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Estimation of Tropospheric Path Delays using the Fixed-Point
Simultaneous Baseline GPS Determination Network of NRCDP (1)
by
Yukio Fujinawa, Seiichi Shimada, Tokuo Kishii,

Shoji Sekiguchi, Takao Eguchi and Yoshimitsu Okada

National Research Center for Disaster Prevention

Abhstract

Geodetic baseline measurements using the fixed-point GPS baseline determination
network have been undertaken in the Kanto-Tokai district, central Japan. Various ways
of estimation of the wet term tropospheric path delays were evaluated.

Surface and vertical profile meteorological measurements were used to estimate the
wet term tropospheric path delay. These values were compared with the analyticallv
estimated wet term tropospheric delays at zenith. It was noted that the analvtically
estimated values are the most deviated among the values evaluated. This seems to be
caused by the present unfavorable satellite constellation over Japan, insufficient accuracy
of satellite orbit parameters and an inaccurate reference frame that has been adopted.

Key words | GPS, path deley, troposphere, accuracy
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1. 3LC&IC

GPSZEHEHWHMREBHOERE T, 107N EOBEEOEROACEE T ~2HH—
2z, v 7 uEOEBERE L UNHEK BT 2 B ERIEEEL (Excess Path Delay,
EPD) i 2, EEEEICH 7 2BIEDHIZ, L1, L2002 %22 ET56 22k, ©4 7
TRONEBIEEE ST, TASBETHETE S LSh T b (FIRE, H A7 2,

CFEMFRE, CE2PRENRIEVIRE, CUE 1 TR RRE R RE,
TH L WTRIMEIE TS, B 2 B RERRE, O 2 IR SRR E (s P RIERE)
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1986, P153). ®ifrtElic 517 2 BIE X, HHAKIZ L 20 L, RERTPOKERIC L 5 k502,
BEirAidensd, fiZodry termOKXKEAROEAL(cm) i3, Py HRIZIB I 2 REE
(hPa), A%, h%®EE (km) & L THopfield (1969) D #EEE=,

A Li=0.2276P; (1)
#H 5 aix, Saastamoinen(1972) D #EEAZ

ALy=0.2277P,/F(, h), (2)
F(i, h)=1-0.00266cos(2 A)—0.00028h (3)

A, mmOKOREEE THETSE S 2 LBAED(1985) s O FTHRENT WA, Y44 F
A LB WLTH2Z0emD K E % L& Sdry termALD#EFCHE, THFOXTHITH S,
ZHIEHL T, wet term@OREHRIDEAL, (cm) IC2WTH, e FHRICE T2 KEIE
(hPa), T, %2#FEH (K) & L T, Saastamoinen(1972) i3 #8E& =,

AL,=0.2277e,(0.05+1255/T,) /F(A, h)

REELTWE, BE- - BEONRECE T2 PN EELRELZLTHD, ZhE
DEEMVPEBCET A, drytermiZENTHOWEETRD 2 I L# LWL, 20,
ALEHE - QIET 2L 00D HESRESH, XBR7F—F L OEEBN e TS (Hl2
X, BABIHZES, 1986, P159), #Oh T, KBER 7 ¥4 A —F% —(Water Vapor
Radiometer : WVR) T £ 2 BEHIESSERIL T TH 2 54, £DHITIE, FHMER
& < Eii TER D T OMEZFRIROMESEIRE LS.

S Tralli ef al., (1988) 13, GPSHEIIFEE & wet term@E D D Hik & ORIz DWW T

A EREE L,

1) #EKRET—% %A, (2) R & HEloChao (1973) DiEER &, wet term AT E D KTH
AAMTOME %KD 3 728 DMapping function (FERE#) & L T, Lanyi(1984) DX
Uiz s> THAT 2 5k,

2) KER VA A—F -tk 2 EEHT,

3) GPST— 98V 7 b = 7iZ L D HEE,

D3DFE L. i, HERALY ELT28E5E, BEET VI TEHTA L
L7 BE OB 217> T 3, BEOEWES (ALyS10cm) 2, ZhFOHEIC & SHEE
EOMICE, KEZEHEVHOD, K2 LHEE(AL~20cm) i, £REHEE Ore-
peatability (B IX, 1) O ERRFT—F L 3ESPRVBEHELTEN, WVREH
WTHREZTY, Bl hoE#S»EET 5212k D, 0.0lppm(parts per million :

10-%) O L~ Drepeatablility @R a3 Z & 2R L e,
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ARG T, Yy —HEK - HiEiscERE L - BE A GPSHiR A S S Bl L 5
F—#&#RAWT, ALEZHHAIL, #ha2&RTOZ7 V94V 7T L 25BAREH T —7 »
SBEHHLUIERZY Y HEE LR HRRS,

2. TYLRIRDTIE

NHRET 57 —F1%, 198844 H 6 H(97DOY : Day of year®O#T1 A 1 H» 5 0EHE
H)# 55 H 7 H(128DOY) @ %+ > % —DEHH » HEEEE AGPSEHIHE (Shimada e al,

; 88DOQY, 1988
YST 219°—-47'50".176W ICH 219°49'35".601W
36°156'207.864N L l 35°24'14 599N L
——e—— t e
i Mode W-EPD
0.7001 E » BE. D+R
(3.1cm) X B.E. O+R
(2.5cm) AQ.R. O+R
0.”001
a0.R. F

1 HEEMC L 2EMEDRCOF . HEE—FiE, BENE 7 A - —LEEE
(Aero Servicettf2ft) iz EE L, BESOIE% K 2355 (Baseline Estimation
Mode : B.E )&, BV 7 b oo P X NEEIF— Y 2> THEHE Z A —¥
— % HIET 2384 (Orbit Relaxation Mode : O. R. ) =2, kEFIC L ZEPDDE
Ferid, 1M EEESSE L LFEBCHTELETSEG(D+HR), 2)WEERS
AT 2EAMETIHE(04R), NERFOFIA /v Tk 7—F LK
fHCEET 2H5(F), OIEETH3,

Fig. 1 Anexample of the dependence of GPS geodetic solution on several computational
conditions. There are two types of experiments: baseline estimation mode (B.E)
and orbit relaxation mode (O.R.). In the baseline estimation maode, the coordi-
nates of stations are treated unknown with the orbital elements being held fixed,
and in the orbit relaxation mode, station coordinates and-orbital elements are
treated unknown.

The wet tropospheric path delays are calculated by three ways. 1) Estimation
of residual zenith delays starting from the value obtained using the formula of
Saastamoinen (1972) with the standard atmospheric model (pressure Po=1013.25
mb, temperature T =20.0°C, relative humidity h=>50%): (D + R). 2) Evaluation
of total zenith delay without any prior calibration: (O + R). 3) Adoption of a
fixed value estimated using the radio sonde data of Japan Meteorological Agency
(JMA): (F).
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1989) DESHICBW TGS I ERRT— ¥ (REP, [iET, HuigEe), [ETD 7
VEVTIEIBBERREA T -5, AT 7 v =7 ICE SRR, OIEETH
%, KEAero ServicettDHIifEY 7 b7 = 7 SONAP”TiE, AL EZ#MAMES UICHEE
T3 hEE, FIHEICHT2REE2 RO AELLDHS.

IOFV YT LAREEEP, T, e DHEIHOE S (significant level) 2517 2{#
P, T, ehrn, RAABRESEL252 2B 2T, *OBTOEROBEITEL IR
%, EffERR A, HPA8S)Iick -, 794V TICLABIHITE, BET - 0RF
sRLEED LRI, Hick>TEL, H10kmTH D, KBERIC L 2HALDFHEIZIZZ
DEEETOTF— I NEETES, —A, diytermaALOEEICE, R[E, SEQOT—50
BoNs2Tkm»s LR TH 5.,

3. NFA—I—FEDOETF

Loy —THEELTOBRETY 7 b7 27T, 7—5ABOBRTE D H»OBIRE
Ha. EEWTARDICHLEE, TEE R, 1)ifEE—F, 2)BESHEET L, 3)
ROBERETHI, HFOBRIRKE, SEROFSE - FHHCL VRER DL LTIT &
EHBH, I TIZEPDOEEIZBEL T, B2 OREHERELD,

B1id, BFHEE—FO&LE, BonlBffE: OBREATI 23D THS. 19885FD
FRIH I To e BHIc BV T, ELMHEOAKVIBIE2EER L LT, BERDZHD
T, JRYST) EfEICH) O EH kL ThH 2 (ZEESONE E, Shimada ef al., 1989
rEROL). HER,

1) Baseline Estimation mode (B. E.,, #E#8EAFHET 5)

2) Orbit Relaxation mode (0. R, BEHED /T A —F —DOFLEELRD L)

D2 ODBE LT, Xwet term®@EL Y HFvs i,

1) HFIERSSRIE (Po=1013.25mb, To=20.0°C, FHxHE&50%)%H v 35EE (D),

2) MBICBI2REEET VI VEHL-ECEET 25HE(F),

3) BATY 7 by 7 TYIRES LICHE T 2% E5(0)

DIEETHD, #BE (R, BFY 7 b7 7 THIEMEEHEE L2 2 & (Relaxation) &
¢, XMapping function & U TiZ, Davis ef al (1985)12 & 5 KERE, SR, SUFEOH
FiEe, T, PUEET 2 EREHE-CFA 2287 L 2> T3, &8, B52), 3)
ZBWTE, drytermiBHIES I B 2HERRKFEEC I VEEL TS, ZOKLD, 8B
E— Pk D EHEEE R & 7 EIEEOEERE, My O B ITORITRES
ERT)INVRECERZENET S I b3, HICBKTFAROEIEEDA 2R LT
2, FFHADEES L, BOBERF02~38L0d, X, 20EE, BEESE LK
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220°31'47".377W
FcuU |

99DOY, 1988

35°-39'13".817N

__‘ 0.°001 (3.1cm)

0."001
(2.5em)

40
= 0.1PPM
*x 06
4 1.0
@ INITIAL

22 FEEHFORICLZETEOBLOF 2, BEIE T A Y —DFEEEDES
W (AQ)EEZBORFS (FCU) DK P EEFAME (D) L h HFEL TR /-
LOT, Z20BGORBEEEZDEET—HL T3,

Fig. 2

Another example of the dependence of GPS geodetic solution on computational

conditions. Coordinates of FCU are shown for three choices of assumed accuracy
of the orbit parameters {AQ) starting from the initial positions shown by the

symbol ().

shown by the cross through data point.

aLW

&3

99D0Y, 1988
¥ST

]

0.5 1.0 PPM

~0

BTV 7 b7 = 7z k& Hwet term EPD
EALSCOHEE L, RTHEREAQ
DR, A0D0.1~1ppm® fE T,
AQEALSY L HERZBRICH S,

Bl OWHIEEEEEAX A THEY O
EBS(EToBRAS 2w, K EHAL
10cm, ETFAM%Z20cmE T 258"

L2mlidhicatL T, 3AMmE L 100
emE T BHE T I DLW TREL A,

L2 AXicidHF DikEL 20, M. D,
HEBREENi- 25— L 0ETEL
7-{E.

Fig. 3

Three solutions are coincident in the range of estimation error

Relation between the wet tropospheric
delays at zenith AL,' estimated by
the GPS simultaneous orbit and net-
work adjustment software ("SONAP”
of Aero Service Division, Western

Atlas International Inc.) and the
adopted accuracy of the orbital
parameters A0, AL®  depends

linearly on A0 in the range 0.1 ~ 1
ppm under the condition of the GPS
satellite constellation over Japan in
April, 1988. On the other hand, the
zenith delay AL,'® does not depend
significantly on the choice of the accu-
racy of the coordinates of stations
(AX)., The horizontal line "M.D.”
indicates the wet term excess path
delays estimated on the radio sonde
meteorological data.
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LU DE#ESREVWAFLEREL %S, HL, BEROAFREEZEEIZ, EPDORD FH
OB ICIE, BEOEEATEEIAR Y, IOLIRHEET-—FIZLAMBORY I, &iC
TT LD CHEBEMEBHROBEDES (Aero Servicef IR DO RERE % A\ T & ¥ HIEEE
X S AEEMEE, BlmicET 3) L, BASO® O EVLBIFIZ L o TR RE T
BEORESHULEESELTHUEZEWILOATHS, SEINFOMESRUHEER
BEOHBIZLD, ZCRFRLIZBORD GAECHYT 20 LIRS,

SO0 FELBRBRBEBEROBETH 2, RETR I bro20vDT, M2
i, ¥ERE (A0)250.1ppm, 0.5ppm, lppm: L7: 3 2OBZIZ DT ORIGEERLT
w5 (0.1ppm : “+"F1, 0.5ppm: “X”"Fl, lppm: “A"El), FEDFEME, Aero Service
HEDRBBENEEPE T A - —CHTIHEETIE-FO.RIEL, BEED
wet termiZHTHIEZ: LicEET 260 e L, iIEICH) 2MELT2HDTHS, Mgt
1988 D HEIYH DO (FCU) DB R L Twa, 2oL b, SEIEE(ET0F—5 %
HFLELTET « FECEFILEBRATRT)OBEBENT—RLTED, »O0HEEEE
EDNd it ->Tna,

—HT, BV 7y 2 7R EDHEEL TESIEPDOwet termAL,®iZ, B3 2T
M, WEHOBRTHEREEAOL, P72 L 0. 1~1ppmO A TIE, 1REHIOBEFESDH
L (RHTY 7 b v = 7 CHEPD2FORBIEMAHE T 528, dry termidEER(2) T+ R
(KROSENTWE LRET 2). ARBIUITHEETOZhE_S>OESAIEEEEEGEEE T
20, BEINEV I VYT ThHo0, BERTHETHS, M3k, BEASREH
DTF—F L OHEL2wet term® “EH” DEM, DI)HTRLTHY, ZOfER5Z 2HEHE
EAQIZ0.7TppmE 24, Linl, WIZET L2, HEDE 5, wet termDEEBE AL,
55, EDE» S RKE L FThTWEOT, SEIE, BitEZ2THT, A0=0.1ppm:EET 3.

X, VIHEEEOREE S —DORREE 2o Twa 4, H3IRT &5 I02TOYHEE
HEOEEL, KEABAXIZ2LT0.1m, 2 Ah DV T0.2mE LGS (OH) &, R
SEAX=1m, Ah=1mk L7=8E& (+H) Tid, AL, ODOKE 2 ICFRA SHHED 2 <, S
ffEICDOWT L [EBETH S,

4. BAT) 7 b9 72 & Bwet term EPD (AL,®)DHEEE

BERAREHSZ, ¥y —OCGPSEUERETIE, MO, 85, &5, (I8id s,
GPSZE#LHE L HMUIBCRTVWOT, EENONO=A(F0IR, %5, &) ToEd
BRE I B AEEAREHN 7 — 7 hokdiwet term AL ™EEE L 72FF, BB LIS
TIRERWHEEZRL, HemOBETARFOHIZ2WT—BL:, HL, BOoRZOL &
ERPRLE2EEERLL G EREOEVER R, BTHROXRBENRZEL Tzl L,



R - BEHE (& E i GPSEAIMIC L 2 MRECRBEEOHE () — - B - B3 -0 - L0 - WA

2EELTAL™DREEH I ~WemiZAHT 250D, FRAEOHTWemEL FTH o7z
BEEZonS, ZOBZRRETE, BRLOBAE I ECBIALAERE LIIGIZBT S
EOFHEE LT REREENZWI titbolz, LD ERBESHEE T, HH(1985)
DRAATEICEBS BT 2BAUEORFEEE2EI b L nThHA I, H4icid, &
BTORKTI L 2BBRREH 7 — 7 X 2EAL™ (A, FAEHOMREL (B
14m) TORRT—F7 L0, (2)R2FE> TR AL (+H), Hr >y —DGPSEHHIED

Al
15050 3
XT>15 i\
5 HMO {x No<3 / '.1
A ICH, SM I
4 WAJ, SONDE i
100~ 4+ way,sm {1

" | L J
100 110 120 130

DOY (1988)

X 4 Ero Ak bR 721988 4F 97DOY 7 5 128DOY @ HA R ® wet term EPD
(aLy), CEl, 847y 7 b = 710 & DHEE L iR (HMO) i< 813 2B T, WAE7
—FEBR R 2FEE) —E L REL TRB 6D, T—FOE Tz %I ES
fEL7z BRS8N KREL, B FBIEWTREBEENRELWI L 2T L, X
Elid, 7=y OB Es N A3 M BEOESUT THL L 217, AR
[UREP T — F X D Saastamoinen (1972) DX 2 - TEHY L 2WRE(ICH) ic 813 %
EAL, AMZSRTEERIFEET — LD HF(1985) QTR 128 TOE
ALMERT, +HEEESKENO 7 -7 0RTHE(4m) BT 58K 7 — 5 &1&
S TRDIZEALLS,

Fig. 4 Wet tropospheric path delays at zenith AL, estimated by several methods during
the period between DOY 97 and DOY 128, 1988. The value at HMO(C) was
obtained by the GPS data analysis software assuming constant during a tracking
session lasting about 2.5 hr. Data attached by a symbol ( + ) have normalized x?
-value large than 1.5 suggesting a large systematic error and those attached by a
symbol (X) correspond to observations which obtained data only at three stations,
the number being nearly half compared with other ordinary observations. Also
are shown the wet term zenith delay AL, (A) based on surface meteorological
data at ICH using the formula of Saastamoinen (1972), the delay AL, ™ (A) based
on the radio sonde data of JMA at Wajima, north of the NRCDP network, using
the algorithm of Tanaka (1985), and the delay AL,*'(+) on the near surface (h=
14m) meteorogical data at Wajima using the formula of Saastamoinen (1972).
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HR(CH) IcB 2 FERT— 2 L VKD ALS(AM 2, BIFY 7 by =72k D
HLTHLEALCOER(HMO) kB35 0 (OH) iz Fuy FLTHDE, ZORHD
5, UTDZ La8bhs,

1) f#47Y 7 by 2 7 X B EIEMEALSNE, —10~+150cmizRE D, Z 94V FO7
— 5 L D RDOIAEALSMI AT, HYZKE L, BEDOE|ALS—AL,™|iX, AL
30emTi%, (AL,®—5cm)BE, AL/9>50cmTit, 20~30cm& %3, BOELZH5HbL—
Hbz., ALOBEIRICAE {KRF 272 (50cm) HZOWTHANTRS &, /h_Fhic &
D O ERL B PR 2 (=1.35) L D EREICKE W (g2 >1.5, B4z “+” EHITHR
TIZeR, 77— 0B onEEORAIHL oD (FFIZ "X EN T2 L
BREADRERTHS Z Lddbird,

2) ALSODZFEIIZ, REABAL™DZh LFhA CHEBZ L, HLEEERS B
PO BB T 2 ALOEHE LIz L 23, ALSOREREB T 2 HRILOEEIEE L,

3) BBRSREH T - ItE S BEEAL™EHERE T — Y CE T BEEHEE
AL®E, AL®IZHAT, BAF(1985) 3BT WAL, HEZEWEERE2RL, KE&0D
ELAIV ALY —ORREHF— 712k 2EALPR, MO 220 HKICL2 b0
AT, BOBKRE LR, Zhid, #ERKREZGHOFRGF 2 ITEE L ENER LM
LTORWATHS S, N IREKREOHESOME(AE) b RL Tw 55, AL

AL‘,‘.,'
cm
100+ HMO
« "moe A A x x 601 % B @
. [ x a
- x a fay
. B+ A x
o A % I a
S S X *a o [c] x E'z'o. =% B . ExA
. v, A Ax B g A
e se A xa e melix apx &
—50™ —20 | -0 o0 1 20 30 go 50™
a
) x NS
—201 -
x 4
a6
—a0l e

[ 5 R (HMO) 2 51 2 AL L 4 DOHE(NS=3, 4, 6, 8 DHFEMEEAS L DM
R, A EHBD RSV,

Fig. 5 Wet tropospheric path delays at zenith AL,® at HMO obtained by the GPS data
analysis software versus to the correction of initial coordinates of four satellites
(NS=3, 4, 6, 8) AS, here AS is the value of the component of the correction
vectors with maximum absolute value. There seems little relationship between
these two quantities.
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