$19% 4w R H B OB W R Vol. 19, No. 4
2014 %7 H Climatic and Environmental Research Jul. 2014

Rk, AREANE. 2014, WRE/Chem HLh W RiEE vb S04l J7 G0 AR MEH X — bR A I RS2 . [J]. Uk SFRIERTSL, 19 (4): 419-436, doi:
10.3878/j.issn.1006-9585.2013.13041. Wu Chenglai, Lin Zhaohui. 2014. Impact of two different dust emission schemes on the simulation of a severe dust
storm in East Asia using the WRF/Chem model [J]. Climatic and Environmental Research (in Chinese), 19 (4): 419—-436.

WRF/Chem &3 f RSP SE U AR FRIL
Hh X — &k eE b 4 B3 TR AR LAY 22 0

oo o4 1,2 1
Kk HREH IR
1 Hp [ RR 2 g RSB 5 BT 1 B S0 S B Ry, dba 100029
2 rE AR, bR 100049

& ZE FIH#AT GOCART F1 Shao04 FFI LY 244k /7 % ) WRF/Chem £ 2002 4 3 F 19~22 H R AETE
RHLIR R SR A B B AT AR, G B AR T ARV 7 E XA S BRI e . g5 R, RGP
AN 75 %1 WRE/Chem S 44 |35 g fse & B BLAD) 3= SRR v b DX 3 i v ok B 1R A8 £ DA S b 20 iR B R ) 2 Y AR R
A, B A Y 2 B T i X T 20 23 5 S T A8 A A AT RSB 53l i O 8 A 24200 o RS AR SR
Shao04 J7 5 vb AR Vb (1) & A DL R B AR A i R FLUAT ST A RE 00, 10T SRARAA R b A ik B 55 00 B o — 3,
PEARPERETAR T GOCART 7%, #5001k, BT GOCART J5 S+ KA KIIG S v RGN, BT %
TRV AR AT E A K s 53 AMZTT S 2 T 58 AR p F A N S R AR AR Vb AR M, AR A T
GOCART /5 MR BRI R X IR yb I #2752 X 3 A T Vit b X B ) v A9 AR /IS o (HAE S 1L
K7, Shao04 J7 &MV EE M /D, XIS Shao04 J7 %K AEH e X IME I T 25/ HE By Je B E
MR VPRI G, BT RE 5 1% 07 S R A I 5 m B A HEAf A O

X8R BEWSEIL TR sRYA B WRE/Chem iz, BUEFRL  Im AT FEREIRM

XEHRE 10069585 (2014) 04—-0419-18 HESES P435 XHktRINES A
doi:10.3878/j.issn.1006-9585.2013.13041

Impact of Two Different Dust Emission Schemes on the Simulation of a
Severe Dust Storm in East Asia Using the WRF/Chem Model

WU Chenglai"? and LIN Zhaohui'

1 International Center for Climate and Environment Sciences, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

2 University of Chinese Academy of Sciences, Beijing 100049

Abstract A severe dust event during 19-22 March 2002 over East Asia was simulated by using the Weather Research
and Forecasting/Chemistry (WRF/Chem) model coupled with two different dust emission schemes (the GOCART and
Shao04 schemes) to investigate the impact of dust emission schemes on model performance. A comparison with
observational data shows that the main observed dust emission regions, the temporal variation of dust emission intensity,
and the evolution of surface dust concentration are all quite well reproduced. Both near the dust source and in its
downstream regions, the model-simulated temporal variation in surface dust concentration agrees closely with station
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observations. Generally, the WRF/Chem model with the Shao04 scheme shows better performance, especially in

simulating the occurrence and intensity of dust emission and the surface dust concentration distribution. Further analysis

shows that the dust emission regions simulated by the GOCART scheme are broader than those from observational data,

which might be ascribed to the lower criteria value of the threshold wind velocity at the surface. In addition, the

GOCART scheme could not resolve the potential dust source in the southeast of Mongolia and the middle—east of Inner

Mongolia, which leads to the underestimation of dust concentration in this area and in downwind regions. However, the

simulated dust emission flux in Taklimakan with the Shao04 scheme is lower compared with observations. This could be

ascribed to the fact that the effect of aerodynamic lift in the dust emission is not considered in the Shao04 scheme.

Moreover, the inaccurate parent soil texture for the Taklimakan Desert used in the Shao04 scheme might be another

possible reason for the discrepancy.
Keywords
wind velocity, Land surface characteristic
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Table 1 Physical parameters for the dust size bins in
GOCART scheme
PR N ARER B b/

R [W/pm s, dy/um kgm™ Tg

1 0.2~2 0.10 1.46 2560 0.61 (0.071)

2 2~3.6 0.25 2.8 2650 1.80 (0.210)

3 3.6~6 0.25 4.8 2650 2.07 (0.228)

4 6~12 0.25 9.0 2650 2.13 (0.242)

5 12~20 0.25 16 2650 2.32 (0.249)
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Table 2 Physical parameters for the dust size bins in
Shao04 scheme

SR RARXIAm R d/um B ppkgm S Ry Tg
1 1.95~2.5 2.25 2560 1.10 (0.063)
2 2.5~5 3.75 2650 2.52 (0.145)
3 5~10 7.5 2650 3.09 (0.178)
4 10~20 15 2650 10.66 (0.614)
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Fig. 1 Model domain (gray area), the potential dust source area for Shao04 scheme (S.=1, dark gray in (a); the solid circles denote the SYNOP stations in
East Asia: There are approximately 1000 stations, with more than 800 stations in China) and soil erodibility index Sy for GOCART scheme (dark gray in (b))
(14 selected stations are denoted by open squares: 1—Tazhong; 2—Ejin Qi; 3—Urad Zhongqi; 4—Xilinhot; 5—Yinchuang; 6—Hohhot; 7—Taiyuan; 8—
Beijing; 9—Qingdao; 10—Shenyang; 11—Oki; 12—Sado; 13—Tappi; 14—Rishiri)
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Fig. 2 Evolution of geopotential height (solid line, units: dagpm) and temperature (dashed line, units: K) at 500 hPa at 0800 LST on (a) 19 Mar, (b) 20 Mar,

(c) 21 Mar, and (d) 22 Mar 2002 from NCEP/FNL data
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Fig. 6 Time variations of simulated surface dust concentration and observed PM10 concentration at six stations in the northern part of China (the total dust

concentration in the first to fourth size bins, i.e., diameter smaller than 12 pm is compared with PM10 concentration for GOCART scheme)

£, RIS AE S NIRRT i, YDA IR BE I 2%
. Y—J7if, R Shao04 Jj BRI E
B AR S A o — 2, AHRHBUI 22 H
01:00 FFAIRAE, T HLUEEE S iR B ol /s B A TR, A
ML 22~23 HP R NMIZ (K 7d Al
70,
35 BICHEMNRBENEN
TR B TP T 6T R AEL I b 1 b 2R AR B T
A Ay AT RN R A B 22 5, IR0 AT T A7 A5 1
ZE o W T PRI Rl 25 22 e i v i R 1
ZEigE ) CRFE YD S BRI AR A 1 22 7). LA
T FRATTHGE S WA AR 2 T DAL

Bl 8 25 HY T AN R B 1 P 7 SEALAUL i) T L Vb 2R 0
IR B AT EL, XTI DR B DRI ] 4y
AVEERAE, 19 H 14:00 P97 ZBHL PR X 33
TN T 5 A r BRI N 52 VE R, SRR
X 3 f7 BT sy LR b <58, GOCART 5 %
Byl Rk 10 pgm 2s "Ll L X 20 HI
YL R, BB AREL R, EAbry,

VT MG oR (14 4b), Shao04 J7 Z B Vb
DR B S AR A S R AR A b
SEHIX, T GOCART g S ARgbL i vb X 3 ) = 2
P FS R R RE L P S PR AR PR, 21 H
14:00, Shao04 75 %1 GOCART Jj %51 (ke v il
HME 20 H 14:00 LBl HOEAEEs e b 31
YOI X A BTG SR . 22 H 14:00, PYJT R IR
55 20 H 14:00 ()50 A Lh BT, {H Shao04 J7
SR 2 AV RIS B B3 sy, 13X 5 K]
4d. 4g T i RGHEAH bk s IR IR 2 — 3. B —
00 BT P 7 SRR I T B A4 T A 1) 4 R) 0 A
TERRAEZE R, ATLLE

GOCART 7 ZE B0 IR S v 3 £ 1) % (] 40 A 5
PP, 1T Shao04 77 ZERSALL IS v 3 5 1) oy Hb gy
TERA R, AP SR AR B o 3 2 S B DR 7 T
GOCART ¥ KUl BEFR B T 1° (4 ) X 1.25°
(L FEO I3 A #3214, 17 Shao04 J7 %A T 0.05°
(L) X0.05° (L) EmnPerphmsoh ol
P T AR ST AR YR A A SRk Sk Vb I



4 1 FHKAE: WRF/Chem B RIS b 2 b 75 68 AR ME X — i b 2 2l REREAUL F 5

No. 4

WU Chenglai et al. Impact of Two Different Dust Emission Schemes on the Simulation of a Severe Dust Storm in ... 431

50—

(@) Oki
— — = Shao04 R=0.91

s

=

2

5 1000F . ..., GOCART R=0.84

£ Obs PM10

3

§ 500 -

Q: 044LJ_'.' T .....‘.‘\q‘\._"
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
19Mar 20Mar 21 Mar 22Mar 23 Mar

Time (LST)

B T e T A S e et SO

E (c) Tappi

50 L

;i; 2000r Shao04 R=0.67

2 yso0f GOCART R=0.88

= Obs PM10

§ 1000 |

8

2 500t

= .

A 1) P = N N ey ¥
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
19Mar 20Mar 21 Mar 22Mar 23 Mar

Time (LST)

W 300

= (e) Oki

&0

= — — = Shao04 R=0.86

5 2000 GOCART R=0.82

g Obs PM2.5

g

§ 100

Ds OAALJ;LI IS B e S |~V|“:'l| 1 |‘7\'~>| f
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
19Mar 20Mar 21 Mar 22Mar 23 Mar

Time (LST)

50—

(?E (b) Sado
=Y
= — = = Shao04 R=0.79
£ 10007, GOCART R=0.73
E Obs PM10
3
§ 500 F
E N ENUN ATV
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
19Mar 20 Mar 21 Mar 22 Mar 23 Mar
Time (LST)
. 1000 —m—————
‘= (d) Rishiri !
@ 800f !
= — — = Shao04 R=0.48
& ool GOCART R=0.71
E Obs PM10
g 400
S .
2 200t R
5 0 P e ", S Y oS ~ kR
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
19Mar 20 Mar 21 Mar 22 Mar 23 Mar
Time (LST)
o 200
= (® Rishiri
o0
Ei 150 f — — = Shao04 R=0.37 I\
g e GOCART R=0.70 I
£ 100t Obs PM2.5 !
3
2
5 50r
5 o/ . . . T .‘~.'\:.—r-'v-"-—. X
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200
I9Mar 20Mar 21 Mar 22Mar 23 Mar
Time (LST)

Bl 7 R XOAN [ty RO VD A BE S5 U PMLLO AR RSURE A3 FEE PRI TR 1) A8 46 (L5 00K A0k BE T LU IR, GOCART g e & R 35 1 AMREARIX

[HED AR <2 pm (VP RIRIE: 5 PM10 R EEXT L IFpRAR T F B 6)

Fig. 7 Time variations of simulated surface dust concentrations and observed PM10/PM2.5 at the stations in the downstream area (the dust concentration in
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