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Comparison between GPS-derived precipitable water vapor and

rainfall during 2013 to 2016 over Hong Kong
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Abstract: The atmospheric PWV ( precipitable water vapor) was derived from GPS observations of 5 stations over Hong Kong during four years
from 2013 to 2016 and the accuracy of PWV( GPS) was assessed with PWV(ECMWF). Based on harmonic analysis, the PWV ( GPS) was then
compared with rainfall. Taking PWV ( ECMWF ) monthly means as reference, results show that the RMS ( root mean square) of PWV ( GPS)

monthly means is between 1. 02 mm and 3. 07 mm and the bias is between —2. 14 mm and 2. 52 mm. Both PWV and rainfall have similar periodic

characteristics. The peaks of PWV occur in July with amplitudes varying between 14. 65mm and 16. 79mm. And the peaks of rainfall also occur in

July and the amplitudes are between 147. 64 mm and 211. 01 mm. The annual increase rate of PWV is positive at each GPS station, which indicates

that the PWV over Hong Kong has an increasing trend during the past 4 years. While the annual increase rate of the actual rainfall is negative

except in HKOH station, which means a decreasing trend during the 4 years.
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Fig. 1  Distribution map of GPS stations and

weather stations
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PWV(ECMWF) H 344 1) 7 ¥4 I 22 DA S W5 4% H
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PRI B AR a3 (HE R A
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/NF PWV (ECMWF) 1845 2 ) 0. 37 mm/yr,
PWV(ECMWF) £ 4% I 3 31 53 45 5] 1 38 <R —
FE X8 H T A A HL X AR/ N, 22403 5 B AN
it 10,17 ECMWF #5270 4243k 1) 5 48 fe /M I i oy
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Tab.1 The RMS  bias and growth rate of PWV ( GPS)
compared to PWV(ECMWF) during the period from
2013 to 2016 for each station over Hong Kong

PWV(GPS) PWV(ECMWF)
. RMS/  bias/ L L
s KR R
mm mm
(mm/yr) (mm/yr)
HKKT 1.12 0.78 0.29 0.37
HKST 2.78 -2.14 0.08 0.37
HKWS 1.02 -0.71 0.34 0.37
HKNP  1.53 1.39 0.15 0.37
HKOH 3.07 2.52 0.08 0.37
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HIAET Ao X2l FaERBAA TR ,7 A2
v b DX P e o 1 T 0y, A D PWV I H
AR AT B SIRER O 5 AMUE Y PWV
KRIHE 0. 50 ~0. 96 mm/yr 22 [i] , H K sk 1)

oS S SEanE 0S8 3
2323 E323852883538
(d) HKNP 3k 5y PWV
(d) PWV of station HKNP
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PWV (GPS) H ¥E MBI £ S a2k

Fig.2 Time series of monthly average PWV(GPS) ,

PWV(ECMWF), PWV(GPS) harmonic analysis and

its trend line during 2013 to 2016 in each station

x2 HEMK 2013—2016 FETFIERKTHTE PWV
RERIE ARG EE B AR FIBRE

Tab.2 The amplitudes, phases, peak time and growth

rates for the monthly average PWV based on harmonic
analysis during the years of 2013 to 2016 for

each station over Hong Kong

£ 2013—2016 4 PWV(GPS) . PWV(ECMWF) |

g e fi ijfjﬁ/
HKKT 14.85 205. 65 7 0.96
HKST 16.79 188.01 7 0.84
HKWS 14.65 207.24 7 0.50
HKNP 16.48 208.77 7 0.95
HKOH 16.19 188. 60 7 0.54

Wik HKKT, 7 0. 96 mm/yr,

250 3t 1) 38 R R
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400
g
)
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&

200 [
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o s s s s i i s R T -~
ES28A538455858538
(a) HKKT j35k (4 R i
(a) Rainfall of station HKKT
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(b) HKST 3k () R 7l
(b) Rainfall of station HKST



555 1 TRIAE %5 T X 2013—2016 4EHIEE GPS K< AT [ K Bk -5 S b A R k14 EL A - 19
00 — AR D A LG T 0 T
w0 B 164 N HKKT g ), % 3 o %0 £ 2 06 M 147. 64 mm,

HKKT 38 5 () e KRR B 5 e /PN 22 2%
g 400 295. 28 mm , FH{37 >k 204. 89° AR w04 E ) H B
2 7.
&
200 *3 FHiBHE 2013—2016 EETFIE KRS HH
R MM ERIE B G EE B H AR FI8 K
100 Tab.3 The amplitude, phase, peak time and growth
i rate for the monthly average of rainfall based on harmonic
analysis during the years of 2013 to 2016 for
each station over Hong Kong
() HKWS J3 Y e i it ) W, W[ ShRMEmR
(¢) Rainfall of station HKWS Wi B/ (2) Aty K%/(mm/yr)
800 — AR HKKT  147.64  204.89 7 ~11.55
- TR HKST ~ 211.01 204.15 7 ~1.16
. HKWS  152.53  198.19 7 -26.90
HKNP 183.94  196.02 7 -6.57
HKOH  161.58 197.55 7 31.17

(d) HKNP 0358 fr) 5 T 2
(d) Rainfall of station HKNP

700

— AREmAE
—— I AR
600 - =~ AV A R
500
g
= 400
i
& 300
200
100

(=]

D e T T T e T e B - B B B T
||||||

(e) HKOH sl i) R i
(e) Rainfall of station HKOH

K3 253 2013—2016 4FE52FR H FER i
WeE TR A D 0 A B 0 e J B Ak
Fig.3 Time series of monthly rainfall, actual rainfall
harmonic analysis and its trend line during the

years of 2013 to 2016 in each station

S 2 200, AN 3 AT LU Y B TR e 5 B
WA PR AL, FK 2 2 e A1, 77

M3 ] DL, A7 F i B 4 00 3% HKST JiR 5
R, M 211 01 mm, B FHARLAN G . 5
Z XY, % ) PWV SR K S AT IR
XN MBI A G, ik b b R I T
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HRL 18 JAYZE ARSI o S A~y r di /N R 4
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ek RIS ) e 371388 D8 0 A RO AR 2 45 SR 3R W, 5
ANt R P U (ELAR R BRAE 7 N D BRI R
ARHIARBR T A HKOH 3 o 1EAh, A It 4
e PL HKWS i3l —26.9 mm/yr PR3 R4
XMEfR K bR 45 R R W], 78 A i L IX 2013—
2016 4FiEZE 4 AEHIE], 5 PWV BLES I OB A
[, S PRI i SR S BT R 3, 5 30k [ 19 ]
GER—E TR X S AR IR
MEAFEEIR A K. A WA R, IR T
FEFET T R BRI A, i1k
7 AR A ROV T RE R A A S L T R A
DRI IR Z — o [FlRE, PWV B
F1 R AN 5 T A 5, ST )l o 5 X 3L 1
gy, Sl Bl g | B0 & TR e R A B T
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KRR AL b, 256 B RS0 R AT 92 PR
LM GEEL, X PWV (GPS ) F1 S B FéE R £ 1] 1]
FE 5 ATV I 43 AT, EXF o i 4 SR AT T A
R PWV FISEPRFERT AR 5 00k 1 3 B L B
BRI, HFAEWE KT N, W
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VIR i 0 S5 o o T 1) I W R A 055 ) L DR 1
B PWV 8 0iE MK ) /NK YR 8 HKST, HKNP Al
HKOH 3 , 1717 5% B B R 2 e i DA O 1) /vl Ay i
3 AN o S5 AN Y PWV AR RS R4 S 0E 5 1T
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[r], 7 sl DO 4 48 1) SE PRI T i 22 R ka3
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