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A Study of Assimilation of Surface Observational Data in Complex Terrain
Part III. Comparison Analysis of Two Methods on Solving the Problem of
Elevation Difference between Model Surface and Observation Sites

XU Zhifang, GONG Jiandong, and LI Zechun

National Meteorological Center , Beijing 100081

Abstract Elevation difference between surface observation sites and numerical model surface is a big problem of
Surface Observation Data Assimilation (SODA). In Part I (Xu et al, 2007a), results have shown that the elevation

difference between observation sites and numerical model surface can impact the results of SODA. And better results

Wi HE 2008 -07 - 28, 2009 - 04 - 02 Wi E i

FEME HEZRARBZEELS T H 40505021, 40675059, [ FrBl8 & EW H 2006DFA21530, [E &K & & 35 6l 0F 58 & & i1 R
2004CB418306, A AT I (K5 BHFE I GYHY200806003

EEEN  IREOT, . 1977 AR A, RIRFSE 51, B 322 DA S T GOR} R AL AR5 . E-mail: zhifang@cma. gov. cn



1138

P

Chinese Journal of Atmospheric Sciences

33 %

Vol. 33

can be obtained when surface observation data are assimilated into a numerical model with temperature observation
reduced from actual station elevation to model terrain height. In Part II (Xu et al, 2007b), better results also can be
obtained when surface observation data are assimilated into a numerical model with Terrain Error of Representative-
ness (TER), which is related to the elevation difference between model surface and observation sites. In this paper,
the two methods to solve negative influence of the difference between observation station and model elevation are an-
alyzed and compared, by making three-month experiments in WRF_3DVAR. One is that the TER is added into the
surface observation error, another is that temperature observation is reduced, via the temperature lapse rate, from
actual station elevation to model terrain height. Results show that, when the difference between observation station
and model elevation increases to a certain value, effects of the former method are close to the analysis field of other
data assimilation, while the latter method is more robust when the value of temperature lapse rate is accurate. The
latter method is sensitive to the value of temperature lapse rate, and the sensitivity decreases when radiosonde data
are also assimilated. The effects of the two methods are the same when the model surface is close to observation
sites, while the former method is better when radiosonde data are also assimilated. The scheme of Guo Yongrun’s
surface data assimilation (Guo et al., 2002) with TER is the best scheme in this paper. The SODA scheme can im-

prove the results of rainfall simulation. The surface data assimilation approach without consideration of the differ-

ence between observation station and model elevation is not suitable to be used.
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Fig. 7 While sonde observation data and surface observation data are assimilated, single point estimation change with elevation difference

(AH ) between model surface and observation sites: (a) t,,=34°C; (b) t, =26C. £,=28C +LRXAH, solid lines represent the method

adding surface observation error, dash-dotted lines represent the method that temperature observation is reduced by temperature lapse rate,

dotted lines are for control experiment. Thin lines; LR=0. 4°C /100 m, Thick lines; LR=0. 65°C /100 m
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Fig. 8 Same as Fig. 7, but no sonde observation data are assimilated

SOOI 58 2 Xt 38 328 R Py IDU(EL AR A HR
ORISR BTN L 396 0 R U AR AR
XTI o AL T SO S R 7 B it 2
e SR BRGES HSHED » AR 5B ]
AT5 5 R I IO R 22 7k IR R VT I 5 WA e
SUE HUAL PP AR MIE 5 25 s S 2 » AE T B
) A 77 5 FP U 2R PR IRLRE T 1E 7 YR iy 5 22
T3 VR RE S G AL PP R T 5 B 25 . AR BRI
{Ef A ] eI LS (E .

R RT L, BRI 5 XL 6 /i iRk
ZE0 X 51k 2 56 3 /0 iR 22 XA )
(1 S DR S R« SR P ) g L B 3 Dl 3 -5 5 s L
NI P T AR ) A ik X i 3 Dl 4R ) UK
JEATR . I 2 SOk, HoA B s Bk
CAR=S Bk 25 Ao, A6 o i BEREHR] 46 D57
S R R IR % 22 J5 R BGIR BE T IE DT A 2
ST EcA ] BRI LY

4 IV REZHERBE RSN

FHAMEER R S WRF2. 0 (William et al.,
2005) , B HLLECN (37°N, 102°E) . K43 3R
20 km, #%SECH 250X 2105 BIAEREH3)E N
35 Jz2, TZS R 50 hPas FEXCR A & B o o
Aap o AR TR FH A ) B S 5 A T 22 530 R
RRTm K 3% 48 ) 5 2. Dudhia %5 3 55 5 7 %.
MY] Monin-Obukhov 3T 1 i /2 J5 % . Noah [ i
)72, Eta Mellor-Yamada-Janjic TKE (i i 3l
f8) R ZHZE . Betts-Miller-Janjic fl a&Hib 7
% WM ELS 7% R Ferrier (new Eta) fU#E 5
% OKRL 27K,

IR E]y 2005 4F 7 H 1 H~9 A 30 H. Fr

AR R AR ] 2y 08 I (JLstif. RED ., g 24
JNISE S SRR R H 08 B, SR Y B A 56 e
BEREE 6 N IR T213 2 ERWR G TR Y 5
. 08 B RBRIRE TR (uy vy T\ g P) Fith
T XL TR AL FE I D Curo s vios Ton @2s
PO, IR =442 5 ML & 48 & WRF_3DVAR
RS, 4 Ak . (D A% 1. (UESERS
Slafeatr. BRix—4ilgsh, He LA 50
IR 2 5 R A, (2) 1258 2. FE 1 1)
St bR A SR T A AT el 2k i 3K IE 7 %8 (Guo
et al., 2002) [mlfk 43 B b 1o LI BERE ;s (3) 12l 3
FEiE 1 A BEAl R IR 55 (2007b) ek i
SR I % (Guo et al., 2002) [a14k 43 H 1w WL
Bokks () 15 4. SR R T IR D7 R SO R SR K
1875 % (Guo et al., 2002) [m]4 73 b Tad LI 5%

R FHA ARG 7 125 2 B 0 4 vh O I B & 97
RGEHY K T RN 5 58 i 20 oK K58 7
EEBEKS PN (=0 Imm), FI (=
10mm) . K (=25mm). & (=50mm) KK
ZEFN (Z=100mm) FZ . )B4 4 [ 5K R 0Ky
ARy 8 AN XIAATHR TS, A SCEE I
7~9 H R A E DL AEAEHLIX TS P45 K Fildi
fiZe (B) 1§80, Horp TS ¥4 & HI R A & [ /K i
T WL B B K BE A% A 2 A ERA 5 £, TS
Fewm o 1 B R 00 WERVE ST BEWIXTRE
VI URTIE &8 S IERON I SN 73 R ¢ il 2
P EATI NS c =T VI RS S LN AN ]
KK TS PEA AR HAT . B —Mds Wi =5
5 S KB e S R D, 55 K
LA, o 1 B &y, KT 1 FoR TR AIR S T
S P A 3% B TR 194 e K T AR R T 5 s ) K T R



6 41 TRATT A . AR T W BORHF AL TIL P ik RASE RS 5 SO sty T v B2 22 53 Tk O L

No. 6

XU Zhifang et al. A Study of Assimilation of Surface Observational Data in Complex Terrain, Part IIT ...

1145

RZIRK

HIPE 9 AT UL, P il 40 /N Pl e i, TS
PEOME R, BEEEE 1. ERHA I 7RSS 5
FEor M =4k g rp, /N . KW FIZ TS 45
A Tt s, 058 3 A9 B &G 1; RA K
3 R TS PEOMEHTIRE 1, 505 2 Fniasd 4 1)
HET Y TS PEMERAR TR0 1. F7 R R Bl
FENN T o R E AL A = 2356 TS PE4IEAIK Tk
5 1. B _EAHTRIAL A HE SRS S AL
BRI R K I I T T, X/ IV TR A — a5 5T
FR s TIOR8 T TR DU B A8 R . e R RS
NI 1 22 7 3 O i R AT [ AL 7 %8 (Guo et al,
2002) [F)f Hiu T B RO B 4

XA X A gE A B a5 R A (&1 10) AT &
W, FERTA T PR 2 5 A A ) =K
AT A2 2R 38 IO 15 22 1ok At 1 S i i [m) £k s 8
(Guo et al., 2002) [AfEHEIFER GRAKE 3) Blatkak
Rl NI KIAEF TS PEAMEARA Ir e o
BAA 5 JC b1 95k 2 5 WAk 43 B i e GRS 1D

0.7

(@) O Expt 1
0.6 F=- 0 Expt 2
N B Expt 3
0.5H |1 B Expt 4
& o4l [
& 0.4 g
2 03H |
02 |1 : :
0.1H |] : . H_
0 ) 1 ) 1 - 1 .

N PE kW BN HARE

P9 20054F7 A 1 H~9H 30 HARAEAEMIX 24 /NRBLYREK R A0 .

P o TR T BE DT 1F 2% O Y 5 ik i [ Ak 7
(Guo et al., 2002) [F) 4k Hb 1 95 BF AR 4 808
2, L. K. B A TS P fE A% T J0 b i 9%
B2 5 RE b i 1,

MULE 3 A A G 45 R AT H . TEA RS
BERLS 5 RS BT . SR 3G OO R 2= 75 12 L i
FETTIE ¥ el 1 38 Kk i Wl 4k 7 % (Guo et al,,
2002) [l Ak M THT BERFSCR AT, I HIn A M 1H 7ERHR]
XS/ KRR BRI BTk . R 420
PAJTTE . (1) 3R 15 22 5 2 BE % i 3 R B2 1)
MR 58 22 [F]BF BEA T 3T 1E. (ARABCTS 56, 2007b) , T ik
FEITIE R NIRRT B - AT A RO TIE; (2) FS
AR 2R 0 A B 3 e ok (RE T ED 2
SRS 5 GORE Ak 7 58 v SR RS
VR ZE VAR BETT IE J5 1 RE 0 4 b A R A b O 15
FEZS . BRIl e in 155, 3 H
WSS Y 08 B 43 #r. SR 5 AT 24 /NI
i [ AT IR s B A v T BERHR I 2 5 (]
AT s PRI R R B ORI 152 25 5 i R B ST IE

2.0

(b) O Expt 1
0 Expt 2
B Expt 3

B Expt 4

—
W

TRz (BE)
S

o
W

BES

BW B

(a) TSPE43; (b) Hikim2s
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