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Estimation of precipitablewater vapour from GPS during winter season 2003
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ABSTRACT. The distribution of water vapour in atmosphereighly spatial and temporal variable. It plays a key
role in many atmospheric processes. The total iated water vapour or equivalent precipitable waggrour (PWV) can
be estimated with the help of Global Positioningt8smn (GPS) Zenith Total Delay (ZTD) data. The vatieZenith
Hydrostatic Delay (ZHD) is modeled and subtractiram ZTD will give Zenith wet delay (ZWD). Consequby, the
estimated ZWD values will provide PWV in mm almasta continuous manner. In this paper an attemptieen made
for the estimation of PWV in mm during winter seas2003 for New Delhi and Indian Institute of Scien@ISC),
Bangalore stations using GPS data. The result sfaiisgood agreement with the radio-sonde data.
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1. Introduction processing is needed. The atmospheric part produaes
types of delay one Zenith Hydrostatic Delay (ZHDda
The atmospheric water vapour is very important for other is Zenith Wet Delay (ZWD). The sum of ZHD and
the vertical energy balance of the atmosphere andZWD is called The Zenith Total Delay (ZTD). The ZTD
precipitation forecasts. Its estimation by directralirect data without met package is retrieved from GPS data
method is difficult, due to its temporal and spatia using the GAMIT (King and Bock, 1997) GPS data
variability. The direct measurement of PWV from processing software developed by Massachusettisubast
Radiosonde and Water Vapour Radiometer is veryof Technology (MIT), U.S.A. ZHD can be modeled
expensive and time consuming. The retrieval in @lsb  accurately but the ZWD is highly variable in spael
real time hence it cannot be used in Numerical Wasat time and it is very difficult to measure it predise
Prediction (NWP) models. Similarly the satellitesbd Temporal variability in ZTD is highly linked to
water vapour studies are more accurate for ocdzars t atmospheric dynamics. The study of the distributidn
over the land area as it has emissivity problemthim water vapour is very important for the genesis @&sm
present study the GPS data is taken only in théttrzen and convective scale weather systems. Water's pemha
direction and without met package. Ground-based&lo dipole moment is also directly responsible for the
Positioning System (GPS) reference stations measurainusually large latent energy associated with weater
precise carrier-phases, which can be used to dstima changes of phase, which in turn significantly intpahe
integrated water vapour. GPS transmit signals, kwis&n vertical stability of the atmosphere, the structuaned
be received at the earth. The signal travels throting evolution of weather systems, and the meridional an
ionosphere and atmosphere both causing a delay. Theadiational energy balance of the Earth-atmospsgstem
ionospheric part can be eliminated using two défér  (Businger et al, 1996). Thus, knowledge of the
frequencies but to estimate the atmospheric partdistribution of water vapor is essential for arstanding
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PWYV(Bevis) for Delhi (Jan-Feb2003)
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Fig. 1. Precipitable water (mm) comparison Radiosonde@R8 (Bevis) for New Delhi (Jan — Feb 2003)

PWYV (Mendes) for Delhi (Jan -Feb2003)
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Fig. 2. Precipitable water (mm) comparison Radiosonde@®8 (Mendes) for New Delhi (Jan — Feb 2003)

’g PW V(Sol) for Delhi (Jan- Feb 2003)
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Fig. 3. Precipitable water (mm) comparison Radiosonde@m8 (Solbrig) for New Delhi (Jan — Feb 2003)
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PWV(mm) and RH (%) for New Delhi ( Jan - Feb2003) —e—GPS
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Fig. 4. Precipitable water (mm) and RH (%) for New Delkarf — Feb 2003)

PWYV (Bevis) for IISC (Jan-Feb2003)
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Fig. 5. Precipitable water (mm) comparison RadiosondeG8 (Bevis) for ISC (Jan — Feb 2003)

PWYV (Mendes) for IISC (Jan- Feb2003)
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Fig. 6. Precipitable water (mm) comparison Radiosonde@®8 (Mendes) for IISC (Jan — Feb 2003)
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PWV (Sol) for IISC (Jan-feb2003)
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Fig. 7. Precipitable water (mm) comparison Radiosonde@R8 (Solbrig) for IISC (Jan — Feb 2003)

PWV (mm) and RH (%) for IISC (Jan - Feb2003)

= ——GPS
< 80 —B— RH(%) —
@ 70
T 60 -
® 50
£ 40 |
£30 W
> 20
2 10 1
0
MESENENENENENENENENENEN L AL A S NG NENE N NG G RGN

Date

Fig. 8. Precipitable water (mm) and RH (%) for IISC (JaReb 2003)

of weather and global climate. Although GPS derived the ZTD following the concept describe in Bews al.
water vapor is not free from errors some of theni wi (1992) and Emardsaest al (1998). Firstly, the hydrostatic
come during GAMIT processing like biases in receive delay ZHD (m) is calculated as shown below. Theithen
and satellite clocks, multi-path and ionospheriorection Hydrostatic Delay (ZHD) can be calculated from kbeal
etc. surface pressure

2. Data and methodology ZHD = (2.2768 + 0.0024p/ f (6, h) 1)

The GPS Zenith Total Delay Data (one day mean) Where,
used in this study is obtained from Wadia Institofe

Himalayan Geology, Dehradun for the winter montls o f(0,h) = 1 -0.00266c0s @ — 0.0002ch
January and February 2003. The radiosonde datkés t
from India Meteorological Department Lodi Road, New where,Ps is the surface pressure in millibars and

Delhi. Integrated Water Vapour (IWV) is retrievedm (9, h) is a factor accounting for the variation in
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gravitational acceleration with latitude and heighhe Ry=286.9 J/kg.K (Specific gas constant for water
ZHD subtracted from ZTD yields the Zenith Wet Delay vapour)
(ZWD).
R,=461.51 J/kg.K (Specific gas constant for dry
Mathematically, T,, is the integrated mean air)
temperature given by : IWV = p PWV )
J-&dz Wherep is the density of water in kgAn
JT
Tm P. ) 3. Resultsand discussion
j?dz

The value of ZHD is modeled (Saastamoinen, 1972)
and calculated from equation (1). The value of ZED
retrieved from GPS data using GAMIT processing
software of MIT, USA. The values of PWV in mm are

Because the integrated mean temperafQigjs not
known exactly, it can be related to the surfacepnature
Ts linearly by the empirically derived formula (Bevis

etal 1992) : retrieved from equation (6). The IWV or equivalgntl
' ' PWV in mm values retrieved in this paper are olgdin
T,=70.2 + 0.7, @) without met package. So the main parameters (pressu

and temperature) will not be initialized for eaatesh

using this relation yields an average error in P@f\less retrleyal. Bec?use the _atmosgh_erlc cpnd|rt]|on$ w;bIt
than 4% (which is still a conservative error esteja 'SMaln same for every time and in tropics the vamain
[Yuanet al, 1993]. day-to-day weather is more so it can show moreatian

in the values. It is because we are not initiafizihe met
parameters for each fresh retrieval of IWV and ketie
determination of mean temperature is also affecigaurt
from there are other errors are also includedbileadcast

_ . ephemeris, propagation errors in the ionosphere and
Tm=50.4 +0.78%, (K) (Mendeset al, 2000)  (4) troposphere, receiver and satellite clock biaseli4path
and receiver noise. The atmospheric mean temperatur
from different temperature models (Bews al, 1992,
Mendeset al. 2000, Solbrig, 2000) given by equation (3),
(4) and (5) have been utilized for the study. Tesults
obtained from all the three models are quite eraging
with radiosonde data [(Figs. 1 to 3 and Figs. 3){o This
study is useful for monitoring the meso and convect
activity over the station. The relative humidity .KR
values [Fig. 4 and Fig. 8] obtained for IISC andwNe
Delhi provide an indicator for moisture during weént
season 2003. The R.H values for radiosonde data and
PWV from GPS data is approximately double in theeca
of IISC Bangalore but for New Delhi this variatios
quite irregular. India Meteorological Departmentl\start

Mean atmospheric temperature suggested by othe
models is given below :

T, = 54.7 + 0.770s (K) (Solbrig, 2000) (5)

Mendes et al, 2000 evaluated the accuracy of
models for the determination of the weighted mean
temperature of the atmosphere. Over the Indian
subcontinent an estimation of precipitable watenfiGPS
data for Bangalore, Kodaikanal, Hanle and Shilloner
the 3-year period has been done at CSIR Centre fo
Mathematical Modeling and Computer Simulation
(CMMACS) Bangalore (Jadet al, 2004).

The PWV and IWV are expressed as follows :

PWV =K ZWD (6) soon the GPS data processing at five places.

Where,
4. Conclusions

_ 10° : :
K —(—.)7 (i) The results obtained for PWV from GPS data and
K/ Ty ko JR, their comparison with three temperature modelsfairty

good. The root mean square error of PWV for NewhDel

Where, and IISC are approximately of the order of 4 mm &nd

’ mm respectively.
ko =kz - (R/R) ka
(i) The variation in the R.H values for the two siaf
The values oky, k; & ks are given above. shows an idea of moisture and instability/ stapitiver
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the area. The R.H. variation for New Delhi
irregular than 1ISC Bangalore.

3. The distribution of Intergrated Precipitable

Water Vapour (IPWV) is essential for understandafg

weather and global climate. Further from GPS dh&a t

variation in R.H. over an area will provide an idef
availability of moisture and instability over arearwhich
is useful for day to day forecasting of weather.
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