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Applications of the atmospheric propagation delay to
the GAMIT software

ZHANG Qing-zhi
( Chengdu Institute of Geology and Mineral Resources, Chengdu 610082, Sichuan,
China)

Abstract: As the GPS signal travels from the GPS satellite to the receiver, it propa-
gates through the atmosphere of the earth, where it is retarded and its path changed
from a straight line to a curved one. If we take the simplified mathematical model for
the observable to be one in which the signal is assumed to be propagating in a straight
line and at the speed of light in vacuum, then the “atmospheric propagation delay” is
defined to be the difference between the true electrical path length and this assumed
straight line length, and may be implemented in the GAMIT software. The present
paper deals with the generation and effects of the atmospheric propagation delay on
the GPS measurements, controls of the GAMIT softw are on the atmospheric propaga-
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tion delay, and methods for reducing and eliminating the multipath errors of the at-
mospheric propagation delay.
Key words: atmospheric propagation delay; GAMIT software; GPS satellite
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1
Table 1 The effects of the elevation angles of the satellite on the microwave propagation
90° 20° 15° 10° 5°
/ m 2.31 6.71 8. 81 12.90 23.61
/ m 0.20 0.58 0.77 1. 14 2.21
/m 2.51 7.29 9.58 14. 04 25.82
2
Table 2 The adjustments for the atmospheric propagation delay calculated from the cosecant of elevation
90° 20° 15° 10° 5°
1 2.92 3. 86 5.75 11. 47
/m 2.31 6.752 8.9166 13. 2825 26. 495
/m 0.20 0.584 0.772 1. 15 2.294
/m 2.51 7.3292 9. 6886 14. 4325 28.7897
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SITE FIX —COORD. CONSTR. — DZEN WZEN DMAP WMAP —MET. VALUE— WFOLE
ALGO Algonquin NNN 0.02 0.0020.010 SAAS SAAS NMFH NMFW 1013.25 20.050.0 NONE
CATO Castro Pead NNN 100. 100. 100. SAAS SAAS NMFH NMFW 1013.25 20.050.0 NONE
DZEN (1) DRYZEN,
SAAS, WFILE , SAAS
( ) W — FILE (Weather file, SA AS ,
NONE) , —MET. VALUE— ,
; ., CNNN,
NNN , . (230 230cm.
WZEN (1) WETZEN, SAAS,
, WZEN WV R(Water va-
por radiometer) , , —MET. VALUE— ( 20C,
50%) .
CNNN, NNN , .
DMAP  WMAP (1) DAYMAP  WETMAP. 1996
GAMIT , Arthur Niell NMFH NMFW ( )
1985 Davis CFA-2.2 , CFA
WFILE ,
WFILE
Static met file for FOR2 Brush 2 1988 Day 148
END
1988 148 2100 1988 149 0600 FOR2
Time (UTC) TEMP PRES REHUMID
LOCAL LOCAL LOCAL
YR DAY HR MN DEG C MB PER CENT
88 14(8fme fOrmm)Zl 00 17.9 979.0 70.0
88 149 06 00 17.9 97 70.0
END .
(9 ( millibars) ,
(%). (LOCAL)
(SEALEVEL)
GAMIT (<< 30km),
,SOLVE
sestbl. sittbl.
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Table 3 Representative values of precision for the atmospheric propagation delay
Number Zen W mean( cm) nms Wrms
4 2.1 5.89 6.4
CSD4 9 1.7 5.10 5.5
13 1.7 4.73 5.2
4 —2.8 3.52 3.6
CSD1 9 —2.9 2.93 3.0
13 —2.9 2.70 2.8
4
: 5%, :

(1)
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Fig. 1  Plots showing the relationship betw een the zenith delay and Number Zen
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< SAAS>
* P ——— Total pressure, mbars( mbars)
¥ T ——— Temperature deg( C)
* Tk ———— Temperature Kelvin
* Phi ——— Geocentric latitude, radians

* Rh ——— Relative humidity( 0—1)
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* h  —————— Elevation abobe the geoid, km
* tk =1t + 273.15
ffun = 1.0—0.266 *cos( 2.0 *phi) —0.28 *h
e= th *6.11 *10.0 * *(7.5 *t/(t + 2.373))
saas= 0.2277 * (p + (0.1255/ tk + 0.5) * e)/ ffun(phi, h)
< NMFH>

EY

sine = sin(elev * deg2rad)
*  cose = cos(elev * deg2rad)

* heta = b/( sine + ¢)

gamma = a/( sine 1 beta)

* topecon = (1.0+ a/(1.0 + b/(1.0 + ¢)))

*  deg2rad = 3.14159265/180

* ab,c — the a, b, and c coeffiecents in the continued fraction
* form of M arini( 15°,15° =75, 757).
*  hmf(1) — delay mapping function
*
hmf( 2) — d-mapping-function/ d-elevation (dhmf{?2/ d-el)
hmf(1) = topcon /( sine + gamma )
hmf(2) = —topcon *cose/(sinet gamma) * *2 *(1.0—a/( sinetbeta) * *2 *(1.0—

b/ (sinetc) * *2))

<NMFW>

*

wmf(1) — delay mapping function
* wmf(2) — d-mapping-function/ d-elevation (dhmf{?2/d-el)
wmf( 1) = topcon/ ( sinet gamma)
wmf(2) = —topcon/ (sinetgamma) * *2 *(cose—a/( sinetbeta) * *2 *cose *(1.0—
b/ (sinet ¢) * *2)

[1] , .GPS (M. . ,1997.
[2] , . GPs  []. , 1999, 44( 8) ; 851— 854.



