Climate Change Research Letters “S{EZR(LATE TR, 2019, 8(4), 392-402 Hans Xl
Published Online July 2019 in Hans. http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2019.84044

Comparative Study on Simulation of
Meteorological Elements in Bohai Coastal
Region of Liaoning Province by Using Two
Land Surface Schemes

Ting Zhao!2, Xiaohang Wen2*

The Institute of Atmospheric Environment, China Meteorological Administration, Shenyang Liaoning
*Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences,
Chengdu University of Information Technology, Chengdu Sichuan

Email: HSW0322@126.com, *wenzerg@126.com

Received: Jun. 21%, 2019; accepted: Jul. 1, 2019; published: Jul. 8", 2019

Abstract

In this paper, two land surface models (Noah and CLM) coupled with WRF model are used to si-
mulate the near-surface meteorological elements on inhomogeneous underlying surfaces in Bohai
Coastal Region of Liaoning Province in 2015. We compared the observations data from automatic
weather stations, the simulated results from land surface models, with GLDAS dataset. The simu-
lated results show that the daily averaged 2 m temperature are both simulated well from two
LSMs. WRF-CLM shows a good performance on simulation of 2 m relative humidity over the simu-
lation area. Although the dominant wind direction can be basically simulated by the two groups of
WRF experiments, the simulated results of wind speed value are higher than observations, and the
simulated summer precipitation value is lower than observations. Both WRF-Noah and WRF-CLM
can better show the regional distribution of temperature and humidity in Bohai Coastal Region of
Liaoning Province. Compared with GLDAS and observation data, the simulated value of 2 m tem-
perature is improved, and the simulated value of relative humidity is lower than 5% - 10% in the
semi-humid regions. The simulated sensible heat flux is lower than observations, and the simu-
lated latent heat flux is higher than observations.
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1. 5|8

RS, HRIRET A WP R RO s SRR R IS SR AR E R R AR A . HAT, 4k
SAEBAIB T RS HAME C & 51 T B A /235 1w O . AR SRRSO, Fith
H5RAZMMshE. feE[1AYRH0 CONEHMIEFER SN &AMk R ARG B R K, B -
M EAE R SR RS E ARG

HAT, FESAHEAERNATREZEAERM, 20K, 24, Bz ogkEeIr @ity
MMREE, e “VRIEX KRS R 2 R IBE K - K5, HAPEX/MOBILMY” (1986);  “ R
TRl XIEF AR, BEFEDA” (1993) [2]. i JLH4E, 7EREBAHLETT R T K& MG S B AEH
MRS, Bl 1R RS R RIS W KGR - H e R RE, OXPMEX” (1979) [3].
“H U FERFE RS, TIPEX” (1996~2000) [4]. “Hh [E ph LT S IX B AH BAEH, NWC-ALIEX”
(2001~2013) [5] [6] [7]55 . A4 J3 — A 1 B ST B R A BB AL . (B A R % S i A R < &
K S A IO 2 A3 B Ak A ) b 3 2 ORI iy 3 R 6 1 KON s s o T T A X AR R 2880 A i 1 4 3R i
MR I LR EY R, R, BRI RELAE C & o 10 7C R - AR B A g 2 A8 el FE A
FEFEZ —. W BATS. SiB. NCAR-LSM Al Noah 25, 384 ARZE[81 HI /K Al &4 R (SHAW) X 7
50 v S S M X b SR R W R AT TR, S5 R, SHAW BN E L BRI S AN e e
PUELLT, (B4 HRBRMEIE R FRBEES[91F A CLM3 A= AR FS b (NMQ)Hb X [ Thi sk FE AT 1 45
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P, Z5RERH, CLM3 AaURe R MR & 2 TR IR H ARG 0L, I Bk E R LTI
2. BT, B SEN T R ENFEE 28, o DI st #2307 S At =ik, K
P AR A R AR R B RS FE[10]

EARRELERPURSEX S, BT REF 2R, AR X TR I 1SR AR A A
F[11] [12]. Hdr, PFRXGERNEE, SRk R TTEE 44.46% [13]. AFFARE, HER
JEPF 2 X FEBRAE 50 45(1961~2010)4 U AR 7R L [al pa 4™ J@ , AR 52 ik (] R AR RN 1) 2l 14],
AN 285,648.4 km®s TR, 2T 5 XAEA SRS A 1T RRURHS, — LR E AN et . 18
Hb 2 FR I AR AL X 5 — AN EE B NIRRT PR i DX T = A DR v i R TR A
R BT 7 25 VE PRI o A L T PRI 3 X T R X AR S RG T AMESS . 7B ERAR IR 1) R 5
T, HIHRFIER T 0.31°C/10 ao IR IR = F I Hh i 2= SOM R B R mg a3 hn i, i
EAEBRAEELZ[15]. BEl, METOMREM . K00 DR, S5y D3R, I3 = AR
IR o BRI AR AT 0 BE R DX 1 () S AR AR AE BT T 2T 0 5 R R B A R AIE 1) B S
B AT AN IR AL

ASCATH ) WRF3.7.1 A 248, CLM4 izt A WRF B S 52 &, T4 WRF
BRI 7 FR g i DX 3R A7 A 2 50 B T i SO LA L RRAE AR 0 7 AN 2 . DR, AR SOt
WRE 53R B (1 9 o ol T S Q7 X 7 PR gt b [X A 35 50 T 3 i I 2 SR B 3R R P18 5 0 = P
LR BEATVAG o
2. WS S R ENTE
2.1. ARXENE

ARSCHIE I X O IR X, BN, JbE)T ZRARALIEN .. Z XN RS A S W
R, UIEBACEEMSA T . BT T HEit X e kOl KRR E, 2RI NIRRT, #1458
WX BT REZER, BEBERNSE. WESH, FELZR, T2O0W; EFERH, WKEF; KEX
", ARG, XFEE, TR E[16].

2.2. ARHBRNNA
ASCHTH IR GORMEHE: 1) &R G R, W N 7¢ XA A 18 AN H 20 %05 2015 4 1~12

HI 2 m AR 2 m A R R RGP H PS50 Bkt . 2) 4Bk A [ 10 R 90(GLDAS) % AL,
ASCHTH RN 2015 5 GLDAS H Noah Ffi T FEAR AR B 0.25° % 0.25° 70 HER A BEBHE 4.

2.3. WRF AN BE 7 RixHEF

AL TR HIIX 39.58°N~42.68°N, 118.62°E~123.81°E 70 FEIE AL X4 (& 1), FLi%itT 2
55, 438 @ WRF-Noah, @ WRF-CLM4. Fi 4 SLIGBREG SRR S HL T BAR, SH TR
AR SEEGYRH —EikE, AW EdE A NCEP (National Centers for Environmental Prediction) 1° x
1° FNL (Final Operational Global Analysis data-ds083.2)F 7T %k}, BTN 2015 45 1 A 1 H 00 Bf~12
H 31 H 00 B FREE, FE), & 3 ANRiH—IREE R M FEMSENE |, SRS 04 2.

PR ot T ok F 7 S8 1 2 2 X 1A : Noah 5 5844 38 J2 LI FE G A0 — B4R, AN BB SO 2,
ZE T R ENEERE . CLM4 R 2RSS MEEAEAL, wl DU BRI P A 2R AR A Rk 58
RVEARER, FRE T SRR DL BRI SRS, B8 TR AR 2 EOE R DL A e A
iy T AR AR AT R R 2 S5 I R R A B AR AE ) AR A A 0L
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Table 1. Nested grid parameters in simulated region

= 1. BUXEREMESH

R L EA iRk ¢ 7K A% B (k) i 125K (s) HOTE 2y B
1 41.14°N, 121.2°E 100 x 80 15 90 10 min
2 41.14°N, 121.2°E 146 x 116 3 18 2 min

Table 2. Parameterization schemes used in experiments [17]-[23]

2. TWHASHMHFR[17]23]

S WA KEEEFE  EEERETR R R TRIOFZEITE Khimd B %
WRF-Noah Lin RRTM Dudhia Kain-Fritsch YSU Noah
WRF-CLM4 Lin RRTM Dudhia Kain-Fritsch YSU CLM4

Terrain Height(mm)

50N —

40N —

30N —

20N —

42°N

41°N

40°N

119°E 120°E 121°E 122°E 123°E

Figure 1. Simulated area ( @ Automatic Meteorological Station AFlux Station)

1 BHXEMERETEEGE 2 N @ RRANSKRELNE A RRBEBEWHE)

3. BUGERME SR
3.1. iIEESIR

R o [ T R B R & 0 AR SR T K AR AR = A LU, BT R85 0E) [24], &
SCAERHY IR A 18 AN B B G 2 BIE T AR AN B B 7 w5 X Pkt i
u: il B W, 2, @&, Rl B CRRIEXETERES SOy: E. B D, #h, K,
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REE, U, Bd. CRHUPE B R AR SO 2 m AR 2 m AR AN R ) XU B AT X 8T
%, SWIMEHEEAT B RZED NI I TR IR Z(RMSE). W Z{H(Bisa). HKXRE@R) A H LR

AXHHEATH
< 2
Z(Xob,i - prf,i )
RMSE = {[-=. (1)

n

n

Z (Xob,i - prf,i )
Bias=il )
n

n

Z(Xob,i _X_ob>(prf,,- —X_W,f)
R=T 3)

\/i(Xob,i _X_ob)2 'i}(XwFf,i _wa)z

i=1 i=

Forb X, NS, X, ABERUE, n AFEASL.

TR S X 5 208 X AR GO 55 H 35 2 m AR WIME S A RE AT XS Eear B, A
2R LLEH, PIHLIX 2 m R SR ERRE, A — HIFGZEE K, 6~7 HikBlHKE, <
JE BTN o VR X 1) 2 m SR H IE R EAR IR -14.1C~27.8°C, S FIEN 102TC; FF7
HLX [ 2 m SR H BB R ARG TE B —14°C~29.5°C, S5 P2 IR 9 9.3 °C o AR 2% P AR A X i T 2 m
AR R B, WA S EEAME BRI, BRI AR AR R FE AR 5, MO AR AR
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Figure 2. The comparisons of average daily temperature of 2 meters (°C) between observations and simulated values in the
Bohai Rim Area of Liaoning Province in 2015 ((a) semi-humid area, (b) semi-arid area)

2.2015 FULTHFEMX HF 2 m UIR(COOMMWESHRMELLR () FRBHE, (b) FFEHEX)
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ARML. FEANF TR IX I AL TR 2 m RAESUE W (R I DL, PRI X B R IR . S5 iRz
OPBTR AT DA Y, I T R 2 A 7 SR T IR et DX PN ) AU X 2 m A RO REABUCR 22 5 A
K, BAMESWIMEAR R R R BT 0.94, i 1 99% K BRI (K 3). M WRF BLUEIL T30 )
X 2 m TR S A 2 57K, WRE B UL -5 X 3 Ak 220 T2 IR s X

Table 3. The root mean square error (RMSE), bias and relevance coefficient (R) of temperature between observed and simu-
lated values

5= 3. SEERMENFRIZERMSE), RZEBias)FIEX A R)

R X BTFRRK
RMSE Noah 1.85 1.62
CLM4 2.39 1.88
Bias Noah 0.5 -0.52
CLM4 1.13 0.24
R Noah 0.99 0.99
CLM4 0.98 0.99

3.2. HMHEE

ME 3 B RUEH, I8 IR 52 3 XA 230 3 DX A %o 90 B R ARV AR FR AN IR, AR
T2 KSR K, BB, £EZ, BTHRKAEYZEBIERZRRE M, HXEE
WK, NEEIIKE, MBS FRGAEE . BigiE X AR 2 XA E H % E R FE 2 TaE
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Figure 3. Comparison of daily average relative humidity (%) between observed and simulated values in the area around the
Bohai Coastal Region in Liaoning province in 2015 ((a) semi-humid area, (b) semi-arid area)

[ 3. 2015 FI TIHEE X B FHEINEE (%) MNESRIUELR () FRBEX, (b) FFREEX)
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MM 21.8%~92%; 15.7%~88.5%, FTIHMEZHIA: 66%, 55%. FHXEEMSIAFE—E KR,
T BAR R, S5 3 U RIRBERE, AR RIKIRESS, AR SR RRC, AR A 2 B
BT e A RRAR G AR AOL HE P RE X 5 o B X T A O FE ) 22 5, E R E X WRF-Noah F
WRF-CLM #545L H 1R AE X B H 3 AR A TE 23 0 20.5%~98.6%, 23.6%~99.3%, 4F- F-15{E 537l
H: 61.9%, 62.6%; FET-5[X WRF-Noah F1 WRF-CLM A54D), B () AH %o 38 B H S48 5 A2 28 4k Y L 43 39 A -
17%~93.6%, 17.6%~95.9%, ETFHMEDHIN: 50.7%, 52.2%. S48 4 Al LLE P4 5086 BAR TR 11
Bl T Z X 2 m ARG B (1 22 57, (EUR 7E 00 X AR ARADME R I, - 52 DX RS HOUE {1, WRF-CLM
SRR X I3 2 ARG AL R R L LT

Table 4. The root mean square error (RMSE), bias and relevance coefficient (R) of relative humidity (%) between observed

and simulated values

5= 4. AXHEEERE S IRIZRERMSE), REBias)FHBXRHR)

AR X PR
RMSE Noah 11.53 13.44
CLM4 12.99 13.28
Bias Noah —0.44 6.38
CLM4 -2.1 3.54
R Noah 0.71 0.74
CLM4 0.74 0.76

3.3. IEE R ERE

LT IR 2 b X T 2 XU A 2.94 m/s, WRF-Noah F1l WRF-CLM4 FEUE 2> 54 3.7 m/s, 3.5
m/s; T RIETEKGE N 2.73 m/s, WRF-Noah Al WRF-CLM4 #404E 4> %14 3.5 m/s, 3.2 m/s. BT
S e A 1 I 2 S R S, ASEAL X 3 P R X ) R R ZE A AR K. AN 4L ] 5 ATRAE HE, WRE
Rt IR ARSI SR B i, AR T DAL HE = 5 UKL, XUTE S AU AR v o A ket IR AR 4D i )
JE B AT i R A A A S A 17 2 DX A M 2R B2 [ 25 by T A4 FH R XU i) )RR I AR AR 5K, TR
A 10 RS G AR AR MEBADL HH IR ) RGP I A8 A, R RE RO H L SRR fh e 3

(@) b,
ob ® WRF-Noah © WRF-CLM4
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Figure 4. Comparisons of wind direction and velocity between observed and simulated values near the underlying surface of
wetland in semi-humid area
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Figure 5. Comparisons of wind direction and velocity between observed and simulated values near the underlying surface of
farmland dryland in semi-arid area

B 5. #FRXKETEETE X E R KGR EE R X

3.4. pEK

2015 LTI X RAHPE KRN 557 mm, BRKERIE 500 B 1 spidah i, HFFE K H R
W2, HREKHERKFHMET, ANKCUGEHRKREZHREC. WE 6 v LA, 7EBEMhX, #fh
T5 EIH B 2K ME /N L, AER TR A R RSOR B . AL SR I X T St
X H BT B K BT, AH R AP = FEKABm N 1B Ol o 31X ] B R AR A0 = Bl THiR 2 5 5L
TREAKIGBERLIR 22, $ v i PSR R A M AR B A R R G s Ty 2 — o B SE G A AR
LD I P AN R 1 DX RS UBCR A ZE A K, TE 2P 5 X 15 R T2 X
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Figure 6. Comparisons of monthly average precipitation between observed and simu-
lated values ((a) semi-humid area, (b) semi-arid area)

E 6. BFEKEmmEBESHMELE((2) FEHEX, (b) FTFEHX)
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35 MRSKREEZSH

ARG HILTET 18 A A 530 2015 19 H 45 2 m AR R AR R0 (55 19 A SO 32047 5 L 4 #T
Kl 7(a)8 2 m ARG, wTRUEH, FIFR 7 REREBU T 2 m AR M A REIE . IR AR L
SRR AT, DP9 X SR P AME N 9°C /e A, I T IR A X (R B A, N 7C A
Hiy IR AR R X 2 Py ot b DX IR R . SV & GLDAS VR, P54 SEI0 % I 7 PR i) g
X 2 m [IEAE BT
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Figure 7. Distribution comparison of average air temperature and relative humidity in the simulated area ((a) 2 m
air temperature, unit: ‘C, (b) 2 m relative humidity, unit: %)

7. R R SIRAERHEE AT ((0) 2 m KiR, B: C. (b) 2 m HEIHEE, BiL: %)

K 7(b) R ARHR AT, PRSI REASIUN I T A i X “ PO AREE 7 IRFE, A3 1 il T
P X 2 5 X5 R X A AP A M B AE . S5 OWIIEA GLDAS BERMHEL, BB 12+
PXVEEMR A, PR K. SR Bk, PRSI BT I RE 5 X SR DO B 2 R, A
E?%ﬁﬁ%%ﬂ&ﬁﬂﬁ%%%ﬁ%$*ﬁ FoAR L DB R 5%~10%.
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Fugure 8. Distribution comparison of surface energy flux in the simulated area
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F) 60 W/m® . 3% 2 B 4= 35 iy DX AR 4 787 26 5 v » 3R S SR 3 I, VB AT 5 5% - WRF-CLM4 5 WRF-Noah
FHELG, TR T R 25 S X B OR e i RN VE T R IX, T A m R, SEE g A
VEFIBRAR, W8 RAAIE RS, BUIZH X 175 B B K. WRF-CLM4 I WRF-Noah ¥ 41 SE507E b [X 1458
PSSR

Kl 8(b) NGB E AT . TP R X A B A W I = AR s, AL T IR N
S DX P b T BRI A B, i X R HGE ARSI 50 Wim® AT, MR T AREHIX . A 8 AT
PAE i, WRF-Noah MIREIME RN, AHJE PRl RABHME S5 B B4R K

4. &g

ASCHM WRE A3, 53 53 368 P AN 7] (0 i T 1 R 2 K046 77 S (Noah . CLMA)RIL T PRl X. 2015
FRITH TR EREATHIL. R GLDAS #ae. i B a0 TR s LA 58 as Rk AT xs toks
Ko MSHBIT EELR:

1) WRF A5 2 BE AL A0t H 25730 i T =GR MR Oh 0 B2 AR AR A 15 100 o 19 L 526 o) T 3R il i 3t X 11
AKX 2 m TR AR R, AR T R AU TRt X . P2 SRR 8 E X 2 m AHXHE
JFERIBADME A, 3 DX RIBAIUE s, WRE-CLM X EADL X A 2 m A X R AR L

2) WREF AT Rl RS R AL, BEACHT DUBEADL S 32 UKL, R RCEARDUE i e o 7 R 3
X, PSS XS B = KA /)y, 2T 5 X IR A AR B FEFK A A /NI O, B AR B s
s T R H XA R R K BB o H T e RUBE A GO xR A i P2 A i B S AR AL O A TR 22,
A AR O G AU R, A OOt 2 B Aty TR 22 e A5 3OS B K DL R B 2

3) WRF-Noah # WRF-CLM Fili [fi /7 5¢ 34 BE 5 b Joe BILAL 7 Pl il X F) il B2 X3 73 AT IR B
IREFHIPRIL T RO XIS R PG = ARG, SR PE T ARIB AR AE. 5 GLDAS BURMHLL, “RBECREL

AEELLEL i 755 o

ASCRI ] WRE 53O0 AN R il T R S 800 7 S A8 L T it 10 IE R BEAT 1 485, BT FE T AGR AN
SRR FTUL DN B HEAT B FE A AL, D XIS R B A AE AL T IR it X AR 50 R i BN AR 25
(HRASWAAAE—ERIARL, Bl WL r) 2 [ AR AR T A2 77 R rh — S S U 2 2
R RIIRZE, RIS [ B AR 1S I 4R 37 AL Fr 26 A (3R Z2 A T BRARSE, 10 L o) JURT AREAT B8
[ 4 AR/ W85 3 A3 A 1R 2

S
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