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Table 1 ~ Correlation coefficients between GNSS PWV and
MODIS PWV during 2017-2019
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Table 2 Regression coefficients of the unary

linear regression correction model
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Table 3 Error statistics of linear regression

correction model for 2017-2019
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Fig. 4 Residual spectrum of linear model at 4 stations for 2017-2019
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Table 4 Regression coefficients of involving nonlinear model

R? a b lAll i’l
0. 875 0. 603 12. 942 -7.151 -1.058

3.4 BARIEREXNESSHT

R T 25 IR RO B R REAE 3.2 5K
B P 4 AN JEAT IR R X L, A8 B B IR 22 g
25 R K A 2 A T AR Y 5 45 B A 2 PR AR
RUFH EUAE 4 AT 355 29 B0 1T IE SR, 4 A IE
J5 B9 RMSE F&I% T 0. 4~1. 1 mm. il Sz IR R M AL IF
FERITE 4 ki) MRE I MAE 34/ T8 48 2k M A
A e H R HKLM A1 T430 W53l HKPC 3l 75 i Ff £k

70

——GNSSPWV

60 “ Nonlinear model |
I k;‘] ‘ij Linear n‘\l&ﬁel {;f\‘
lil ﬁ |

1%
(=)

I
j=]

PWV/mm
(o8]
=)

20 ‘\'w ' f«u}" [
10F| ! l{u
00 5I0 l(l)() L%O 260 250
Row numbers
a. HKST
70
—GNSS PWV
60 ’N’ “‘ Nonlineat model l
i 1"‘.,, I Linear malel \ |
50 f H““\ ﬁ I “
_ i ll' | 1S
= -! T I il q anl ! J L /’\
=sf NI (1% L T
= \_m.”! Y11 - H( )
o Y Yy
10k Vi kV
00 SIO l(I)O 1;0 2(I)0 250
Row numbers
c. HKPC

TLPE 4 FLT GNSS i MODIS /S T] K s TE AR 75

MA Sai,et al.A correction model for MODIS precipitable water vapor based on GNSS data.

PEALHLTT IERT RMSE H T IERTHY 6. 666 mm 3 il 5]
6. 893 mm, & AR AR 225 A, 1N B S AR LRt 1)
MEIERHITE L35 A 54 A 1T IE AU, RMSE F& AL 31
15,765 mm, WEIE | F A RS E . BV 7E HAh 22
PSR A4 A e 1 il 5, BT AR R (1) S M AR R 25 5
-V A NP TR 25 A Bl — 0 e M R R TE AR R
B .

FrASry 45 Bk — 5 GNSS PWV X L, 45 540
K5 i (S B9 AL AR Row numbers A7 454~ il 55
PWV $ s [y HES A9 475 ) . B &1 5 7] 1. GNSS
PWV  —J G2t MR IE AR | Jii K JE 4% 1 i A TE A5
B3 R TE 4 A3l SR IR — B s
DX Bk 2 B D 98 PO T80l , & B o T, &
LW, IR AR e P AL IR AR AL 5 — e 2R vk
[ S TR 7R 1 A T 30 SR AR AR 5 Dot R AR 4 M 1)
BRI IE 5 9 MODIS PWV 5 GNSS PWV 284k 34
TR | % R 5 A v i X 2 208 A 2R B
W &, &8 52 & K 5 00 SOE R 28, BT L
MODIS PWV 152 = 2 SIS E AR A5 A
B DRI v b DX S 00 45 R R B I S A Ze vk

70 '

wof Yl de gl

MM
g | A, m ‘ M ,N‘ Mﬁ
STRIME T

20 “lﬂN Y f\M” l }U 't{ |‘

\* M ansspwy \'ﬂ
10 + AL Nonlinear model "
Linear model
% 50 100 150 200 250 300
e

7 —— GNSS PWV

Tl e

il ‘\LJ“I““\ ‘ “\‘H )|f |
ERY \!H} i ‘jf\/\ [ | L’\ i
\§305_ | V;‘,“w f Ul” .Ml” \
VTV T

ZO-I\r:v f »\N‘:: \; { “J"

10 e ‘

0 1
0 20 40 60 80 100 120 140 160 180
Row numbers

d. T430

5 2017 4F 4 Bk 2 FBTRIE S MODIS PWV 5 GNSS PWV L2
Fig.5 Comparison of MODIS PWV and GNSS PWYV after correction by two models at 4 verification stations for 2017



71 R 24 2 2E M (RBIERD) ,2021,13(2) 1 154-160

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2021,13(2) :154-160

RS TR FE A% g 3t A T AR R AP PR 3852 I i ) %
2%, AL G MY AL TEZBOR U R R B

£S5 2017—2019 EHR IELERKEERIREST

Table 5  Error statistics of involving nonlinear correction

model for 2017-2019

Ul Xt MAE/mm  MRE/% RMSE/mm
HKST 242 3.353 13.256 4.413
HKLM 273 3. 893 12.295 5.176
HKPC 248 4.176 13.032 5.765
T430 174 3.130 11.107 4.528
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# ¥ (https : //ladsweb.modaps. eosdis.nasa.gov/ ) .

References

[1] TE5F, XM HE GPS S FF M5 N HIT [ M].
T 2z H ekt , 2012

(7]

(9]

159

WANG Yong, LIU Yanping.Ground—based GPS meteorol-
ogy principle and application research [
Mapping Press,2012
Bevis M, Businger

M].Surveying and

S, Herring T A, et al. GPS
meteorology : remote sensing of atmospheric water vapor
using the global positioning system [ J ]. Journal of Geo-
physical Research; Atmospheres, 1992, 97 ( D14 ).
15787-15801

Cahyadi M N, Audah S, Mutia N, et al. Analysis of
weather changes in the region of Surabaya in 2015 and
2016 using water vapor data from GPS and terra MODIS
satellite image[ C] // AIP Conference Proceedings,2017,
1857(1) :080003

Gui K, Che H Z, Chen Q L, et al. Evaluation of
MODIS-NIR-Clear, AERONET
precipitable water vapor using IGS ground-based GPS

radiosonde and

measurements over China [ J ]. Atmospheric Research,
2017,197.461-473

Sam Khaniani A, Nikraftar Z ,Zakeri S.Evaluation of MO-
DIS Near-IR water vapor product over Iran using ground-
based GPS measurements [ J ]. Atmospheric Research,
2020,231,104657

Joshi K, Pande B, et al. GPS-derived

precipitable water vapour and its comparison with MODIS

S, Kumar s
data for Almora,Central Himalaya,India[ J ] .Meteorology
and Atmospheric Physics,2013,120(3/4) ;177-187
T R E, X, T GPS WiTdL B 4 & %
5 MODIS ZKISBEARINEFE [ J]. R I 5 2R 5h
J12#,2018,38(10) : 1001-1004,1010

WANG Yong, XU Xiaoyao, LIU Yanping, et al. The cor-
rection model of MODIS PWYV in spring and winter of
Hebei Province based on GPS[ J]. Journal of Geodesy
and Geodynamics,2018,38( 10) . 1001-1004,1010

E 5 HIEE, X, 2 X MODIS KR ZE 1V B IE
R T] 3285 8. ,2020,35(1) ;9-14

WANG Yong, DONG Sisi, LIU Yanping, et al. Seasonal
corrected model of regional MODIS precipitable water va-
por[ J ].Remote Sensing Information,2020,35(1) :9-14
Bty i, fifh, % 2L T GPS 19 MODIS ST 414k
ATREOK R 2 PR R S ()] 2 TR, 2017, 26
(12):21-26

DUAN Xixi, QU Jianguang, GAO Wei, et al. Seasonal
model establishment of MODIS near infrared precipitable
water vapor based on GPS[ J].Engineering of Surveying
and Mapping,2017,26(12) :21-26

Wlde, i, £ 5, %5 2T GPS B i iy MODIS 340
ARIKIRE P B I A A [ ] ], #0ay b B, 2020, 40 (1) ;
137-144

YANG Jiao, SHI Lan, WANG Qianwen, et al. Moderate
resolution imaging spectroradiometer near-infrared water
vapor linear regression model based on the global positio-
ning system data[ J ].Tropical Geography,2020,40(1) .
137-144

FIEEE ML GPS Fill 5 22 YA ) 7l XK VR
FSETFEL D] Bt B s TR R, 2018

WANG Qianwen. Estimation of water vapor content in
Hongkong area based on GPS fusion with multi source

data[ D].Nanjing: Nanjing University of Information Sci-



TLPE 4 FLT GNSS i MODIS /S T] K s TE AR 75

160 MA Sai, et al. A correction model for MODIS precipitable water vapor based on GNSS data.

ence & Technology,2018 [15] Wei J,Sun L, Huang B, et al. Verification, improvement

[12] Herring T A,King R W,Floyd M A et al.Introduction to and application of aerosol optical depths in China Part 1.
GAMIT/GLOBK , release 10. 7[ EB/OL].[ 2020-11-18 ]. inter-comparison of NPP-VIIRS and Aqua-MODIS[ ] ].
http; // geoweb.mit.edu/gg/Intro GG.pdf Atmospheric Environment,2018,175,221-233

[13] Byun S H, Bar-Sever Y E. A new type of troposphere [16] Chatterjee S, Hadi A S.Influential observations, high le-
zenith path delay product of the international GNSS verage points,and outliers in linear regression[ J ].Statis-
service[ J].Journal of Geodesy,2009,83(3/4) :1-7 tical Science,1986,1(3) :379-393

[14] TEWEIE, RIER, A, 5. 5 UM XA 24958 5 [17] Lomb N R.Least-squares frequency analysis of unequally
AR [ 1] R ER TRERFFHR(BREFM) , spaced data[ J ]. Astrophysics and Space Science, 1976,
2011,3(1) :47-52 39(2) .447-462
WANG Xiaoying, SONG Lianchun, DAI Ziqiang, et al. [18] Scargle J D.Studies in astronomical time series analysis.

Feature analysis of weighted mean temperature T, in
Hong Kong| J ].Journal of Nanjing University of Informa-
tion Science & Technology ( Natural Science Edition)

Il -statistical aspects of spectral analysis of unevenly
spaced data[ J].The Astrophysical Journal Letters, 1982,
263(2) :835-853

2011,3(1) :47-52

A correction model for MODIS precipitable
water vapor based on GNSS data
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Abstract MODIS Precipitable Water Vapor (PWV) has high spatial resolution but is easily affected by environ-
mental factors such as clouds and rain,and its accuracy is not high. GNSS PWV has low spatial resolution but has
advantages of all-weather, weather-free ,and high accuracy.Previous researches have shown a significant linear corre-
lation between the two.Combining the advantages of both, correcting MODIS PWV based on GNSS PWV data can
obtain PWV for large area with high precision. Yet traditional linear regression correction model does not take into
account the deterioration of the linear correlation due to influences from environmental factors such as clouds and
aerosols.To address this,a non-linear term of Day of Year is added to traditional linear model thus construct a new
correction model.The GNSS tropospheric delay and MODIS near-infrared data in Hong Kong during 2017-2019 are
used to verify the proposed correction model, and the result of linear residual spectrum shows a significant annual
cycle.Compared with traditional correction model, the new model is significantly improved in aspects of average ab-
solute error,average relative error,root mean square error,and fitting, which verifies the new model in feasibility and
accuracy for MODIS PWYV correction.

Global Navigation Satellite System ( GNSS) ; MODIS; Precipitable Water Vapor ( PWV) ; linear re-

gression ; spectrum analysis ; non-linear correction model
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