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ATMOSFERDEKI YAGISA DONUSEBILIR SU BUHARI MiKTARININ
KURESEL KONUMLANDIRMA SISTEMIYLE OLCUMUNUN
DEGERLENDIRILMESI

OZET

Kiiresel konumlama sistemi (GPS) kesin bir yon bulma ve jeodezik konumlama i¢in
kurulmustur. Sistem, yerkiirenin etrafindaki yoriingede hareket eden uydulardan ve zamani
giincellemesi agisindan destek istasyonlarinin zemin tabanli aglarindan olusur.

Uydu takimindan olusan GPS, atomik saat ile kontrol edilen L bant sinyallerini yer
yliziindeki alicilara iletirler. Sinyalde meydana gelen zaman gecikmesi alicidaki konumunu
olusturmak i¢in birden ¢ok uydudan tek bir aliciya dogru hareket eder. Sabit konumdaki
GPS alicilarindan elde edilen bilgiler sinyal yolu gecikmesine bir¢ok faktoriin etkide
bulundugunu gosterir. GPS sinyal gecikmelerinin biiyiik bir kismi sinyallerin iyonosfer ve
notr atmosferden gecislerinde gerceklesmektedir. GPS sinyalleri troposfer boyunca
ilerlerken yayilim gecikmesine neden olan bir ¢esit kirilmaya ugrarlar ve bunun
dontisimiinde ise GPS 6l¢limlerinde troposferik hata ortaya ¢ikar. Troposfer GPS
sinyallerinde sacic1 bir etki olugturmayan bir ortamdir. Bu nedenle yayilim gecikmesi,
sinyallerin frekansina bagli degildir. Bilinen bir lokasyondaki aliciy1 ele alarak ardindan
uydunun bu lokasyona uzaklig1 hesaplanarak anten dl¢iimlerinin verdigi uzaklik
degerlendirilerek toplam atmosferik gecikme hesaplanmaktadir. Genellikle su buharinin
sebep oldugu nemin gecikmesi ile kuru hava ve su buharinin karisimiyla meydana gelen
hidrostatik denge oldugu diisiiniilen kuru gecikme arasinda bir ayrim yapilmaktadir.
Zaman i¢inde yavas yavas meydana gelen bu degismenin %90’ 1 kuru bilesenlerde
meydana gelir. Kuru gecikme atmosferik sartlara 6zellikle basinca baglidir ve sadece nem
gecikmesini ihmal ederek kolaylikla toplam troposferik gecikmeden ayristirilabilir. Kuru
gecikme zenit (basucu) yoniinde 2.2 - 2.4 cm’ den daha fazladir. Ancak yiizey basing
gozlemlerine dayanan yiiksek dogruluk ile tahmin edilebilir.

Kuru boliimiin aksine nemli olan kisim daha zamansal ve uzaysal degiskenlere sahiptir.
Nem gecikmesinin bireysel uydulara olan etkileri, zenit yoniinde belirlenen anten
lokasyonundaki zenit 1slak gecikmesinin bir degerine 10 - 40 cm arasinda deger veren
karmasgik haritalandirma yontemlerini kullanarak belirlenebilir. Ote yandan, hissedilir
derecedeki su buhari i¢eriginin ve bulutlarin biitiiniiyle troposfere hapsolmus durumda
olduklar bilinmektedir. Boylelikle troposfer tiim 6nemli hava olaylarinin gergeklestigi,
ylizey ve atmosfer arasinda yer alan su kaynaklarinin buharlagsma ve yagis (yagmur, kar)
yiizlinden yer degistirmelerin yasandig1 bolgedir.
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Hava durumu tahmin kesinligini 6nemli 6l¢iide artirmak i¢in ise yagisa dontisebilen su
buhart (PWV) o&l¢timleri kullanilabilir.

Bu c¢alismada troposferik nem gecikmesini bigimlendirmek icin GPS gozlemlerinden elde
edilen meteorolojik ( GPS / MET) verilerden yararlanilarak su buharinin kismi basing
fonksiyonu i¢in gelistirilen PWV model denklemini de kullanarak alternatif bir yaklagim
sunulmaktadir.

Calismada Uluslararast GPS servisinden (IGS) alinan meteorolojik (GPS / MET)
verilerinin ISTA istasyonu i¢in iyi bir bicimde aktarilmis olmasina dikkat edilerek, belirli
bir y1lin biitiin aylarinin secilmis giinleri igin veriler kullanilmistir. Ozellikle sicaklik ve
bagil nem verileri, gelistirilen model denklemde kullanmak tizere uygun formata
getirilmesinin ardindan MATLAB programindan yararlanilarak sonuca ulasilmistir.
Sicaklik ve bagil nem verileri doygun kismi buhar basing denkleminin birimlerine uygun
hale getirilmistir. Yagisa dontisebilen su buhari bilgisine ulasilabilmek i¢in gelistirilen
model denklemde kismi buhar basinci faktoriiniin yaninda hata oranini diistirmeye yonelik
katsayilar kullanilmistir. Bu katsayilar Istanbul il siniriin koordinat sisteminin enlem
verilerinden yararlanilarak elde edilmistir. Ayn1 veri ve yontemle zenit 1slak gecikme
tahmini yapabilmek i¢in MATLAB programinda uygun formiiller kullanilarak zenit 1slak
gecikme verilerine ulagabilmek i¢in islemler yapilmistir. Modelin sonucu halen gecerli
olan Mendes 1slak gecikme modeliyle karsilastirilmistir. Yapilan islemlerin gegerliligini
test etmek amaciyla IGS- ANKR istasyonundan alinan verilerle de benzer islemler yapilip,
Mendes modeliyle kiyaslandiginda sonuglarin anlamli oldugu goriilmiistiir.

Mendes’ in 1slak gecikme modeli ve tezde olusturulan yaklasim model denklemi yagisa
dontigebilen su buhari 6l¢timleri (PWV) elde etmek i¢in kullanilmaktadir. PWV kismi su
buhar1 basinci ile kars1 karsiya getirildiginde model denklemin sonucunun agik ve net
oldugu goriilmustiir. Ayrica, kismi su buhari verilerini nem gecikmesini (ZWD), model
denklemdeki PWV ile iliskilendirerek dogru tahmin ve hataya sebep olan faktorler
hakkinda bilgiye ulasiimistir. Gelistirilen modelin gegerli olan Mendes modeliyle ayni
ozelliklere ve benzer sayisal degerlere sahip oldugu ortaya ¢ikmistir.
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EVALUATION OF THE MEASUREMENT OF THE AMOUNT OF
PRECIPITABLE WATER VAPOR IN ATMOSPHERE WITH GLOBAL
POSITIONING SYSTEM

ABSTRACT

The Global Positioning System (GPS) tracking network was established to provide high
precision navigation and geodetic positioning. The system consists of satellites in orbit
around the earth and a ground-based network of support stations to update the
ephemeredes and clocks.

A constellation of GPS satellites transmit atomic-clock controlled L-band signals to
receivers on the earth. Time delays of the signal travel paths from multiple satellites to a
single receiver are used to establish the ground position of the receiver. Data recorded by
GPS receivers at fixed locations will show signal path delays caused by a variety of
effects.One class of GPS-signal delays can be directly attributed to the passage of the
signals through the Earth’ s ionosphere and atmosphere. As the GPS signals travel
through the troposphere, they are subjected to the refraction that causes propagation
delay, in turn, tropospheric error in GPS measurements. The troposphere is a non-
dispersive medium at the GPS frequencies, which means that the propagation delay does
not depend on the frequency of the signal. By taking a receiver at a known location, then
calculating the distance to a satellite’s known location, and evaluating the measured
distance to a satellite given by the antenna’s measurements, a total atmospheric delay is
calculated. Usually a distinction is made between a wet delay caused by water vapor, and
a hydrostatic delay caused by a mixture of dry air and water vapor that is considered to be
a in hydrostatic equilibrium. Almost 90 % of the total occurs in the hydrostatic
component, which varies slowly with time. The hydrostatic delay is dependent on
atmospheric conditions, mainly pressure, and can easily be removed from the total
tropospheric delay, leaving only the wet delay by easily modeling with the assumption of
hydrostatic equilibrium to an accuracy at a millimetre level Mendes and Langley. The
hydrostatic delay is much larger, 2.2 - 2.4 cm in the zenith direction. However, it can be
predicted with high accuracy based on the surface pressure observations.

Unlike the hydrostatic part, the wet part has strong spatial and temporal variations.The
effects of wet delays to the individual satellites are mapped to the zenith direction using
sophisticated mapping functions that give one value of zenith wet delay, ZWD,



with the range can 10-40 cm, for a give antenna location. On the other hand, it is well-
known that appreciable water-vapor contents and clouds are almost entirely confined to
the troposphere.

Hence troposphere is the seat of all important weather processes and the region
where interchange by evaporation and precipitation (rain, snow, and so forth) of
water substance between the surface and the atmosphere takes place.

Recently atmospheric scientists have shown that to improve weather forecasting
accuracy significantly,measurements of Precipitable Water Vapor (PWV), which is
defined as the height of liquid water that would result from condensing all the water
vapor in a column from the surface to the top of the atmosphere, can be used.

In this study, we present an alternative approach to model the tropospheric wet delay by
using our model equation for PWV developed as a function of partial pressure of water
vapor, only and GPS/MET data, a purely independent data set, instead of GPS
observables.

In this study, by taking into consideration the suitability of meteorological data

(GPS / MET) which has been obtained from International GPS Station (IGS), the data for
a specific year’ s all months’ s selected days is used. Especially, after making suitable
temperature and relative humidity data to use in developed model, by benefitting from
MATLAB programme the desired result is attained. Temperature and relative humidity
data has been made suitable to equation of saturated local vapor pressure units. In the
model equation which has been developed in order to reach the information of
precipitable water vapor the ratio which is for reducing error rate beside local vapor
pressure factor is used. The ratio is obtained by benefiting from latitude data in
coordinate system of Istanbul’ s provincial border. With the same data and method in
order to predict zenith wet delay in MATLAB programme by using suitable formulas
some operation is made. The result of the model has been compared with the available
and valid result of MENDES wet delaying model. In order to test the validity of
operations the same operation is made with the data which is taken from IGS- ANKR
stations, and then it is seen that the results are meaningful.

Mendes’ s wet delay model and the approaching model equation, which is created in this
study, are used to obtain Precipitable Water Vapor measurements (PWV). When it is
compared with PWV water vapor pressure it is seen that the model equation’s result is
loud and clear. In addition, by associating local water vapor data, wet delay (ZWD) with
PWD in model equation, the information about factors, which lead to error for wrong
prediction, is reached. It is learned that both ISTA station model and valid Mendes model
have same characteristics and similar numerical values.
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