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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

PREDICTING ATMOSPHERIC HUMIDITY AND TEMPERATURE BASED ON
SATELLITE SIGNAL FIELD STRENGTH MEASUREMENTS

By

MOHD IZZAT BIN SAIRI

October 2015

Chairman   : Zulkifly Abbas, PhD

Faculty : Science

Early measurements of rainfall made using radar systems although have been
used qualitatively by weather forecasters for more than 40 years, and by some
operational hydrologists, acceptance still contain a lot of uncertainties in the quality
of the data.  As most of the communication satellites (ie: MEASAT) were limitedly
used for communication purpose, very few were looking to extend the application
of these satellites for other application such as weather forecasting. Furthermore,
weather satellite currently present were expensive to buy, thus this project aims to
find a cheaper method to forecast weather. Therefore, this work investigates the
application of a communication satellite as a new method for predicting the
atmospheric temperature and humidity. The chosen satellite was a MEASAT3
operating in the frequency range between 11 GHz and 12 GHz with 120 kW
transmitting power.  The electric field strengths of the satellite signals were
measured using a Prodig-5 TV Explorer instrument.  The measurements were
carried out daily between 8.30 am to 5.00 pm from September 2012 to March
2014. The one-metre parabolic dish antenna was positioned on the roof top of the
Department of Physics building (3° 1' 19.1928'' N, 101° 42' 19.9476'' E) of the
Universiti Putra Malaysia. The mean field strength of the MEASAT3 signal (DVB-
S) during clear sky was 83.6 dBµV. These signal strengths were affected by the
ambient temperature and atmospheric humidity. Torrential rain reduced the field
strength signal to 75 dBµV, i.e, the threshold detection level of the Low-noise Block
Downconverter (LNB).  Empirical models to predict the humidity and temperature
based on the measured field strengths were established.  The humidity and
temperature data were obtained from the WeatherWatcher Live software based
on the measured data collected at local meteorological station. The accuracies for
temperature and humidity predictions obtained from this work were within 5.9%
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and 5.5% when compared to the real data obtained from Meteorological
Department database.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Sarjana Sains

RAMALAN SUHU DAN KELEMBAPAN ATMOSFERA BERDASARKAN
PENGUKURAN MEDAN KEKUATAN ISYARAT SATELIT

Oleh

MOHD IZZAT BIN SAIRI

Oktober 2015

Pengerusi : Zulkifly Abbas, PhD

Fakulti : Sains

Pengukuran hujan terdahulu yang dibuat dengan menggunakan sistem radar,
walaupun telah digunakan secara kualitatif oleh peramal cuaca dan eloh beberapa
ahli hidrologi operasi untuk lebih daripada 40 tahun, penerimaannya masih
mengandungi banyak ketidaktentuan dalam kualiti data. Oleh kerana kebanyakan
satelit komunikasi seperti MEASAT digunakan secara terhad untuk tujuan
komunikasi, tidak ramai yang cuba untuk meluaskan penggunaan satelit ini untuk
aplikasi lain seperti ramalan cuaca. Tambahan lagi, satelit cuaca yang telah sedia
adalah mahal untuk dibeli, lalu projek ini menyasarkan untuk mencari kaedah yang
lebih murah untuk meramal cuaca. Oleh itu, kerja ini mengkaji penggunaan satelit
komunikasi bagi tujuan ramalan suhu dan kelembapan atmosfera. Satelit yang
diguna pakai ialah MEASAT3 beroperasi pada rangkaian frekuensi di antara 11
GHz dan 12 GHz dengan kuasa pemancaran 120 kW. Medan kekuatan isyarat
elektrikal satelit diukur menggunakan alat Prodig-5 TV Explorer. Pengukuran
dilakukan pada setiap hari di antara 8.30 pagi dan 5.00 petang dari September
2012 sehingga Mac 2014. Antenna parabola berdiameter satu meter telah
diletakkan di atas bumbung bangunan Jabatan Fizik (3° 1' 19.1928'' N, 101° 42'
19.9476'' E) Universiti Putra Malaysia. Julat medan kekuatan isyarat MEASAT3
(DVB-S) sewaktu cuaca cerah ialah 83.6 dBµV. Kekuatan isyarat ini dipengaruhi
oleh kelembapan atmosfera dan suhu persekitaran. Hujan lebat mengakibatkan
medan kekuatan isyarat menurun serendah 75 dBµV, i.e, paras terendah
pengesanan blok penukar bawah rendah bunyi (LNB). Model empirikal bagi
meramal kelembapan dan suhu berdasarkan kepada medan kekuatan yang
diukur telah di wujudkan. Data kelembapan dan suhu telah diperolehi daripada
perisian WeatherWatcher Live berdasarkan data yang diukur di stesen kaji cuaca
tempatan. Ketepatan ramalan kelembapan dan suhu adalah di antara 5.9% dan
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5.5% berbanding dengan data sebenar yang diperolehi dari pangkalan data
Jabatan Meteorologi.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Many numerical models for weather forecasting have been proposed since the
1940s. These interdependence of remotely sensed data and Numerical Weather
Prediction (NWP) models and their outputs are progressively driving the further
development of radar and other remote sensing methodologies for measuring
and forecasting rainfall. Palmer (2001) notes that conventional parametrization
schemes in weather-and-climate prediction models describe the effects of sub-
grid-scale physical processes. Indeed, he suggests that the remaining errors in
these models may have their origin in the neglect of grid-scale variability, and he
proposes that such variability should be parametrized by non-local dynamically
based parametrization schemes. A complementary approach to the
parametrization of sub-grid-scale variability is the assimilation of remotely
sensed observational data explicitly representing such variability using complex
numerical schemes. The problem with such an approach is that these data
contain errors which may cause numerical integrations to become unstable
whatever numerical methods are used. Hence small differences in input data
may lead to very different forecast outcomes. This problem is causing major
effort being devoted to the development of ensemble prediction schemes
(Trevisan et al . 2001). Numerical predictions also provides fresh impetus efforts
to improve the quality of radar estimation of precipitation, however this need is
called for by the requirements of nowcasting (forecasts from 0 to 3–6 hours
ahead).

It is worth noting in the past that the introduction of advanced computing
technologies into hydrology, such as more complex distributed models can be
run cost effectively (Apostolopoulos & Georgakakos 1997), but will not lead to
improvements in operational flood forecasts due to this error-propagation
problem. In spite of the difficulties in using remotely sensed data, it is clear that
major improvements in rainfall and flood forecasting are only likely to come
through improvements with these data and the methods in which they are used.

1.2 Effect of Rain on Satellite Field Strength

Microwave signals are transmitted directly from a source to a receiver site. A
microwave communication satellite is equipped with antennas and transponders
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that receive and retransmit signals.  It is generally located at its geostationary
orbit, i.e, stationary at one spot from the Earth. The Malaysia East Asia Satellite
(MEASAT) carries 24 transponders for each C-band and Ku-band microwave
transmitter in order to provide good quality services. The presence of rain can
have a significant detrimental effect on the propagation of an electromagnetic
signal. The rain degradation increases as the frequency increases. At C- band
(6/4 GHz), rain has little effect, except for brief periods of unusually heavy rain,
but at Ku-band (14/12 GHz) it can be important. Nevertheless, typical rain
margins on the order of 7 dB can be allocated to accommodate loss at Ku-band
in most geographic regions to ensure availability comparable to that of C-band.
At higher frequencies in Ka-band (30/20 GHz), rain can have a very large effect
that simply cannot be overcome at the usual levels of availability. Thus the field
strengths from satellite wave transmission is very much affected by rainfall.

However, at frequency above 10 GHz (Ku-band), signal attenuation by ambient
conditions such as humidity, temperature and in particular, rain have to be
considered. Therefore, data need to be measured and analysed in order to
understand the behaviour and relation of these parameters with the strength of
the satellite signal, also known as the field strength measured in dBµV.

1.3 Problem statement

In Malaysia the accuracy of forecasting unexpected severe or hazardous
weather within the next six hours (often referred to as nowcasting) is crucial to
protect life and property. While operational hydrologists use numerical weather
prediction (NWP) forecasts to provide warnings of the likelihood of flood
conditions on time-scales beyond 6 hours or so ahead, the basis of shorter-
period forecasts depends upon the acquisition and use of observational data,
particularly rain-gauge and radar data.  Unfortunately, measurements of rainfall
made using radar systems although have been used qualitatively by weather
forecasters for more than 40 years, and by some operational hydrologists,
acceptance has been limited as a consequence of uncertainties in the quality of
the data. New algorithms for improving the accuracy of radar measurements of
rainfall have been developed where data from mesoscale numerical models are
being blended with observational data, and remotely sensed data are being
inputted to NWP, to improve both measurements and forecasts of precipitation
(Golding 2000). However, these data contain errors which may cause numerical
integrations to become unstable whatever numerical methods are used. Rain
attenuation model has been proposed by UTM researchers. However their
application is for link budget estimation for microwave satellite communication
systems (Abdul Rahman et al., 2010).
This project presents a new technique to predict humidity and temperature of the
troposphere region from satellite field strength measurements. The proposed
method involves deployment of a receiving parabolic antenna located on a
rooftop building for measuring field strengths from MEASAT satellites. An
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empirical model relating humidity, temperature and field strength shall be
established for temperature and humidity forecasting.

1.4 Objectives of the project

The investigation on the electric field strengths of the satellite involves many task
and objectives:

 To investigate the daily diurnal field strength of a clear sky, cloudy and
rainy conditions

 To determine the relationship between humidity, temperature and field
strength in troposphere region

 To develop empirical model to predict temperature and humidity from
field strength

1.5 Outline of the study

A brief introduction on communication satellite signal and atmospheric
parameters were explained in Chapter 2. However, more details will be
discussed on the field strength of the MEASAT3 communication satellite, rainfall,
humidity and temperature as these are the parameters that were being
investigated in this work. Previous study on information and the correlation of all
these parameters have also been presented.

To understand the behavior of these atmospheric parameters towards the field
strength of the satellite signal, it is important to find the correlation between them.
Data analysis was done in order to investigate the way all three parameters
interact with each other. This analysis was aided by finding the model regression
in order to understand their relationship. In order to validate the relationships
presented by these model equation, two means of error analysis were done. This
is to make sure that the regression contains an acceptable amount of error
besides relegating external factors in the form of random errors such as noise.
The means to achieve all these are well presented in Chapter 3.

Chapter 4 studies the physics of the field strength of the communication satellite
and the atmospheric parameters. Each of them were carefully elaborated and
the theories behind them were emphasized on in details. Discussion on how they
should interact with each other was also made.
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Based on all the measurements made, the data was analyzed and studied
thoroughly. The results were discussed and explained in details. The correlation
between field strength towards humidity and temperature were perceived by
finding the model regression. These model regressions translate the relationship
between them quantitatively while further analysis were made to discuss
qualitatively. Discussion on error analysis of the regression were made at the
end of Chapter 5. At the end of this thesis, conclusion to this research is
presented. Along with that, recommendations and suggestions for future work
were presented as well.
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