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TWO MODES OF SUBSURFACE OCEAN TEMPERATURE ASSOCIATED WITH ENSO
AND THEIR IMPACTS ON ATMOSPHERIC CIRCULATION

CHEN Yong-Li"*? ~ TANG Xiao-Hui"*? , WANG Fan"*** ~ZHAO Yong-Ping"?

(1. CAS Key Laboratory of Ocean Circulation and Waves, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 2. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China; 3. Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China; 4. College of Marine Science, University of Chinese Academy of
Sciences, Qingdao 266071, China)

Abstract Based on SODA ocean assimilation data and NCEP reanalysis atmospheric data, we analyzed the
relationship between the tropical Pacific subsurface ocean temperature anomaly (SOTA) and El Nifio-Southern Oscillation
(ENSO) cycle, as well as the impact of SOTA on atmospheric circulation. By reviewing the traditional ENSO research, we
pointed out the existing problems and proposed a new solution to study the influence of ENSO on atmospheric circulation.
We found that (1) ENSO events have two modes as seen from the SOTA field. The first mode presents mainly in boreal
winter, and affects the mid-latitude atmospheric circulation over the Asia-North Pacific-North America in winter and
summer. The second mode appears in summer and has an important impact on atmospheric circulation over the tropical and
subtropical system. (2) Via the ocean-to-atmosphere heat transport induced by the ENSO-related tropical Pacific sea
surface temperature anomalies (RSSTA), the ENSO events influence the Walker circulation and Hadley cell, leading to
variations of atmospheric circulation over the tropical and north Pacific, and hence the climate of the surrounding areas in
winter and summer. (3) SSTA consists of RSSTA and sea temperature anomaly caused by atmospheric anomaly (STA).
RSSTA is the sea surface temperature variations caused by internal thermodynamic adjustment in the ocean. It changes
continuously with the evolution of ENSO events. STA is caused by the atmospheric forcing, which responds to the RSSTA.
In the shallow surface layer, the STA has a significant influence on RSSTA. Finally, we discussed the heat transport
processes in ocean-atmosphere boundary layer during ENSO events. We indicated that ENSO events give rise to the
RSSTA by thermodynamic adjustment in the interior ocean, and the RSSTA directly heats the atmosphere, resulting in
anomalous atmospheric circulation and the STA through local air-sea feedback process, which in turn holds back the
RSSTA. Moreover, the SSTA variations are dominated actually by the RSSTA in fall-winter, while ENSO information in
spring-summer is missing as seen from SSTA variations. There would be deficiency if studying ENSO by SSTA alone,
which could also be one of the causes of spring barrier problem in ENSO predictability.

Key words two modes of the ENSO events; sea surface temperature anomaly (SSTA); subsurface ocean temperature

anomaly (SOTA); anomalous atmospheric circulation; ocean-atmosphere heat transport



