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Zhengzhou Weighted Mean Temperature Model Based on ERA5 Product and BPNN
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Abstract: Weighted mean temperature(Tm) determines the conversion accuracy of zenith wet delay(ZWD) to precipitable water vapor(PWV)
products, thus it is one of the key parameters in GNSS-MET. The conventional Tm model suffers from poor accuracy and low resolution. There-
fore, we established the Zhengzhou Tm model(ZTM) by using back propagation(BP) neural network based on the hourly European Centre for me-
dium-range weather forecasts re-analysis S(ERAS) derived Tm dataset from 2018 to 2019. Then, we validated the performance of ZTM using the
2020 ERAS-Tm. Results show that compared with the widely used the global pressure and temperature model 3, the RMSE of ZTM is reduced
from 12.0 K to 4.2 K, and the ZTM achieved 65% performance improvement. In the future, the application of ZTM is expected to improve the re-
liability of PWV products in Zhengzhou.

Key words: Tm, GNSS-MET, ERAS, PWV, BP neural network

KRR RIGR R Z —, R SRR RG] T RO . GNSS K PRI Y HLAA
FEAF R, Bk, M. SSEHEEARR R . O GNSS 15 5 55 K WX i J2 4E IR
AR AU AT By T T I R TR ) R HE PR, 7.20 SN (ZTD); Q@4 BBRUGTT #2488 (ZHD), 1%
ZMFWEIR, N RIEEFEARS AR BIRTURER (ZWD); Q% ZWD 5S8R s
ShAS MR, DI o] 68 B A M s A e 1 BT RRK R (PWV) B9, 78 BRI S0, Al

o BRI, CERKRIRI T BAAAE SRR RPEY, a0 PR (Tm) "YEME—AE G, U R %
RS SRR HBONIR, BRI RAE, (AR SEmPWV ™ S AT o ORI Tm (938 FH 5 202 A B 7
BRI 2% WORARERITTHRE AT &, (RIS i uﬂl BEAL, (H B B RUAETE 53 B 38 22 FIORS B2 1K A
A& e B HRGJE 5 52 KA, DRI K PR AR G0, R E— L3R TE GNSS-PWV 77 i B i, 1458 48
S LA 7] Esf i F 7K A ) T S R S PR 2K d‘l‘li&lﬂ%m?ﬁ%&ﬂ@ﬂ%fﬁ, AR SR 2018—2019 4E2 /)N

B & % 22172 % 0 (CORS) M 45 1) AS Wt in AR G BR U Hh RUEE S Tl 0 365 AR P M 7 i
%, SR UAESFMARG (GNSS) AKJREEM LA, B (ERAS) "5 24x365x2x10 %) Tm; FEL5E R 1G4+
GNSS A 4% (GNSS-MET) BT H ks B Fi 4t Br (BP) #hzamgg!, #r 7THRMN Tm AL (ZTM) . 4




- 78 - w32 14 45 A

%21 %% 34

2020 4E Y ERAS-Tm B UE , %M AU PEREAL T 92 i F
HYEE = AR BR IR AR (GPT3) ., %A A FLRH
I CORSJ&, A BR4RTHIHT PWV P i B AG RS B

1 HiEKR

ZTM BRI T ERAS P2 551 Tm 747
Tm 225 KR EAEE T H AR, N
Tm= [(e/T)dz! [(e/T?)dz (1)

K, e WAKIEE, A hPa; T oMIREE, LMK,
KT AE Tm, WH R B0 rE i .
S @)=,
Tm=i1 (2)
D/ T)xAs

X, e AT, 4 50 R 5 i J2 RS K VR R
Az, S i R RAMIERE, B0 R m,

T, #1 Az, o] (1 ERAS ™ i 4RI, T e, (9310
YA=WIE

e,=q,x P,/0.622 (3)

X, g, FP AR R R (gfg) FIK
S, HERAS AR

L5 FFTA, ERAS P RAEHEIC ARG (2),
PRI P AR ERAS B RS 13 T

2 BEEE

2.1 BB

A 2018—2019 4E 2 /INIHS FE S ERAS 7= i Ho
PRI Tm P A0 F ZTM BB gk . anfel 1 s, B
T 9 Y A B 104 ERAS SRR, LR 19 3 4
HENMESH, BEE (BE), 4% (N) fMEfk
(U), 34-mfmS4, B4E. 48H (DOY) AT H B
(HOD), #[FH Tm 74, L[R2 AL ZTM /9 SR
. WU, B Tm AR Y 6 BB —XHRE
A, A SCHEFREL 24%365%2x 10 RREA FH T4 i ZTM
PR, TR A, PRARRT K2 UG Tm (1) 32 22
WFIA) R, I B DA AT RE R 58 Al 228 I 245 A5 784 11 4
a, HpTE s R R 2 T TR . B
PR TR S0 (113.50°E ., 34.75°N) R FfHLER A 7~
B, AT EWER GPT3MEAF ZTM AR P REZE 5
2.2 BPHIZM% M4

BP #HZE B2 s R RIS T H, 7EGNSS-MET
AU T2, AR SCRFH BP s M4 (&2),
BASAFI AR AL, IR R ZTM RS, % 2%

R
® ERAS fifir
(OFRI):

B I TSEE N ERAS RAIHIS TR
T RERAJZ Bz A 2, A R 6 b
ZICH R, R 3ANEHEZ5L (4F . DOY FIHOD) LA
K3 ESE (B, NFIU), HTIA TR
2255, ASCRARREGZ, HAYSEC 15, 15 AR
WS R BC AU IE VTR EL, RBP

_ 2 _
g(x)= 1 +exp(—2x) ! 4)

iy 2 R — ST R, R ME— A S5
Tm, HEFRBONANE RS, H
f(x)=x (5)
WAL, w B ow o 5 RoR Az 5 B2 DA B
2552 Z AR E. AR, A
L T5% 1 i gt g, T8 E FR AR
B, HAR25%NWHE N SiE g g, YRR /N TR
(B2 1R, W e BRI S5

LE L =7 O\
o S
I_’_ﬁ@'_’\& <
) /2‘» : /—.{_ T}
e L @ )

iz i

A A2 FEUHUZ
2 BPHZNMZEEN

3 IRBYGIE

F T 5408 il DX 22 3l 3 A A . HL0CH o A 22
AR 2020 4E A9 ERAS-Tm (FL A ELAE) Wi ZT™
FER M RE o RIS, LA 2 SR 0 GPT3 R R4
SXTRE, BEHCESAE SCER[12]% HIY Bias Fl RMSE PG
FEFEARILR] 3T ZTM RS E 630

. IX
Blas—;;(R—E) (6)

_ /1 : ’
RMSE = ;;(R—E) (7)

K, RASHME (HEE), BIN20194F ERAS-Tm;



%21 %% 347

RLRF, AT ERAS =& 32 BPNN &9 3B I i 3938 B AL AL <79 -

E 3 Tm BIATHE, i GPT3 BT FIA S 7 Y ZTM A5
AR

mE 3P, fERflS4ab, GPT3 A ZTM FLRIEA]
LI Tm (B (8] A8 SV 5 {HAH L GPT3RERY, ZTM 1)
Tm PO &5 55 B H2, H il R 3B CR AT A,
ZTM 7] J 38 Tm 19 H R 3 R i, (BRI EE B/, IR,
Je S AT 2R B I e 2 B8t S AL SR w0 — 25
L ZTMAE Tm H 28 S0 AR RE

IR PRI [ Bias i DOY (44345 55 100 40 14 4 iy
N, ATLAAE Y, GPT3 H1ZTM £ B Y Bias 4 4F F2
TE-15~+15 KZ 0], HPE /N, FHIPIREIRL 1
REAEXT AR AE 3 {H GPT3 #EAY 1Y Bias S & T ZTM,
P GPT3 ) Bias Fb ZTM Bk, ZTM £ R 7E Bias 35 b5
J5 T IR S AR A 0 1 i

WG RS TR 75 2020 4F 114 344 Bias Fll RMSE 4036 1 fiF
N, ATLLES, ZTM A9 F-34 Bias (U -0.2 K, B4
VTF0, [FIBF RMSE H GPT3 BRI /N T 7.8 K, 1 BAAH
T GPT3RERY, ZTM7E RMSE Jr 42T+ T 65%, PEfE
Whnkatdt, FE—RUER] T ZTM ZEHSHI b X TP e
F GPTIBLAY ; ZTM 76 VU ZE 4 B B nsoE B 5
FIPERE o

SE-3 Bias RMSE
# 2 B & &F K H K A& 2F
GPT3 -156 -52 -0.8 -143 -9.0 164 7.7 3.6 155 120
ZT™M 1.5 -05 -04 -13 -02 48 44 30 44 42

Y

300

ERAS]
—GPT3

2911

282

Tm/K

2735

2064 F
255 L 1 L L 1 i}
0 61 122 183 244 305 366
DOY
15 T
I GPT3
10 7T |
S
=
£ 0
=
-5
-10
~15 | L L | L
0 61 122 183 244 305 366
DOY

4 % 1B

SR i R RS H b DT R BT A Tm BT 2, AR SO
T BPHIZE L%, K] 2018—2019 4 A ERAS-Tm & v/,
T ZTM; FELL 2020 4FA9 ERAS-Tm N EAH, @57
ZAE R GPTI BRI 7 oA, I3k 1 ZT™ % Sl 14
. Z5HH], ZTM /Y Bias 1 RMSE ¥ 2210 T GPT3
B, R TIRG B, H ZTM (% H [R5 5
o BIL, ZTM AR ] AR b X HE At ks B2 1) Tm
fiME, PE—HRTHZHIX GNSS-MET H A fya] FEd:

2EH

[1] 3Rk, HAE, B 5 30 T3 BB IR 69 2021 555
720755 K IR T3 ) Fe b Fo KB S Z A AESHTT]. K
A A5,2021,45(6):1 384-1 399

2] &8, KREZ, &=5, % ATIF/GNSSHFE—F&
B3R K KA AR AE R R K i A8 % T[], Ml
24R,2020,49(9):1 112-1 119

[3] Bevis M, Businger S, Herring T A, et al. GPS Meteorolo-
gy: Remote Sensing of Atmospheric Water Vapor Using the
Global Positioning System[J]. Journal of Geophysical Re-
search Atmospheres, 1992,97(D14):236-245

[4] xRk, AR, H1E4F, 5. CORS A%t £ 5 E A 445518
i+5 EI[]]. M 4R ,2020(12):114-117

[5]  HE, FR, SLiE. GNSS & R R F A1 it e A& 2 )]
ML 4R ,2017,46(10):1 408-1 420

[6] LIUC,ZHENGN, ZHANGK, etal. ANew Method for Re-
fining the GNSS-derived Precipitable Water Vapor Map[J].
Sensors,2019,19(3):365-370

[7]  Rets, RER XA, 5 KRR A AT B EALL
BB B[], M AiE IR ,2021(2):122-125

(8] R4, RAH, K BRI 58X GPT 2w A 3 FAnin
iR JEE R EHT)]. W A3 8, 2020,18(3):109-111

9] LIJ, ZHANG B, YAOYY, et al. A Refined Regional Model
for Estimating Pressure, Temperature, and Water Vapor
Pressure for Geodetic Applications in China[J]. Remote
Sensing,2020,12(11):458-463

[10] Hersbach H, Bell B, Berrisford P, et al. The ERAS Global
Reanalysis[J]. Quarterly Journal of the Royal Meteorologi-
cal Society,2020,146(730):1 999-2 049

[11] Wb, &0, & KA. Bt BPAY 22 W AR A fE & 35 3 5 Fml
o 5 A [J]. Ho 2R 43 8, 2022,20(2):27-32

[12] DING M. A Neural Network Model for Predicting Weight-
ed Mean Temperature[J]. Journal of Geodesy,2018,92(10):
1-12



