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review is presented on the development and application of a ROAM developed at the State Key Laboratory of Numerical
Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics (LASG), Institute of Atmospheric Physics (IAP),
Chinese Academy of Sciences, named FROALS (Flexible Regional Ocean—Atmosphere—Land System model). The major
advantage of FROALS is that it consists of two atmospheric model components and two oceanic model components. By
using this flexible model system, the effects of different atmospheric model components and different oceanic model
components on the ROAM simulations over the western North Pacific have been investigated. Results suggest that
simulated biases in FROALS are mainly contributed by the atmospheric model component. The cold biases of simulated
SST in FROALS are significantly reduced when the convection suppression criterion is applied. The advanced FROALS
shows reasonable performance over the western North Pacific. The climatology and interannual variability of upper-level
ocean currents over the western North Pacific are reproduced well. Compared with the uncoupled simulation, the
regionally coupled simulation exhibits improvements in the interannual variability of rainfall and tropical cyclone genesis
potential index over the WNP. Finally, FROALS has been used to dynamically downscale the present-day climate
simulation and future climate projections of the IAP/LASG global climate system model. Preliminary analysis indicates
that the regional climate over East Asia derived from FROALS is better than those derived from global climate models
and the uncoupled regional model, indicating that FROALS has good application prospects over this region.

Keywords Asian monsoon, Regional ocean—atmosphere coupled model, Model bias, Simulation and projection of

Monsoon
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Fig. 1 Configuration of FROALS, which is coupled through the

Ocean—Atmosphere-Land System) HE42

Ocean—Atmosphere—Sea Ice—Soil (OASIS3.0) coupler. The atmospheric
component has two options: the climate version of the Regional Eta Model
(CREM) developed by LASG/IAP, and the Regional Climate Model
version 3 (RegCM3) developed by the International Centre for Theoretical
Physics (ICTP) in Italy. The oceanic component also has two options: the
POM2000 oceanic model developed by Princeton University, and the
LICOM2.0 Climate Ocean Model developed by LASG/IAP
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Fig. 2 (a) Spatial distribution of SST difference (units: °C) between FROALS using RegCM3 coupled with POM and the observation (Optimum Interpolation
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Sea Surface Temperature) averaged from May through August 1998. Five sets of sensitivity experiments with convection suppression criteria based on the
averaged RH from the cloud base to top were designed. (b—f) SST difference (units: °C) between sensitivity experiments with different threshold values (from
55% to 80%) and FROALS [modified based on Zou and Zhou (2011)]. CPL_CTRL represents control experiment; RH 55, RH 65, RH_70, RH_75, and

RH_80 represent the sensitivity experiments with different threshold values
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Fig. 3 Regionally averaged convective percentages (defined as the percentage of total rainfall that is convective rainfall) of rainfall averaged from May to

August 1998 [modified based on Zou and Zhou (2011)]. TRMM represents observations
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Fig. 4 Percentage variations of rainfall anomalies relative to rainfall climatology averaged over the (a) western North Pacific (WNP; 10°-25°N, 120°-150°E)
and (b) South China Sea (SCS; 5°-20°N, 110°-120°E) [modified based on Zou and Zhou (2013)]
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Fig. 5 The leading mode of EOF for June—August mean GPI during 1982 to 2005 derived from the (a) observation and (c) coupled run. The corresponding

mode for the (b) control run is the second mode. Time series for the observation (black solid line), control run (red solid line) and coupled run (blue solid line)

are shown in (d), along with Nifio3.4 index (bars) and South China Sea monsoon trough index (black dashed line with markers) [modified based on Yao et al.

(2015)]
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Fig. 6 The climatology of JJA (June-July—August) surface currents (vectors; units: m s ') and sea surface height (shaded; units: m) during 1984-2007 derived
from (a) SODA (Simple Ocean Data Assimilation) and (b) FROALS [modified based on Liu et al. (2015)]
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Fig. 7 Spatial distributions [modified based on Han (2013)] of JJA-averaged rainfall during 1983-2010 derived from (a) GPCP ( Global Precipitation

Climatology Project), (b) TRMM (1998-2010), (c) CPL and (d) ATM

(Goswami etal., 1999), Z[n] K& (IMS;
Goswami et al., 1999) Fl&fi[m XA+ %0 (1ZS;
Webster and Yang, 1992). ATM X [ 7K ¥5 51 #54U0
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HRZBCETE N 0.28. M 2 )5 IMS I IZS 4 frae
R PIASAAR B o (58 .
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Table 1 Correlation coefficients of the simulated South
Asian summer monsoon indices with the observations
during 1983-2010

R oK Fa % IMS 1ZS
ATM 0.02 0.35 0.62
CPL 0.28 0.40 0.66
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FABAE ARG 2> B AN RS SST AE4bL i 2 % B 78 X
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FEHE SR R E WA I E K e 2, (U2
Hogm JUSBRAE 10°N Lhd, I3 I 2 m 300
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Fig. 8 The seasonal cycle [modified based on Han et al. (2012)] of the (a, d) wind speed (units: m s '), (b, €) air temperature (units: °C), and (c, f) air humidity

(units: g kg ") averaged over (a—c) the northern Indian Ocean and (d—f) equatorial Indian Ocean
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Table 2  Dynamically downscaling experiments with
RegCM3 and FROALS driven by the simulation and
projection of FGOALS-g2

ZIVI N
1 FGOALS-g2 RCP4.5 RCP8.5
RegCM3 1981~2005 4 2041~2070 4 2041~2070 4
2011~2040 4 2011~2040 4
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2070~2099 4F 2070~2099 4F
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Fig.9 Spatial distributions of JJA-averaged total precipitation during 1981-2005 derived from (a) APHRO (Asian Precipitation—Highly—Resolved
Observational Data), (b) FGOALS (Flexible Global Ocean—Atmosphere-Land system model), (c) RegCM, and (d) FROALS
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