zonal wind anomaly, geopotential height anomaly
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