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Abstract: With the rapid growth of fast, massive parallel computing power and steady improvement in mesoscale numerical
models, there have been a growing number of numerical modeling studies of mesoscale convective systems (MCSs) using
kilometer and sub-kilometer grid resolutions. These simulations have provided tremendous high resolution, dynamically
consistent meteorological information that could not be obtained from current observations, and they have greatly improved
our understanding of the internal structures and evolution of MCSs. However, some significant challenges remain in the future
development of high-resolution numerical modeling. This paper reviews the progress that has been made in modeling convective
storms with progressively increasing spatial resolution to one kilometer and sub-kilometer, and then introduces convective-scale
data assimilation techniques and the approaches to the implementation of some important physical processes into mesoscale
numerical models, including the “gray zone” problem associated with moist convection, planetary boundary layer, and radiation
processes. Some typical studies on high-resolution (kilometer or sub-kilometer scale) simulations of convective storms are also
presented. The future development and challenges in high-resolution simulation are finally discussed.
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Fig. 1 Along-line cross sections of equivalent potential
temperature from simulations of a squall line using
1 km (a), and 0.125 km (b) grid spacing (from BryanZ"?)
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Fig. 5 The 6 experimental-averaged fractions skill
score (FSS) of hourly precipitation forecasts over the
central United States during a 6—day period in the warm
season of 2002 (IHOP_2002). CRTL: initialized by Eta
Model analysis; GFS: initialized by GFS analysis; 3DV_
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density and fall speed parameters for graupel. Thick black lines represent bowing segments (from Adams-SelinZ"?)
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Fig. 10 Maximum estimated sizes of hail from observation (a, OBS), and simulation with the three—moment microphysics
scheme in ARPS model (b, CNTL) for a multicellular convective system occurring over Yizheng, Wuxi, and Suzhou on 28
April 2015 (from Luo%®®)
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Fig.11 Storm-relative 3D streamwise vorticity (from the
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t = 5100s of the simulation by CM1 (from Orf&!"*)
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Fig. 12 Results from the WRF simulation of the Funing/Jiangsu EF4 tornado with horizontal grid spacing of 49m: (a)
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and (b) swaths of the maximum surface wind speed (from SunZ&“?))

4.4 AHESENBHEEN

IR NG S5 P AN 2 [ 51 52 #4ts A=0e 5 i) 7™ B o
BRI AR ot B RS, (HIELNHE R4
FIRFE P RE S R P BN . KRR E . NI
i A2 7 9D I ELR, R BRI ARG SE A
gifesii . X, SAADERHT km AR KM
M BRI SO A R R R MK . W B KRR
YHEE R TAERS 2 TR IR AR, E A
o P 7N AN 7 £ AR &4 225 40 1R R I A ADLIT 9 o

Tto 2" VRI F H AR 5T IX 380K S P A 31 ok
TR A & KA AT s (13D o AibAT]
(PR ADL V8 A e iR A, 3B i T AN () 40 3 6 T %
Z i A, B R BN 100 m, AT EES
KA FZH R, BAEMEHORAESHLT R, &
B6ONEHE, mEFAN23 km, HF538 mbl FHIE
BJZ /N T100 mo 100 mPA% (K91 46 3 & b 48
[ RE X 35k, H A3 FFE A2 kem 1 9 RS540 4 H 94 1 15
Bl . A 79216 EAT S, T RTH K
B RS IE 1/8 B IR, R 1N /NB 75222995 h,
I B 4t ST AR K /NiR 17 TB. TGS R R, K
TR AL FR) 3T 1t T 5 A IR R 2K 7 3 5 ) % A48 P A
T, AESR KR AL 5 I HE TR 41 ()30 52 G MR ALE
FEW R =MERER . ARG E BT KRR
BAh: BRGBREEIL KRR CREBRA T KR

(@

it WY

E13 (a) AREFXRESHZHN=4ME; (b) B
13a& RHLHHERI A AR, #EEFIERRCRERMIXIE
(#EBIto%")
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