
Uncertainties in Projected Future Changes in Tropical Cyclone Activity Projected by Multi-Physics and 

Multi-SST Ensemble Experiments Using the 60-KM-Mesh MRI-AGCM   (Climate Dynamics, In Press)
Hiroyuki Murakami, Ryo Mizuta, and Eiki Shindo

Japan Agency for Marine-Earth Science and Technology (JAMSTEC) / Meteorological Research Institute (MRI), Ibaraki, Japan                            hir.murakami@gmail.com

Projected changes in the TC genesis number have varied considerably, especially at the 

ocean-basin scale. Although some studies have addressed uncertainties due to variations in 

assumed future changes in sea surface temperature (SST), there has been little work that addresses 

uncertainties that arise from differences in model physics. In this study, we conduct ensemble 

projections that consider differences in both tropical spatial patterns of SST changes and 

model physics, particularly the cumulus parameterisation scheme.
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・・・・Multi-physics ensemble simulation

4. SST anomaly and TC genesis frequency

In order to evaluate uncertainties, we conducted multi-SST and multi-physics ensemble projections.

(a) Every ensemble simulation commonly shows decrease in global and hemispheric TC genesis numbers 

by about 5−−−−35% under the global warming environment regardless of the difference in model cumulus 

convection schemes and prescribed SSTs.

(b) All experiments tend to project future decreases in the number of TCs in the western North Pacific 

(WNP), South Indian Ocean (SIO), and South Pacific Ocean (SPO), whereas they commonly project 

increase in the central Pacific.

(c) Future changes in spatial distribution of SST are major source of uncertainty in terms of future 

changes in TC genesis frequency through the dynamical responses. Further SST ensemble experiments are 

necessary for minimizing uncertainty.

・・・・Multi-SST ensemble simulation

In all, In all, 12 ensemble simulations are conducted (3 cumulus schemes × 4 projected future 

patterns of SSTs).

Global and Hemispheric Reductions in TC number are seen for 

the most experiments. Generally, statistically significant 

decreases in the WNP, SIO, and SPO.

Consistent decrease 

in the WNP

Consistent decrease in the 

SIO and SPO.

Consistent increase 

in the central Pacific.

Consistent decrease 

in the WNP

Consistent decrease in the 

SIO and SPO.

Consistent increase 
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・・・・SST anomaly (contour) and TC gensis frequency (shadings)

Locations where SST anomaly 

increases substantially show 

large increases in TC genesis 

frequency as well.

Projected future global changes 

in TC genesis frequency are 

largely independent of the 

chosen cumulus convection 

scheme.
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Difference in dynamical parameters are 

highly correlated with TGF difference 

among the experiments in the WNP, ENP, 

and SIO, indicating the difference in 

future changes in dynamical parameters 

are primary source of uncertainty.  

The experiments with identical prescribed 

SSTs are eccentrically located in the panels, 

indicating that the dynamical parameters 

are more heavily influenced by 

differences in the SST spatial patterns.

Only SST anomaly are correlated with 

TGF statistically significantly in the global 

scale, indicating TGF experimental

changes are mainly varied by difference 

in prescribed SST.

Symbols: Y: YS, K: KF, A: AS,  

black: CMIP3 mean SST, blue:C1 SST, green:C2 SST, red:C3 SST 
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