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The United Arab Emirates is a new country that has had little time to accumulate a scientific
heritage. Meteorologically researched and documented weather material for forecasters is
virtually non-existent and that available is fragmented and anecdotal.

The thesis tackles this problem by identifying weather phenomena significant to aviation in
the Emirates and particularly at Abu Dhabi International Airport (ADIA). Mechanisms
responsible for their development are described and applicable forecasting rules and
principles are derived. Surface and upper air observation data at ADIA from 1983 to 2002
were analysed to identify the weather phenomena, their associated weather systems and for
statistical analyses. When relevant, observation data at Al Ain was also used. Post-processed
numerical weather prediction Global Forecast Service Eta model data are used and when and
where possible radar and satellite imagery. A secondary aim is to provide information of the
general seasonal climate. This was achieved by means of a literature study of the dominating
weather systems and the presentation of surface and upper air mean circulation charts.

Fog is the most important weather phenomenon and serious disrupter of aviation at ADIA
throughout the year. It does not occur during Shamal conditions, but fog can form well inland
on the edge of the Empty Quarter at the Liwa Oasis when the Shamal wind becomes light.
Contrary to local belief, fog is unlikely to occur on two, or more, consecutive nights. The
Shamal can last for several days and disrupt helicopter flights to the oil rigs, while anabatic
and katabatic effects often make it gustier and stronger inland at Al Ain than ADIA. While
dust storms occur in strong southerly winds off the desert, the Shamal can bring dust from
further afield from the north as can the previously unreported Nashi wind. The sea breeze can
extend about 150 km inland to Al Ain and the Liwa Oasis. Thunderstorms associated with
winter upper air troughs from the west, are the main producers of rain, while occasional
thunderstorms off the Hajar Mountains in the east bring some rain in summer. Tropical
depressions are a rare event.
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SAMEVATTING

Voorspelling van die ontwikkeling van weerverskynsels wat lugvaart by die Abu Dhabi
Internasionale Lughawe beinvloed

Navorser: Michael Pierre de Villiers

Studieleier: Professor Johan van Heerden

Department: Geografie, Geoinformatika en Meteorologie

Graad: Doktor in Filosofie

Fakulteit: Natuur- en Landbouwetenskappe

Universiteit: Universiteit van Pretoria

Die Verenigde Arabiese Emirate (VAE) is ‘n nuwe land min tyd gehad om ‘n wentenskaplike
erfnis op te bou. Weerkundige navorsing sowel as die dokumentasie van weervoorspelling-
tegnieke en kennis bestaan amper nie en dit wat wel bestaan is, is gefragmenteer en in is
hoofsaaklik anekdoties (van aard).

In hierdie theses word die problem aangespreek deur die identifisering van belangrike weer-
verskynsels asook die gepaardgaande weerstelsels wat ‘n invloed het op lugvaart in die
Emirate en veral by Abu Dhabi Internasionale Lughawe. Die meganismes verantwoordelik

vir hul ontwikkeling word beskryf sowel as die reëls en beginsels toepaslik vir die
voorspelling van hierdie weerstelsels. Weerkundige waarneemings, te Abu Dhabi en wat oor
twintig jaar (1983 tot 2002) strek, oppervlak asook bolug, was nagevors om hierdie weer-
verskynsels en die weerstelsels wat hulle veroorsaak te identifiseer. Hierdie data is ook vir
statistiese doeleindes aangewend. Waar van toepassing was die oppervlak waarnemings te Al
Ain ook benut. Data afkomstig van die Numeriese Globale Voorspellingsdiens Eta Model
was ook gebruik, wanneer en waar moontlik, asook radar en satelietbeelde. ’n Tweede doel
van die projek was die opstel van ’n algemene klimatolgie vir die Emirate. Dit is bereik deur
‘n literatuurstudie van die dominante weerstelsels en aangevul deur die opstel (voorsiening)
van oppervlak en bolug gemiddelde sirkulasiekaarte.

Die voorkoms van mis is die heel belangrikste weerverskynsel en het ’n ernstige en nadelige
invloed op lugvaart by die Abu Dhabi Internastionale Lughawe. Mis kom nie voor gedurende
Shamal toestande nie, maar dit kan vorm in die binneland veral in die omgewing van die
Liwa Oase wanneer die Shamal wind swak word. In stryd met plaaslike (opvatting) mening,
is die voorkoms van mis onwaarskynlik op twee of meer opeenvolgende aande. Die Shamal
kan vir etlike dae lank duur en helikopter vlugte na die oliebore ontwrig. Anabatise en
katabatise effekte maak dit dikwels meer turbulent and sterker in die binneland by Al Ain.
Sandstorms kom voor wanneer ‘n sterk suidelike wind uit die woestyn waai. Die Shamal kan
ook stof van ver in die noorde bring en so ook die Nashi wind wat nog nie vantevore
beskrywe was nie.. Die seebries kan so ver as 150 km die binneland indring en word
waargeneem by Al Ain en die Liwa Oase. Donderstorms, geassosieer met winter bolug troë

vanuit die weste, is die belangrikste bron van reën, maar in die somer kom reën af en toe voor
uit donderstorms wat ontstaan oor die die Hajarbege in die ooste. Tropiese laagdrukstelsels
(tropiese werwelstorms) kom baie selde voor.

 
 
 



v

ACKNOWLEDGEMENTS

The author wishes to express his appreciation to the following organisations and persons for

their assistance and contribution to make this thesis possible:

# Meteorological Office, Abu Dhabi International Airport, Abu Dhabi Directorate for

Civil Aviation, United Arab Emirates, for the observation and computer model data.

# The South African Weather Services library and in particular Karin Marais and

Anastasia Demertzis.

# The support of Weather Services International, Andover, United States of America

and Birmingham, United Kingdom.

# Professor Doctor Johan van Heerden, my supervisor, for his many years of guidance,

support and in particular his kindness.

# Professor Doctor C. J. (Hannes) de Wet Rautenbach for his kind assistance and

support.

# My wife Roz for her support and encouragement.

DECLARATION

I, Michael Pierre de Villiers, declare that the thesis, which I hereby submit for the degree

Doctor of Philosophy at the University of Pretoria, is my own work and has not previously

been submitted by me for a degree at this or any other tertiary institution.

SIGNATURE: …………………………………

DATE: ………………………………………

 
 
 



vi

TABLE OF CONTENTS

CHAPTER 1 1

INTRODUCTION 1

1.1 General 1
1.2 Scope of the study 2
1.3 Methodology 3
1.4 Objectives of the research 4
1.5 Organisation of the document 4

CHAPTER 2 6

THE UNITED ARAB EMIRATES 6

2.1 General 6
2.2 Position 6
2.3 Topography 7
2.4 Airports 7

CHAPTER 3 10

GENERAL ATMOSPHERIC CIRCULATION IN THE ARABIAN PENINSULA 10

3.1 Introduction 10
3.2 Dominating weather systems 10
3.3 Mean circulation charts 11
3.4 January circulation 11
3.5 April circulation 13
3.6 July circulation 15
3.7 October circulation 17
3.8 Wind divergence at 200 hPa 17
3.9 Water vapour flux 20
3.10 Sea surface temperature 21
3.11 Summary 22

CHAPTER 4 23

FOG 23

4.1 Introduction 23
4.2 Scope of the study 24
4.3 Method 24

 
 
 



vii

4.4 Fog producing processes 24
4.4.1 Fog types 24
4.4.2 Radiation fog formation process 26
4.5 Statistics 27
4.6 Study of fog events 30
4.6.1 Introduction 30
4.6.2 Four consecutive fog days in summer: 19th to 22nd July 2002 31
4.6.2.1 NWP model data 31
4.6.2.2 Surface observations 31
4.6.2.3 Atmospheric soundings 34
4.6.2.4 Summary 39
4.6.3 Three consecutive fog days in winter: 9th to 11th January 2003 39
4.6.3.1 NWP model data 40
4.6.3.2 Surface observations 41
4.6.3.3 Atmospheric soundings 43
4.6.3.4 Fog indices 46
4.6.3.5 Summary 46
4.7 Study of non-fog producing events 47
4.7.1 Introduction 47
4.7.2 Surface low pressure cell to the west: 13th June 2003 48
4.7.2.1 NWP model data 48
4.7.2.2 Surface observations 49
4.7.2.3 Atmospheric soundings 51
4.7.2.4 Summary 51
4.7.3 Surface anticyclone over southern Iran: 9th November 2003 52
4.7.4 Surface low pressure cell to the east: 31st August 2003 53
4.7.4.1 NWP model data 53
4.7.4.2 Surface observations 55
4.7.4.3 Atmospheric soundings 57
4.7.4.4 Summary 57
4.7.5 Surface low pressure cell to the north-east: 23rd October 2003 58
4.7.5.1 NWP model data 58
4.7.5.2 Surface observations 61
4.7.5.3 Atmospheric soundings 62
4.7.5.4 Summary 64
4.7.6 Surface low pressure cell to the north-east: 6th October 2003 65
4.7.6.1 NWP model data 65
4.7.6.2 Surface observations 67
4.7.6.3 Atmospheric soundings 68
4.7.6.4 Summary 70
4.8 Results 71
4.8.1 General 71
4.8.2 Pressure and pressure patterns 71
4.8.3 Temperature 72
4.8.4 Humidity 72
4.8.5 Wind 72
4.8.6 Visibility 73

 
 
 



viii

4.8.7 Atmospheric sounding 73
4.8.8 Fog Indices 74
4.8.9 NWP model data 74
4.9 Forecast checklist 75

CHAPTER 5 77

SHAMAL 77

5.1 Introduction 77
5.2 Scope of the study 77
5.3 Method 77
5.4 The winter and summer Shamal 77
5.5 Winter Shamal: 13th to 19th November 2003 79
5.5.1 Introduction 79
5.5.2 NWP model data 79
5.5.3 Offshore wind and sea state 83
5.5.4 Surface observations 85
5.5.5 Atmospheric soundings 89
5.6 Summer Shamal: 28th April to 2nd May 2003 90
5.6.1 Introduction 90
5.6.2 Sequence of events and offshore conditions 91
5.6.3 NWP model data 93
5.6.4 Surface observations 93
5.6.5 Atmospheric soundings 94
5.7 Discussion 96
5.8 Summary 99
5.9 Forecast checklist 101

CHAPTER 6 102

DUST STORMS AND DUST 102

6.1 Introduction 102
6.2 Scope of the study 102
6.3 Method 102
6.4 Dynamics 103
6.5 Statistics 103
6.6 Study of dust storm events at Abu Dhabi Airport 109
6.6.1 The dust storm of the 12th and 13th March 2003 109
6.6.1.1 Introduction 109
6.6.1.2 NWP model data and the synoptic situation 110
6.6.1.3 Surface observations 113
6.6.1.4 Upper air 116
6.6.1.5 Summary 117
6.6.2 Five days of dust: 16th to 20th May 2003 118
6.6.2.1 Introduction 118

 
 
 



ix

6.6.2.2 NWP model data and the synoptic situation 118
6.6.2.3 Surface and upper air wind observations 120
6.6.2.4 Summary 122
6.6.3 The Nashi dust storm of the 12th and 13th December 2003 122
6.6.3.1 Introduction 122
6.6.3.2 NWP model data 123
6.6.3.3 Surface observations 124
6.6.3.4 Satellite image 126
6.6.3.5 Atmospheric soundings 126
6.6.3.6 Summary 127
6.7 Forecast checklist 128

CHAPTER 7 129

LAND AND SEA BREEZES 129

7.1 Introduction 129
7.2 Scope of the study 129
7.3 Dynamics 129
7.4 Statistics and general characteristics 130
7.5 Land and sea breeze: 10th to 11th May 2003 132
7.5.1 Synoptic situation 132
7.5.2 Surface observations 133
7.5.3 Sea temperature 136
7.5.4 Upper air 137
7.5.5 Vertical velocity 138
7.5.6 Instability 139
7.5.7 Anabatic and katabatic effects 140
7.5.8 Dry sea breeze 140
7.6 Forecast checklist 142

CHAPTER 8 144

RAIN BEARING TROUGHS, THUNDERSTORMS AND TROPICAL
DEPRESSIONS 144

8.1 Introduction 144
8.2 Statistics 145
8.3 Winter trough system: 27th January 2004 147
8.3.1 Introduction 147
8.3.2 GFS NWP model 147
8.3.2.1 Synoptic situation 147
8.3.2.2 Upper air 148
8.3.3 Atmospheric soundings 149
8.3.4 Radar images 151
8.3.5 Summary 152
8.4 Abu Dhabi winter thunderstorm: 18th March 2002 152

 
 
 



x

8.4.1 Introduction 152
8.4.2 Synoptic situation 153
8.4.3 GFS NWP model 154
8.4.3.1 Surface 154
8.4.3.2 Upper air 155
8.4.3.3 Instability Indices 157
8.4.3.4 Relative vorticity and dry line 158
8.4.3.5 Lapse rate 159
8.4.3.6 Wind shear 159
8.4.4 Summary 160
8.5 Summer thunderstorm: 7th September 2003 161
8.5.1 Introduction 161
8.5.2 GFS NWP model 162
8.5.3 Radar images 162
8.5.4 Summary 165
8.6 Tropical depressions 166
8.7 Forecast checklist 169

CHAPTER 9 170

CONCLUSION 170

9.1 General 170
9.2 General circulation: A summary 170
9.3 Significant weather phenomena and systems 171
9.3.1 Fog 171
9.3.2 Shamal 173
9.3.3 Dust storms 174
9.3.4 Land and sea breezes 175
9.3.5 Rain troughs, thunderstorms and tropical depressions 176
9.4 Guidelines on the use of this thesis 177
9.5 The future of UAE aviation weather forecasting 177
9.6 Recommended future research 178

REFERENCES 179

APPENDIX A DEFINITIONS 188

APPENDIX B CONVERSIONS 194

APPENDIX C FOG INDICES 195

1 Saunders' method of calculation of radiation fog 195
2 Craddock and Pritchard method 197
3 Test sample of fog indices 198

 
 
 



xi

LIST OF TABLES

4.1 Instrument landing system (ILS) criteria. 23

4.2 Temperature inversion base from the afternoon of the 18th to the morning of 35
the 23rd.

4.3 Sounding data up to the temperature inversion level on the fog days 19th to 36
23rd July 2002.

4.4 Sounding data at ADIA for 09th to 11th January 2003. 45

4.5 Details of pressure, gpm height, air temperature, dew-point 64
temperature, relative humidity and wind velocity up to temperature
inversion level on the 22nd and 23rd October 2003.

5.1 Winds at 150 m and 900 m above MSL at ADIA on 10th to 20th November 90
2003 and temperature inversions in metres above t MSL.

5.2 Low level winds at ADIA on the 5th May 2003. 97

6.1 Events when dust haze, or dust storms were observed at ADIA and the 104
visibility was ≤ 5000 metres from 1994 to 2003.

6.2 Direction frequency of dust events and sand storms during the period 1994 105
to 2003 when visibility was reduced to below 5000 m.

6.3 Direction frequency of dust storms associated with convective cloud during 105
the period 1994 to 2003 when visibility was reduced to below 1000 m.

6.4 Low level winds at ADIA 11th to 14th March 2003. 116

6.5 Wind observations at ADIA from 1200 UTC on the 15th May 2003 to the 122
20th.

6.6 Wind speed and visibility relationship at Abu Dhabi. 128

7.1 Radiosonde wind observations at ADIA. 138

8.1 Radar reflectivity dBZ and rainfall rate comparison as used by the 152
National Center of Meteorology and Seismology (2008).

8.2 India Meteorological Department cyclone classification. 166

 
 
 



xii

LIST OF FIGURES

2.1 Political map of the Middle East. 6

2.2 Map of the United Arab Emirates. 7

2.3 Location of Abu Dhabi International Airport. 8

3.1 January mean sea level pressure (hPa) circulation. 12

3.2 January mean 850 hPa circulation. 12

3.3 January mean 700 hPa circulation. 13

3.4 January mean 500 hPa circulation. 13

3.5 January mean 300 hPa circulation. 13

3.6 January mean 200 hPa circulation. 13

3.7 April mean sea level pressure (hPa) circulation. 14

3.8 April mean 850 hPa circulation. 14

3.9 April mean 700 hPa circulation. 14

3.10 April mean 700 hPa circulation. 14

3.11 April mean 300 hPa circulation. 14

3.12 April mean 200 hPa circulation. 14

3.13 July mean sea level pressure (hPa) circulation. 16

3.14 July mean 850 hPa circulation. 16

3.15 July mean 700 hPa circulation. 16

3.16 July mean 500 hPa circulation. 16

3.17 July mean 300 hPa circulation. 16

3.18 July mean 200 hPa circulation. 16

3.19 October mean sea level (hPa) circulation. 18

3.20 October mean 850 hPa circulation. 18

3.21 October mean 700 hPa circulation. 18

 
 
 



xiii

3.22 October mean 500 hPa circulation. 18

3.23 October mean 300 hPa circulation. 18

3.24 October mean 200 hPa circulation. 18

3.25 January mean 200 hPa divergence (x 10-6 sec-1) from 1980 to 1987. 19

3.26 April mean 200 hPa divergence (x 10-6 sec-1) from 1980 to 1987 19

3.27 July mean 200 hPa divergence (x 10-6 sec-1) from 1980 to 1987. 20

3.38 October mean 200 hPa divergence (x 10-6 sec-1) from 1980 to 1987. 20

3.29 January mean horizontal water vapour flux vectors from 1980 to 1987. 21

3.30 July mean horizontal water vapour flux vectors from 1980 to 1987. 21

3.31 February mean sea surface temperature (Rudloff, 1981). 22

3.32 August mean sea surface temperature (Rudloff, 1981). 22

4.1 The sequence for fog formation from the UK Meteorological Office 27
Source book to the Forecasters reference book (1997).

4.2 Surface relative humidity fog risk. 28

4.3 The extreme highest days with fog per month (blue line) and mean number 28
of days with mean fog days per month (red line).

4.4 The hourly frequency of fog (visibility <1000) metres in winter (upper blue 29
line) and summer (lower red line) for the period 1993-2002.

4.5 The hourly frequency of fog below different visibility levels for the 29
period 1993-2002.

4.6 Average hourly frequency of scheduled flights from ADIA taken from a 30
week during the 2003 winter schedule.

4.7 Eta GFS T+0 surface pressure and 10 metre wind analysis at 0000 32
UTC from the 19th to 22nd July 2002.

4.8 Surface observations on 2002-07-18. 33

4.9 As in figure 4.8, but for 2002-07-19. 33

4.10 As in figure 4.8, but for 2002-07-20. 33

4.11 As in figure 4.8, but for 2002-07-21. 34

 
 
 



xiv

4.12 As in figure 4.8, but for 2002-07-22. 34

4.13 Atmospheric soundings at ADIA on 2002-07-18 1200 UTC and 37
2002-07-19 0000 UTC.

4.14 As in figure 4.13, but for 2002-07-19 1200 UTC and 2002-07-20 0000 UTC. 37

4.15 As in figure 4.13, but for 2002-07-20 1200 UTC and 2002-07-21 0000 UTC. 38

4.16 As in figure 4.13, but for 2002-07-21 1200 UTC and 2002-07-22 0000 UTC. 38

4.17 As in figure 4.13, but for 2002-07-22 1200 UTC and 2002-07-23 0000 UTC. 38

4.18 Relative humidity on 2003-01-10 at 0300 UTC (T+15). 40

4.19 Eta WAFS prognostic profile at ADIA on 2003-01-10 at 0300 UTC (T+21). 40

4.20 Relative humidity on 2003-01-11 at 0300 UTC (T+39). 41

4.21 Time cross-section at ADIA from 2003-01-09 1200 UTC (T+0) to 41
2003-01-11 1200 UTC (T+48).

4.22 As in figure 4.8, but for 2003-01-08. 42

4.23 As in figure 4.8, but for 2003-01-09. 42

4.24 As in figure 4.8, but for 2003-01-10. 43

4.25 As in figure 4.8, but for 2003-01-11. 43

4.26 As in figure 4.13, but for 2003-01-08 1200 UTC and 2003-01-09 0000 UTC. 44

4.27 As in figure 4.13, but for 2003-01-09 1200 UTC and 2003-01-10 0000 UTC. 44

4.28 As in figure 4.13, but for 2003-01-10 1200 UTC and 2003-01-11 0000 UTC. 45

4.29 Winter fog at Abu Dhabi at 8 am on the 7th March 2004 that drifted to 47
the island city from the interior and the direction of the airport.

4.30 Eta GFS fields of surface pressure (hPa) and wind (knots) on 2003-06-12 48
1200 UTC (T+0) and 2003-06-13 1200 UTC (T+24).

4.31 Eta relative humidity on 2003-06-13 at 0000 UTC (T+24). 49

4.32 Time cross-sections at ADIA (top) and Al Ain (bottom) from 2003-06-12 50
0000 UTC (T+0) to 2003-06-14 0000 UTC (T+48).

4.33 As in figure 4.8, but for 2003-06-12. 50

4.34 As in figure 4.8, but for 2003-06-13. 51

 
 
 



xv

4.35 As in figure 4.13, but for 2003-06-13 0000 UTC. 51

4.36 Eta GFS fields of surface pressure (hPa) and wind (knots) on 52
2003-11-08 at 1200 UTC (T+48) and 2003-11-09 at 1200 UTC (T+72).

4.37 Time cross-section at ADIA showing the change from a northerly flow 53
to a deep southerly flow from 2003-11-08 0600 UTC (T+0) to
2003-11-10 0600 UTC (T+48).

4.38 As in figure 4.13, but for 2003-11-09 0000 UTC. 53

4.39 Eta GFS fields of surface pressure (hPa) and wind (knots) 2003-08-30 54
1200 UTC (T+48) and 2003-08-31 1200 UTC (T+24).54

4.40 Eta relative humidity on 2003-08-31 at 0000 UTC (T+24) and 0300 UTC 54
(T+27).

4.41 Eta GRADS surface wind time section at ADIA showing the predicted 55
light winds on the morning of the 31st.

4.42 Eta GRADS prognostic atmospheric profiles at ADIA at times that are 55
most critical for fog on 2003-08-31 at 0000 UTC (T+24) (top) and at
0300 UTC (T+27) (bottom).

4.43 As in figure 4.8, but for 2003-08-30. 56

4.44 As in figure 4.8, but for 2003-08-31. 56

4.45 As in figure 4.13, but for 2003-08-30 1200 UTC and 2003-08-31 0000 UTC. 57

4.46 Eta GFS fields of surface pressure (hPa) and wind (knots) on 2003-10-22 58
at 1200 UTC (T+12) and 2003-10-23 at 1200 UTC (T+36).

4.47 Eta GRADS surface pressure (hPa) and winds in knots) on 2003-10-23 at 59
0000 UTC (T+24).

4.48 Eta relative humidity on 2003-10-23 at 0300 UTC (T+27). 59

4.49 Eta GRADS prognostic atmospheric profiles at ADIA at times that are 60
most critical for fog on 2003-10-23 at 0000 UTC (T+24) (top) and at
0300 UTC (T+27) (bottom).

4.50 Eta time cross-section at ADIA showing the predicted north-westerly flow 60
and increased surface moisture on 2003-10-22 at 0000 UTC (T+0) to
2003-10-24 at 0000 UTC (T+48).

4.51 Eta relative humidity on 2003-10-23 at 0300 UTC (T+27). 61

4.52 As in figure 4.8, but for 2003-10-22. 61

 
 
 



xvi

4.53 As in figure 4.8, but for 2003-10-23. 62

4.54 As in figure 4.13, but for 2003-10-22 0000 UTC and 2003-10-22 1200 UTC. 63

4.55 As in figure 4.13, but for 2003-10-23 0000 UTC. 63

4.56 Eta GFS fields of surface pressure (hPa) and wind (knots) on 2003-10-04
at 1200 UTC (T+12) and 2003-10-05 at 1200 UTC (T+36). 65

4.57 Eta WAFS fields of surface pressure (hPa) and wind (knots) on 2003-10-06
at 0000 UTC (T+24). 66

4.58 Eta relative humidity on 2003-10-06 at 0300 UTC (T+33). 66

4.59 Eta GRADS surface wind time section at ADIA from 2003-10-04 to
2003-10-06 67

4.60 Eta GRADS prognostic atmospheric profiles at ADIA on 2003-10-05 at 67
0000 UTC (T+12) (top) and 2003-10-06 at 0000 UTC (T+30) (bottom).

4.61 As in figure 4.8, but for 2003-10-04. 68

4.62 As in figure 4.8, but for 2003-10-05. 68

4.63 As in figure 4.8, but for 2003-10-06. 69

4.64 As in figure 4.13, but for 2003-10-05 0000 UTC and 1200 UTC. 69

4.65 As in figure 4.13, but for 2003-10-06 0000 UTC. 70

5.1 The average number of Shamal days per month, daily duration 3 hours, or 78
more, at ADIA for the years 1992 to 2003.

5.2 The daily hourly frequency of the Shamal at ADIA from 1992 to 2003, 79
inclusive. Wind speed  15 knots in blue and 17 knots in red.

5.3 Eta GFS prognostic fields of surface pressure (hPa) and wind (knots) 80
2003-11-12 to 2003-11-19 at 1200 UTC.

5.4a Time cross-sections of wind, dew point and vertical motion at ADIA from 81
2003-11-11 to 2003-11-17, extracted from Eta model runs.

5.4b As figure 5.4a, but for 2003-11-17 to 2003-11-19. 82

5.5 Eta model 10 metre prognostic winds (in knots) for the period 2003-11-14 to 82
2003-11-20.

5.6 Eta model prognoses of surface relative humidity, wind (knots) at 10 metre 83
(black), 950 hPa (grey) and downward vertical motion (blue lines) for
2003-11-15 0300 UTC (T+27) and 2003-11-16 0300 UTC (T+27).

 
 
 



xvii

5.7 Surface observations for the 12th, 13th, 14th and 18th November 2003. 84

5.8 Wind speed (to nearest 5 knots) and wind wave height (metres) scatter graph 85
of 3 hourly observations from 0000 UTC on the 11th to 1500 UTC on the 19th.

5.9 Surface observations on 2003-11-12. 86

5.10 As figure 5.9, but for 2003-11-13. 86

5.11 As figure 5.9, but for 2003-11-14. 86

5.12 As figure 5.9, but for 2003-11-15. 87

5.13 As figure 5.9, but for 2003-11-16. 87

5.14 As figure 5.9, but for 2003-11-17. 87

5.15 As figure 5.9, but for 2003-11-18. 88

5.16 As figure 5.9, but for 2003-11-20. 88

5.17 Winter Shamal Stratocumulus arriving over Abu Dhabi from the Gulf Sea. 89

5.18 Atmospheric soundings at ADIA 2003-11-14 at 0000 UTC on the left and 89
1200 UTC on the right.

5.19 As figure 5.18 but for 2003-11-15 at 0000 UTC. 90

5.20 Eta model GFS fields for 2003-04-30 1200 UTC. 92

5.21 As figure 5.20, but for 2003-05-04 1200 UTC. 92

5.22 Time cross-sections of wind, dew point and vertical motion at ADIA from 93
2003-05-28 to 2003-05-01 extracted from Eta model runs.

5.23 As figure 5.22, but at Al Ain for 2003-05-28 to 2003-05-01. 94

5.24 Surface observations on 2003-04-28. 95

5.25 As figure 5.24, but for 2003-04-29. 95

5.26 As figure 5.24, but for 2003-04-30. 95

5.27 As figure 5.24, but for 2003-05-01. 96

5.28 As figure 5.18, but for 2003-04-29 and 2003-04-30. 96
5.29 As figure 5.20, but for 2003-05-05 1200 UTC. 97

5.30 Boundary layer wind profile at Bahrain, June and July 1980 (Membery, 98

 
 
 



xviii

1983:20).

5.31 As figure 5.18, but for 2003-05-05 0000. 98

5.32 1200 UTC Eta GFS surface pressure (hPa) and wind (knots) fields on the 99
24th and 25th December 2003.

5.33 Eta model prognoses of surface relative humidity and wind (knots) at 10 99
metres (black) and 950 hPa (grey) with downward vertical motion (blue lines)
for 2003-12-25 0300 UTC.

6.1 Diurnal frequency of dust events (visibility ≤ 5000 metres) from 1994 to 2003, 106
inclusive.

6.2 Scatter graph of visibility and wind speed recorded (715 observations) during 107
32 dust storms for ten years from 1994 to 2003 when the visibility was ≤ 8000
metres, irrespective of the wind strength.

6.3 Scatter graph of visibility and wind speed recorded (211 observations) during 107
dust events in 2003 when the wind was SE to WSW and the visibility was
was ≤ 8000 metres, irrespective of the wind strength.

6.4 Scatter graph of visibility and wind speed recorded (103 observations) during 108
dust events in 2003 when the wind was W to NNW and the visibility was
≤ 8000 metres, irrespective of the wind strength.

6.5 Scatter graph of visibility and wind speed recorded (57 observations) during 108
dust events in 2003 when the wind was N to ESE and the visibility was
≤ 8000 metres, irrespective of the wind strength.

6.6 Central Abu Dhabi during the dust storm on the 13th March 2003. 109

6.7 Eta GFS analysis at 0000 UTC (T+0) 2003-03-12. 110

6.8 As figure 6.8, but at 0600 UTC (T+30) 2003-03-13. 110

6.9 Eta WAFS MSL pressure (hPa) and 10 metre winds at 0600 UTC (T+30). 111

6.10 As figure 6.8, but at 1800 UTC (T+42) 2003-03-13. 111

6.11 Eta GFS vertical time cross-section from 2003-03-12 0000 UTC to 2400 112
UTC on the 13th.

6.12 Eta GFS divergence time cross-section from 2003-03-12 0000 UTC to 2400 112
UTC on the 13th.

6.13 Eta GFS prognostic winds at 2003-03-11 1200 UTC. 112

6.14 Eta GFS prognostic atmosphere profiles at ADIA at 2003-03-12 1200 113
UTC and 0300 UTC (T+15) on the 13th and 0900 UTC (T+18).

 
 
 



xix

6.15 Scatter graph of wind speed verses visibility for the 30 hours from 0000 113
UTC on the 12th March 2003 to 0600 UTC on the 13th.

6.16 Surface observations at ADIA 2003-03-12. 114

6.17 As figure 6.16, but for 2003-03-13. 115

6.18 As figure 6.16, but for 2003-03-14. 115

6.19 Air temperature (red) and dew point temperature (blue) for the 48 hours 116
starting at 0100 UTC on 12-03-2003.

6.20 Atmospheric soundings at ADIA 2003-03-13 at 0000 UTC and 1200 UTC. 117

6.21 As figure 6.8, but at 1200 UTC (T+12) 2003-05-16. 119

6.22 As figure 6.8, but at 1200 UTC (T+0) 2003-05-18. 119

6.23 Eta GFS vertical velocity () time cross-section 2003-05-16 0000 UTC to 120
T+48 at 0000 UTC on the 18th.

6.24 As figure 6.23, but for 2003-05-18 1200 UTC to T+48 at 1200 UTC on the 120
20th.

6.25 Eta GFS divergence time cross-section 2003-05-16 0000 UTC 2400 UTC 121
on the 17th.

6.26 As figure 6.25, but for 2003-05-18 1200 to 1200 UTC on the 20th. 121

6.27 Average wind for the 850 hPa to 700 hPa layer on 2003-05-16 1200 UTC 121
(T+12).

6.28 As figure 6.27, but for 2003-05-18 1200 UTC (T+60). 121

6.29 Eta GFS Surface pressure (hPa) and wind (knots) fields on the 12th and 123
13th December 2003.

6.30 Eta GFS time cross-section at Dubai at 2003-12-11 1800 UTC. 124

6.31 As figure 6.30, but at ADIA. 124

6.32 Marine surface observation chart at 2003-12-12 0600 UTC. 125

6.33 NOAA polar orbiting satellite 17 colour enhanced image at 0722 UTC on 126
the 12th.

6.34 Atmospheric soundings at Bandar Abbass, on the Iranian coast, and ADIA
at 1200 UTC on the 12th December 2003. 127

 
 
 



xx

7.1 Wind roses at ADIA for January, April, July and October, 2003, compiled
from hourly observations. 131

7.2 2003-05-10 Eta GFS surface pressure and wind on 2003-05-10 at 1200 UTC 133
(T+12).

7.3 Eta GFS 700 hPa and 500 hPa gpm heights in decametres on 133
2003-05-10 at 1200 UTC (T+12).

7.4 As figure 7.2, but for 2003-05-11. 133

7.5 Surface observations graph at ADIA on 2003-05-10. 134

7.6 As figure 7.5, but for 2003-05-11. 134

7.7 Sea breeze approaching Al Ain on 2004-07-16. 135

7.8 Eta GFS 2003-05-10 0000 UTC surface wind prognosis at ADIA up to T+48. 136

7.9 As figure 7.8, but for 3002-05-10 at Al Ain. 136

7.10 Sea surface temperature in the Gulf Sea on 2003-05-11. 136

7.11 Atmospheric profile at ADIA with the low surface temperature inversion 137
on 2003-05-10 0000 UTC.

7.12 As figure 7.11, but for 2003-05-11 0000 UTC. 137

7.13 Eta GFS model run vertical motion at 2003-05-10 0600 UTC. 138

7.14 Eta GFS 0000 UTC model run cross section at T+3 at 54°E on 139
2003-05-11.

7.15 Eta GFS 0000 UTC model run cross section at T+12 at 54°E on 2003-05-11. 140

7.16 Eta GFS 2003-05-11 0600 UTC model projected atmospheric profile at 140
0900 UTC (T+3).

7.17 Eta GFS 2003-05-11 0000 UTC model projected atmospheric profile at 141
0900 UTC (T+9).

7.18 Eta GFS surface moisture flux analysis at 1200 UTC (T+00) on 2003-05-10. 142

7.19 Eta GFS 2003-05-10 1200 UTC model run moisture flux prognosis at 142
1200 UTC (T+24) on the 11th.

8.1 A wadi in the Hajar Mountains. 145

8.2 Rainfall statistics at ADIA from 1982 to 2001. 145

 
 
 



xxi

8.3 Thunderstorm days at ADIA (1982 to 2003) and Al Ain (1994 to 2001). 146

8.4 Eumetsat infrared image 2004-01-27 0300 UTC. 147

8.5 Eta NWP surface prognosis 2004-01-26/27. 148

8.6 Eta GFS model geopotential heights, wind and relative humidity at 700 and 148
500 hPa, respectively on 2004-01-27 at 0000 UTC.

8.7 Eta vertical velocity (microbars/second) field from 2004-01-26 0000 UTC 149
(T+0) to 2004-01-27 2400 UTC (T+48).

8.8 Eta wind divergence (blue lines) and convergence (red lines) field from 149
2004-01-26 0000 UTC (T+0) to 2004-01-27 2400 UTC (T+48).

8.9 The sequence of atmospheric soundings at ADIA from 1200 UTC 150
2004-01-26 through 0000 UTC 2004-01-27 to 1200 UTC on the 27th.

8.10 Al Ain weather radar PPI reflectivity dBZ images, 2004-01-27. 151

8.11 Prognosis of surface pressure and 10 metre wind 2002-03-18 at 0600 UTC 154
(T+6).

8.12 Prognostic wind vertical time cross section in knots at ADIA 2002-03-18 . 154

8.13 Boundary layer moisture flux at 1200 UTC (T+12). 155

8.14 Surface dew-point temperature at 1200 UTC (T+12). 155

8.15 500 hPa circulation at 1200 UTC (T+12) showing the trough west of the
UAE. 155

8.16 Vertical velocity (ω) time cross section at Abu Dhabi. 156

8.17 Relative humidity time cross section at Abu Dhabi. 156

8.18 Wind divergence time cross section at Abu Dhabi, indicating low level 156
convergence (-) and upper level divergence (+).

8.19 500 hPa vorticity advection at 1200 UTC (T+12) showing a local maximum 157
over eastern UAE and northern Oman.

8.20 A band on increased K Index values positioned over the Gulf and the 157
UAE at 1200. UTC (T+12).

8.21 Raised Total Totals Index values over western UAE at 1200 UTC (T+12). 158

8.22 Showalter Index at 1200 UTC (T+12). 158

8.23 Cyclonic vorticity (dashed line), elevated dry line (red) and 600 hPa 159

 
 
 



xxii

relative humidity (green) at 1200 UTC (T+12).

8.24 Lapse rates (a) 850 hPa to 700 hPa at 1200 UTC (T+12) and (b) 700 hPa 160
to 500 hPa at 1200 UTC (T+12).

8.25 Wind shear from the surface to 500 hPa (red lines) and the surface to 600 160
hPa (blue lines) at 1200 UTC (T+12).

8.26 Surface analysis at 0600 UTC on the 14th August 2003. 161

8.27 Eta NWP model T+12 fields at 1200 UTC on 2003-09-07. 163

8.28 Eta NWP model time cross section at Al Ain. 164

8.29 Al Ain weather radar PPI dBZ reflectivity images from about 1420 UTC 165
to 1630 UTC, clockwise from the top left, on the 7th September 2003.

8.30 Tropical depression 01-A at 1100 UTC 2002-05-10. 167

8.31 The track of Cyclone 02-A Gonu from data supplied by the Joint Typhoon 168
Warning Centre.

8.32 Cyclone 02-A Gonu in the Gulf of Oman and passing Muscat 168

9.1 Early morning Stratus cloud and fog drifting into the island city of Abu 171
Dhabi from the direction of ADIA further inland (2004-03-07).

 
 
 



xxiii

LIST OF SYMBOLS

˚ Degree.
˚C Degrees Celsius, previously Centigrade.
θe Wet-bulb potential temperature.
≥ Equal to, or greater than.
> Greater than.
≤ Equal to, or less than.
< Less than.
ω Vertical motion in the pressure coordinate system.

LIST OF ABBREVIATIONS

ADIA Abu Dhabi International Airport.
AGL Above ground level.
AMS American Meteorological Society.
AVN Aviation NWP model product.
BLDU Blowing dust.
BR Mist.
CAPE Convective available potential energy.
CAT ILS category level.
DALR Dry adiabatic lapse rate.
dBZ Radar reflectivity unit. The reflectivity is related to the number of drops per

unit volume and the 6th power of their diameter. Rainfall rate can be
determined using an empirical formula called the Z-R relationship.

DU Dust.
ECMWF European centre for medium range weather forecasting.
FG Fog.
ft Feet
GFS Global Forecast Service.
gpm geopotential metres.
GRADS A type of NWP model post-processing product
hPa Air pressure in hectoPascals. Previously millibar(s) was used.
HZ Haze.
ICAO International Civil Aviation Organization.
ILS Instrument landing system.
KT Knots.
m Metres.
ms-1 Metres per second
MSL Mean sea level.
NWP Numerical weather prediction.
NWS National Weather Service (USA).
PCRGIDDS Personal Computer based Gridded Interactive Display and Diagnostic System.
PPI Plan position indicator.
RVR Runway visual range.
SALR Saturated adiabatic lapse rate.
SAWS South African Weather Service, formally the South African Weather Bureau.
UAE United Arab Emirates.
UK United Kingdom.
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UKMO United Kingdom Meteorological Office.
UTC Universal Time Corrected. The same as Greenwich Mean Time (GMT).
VCFG Fog in the vicinity.
WAFS World area forecast system.
WBPT Wet bulb potential temperature.
WMO World Meteorological Organization.
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