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Feasibility Assessment of Heavy Rainfall Forecasting using Global

Positioning System-Derived Zenith Total Delays

Tzu-Pang Tsengm Yu-Shen Hsiao?"  Li-Chun Tseng[2]

ABSTRACT This study examined the correlation between rainfall and zenith total delays (ZTDs), which are derived
from the global positioning system (GPS). Furthermore, this study analyzed feasibility assessment of heavy rainfall
forecasting using GPS-derived ZTDs during typhoons. Typhoon Soudelor (in August, 2015) and Typhoon Dujuan (in
September, 2015) were selected as the study cases. We used the point precise positioning (PPP) method with Bernese
5.2 software to compute ZTDs at 17 GPS stations during the study periods. The ZTD results derived from the PPP
method were compared with those derived from the double-differencing method. We also collected rainfall data from
the rainfall stations of the Central Weather Bureau in Taiwan and analyzed correlations between the ZTDs and rainfall
at these selected GPS rainfall stations. The cross-correlation method and ZTD-derived slope were used to assess the
feasibility of heavy rainfall forecasting. Our results indicated that the cross-correlation method is unfeasible for heavy
rainfall forecasting during typhoons. The results of the ZTD-derived slope indicated an obvious ZTD peak (extreme
value) before heavy rainfall at each station during the two typhoon events. Therefore, using GPS-derived ZTD for
heavy rainfall forecasting has great potential for future application.
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Fig.1 The flow chart of this study
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Table 1 Correlation coefficients between ZTD values
solved by PPP method and DD method (Typhoon

Soudelor event).

R Uh FHBA G
1 HEBANC 0.952
2 EI[YUSN 0.890
3 EFBIYAN 0.959
4 {EFEFLON 0.935
5 HTHSIN 0.965
6 fE#HUAL 0.939
7 BHPEKSHI 0.940
8 FRCOLNKO 0.954
9 EEHFLONT 0.921
10 BEFKPLIN 0914
11 = HIFYSAND 0.943
12 #HETSIO 0.922
13 ¥t NSHE 0.930
14 ZE[&WFEN 0.943
15 BIRINANK 0.937
16 /N#ESGAN 0.943
17 THESGUN 0.937

<2 PPP j£Ei DD JE#EAY ZTD {EZEeVtEREHREL (S
REEEH) -

Table 2 Correlation coefficients between ZTD values
solved by PPP method and DD method (Typhoon
Dujuan event).

4Rok e THEA G
1 HifEBANC 0.900
2 ELIYUSN 0.875
3 HEISIYAN 0.878
4 {EF%FLON 0.923
5 ¥rTHSIN 0.952
6 TE#EHUAL 0.954
7 RAPEKSHI 0.924
8 FRCILNKO 0.836
9 FES¥FLONT 0.934
10 FEFAPLIN 0.863
11 =HIFYSAND 0.909
12 WHETSIO 0.906
13 ¥#ENSHE 0.916
14 & WFEN 0.930
15 FRINANK 0.824
16 /NEESGAN 0.912
17 JHFEHSGUN 0.948
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Table 3 The time difference and the maximum correla-
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tion coefficient of each GPS station (Typhoon

Soudelor event)
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Table 4 The time difference and the maximum correla-

tion coefficient of each GPS station (Typhoon

Dujuan event)

BB B R (E

HEURRH A B (A

Z o, = 2 = i o, 2 =1
4wt nh# HREESE (hr) LiEEA R e NI T 4 HORE R (hr) Ll S o e
1 HIEBANC 5 0.385 1 HAEBANC 0 0.52
2 EI[YUSN -5 0.486 2 ELYUSN 0 0.619
3 FEIYAN -18 0.463 3 FEIBIYAN -5 0.682
4 1E%FLON 3 0.52 4 1EEFLON 0 0.569
5 HrTHSIN 10 0.376 5 HPTHSIN -15 0.507
6 TE3#EHUAL -5 0.427 6 TE3#HUAL -5 0.52
7 REPEKSHI 4 0.475 7 REPEKSHI -13 0.481
8 PREOLNKO 0 0.407 8 PREOILNKO 3 0.618
9 FESFLONT -13 0.536 9 RE¥FLONT -13 0.436
10 BEAKPLIN -15 0.473 10 FEAAPLIN 5 0.633
11 =HIFISAND 0 0.536 11 =HFISAND 0 0.542
12 #EBETSIO 3 0.359 12 T TSIO -8 0.605
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14 I WFEN 0 0.535 14 SEIEWFEN 0 0.619
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Table 5 The statistics of the time delays for all GPS sta-

tions
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Table 6 The ZTD-derived slopes and rainfall intervals in
KSHI station.
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Table 7 The ZTD-derived slopes and rainfall intervals in
PLIN station.
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Fig.7 The results using ZTD slope method in Typhoon Soudelor event (reaching the standard of heavy rain)
003 1 L 1 L L 1 1 1 L ?0
0.03 h o . : . L . . . 70 — rainfall{(mm)
:E:li:lpl:l‘!‘(;l;:l;l KSH[ — Slope(m/hr) KSH L&
- 60 0.02
0.02
- 50
- 50 s
— \ £ 001 1 o i .
£ 001 . i . s L 40
T E 8 0.00 § - 30 =
§ 0.00 [ 30T @ z
= = o 20 @
o 20 ® kg -0-01 4
k5 -0.01 7 L .
- 10
-0.02
-0.02 J ] ’A - 0
- o
'0<03 T T T T T T T T T '10
-0.03 ————— -10 0 20 40 60 80 100 120 140 160 180 200
0 20 40 60 80 100 120 140 160 180 200 TIME(hr)
TIME(hr)

8 FEAFa KSHIAluf ZTD RIRIEMEE (Z : FEghieR ; 4 : AASme/E)
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Fig.9 The ZTD-derived slopes and rainfalls at PLIN station (top: Typhoon Soudelor ; bottom: Typhoon Dujuan)
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Fig.10 The results using ZTD slope method (not reaching the standard of heavy rain)
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