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Abstract: In this study, data from 33 typical coastal stations (station data) during 1981-2012 were used to calculate mean monthly
sensible heat fluxes and latent heat fluxes to evaluate two types of reanalysis data, i.e., the ERA-Interim (ERA-I) and the MERRA
reanalysis monthly sensible flux and latent flux data. The objective was to provide a reference for the user of ERA-I or MERRA
heat flux data. The results indicate that: (1) from the monthly mean sensible heat flux and latent heat flux data, neither the average of
the ERA-I data nor the average of the MERRA data deviated from the station data for the whole coast of China. The mean value of
MERRA monthly heat flux was closer to the mean value of the station data than ERA-I’s. Both the ERA-I and MERRA data were
significantly correlated with station data. There were significant differences in variance between the reanalysis data and the station
data. The differences of variances between ERA-I data and the station data were less than those between MERRA data and the station
data. (2) Analysis of the seasonal changes suggests that both ERA-I data and MERRA data have significant correlations with station
data for the whole coast of China. The reanalysis data could reflect the seasonal variations in sensible heat flux and latent heat flux.
There are some differences noted. For example, in both sets of reanalysis data, sensible heat fluxes from February to July were greater
than the station data; the amplitude of seasonal change in latent heat flux from the reanalysis data was less than the station data. The
lowest seasonal changes occurred in the MERRA data. (3) The analysis of inter-annual variability from 1981 to 2012 showed that
both the ERA-I heat flux data and the station heat flux data had declining trends for the whole coast of China. There was a significant
correlation between ERA-I data and the station data. The MERRA sensible heat flux data had a slightly declining trend. The MERRA
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W45 B 20 : 2016 12 A 26 B ; 1= EH: 2018 £ 5 A 11 H showed different trends compared with the station latent heat
%—4E# : B3H (1973—), Email : luo_jingxin@l163.com  fluxes. The correlation was not significant between MERRA
BT HAR] (1983—), Email : zhggao@souhu.com heat flux and station heat flux. The heat flux data from MERRA

KEE 8 - BRE &ML R (2016YFF0204006): H % dclgi::zcr)zps)tresent the inter-annual change features for the whole
F EHFL TR (2017YFA0603203); EH R % & '

K ds: sensible heat flux, latent heat flux, ERA-Interim,
A%tk (2017YFC1405304) cyworas

MERRA, Coast of China

Advances in Meteorological Science and Technology &% R 8 (4) - 2018



0 517

WS G HGE BRI B RN RS
(PO R X0 WS E O SN I 5 = e Sy N DA
SR S AR R A, W SRR R
M AR RS A B R 25 e

s A () IS HGE & ZORb TR KA
AR AR AR . TR A HIE R E M
NI, U0 S TR, Ik A 45 AR N A D
TR B o AR — B 1] [ N AMA A 25 (8] 4 HE % . B[]
7B I ARG B B RE . SRAS ISR & 1) B Bk A T
H: YUksh %5k, B, WL GRsi
Kk BREEL. BARENEREGEL) o BILIE. B
VR Mz RV £ R, SREUEFEAR R, 3R 5%
BT (8] 2 [ 7 AT G BR . A5l ) 5 07 16K LA (1) it
FARGMNER Hinm Al R RER, MR
P i S R Gl R RO T RE, Rkt A 3
IR EZ VNP SEL N S

COARE (Coupled Ocean-Atmosphere Response
Experiment) B2 —Fii F 8k s 71 22 7 it 5
PGB . 20054715 4P COARE 5
AR SRR 36 DR AR o R A TR A =BT SR 1 i
5. Fairall &P COARERE X i B ik 5 2 55
AT TV RSO, A T I EETIRAR3.0 (TRTAR
COARE 3.0) , fsiJL N MG MRLY 2= dmed,
JRAGHE G Bl 12 m/s$™ 220 mis, AR 24 {E5%
(0~10 m/s) #110% (10~20 m/s) Z . BrunkeZ™
ff FHHGE R 4 (5°S—60°N) sk HH kAT (124N
YR B it O 30 N 5 SR [ B A 1 124
Pk BEEAT 1 VFG, 4R KILCOARE 3.02 il
(5L —. COARE 3.077VAAE 58 MG L B TS,
OB B TS, E R T B R
YR BRI TR R I A A0 o A, AR A 78 403 2 4
MIBRIAFAE . UARRIEE S, 3% HOR 4 e 45 0
B JCOARE 2.5b 77 ¥4 3E A7 g 1 il JE A0 08 2 A8 1
ERISTHE . 20064F # {15 %% COARE 2.5bj
AT, ok E B R AE 55 RORT R R AR A T IR
(PIRSADL 2 SR AT, i Vs AR R D AE RN i XU SRR T
PRI, A, 7ESRRT, B ERZER K, 7
FEIXFR o TEWT TR BT o B RN O 220020 %1
W), UM SRR, SRS, BEHGEENT
PIhR v O 25 A L 2 Wm?, 9 G B 0 A U 22
12.372 Wim?, 3% FEAR 3 2 B B 17 3 AR v i 22 178
10 W/m? 72 45 I 33K

20t 90T, B o A BORM ), 42

Progress #4 % ¢ &

BRAE AT FAF B TR R E. BRI
R AE SR AL RN A 2 . SRS A0 M . e v
SARBEAR M ER A RAR TN . BHiE E
i IR S AGE B 40 B BB 3 225 NCEP/NCARL,
GSSTRF. ERA 40. ERA-Interim (f&i#RERA-I) .
OAFlux. MERRAZ: JLFl. SeubBaEmEL, 4T
1 R Ak s 2 1) o A 4120, TR R B0, R R
FRER IS AR, LR 2 T2 i)
VORI AT S AT T VR A o T A W UVR g R
SEMBHE X ERA-I SR AUE . REAKRBHAT 73T
fli, ERA-I'SUEL SUEFRER R A H P 3572840 R AE A1
LI EHE Wy & 50, AT DA B S AR 2 (1 28715 AR 0
ik BT R 3 X I ERA- AR £t 5 & vl 0l I 24
TE 2. BAEFE R, (R0 sl % kL RIERA
A0FF 43 B BERME XS LL 3 #r, K ILERA 40 43 #1 %k
B K 5 SrB AR e I 22, R ANENCEP BRI
2 . ARSI NCEP 40 By B8 REFI 3 bR A0 0
FORMT E AR AE R AT T L, BFARRES T
B L _ENCEP24; Hi iR AR S B LUNCEPL S i A5 W
DUAE 20T, 1T 3 2 S 30 5 U S NCEP L B 230 V7 b W
DR o #8270y R U2V ) YA 00 30 9 2 i 7 A0 o e 5
UEOAFlux# e, 25K : OAFIluxi) i #ul &%
TR, IR BRGERRE, PiEERR K. H
WG] DL P40 B TR 5 S B I 4 SR AT AE &
S, WAAEEVRHMRA TR — w2z, AUE
Fif 10 VA A0 T 0T o) T A T A S RN
AERER R, X R TIN5 AN UERA, DR R
AT PPAS IR A L 2L

AR WGPl S S R B R R, KA
COARE 2.5b 75 21 5 A [l 7 AR (1) U Ahad = 0
WHGEE, X9 M EMERRAFIERA-Interim ) A
S 1) SR FAGE B R O B T RGP RIS AN 4 BT VR
fir, HAHIRUE. SCHEEALE T RIS A B SREFE
MgTtEs R, WS T X PR M s FIVPAG /i 45
F, XA 5T AE RO SA BRI SRR
WAL B TR R e SR LA e 2%
1 BRFALES &
1.1 BRNE
111 NN R

HERESIPUIN RSP Y SRS E Y E e 5 QN A V]
SRECI kL, WA B e, WRFAHE, FREA X
B, RIFRASGEAR R TR SRS A
Wi A E1981—20124E MLl Rl i e B, AE R
]I A B o A AH X ¥ S 334 v, BLEE )5

Advances in Meteorological Science and Technology S&EHE#RE 8 (4) - 2018 | 7



]
= $ =‘-v

SR
dvances in Met S&T

AN, B8N RIF104N . B0 s . 133
AN E S )P EARR A B W R B AR 38ME
1.1.2 BOHER

ERA-I%E R, RIFET KM AL (ECMWEF) , 42 ff
FECMWF I ZE 4 Tk R4 (IFS) A5 A [F] 44 1) 44
P U IRV B ON19T94E B A, IR 2 HE R
FHIER . HPY M A F %, 208 0 PR il
0.125°X0.125°. AR H] 1 HH#90.5° X 0.5° 73 #f
R H R R s .

MERRA (The Modern Era Retrospective-analysis
for Research and Applications ) %kl, RT3 E
H R M2 i K5 (NASA) [fIGESDISC (Goddard
Earth Science Data Information and Services Center) ,
MERRA 2| fJGEOS-5 (The Goddard Earth Observing
System Model V.5) [F]{k 2 G54 5l B 23 A 50 7= it
KO 1Ry e E] S Rl AN19 794 2 4 o I (] RUBE A a8 I
3h. 6 h. H-FHMHTHE: 22 HE4F0.66°
(%) X0.5° (4iff) . 1.25° (&) X1° (4
FE) | 1.25° X 1.25° 58 ZFhA%, Ak 1
f170.66° (£2E) X0.5° (LFRE) 7% B 4 HrA Mg A
WEH P EE.
1.2 HEE T *
1.2.1 AN R AR

U VE il I BE R AR AR i I YE )
(GB/T14914—2006) #AT 1 Ji E I . AL
HH 3 B 33N I 34 1981—201 24F 4 H 44N ¥k (00,
06 12F118H tH FARAERD SEIAIR. K. K. <
S R EE, AR5 R st 5 I-ICOARE 2.5b75
PV AT AN I R G B A PGB B R
HAGR AUE EREEAT T BRI IR FEAIN IR
AR R EHTIEE AP g, TR R
ATt WA AT e VEAE AN, TR RGERE . 1)

VR it SRR A B AN P B 3 4B H A I TR 41
A BTy i R
0, =C, xp,xCxW (T, ~T,); (1
B RS R,
Q. = Lxp,xC,xW x(q,~4,); (2)
pJHCL T AT
1008.0x 100
Pa (3

T 2871 x (T, +0.0098x Z, ) x (1.0+0.00061g,)*
LU a5
L=(2.501-0.00237x2,)x10°, (4)
X, QuAEHGE R (W/m?) ;3 C,NEJE H#
(J-kg K™ , HU{}1004.67; p, NBZTHEE

(kg/m®) 5 CONEIAZH R WHLI0 miE XE
(m/s) 5 TAREBEBEKEE (K) 5 THNESEE
(K) ; QNEHEE (W/m®) ; LARKERR
 (Jkg) ;3 CONMWIATH RZE q M /KIBALGR
(g/kg) 5 O, NZALWIR (gkg) + ZASIRMM & &
(m) 5 tARZEKEE (C) .
1.2.2 BoERLE

A 40 BT B RE N 19814F 1 H —20124F
127338 HPYMAE TR SR T [ 8 3 7 3 i S
TERMEEAT LR, SR F W = IR A (V249 3 - 0 A kL
P B A B HGE  ANE AGE B T A .
1.2.3 FRERITHABR T

1.2.3. 1K 5070 Bt A 7%

B8 20 M7 ) N 2 VRS SERA-TRL, VR
Ui 5EMERRA TR i 4F % H S HAGE & B Al EY
EFF FHRNAFIE . FRBEARE, KIHE
PRAFEMEMZE . T E. MM, B —8tEsE,

1.2.3.2% 8547 7 ik

1) HEmZER I, o BB 2 B B A sl
BRI m 2, FTATEIENRERR, THESENE
RV, HATHEAS LR .

2) JrEMWT, RN A2, AT
THA S o

3) MSCHERIEMT . T R S B A F 4 e
IAH AT, THER AR O R 2L

4) SERRAIL A —E R L . WHBE R
FP BRI A T BT LA R, X
T 25 Fh AT B 1R A B RRE
2 B’RBIES
21 HEZFRAHERI
211 BEE

BIF 58 8 2 xod v I R B AR 1) D3 4F 3% H P 2 A
PP AT I EA R T, SSRER (RD
WL SERA-L. VN 5 MERRA I AEIE H 134 8%
Fhom BB 8] 7 R SR HE 7 ) 9 2.538F11.750, 3/ T
a=0.01/Mt{E2.576, @it 7 W EMERLE, HHEZES
ANEZE, Hodr, PR AT B R R B YA N = T
e, HMERRAKESME S FEu EHn . b
T BT B Y R S R AT RE AR K . A RISt 1)
P38 7R B A T T T B P KR T, K
TR, BREEERAK; &, EFKE.
IR ZEFARKY, (B EE s ) R B AR T 0 A 8
PRG3R S IR A B AR . A5 TR X
R AT PR HGE B Y R TR T A . iR

8 | Advances in Meteorological Science and Technology &% R 8 (4) - 2018



Progress #4 % ¢ &

F1 1981—2012F [ EiZ A RABEMERE S B F IR
Table 1 The check of sensible heat flux and latent heat flux monthly mean series during 1981-2012

- — FHME/(W/m?) 5EFunERERRE  SEFRHTEREME 55X R
T ERA-I MERRA ERA-I MERRA ERA-I MERRA ERA-I MERRA

rpE 15.7 25.0 21.7 2.538 1.750 1.711 2.680 0.931 0.862

FEAT R 16.3 33.0 28.7 4348 3.269 4638 5.465 0.705 0.599

SRR HOENT R 19.8 31.1 25.8 2.100 1.203 2.718 5.313 0.915 0.878
HRIFHYF 175 24.1 20.3 1.461 0.690 1.313 2.164 0.936 0.871

[eRialised 10.2 17.1 16.2 3.181 2.662 2.030 2.243 0.852 0.690

o E 76.6 89.1 73.8 1.448 0.350 1.655 2.554 0.950 0.941

R 70.4 61.0 48.4 —1.252 —3.041 1.817 2.282 0.864 0.854

bi=Feabiih s FOEWT R 66.8 72.4 53.9 0.571 —1.375 2.642 3.550 0.905 0.919
F R 80.9 91.8 78.9 0.936 —0.185 1.798 3.701 0.948 0.932

[Eebialiges 82.7 113.8 97.4 4.138 2.229 1.426 1.153 0.887 0.888

i KRS EIEFREL=1.960 (a=0.05) , t,=2.576 (a=0.01) ; f,=1.35 (a=0.05) , f,=1.53 (a=0.01) ; r,=0.113 (a=0.05) , r,=0.148 (a=0.01) ", FhBEHIEFRTIZEBH

®EERE, KREESAR,

MR R IR E B R B S S E R ERK, EFEHE,
B4 BT B R 12 X S5k B A 2 B S v TR T A
185 U AR R EGRGE Bl T IER R, ERA
B E o R R I 0 Sl AR B T 0 A B )
ARAR , 282 /KR R M PR e U 12 X e B
B 28R B 2. ERA-IS PRl 438 H A
W AT E RS HE 81711, MERRA SRV
il AR A2 ) IR B I 1] 17 51 1 7 22 Aar g £ 242,680,
Z ) RE, SMERRAKYEAHLLERA- IR HUE & 7 %
e IR o b I R AT A 2 DR A 54 ) A A 2
BTN 2B AT 45 R T I — e T A,
DRSS QR A 5 1 R B e AN 1) 5 22 (R Ak B

ERA-I. MERRAL 5l 1438 H T35 &k i =
I 6] 7 41 R AH 0% 32 2099 0 90.931410.862, ¥/ &
TR BEIX Y HRADC, N R
R IR A B A O RO N T A IX
212 BHEE

W FE0T T H VR 5 R AR 1 D 8 H ST 25008 Al
W 1E] P BT T ¥ER S (81 , ERA-I. MERRA
5P D AR W AT R T 5 4 Y A e 22 A Bt
53 IN1.448%10.350, P2 RIIARE, HERA-IM
ERGEE Y E R R, OGRS, MERRAVE G &
YA K, MERRAE HH & 355 5 Pk B 4200
TR, ERA-IRIR Z/KIBHE#A L OLHZ
Ky FFF) LRSI B e, A EE
ZER AR, 3 BRERA- 78 #AH & S5 E RS AW Ko 3R
R Gl MERRASUE 5 7 3l v 5 00 45 SR 35 18 22
SWE, WA E SRR & TMERRAKYE: B
YV R POl B ERA-VEUHE 5 gl T B 4 SR A 2
S, Wi E A R BACT ERA- KR HoAh

W DX H s 22 S AN I S o i 5 200248 DL R IG E TT
B HIE 2 K TMERRA,  BRGE (K FiEUE
PR TR R LB Z BN TERA-L, 2FA
BXEREEZERNFEERFNEK. ERA-l. MERRAL
T 7 A3 H s G I TR 40 1R 5 ZE RS SR FAE 43 A
1.655#112.554, HiEita=0.01/f(41.53, 5iEHAEE
ML, T EZREE, SMERRAZHEH LLERA-ITE#
MR 2 SR E L. RN S HGE R A .

o [H IV E MERA-1. MERRA 5 3k [ 4F 8
S 3578 B s (8] 75 21 (1) A 2% R H053 1) 90,950 A
0.941, ¥JBHEAHIC, HgX I EAHK.

2.2 FHTFERIE
221 BB E

W 5T 1981—201 24 g ¥ 3l 5 F 7 i £ 4l 3R 4F
B H V-85 2% FAGE B I R P 0 AT S8 TE AR AL R AE A
5% (B , ZRE/R, JEVE R R AGE
A3 M BORE S R ST B R S R B EK . &
By BERET RN R AGE
BAH®BC, HPHEHGEEZ N —0.9 Wim’; 4—T7H
EAGEBERRAL, A PEERGE R0 WimPE 4, 12
Hiem, P EHGE B 2845.2 Wim?; ERA-VEGH
T H &AL, AP GEEZ 8111 Wim?, 124
e, HPE R HGE B2 h48.3 Wim?;, MERRAJEH
MRS H AL, HFHEZIN8.9 WM, 12H &, A
SPGB B2 939.5 WIm?, TR HT B0 RE S MR
BlasEH A — 5, RAVE R A 257 .
ERA-I% H V34 BB &1 % T s ; MERRAH
P EHGEE 2—7H | TR, 1H . 10—12 31K
T, OH PIM e AR (B2, B3 o %
PGB R E2—7 F P2 B 800 BA 6k i T A N 1 )

Advances in Meteorological Science and Technology S&EHE#RE 8 (4) - 2018 | 9



TEBE

dvances in Met S&T

—o— WgVEUE ] P —+— ERA-IZ A THI{ —=— MERRA i [ FHI{H
60.0
® 500

400 g
30.0 “
E 200

" 00 M
§J 00 - ha

—10.0

12 3 4 5 6 7 8 9 10 11 12H

E1 1981—2012F FEEFEFIT. ERA-IFAMERRARK
RFERAFHRBREE
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Fig. 6 The normal monthly mean latent heat flux linear fitting from 1981 to 2012 for the (a) coast of the China Sea, (b) coast of the
Bohai Sea, (c) coast of the Yellow Sea, (d) coast of the East China Sea, and (e) coast of the South China Sea
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