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Foreword by HE Minister of Transport

Under the wise leadership of His Highness Sheikh Tamim bin Hamad Al Thani,
Amir of the State of Qatar (May Allah protect him), the State of Qatar has
made great efforts in developing the civil aviation sector by building and
developing a modern system characterized by advanced modern services,
which contributes to strengthening the country’s position and presence on the

olobal aviation map, in order to achieve the Qatar National Vision 2030.

In turn, the field of meteorology has witnessed great development, with
meteorological stations covering many regions in the country, supporting the
improvement and enhancement of the quality of meteorological services, and
providing weather and climate information to various sectors whose activities
are affected by climate conditions, most notably air navigation and marine,
the agricultural and tourism sectors, as well as planning and executing of

infrastructure projects.

It is in this context that | have great pleasure in introducing the ‘Climatological
Atlas for the State of Qatar’ that combines 30 years of weather observations
from a well representative network of meteorological stations in Qatar. This

Atlas is aimed at providing, at a glance, information on the prevailing weather

and climate over the State of Qatar.

I strongly believe this contribution from Qatar Civil Aviation Authority will be
extensively utilized by various government and private sector agencies, as well

as academic institutions in the country.

I compliment the work team for the efforts they have made to provide this

distinguished work.
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Foreword by In Charge of Managing QCAA

Qatar Meteorology Department, under Qatar Civil Aviation Authority, has
been engaged in providing various meteorological services to the general
public as well as to the government and private sector agencies in Qatar since

its establishment in early 1960s.

In recent years, the Meteorology Department has expanded its activities that
include an early warning system for highways, marine forecasting system for
the Arabian Gulf, establishment of seismology network, numerical weather

prediction using a suite of weather and ocean models and climate research to

assess the present and future climatic trends in Qatar.

It gives me great pleasure and satisfaction to share the «Climatological Atlas
for the State of Qatar> prepared by the Climate Research Section of our
department that is expected to serve as a useful baseline and a reference
material on the current climate in the country for planners, government and
private sector organizations and academic institutions. The Atlas presents
long-term climatology of various meteorological variables in the form of

spatial maps, graphs and tables.

This is the first such climatological Atlas prepared for Qatar, and | sincerely

hope that it will be found useful and extensively used.

| take this opportunity to express my sincere appreciation for the hard work
done by my colleagues in the Climate Research Section for preparing this
Atlas.
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Introduction

Systematic meteorological observations began at Doha International Airport (DIA) in 1962.
Qatar Meteorology Department (QMD) has been expanding its network of observatories since

then and archiving and processing various meteorological data.

This Climatological Atlas is made using the recent 30 years weather observations (1992-2021)
taken at different locations in the State of Qatar. Although Qatar Meteorology Department
under Qatar Civil Aviation Authority has been maintaining several weather observatory stations
with differing start years, 6 stations, having continuous observations for a period of at least 30
years, have been considered in making this Atlas. 30 years is generally the period recommended

by the World Meteorological Organization for developing climatological normals for all areas.

Data on different meteorological parameters collected at these stations are subjected to basic
quality control tests. Days when only a few hours of observations were reported/available were
discarded in our analysis. At no station the missing data amounts to more than 10% of the

total observations considered.

In order to have good geographical coverage in the country, Abu Samra station is also
considered along with these 6 stations, though it has data only from 2007. Therefore, the
stations considered in the atlas include 1) Doha International Airport, 2) Dukhan, 3) Al Khor, 4)
Umm Said, 5) Al Karanaah, 6) Al Ruwais and 7) Abu Samra.

®
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The location of these 7 stations is shown in Figure 1. Meteorological data on temperature
(mean, maximum, minimum), relative humidity, rainfall, sunshine hours, direction and speed of

wind, sea level pressure are utilized.

QMD maintained an observatory at Mukaynis up to 2008 and then shifted it to Al Karanaah.
Hence, the climatological analysis presented for Al Karanaah includes data from Mukaynis
during 1992-2008 and Al Karanaah during 2009-2021.

These two stations are located in close proximity and fall under very similar desert
environments in a fairly flat terrain. Some of the extreme statistics presented in the Atlas
are based on hourly data. Statistics on some significant weather events are also presented
with respect to Doha International Airport observatory where such events have been well

documented.
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Climate of Qatar

The State of Qatar is dominated by subtropical dry,
hot desert climate with low annual rainfall, very high
temperatures in summer and with a large difference
between day and night temperatures in the inland
areas. The coastal areas are influenced by the
Arabian Gulf and experience lower maximum and
higher minimum temperatures coupled with higher

moisture in the atmosphere.

June to September is the peak summer season in the
State of Qatar with nearly zero rainfall. The mean
daily temperatures during June, July and August are
35.7°C, 36.5°C and 35.9°C respectively in Doha. The
mean daily maximum temperatures in these months
are 42.2°C, 42.4°C and 41.4°C. During summers the

temperatures can exceed 50°C.

Winter is cooler with occasional rain. Spring and
autumn seasons are warm, mostly dry and pleasant
with mean daily maximum temperatures between
27°C and 40°C and cooler nighttime temperatures
between 18°C and 30°C.

On an average, Qatar receives about 77mm rainfall in
a year with some years receiving nearly zero rainfall in
the past 60 years of record. Most of the rain comes

in the form of thunderstorms.

The State of Qatar occasionally experiences events

of high winds known as Shamals during winter

and summer seasons. Shamal winds are north to
northwesterly in direction. Often times, Shamals also
bring lot of dust to Qatar from upstream wind regions
such as Syria, Kuwait, Iraq and other parts of the
Middle East.

While we make an attempt here to capture the general
climatology of Qatar based on the recent 30 years of
weather data, it must be mentioned that statistics in
regard to some weather extremes might differ when
we consider the weather data beyond the 30-year
period that we have considered here. Hence while
analysing weather extremes, we strongly urge users

to consider all available data with QMD.

The figures and charts presented in the Atlas are
self-explanatory and provide a glimpse of the general

climatology of the State of Qatar.
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Monthly Climatological Normals

Monthly climatological normals in respect of all the 7 stations are presented in the form of
graphs, and the long-term mean values of different meteorological parameters are tabulated
in the bottom of the figures. The long-term climatological normals presented for each station
include:

1) Mean Temperature (°C)

2) Maximum Temperature (°C)

3) Minimum Temperature (°C)
4) Rainfall (mm)

5) Relative Humidity (%)

6) Wind Speed (kt)

While for temperature parameters the long-term average and corresponding highest and
lowest recorded values in each month during the data period are also shown in the graphs.
Likewise, For relative humidity the highest and lowest recorded values are also shown. The
rainfall graph shows long-term mean monthly total as well as the highest recorded one-day
(24-hr) rainfall in each month. For wind, besides the long-term monthly mean wind speed, the
highest wind and highest gust recorded during the data period are also shown in the graphs.

These monthly climatological normals are presented in Figures 2-8.
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Spatial Climatological Maps

Besides presenting climatological normals at each station, the spatial
distribution of annual and seasonal means of different meteorological
variables are presented in Figures 9-19. While the annual maps correspond to
12-month (January to December) average, the seasons are winter (December-
January-February), spring (March-April-May), summer (June-July-August) and
autumn (September-October-November). The spatial climatological maps are
made using Arc-GIS with Inverse-Distance Weighted (IDW) spatial interpolation
scheme. The spatial maps are generated for the following meteorological

variables:

1) Mean Temperature (°C)

2) Mean Maximum Temperature (°C)
3) Mean Minimum Temperature (°C)

4) Highest Maximum Temperature (°C)
5) Lowest Minimum Temperature (°C)
6) Rainfall (mm)

7) Number of rainy days

8) Relative Humidity (%)

9) Total Global Radiation (Joules/cm?2)
10) Sunshine Duration (hr)

11) Sea Level Pressure (hPa)

These maps are generated using the annual and seasonal averages across the
data period considered at each station (30 years for 6 stations and 15 years

for one station).
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Wind Rose Diagrams

A wind rose is a graphic that gives a general idea of the prevailing wind
direction and speed at a particular place. Here we show the frequency of winds
blowing in 16 cardinal directions, such as north (N), north-northeast (NNE),
northeast (NE) etc. Each concentric circle represents a different frequency,
emanating from zero at the center to increasing frequencies at the outer

circles.

These winds rose plots also provide additional information, in that each spoke
is broken down into color-coded bands that show wind speed ranges. In terms
of angle measurement in degrees, North corresponds to 0°/360°, East to 90°,
South to 180° and West to 270°.

Such wind rose diagrams are presented here in respect of all the 7 stations for

annual and four seasons separately in Figures 20-26.

The frequency statistics of wind under 6 different speed ranges for annual
and four seasons are presented in the form of tables in each of these figures
below. In order to have a greater data frequency, hourly wind speed and
direction data starting from 1st January 2008 until the end of 2021 are utilized
to generate the wind rose diagrams. However, at Al Khor, hourly wind data are

available until the end of 2018 only.

J)
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Significant Weather Events

Besides the high temperatures that prevail during summer season, the State of Qatar also
experiences strong northerly to northwesterly winds both during winter and summer seasons
known locally as <Shamals>. Shamal winds occasionally bring sand and dust along from the
source regions of Iraq and Syria. There are also other strong wind situations that bring dust
from parts of Saudi Arabia and all the way from Iran. Here we provide monthly climatological
statistics on the Shamal wind days based on hourly wind observations during 1962-2021

at Doha International Airport. The Shamal days are identified as those with northerly to
northwesterly winds exceeding a speed of 17 kts and persist for at least 3 hours or more.

Statistics on strong Shamal days are also provided wherein the wind speed exceeds 22 kts for

at least one hour during a Shamal day.

The statistics of Shamal days are shown in Figure 27a. Figure 27b shows the monthly
climatological statistics of sandstorm/thick dust haze days and that of haze/mist/dust/sand
conditions. While the sandstorm/thick dust haze days are those when the visibility goes below
1000m, the haze/dust/mist/sand days are those when the visibility is between 1000m and
5000m. These statistics are based on daily visibility observations made at Doha International
Airport during the period 1962-2021. The statistics provided in Figures 27a and 27b are the
average occurrence of these events per month. In addition, we also provide statistics related
to the occurrence frequency of Fog days (Figure 27¢) and Lightning/Cb/Thunderstorm days
(Figure 27d) reported at Doha International Airport during the period 1962-2021. However, Cb
(Cumulonimbus cloud) data is from 1981 to 2021 only.
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Monthly Minimum Temperature (°C) (1992-2021)
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Figure 2: Monthly Climatological Normals For Doha International Airport
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Figure 3: Monthly Climatological Normals for Dukhan

Wind Speed (kt)

Wind

Speed

Monthly Wind Speed (kt) (1992-2021)

70

60

50

a0

30

20

10

JAN

Max

Mean

Max Gust

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Max mmm Mean mmm Max Gust

32 32 33 36 36 30 28 23 29 26 31 31
86 89 84 81 75 78 71 63 64 64 79 86

44 43 64 65 50 43 a3 38 51 45 58 a0

Relative Humidity (%)

Relative

100

Humidity

Monthly Relative Humidity (%) (1992-2021)

90
80
70
60
50
40
30
20
10

0 EN———

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Highest

Mean

Lowest

100

7

3

100

68

6

100

60

1

100

53

3

Mean

100

a8

1

100

51

q

mmm Highest

100

53

3

100

58

6

100

60

1

== |Owest

100

64

3

100

68

8

100

73

7

Rainfall (mm)

Monthly Rainfall (mm) (1992-2021)
140.0

120.0
100.0
80.0
60.0
40.0

20.0

RN 1

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

mmm Mean mmm Max 24 Hrs

Parameter ‘ JAN ‘ FEB ‘ MAR ‘ APR ‘ MAY ‘ JUN ‘ JuL ‘ AUG ‘ SEP ‘ ocT ‘ NovV ‘ DEC

Mean 72 | 98 177 | 45 09 00 00 00 0.0 03 64 128

Rainfall

Max 24

Hrs 165298 1235 177 15 00 00 0.0 0.2 51 33.0 398




Temperature (°C)

Minimum

Temperature

Monthly Minimum Temperature (°C) (1992-2019)
40.0

35.0
30.0
25.0
20.0
15.0
10.0

5.0

0.0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Mean mmm Highest = LoOwest

Highest 225 22.0 23.6 28.0 33.0 355 34.6 372 33.8 301 276 220
Mean 121 132 16.0 20.6 25.0 271 289 28.8 263 229 19.0 14.6

Lowest 29 23 6.3 124 16.0 205 223 190 170 159 15 7.8

Temperature (°C)

v o e e o s o vov o

Maximum

Monthly Maximum Temperature (°C) (1992-2019)

55.0
50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

mmm Mean mmm Highest = LoOwest

o | Highest | 30.4 | 351 40.5 43.0 48.0 50.0 48.8 489 46.0 44.0 370 327
2
g Mean 211 | 22.6 | 26.8 | 32.7  39.0 421 | 42.0 40.6 38.6 352 29.0 239
£
P Lowest 109 | 13.7 | 16.4 20.2 | 279 33.2 | 33.2 | 27.0 28.0 281 18.6 149

Joall diunod dupauidl dusbiodl Gdacoll :4 ady Jud

Monthly Mean Temperature (°C) (1992-2019)
45.0
40.0
35.0
30.0

25.0

20.0
15.0
10.0

5.0

Temperature (°C)

0.0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

mmm Mean mmm Highest = Lowest

Parameter JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Highest | 23.5 | 24.5 28.5 33.5 39.2 417 401 41.0 378 34.6 30.5 24.8

Mean | 16.4 17.8 213 | 26.2 | 31.8 344 352 345 322 28.8 23.8 19.0

Mean
Temperature

Lowest | 74 9.8 141 18.5 245 285 29.8 261 243 235 152 1.4

28



Wind Speed (kt)

Wind
Speed

Figure 4: Monthly Climatological Normals for Al Khor

60

50

a0

30

20

10

Mean

Max Gust

Monthly Wind Speed (kt) (1992-2019)

Relative Humidity (%)

FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

mmm Max Gust

Relative
Humidity

100

90
80
70
60
50
40
30
20
10

(o]

Highest

Lowest

Monthly Relative Humidity (%) (1992-2019)

—

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Rainfall (mm)

&
£
©
o

50.0
45.0
40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0

0.0

Parameter ‘ JAN ‘ FEB ‘ MAR ‘ APR ‘ MAY ‘ JUN ‘ JuL ‘ AUG ‘ SEP ‘ ocT ‘ NovV ‘ DEC

Monthly Rainfall (mm) (1992-2019)

el

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

mmm Max 24 Hrs

Max24 | 435 418 300 244 5.0



e digaod éupauidl dusliodl Gdacall :5 ad) JAui

Monthly Minimum Temperature (°C) (1992-2021) Monthly Maximum Temperature (°C) (1992-2021) Monthly Mean Temperature (°C) (1992-2021)
40.0 55.0 45.0
35.0 50.0 40.0
45.0
30.0 35.0
0.0 30.0
25.0 35.0
—— 25.0
_. 200 ~ 30.0 ~
< & x:0 0 200
< < 25 <
v 15.0 v Y 150
3 5 200 =]
) 10.0 =) )
© o @ 10.0
g,_ g 15.0 g
S 5.0 g 10.0 € 5.0
(] (V) (]
0.0 F 50 ~ 0.0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Mean == Highest = Lowest === Mean mmm Highest =mm Lowest mmm Mean mmm Highest = Lowest
Parameter JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Parameter JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
o Highest 23.3 247 30.0 29.0 350 341 365 370 345 322 305 268 ‘E o | Highest | 31.2 | 37.6 40.0 43.5 499 499 522 509  47.8 44.8 39.4 32.2 o | Highest | 249 | 27.7 315 34.2 389 40.6 40.6 41.8 39.2  35.6 | 32.5 28.0
€2 2 3
> ® 38 c®
gg Mean  12.6 13.6 165 21.0 25.0 26.4 29.0 297 26.8 235 193 14.8 g% Mean | 222 237 274 329 391 424 425 411 38.8 353 29.6 247 g% Mean | 17.6 18.8 | 221 27.0 321 345 357 355 331 297 24.6 199
SE f¢ €
P lowest 10 40 30 120 158 18.8 210 240 183 166 9.6 3.8 ‘ P | Lowest 104 133 170 212 29.6 332 324 343 315 293 192 153 P Lowest | 8.6 102 122 18.8 256 27.8 28.6 299 272 241 157 10.8




Wind Speed (kt)

Wind
Speed

60

50

a0

30

20

10

Parameter

Monthly Wind Speed (kt) (1992-2021)

—

V‘I

Relative Humidity (%)

FEB

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

e Max

mmm Mean

mmm Max Gust

Relative

MAR APR MAY JUN JUL AUG OCT NOV DEC

28 29 39 32 36 38 32 26 24 25 28 26

Mean 75 83 83 80 81 85 78 68 63 63 73 72
Max Gust 42 as 58 54 52 55 48 40 36 40 38 49

Humidity
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Figure 6: Monthly Climatological Normals for Al Karanaah
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Figure 7:

Wind Speed (kt)
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Figure 8: Monthly Climatological Normals for Abu Samra
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Figure 9:
Spatial Distribution of Mean Temperature (°C) over Qatar
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Figure 10: 10 a8y JAuis
Spatial Distribution of Mean Maximum Temperature (°C) over Qatar Hod dlga (na (dugio 63ya) (nobacll Gjladl 6aya buugiol (niiall gujgill
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Figure 11:

Spatial Distribution of Mean Minimum Temperature (°C) over Qatar
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Figure 12: 12 ady Jhud
Spatial Distribution of Highest Maximum Temperature (°C) over Qatar Hod dlga (na (dugho d3ya) (nodac G)l daya (nledl (nikoll 21jgill
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Figure 13: 13 ad) Jlul
Spatial Distribution of Lowest Minimum Temperature (°C) over Qatar Hod dlga (na (dugho 63ya) (pen il dyja (niadl (nilkall g1jgill
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Figure 14: 14 ad) JAub
Spatial Distribution of Rainfall (mm) over Qatar Hod élga (na (ao) jlhoil (nioll gijgill
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Figure 15: 15 a8y Jhuis
Spatial Distribution of Number of rainy days over Qatar Hod dlga (na ol Lows cillha il abidl aael (pikoll g1jgill
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Figure 16: 16 ad) JAub
Spatial Distribution of Mean Relative Humidity (%) over Qatar Hod élga (na (%) dwwddl daghpll hiugiol (nilioll gijgill
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Figure 17: 17 ad) JAub
Spatial Distribution of Mean Total Global Radiation (Joules/cm?2) Hod dlga (na 2aw/jga) (nollell gledidl (plloa] hwgiol (nikall g1jgill
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Figure 18: 18 ady Juis
Spatial Distribution of Mean Sunshine Duration (hrs) over Qatar Hod dlga (na delw yuouiddl gglhw 620 hwgiol (nilboll g1jgill
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Figure 19: Spatial Distribution of Mean Sea Level Pressure

(hPa) over Qatar
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Figure 20:

Wind Rose Diagrams of Doha International Airport
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Figure 21:
Wind Rose Diagrams of Dukhan
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Figure 22:
Wind Rose Diagrams of Al Khor
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Figure 23:

Wind Rose Diagrams of Umm Said
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Figure 24:
Wind Rose Diagrams of Al Karanaah
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Figure 25:
Wind Rose Diagrams of Al Ruwais
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Figure 26:

Wind Rose Diagrams of Abu Samra
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Significant Weather Events
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Figure 27:
Climatological Normals of Significant Weather Events Recorded at Doha International Airport
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