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Integrating Versatile Web Mapping Services with

Drupal for Designing a Web Blog Platform
Chieh-Hsin Liu' Sendo Wang®'

Abstract

There are a lot of web map services can be used in Taiwan, including
consumer-level and professional-level map services. However, most users only use
Google Maps. If the Google Maps has problems in the area that they want to use, they
cannot find another maps to replace it. Although WMS and WMTS provide a way to
integrate maps into one’s web, it is still difficult for common users who are not
familiar with computer language. For this reason, a content management system
(CMS) called Drupal is introduced to integrate both the consumer-level and
professional-level map services by its OpenLayers module in this study. Users now
can simply select most suitable map while adding article to their blog, without
knowing any computer language or cartographic knowledge. User testing and surveys
are executed in order to understand the usability of the map integration platform.
Based on controlling of the network service experience variables, the ANCOVA

results of the usability questionnaires show no difference on users’ background.

Keywords: Content Management System (CMS), Drupal, National Land Survey and
Mapping Center (NLSC) Maps, OpenLayers, Web Mapping Service (WMS),

'Master, Department of Geography, National Taiwan Normal University.
*Assistant Professor, Department of Geography, National Taiwan Normal University.
*Corresponding Author, TEL:(02)7734-1683, E-mail: sendo@ntnu.edu.tw.
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Interpretation of Terrain Features by Self-Developed
Red Relief Image Map: A Case Study in Taroko Area

Yu-Shen Hsiao®, Yao-Chun Kuo?

Abstract

We develop the red relief image maps (RRIMSs) to help interpretations of terrain
features in Taroko area, Taiwan. The RRIM is produced based on the combination of the
terrain openness and the terrain slope. The software for generating RRIM is Generic
Mapping Tools (GMT). A digital elevation model (DEM) with a spatial resolution of 40m
is used for both terrain openness and terrain slope computations. The purpose of this
research is to develop a new visualization method of topographic maps in order to
provide users subtle and important terrain information, and further bring contributions to
the regions of disaster prevention, soil and water conservation, environmental monitoring,
and resource exploration. In this study, 8 test cases for deriving self-developed RRIMs
are designed according to the use of the different search radii for terrain openness
computations. The result shows that the cases with search radii of 2000m and 1200m are
best recommended. In addition, the ridgelines, valley lines and terrain-based
subcatchments are more clearly revealed by the self-developed RRIMs than by the
traditional contour plots and color mapping.

Keyword : RRIM, Terrain Openness, Terrain slope

1Assistant Professor, Department of Soil and Water Conservation, National Chung Hsing University
Master, Department of Soil and Water Conservation, National Chung Hsing University
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fER% GPS fRE#EEGH - RTKLIB A7k (open-source) H FHEREE (freeware) > H
BFALS T ~ (ERZEE - B EE S SR 6 > FERFEA AT GPS/GNSS &kt
BLUERIIRE - AR A B JE B R i SR RHER FE F 2 Bl 88 - BN L BaRAVER 14
B — e Bk R 2 e P Y B SEHRAS - 5141 GAMIT/GLOBK -~ Bernese GPS Z5HEL > A
g~ BiSAS 5 ~ BRIEHEAVESS B HE M4 FfE 7% B E (i iR 7% (Precise Point
Position, PPP)#RASAHELA FIHERIRY 282 ~ #EREH - AR RS R T RS (R3S
THAFHHRE Y EENFER - ASCEESTEEH 0 — - FIH RTKLIB DUEEELR
S EALARE 2016 4 2 AEBEERIR =KNY GPS Bk > (FEFEEM - 45578
NfEF RTKLIB 2.4 ARfEERIEZM 28 GAMIT/GLOBK Y45 SEAHYT » S ubHEE (%
b 0.8 DAL > RIS ICEL R 25y i Ry 0.5 82 0.8 mm » & FHiRHE
HEZBABITEK - = - DL RTKLIB &% SHEE R E R m & =1k 2013 4ERY#R
FE55 &SRR B - B I AR E i - BAEIM S > DULARARRTHIEASE R - #RH
BERAGHEEM T ETDANEHMERE  BEHEEEMHANEESHTE T E
BEZNEA FOUE - EIER USRI AT HFERN TEEMAEE - ASChiz i HEER
RTKLIB fHEECE » DURAR 24 TS @ FEMGE R DIEE # B ETEE
GAMIT/GLOBK #4855 -

RESETE © GPS E4EE NG ~ RTKLIB ~ BHJE#cE: « A Hikge

A BUFEARBHIRERBENSBRELN

PR, REIR R EFERT

PEIHEE B PEASEHIRERENERBE LI

* B@IAEE , TEL: (05)272-0411 , E-mail: cheng.168@ccu.edu.tw o
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An Investigation of Earth Science Applications Using
RTKLIB, an Open-Source Freeware

Shi-Yan Fan Jiang', Chien-Liang Chen?, Kai-chien Cheng®’

Abstract

The Continuous GPS (CGPS) array has been proved to be one of the effective tools
for active deformation monitoring. One typical application of a CGPS array in Taiwan is
to estimate coseismic displacements for the inversions of geodynamic models. Among
the specialized GPS processing software packages, RTKLIB is an open-source freeware
that provides fundamental GPS/GNSS data processing capability with a graphic user
interface and is easy to install and operate. Compared to the specialized software
packages such as GAMIT/GLOBK or Bernese, its cost-effectiveness is obvious. On the
other hand, when it compares to the on-line Precise Point Positioning (PPP) services, it is
flexible and opens up more control options to the users with the capability of batch
processing. These advantages are essential for the beginners to learn. We analyzed the
coseismic displacement of the Meirong earthquake happened on February 6, 2016 with
RTKLIB using relative positioning and compared the results to that estimated by
GAMIT/GLOBK. The correlation for both estimations are >0.8 and the discrepancies are
0.5 and 0.8 mm in the easting and northing, respectively. In addition, we calculated the
velocity field with 3 CGPS stations in 2013 with its PPP mode. However, the result is not
as expected and can not support the requirement of crustal deformation. Overall, with the
current tested version, v2.4, RTKLIB is effective in relative positioning and the use of it
in determining coseismic displacement is successful. The result is nearly identical to that
of GAMIT/GLOBK. We also reported the best configuration in doing this. On the other
hand, its PPP mode is not accurate enough to support active deformation monitoring at
this point but should be sufficient for engineering applications that require decimeter
accuracy.

Keywords: Continuous GPS, RTKLIB, open-source, freeware

'Master Student, Department of Earth and Environmental Sciences, National Chung Cheng University.
2Section Chief, Central Geological Survey, Ministry of Economic Affairs.

$Associate Professor, Department of Earth and Environmental Sciences, National Chung Cheng University.
“Corresponding Author, TEL: +886-5-2720411, E-mail: cheng.168@ccu.edu.tw.
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_‘Eﬂ'

TR G S BRI 2535 T BT 400 {[E GPS #HAFEUHINE » St & S s
HYs R Al T e B BRI AR A B RR B (BRI /= > 2016 ~ 2008) » MRFE T IR A
GPS H4EE IR B P R S o mY L ss - R > GPS AT % > R
[ RS B Y 72 B2 (EASRE Y o ARW5E 8 B — 3K AR R S (open-source)
RTKLIB (Takasu and Yasuda, 2009) » #7775 FIAVHVERTIEE FIEF - 5 © #B&RHY
FEEUBBEE - S HERHZIG # H (epoch-by-epoch) ~ i % B &f %€ fi (Precise Point
Positioning, PPP){fiz#E [ 55 - RTKLIB E{EHARHTATIR| 2 S s aa it » Flan .
GAMIT/GLOBK (LLfE## G/G) ~ Bernese GPS %5 » H228506(E - & ~ A5 HE
B - EREEEEES - B EAM R R EESAEEE > 140 @ CSRS-PPP ~ 43
I GIPSY %5 » A o] 2 8 2 Bt R HH I RE © [RFy RTKLIB #kfg EA Lty
(BB - R ERRIEZE N B W) REE GPS ERlEMES - sEEFAE GPS HIfRE
SAZEINES > AR fyiE te KR RS A R 1 = & s P T (B0 2238 Linux
BASH ~ #tRE) 53 08l 2 1258 o ASCHY HEEHERBEIRMY RTKLIB & AET T
— I ER R R FRE > G TR BRI EAR EFHAEE - ST TR
Jil Ry B R A RGBSR n 1T - DU S B iR -

—. RTKLIB BiR¥ R H b a R ok 8

[

iy

(—)RTKLIB

RTKLIB 3R FRE S H A 5 ATE 2007 Bz (Takasu et al., 2007) » & 7B
2 HESEE - (FH - ZIhEERY RTK-GPS FEUREAESC - fEHTE 2007 4F 01 A 25 HE
#fi 7 RTKLIB E—hi » RE—EhRATIRE M AREEE - IEFE4FE 3 H 21 HEHf 1.1
AR o BERRASHIA T 3P R = mT DLSE A RE B Y T - 3 H I ABIPIOREE
IESERRIUEMERE > 2009 FEAE GPS/GNSS EPEIHE] 2 (International Symposium on GPS/
GNSS)Hizes RTKLIB HYFHEAZERE » i1 AT RTKNAVI 82 RTKPOST FEFFES - $2
({5 FH E RE S Rk BIHG BRI B 4& [E] 1Y T AE (Takasu and Yasuda, 2009) © 2013 £E+EH 2.4.2
B+ S7HEEEEY Galileo ~ JE2FF1 RINEX3 BYER} » 4@ )7 ET AT E(ERRAA A
THak - FRAb B A 2 B PR B R T o A H4SE & Google HMEITHEE » MERRAHYE
FIZF E A SE BRI IIRE « FLERES o7 R RTERR (RS > B s e a5 AT
H(FE D) WEESER AT 2 AHEIY - B4 EEH R &R T Eu A i E
FEEERIE - DLUN B RTKLIB AYRE FIFE FRELThAE -

RTKLIB /& —KFaE#AS (Stallman, 1999) » NAEL & 24 (El 5 BEAVAE =R B fE FHAZ
= o BHERETHIEEEE - R - DIEERF 2 o RTKLIB S &% {EEHEES - 7]
DLFERC TR E AL AR B T/F » Bl {E FH 25l 2 A4 IS R e - BhREE
iz ~ FFREENL ~ BEIEL4R ~ RTK-GPS ~ B ENL - sEHEAEP N EE RS EE
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FBHIRIC - Al B A& AT DUE 2 T AR S AR (L B - S TEAR AT R
SRR T AEIAL - MBI EALAEREHE G/G ~ Bernese ° RTKLIB #A kK
H RTK-GPS BdfE# BREIRIRETST > EALEIE A DUERI Ayl > HAREE R E
#Ae RTKLIB /& 8 HY » 1 HI A A Z AR T S (R E AR SR E T H AR B
(E R EVEFE - fE(EH RTKLIB Hy#fEd - n]DEREEFEY GPS MEAWIZH
TR BEGFENSEES SN BB E ] DUBEN T % > W) A
BHIEE A A DI EEET 2 AFIRE - N AR R B SR EAER: - BE
FrAGH AR i PURHE S & (R 25 e THAR(EA -

(Z)45 b ¥ APPS B2 CSRS-PPP

APPS (Automatic Precise Positioning Service) e 5 E0"E 58l ) E 52 (Jet Propulsion
Laboratory, JPL) A LAY 2Bk 7247 B i7(Global Differential GPS System, GDGPS)4% _F i
% EAEREFEEEF T AutoGIPSY #9 PPP 15 4 CSRS-PPP (Canadian Spatial
Reference System Precise Point Positioning) £y il 5= A A #fJH] & /& (Canadian Geodetic
Survey, CGS)FTHRELAVNIE R ZE RIS 2 405 % B E LIRS - F{E A& E# TR ZAT
&R EHEEIRSRKE - APPS 75 e e i A (R AR ECENRR) ~ NI S I (AR
AH) ~ EHEIEIH(CA EHEE P &) ~ fEA - EHE » HIMEX LEEH SMB
HIPR » RS e K G4 B [l E e At H & T Ee B 5 - CSRS-
PPP ml#ha /) » TR B (U (FR R BN RE) Bl o EL % » 554 CSRS-PPP
AIHOA OTL #% > {EAEE EEIT D SATRS] > R SRS a A m s B R iRaG
Fi# - $EELE A T o Wil 48 A T4 = e 1 -

&1, RTKLIBHWEFEGSNENEARERNSIRAERE Takasu, 2013),

e B REER G4 rm B R E R
BREEAUHER RTKLAUNCH

Ep B A 4 RTKNAVI RTKRCV

B AR T STRSVR STR2STR
BRI RN RTKPOST RNX2RTKP
FHEHBE RTKCONV CONVBIN
& FAAE RTKPLOT
AHEHTR RTKGET

46



JEELE - R - #gla  (EABRRTRE RTKLIB $155] GPS i iguhth ERFHE2IE FH 251

[ 1 ] = s Canada.ca | Se Departm

GQ&ES e v

Natural Resources Canada Canadi
=
Eneray  Mining/Materials _ Forests _ Earth Sciences T —
Tools and Applications
Sciences Natural Resources Canada's Canadian Geodetic Survey (CGS) provides several geodetic tools and

ther corespending deshtop applications, enabling accurate positioning, heights and coordinates
transformations.

The Canadian Spatial Reference System (CSRS) Pre t Positionin tool allows the
computation of higher accuracy posiions of raw Global uaua.,mr Satelite System oNS3) ot
the GES-H took prforms the conversion of slipsoidal heights to orthometric heights, the TR tool

=
Welcome to APPS!
Precise Positioning Service

B Home matic
oﬂhl Giobul Differential GPS (GDGPS) System.

B Unique Features mation of coor

et merancesystem B8 tes, IADIE, donsomode Tt (comeuts 1 pacgah

sernizatior Cocrdnate o the end ot o Invers (computes ditance and szimuth between two pans)

eodesy for Ga computations and finall, the T2 tool ablows fo the transformation of coordinates between the

SRS Publcations North Américan Datums (NAD) of 1927 and 1983 refecence systems. Note that the GSRUG and
TRNOBS applications have been Gscontinued and repiaced by TRX.

B About GDGPS APPS is now using GIPSY 6.4

APPS accepts GPS measrement fies. and appites the most advanced
technology from NASA's Jet Propulsion Laboratery 10 estimate

B Howto use APPS oo
feceivers whathr hey are i3, mobon,on the Ground, o n the ax. APPS emplors

Federal Program

Table of contents
B Under The Hood

+ Realtime GPS orbit and clock products from JPL's GDGPS System
« JPLs daby and weekly precise GPS orbit and clock produets
« JPLs GIPSY-ASIS software forprocessing the GPS meastrements

B instant Positioning

B Registered Users

APPS continues 1o provide JPL's venerable AutoGIPSY (AG - for free, for static post-
o aesing (k. msbeceeiment isaecy of  wosk cr mare. bl 810 S Do B0 WHQE

0 Register services endar %
+ ADDS il unerate 3t saies o poions f youtwiverwas i moton » ot .
« APPS has access to realtime GPS orbit and clock products 50 you never have 1o wait Satellite Imagery and Alr
ik Postioning is available in seconds Photos

Canada's Spatlal Data

Infea
FlyLand-Send - APPS will estimate your fight trajectory within minute 5 after submission T

: CSRs-p9P s an online aplication for G srucesind dloving
APPS supports 3 diverse customer base, from occasional users 1o heavy-duty industrial users Earth Sciences Resources | 4, h

: s o compute higher accuray peslans from the o abeervat

Occasional users may upload their measurement files manually through this web site. Heavy-duty -
wsers will eceive Secure FTP access to our servers, 1o which they can upload their measurement -
files. and more easily automate thee processing 1 is also possible to mierface aith APPS CSRS-PPP uses the precise GNSS satelite orbit ephemerides to produce

through e-Mail. cormected cocedinates of 3 constant “absalute” accuracy no matter

you are on the globe, regardiess of proximity to known base stations,

APPS supperts input in RINEX 2. RINEX 2 11 input fles, GIPSY TOP files
Users can submit RINEX cbsarvation data from single or dual-frequency receivers operating in

Glve APPS a try... Instant Positioning static or kinematic mode over the Internet and recover enhanced pasitioning precisions in the
Canadian Spatial Reference System (CSRS) and Intemational Terestral Reference Frame

(IR},

Click on 268 direct v1.4 In order to access the Desktop Applications download page.

CSRS.PPP Onine Computation Go to C SRS PPP onsine tool

1, GIPSY(%£)EE CSRS-PPP(R)#R LE HE , ERIIRIR : http://apps.gdgps.net.
http://www.nrcan.gc.ca
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(=)GAMIT/GLOBK

GIG #REEEAF EEFHF R E4 & National Science Foundation) V&R~ » Efik
4 B T 2 (Massachusetts Institute of Technology) ~ 8 5g B 3 /& £ 6 22 F (Scripps
Institution of Oceanography) f1MG {#5 K22 ILE 3 2 GPS fRHEEAE - 2% ECHEZH T
UNIX ZFIHI R N T - G/IG 2E4FEH GPS o iikhs » EZEIIEEE - €
B~ Al FOREAREE ~ R BRIPE B - RRLE - fEYE - IRE
22 B (Herring et al., 2015) °

=, EfENEEN
(—)EERE D EM

R MHPE LAY —E - FR Bl RaEs - Hh— B RElEs B2 £k - 55—k
WeEs Ryt it - WYEl U ER [RIR UL 4 FELAERY GPS faafsf - B =R
FAIIA SR EIE - A DUESHEHEAVALER © RTKLIB {ERRH BEGR = r RREL
JRAETERRERY R MR th R ARy 22 AL B (805~ REEESS
1999) -

(Z)EREEL

BHEEEA(Single Point Positioning, SPP) » B &AL RS [FIRFHAL 4 FHDL EAVE A
ANER  ZEREEREI R ARG 0 R T SRECHIVEAY ZE M AL - HEE TR = (A E R Rt
BHT o TE LR DURTIE Ry Bk 0B = FEOR [E] 4 R YA SRR R PR REERAIBE R 2
B EBKEIACE  HEMURAFHABEEEFHERREEE SR - #E%E
1999) -

(Z)FEEEREAL

I HEEEAFIHE GPS ERELEAL(SPP)AVARE » & T i e BEELE L iEHER
1F 1997 A4 HRE 25 B BE T AT A & (Zumberge et al., 1997){H i BE SRR (35 > EEAEHE
SEAHMIEDHIE » #8580 IGS (International GNSS Service) iRtk S EEEN - HE
FEFRERL - B r] DA 2 BRE E N T B RE B R R E (LR35 - WA = E AR
(Gao and Chen, 2005) °

M, RRDH
AHFE  ATEE A A R S i B Ik — SRR R ] - BEH T S SR AT
LRSS GPS HEEDHING > (HF RTKLIB #E/7EAGMHENEN » (FA P IEAE
(S103)fF R EubME R SRIIERITR 3 RAVER] - sTRMFEREARS - 18 G/C #E
IR AL ELRE - Lo e 2 - FEE (A 1Hz BRI i = ([ Sl S P
AEIHHIE - SRR G - IR RrE et o A AT E LS Dt
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LR - R - EYLHE ¢ [ RERS RTKLIB 55 GPS gt BRA 2 e F 2251
~ R 2 R 0 A 3 - BEEVEI R AHSE = T 2R ER Y = (EIG  EETTRIERE
firsfE i RTKNAVI DABEELE (7 Ul T » SSOMEREUIIERIFRT & 2013
o DA—FEAIRE OS> BEECHIRE By 7k YEE/N(YOKN) ~ @IS LLI(THSN) ~ K SAE
/IN(TAPN) - 12570905 E DL RTKLIB 1& BRI i % BR B 2 fir (PPP) 5 =& T -

Continuous GPS Stations in Kaohsiung Area

UTC 2016/02/06
23°30'
A
LYSAN g1z
/:”"v
K
2300 4 i
1659 107 / o[
Gsa4 Wk
eNo AN W
4GS79, /‘/ CISH €575
S Lo
iy
JAKNDAT 5
22'30'
120°00"

2, RRMBFER, (W% 1210 0504  BM, B, PMEL, BFE,
t. B0, =S5, B, AR, BEF. AEEHE. ERESSBRETFRERR. )
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Continuous GPS Stations
2013

y
f/

JYOKN -
[~ JHSN

12045

3, ERMERARE, (W 1E35EA LU, BA., WSREE, )

(—) RTKLIB 8 G/G ifr<igiE 2 FIREA

EVEIER 2016 4F 02 H 06 HZ&2 03 BF 57 43 27.2 #H(GPS B 02/05 19:57:27.2)fir
AT SRS A S HE Mi6.4 IS > BB EAFE(Q2.8719N, 120.668%E)E R
RS 23 NE D B REE Ry 6 S ETEEMESENNL - REEF R IRERELEE
SEEhIERY o CERIECR: PR R E) AR E A T E R AT R R340 (E
GPS HEEEUANEERI(E 2) » MREERTIUREER = K(DOY033~039) 17 ZEE S50
EIEAIRLHIHT » RIS B 033~036 19:57:27.2 (GPS Time) * E1&IFEES B
037~038  bhie: RTKLIB B G/G YRR EG i 22 220 > By T BURIEI B2 nEH 5
WAE(E ARG S0 E LB FEAISMEEE RTKLIB A B R oy R E 5
= > ELAE RTKLIB a5 B AL A i R 4R 22 7 B S A S PR K R B e
B A2 - ARERHM4A RTKLIB {F 72 (BB b A AV EC B B SR B R R I
2 W AR B R E R v B R RATIE - AT E RN - s RTKLIB HYE
M o ERIERAE RTKLIB WECE & T ARSI BB EF A T TR E:
FRREMYERRLAR 2257 TE I (static) ~ L1+2+5 AY4RMEAHE ~ LC HEEHEHE ~ BREE
RS 2 OB By Estimate ZTD #E5 ~ #5752 E (I IGS it 2 b5 2 R
171 B W L B IR SRR A2 OO ~ R SRS P (i 2 A8 28 T R AR L o0 ik
IE ~ HEREE T SOELUR A PICT BUMIE#EST DCB BUE » RS Ry 30(s) > Al
R E AT WGS84 AAE Z4% F(Takasu, 2013) @ IS KARE FSEHUHTE S103 7E 5
RTKLIB BEFAL4R =R BN UG - HIVEERSEE X154 70~85km - BEEUAHINEFN 2N
Ty B R AR i B R AN R A R A YRR o T DUBE BB A s R o 2
PEEE R T g A EEARER - FTLABERIARHY S103 MG > BRI RHE 75 (FHL
15 o BUOSEEILARL o KBRS RGN ERETREHEHE - I BRI
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A E R E AR E RN EEE - SRS RERREEEA - AN
RETEERE > WHIFRELE RS Y A [E B A2 (3 2) > 745341 RTKLIB 2 GG
SEHEEATERZE N-S £ 0.5 £ 0.2mm ~ E-W £ 0.8 £ 0.5mm > FEARBFIEEE R EZU %
BEREICRTY 2.5mm PA_E)EHIBERR AR - o3 pllEfam ey /KGR 3)BEE = (R
D - FTEEES (S B AV EIE A% EA0E 4 -

EIBAS = BEIETY - BT £(0 &2+ 0 an2)l2

Hrp BRI AR B I 2016 037~039 » FERTERHE 2016 033~036 © O BEEE(R

H_H,

¥ 4 BB EEEhE RN 6 ([ENUEAT SRS ERIE - CISH MBS E Mk fiE S
N RTKLIB & 52.6£12.3mm * G/G A 11.5£1.7mm 22 T 41.1212.4mm » 524 GS80 1+
RTKLIB % 33.7£5.8mm * G/G £y 21.4%3.7mm 7 T 12.356.9mm » 72 MuhAY = R 857
K> HERHBER A ZIE RS - £ 3 8158 4 AUMHRBIGE > (RN S WTETEEEE 7
H 64 H RS RS 4 A AHRR M: - LIKN CHIVER Bis H Ry sEshe X > EREEEE
fUfSHEA$25.5 mm HIfREE R~ » [FIRF RS9 EHRA(-0.16) - 488S5RER RTKLIB 1£
BUHEEA RN TIE EEEE RSN > 81 G/G et B E TS -
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x2, MESRCRRERNFELRRERMLBLR , dN & dE RERBMERT
AIEHRHERE,

RTKLIB GG # £ (RTKLIB-GG)
N(mm) E(mm) N(mm) E(mm) dN(mm) | dE(mm)

GS13 4200 16=06 13=06 07+03] 2910/ 09=07
GS30 8703 -185=11 87=03 -185=11] 01=09 -01=x22
GS31 54+03] -88+10 54=04 -102+09] -01+04] 14x15
GS32 516+05] -403+06 -516+05 -403+06 -01+17 01x14
GS33 06+10] 11.1+09 10035 -104=10] -04+08 15+20
GS34 77+06] -257=13 70=05 -267+13] 0707 10=x21
GS35 S147+06] 420+16 -145=035 -409=14] -02x09 -21x12
GS44 7307 4210 69=03 32x08 0403 -10=14
GS45 09=02] -18=x12 04=02 28=+08] -05x16] 10x25
GS51 S122+16] -267+12] -125x08] -284+08 03+08 17+18
GS52 -106+04] -328+12] -102+03] -344+09] -04+07] 16+08
GS53 206+05] -117+16 -209=07 -111+15 03x05 -06=15
GS35 36035 -106=03 34=03 -124=10[ 02035 18=009
GS74 147+13] -193=19] -143=09] -187=16 -04x20] -06x17
GS75 S102+06| -102=10] -11.1=04] -104=11] 09=x11] 0213
GS76 S174+06| -145+13] -17.7+06] -144+16 03+04] -01+13
GS77 68+04] 24x15 66-08 26+17 -02+07 02+17
GS78 124+035| -60=11 -135=05 64+14 11x07 04=17
GS79 124+035| 6010 -119=06] -237+12 -06+x19 17x20
G520 “143+16] -208=09 -199=11] -233+18 356x07 25x13
GS8l 73x16] -76=14 68=11 7510 0517 -01x21
AKND S1117+23) -102=19] -11.4=x08 -83x11] 02x24] -19=x21
CISH 84=18] -103x23] -144=x06] -106=x13 60+18 0326
CTOU 14=18 38=x15 13=05 -18+11] -01+19] -20%26
DANI 209+16] -285+31] 200=x06 -323+04 09+19] 38+18§
GAIS 177+18] -259+13] -201=05 -275+08 24x17] 16+31
TWEN 3509 22=x17 37=05 38+07 0218 16=15
LIKN 38+22] -125+29 01=13 -03x08 38=10] -12x18
LUJA 10410 -39=12 77=04 5408 2725 1530
MAJA 16+21 19+06 12=04] -19x08] 58=10] 06=14
MLO1 40+37] -182+19 66=-23 -188+18 -26=21] 06=10
NANK 203+1.1] -203=17 257+06] -247+09] 36+43] 44+26
NCKU 61=16 25+10 80=04 -269+16] 19+12] 19=+19
SAND 1519 23=x16 20=06 -29+08 0516/ 06=18
SHWA 56=15 -33=x19 73=03 45+08 1720/ 1218
SYAN 2340 65+48 22=34 46x47] 0115 19=20
TAYN 50=+17| -119=x15 65=10] 99+18 15+52 -20%66
WANC 79+1.1 55+14 81=06 -54+06 02+19 -01+23
WUST 9811 56=07 79=06 47+06 190=12 -09=15
YSAN 2614 37x03 26=05 4406 01=x12] 07=009
ZEND 22=13] -182=13 34=11 -182x17 1215 -01=06

BEHMEFH| 05012 08=05

®3, MEXBRCBRERNKFPRBMBLE , AZRBUB AR 2.5mm #9H
U5, dN B2 dE RERMEKEFTET & HRNEE

RTKLIB GG # % (RTKLIB-GG) LGS
N(mm) E(mm) N(mm) E(mm) N(mm) E(mm) N(mm) E(mm)
CISH -8.4£1.8| -103+23| -14.440.6] -10.6£1.3 6.0+1.8 0.3+2.6 0.89 0.92
GS80 -14.3£1.6) -20.8£0.9| -19.9+1.1| -23.3£1.8 5.6+0.7 2.5£1.5 0.96 0.91
LIKN 3.8422) -125#29] -0.1£1.3] -0.3+0.8 3.8£1.0) -12.2+41.8 0.4 -0.14
LUJA 104+1.0{  -3.9£1.2 7.7£04) 54408 2.742.5 1.543.0 0.98 0.7
MAJA 4.6£2.1|  -1.9£0.6 -1.2404| -1.9£0.8 5.8£1.0 0.6+1.4 -0.87 0.51
NANK 293£1.1) -20.1£1.7)  25.7+0.6| -24.7£0.9 3.6+4.3 4442.6 0.99 0.97
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x4, MERECEBRERNEERBLBLE , REEBMLB AR 2.5mm #I3
¥, dN B dE RERMERE AT E HIRHEE,

(mm)

; _ RTKLIB | GG dH GLEE S

CISH | 526+123 | 115+ 17 | 4L1124| 089 |
GS80 337+ 538 21437 123+ 69 | 094
LIKN | -82%255 | -10.6%42 24+258 | -0.16
LUIA | -09%07 05+ 11 04% 13 0.94
MAJA | 29+99 -1.0%30 19+103 1 0.12
NANK | -14%74 | 22+42 08+ 85 044

Horizontal Coseisimic Displacement of Meinong EQ
DOY 033 - 039, 2016
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GS32 .
N oeass i
23°00° SPWEY i, B
~Gs: 2
ENELGS34 ' ,.'
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: GST:

22°30 = .
120700 120°30 121°00"

4, ZFRAUWNERUBE , REBRT G/IC A, ERRT RTKLIB #y#E,

H[LVEE] RTKLIB ZHRERHVHSER HEE EAREMAHER GG ZibksE
1 - FHENEEE G/G #gHA 5~10mm WER  (HZBEEAENERA - M
REAVENL E RTKLIB HYZRAA FHEAE > HEE SRR EG AT Y GPS & IS
ERUEAAEAY > AT LA RS AR R AR &2 2 BN &R - RTKLIB Al IRV
BB S EEGE SRR » GG BRI R EI MM F 245 R - B
4 WE AR E /P T A _E TR EIHVAS RAHE )& - RTKLIB #E2AF FH S Y
ARG B S IEHIER ATREA REEHY G/ AEREER - (B2 DIRE (& T
= MEEIRYE BB HRA & R - SRR ER BB AY i 10025
ARHYZZS - [N RTKLIB HY&ESR - B B 7 B PG eI K -

FEEFEHESYIIENE S Al 8 1TAEA -~ @ AERHEN B HH
T~ BB R RIS S > 2R ASEECEN T - BB EFRFT M
(Takasu, 2013) -
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d@ de o° o

d® o o

90 0P Jf dP of o o° df of ae

JC 0@ of a°@ o@

program : RTKPOST ver.2.4.3

inp file : I:\036\tnml\gles0301.160

inp file I:1\036\5103\s51030301.160

inp file I:\036\nav\brdc0300.16n

inp file : I:\036\nav\igsl881l6.clk 30s

inp file : I:\036\nav\igsl88l6.sp3

obs start : 2016/01/30 00:00:00.0 GPST (weekl881 518400.0s)
obs end : 2016/01/30 23:59:30.0 GPST (weekl881 604770.0s)
pos mode @ static

freqgs : L1+L2+L5

solution : combined

elev mask : 15.0 deg

dynamics : off

tidecorr : on

ionos opt : iono-free

tropo opt : est ztd+grad

ephemeris : precise

amb res : off

val thres : 3.0

antennal : TRM41249.00 NONE ( 0.0000 ©0.0000 -0.0000)
antenna?2 ( 0.0000 0.0000 0.0300)
ref pos : 23.564375975 120.475193219 125.3570

l B 5 RTKPOST #i#8 8 A 4 » (AP 2 i2)f3 8 S8k &

pos mode Ry EMLMHAR - S #EBEF A ZAFREELL ©

freqs AyERFIHY GPS B » IEAEERAYIE PR L1/L2/LS HY =R m AL B -
solution JHSF[ETERZ S HYEETH » 1S MEBEFERY combined /Ry [mIHRFfET IR

elev mask FyHERAE > AE 15°

dynamics FsfEEUEREUIEHYEENMEIE - EMEEHENMETE - REAHE -
tidecorr FMUEIETE > THELEEE RIE1E

ionos opt /4y EHEEIEIE - IR EREGRIEHS -

tropo opt FyESEMEIE - BEFERfEETE H Al fEKE -

ephemeris /iy 2/ » SN EEE 2

amb res B FH FE R R {H (integer  ambiguity) & B (resolution) &% & 0 S g FE
off °

val thres £ DGOP P9 » EHEEE TR 3.0 B > [N 2 %M EF 2R
FRE -

navi sys ZuiEFHHY GNSS Z4%%¢
antennal B antenna? B F& @5 S ph i) R 4R AU S
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S B - LA ¢ (EFIBERECR RTKLIB £R5f GPS MUl BB 22 IEFI 21
ref pos RSB URCRIERE » RHIGEE - RHIEE - Rk -

(C)BEFTHEBRRF RS AL

REFFTREAVERME BESH( HRVER » M8 ARG R4 Ry AR AR
] 2016/02/06 03:57:26 » HEEZRE By 14.6 N B » 45— GPS BRI R UTC » B
LA GPS &ty Hh R IR ZS 8 /N By 2016/02/05 19:57:27 UTC - HEHUHImLAEE
BB Ay 19:55:00~20:00:00 » 43 BIFkEERINE MLO1 ~ NANK ~ LUJA - & HInEFEREE
JLZE R REEE Y R 14.3 ~ 37.7 ~ 433 NE - FIETE R IEZ DIRG RS IR -
BER A RELL S103 R Eubg s - SREDHHE SRR - MERERFIRE
Rz E AR ERSE > 2 HIET T E RO 2 22 M s AV R - AR — 1R
HI MBS BN 1% IR A RIRIEAVI O BS - EE BN R AIhATE R - 270
75 (18 I A5 2 1 R — 2 B9 -

FI A 22 = (EEEER EACHI SR ERrY & GPS EEuhaRFE - o] DAHRE] ]
UEPTREULEIT SRR o 0 H A 3R PR R Y it B IR A R R I IE AR 5
(B 6) » o] DASEER £ Rnh PR R A (5] i R R AR B AR 52 » fRIZE Kuo-chen et al.
QO EEPEEE R 2R E 7 > o] DISAIZERALY S02 AUfSEE L - #:EEE 8
A DUSHIEEESAY P O EIEEEE 5000~6000m/s © #F 5 FHZuhEEESLAYEE
B~ ¢ GPS R R RN R 751 75 BV RS R (RS i B S SR Ry R4S 51« Ok
MLO1 FEEREECRE 4REEERLY 143 AN EH - HIESISE B ERYY 3 PP - (3
F& By 4700m/s 5 HE NANK PEEFE - H4REERE 37.7 A H > BURHIEIR BERY
12 FPHEE - (BT By 3100m/s 5 SHIvE LUTA FEEERS T EH 4R EESEE 43.3 B > #t
B RER 14 FPHIR > (HEHE S B 3000m/s © ZRFREHE Kuo-chen et al. (2012)HF
7% P IR B AF BLIEEISE By 5000~6000m/s o 3 5 FiT5IHY S B R 7 il B H s E 1 A HY
A > H GPS ZLL | PhesfRIfEREL - HRD AL - DB BT B
HITERESRF (arrival time) © ZR11 > RTKLIB #Y 1 Hz ZRIGfREIES AEE 2R EEREE 1
I E SR B R AR R ([ 6) - FIFH AV IS B G BE Ry GPS EffER 7%
BEIEHEAER > S AIRE > RBEEIIE GPS HIEEX(GPS seismology) & A
Fratie - SR BCERE S5 0l HEE =@ kinematic) » AAFREE
SRR T EAL ©
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119° 121° 123°
= CWB/BATS (51) '
4+ TAIGER BB (46)
Texan (2,287)
* Sea-land array (279) &
= 2008 SPRT130(36) | ©
BBOBS1 (8) B
BBOBS2 (15)
MicroOBS (11)
MicroOBS (3)
RATS SPOBS (12)

F-net (YNG) (1)
TAICRUST (54

TSR S R ST ST,
[ l
-6000 ~5000 —4000 —3000 —2000 -1000 0 1000 2000 3000 4000
Bathmetry/Topography(m)

7, Kuo-chenetal. 012 EEHBE S [E , TRMUREE S02, ERAERBIBEER,

590
120
150
180
210 - -
o 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
C cmmm—m—
TAIGER dataset PEEARED T
Vp (km/s)

8 , Kuo-chen et al. (2012)[E R E &R S02 HEE , A& [E1F4Y A 5000~6000m/s B IR E &
EERER. ERBoAZRMEER , EHA Kuo-chen et al. (2012).
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5, FIf GPS R EERIEE S Kuo-chen et al. (2012)H R ER At
GPS j2 s &4 R

P 2 7 & iedr(km) ERPER(S) %38 A (M) # KA E(m/s)
MLO1 143 3 4700
NANK 37.7 12 3100 5000~6000
LUJA 43.32 14 3000

(2)RTKLIBPPP £ & SR f2 % 2 & p f2er B v R

{55 RTKLIB Y% BEEL E (i1 (PPP) LI RE A B 52 e M I 1YY = (RIS > 73 1 B~
(TAPN) ~ &HLLIJHSN) ~ 7k 3%(YOKN) » i3 =uEr3E S A i@ 3 0 A% Hmhfr S
SRR > ISR AE R R g ny TR R > RS RIhAE il DB g ry A () - #E Lok
o~ RTKLIB 5% BB E ALV IORENE - Bharh MR T 47 L Eas JPL B
CSRS » ZKREL#FE 2 BB E L BV HENE » e M GG 2R MR B E g ines 25 M
Ik o

APPS £¥H GIPSY fF Ryép LAREERIIZ0 - HFTHRELE EIRSARE R HEATR
il > FTERFEEAEE R TEQC BRI 30 #h—FEMNER} o F T 4R34 - W
X4 _E PPP #BBATAN AR ~ RTKLIB 4% PPP FR¥EAYE ! ~ 7E RsELi AT G/G #BEE
T 30 —E&mhX > sStREEHE - FrAEEIIEA IGS EESdEE M TE
1E ° RTKLIB #Y PPP me¥E S {HEH IGS A ke B IS E AR (clk_30s)#E THEZX
R o

TR IEEL NIECY OKN)/ (8 FH 2 8 g Frag 34 L 2k iy s TP 5 9) » 2013 AR 2R3540
% 6 AILIBIHLL G/IG BEEERE GIPSY 4B e 5 F s Hrriy - i
AIZEFTE Y RTKLIB 7R 22 (ERF 751 b 2R TR EAVARES » CSRS-PPP 7EiE#E
NS Jrfrf#Ees G/G J5mtE Bl 6.38mm/year » {H2E A 7 RATEREES S G/G fH
£ RRES RTKLIB -

FEALLCTE(THSN) {5 F 2540 B i 4l B 2RI IR D P 1 10) - 2013 SRR 540
% 60 KA E GIPSY 2 G/G Fe AW » HKRy CSRS-PPP > i AbHFE AT A
RTKLIB 1L {H E P51 2 A TRE IR -

AP/ NER(TAPN) (i FH 25 G 4 L L AR AR FET P 1 (1 11) » 2013 R4
*® 6 (ERFRI IS EE; B GIPSY 81 G/IG 2 &WIEHY » AW FEATE Y
RTKLIB &% (E K[ P51 B 2R ATRERREE - HE NS J7E_EZMEY&H)
CSRS-PPP Fffi#AE NS J5 5 23 5.09mm/year BLEAMEESAH S -

12 B ipast R 2013 HY- PR SE - B 13 RSiiest Al 2013 Ay
HRESE - SHEGERE R RTKLIB fErILFRAR G/C BRI EHIZRIR » MR
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VG [ i B R SR B R R R AR AR S Y - BT BE /& IR random walk noise FY#E
AR B B R R e B VAR B IEREFT A 20 (Calais et al., 2006) s 27 HHER T 20
cm/year FYIENE » RTKLIB {EAE % EHEE N _FAFRIAE HE AT FEIFEE K > GIPSY
KT RBL GIG 53R A5 » IR EME R RTKLIB » M 2E CSRS-PPP >
RTKLIB #&% BB E LS 2 H &3 LA SKAYET » RTKLIB 7R S dat455% )4
BIRGFIFRIA - DUSEGERKER - FEZ AN R e s BRI S S5 B I% L 3
ReE) IR TR A -

%6, BSh KB /N(YOKN), #I58L(IHSN)EE A (TAPN)E F & 5B R Fr 5 2

2013 EE %5
B = YOKN(mm/year) N E U
GG -12.82 24.25 4.14
RTKLIB 4.34 -3.99 -11.88
GIPSY -9.20 29.41 -3.79
CSRS-PPP 6.38 19.72 3.05
2= JHSN(mm/year) N E U
GG -12.82 21.81 6.74
RTKLIB -14.34 -1.99 10.19
GIPSY -10.34 23.34 -7.71
CSRS-PPP -7.52 19.06 -1.89
Bzt TAPN(mm/year) N E U
GG -12.00 9.33 3.24
RTKLIB -26.78 -37.45 29.3
GIPSY -15.85 6.27 5.97
CSRS-PPP 5.09 4.18 -6.87
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TEiEHEHY PPP R “Q%ZPEEE&DI 14 > Fii 7 T RRERA ~ g ABERHE A B 8l
YIRS 1GS HRIUERE) ~ BUHIFHO G RIS E & - 2R HSEECENT
ACE 4N E #5F F-ff(Takasu, 2013) -

pos mode £y iE fir izt - 1= 1 EEFH AT 2 BhRE PPP EAL -

solution AHFREE R eaiSETH » 12 LSRR combined B [mHERT IR -
elev mask A #Ei g > N7E 15°-

dynamics Ff%Buh SV EENE IE - R RS N G S #HE) > Ll
off -

tidecorr fHUEHEIE > THEGBEIE HIEIE -
tropo opt B¥RIEEIE - BEEGETEE I FEKE -

ephemeris 52 /& » EEENSHEEEE -

amb res 5 ELEL N oK 1B {H (integer ambiguity) fi# & (resolution) 5% i 0 12 R E
off -

val thres % DGOP ffII{g + FEHEAE & T AN, 3.0 05 » ISR A RIHEAEEEOR
S

navi sys A3 FHHY GNSS 4%
antennal Fy R&RAUGRECHE -
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0 2013/12

Y Ve O T Y}

_t ]

RTKLIB
— CSRS
— GIPSY
— GAMIT

-60

T T =T T T

2013/02 2013/04

2013/06

2013/08

2013/

T

2013/12

2014/02

2013/01

2013/02

2013/04

2013/06

2013/08

2013/10

year/month

9> JIEAYEEIINYOKN) 2013 BFfEIFH1 > 4815 Fyfie/ N SR RIER 1R (G- 2IHY SR MRS BL BLE (5 5k
FY&EER -

2013/02 2013/04 2013/06 2013/08 2013/10 2013/12
T T T T T T
—~ 50 F , A 4 I, 1 .x.
E _"Nx . S | I | v
E of e s il e
w - .",'3'2 el R : .
-50 W Y | |
| 1 11 i 1 1 |
2013/02 2013/04 2013/06 2013/08 2013/10 2013/12

T T T T T  §
TE\ RTKLIB
E — CSRS
T —— GIPSY
1 1 1 1 | 1 e GAMIT
2013/02 2013/04 2013/06 2013/08 2013/10 2013/12
year/month

10 , BIE B IL(JHSN) 2013 R FS , MR AR/N —TRE TR SIS
SERBEFERNER,
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11, RSB ILHSN) 2013 RS , MIRAZ/ND—REBREIWREE
BEBFERNER,
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Velocity NE
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o o ol o ol° 0P o\@ o d° ol° ol o oP o\ ol

o\°

o\°

program : RTKPOST ver.2.4.2

inp file : I:\mn2hr\luja0361.160

inp file : I:\mn2hr\brdc0360.16n

inp file : I:\mn2hr\igsl8825.clk 30s

inp file : I:\mnZ2hr\igsl8825.sp3
obs start : 2016/02/05 19:47:00.0 GPST (weekl1882 503220.0s)

obs end : 2016/02/05 20:07:00.0 GPST (weekl1882 504420.0s)
pos mode : ppp-kinematic

solution : combined

elev mask : 15.0 deg

dynamics : off

tidecorr : on

tropo opt : est ztd

ephemeris : precise

navi sys : gps glonass galileo

antennal : TRM41249.00 NONE ( 0.0000 0.0000 -0.0000)

[

14 » RTKPOST ¥ 5 PPP 5B ESEEE,
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. & W
L% GPS f st RTKLIB #FAE4 2 - BJF - 2258(F - B /HE S50
BRSBTS SE A RIS o A T BLERARFESY  ESEEH - Ing
45~ KSR EEBLE A S IUREE A i B VUMETE BRI T A% RTKLIB £k B A
(% ~ HREE Y GPS SHINEEZEE - RN L MR b o & Ok 555 T s B R £ e
o SR

1. RTKLIB F|HEEG 2= EBUMEZ S G/G thikig » S UEA T s S
fRET NS HEm FEEREER 05 £ 02mm ~ EW JjA EAYEEERE R
0.8 = 0.5mm > 5§87 RTKLIB { FH A& =53 Efr i 8D - RTKLIB #E 1T
FERFFEAVEDAIR (1~10 R)EH L G/G R EVIE ISR -

2. [/ RTKLIB RS GPS ERHEAEAEINEIHIZE ST - A B E A
I o ABEETARARY GPS HE 2 ER 2 RAEN -

3. RTKNAVI HIEFEA > fEE RV EE F3E BT & e 2R @ RE S 58 A
GPS BIRFESAIAVINEE - H @RS e I ELE RIS > A S
H R BB N R ER R T B IR -

4. RTKLIB f5% BEEE N7 i H RIS IRy GPS BUNIEEE - (£ H YR L0
& E#EG GIPSY ~ CSRS-PPP 2RIVAERE - mlgERAE RTKLIB DA #ET
PRI B > BEAER RS B IR TREAIRD - (B
flist AR - HRECGE EREIE SR -

DAHRTHIRRATTE » RTKLIB {EMBRPIERER EA R Eav4E R - [HiAET L
HOERYZER] - MERFBERE T RKEAR ~ SIORFRI TIZEH L > RTKLIB &%
A DA E  ASCE E B (RS (E KR 2 FE R T RENEESE « &M
& BJERY RTKLIB R A EERLARAE B E AL VAERAHE R 88 > T PPP fEMMERRIE2E
F FRITRZ R EAR - RTKLIB #EE A B/ e 1 BSHVE I - SR T AE
FEEE GPS EREMEL XM N E B EH RS AT T W S &P - AR IR
— e A B G AT AT B2 S -

B O

AT ES o &8 B AR # R E » 4R 9% © MOST-104-2116-M-194-002 ~ 4R 5% :
MOST-105-2116-M-194-004 » 3f7 J54 a5 B 22 e 2R A p& B s+ E o L FR I BE RS &R » (AR
WS ENEF T - R 2 -
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SE K
FPPE R - 2008 - 1T GPS BB BT S48 B SR ER L B2 58 2 & RS » o
JebsEle M ERRIEEHTTRTIASE RIS - L -
F[E = > 2016 - CGPS E4FEHIVEMRE 45 H > http://gps.earth.sinica.edu.tw/ - GPS
Lab » o B5ERE - &8 GIL - BT REGR 2016 4 - 11 H -
WA - FEEESE 0 1999 0 GPS fi NS [FEREER] - BUIZE R SR 4E B B A 7
FLES ) BEG
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RE GPS HEAMR R Z KR T KR

EAMT FELE92 BEHRu AR

SRR EA ; 105.10.21
WX iEBHE : 105.11.10
WIIEZHE : 105.12.07

wm =

KRBT AR b AR B A AR YR &2 - /KR B Pk /K& 78 88
FHEEHA R K R AR KR FFSHHPFrR O Rk b Eihrk LAVESEY 3R 52 - 1
A HA RAS KSR KRB EERRE W RS (LA EEN - HI
A RE A W VERUR SR A f#7K & (Precipitable Water Vapor, PWV ) & » B KRR
REFIHZE B M DU SRR THE S B A E 2 B B - Aige LI GPS #UGERFE2 K
fRERERIERI/KR S E » WS E I S BN R R S W& 2 M0IR%
GPS 2 ERELL Bernese 5.0 K /KRS E » WHA/KRBUE RS EE (Water Vapor
Radiometer, WVR) FriBUHIEIRY R IEE & A S AR ATat B 2 R - BERE
WVR BUHME 2 GPS 515 E 23 — 2V » AHBIGEGED T 0.9 DL > SRR 17
-1 22 mm Z [ - FRET R BR85S B RE 28 50 (National Center for
Atmospheric Research, NCAR) FH¥E » HH#E#E#~ NCAR FVEETEA 5~6 mm HIK
lFR S -1 E %5 DL WVR HYEURINE Ry i ds - A 7E st B AV RCRARAS PWV 49 1~2 mm
NCAR HYEFE RS ANEAL PWV £94~6 mmePWV S 0950 T 5 B A TR HIpnss -
SEHEAY PWV AE 60 mm ~ LUEEAY PWV 1 40 mm 5t S 5 A FERAVER & » A3 EER S
1B VSR T TR RAVIRRE » L H R R LIRS EEIE -

- P

il
il

=3

pll

BSEE] ¢ EEKENL RS » /KRR & ~ BIEE ~ 7K5R

DR > B EILRE R B BURAT R 4

P o BT EAL KRR B E SRR A -

P BT MERHEAEERER 4 -

IE  FRREFREERTL -

* WENVEE » TEL: (02)86741111 # 67430 » E-mail: bigsteel @mail.ntpu.edu.tw
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Verification on the precipitable water vapor of GPS

satellite signals
Ta-Kang Yeh?, Shih-Chun Pang?, Tung-Yuan Hsiao®, Jing-Shan Hong®

Abstract

Water vapor is part of the evaporation process — a long existing physical
phenomenon on earth. It transfers energy in the Nature as the weather changes, and is
therefore less stable than other types of gasses in the atmosphere. Because of its
instability, it affects people’s lives in both good and bad ways. If we can more effectively
obtain information on Precipitable Water Vapor (PWV) in the atmosphere, we will be
able to conduct more detailed researches and analyses about the weather and give more
accurate forecasts. This research aims to measure water vapor in tropospheric zenith
delay through signals received from the GPS. It also seeks to understand the relations
between GPS and PWV through precipitation data. Bernese 5.0 is used to calculate the
water vapor, and the wet delay data obtained through Water Vapor Radiometer (WVR) is
used to verify such calculation. Results show that, in terms of measurement accuracy,
WVR and GPS works just as well as one another, with their correlation coefficients
standing over 0.9 and average errors between -1 and -2 mm. If comparing GPS
measurement with that of the National Center for Atmospheric Research (NCAR),
however, the NCAR statistics appear to have an underestimation of 5 to 6 mm. In other
words, based on the WVR measurement, GPS appears to underestimate PWV by only 1
to 2 mm, while NCAR appears to underestimate PWV by 4 to 6 mm. In addition, there is
often rain when PWV is high, such as 60 mm in plain areas and 40 mm in the mountains.
We hope the statistical results of this research can not only help researchers understand
more about the weather, but help for improving the quality of weather forecasting in the
future.

Keywords: GPS, WVR, zenith wet delay, precipitable water vapor, rainfall
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FEH7KREEERRTTERIELHIER 2 R S ATEEN 4% (HTE > 20060) 2
ME—REST DA =FEAURE HIRAT HAATUNYIE - MRS E —ReMIRE EMH G >
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(BR > S AR 2z IR BUI A R A P K E IR 22 PR &1 ORI/ D) R EFfE
e (HUBERm /b)) EAVAE (Wang et al, 2008 )
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