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Abstract Tropical cyclone (TC) plays an important role in climate research. However, due to the relatively low model
resolution, there remain challenges in simulating the distribution of TC by using global climate models. Dynamical
downscaling has been a useful tool for TC research. In this paper, a regional climate model RegCM3 was used to
dynamically downscale the historical TC simulation of FGOALS-g2 (grid-point version 2 of Flexible Global Ocean—
Atmosphere-Land System model), a global climate system model developed by LASG/IAP. A tropical cyclone track
detection method was applied to reveal the added value of dynamical downscaling in simulating track distribution,
intensity and rainfall of TCs. The result of dynamical downscaling shows distinct improvements in simulating the TC
distribution, intensity and associated rainfall. The pattern correlation coefficient of TC track distribution is improved from
0.53 to 0.74 by the regional model. The underestimated TC intensity from FGOALS-g2 simulation is enhanced in RegCM3
(Version 3 of the Regional Climate Model) by 20 m s. In addition, the total rainfall contribution and intensity are enhanced
by 10% and 4.7 mm d ! in RegCM3 compared to that in the global model over the western North Pacific region. In addition
to the influence of increasing model resolution, large-scale variables such as increased moisture, enhanced relative vorticity

and ascending motion, and weakened vertical wind shear are responsible for the improvements of TC simulating skill in

RegCM3 as a result of better reproduction of CISK (Conditional Instability of the Second Kind) mechanism.
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Fig. 1 Tropical cyclone (TC) tracks from 1986 to 2005 derived from (a) observations (IBTrACS), (b) JRA-55 data, (¢) FGOALS-g2 model, and (d) RegCM3
model over the western North Pacific. The intensities of TCs (colored tracks) are categorized based on the Saffir-Simpson hurricane wind scale [tropical

depression (TD), tropical storms (TS), and the categories 1-5 (C1-C5)]
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Fig. 2 Frequency of tropical cyclone occurrence (shaded; units: a ') from 1986 to 2005 over the western North Pacific derived from (a) observations
(IBTrACS), (b) JRA-55 data, (c¢) FGOALS-g2 model, and (d) RegCM3 model. The contours in (d) denote the difference between RegCM3 and FGOALS-g2

(contour interval is 0.5 a ', solid and dashed contours denote positive and negative values respectively, and zero value is omitted)
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Fig. 3 (a) Seasonal cycle and (b) intensity distribution of tropical cyclone

frequency over the western North Pacific during 19862005 [black, gray, red,
and blue denote the results from observations (IBTrACS), JRASS data,
FGOALS-g2 model, and RegCM3 model respectively]. The intensity of TCs is

categorized based on the Saffir-Simpson hurricane wind Scale
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Fig. 4 Scatter diagram of tropical cyclone maximum wind speeds (units: m s ') vs central minimum pressure (units: hPa). Dots denote TC occurrences from observations

(black), FGOALS-g2 model (red), and RegCM3 model (blue). The smooth curves are least squares quadratic best-fit lines associated with the data for the various cases
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Fig. 5 Distributions of relative rainfall contributions by tropical cyclones during June—October from 1986 to 2005 over the western North Pacific derived

from (a) observations (GPCP-1dd), (b) JRASS data, (c) FGOALS-g2 model, and (d) RegCM3 model
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Fig. 6 Distributions of rainfall intensities associated with tropical cyclones (units: mm d ') during June-October from 1986 to 2005 over the western North

Pacific derived from (a) observations (GPCP-1dd), (b) JRA55 data, (c) FGOALS-g2 model, and (d) RegCM3 model
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Table 2 Regional weighted averages of rainfall contribution
and rainfall intensity associated with tropical cyclones

TC KTk CPHIF/K 38 /mm d )

ORI JRASS #ifli  FGOALS-g2 RegCM3
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Fig. 7 Large-scale variables related to tropical cyclone genesis during June—October from 1986 to 2005 over the western North Pacific: Specific humidity (SH; top

row; shaded; units: g kg’]) and relative vorticity at 850 hPa (VOR; second row; shaded; units: 107 s’l), vertical motion at 500 hPa (WP; third row; shaded; units:
Pas™), vertical wind shear (VWS; bottom row; shaded; units: m s ') from JRA55 data (left column), differences between FGOALS-g2 and JRA55 (middle column),
and differences between RegCM3 and JRASS5 (right column). The contours in the right column denote the differences between RegCM3 and FGOALS-g2 at intervals

of (¢) 02 gkg ™", (H0.4X1075s ™", (1) 0.02 Pas ', (1) 2.0 ms ', and solid and dashed contours denote positive and negative values, respectively
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Fig. 8 Moisture flux divergence (V-(Vg), left column, Div; units: 10 s ™) and vertically integrated total diabatic heating ( <Ql> , right column, Q1; units: K kg s 'm?)
during June—October from 1986 to 2005 over the western North Pacific derived from (a, b) JRASS data, (¢, d) FGOALS-g2 model, and (e, f) RegCM3 model
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