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Review on Climate Changes of Tropical Cyclones and Typhoons
ZHAO Zongci, JIANG Ying

Nationdal Climate Center, China Meteorological Administration, Beijing 100081, China

Abstract This paper reviews recent advances on studies of the climate changes related with tropical cyclones and typhoons that would
cause severe disasters. Several key points are identified in this paper. As shown by the comparisons of the observed data of the tropical
cyclones and typhoons during the last 60 years, the reliability of the earlier data is lower than the later ones, that is, what observed during
the last 30 to 40 years. The reliability increases with the intensity of tropical cyclones. The results as calculated by the observed data on
six Oceans indicate that the multi-decadal variability of tropical cyclones and typhoons does exist. The intense tropical cyclone activity has
increased since about 1970. Besides observations, both statistical and dynamical downscaling methods can to a certain extent simulate the
tropical cyclones and typhoons, but with large uncertainties. Most multi —dynamical and statistical models considering increased human
emissions and global warming give a consensus of prediction that the strong typhoons (hurricanes) over the northwestern Pacific Ocean
(North Atlantic Ocean) are likely to enhance by the end of the 21st century. The tropical cyclones and typhoons as the extreme climate
events would cause huge damages to mankind. It is difficult to make the climate predictions exactly by using the present dynamical and
statistical downscaling methods. The further investigations on the impact factors and prediction methods should narrow the uncertainties.
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Fig. 1 The frequencies of annual total typhoons (source:
west of 180°) over northwestern Pacific Ocean (ANN) and
landfall in China (LD-ANN) during 1951—2009 based
on the observed data of National Climate Center
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Table 1 Definitions of Tropical Cyclones (TC) and Tropical Storms (TS) in three data sets and their frequencies
during 1950—1979 and 1980—2005

1950—1979 1980—2005
/min TC TS TC TS
=10.8m/s =17.2m/s 2 37 28.7 30.7 26.3
=25kn(129m/s)  =34kn(17.5m/s) 1 26 25.6 30.7 26.9
=30kn(15.4m/s) 10 — 25.6~27.0 — 26.4
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Fig. 3 Seasonal variations of the ACE index of tropical storms over six oceans
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Notes: For the North Indian, South Indian, western North Pacific, eastern North Pacific, North Atlantic and combined Australian—-South Pacific
Ocean from 1948 or 1970 through 2005. The red-line is the 1971—2000 median.
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Table 2 The maximum wind speeds (unit: m/s) and trends (unit: m/s per year) of the strong tropical cyclones for upper quartiles
during 1981—2006 over the global ocean and six oceans based on the satellite observations

0.85 0.90 0.95 0.975 0.99

2097 51.9 55.8 62.6 68.8 759
+0.19 +0.21 +0.18 +0.25 +0.30

698 58.9 63.7 69.6 73.1 77.6
+0.12 +0.14 +0.09 +0.29 +0.36

423 44.8 48.8 53.0 57.3 62.8
+0.11 +0.16 +0.33 +0.46 +0.80

413 49.2 51.3 56.4 57.8 62.6
+0.28 +0.29 +044 +0.43 +0.69

291 48.9 54.8 60.3 72.7 77.8
+0.63 +0.73 +0.81 +1.11 +1.52

157 52.8 54.7 59.8 65.8 67.1
-0.04 -0.23 -0.37 —0.06 +0.46

115 41.5 45.0 474 50.4 56.4
+0.48 +0.42 +0.69 +0.83 +0.87

95%
Note: Boldfaced numbers indicate a significance level of 95%.
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Fig. 4 Maximum wind speeds (black—solid) and days of strong wind (red—dashed) for summer during 1980—2009
in north region (30°N~40°N, (a)) and south region (20°N~30°N, (b)) of Chinese coasts

3
Table 3 The global climate models based on downscaling methods

CCSM3 T85,26

CNRM-CM3 T63,45

CSIRO-Mk3.0 T63,18

ECHAMS T63,31
GFDL-CM2.0 2.5°%2.5°,24

MIROC3.2 / T42,20

MRI_cgem2.3.2a T42,30
UK-HadCM3 2.5°%3.8°,19

,T42 2.5°%2.5°,T63  1.9°x1.9°,T85  1.5°x1.5°, « ).

Notes: Atmospheric resolutions include both horizontal (left) resolution at T42 (2.5°%2.5°), T63 (1.9°x1.9°), T85 (1.5°x1.5°), and vertical (right) resolution (levels).

4
Table 4 Downscaling methods of predicting tropical cyclones

( )
CHIPS( ) Emanuel  (2008) « 7, s
Knutson  (2008)
ZETAC (18km IPCCAR4 ,
Bender (2010)
5 ( ) (10 )

Table 5 Brief introduction of downscaling methods of tropical cyclones for prediction (in year) and projection (decadal and long)

CMMS5, RegCM3, PRECIS ( 20~50km)
TAP9L-AGCM (5°%4°)
RegCM3 ( 20km)
“ "+ +

WRF ( 27km)
WRF

IPRC-RegCM (0.3°x0.3°)
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Table 6 Tests between simulations by ZETAC and observations for August—October of 1980—2006 over North Atlantic Ocean
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Fig. 8 Tracks of tropical cyclones simulated by the statistical
downscaling model in the modern climate (a)
and the early Pliocene climate (b)
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Fig. 9 Probabilities of landfall typhoon numbers on
Guangdong, Fujian and Zhejiang Provinces of China in the
years of El Nifio/La Nifia during 1600—1911
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Fig. 10 Tropical cyclone position from dataset bank,
color coded by the number of agencies providing
best-track data for each storm, with the stars
denoting the locations of workshop participants
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