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ABSTRACT 

Water vapour is one of the critical components of the earth's atmosphere. It 

has a significant attenuation effect at millimeter wavelength [I], as well as plying a 

key role in the global climate system [2]. Water vapour attenuation has been 

positively correlated with cloud attenuation [3], Therefore, it is important that the 

amount of water vapour in the atmosphere is quantified accurately for radiowave 

propagation studies. 

Atmospheric scientists have developed a variety of means to measure the 

vertical and horizontal distribution of water vapour. Two established techniques for 

the measurement of water vapour are through the use of radiosondes and water 

vapour radiometers (WVR). However, each technique has its own specific 

limitations to the measurement of water vapour. 

The use of global positioning system (GPS) to measure water vapour is a 

relatively new technique and also overcomes some of the limitations of the two 

established techniques described above. Therefore, the objective of this research 

project is to propose the use of GPS as a new approach of tool to measure water 

vapour. Hence, the water vapour attenuation can be obtained from ITU-R (Rec. ITU-

R P.676-4). This study is focused to compare between the result of Integrated Water 

Vapour (IWV) obtained from Radiosonde data and GPS data for several stations in 

Malaysia. Thus stations which have been selected for this study namely, Kuala 

Lumpur, Kota Bahru Kelantan, Pulau Pinang, TaWau Sabah and Kota Kinabalu 

Sabah. 
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An analysis based on the IWV obtained from GPS data and Radiosonde data 

is then performed to analyze the error of IWV between them. This analysis of error 

was used two methods called Root Means Square Error (RMSE) and Mean Absolute 

Percentage Error (MAPE). RMSE is used to estimate the level of accuracy of IWV 

obtained from GPS data compared with the IWV obtained from Radiosonde data. 

The smaller of its value means the higher of the accuracy. In other hands, although 

MAPE is also used to demonstrate the error but the error will show in terms of 

percentage. The balance of this percentage of error will show the reliability or 

accuracy in percentage of IWV obtained from GPS data compared with the IWV 

obtained from Radiosonde data. 

The result of the analysis shows that the difference of RMSE mostly less than 

10 mm for all the selected stations in Malaysia. The water vapour attenuation caused 

by the amount error of 10 mm is about 0.01276 dB at 12 GHz and 0.12766 dB at 20 

GHz. The percentage of error which is resulted from MAPE method is less than 10%. 

This result indicated that the accuracy or reliability to estimate waer vapour by using 

GPS technique is mostly 90% and above compared with the use of Radiosonde 

Technique. It can be concluded that there is a big potential on prediction of Water 

Vapour Attenuation by using GPS system. 
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ABSTRAK 

Wap air merupakan salah satu daripada komponen terpenting di dalam atmosfera 

bumi. Kewujudannya memberikan kesan pelemahan yang ketara terhadap perambatan 

panjang gelombang pendek [1] sebagaimana ketara peranannya di dalam sistem iklim 

global [2]. Kesan pelemahan wap air (water vapour attenuation) terhadap perambatan 

gelombang adalah sama kesannya dengan pelemahan awan [3], Oleh itu, adalah penting 

untuk mengukur kadar wap air di dalam atmosfera dengan lebih tepat lagi untuk 

digunakan di dalam kajian perambatan gelombang radio. 

Saintis udara telah menggunakan berbagai-bagai kaedah untuk mengukur taburan 

wap air di udara samada secara menegak atau mendatar. Terdapat dua kaedah yang telah 

diguna pakai secara khusus untuk menentukan taburan wap air tersebut iaitu dengan 

menggunakan radiosonde dan radiometer. Walau bagaimanapun, setiap kaedah tersebut 

mempunyai kelemahan dan kekurangannya sendiri untuk mengukur taburan wap air di 

udara dengan tepat. 

Penggunaan sistem pengkedudukan global (GPS) untuk mengukur taburan wap 

air adalah merupakan satu kaedah barn yang mana ia berupaya untuk mengukur taburan 

wap air dengan lebih tepat dan ia juga mampu mengatasi kelemahan atau kekurangan 

terhadap kaedah yang telah sedia ada seperti yang telah dinyatakan di atas. Oleh itu, 

tujuan kepada kajian ini adalah untuk memperkenalkan penggunaan GPS sebagai satu 

kaedah baru untuk mengukur taburan wap air dengan lebih tepat lagi. Kajian ini telah 

memfokuskan kepada perbandingan keputusan terhadap pengukuran wap air yang 

dihasilkan daripada maklumat radiosonde dan maklumat dari GPS. Beberapa pengkalan 

di Malaysia telah dipilih di dalam kajian ini. Pengkalan-pengkalan tersebut ialah Kuala 

Lumpur, Kota Bahru Kelantan, Pulau Pinang, Tawau dan Kota Kinabalu Sabah. 
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Satu analisis bedasarkan keputusan kadar wap air yang dihasilkan melaui dala 

yang diperolehi dari GPS dan Radiosonde telah dijalankan untuk mcncari perbezaan 

kadar wap air tersebut. Analisis untuk mencari perbczaan tersebut telah 

menggunakan dua jenis kaedah iaitu Root Means Square Error (RMSE) dan Mean 

Absolute Percentage Error (MAPE). Kaedah RMSE digunakan untuk 

menganggarkan paras ketepatan nilai wap air yang dihasilkan dari data GPS 

berbanding nilai wap air yang dihasilkan dari data Radiosonde. Semakin kecil nilai 

RMSE tersebut semakin tinggi nilai ketepatannya. Kaedah MAPE juga digunakan 

untuk menganggarkan perbezaan wap air yang dihasilkan oleh kedua-dua jenis data 

tersebut tetapi yang berlainannya adalah, nilai perbezaan yang dihasilkan itu 

ditunjukkan di dalam bentuk peratusan. Nilai peratusan yang ditolak dari nilai MAPE 

adalah menunjukkan peratusan ketepatan atau kejituan. 

Daripada keputusan pengiraan bagi kedua-dua kaedah tersebut menunjukkan 

bahawa nilai RMSE secara keseluruhannya adalah kurang dari 10 mm. Nilai ini jika 

digunakan untuk mengira kadar pelemahan hujan yang disebabkan oleh wap air 

adalah diaggarakn sebanyak 0.01276 dB pada frekuansi 12 GHz dan 0.12766 dB 

pada frekuansi 20 GHz. Manakala peratusan perbezaan yang dihasilkan oleh kaedah 

MAPE secara keseluruhannya dianggarkan 10% dan kurang. Ini menunjukkan 

bahawa nilai ketepatan atau kejituan adalah 90% dan keatas. Dengan ini, ia bolch 

disimpulkan bahawa, ramalan untuk menganggarkan nilai kadar pelemahan yang 

disebabkan oleh wap air berdasarkan data dari GPS memberikan satu potensi yang 

besar kearah untuk mendapatkan ketepatan dan kejituan yang tinggi di dalam 

penganggaran tersebut. PTTA
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CHAPTER 1 

INTRODUCTION 

1.0 Introduction 

Earth-orbiting satellites are employed extensively for the relay of information 

;r. a vast array of telecommunications, meteorological, and scientific applications. 

The growth in the number of orbiting satellites launched for space science and 

applications over the past three decades has been phenomenal. The development of 

satellite communications have increased the need for a further awareness and 

understanding of the propagation factors involved in space communications [8], 

The satellite system relies on the transmission of radiowaves to and from the 

satellite and are dependent on the propagation characteristics of the transmission 

path, primarily the earths' atmosphere. Radiowave propagation thus plays an 

important part in the design and ultimate performance of space communications 

systems. 

1.1 Problem Statement 

The relative importance of radiowave propagation factors in space 

communications depends to a large extent on the frequency of operation of the earth-

space links. Generally, the effects become more significant as the frequency 

increases. 
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Even apparent "clear sky" conditions can produce propagation effects which 

can degrade of change the transmitted radiowave. Gases present in the earth's 

atmosphere, particularly oxygen and water vapour, interact with the radiowave and 

reduce the signal amplitude by an absorption process [4], 

1.1.1 The Need of Estimating Water Vapour In The Atmosphere 

A radiowave propagation through the Earth's atmosphere will experience 

reduction in signal level due to the gaseous components present in the transmission 

path. [4], At millimeter wavelengths absorption and dispersion by atmospheric gases 

can have a significant effect on the propagation of electromagnetic radiation. Close to 

the Earth's surface, absorption by atmospheric gases is dominated by water vapour 

and oxygen. Figure 1.1 shows the absorption of signal, in various frequencies, by 

various atmospheric gases [1]. From the figure, it's clearly being seen that both water 

vapour and oxygen are the dominant gases in atmosphere that absorb the signal. For 

the frequency from 3 GHz to 350 GHz, the specific attenuation due to atmospheric 

gases is depicted in the figure 1.2. The graph shows that the contribution of water 

vapour attenuation is very high compared to other gases and for the certain range of 

frequency, it can reach until 40dB/km [ITU-R (Rec. ITU-R P.676-4)]. 

10' 

10 I . . • • 
174 176 1"78 100 182 184 186 188 190 

Frequency (GHz) 

Figure 1.1: Individual contributions from various atmospheric gases [1] 
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From the above factors, its show that the existing of water vapour in the 

atmosphere will causes the significant cfTect to the propagation signal of earth-space 

communication. In addition, the occurrence of water vapour in the atmosphere has 

been shown to correlate with cloud attenuation [13]. Therefore, the need of 

estimating water vapour in the atmosphere is important. Besides it is also important 

for the water vapour to be properly quantified. 
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Figure 1.2: Specific attenuation due to atmospheric gases [4] 
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1.1.2 Limitation of Tool In Estimating Water Vapour 

Two established techniques for the measurement of water vapour are through 

the use of radiosondes and water vapour radiometers (WVR). However, each 

technique has its own specific limitations to the measurement of water vapour. 

Radiosondes are expendable and the cost of these devices restricts the number 

of launches. They are typically launched every 6 to 12 hours, which may cause 

significant variations in water vapour to be undetected [3]. 

WVR are not affected by light or moderate cloud cover, though their 

performance may be degraded in the presence of heavy cloud. Besides, the accuracy 

of WVR has been found to be diminished in rain or heavy cloud conditions [2], This 

prevents reliable measurements during periods where changes in water vapour could 

be quite great. 

1.2 Objective of Research Project 

The objective of this study is to demonstrate the validity of the global 

positioning system (GPS) technique for estimating water vapour. Hence, the water 

vapour attenuation can be obtained from ITU-R (Rec. ITU-R P.676-4). 

1.3 Scope of Work 

The scope of work for this study is to estimate the water vapour in the 

atmosphere by using the GPS and then compare the data taken from radiosonde. 

Then the model of the Radio Communications Sector of the International 

Telecommunications Union (ITU-R) in order to predict the water vapour attenuation. 

Thus several stations in Malaysia have been selected for this study namely 

Kuala Lumpur, Kota Kinabalu Sabah, Kota Bahru Kelantan, Tawau Sabah and Pulau 
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Pinang. In this study, the duration of sample data for GPS and Radiosonde is from 

January 2001 until April 2001. 

1.4 Organization of The Thesis 

The thesis is organized as follows: 

Chapter one is a brief introduction on the background and objective of the 

study, scope of work and the organization of the thesis. 

Literature reviews are described in chapter two and chapter three. Chapter 

two explains the established technique to estimate water vapor in the atmosphere, 

background of the tools, its components and operating system. The explanations will 

more about the Radiosonde because the knowledge of it is used to this study. 

Chapter three is concerned about the Global Positioning System (GPS) which 

is one the major part to be understood for this study. This explanation of this chapter 

will cover about the background, history, components, operation and signal 

propagation of the GPS. 

The methodology procedure of research project is described in chapter four. 

This chapter will describe the method of how to obtain the Integrated Water Vapour 

(IWV) from Radiosonde and GPS data and conversion of IWV to water vapour 

attenuation which referred to the formulas in ITU-R (Rec. ITU-R P.676-4). 

Chapter five discovers results and analysis. A final conclusion is made in 

Chapter six that is the conclusion on the outcome of the research project, followed 

by recommendations for the future work. 
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CHAPTER 2 

Established Technique To estimate Water Vapour 

2.0 Introduction 

Atmospheric scientists have developed a variety of means to measure the 

vertical and horizontal distribution of water vapour. For the vertical distribution of 

water vapour, normally there are two established techniques which are frequently 

used to estimate water vapour especially in the field of weather forecasts and global 

climate study. The technique of which are use of tools radiosonde and Water Vapour 

Radiometer (WVR). 

This chapter will describe about the background of these tools, its operation 

and the weakness of both. The explanation will be more on Radiosonde as a part of 

important for this study. 

2.1 Radiosonde 

The radiosonde is a balloon-borne instrument platform with radio transmitting 

capabilities. Originally named a radio-meteorograph, the instrument is now referred 

to as a radiosonde, a name apparently derived by H. Hergesell from a combination of 

the words "radio" for the onboard radio transmitter and "sonde", which is messenger 

from old English. 
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The radiosonde is a small, expendable instrument package that is suspended below a 

2 meter (6 feet) wide balloon filled with hydrogen or helium. As the radiosonde is 

carried aloft, sensors on the radiosonde measure profiles of pressure, temperature, 

and relative humidity. These sensors are linked to a battery' powered, 300 milliwatt 

radio transmitter that sends the sensor measurements to a sensitive ground receiver 

on a radio frequency ranging from 1668.4 - 1700.0 MHz. By tracking the position of 

the radiosonde in flight, information on wind speed and direction aloft is also 

obtained. 

The radiosonde flight can last in excess of two hours, and during this time the 

radiosonde can ascend to over 35 km (about 115,000 feet) and drift more than 200 

km (about 125 miles) from the release point. During the flight, the radiosonde is 

exposed to temperatures as cold as -90 ° C (-130 ° F) and an air pressure only few 

thousandths of what is found on the Earth's surface. When the balloon has expanded 

beyond its elastic limit and bursts (about 6 m or 20 feet in diameter), a small 

parachute slows the descent of the radiosonde, minimizing the danger to lives and 

property. 

2.1.1 Radiosonde Components 

The complete radiosonde system, or rawinsonde, consists of a balloon-borne 

radiosonde instrument package , a radio receiver , a tracking unit and a recorder. 

Some of the parts of balloon-borne radiosonde instrument package are depicted in 

figure 2.1. 
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4 instrument package 

N=n; 

Figure 2.1: Parts of balloon-borne Radiosonde instrument package 

2.1.2 The Launch 

Before launch, calibration of the baroswitch is made, with appropriate 

adjustment. The battery is activated. The balloon is carefully inflated to such a size 

that it will provide the proper lift. The balloon, parachute and instrument package are 

attached. The radio equipment is tuned. Just before launch the surface weather 

conditions are measured. 

The balloon and instrument train is launched. Care is taken so that the 

radiosonde does not become entangled with local obstacles. 

Tracking of the radiosonde is begun immediately upon launch. Visual 

observations are continued until the radar tracking has locked on to the ascending 

instrument package. The data are recorded automatically during the flight and then 

processed for transmission. 
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