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A Study of Assimilation of Surface Observational Data in Complex Terrain
Part II. Representative Error of the Elevation Difference Between
Model Surface and Observation Site

XU Zhi-Fang, GONG Jian-Dong, WANG Jian-Jie, and LI Ze-Chun

National Meteorological Center , Beijing 100081

Abstract Since the topography distribution of China is very complex, there exists elevation difference between sur-
face observation station measurement and numerical model surface. The surface observation data are currently only
used as backup or process analysis, but not used in numerical models sufficiently. Reasonable assimilation schemes
of surface observation data will put these data into numerical models sufficiently. In Part I, results have shown that
the difference in elevation between observation site and numerical model surface can impact the results of surface ob-
servation data assimilation. In this paper, surface observation data are assimilated into meso-scale model MM5 di-
rectly, based on the similarity theory, using MM5_3DVAR (MMS5 three-dimensional variational) system. A new
representative error, i, e. Terrain Error of Representativeness (TER), is introduced to solve the influence of eleva-
tion difference between observation site and model surface. TER is added into surface observation error of surface
observation data assimilation in MM5_3DVAR system. Some experiments are performed with surface observation
data and radiosonde data. Results show that the influence of elevation difference between observation site and model
surface can be solved when TER is added. Better results can be obtained when surface observation data are assimila-

ted into a numerical model with TER, which is related to the elevation difference between model surface and obser-
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vation site. Using this method, surface observation data bring less contribution to the analysis field, while some

useful information is put into the analysis field through data assimilation, and the lower analysis field is closer to the

actual field. The surface data are used more sufficiently.

Key words surface observation data, assimilation, terrain error of representativeness, observation error
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Fig. 1 Single point estimation changing with the elevation difference between model surface and observation site at the same temperature

lapse rate (LR=0. 65°C /100 m) : (a) model t=34°C; (b) model_t=26°C. sfc_t: surface observation temperation, model_t; the lowest

level model temperature, LR: temperature lapse rate
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Fig. 2 Single point estimation changing with the elevation difference between model surface and observation site at different temperature

lapse rate (sfc_t=32°C): (a) model_t=34°C; (b) model_t=26°C
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Table 1 Experimental schemes

W T213 ¥kt RS ORE b TEULIN Bk R B AR R 22 =Y BOR AL PR
Expt T213 data Radiosonde data Surface observation data TER of Temperature/K 3DVAR processing

1 & Yes & Yes (us v, T, q, p) 75 No 0 & Yes

2 1 Yes J& Yes (us v, T, q, p) J& Yes Cuios vios T2 @24 Poic) 0 H Yes

3 & Yes & Yes (us v, T, q, p) & Yes (uios vios T2y @2 Psic) 1.0 J& Yes

4 1 Yes J& Yes (us v, T, q, p) & Yes (uios vios T2y @2 Psic) 1.5 1 Yes

5 J Yes J& Yes (us v, T, q, p) J& Yes (uios vios T2y q2s pPsic) AL X0.43/100 & Yes

6 1 Yes J& Yes (us vs Ty qo p) J& Yes (uigs vios T24 g2 Psic) AR X0, 65/100 J& Yes

7 J Yes 7 No J& Yes (uios vios T2y q2s pPsic) 0 & Yes

Note: TER: Terrain Error of Representativeness, 3DVAR:

three-dimensional variational.
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Table 2 Surface observation data used in 3DVAR analysis with different TER of temperature (K)

SR EZE Surface HTE LI TS Number

T.= T.=

meteorological parameters of available surface observed data T,=0 T.=1.0 T.=1.5 AL X0.43/100 AL X0.65/100
Wit Temperature 1963 1948 1962 1963 1963 1963
13 JE Humidity 1942 1874 1914 1930 1894 1899

F3 HFRWZHTHERUSMHRENFIRIRE (R4 K)
Table 3  Root-mean-square error (RMSE) of temperature

(K) in 3DVAR analysis experiments

F4 [EFR3, BHAREHARRE (B 10 keg/kg)
Table 4 Same as Table 3, but for RMSE of moisture (1073
keg/kg)

O_A (sonde) O_B (sonde) O_A (sfe) O_B (sfe)

O_A (sonde) O _B (sonde) O_A (sfe) O_B (sfe)

iR 1 Expt 1 1.3712 1. 7361 / /

R 2 Expt 2 1. 4187 1. 7361 2.8776  4.0737
R 3 Expt 3 1. 3875 1.7361 3.2712  4.1719
KX 4 Expt 4 1. 3820 1. 7361 3.3812  4.1866
iR 5 Expt 5 1. 3928 1. 7361 3.2400  4.1866
iRI6 6 Expt 6 1. 3879 1.7361 3.3079  4.1866
K 7 Expt 7 / / 2.2653  4.0737

{36 1 Expt 1 0. 3415 0. 8006 / /

{6 2 Expt 2 0. 3792 0. 8006 1. 039 1. 597
R4 3 Expt 3 0. 3613 0. 8006 1. 154 1. 634
I8 4 Expt 4 0. 3560 0. 8006 1. 202 1. 656
{36 5 Expt 5 0. 3606 0. 8006 1. 151 1. 615
55 6 Expt 6 0. 3559 0. 8006 1. 190 1. 621

{56 7 Expt 7 / / 1. 063 1. 597




3 R4S . BT I S Gk Rk L bt 5 LI 3 b w80 i 22 AR et iR 2
No. 3 XU Zhi-Fang et al. A Study of Assimilation of Surface Observational Data in Complex Terrain, Part II: ... 455

13 K, 50 & RS BOBHRE A6 43 8 19 3 A 3 =
U /BRI, H AL 98 B B 1537
XA R, HE 3a. c. e AT, B 2 A0 E >
B 38 5237 P e 8 O B R B T AR R PR 22 1
NN s 3 A 1 5 P s (O A 2t 1 20
LK, fUErT O, 38 s s B AR R 22 5 1
G M A ] JCHITE 5582 5 [R5 B ) o A e
i, [l SRR T TR S 5 [RL G B — S AR
FROE (PR RE Z A b i e (P O AT AT A B2 Ak
WAREIRR X 5 F T 34 J7 H R 22 1Y 70 B 4 18 02
FA -y, [k, WE 3 BRI LIES], BORS AR
JEHTEARR AR IR (I B (] 3d, D FIRLEE
([ 3b, e 3t oA KARFARL . Hdri5s 3 F
TR 4 5 P2 T B2 AR B2 43 B b i 7 1 43 A1 R
PARARL, T 5 A 6 45 i A2 W B AR
SyHTHE RS A A AL, DXOE /N (RIS 5 51

40°N

38°N
36°N
34°N
32°N
30°N
28°N
26°N
24°N L
22°N

20°N

3. i 4 BEEAZ g 22510, HeitEs 5 ik
% 6 A TANZ M m 22 mER .m0, iR
I E M AT R ZE A LI TR 22 i+ oF o 1 5%
B 5 R Mg a WL R i, SR
TR Z W BUE RN ZE R BN, HOB AR iR 22
OIS M T SRS 5 TR AR 73 A (4 70 W 5 (4 3 1) 22
SVEE LA/ s X5 I B R T B AR A — 2K

MBS BT RTRL 7 UL 5 22 rh A
FNEDRZEXS UL TR 2 5 R B i) o3 A i
AARIE . T — R BORR A e — E iR 22, N
SR 42 5 MR R 22 13 Ar 32T 7 A AR A W A A
IR T SR M R, R A 15 2 ] 7 (L
A 2 A R RO sl 3t 2 2 P 22 S A S B {EL? 4%
FRE T R FEE Ve Wl ia AT 24 7Nt
BE R, BUE ROy RO R E AR X MM, AR
JER 24 /IS AR UL A FIL I S5 B0 AT X B o3 #r

/" “/’
> ’7
/ Vi

120°E

124°E

108°E

112°E

116°E 120°E  124°E

40°N'1
38°N
36°N
34°N
32°N
30°N
28°N
26°N
24°N
22°N /

20°N

N> Sr g ems

2

108°E  112°E  116°E  120°E  124°E

120°E  124°E 108°E  112°E  116°E  120°E  124°E

B3 K88 1~6 i (a. c.es H7: K) FREE (b d. £, B2 kg/ke) AT : (a0 b) B 1 (RO . K58 2 (405 (o D

R 4 (BZ) . I 3 (50405 (e D il 6 UBZR) . K55 5 (L)
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