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Abstract

prediction. In response to a heavy pollution event in Beijing during 16—21 December 2016, this paper carried out a

Meteorological forecasting is an important factor affecting the accuracy of atmospheric heavy pollution

sensitivity test for the parameterization scheme of a mesoscale meteorological model Weather Research and Forecasting
(WRF). Combining microphysical, long-wave radiation, short-wave radiation, land surface, boundary layer, near-surface,
and cumulus convective parameterization processes, a total of 51 sets of parameterization schemes were designed to
analyze the simulation accuracy and sensitivity of the temperature, relative humidity, and 10-m height wind speed of eight
meteorological stations in Beijing under different simulation schemes. The temperature simulation is the most sensitive to
a long-wave process parameterization scheme, the set dispersion is 2.4 —7.4°C, followed by the short-wave process
parameterization scheme. Additionally, the relative humidity simulation is the most sensitive to the long-wave process
parameterization scheme, followed by the land surface process and the wind speed simulation had little difference in
sensitivity to different process parameterization schemes. In the comparison of the statistical results of the simulation
results with observations, we prefer the combination of the smallest simulation error: Lin microphysical, RRTMG long-
wave, RRTMG short-wave, Tiedtke cumulus convection, Noah land surface, MYNN 3rd boundary layer and MYNN near-
surface scheme, and compared the best scheme to the ensemble mean and baseline scheme. For the ensemble mean, the
correlation coefficient between the temperature simulation and observation was 0.69, which is greater than the baseline
scheme. The simulated deviation and root-mean-square error were 25% and 11% less than the baseline scheme and the
ensemble mean relative humidity and wind speed simulation were less variable than the baseline scheme. Compared with
the ensemble mean, the best scheme can simultaneously improve the temperature, relative humidity, and wind speed
simulation, such that the temperature simulation deviation and root-mean-square error decreases by 35% and 17%
compared with the baseline scheme, the relative humidity simulation deviation and root-mean-square error decreases by
43% and 13%, and the wind speed simulation deviation and root-mean-square error decreases by 33% and 24%. The
above results show that the sensitivity test and optimization of the parameterization scheme can significantly reduce the
simulation error of meteorological elements during heavy pollution. The improvement of heavy pollution prediction needs
to focus on the uncertainty of the parametric scheme simulation. Additionally, the MYNN 3rd boundary layer scheme has
good performance in the simulation of meteorological elements in this heavy pollution process, which can provide
reference for future improvements of heavy pollution forecasting.

Keywords Atmospheric heavy pollution, Meteorological simulation, Parameterization scheme, Sensitivity test, WRF
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Fig. 1 The grid settings of two nested domains for WRF simulation
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g ik
mp2_ral3_ras4_cu6_su2 sf2 b2 FHEIdF(mp): Lin/7% (Chenand
Sun, 2002)
K FE(ral): RRTMGJ7E (Tacono
etal., 2008)
KPR (ras): RRTMG 5% (Tacono
et al., 2008)

M= S84 (cu): Tiedtke /7 5
(Zhang et al., 2011)

[t T i #E(su): Noah/7 % (Tewari et

al., 2004)

I T 33 FE (sf): - Monin-Obukhov /5

% (Janji¢, 1994)

T SHZFEDL): Mellor-Yamada-Janjic

MY 5% Janji¢, 1994)

24 WIEBUB R SiTHERR

B UEHOR A FE I 7T XA 8 M bRk f R
ZINESE UL B DL R A P g AR A 1B 7 VA5 211 8 A
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Table 2 Physical parameterization scheme configuration of WRF model in a sensitivity test
fRIFR ik
S AR MP1 Kessler/7 % (Kessler, 1969)
MP2 WSM375% (Hong et al., 2004)
MP3 WSM575% (Hong et al., 2004)
MP4 Ferrier (new Eta) /7% (Zhao and Carr, 1997)
MP5 WSM675% (Hong and Lim, 2006)
MP6 Goddard 5% (Tao etal., 1989)
MP7 Thompson/7 % (Thompson et al., 2008)
MPS§ Morrison 2-moment /5 % (Morrison et al., 2009)
MP9 CAMJ5 % (Gao etal., 2011)
MP10 SBU_YLinJ7% (Lin and Colle, 2011)
MP11 WDM577% (Lim and Hong, 2010)
MP12 WDM6/5% (Lim and Hong, 2010)
MP13 NSSL 2-moment 4-iceJ7 % (Mansell et al., 2010)
MP14 NSSL 2-moment 4-ice with predicted CCN /75 (Mansell et al., 2010)
MP15 NSSL 1-moment, 6-class /7% (Gilmore et al., 2004)
MP16 NSSL-LFO 1-moment, 6-class 7% (Gilmore et al., 2004)
LS30KES RALI RRTMJ5 % (Mlawer et al., 1997)
RAL2 CAM 7% (Collins et al., 2004)
RAL3 Goddard 7% (Chou et al., 2001)
RAL4 FLG (UCLA) /7% (Guetal, 2011)
RALS Earth Held-Suarez forcing /5% (Held and Suarez, 1994)
RAL6 GFDL (Eta) /75 (Fels and Schwarzkopf, 1981)
Je L AR RASI Dudhia/ % (Dudhia, 1989)
RAS2 oldGoddard /7% (Matsui et al., 2018)
RAS3 CAMJ5 % (Collins et al., 2004)
RAS4 Goddard 7% (Chou et al., 2001)
RASS FLG (UCLA) /7% (Guetal,2011)
RAS6 GFDL (Eta) /7% (Fels and Schwarzkopf, 1981)
MRl i CU1 KF/5 % (Kain, 2004)
cu2 BMJJ7Z%E (Janji¢, 1994)
CU3 GFJ5% (Grell and Freitas, 2014)
CU4 OSASJ;% (Pan and Wu, 1995)
CU5 New Grell scheme (G3) /5% (Grell and Dévényi, 2002)
CU6 Zhang-McFarlane from CESMJ5 % (Zhang and McFarlane, 1995)
Ccu7 New GFS SAS from YSU5 % (Han and Pan, 2011)
CuU8 New SAS (HWRF) /7% (Han and Pan, 2011)
Cu9 Grell-Devenyi ensemble 7 % (Grell and Dévényi, 2002)
Ccu10 previous Kain-Fritsch /7% (Kain, 2004)
Giiperis sul thermal diffusion5 %€ (Dudhia, 1996
SU2 RUCJ7% (Benjamin et al., 2004)
Su3 Noah-MP /7% (Yangetal., 2011)
SU4 Pleim-Xiu/7 % (Gilliam and Pleim, 2010)
PUR =S up i liw: AT u PBL1 YSUJ7 & + Revised MM5 Monin-Obukhov /7% (Hong et al., 2006; Jiménez et al., 2012)
PBL2 QNSE-EDMF 5 & + QNSEJ7 % (Sukoriansky et al., 2005)
PBL3 MYNN 2.575 % + Monin-Obukhov (Janjic Eta) /7% (Nakanishi and Niino, 2006)
PBL4 MYNN 3rd75 % + MYNNJ;j % (Nakanishi and Niino, 2006)
PBLS ACM2 (Pleim) 75 % + Pleim-Xiu/7 % (Pleim, 2007)
PBL6 BouLac /5 & + Monin-Obukhov (Janjic Eta) /7% (Bougeault and Lacarrere, 1989)
PBL7 Bretherton-Park/UW J5 %€ + Monin-Obukhov (Janjic Eta) 775 (Bretherton and Park, 2009)
PBL38 GBM TKE-type /5 & + Revised MMS5 Monin-Obukhov /7% (Grenier and Bretherton, 2001)




3 ERUTORAE: LRI X — R R TS Gt FE IR SRR 2 MU U 15
No. 3 HAN Lina et al. Sensitivity Experiments of Meteorological Parameterization Schemes for WRF ... 259

JEIK

s

) HEE e
Jkm :ma L

ﬁm"

K2 dbuT 8 AN G ZOW MG k1A
Fig. 2 Distribution of observation sites for the meteorological element

measurements in Beijing, China

FaF MR $77 HR AR 22 R R RAEBEADL R 72 5
i 22 S RASFULAH LT I ) B AR P . B Ge it
PR AT

" (sh-5)(06)-0)

= , (1)
V2 (s@-8) s, (0t -of
n N V2
s (00007
"
MB = ;Zi=1(s(i)‘0(i))’ (3)

Horr, S FRonul BHUME, O Ronul sOWME, S
R ME, ORI T-21E, @ R Bl
I BEER @ AN/, n ROSBRAUI B /N 2

3 MEERDN
31 EHIRIBRERA RIS

AT S xt Pz il IR AL A AL s TR EE . A
XL 10 m iy B XU ol T A B S, 3R 3

HIH T 2016 4F 12 A 15 H 00:00 (b E{Rf[E]D &
21 H 00:00 75 GLidk FERLALL sk 55 35 {5 W00 5 s 358
(4 4% TG EU Fi A o BRHBLIR B 5 00 0 F A o R A
0.67, MR ZE N 2.0°C, {FAE E . A XTI
JEE 5 A0 R A 5% R B0 0.80, 1B WRF A5 BE ¢
G RO A b 55 T 3 T R 4 P B S ) P AR
AN AR 25 N —5.2%, B HRIRZEN 14.2%.
RO AR 55 I () AH S PE BRI, FHC R EN 0.57,
MR ZE N 1.8 m/s, 1ELE .

Bl 3 25t 7 s e A AL TR A L AT
MR 10 m = B X 1) 8 A3k T 34 -5 0 1EL 1)
I [E) P A0 b o R RO AT AE A () B i, 9F
BEE TS YL FERR SR, W REE e . HAER
(P, i RSO A BN oA A 2 tH BAH G P AR A
BEAMEREADLET BE Y WRE B AL ) KU B 2 oK,
B 42 8 R 36 ) 5 Y by BT 2 XU B AF 7R &R
G -

Bl 4 25 7 AN IS BOSTIDLIR R BE M . A
FEE S48 R0 I I A A e B, BB — SR 15 H
12:00 2 16 H 12:00, J& T Hi5QWIGEH B BB
TN 18 H 12:00 & 19 H 12:00, J& T HEi5 Ye kst
(=

TEE 15 P B, WU P 5 B 0 v
JEEBAR B2 (0] 70 A, B B 3t AT R ABL ) 2% ]
ghfy, HARME S 2 (7] 22 AR . fEE
5B CE 4b), WL B S 0 b
HARIRS R, ERUREE S AR 3k O S e
i, EUSTHURDULINN G RE 3 5 T 5 e aa i B . TR
I A] DL, B Yt Bl FE B 5 I 22
SR E R T HEIGHIIER B 22 5 o AR FE R
F, EEGRYIGEH B (B 4o, W0I0AR X8
SRR S E AT, B X R
SR S PG ARG RHE, BME S
AR 1 22 S ARG/ s AE BTG et B (& 4D,
LU0 ARVRSS 0L ) R 6 2 v T EL VS e T UR B B

*£3 JbFT™ 8 N 2016 £ 12 A 15~21 HHESKZEZNNHESEHFIRIEERIEX L NS ITHERR

Table 3 The statistical indices of the mean values of meteorological elements observed and simulated in the control test at

eight stations Beijing, China, during 15-21 Dec 2016
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AR —5.2% 14.2% 0.80 60.2% 55.0%

10 mi B2 XL JE 1.8 m/s 2.1 m/s 0.57 1.3 m/s 3.1 m/s
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Fig. 3 Comparison between the means of simulated temperature, relative humidity, wind speeds at 10-m height in the control test and hourly
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observations at eight stations Beijing, China, during 15-21 Dec 2016
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Fig. 4 Comparison of the simulated daily mean temperature (shaded area) in the control test and observed daily mean temperature (number) (a) from

1200 LST on 15 Dec to 1200 LST on 16 Dec and (b) from 1200 LST on 18 Dec to 1200 LST on 19 Dec 2016 at eight stations in Beijing, China; (c)

and (d) the same as (a) and (b), but for the daily mean relative humidity
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Table4 The dispersion of meteorological elements in six
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Table 5 The meteorological factor statistical indices for

the simulated baseline scheme, ensemble mean, and best
scheme at eight stations in Beijing, China
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Fig. 5 Comparison of hourly means of observed and simulated meteorological fields for the baseline scheme, ensemble mean, and best scheme at

eight stations Beijing, China, during 15-21 Dec 2016
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Fig. 6 Comparison of hourly means of observed and simulated meteorological fields for the baseline scheme, ensemble mean, and the best scheme

at Guanxiangtai station Beijing, China, during 15-21 Dec 2016
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