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Abstract Data assimilation has been successfully applied in atmospheric, oceanic, and land surface models. How-
ever, the four-dimensional variational (4DVar) assimilation system demands great computational costs. The authors
introduced a new Historical-Sample-Projection data assimilation scheme (HSP-4DVar), and accomplished the HSP-
4DVar land surface data assimilation system based on the Common Land Model (ColLM). As a scheme which re-
quires no adjoint models, HSP-4DVar can be directly solved and easily realized, therefore avoids high computational

costs. The land surface data assimilation system was used to assimilate the soil moisture data for 56 months. After
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assimilation, the overall root-mean-square error was significantly reduced with improved simulations, especially the

simulation for the top 1000 mm layer.
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Simulation and Analysis of a Radiation Fog Event in Beijing Area
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Abstract A radiation fog on 20 November 2006 in Beijing area is simulated and diagnosed with MM5 nonhydro-
static model. By contrasting the image of the NOAA satellite with the observation data of radiometer, the results
showed that the MM5 could well simulate this fog event, especially in simulating the fog area, the height and the
duration of the fog. Furthermore, aiming at explicit moisture scheme, longwave radiation, shortwave radiation, and
vertical resolution, four sensitivity experiments were performed. The results show that longwave radiative cooling is
an important factor of the formation of the fog, while the shortwave radiative warming is an important factor of the
fog dispersal. In addition, the results were obviously improved by increasing the vertical resolution or using more

complicated explicit cloud scheme.
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SR B R .
(2006 20 ATE 155 NORA=17):-

42.5°N
42.0°N
41.5°N
41.0°N
40.5°N
40.0°N
39.5°N
39.0°N
38.5°N
38.0°N
37.5°N
37.0°N

g-kg!

0.51
0.47
0.43
0.38
0.34
0.30
0.25
0.21
0.17
0.12
0.08
0.05

g-kg”
0.43
0.39
0.36
032
0.28
0.25
021
0.18
0.14
0.10
0.07
0.05

112°E

114°E 116°E 118°E 120°E

P4 20064 11 20 B (a, b) 110 15 43F1 (e ) 130 1843 (a, o MBI TEKRSFHEMEEFR (b, &) HHLIAIHLIHZ % Il

SF R
Fig. 4
(¢, d) 1318 LST on 20 Nov 2006

Hh %5 X fe i KR 0.39 g« m s HVBUAE 20 H
6 ffs X —WIMER S AT AR 3 h —IRIY
AE DL BEWLINAT 1Y) 5 I AE UL JBE B 2 1) WL 245 SR 2k
AR—E, & 5b R SER AU R R LRI

(a, ) The polar orbit meteorological satellite fog image and (b, d) the simulated liquid water content at (a, b) 1115 LST and

Frit. mPE AT AL, BEADLSS AR fh I ] -5 45 R (]
FAXS T2 00w e - o BEAR X T o2 Dl ik, JC I
JAE 20 H 3~6 WAy, [HH Bl % i By
FOUHEA — B fer KR AR BEAE 6 i



S 5 OB & M OR 14 %
394 Climatic and Environmental Research Vol. 14
2000
(a) 3
g'm
1500 1 037
£ 0.29
5 1000
L 0.21
E g
] | 0.13
500 ) \\ P B I
o (& =0 C Ol (4
1200 1600 2000 0000 0400 0800 1200 1600 2000 0000 0400 0800
19 Nov 20 Nov 21 Nov
Time (LST)
2000 PR
(b) L
0.68
1500 1 0.60
0.52
£ 0.44
5 1000 0.36
e .
0.28
5004 0.20
P S 0.12
ey == o
0 . . . /m — ) 0.04
1200 1600 2000 0000 0400 0800 1200 1600 2000 0000 0400 0800
19 Nov 20 Nov 21 Nov
Time (LST)
5 () PUEESTHIFT (b) MMS BLLEY 2006 4F 11 4 19 H 12 B4 2 21 [ 8 i ML F] 2 ke 75 B A9 BATS (39. 8°N, 116.47°E)
WK B

Fig. 5 The liquid water content from the surface to 2 km height at (39. 8°N, 116.47°E) from 1200 LST 19 Nov to 0800 LST 21 Nov

2006 (a) Measured by microwave radiometer; (b) simulated by MM5 model

AiArs BIGE R EEHE R TS %s, fem &K
HIRF T 0.7 g m *, BRSSO B
PN

 6a J& AR ST TR A 11 H 19 H 12
AP 2 21 H 8 B M T2 2 ke 57 B 04 AL 36 AH X
. TR, 78 20 H & KA R k2 —
e FFE B = AR B, R AE K55 1 4R
B, L EZ AR R A AR 10020, ] 6b &
32 ) S G AR 4D 049 AH 7 B B ) A X B B Xt AR
UﬂTﬁﬂﬁﬁ@E%ﬂ%,&U%m%E%%
FEA—F, AR Z AL I v R DX R B AN T
SR D PG DA B e 3 1 4 5 I TR) B R 6 T S B
P R

Bl 7a SRS R g H 11 H 19 H
12 B2 21 H 8 B M E] 2 ke 15 B B AR XHE .
AT LA 78 K 25 ) 4 e Bt () B 30T M 1T %) L B 2
gEEE RGP, 20 H 12 Bf)5 . EE LR

SR B e, 7EZ TR BT8R B B
ﬁm@mFmJE%mE%%%&U%ﬁﬁﬁ&
FOURLEE - AU AR L A BLES R 2 /s 75 55 T

MR A A . (BRI L, B T
ﬁiﬁﬁﬁ%@mE%,ﬁﬁ?%E@E%#m

LB THE, X Re e U A Rl A
2B 15838 AR A OC . ERTUL A 3T b 1T 2 U B
(e AR A 5 50— 3%, B 19 H 12 i & 20
H O Bf b D BE 8 i, 20 H O B LU 0 i 1 )23 ik
FEFFURREAG, 221 H 4 BRI BT &

5 HRMIISN

5.1 AR IE X RIUE 200

R TSR = G B AR X AL S e R
PESES 1R H] T 34 2= 55 30y B 78 o i 4 1Y)
Resiner2 B 7%, B 8 &R A Resiner2 77



14 TS - LU DX — U 5 55 R S B

No. 4

HE Hui, et al. Simulation and Analysis of a Radiation Fog Event in Beijing Area 395

2000

Height/m
=
S
S

500

0
1200 1600 2000

0000 0400 0800

1200 1600 2000 0000 0400 0800

19 Nov 20 Nov 21 Nov
Time (LST)
2000 S
100
1500 4 90
80
£ 70
& 1000 60
2 50
40
30
500 20
10
0
1200 1600 2000 0000 0400 0800 1200 1600 2000 0000 0400 0800
19 Nov 20 Nov 21 Nov
Time (LST)
BI6 RIS, {H g HIXHE
Fig. 6 Same as Fig. 5, but for relative humidity
FERIMW IR K o #EH (39.8°N, 116.47°E) 0.960, 0.930, 0.890, 0.850, 0.800, 0.750,
Ab 2006 4E 11 A 19 H 12 87 FE 21 H 8 Bt M b 1 5 0.700. 0.650. 0.600, 0.550, 0.500. 0.450,
2 km E R UEBOK &, SEUSRYESZE 1 A 0.400, 0.350, 0.300, 0.250. 0.200, O0.150,

HIRAS S KRR (0.51 g« m™®) il se
A A OK & R KM (0.70
gem®) W/PHT0.19gem?,

T SO I B 25 R (&l 5a) X EE
FTLUE 1 B0 5200 1 BILAY 45 SR T m 3 AR,
H A BB BT Resiner? J7 7R 55 1T L
KEMBERNMY SR ZETELS, WE N
PP R A, A ) S 9 T 3k FH ) 7 58 S T4
G bR
5.2 WERXEESPFHERITEIEI G

g T AR B R AR A R AR A 45 SR Y
SO, HEAT T USRS 2, TR RZARI T 9
2, EESLEMTE 250 m LR, 3 7 R
Ky 23 EM A 32 2, B o )24 Al A:
1. 000, 0.998, 0.996., 0.995., 0.993. 0.990.
0.988, 0.985, 0.983, 0.980, 0.975, 0.970,

0.100, 0.050 F1 0, &9 ZRHEE T 32 2
B bk KR i #E P (39.8°N. 116.47°E) Ab
2006 4E 11 H 19 H 12 B3 21 [ 8 B Ay M HE 5 3] 2
k5 BE BRI BOK & . BN, BURE L 2
B BOK & BB RN 0. 59 g » m ™7, U5
Bl 2% PR A K & R W R (0.70 g -
m ) J/NT 0.11 g e m°, BRI R IGH S
SR T X e A T S A T A A S
BrREI . AT B ) S A W 8 s
5.3 IESTRHEIARI R NE

BLZi98 (AN Peter et al. , 1991; Musson-
Genon, 1987) #3 W] 48 5 55 T8 18 F0 & Jre i) 2
Jir PR i TR ) DB SRV A0, T 53 55 S AR B AR
AR T R 2 K 268 S5 % b T 7 i AR A ) AR
Tt PRI o AT PRI R S0 55 T8 RN 23R A 5 )
Oy RHERT T 2 AMURE SIS, RPRUSE SIS 3. 4.



55 R

396 Climatic and Environmental Research

5 OOF 5K

14 &
Vol. 14

2000

1500

1000

Height/m

500

0
1200
19 Nov

1600

2000 0000 0400
20 Nov

0800

1200

DIBININININIDININIDINIDIDIDIDIIIDILIND =
DI I-I~I I~ ~I-J~J OO 0000000000
CONOO— NI S UNNICNOO— NI NS

1600 2000 0000 0400
21 Nov

0800

Time (LST)

2000

1000

Height/m

500

0
1200
19 Nov

1600
20 Nov

2000 0000 0400 0800 1200

1600 2000 0000 0400
21 Nov

Time (LST)

7 [ 5. ERERE

Fig. 7 Same as Fig. 5, but for temperature

2000

1500

1000 +

Height/m

500 A

0.52
0.44
0.36
0.28
0.20
0.12

0000 0400 0800
20 Nov

0 T T
1200 1600 2000

19 Nov

= _?_j\-Ti\«,éz\ f/’:(T—o‘lg ?\ ———= 0.04
1200

1600 2000 0000 04b0 0800
21 Nov

Time (LST)

8 [AlI&] 5b. E Rk SE g 1 A4

Fig. 8 Same as Fig. 5b, but simulated in sensitive experiment 1

TR S 3 RAERErp Jods 1R A S 0T
(ELER B R S s SRR S 4 R AE R &%
f5 T JELIERR ST EL DR B R A I

KRR ST US . BX B R BRI
B, EZ5 B I I e ] S B 4R 13 10
h A B P98BS g r 2 11 A 19 H

12 1) 36 73 BIURRSEHE 3 B YLy 11 H 19
H 22 6 12 73, Z5 050 5 -5 80 3 Y B du i)y 1 1R
%, I HBURIE SR s/ 11 A 20 H 11w
FEAHEARTE R, P il S0 36 55 1) 28 A< ] 2 2
TARZ . 18] 10a g LA KB S U5 B0 11 A
20 H 10 1 24 73 (%5 X oA . 5 s ] S B A 400



44

TS - LU DX — U 5 55 R S B

No. 4 HE Hui, et al. Simulation and Analysis of a Radiation Fog Event in Beijing Area 397
2000 g m’
0.53
1500 0.45
£ 037
£ 1000
2 0.29
5001 021
p 0.95;;737—?\\“ 0.13
s
= A — 0.05

19 Nov 20 Nov

0 T T o
1200 1600 2000 0000 0400 0800

21 Nov

Time (LST)

B9 sk Seg 2 A (39.8°N, 116.47°E) 4b 11 A 19 B 12 i ~21 F 8 I A F 2 ke 75 3 ) B3 K 5 (4 k) ) 37
Fig. 9 The simulated liquid water content {rom the surface to 2 km height at (39. 8°N, 116.47°E) from 1200 LST 19 Nov to 0800 LST

21 Nov 2006 in sensitive experiment 2

42.0°N{—
41.5°N{—
41.0°N{—"
40.5°N{~ "
40.0°N{/ ™
39.5°N{ "
39.0°N .
38.5°N{
38.0°N{ "~
37.5°N{~ 77
37.0°N{

\

N KN s S S

= _ |
112°E 116°E 118°E 120°E 112°E

| poEE—
0.05 0.1 0.15 g'm?

3 5
114°E  116°E

|
0.05 0.1 025 0.4 0.55 g-m™

118°E  120°E 112°E

114°E

116°E  118°E  120°E

|
0.05 0.1 025 0.4 0.55 g-m™

10 By 2006 4F 11 4 20 H 10 I 24 3 RS K00 (2) BURPESER 35 (b) #HIEE; (o BUSMESEE 4
Fig. 10 The simulated liquid water content on the ground at 1024 LLST on 20 Nov 2006 (a) Sensitive experiment 3; (b) control experi-

ment; (c) sensitive experiment 4

TRl 20 55 DX 73 A 181 (/& 10b) bR mT LA Y
RS, 3 BN 55 DX W) B 4 /. ik 1 W]
PR 0 3 1T D50 0 20 B4 S OB i bt
2 TR B8 (o0 v 2 0 0 A 2 AR M e e i
g5 . ERUR SR R K R A R KRR 5
MBI E e h TS LR R A 2%, I
UGS AR AR LSRR I 2% O FAH R I AF PR %5 . M
R HABN R A .

FRURAE ST, 4 REALLAY 55 114 1 BRI TR A o] 552
BARAT T 3 h (Pl Se g B At ) o 11 A 19
H 12 1 36 73, SUgEscss 3 B AYmtE g 11
H 19 H 91 36 430, BEAPZE 138 3 5 %5 B i Y [
el e g i AR 2, BN B T HUE JE W
Wl el se et TARZ . B 10 Jy 4 e e O A
SIS HEAUR 11 7 20 H 10 B 24 53 (9% X 53 A4

L S o e B 40 [ B 220 B X 4 A B (I
10b) HARTT LA . SOk Se 0 4 BB IX T
FE RIS 13 B ) A 3 R oy T M T S 432
SRS B0 T TR R AR 1 T
PIERAEH KA. BMUARSZRIER. FLL S8
F W ES . RS . B AT DL
R BE S R T B P

6 Z5it

R = 4R H1 v KBS S biat MM 3L
FOHLIX — VR 5 5 R A B A TR AL o
TR 25 R L % S O T
DATE o B2l 0 U B B He R R .
LR TR K B A0 A BB 5B 788 B DA L 1



<5 R

398 Climatic and Environmental Research

BoOWF R 14 %
Vol. 14

F ) 55 5 1

A A URMEBE LR T = B R
G T U A L T e DL SR T L4y
PR B RN K RS . N 4 SRR
SIS WA BT T LU H

(1)t TR P 5 55 2 20U 8 5 35 00 B i 2
AL T A F et 8 S U2 o e 5 T 1 R
P, R LB TR U S, 8 5 55 AR M TR s
T 2% B 1 K B I T 4 A 25 T RO 4R
Rz,

(2) B st i) 2 B 43 6 LA R ik RO i
20 2 Bl B R R o 55 AL 5 SR A 8 A

SEZ @k (References)

Brown R. 1980. A numerical study of radiation fog with an explicit
formulation of the microphysics [J]. Quart. ]J. Roy. Meteor.
Soc. , 106 (450). 781 —802.

Cotton W R, Anthes R A, 1993. X &3 /12 [M]. dtm. K%l
fit, 331 - 342. Cotton W R, Anthes R A. 1993. Storm and
Cloud Dynamics [M] (in Chinese). Beijing: China Meteorologi-
cal Press, 331 -342.

BIF, TEM, WA, % 2006, JbE KB — Rk K%
HVBAER iz Wb L] R SEHENT, 11 (2): 175 -
184. Dong Jianxi. Lei Hengchi, Hu Zhaoxia, et al. 2006. Nu-
merical simulation and diagnosis of a dense fog in Beijing and its
penumbra [J]. Climatic and Environmental Research (in Chi-
nese), 11 (2). 175-184.

BEEr. T, JEgME. . 2004, BRVT =ML — KRS E W
BAABEETE [J]. SRR, 24 (6): 821 - 834, Fan Qi
Wang Anyu, Fan Shaojia, et al. 2004. Numerical simulation
study of a radiation fog in the Pearl River delta regions [J]. Sci-
entia Meteorologica Sinica (in Chinese), 24 (6). 821 - 834.

BT, PER, ki, 4 2007, EEUBIX —IRAFETREN
FEMBERE AT U], SRRk, 29 (2): 167-172. Li
Yuanping, Liang Aiming, Zhang Zhongfeng., et al. 2007. Simu-
lation and analysis of a winter advection fog in Beijing Area [J].
Journal of Yunnan University (in Chinese), 29 (2): 167 -172.

Musson-Genon L. 1987, Numerical simulation of a fog event with a
one-dimensional boundary layer model [J]. Mon. Wea. Rev. .
1159 (4): 592 -607.

Duynkerke P G. 1991. Radiation fog: A comparison of model simu-
lation with detailed observations [J]. Mon. Wea. Rev., 119
(2): 324 - 341.

Turton J D, Brown R. 1987. A comparison of numerical model of
radiation fog with detailed observation [J]. Quart. J. Roy. Me-
teor. Soc. » 113 (475). 37 - 54.



