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ENSO affects climate world-wide including the climate over the continental US (Glantz 2001,
Ropelewski, and Halpert 1996, Smith et a. 1999). Potential strengthening of the ENSO cycle in
response to global warming is estimated to have severe economical consequences—the annual
cost to US alone could be a billion dollars (Chen et al. 2001). Therefore, how ENSO responds to
global warming is an issue of both scientific and economica concern, and should figure

prominently in the study of global climate change.

Our current understanding of how ENSO responds to global warming is still primitive. The
scattered results from the coupled GCM predictions of the response of ENSO reflect this
primitive understanding. Some early models suggest that the level of ENSO activity may decrease
in response to global warming (Meehl et al. 1993, Tetts 1995, Knutson et a. 1997). The more
recent experiments by Timmerman et al (1999) suggest the opposite effect: the level of ENSO
activity will increase in response to globa warming. Collins (2001) even found different
responses of ENSO to global warming in two different versions of the same model. Obviously,
the lack of consistency in the model predictions of the response of ENSO to global warming

undermines our confidence in using these predictions to address societal concerns.

On the other hand, the existence of significant differences in the model predictions of the
response of ENSO to global warming may provide an opportunity to better understand factors
controlling the amplitude of ENSO. By comparing simulations of ENSO by various models with
different spatial resolutions, Meehl et a. (2001) are able to identify the background diffusion as

an important factor in determining the amplitude of ENSO. The logic employed in the study by



Meehl et al. (2001) may be extended to globa warming experiments by different coupled models
to identify factors influencing the response of ENSO to global warming. CMIP has collected and
archived global warming simulations by many coupled GCMs under the same forcing scenarios
(specifically, the 1% per year CO2 increase integrations). Such data archives provide convenience
for undertaking a diagnostic effort to understand the inter-model differences and thereby improve

our understanding of ENSO.

We hypothesize that the scattered results from the prediction of GCMs may be in part due to
differencesin their predictions of the net surface heating over the Pacific Ocean to CO2 increases.
Specifically, we conjecture that the differences in the response of ENSO amplitude to global
warming in different models are due to differences in the response in the net surface heating over
the Pacific Ocean, the response in the meridional differential surface heating in particular. This
conjecture is based on recent theoretical advances in understanding the effect of surface heating
on the amplitude of ENSO, specifically, the heat-pump hypothesis (Sun 2003, Sun et al. 2004,
and Sun 2004). The heat-pump hypothesis states that the level of ENSO activity is controlled by
the meridional differential heating over the Pacific. Either an increase in the tropical heating or an
increase in the subtropical/extratropical heating may generate stronger ENSO activity (Sun 2003,
Sun et al. 2004, Sun 2004). It has been noted before that different models have different cloud
feedbacks (Cess et a 1989, Sun et a. 2003, Sun et a. 2004). Models also differ significantly in
their smulations of the feedback from the latent heat flux (Sun et al. 2004). These differencesin
the feedbacks then result in different responses in the net surface heating to the increase of CO2,

causing different responses of ENSO to global warming.

Data required for such an analysis are SST and the net surface heat flux data from 1% CO2 per

year compound increase integrations.



References:

Chen, C.C, B.A., McCarl, R.M., Adams, 2001: Economic implications of potential ENSO
frequency and strength shifts, Climatic Change, 49, 147-159.

Glantz, M.H., 2001: Currents of Change: Impacts of El Nifio and La Nifia on Climate and
Society. Cambridge University Press, 252 pp.

Knutson, T.R., S. Manabe, and D. Gu, 1997: Simulated ENSO in a global coupled ocean-
atmosphere model: Multidecadal amplitude modulation and CO2 sensitivity. J. Climate, 10,
131-161.

Meehl, G. A., G. J, Boer, C., Covey, M., Latif, R. J., Stouffer, 2000: The Coupled Model
Intercomparison Project (CMIP). Bull. Amer. Meteor. Soc., 81, 313-318.

Meehl, G.A., P.R., Brantstator, and W.M., Washington, 1993: Tropica Pacific interannual

variability and CO» climate change. J. Climate, 6, 42-63.

Meehl, G.A., P.R. Gent, J. M.Arblaster, B.L. Otto-Bliesner, E.C. Brady, and A. Craig, 2001:
Factors that affect the amplitude of El Nino in global coupled climate models. Clim. Dyn., 17,
515-526.

Ropelewski, C.F., and M.S., Halpert, 1996: Quantifying the Southern Oscillation Precipitation
relationships, J. Climate, 9, 1043-1059.

Smith, R.S., D.M. Legler, M.J., Rmiigio, J. J.,, O'Brien,1999: Comparison of U.S. Temperature
and Precipitation anomalies to historical warm phases. J. Climate, 12, 3507-3515.

Sun, D.Z., 2003: A possible effect of an increase in the warm-pool SST on the magnitude of El
Nino warming. J. Climate, 16, 185-205.

Sun, D-Z., 2004: The control of meridional differential surface heating over the level of ENSO
activity: a heat-pump hypothesis. Accepted for publication in Ocean-Atmosphere Interaction

and Climate Variability, AGU monograph, Edited by C. Wang, S.-P. Xie, and J. Carton.



Sun, D.-Z., J. Fasullo, T. Zhang, and A. Roubicek, 2003: On the radiative and dynamical
feedbacks over the equatorial Pacific cold-tongue. J. Clim., 16, 2425—2432.

Sun, D.Z., T. Zhang, and S.-l. Shin, 2004: The response of ENSO to subtropica cooling: a
numerical study. J. Climate, accepted.

Sun, D.-Z, C. Covey, M.D. Chou, W. Coallins, I. Held, J. Hack, J. Kiehl, S. Klein, J. Meehl, M.
Suarez, T. Zhang, 2004: Dynamical and thermodynamical feedbacks over the equatorial
Pacific cold-tongue: resultsfrom 5 GCMs. In preparation.

Tett, S., 1995: Simulation of ElI Nino-Southern Oscillation-like variability in a global AOGCM

and itsresponse to CO» increase. J. Climate, 8, 1473-1502.

Timmermann, A., J. Oberhuber, A. Bacher, M. Esch, M. Latif, and E. Roeckner, 1999: Increased
El Nifo freguency in a climate model forced by future greenhouse warming. Nature, 398,

694-697.



