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Abstract

To assess the applicability of ERAS5 reanalysis data in upper air meteorological elements at Guiyang
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Airport, this paper compares ERA5 data with the actual observational data of Guiyang Airport and
explores its performance in conventional meteorological elements such as temperature, humidity,
air pressure, and wind field. The results show that ERA5 data is generally consistent with the actual
observational data of Guiyang Airport. The temperature data of ERAS is highly consistent with the
temperature measured by microwave radiometer in the lower layer, but the values of ERAS are
larger than those measured by microwave radiometer, with an average deviation of 1.9°C. The rel-
ative humidity data of ERA5 and the relative humidity measured by microwave radiometer have
greater differences as the height increases, with the average values of root-mean-square error and
average deviation being 13% and 10% respectively. The wind speed data of ERAS5 is smaller than
that measured by wind profiler radar, with the average values of root-mean-square error and aver-
age deviation being 3.1 m/s and 1.3 m/s respectively, and the correlation is as high as 0.93. The
difference between the wind direction data of ERA5 and the wind direction measured by wind pro-
filer radar becomes smaller in the upper layer, and the main azimuth angles they reflect are basi-
cally the same.
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1. 5|8

TE AT A BRSSO AN X SR At B 2 0 e, AR IR B ROy KA S
T DL B N PR 28 X 286 IR FEE 25 30 S5 A T B AR AU AN Wl B i) At I o )R S TR O (ECMWF) AR
FE S AR ER SR TR M Bl 42 ERAS, 5 17—/1C ERA-Interim #HEL, ERAS 7EHUEEA. FL ARG
NI HHE b3 T AT T R0, WD T RGN, EE T AR R A T S, S DA i S
RMEFHRREEZR 2 RE[1]-[3]. CHEPFFIRH, &5 0T FORME & B X & A P
JEHLIX, T T AR FER SR E R E, A F GRS & A RS . XESE[4]4R
FEH E PR R T IX, ERAS FE 70 Hr8da o i 2 2R (2 m AUl FE/K. 10 m KUE . 10 m JRUJR)) )i
P T ERA-Interim; IRESISEEE[STRI 1979~2017 FEFHME R 131 MR S uSZFFEKZR, AT
CRU. ERAS5 Hl CMFD =F . 73 # [ /K BORME i s B & M, 25 R 78 ERAS i ) R i e 47
IR BE S5, S5 WLIE AR D% RBEEEIL T 0.9; 235 545676 X6 v SRR I8 2 VR 1) 7 ¥k (R g 72 rp
HIEFET ERAS B MR %k

MTARER, AR, BE. BEMSERSE, N TREM AR ET . KT MK
ERI SN, BT B B MR I A R B B A, A B A A T Ll bk X 3 P 4 T RE
22 F M. K, X ERAS B8R 1E St IS a2 SR B R & TR, R T
PRI RS IRE FIHER ER v] SE v BT R L, TREEN A N TR REAE S BH LIS S R T AR AL )
87 FH H A 1 52 1) B A i

2. BFRNE

ASAEFH B EIE: (1) KRB R RS BER T O(ECMWE)ERAS $2 45 B4 i 8 (2) S1FH
W3 Airda-HGT4 B RS 5R (3) BrFHALY CFL-03 B A2 KUER 4R ik T kL
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ERAS Fr 8 i (8] 73 #5309 1 h, A7 #8508 0.25° % 0.25°, I & 2 AR E R A KA RH
AT R X FR 28 ) RN [ AT E A ) W MR E, S FH 23 MR Z(1000, 975, 950, 925, 900,
875, 850, 825, 800, 775, 750, 700, 650, 600, 550, 500, 450, 400, 350, 300, 250, 225, 200 hPa), I}[a]Jy 2022 4
1 H~2023 2 A,

TR GRS Tk, 32 B TR R IR (08 B T 20 B 2 47 ) 2 B B TR AR 2 S BROR SR R S )i
B R KA R XGE SRS AL, XA 7 SRR ) 2 B FARAE— A2, PRIRERI 2 (A7 7R e
EEE T B, IEESHHIR KA R A ER PR, WS B0 SR B4R A TR 1 i
B B 22 o R WP A S 34 PR 14D S 00 Y 5 R PEE 4 e B LS e i SR T B A, Rl AR XU B R
FRASEAL, EATREIRHLEE B, SEIUR ARG E LR b

BRHNLI 22 () Airda-HGT4 FUG0 45 5T CFL-03 34 512 JXUBR 28 75 1 45 22 28 AE ML 3% B 38 1 s N 1
Ab(106.79°E, 26.54°N, Kk 1150m), 42K 24 h AN[EWriESIE1T . H Ao v i E 1w SR,
14 MBS, 7 AN g RO B B4R, MR HITE 22~31 GHz, 7 AMIEIE 8% 4 FI SRk SRR
FERRER, INFTEHEITE 51~58 GHz, RIFISLIREE v] SOsAS B R URBE . VRS FE . AR A
KB R MR, FEEIRIE A 10,000 me RUBRZR 5 1A SRAE B (AN 6 70 8h—Ik, /b
PRI /T 60 oK, S K BRI JE N 3000~6000 K A7 BRI IIAE, 1500 2K BAF R ARBE R, 5
B HRERN 60 2K, 1500 KR A i UER I, 2 B 40 % 120 K.

XiF - 5 BEALIZ B S R XUBR £ Bk T M, O S e SR SRl AT i 5t e A [ 7]
BEXFEE 2022 4F 6~8 H A H 08 I A1 20 B 55 BH 3548 25 A0 5 BH LI Ao 4 S 156 o2 P 35 P R 88 o Wk, T 75
PR LI P R 55 5 AR O 2R 8000 ) nIE 0.997 A1 0.972, IRZEMEIEASE 1.5°CUUT, MFE S EH LA
5.0CLAR; XFFRUBRLTERE, @13 2019 4 1 H~2022 4F 6 A% H 08 B F1 20 B 850 hPa. 700 hPa.
500 hPa 5% FHH R AR B B2 AR 5 BRI UBR B KU I« RGEE BERE, 55 75 A Rk Xof [ AR 9/ A s B2 110
R FIRGE 22, T 1B BHATLI IRUER 28 BERE5 ER 2 ORI XU Z2 36 AT 207, 1 KGR ZFE AN T 2 mis.
RIRE , B FHALIZ JRUER LR T0ORE RN 4% S 1 PR B SR T {5 B

3. 53k

JEIURE A S 1IN TR Bl 2021 4F 12 H~2023 4 2 H, ERAS G888 53 FHATL A7 T s 4 6 TR0 JRUBR 2
T IAN B ORI £(106.5°E, 26.5°N)o X TR Fm st v Zokl,  JeBkid shont A 1] B Py 1 88y 80E , ot
BIEHAT s, BT RS SEHIAE[8]: WHE B MR EMER T, 26 1 2L EREdHE
i 40°C, TGN BRIZIT IR IR 20 U 530 i 28 2 0 A A R /DN (<1 %) VAR 418 v JBE i FEE A8 A B K (>85%) Y
Bk, XF T XEBRZE TR, H PRI B A& HIE /NN S 5E OOBS Ui, LFR#kik, (HFFEFEZHAT
JRPEACER, BRSNS G A AR PR AR (B A BR[9], Wik T 1500 KB XU 46.3 m/s.
1500~3000 m #id 61.73m/s &5, Fix s B 2= rhol ik (8 1) R B0 R B, T R Edis k47 2 B
() —BOHEAR IS, W A ) ) 2 BB R R T BN 2 JE R B AE ) 3 £, AN R E I
kR

BRI VCHC I, ERAS s 5%, 1M Aol 4 S v A0 XUJE 2% DR R A [RIRE FE s Bl e, TR bk DA g
SRR XUER 2R Bk T R B R #E, I ERAS RS A5 2 Gi—; mJEILEC I, DL ERAS BRI & E
JERFEUE W SO S S T BORERN RUER 2R TR FH 26 M AE 1 7 2O B AR (B B ERAS 2 b, o,
TR S T BRI & D 0~10,000 m, AX#R223em B 1150 m, PRI A] DUAE{E 3] 18 MhRifE)/=(875~200
hPa); JRUFRLR B 1A BRI = B 52 Bk . RAIRSE 2, 500 hPa LA ERIEHRERINE 2, FILEES] 11 4
FrifEJZ(875~500 hPa).
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EEILVEL ERAS F M BORME STRINUZ & I VE, AR R B, BT RAR 22 w22 BL &
PR Z2 RAG 36 20 M7 BORLXT SEBR RN GOk AR AL, THE AR

Z,-Ail (XEARS,i - m)(){obs.i - ﬂ)

HHRABR = . i’ ) "
\/Zi=l(XEAR5,i — Xigras ) \/Zi:1 (Xobs,i - X, )
SV (Xoarss — X, )
Y5 iR 2 RMSE = \/ i=1 EAR;;- obs.i o
T2 ME = 20 mss Xy, .
— . 1 N .
e SD:\/WZM(X" -X) @)

Horpr, K(D)~@)h N AREARBE, i AR EAE, Xeras 79 ERAS PR T BERE Xovs ARIBERT T EXUE
BARMTRL: W@ h NOVREASGR, OB R, XSS D MREARIE, X ORI

4. ERAMSH
4.1. AR S ERAS REST

%Y 850 hPa. 700 hPa. 500 hPa = MFRifE)z, 43l 2 il G 4 56 1 F0 ERAS SXof 7 I 52 R Yo 4 B2 )
Bos L WE 1, SEFEEE 1(a)~(c), 850 hPa AR REEIL 0.94, HUS A Lt gE,
T BH PR bl 2 DR 22 /s 700 hPa B RHICRUM AT I EL A B, B i — SR 2, AR RECH 0.80;
500hPa LI dmas tH Al ERAS BB RSB, HAE N FUE, U081 ERAS G AR B e it
DA IR 2 I, R AH DG R 2R 0.85.

XFFAGHEEE(E 1(d)~(D), 850 hPa PEFHGURMIAIRRE 2 43 fifE 80%LA b, H i AHAEL 700
hPa 1 500 hPa £Et, AHC ZH0A 0.87; 700 hPa A1 500 hPa b A A2 A M EL A BGEL,  AH 5% 28000 7
0.77 1 0.72, H1 700 hPa FAHXFIREETE 70% LA ER s SEH, 1 500 hPa E U2 /N T 20%M1H
g, =ANFRHEE B ERAS [PAEXHE B LU R - A B oK, BRI T KT 100%F/8 T 0%[1)
FHXHREEA, ULETEQER ERAS WA FE BREEAT FLA ) 21 & 10 F B0 7 2256 1T 1B 100% A0/ T
0% H Rl BHIRE, W R S THF ERAS 0L LR ZORNRI A X BT R E IR Z 850 hPa b —Hii
B, ERAS [E GBS v 15 0 48 i K

TH5 875~500 hPa F 1B S v AT ERAS X i FE AR X BE B35 O i iR 22 . P340 22 AN 22 1 b
2, Wl 2 PR, HA R ZE R — MRS RMRZE SR bR, BRI R ZE A R
IR EARZER RN, HAE BN R R ORI V& FEfR S P35 22 SR 0 1 HHE o5 S5O 22 1) LWL
JEgE, HAEBN, FoREE RUBUE B B S-S ME 0 A s IR ZE HOARE 22 R VA HE — B A AT S A
BERRbR, EHRAL TR SR B B R S TE L, BN R ZE AR A 2 RS PR BRI — 2. AE
2(a) BT UL, PR R oF V7 il FEE D48 5 AR B3R 22 P 140 M 2 R 222 A A 4 22 4 S I 5 sl J 386 P /N P i 4
75 MR A% 2 AP 2 w22 83 2 B BLAE 750 hPa 1 550 hPa (A )2 b, TR Z bR UEZ S 550N 825 hPa Al
650 hPa. IGfEXITHIRZETHETE 1.8°C~3.2°C, ZREKMEEZ I 875 hPa, 2 FH/MHIL 775 hPa
I, 850~650 hPa ¥ 7 iR ZHUN, BMEN 2.0°C, BT AR S THAT ERAS (iR FE R & R s 1
P 22 B A3 AR AE 5 ¥ T AR AR 22 2R, ¥IME N 1.9°C, F/MER 1.5°C, 17 850~650 hPa “T- ¥ {2 4E 1.6°C
Fidis ERHEZR WoR, ££ 750 hPa LU R FEJZ b, TR S v AT ERAS FRTRE BB — B0tk o,
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RZEWIRREZ 1.5°C /A, 700 hPa Mz DL E iR 25 bR UE Z AT 8, BME N 2.3°C, FeKik 2.3C.
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Figure 1. Scatter plots of temperature (a)~(c) and relative humidity (d)~(f) from microwave radiometer and ERAS5 at 850 hPa, 700 hPa,
and 500 hPa (red lines are the fitting lines)
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Figure 2. Error distribution of temperature (a) and relative humidity (b) between the microwave radiometer and ERAS at

different height levels

2. BRESEMCEEST I ERAS iBE (a), HIBEEOGWIRESH

MAERTAE FE XS B I Ge i h i 2 K (] 2(b)), PR BERMEXNREE I3 MR 22 | T30 22 AR 22 I b o
ZERE R AT A — 8, R RIERIAN, WEE B ITE 650 hPa, 5l fE 7 R ML) U s B =
FRTRD, AR R A 7, B v FEE PR3 R g B8 90 2 e K, G rp =i 22 (¥ e /IMEL 34 IAE 850 hPa |
LA AT B ()38 T AR R 2 3 A TE 9%~18%, “FIIMEH A 13%, 775 hPa LA RINZEREUN, ¥WITHRIRETE
10%/4 47, 750~600 hPa AHXHREAXT R, YRR ZSSMEIE 17%; “FYImZERIEN 10%, 750 hPa LA
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TR ZETE 10% LT, BB AR BERHARD IR B AR AR R E 22 U IR RIARHE ZEAE )2 B 5 0 R
MR R ZAE LUEARIE, 2K, EF I DURAR 0.5%.

HHR R BT DU R EA PR R 2 (R 250 R BE A5 7], BB y—1~1, b 1 FoR5g 41
K, —1 FoRFEEMMR, BRI 0 WERRH SRR/, A 1T AT, pm S T AT ERAS XN I B 4
A B B et A SE A A SR, JF H AR AR AR 2 A e T2 o bR EEAE 700 hPa K
PUR BRI SR R BUALE 0.90 BLE, ~FIMEDN 0.93, Hik 0.94, 700 hPa LLEFIAHISE R EONAE 0.84 /s
FEXHERJSE AR AR O R T H BN 0.80, HKAA HHILAE 850 hPa, 4 0.87, HR/IMEMA 0.72.
Table 1. Correlation coefficients of temperature and relative humidity between the microwave radiometer and ERAS at dif-

ferent height levels
# 1. EEBERERIITM ERAS BE . HTEENHEXRY

S JE/hPa 875 850 825 800 775 750 700 650 600 550 500
B 0.93 0.94 0.94 0.93 0.92 0.90 0.80 0.79 0.84 0.86 0.85
ViERSRLTA A 0.84 0.87 0.84 0.81 0.78 0.77 0.77 0.81 0.79 0.78 0.72

FALR AT DU s — BRI G HRAE I, A 3 FTUUE R, R ZE8 K FETE 0.9°C~2.7C
Fedi, HAECEFIEN 1.7°C, FARZRIREZ TR E S T )2, 825~750 hPa iR 72 AR
/N, 7E 0.7°C~22°C /A, T 650~500 hPa HIHEE Z A X ECR, 2 0.8°C~3.0C 47 M AIEI K/ KE,
750 hPa F1 700 hPa i &£ 2 0, #1289 1.3°Co WA LI 22 5 ok, DUE VG EE 0 1E 4%~14%,
Hort 750~600 hPa [ AR BE ZEAE S0 AT VG AL, B A 21%, BAA 5%, HRZ AN SEF, Hh 850
hPa f 5, JEHELA 2%~9%.
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Figure 3. Box plots of the differences in temperature (a) and relative humidity (b) between the microwave radiometer and
ERAS at different height levels
E 3. EESEFURES T ERAS REEE (). HXHEEEED)ELE

4.2. ME%EIXS ERAS RENH

MRERZE FEIAFT ERAS SRR AT XUE T B T LA 2, WL 4, KUSTE % J2 B2 AT A LR
I NEES, MRIE AR 5, 850 hPa b JRUFILL T A X ML RGE Z7E 7.5 m/s AT, 1l ERAS HJRUGEEL
PEAE 7.5~12 m/s [X 8] B B2 BIUS 204 700 hPa BB S0 A SN SErh, B8 ) — Bkl wph %
BHI RUEHUSIITE 0~25 m/s | 250 s 500 hPa b XU S A L EL i dE, JF HLfk 1, ERAS KR
T LU B 28 T 3 0 U /)N o MORUTE] B (14 4(d)~(6)), 850 hPa b JXUERZR 5 3 1 JRUIA) 3 B3 A1 46 0~200°,
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IR, PEARGORIE KA AR 2 5, (H R KA EE AR — 801 700 hPa b XUSEZR E I8 R ) B4R
HHTE 200°~300°, LATE R AT, T ERAS XU BA 180°~280° [ G Fd XA 300°~360° [\ TG JL XN s 500
hPa b BRI — SO AU, BOR A7 B R .
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Figure 4. Scatter plots of wind speed (a)~(c) and wind direction (d)~(f) between the wind profiler radar and ERAS at 850 hPa, 700
hPa, and 500 hPa (red lines are the fitting lines)
[& 4. 850 hPa, 700 hPa. 500 hPa _EX\BEZFEILFN ERAS MK (a)~(c), REELSE(d)~(H(EILLAIE L)

5 40
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Figure 5. Error distribution of wind speed (a) and wind direction (b) between the wind profiler radar and ERAS at different

height levels

& 5. BRESENEZE IR ERAS MiE(a), KEDbL)HIRESH

A2 T B XUBR 4R TR i A ERAS XUE . XU AR ZE 0 ARG, ILE 5, KOERI TR 2 . T m 2%
R ZE (P b 22 L1 5 D F I p a3, o KU 7 R IR 2 VE FEIAE 2.2~3.8 m/s, P{H N 3.1 m/s; %%
B2 E BN 1.3 m/s, 775 hPa fl 700 hPa L F¥mZER N, 43519 0.4 m/s F1 0.5 m/s, 850
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hPa LMZERBN, 1523 m/s; RENGFHEZSATE 2.2~32m/s I8, SASATE 2.8 m/s Zidio TR
o], ZAPRIEREA R A N S, R e JE T AR BRI B — B e R R 3 75
R 2 FNR 22 A b 22 (E 5 2 I BB BT, 16 775 hPa S LA R W& 1~F 358 43 54 27°F1 26°, T1fii 775 hPa
AL B S AE U #8282 207 UIa) )P 34 0 22 B A 22 S is0s, JE Dy 7°~14°, ~FIAMEDN 107, JCILR 775
hPa A DA b & B2 (-1 24 0 22 R AL AE 3° AN .

M 2 AR RECRE , SRR S TR ERAS 1R KU A LG XU 25008 (AR DG M B vy, I L
i e v 2 M ORNVEE 4 o A P AR SURHK XA R 48 750 hPa e AR A 5 R A 4E 0.80 LR, ek
AT 0.84, HIBULE 500 hPa; XUHAE R IAHIR R BN T KA, ~PHMERIL 0.93, 750 hPa KLl 1
FIAH R R EIAAE 0.90 LLE, femfEN 0.99, T XGE AR R B0 /M 0.86 T I 5 K AR -

Table 2. Correlation coefficients of wind speed and wind direction between the wind profiler radar and ERAS at different
height levels
%= 2. BEESENELZEILAT ERAS XE., RIEEXRY
A H:/hPa 875 850 825 800 775 750 700 650 600 550 500
AR 0.59 0.61 0.71 0.71 0.72 0.77 0.83 0.80 0.82 0.81 0.84
Rid 0.86 0.89 0.89 0.87 0.88 0.92 0.98 0.98 0.98 0.98 0.99

M5 2 B BB 2 TR A A ERAS WG 22 A7 [ 2 AR T LR ], W 6, KU Z AR {hE
Bl FEANTRMZE, RAZERENERAERTEE. S TXEEHE, §25 B RGEZER R
HAE 0~2 m/s Z[H), WU 72 53 A (1) 8 o X ek A2 B i 2K - 1.1~1.6 m/s+ 0.6~3.8 m/s\ —0.1~3.7 m/s.
—-1.1~2.6 m/s. —1.5~2.0 m/s. —0.1~3.7 m/s. —1.2~1.7m/s. —1.1~2.2 m/s. —1.0~2.6 m/s~ —0.9~3.3 m/s. —0.6~3.7
m/s. XF T AR ZE{E, 750 hPa f DL N ZE AP BALT 750 hPa DL BRI E)Z, A ECHIE N
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Figure 6. Box plots of the differences in wind speed (a) and wind direction (b) between the wind profiler radar and ERAS at different
height levels
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