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FRONTISPIECE

The 21 January satellite photo shows the intenstc area of thunderstorms that resulted
in the "rough going" shown in the inset. "General Mud" once again plays his harid.
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Chapter 1

INTRODUCTION

Area of Interest. This study describes the day-by-day weather of northern
Saudi Arabia, the northern Persian Gulf, Iraq, eastern Jordan, southeastern
Turkey, and southwestern Iran between 8 August 1990 and 31 March 1991.
For the purposes of this study, the Persian Gulf region is divided into the
two areas shown in Figure 1-1. Area A (the "Area of Interest") is discussed
throughout the study. Area B (the "Area of Intense Interest") is only
discussed in Chapter 3, "DESERT STORM." Figures 1-2, 1-3, and 1-4
show the major cities and topographical features of Iraq, Kuwait, and Saudi
Arabia, respectively. For detailed topography, drainage, and urban
geography, consult the appropriate Defense Mapping Agency Aeronautical
charts.
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Figure 1-2. Iraq. Note the two lakes just west of Baghdad. They are
prominent in most satellite imagery and help locate the city.

1-2



-, _ ,,-. -,-, ,- -, , _-,- ---... . .- .. . .. '... .

Awaj~it Bayj

Z!2 ffaWaii 0 "3 lpg

Itina hAI-Aboiad I

Figure 1-3. Kuwait. The tides in Kuwait Bay are much higher with strong
easterly winds (and much lower with strong westerly winds) than the tide
tables would indicate.
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Figure 1-4. Saudi Arabia. Note the extensive desert areas. Saudi Arabia
slopes up toward the west. Mountains along the Red Sea coast and the
Yemeni border reach elevations near 8,000 feet. Temperatures are nearly
always 5-100 cooler in the western mountains.
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Study Content. The emphasis in this report is on sensible weather that
could have affected the use of airpower in the region during the Persian
Gulf War. Weather conditions that could have affected ground operations
are mentioned whenever they are appropriate and known, especially during
the ground war portion of Operation DESERT STORM. Representative
satellite imagery was carefully selected to complement the text. Note that
some pages in Chapters 2-4 have been left blank to provide better
continuity from text to photograph.

In Chapter 2 (DESERT SHIELD, 8 August 1990--16 January 1991), the
"general weather" of selected time periods is described. Daily discussions
are provided as "significant weather evenis" only when day-to-day weather
has departed significantly from the "general weather" discussions.

In Chapter 3 (DESERT STORM, 17 January--2 March 1991), Gulf
weather is discussed day by day. Although hostilities ceased at 050OZ
on 2 March, that day's discussion covers the entire 24 hours.

In Chapter 4 (PROVIDE COMFORT, 3 March 1991 through 31 March
1991), we use the same "general weather" and "significant weather
events" a3 in Chapter 2, but with emphasis on Iraq and extreme
southea. .,D- Tuikey

"The bibfiography gives major references used in study preparation--all
are available through the authors, either directly or indirectly.

Appendix A is a locator for the stations used to compile the
climatological tables given in Appendices B, C, and D.

Appendik B gives mean monthly maximum and minimum temperatures
(including wot-bu!b globe and wind-chill temperatures) for August 1990
through March 1991, the duration of the Gulf War.

Appendix C gives maximum and minimum temperatures (including wet-
bulb globe and wind-chill temperatures) for the entire period of record.

Appendix D gives thL hourly duration (inclusive hours of occurmence) that
wet-bulb globe temperattire (WBGT) was equal to or more than 85" F and
880 F at Bahrain, Jeddah, King Khalid Military City, and King Faud Air
Base.

-1-
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Conventions. All cloud heights are in feet. As they are discussed here,
"low clouds" have bases from the surface io 6,500 feet above ground level 0
(AGL). "Middle cloud" bases are between 7,000 and 19,000 feet AGL,
while "high clouds" are those with bases above 20,000 feet AGL. Wind
speeds are in knots. Visibilities through 4,800 meters are ir. hundreds of
meters, but those of 5 kilometers and above are in !Jlometers (kin).
Tamperatures are in degrees Celsius (C). Pressures are in millibars (mb).
All times are in Greenwich Mean Time ().

Data Sources. The authors used a number of sources, including existing
USAFETAC descriptive climatological studies covering the region, a large
amount of meteorological satellite imagery (see below), observations and
general information gathered by deployed Air Weather Service
meteorologists and coalition airorews, and special data summaries prepared
by USAFETAC analysts. A selected list of sources is griven in the
bibliography. Author expertise in the area was also helpful; four of the six
authors had preparod special studies during DESERT SHIELD and
DESERT STORM, and one was assigned to the Desert Forecast Unit from
mid-August 1990 through !ate March 1991.

Satellite Imagery. Satellite imagery was invaluable to researching and
writing this history. Without it, we doubt that it could have been written at
all. Images enhanced to detect blowing dust and sand were especially
helpful. Through the forecight and assistance of Lt Col Gerry F. Reilly,
AWS/DOJ, and Lt Col Kenneth A. Nash, AFGWCIADO, satellite imagery
received at the Desert Forecast Unit (DFU), Riyadh, Saudi Arabia, and at
the Air Force Global Weather Central (AFGWC), Offutt AFB, Nebraska,
during the course of the war was mnads available to u3. Lt Cot Nash also
provided the image and picture used in the frontispit.ce, as well as
additional DMSPISSMI images for the ground war period of DESERT
STORM. The authors examined a total of more than 2,550 images, both
visual and infrared, from the Defense Meteorological Satellite Program
(DMSP), the National Oceanographic and Atmospheric Administration
(NOAA) polar orbiting satellites, and the European Space Agenicy's
geosynchronous METEOSAT satellite. Whenever possible, DMSP and
NCAA polar orbiter images were selected to illustrate the text, primarily
because of ioreshortening problems with METEOSAT images. A few
METEOSAT pictures were used, however, to illustrate DESERT STORM
when a rapidly moving system affected the Arabian Peninsula between
polar orbiter images. METEOSAT was also extremely helpful in loca.ting
precipitation areas.

1-6 O
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* Chapter 2

DESERT SHIELD WEATHER

8 August 1990-16 January 1991
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DESERT SHIELD 8-31 August 1990

General Weather. The entire area was hot, dry, and
dominated by low pressure. Skies were clear to scattered.
Winds were northwesterly at 8-15 knots with occasional gusts
to 25; at night, speeds dropped to less than 10 knots.
General visibilities were 7-9 km in haze and dust. High
temperatures were 34-450 C; lows, 23-300 C. The higher
elevations of western Saudi Arabia were 5-10* cooler.

Significant Weather Events
8 August: Suspended dust reduced morning visibilities to
4,800 meters across eastern Saudi Arabia.

12-13 August: Suspended dust again reduced morning
visibilities to 4,800 meters in eastern Saudi Arabia. Blowing
sand and dust reduced afternoon and evening visibilities to 5-
7 km. There were isolated reports of 3,200-meter visibilities
in Kuwait and in northeast and north-central Saudi Arabia.

14 August: Suspended dust reduced morning visibilities to
3,200 meters across eastern Saudi Arabia. Blowing sand and
dust reduced afternoon visibilities to 5-7 km along the Iraq-
Saudi Arabia border and in western and eastern Saudi Arabia.
Isolated areas of blowing sand and dust further reduced
afternoon visibilities to 4,000 meters across northeastern
Saudi Arabia.

15-17 August: Fog developed overnight along the Persian
Gulf coast in and around Dhahran, as well as in northeastern
and central Saudi Arabia. Visibility dropped to 3,200 meters,
but returned to 7-9 km in haze several hours after sunrise.
Broken clouds at 500 feet over the Gulf coast burned off after
sunrise.

15 August: Suspended dust reduced morning visibilities to
4,800 meters across central Saudi Arabia.

16 August: Blowing sand and dust reduced afternoon
visibilities to 5-7 km across western Saudi Arabia.

17 August: Blowing sand and dust reduced afternoon
visibilities to 5-7 km in Kuwait and in northeastern and
western Saudi Arabia.
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18 August: Blowing sand and suspended dust reduced
morning visibilities to as low as 3,200 meters across eastern,
central, and western Saudi Arabia. Afternoon visibilities in
western Saudi Arabia improved to 5-7 km.

19 August: Suspended dust and haze reduced afternoon
visibilities in eastern Saudi Arabia.

20-22 August: Daytime winds gusted to 30 knots in areas
along the Iraq-Saudi Arabia border and into Kuwait. Blowing
sand and dust lowered visibilities to as little as 3,200 meters

• in some places.

23-24 August: Blowing sand and duse again reduced
afternoon visibilities in western Saudi Arabia to 5-7 kmn.

25-28 August: Blowing sand and dust reduced afternoon
visibilities to 5-7 km in Kuwait and in northeast, north-central,
and western Saudi Arabia.

29 August: Blowing sand and dust reduced afternoon
visibilities to 4,800 meters in central Iraq, central Saudi
Arabia, and Kuwait.

30 August: Blowing sand and dust lowered afternoon
visibilities to 5 km in northeastern Saudi Arabia.

31 August: Blowing sand and dust reduced afternoon
visibilities to as low as 5 km in northeastern Saudi Arabia and
the northern Persian Gulf.
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Figure 2-1. NOAA Visual, 8 September 1990, 1327Z. Two distinct areas of blowing
sand and dust over southeast Iraq, Kuwait, and the Persian GC'ulf are shown by the
arrows. Visibilities here dropped to 1,600-3,200 meters.
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DESERT SHIELD 1-13 September 1990

General Weather. High pressure dominated Iraq and central
Saudi Arabia. Skies were clear to scattered. Winds were
northwesterly at 10-20 knots with occasional gusts to 25
knots. Speeds dropped to less than 10 knots at night. Haze
and suspended dust reduced general visibilities to 7-9 km.
High temperatures were 34-440 C; lows, 20-271 C. The
western mountains of Saudi Arabia were 5-100 cooler.

Significant Weather Events
I September: Haze reduced mid-morning visibilities to 4,800
meters in central Saudi Arabia. Fog developed late at night
over northeastern and eastern Saudi Arabia; it reduced
visibilities to 3,200 meters but burned off several hours after
sunrise the next day.

2 September: Blowing sand and dust reduced afternoon
visibilities to 5-7 km in Kuwait and southeastern Iraq. Haze
reduced afternoon visibilities to 3,200 meters in northwestern
Saudi Arabia. Fog again developed late at night over
northeastern and eastern Saudi Arabia with 3,200-meter
visibilities until after sunrise.

3 September: Isolated afternoon thunderstorms developed
over the southern half of Saudi Arabia's Red Sea coast.

4 September: Haze reduced mid-morning visibility to 4,800
meters in central Saudi Arabia.

6 September: Isolated afternoon thunderstorms developed
over the southern half of the Saudi Arabian Red Sea coast
and over the southwest mountains of Saudi Arabia.

7 September: Blowing sand and dust reduced afternoon
visibilities to 5-7 km in Kuwait and the northern Persian Gulf,

8 September: Suspended dust reduced morning visibilities
to 5-7 km in central Saudi Arabia. Two distinct areas of
blowing sana and dust over southeast Iraq and Kuwait into
the Persian Gulf lowered visibilities to 1,600-3,000 meters--
they are shown in Figure 2-1. Isolated afternoon
thunderstorms developed over the western mountains of
Saudi Arabia.
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Figure 2-2. NOAA Thermal, 10 September 1990, 1445Z. The arrow marks an area
of isolated afternoon thunderstorms over the southern half of the Saudi Arabian Red Sea
coast.

Figure 2-3. NOAA Thermal, 11 September 1990, 1433Z. A large area of isolated
afternoon thunderstorms and rainshowers is shown over the western mountains of Saudi
Arabia.
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9 September: The two areas of blowing sand and dust
shown in Figure 2-1 persisted. Suspended dust reduced
morning visibilities in eastern and central Saudi Arabia to 5-7
km. Blowing sand and dust lowered afternoon visibilities in
western Saudi Arabia to 5-7 km. The two areas of blowing
sand and dust shown in Figure 2-1 were still present.

10 September: Figure 2-2 shows an area of isolated
afternoon thunderstorms over the southern half of the Saudi
Arabian Red Sea coast.

11 September: Blowing sand and dust reduced morning and
early afternoon visibilities to 5-7 km in Kuwait and the
northern part of the Persian Gulf. Figure 2-3 shows a large
area of isolated afternoon thunderstorms and rainshowers
over the western mountains of Saudi Arabia.

13 September: Blowing sand and dust reduced morning and
early afternoon visibilities to 5-7 km in Kuwait, northeastern
Saudi Arabia, and the northern part of the Persian Gulf.
Isolated afternoon thunderstorms developed over the southern
half of the Saudi Arabian Red Sea coast.

DESERT SHIELD .14 September 1990

General Weather. A dry cold front extended through central
Iraq into northwestern Saud! Arabia, with an associated low-
pressure center near Baghdad. Skies were clear to scattered.
Winds were northerly; speeds alcig the front increased to 30
knots during the day. Haze and suspended dust reduced
general visibilities to 7-9 km, but visibilities ahead of the front
in southern Iraq and Kuwait were less than 3,200 meters.
High temperatures were 33-400 C; lows, 20-270 C.

DESERT SHIELD 15-22 September 1990

General Weather. The cold front dissipated. High pressure
dominated across Iraq and into central Saudi Arabia. Skies
were clear to scattered, Winds were northwesterly at 10-20
knots with occasional gusts to 25, dropping to less than 10
knots at night. Haze and suspended dust reduced visibilities
to 7-9 km. High temperatures were 33.400 C; lows, 20-27° C.
The western mountains of Saudi Arabia were 5-100 cooler.
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Figure 2-4. NOAA Thermal, 17 September 1990, 1048Z. The arrows mark the origins
of blowing sand and dust that reduced afternoon visibilit',es to 5-7 km generally, but as
low as 3,200 meters in iso!ated areas over southeast Iraq, northeast Saudi Arabia,
Kuwait, and the northern part of the Persian Gulf. This image has been enhanced to
make the blowing sand and dust more visible.
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Significant Weather Events
15 September: Isolated afternoon thunderstorms developed
over the southern half of Saudi Arabia's Red Sea coast.

16 September: Suspended dust reduced mid-morning and
evening visibilities to 4,800 meters over central Saudi Arabia.
Blowing sand and dust reduced most afternoon visibilities to
5-7 kin, but as low as 3,200 meters in isolated areas of
southeast Iraq, northeast Saudi Arabia, Kuwait, and the
northern Persian Gulf. Afternoon visibilities were also
reduced to 5-7 km in isolated parts of west-central Saudi
Arabia. Isolated afternoon thunderstorms developed over the
southern half of Saudi Arabia's Red Sea coast.

17 September: Suspended dust again kept mid-morning and
evening visibilities to 4,800 meters over central Saudi Arabia.
Blowing sand and dust over northeast Saudi Arabia is shown
in Figure 2-4. Afternoon visibilities were reduced to 5-7 km in
isolated parts of west-central Saudi Arabia. Isolated afternoon
thunderstorms developed over the southern third of the Saudi
Arabian Red Sea coast. Suspended dust reduced afternoon
visibilities to 5-7 km in western Saudi Arabia.

18-19 September: Suspended dust-reduced early- and
late-morning visibilities to 4,800 meters in central Saudi
Arabia. Blowing sand and dust reduced afternoon visibilities
to 5-7 km in southeast Iraq, northeast Saudi Arabia, Kuwait,
and the northern part of the Persian Gulf.

19 September: Isolated afternoon thunderrstorms developed
over the southern half of Saudi Arabia's Re.- Sea coast.

20 September: Isolated afternoon thunderstorms again
developed over the southern half of Saudi Arabia's Red Sea
coast. Blowing sand and dust reduced morning and early
afternoon visibilities to 5-7 km in Kuwait and the northern part
of the Persian Gulf.

21 September: Early morning fog reduced visibilities to
4,800 meters in eastern Saudi Arabia. Blowing sand and dust
reduced afternoon visibilities to 5 kin, with isolated reports of
3,200 meters over west and northwest Saudi Arabia. Isolated
afternoon thunderstorms developed over the southern third of
Saudi Arabia's Red Sea coast.
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Figure 2-5. NOAA Thermal, 25 September 1990, 1242Z. Biowing sand anda dus!
originating at the arrows reduce afternoon visibilities to 5-7 kmn
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22 September: Blowing sand and dust again reduced
afternoon visibilities to 5 km. There were isolated reports of
3,200 meters over west and northwest Saudi Arabia. Isolated
afternoon thunderstorms again developed over the southern
third of Saudi Arabia's Red Sea coast.

"DESERT SHIELD 23-27 Sep~tember 1990

General Weather. High pressure continued to dominate, but
a low-pressure system in southwestern Iran brought on-shore
flow to the Gulf Coast of Saudi Arabia. Skies were clear to
scattered, except for 800- to 1,000-foot ceilings that
developed along the southern half of the Saudi Arabian
Persian Gulf Coast during early morning and dissipated by
late morning. Winds were northeasterly to easterly at 10-20
knots over eastern Saudi Arabia, but northwesterly at 10-20
knots elsewhere. There were occasional gusts to 25 knots.
Speeds dropped to less than 10 knots at night Haze and
suspended dust lowered visibilities to 7-9 km generally, but
early morning fog along the Saudi Arabian Persian Gulf coast
resulted in visibilities as low as 800 meters. Visibilities in
precipitation dropped as low as 6 km. High temperatures
were 33.400 C; lows, 20.270 C. The western mountains of
Saudi Arabia were 5-10° cooler.

Significant Weather Events
23 September: Blowing sand and dust reduced afternoon
visibilities to 3,200-4,800 meters in northwestern Saudi
Arabia.

24-26 September: Suspended dust reduced moming
visibilities to 3,200 meters in central Saudi Arabia. Figure 2-5
shows blowing sand and dust and reducing afternoon
visibilities to 5-7 km. Visibilities were worse (3,200 meters) in
isolated areas of Kuwait, eastern Saudi Arabia, and the
northern part of the Persian Gulf.

27 September: Fog reduced early morning visibilities to
4,800 meters in eastern Saudi Arabia, but in the northwestern
part of the country, visibilities were 3,200 meters in blowing
sand and dust. Afternoon visibilities in central and eastern
Saudi Arabia were 5-7 km in suspended dust and haze. A
light rainshower fell in northwestern Saudi Arabia.
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DESERT SHIELD 28-30 September 1990

General Weather. High pressure continued to dominate.
Skies were clear to scattered. Winds were northwesterly at
10 to 20 knots with occasional gusts to 25 knots. Speeds
were less than 10 knots at night. Haze and suspended dust
reduced visibilities to 7-9 km. High temperatures were 33-400
C; lows, 20-270 C. The western mountains of Saudi Arabia
were 5-10° cooler.

Significant Weather Events
28 September: Fog reduced early morning visibilities to
4,800 meters ovar eastern Saudi Arabia. Suspended dust
and haze reduced afternoon visibilities to 5-7 km in central
and northeastern Saudi Arabia.

29 September: Blowing sand and dust reduced afternoon
visibilities to 5-7 km in northern Saudi Arabia and southern
Iraq.
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DESERT SHIELD 1-2 October 1990

General Weather. High pressure continued to dominate.
Skies were clear to scattered, Winds were northwesterly at
10-20 knots with occasional gusts to 25 knots, diminishing to
less than 10 knots at night. Visibilities were generally 7-9 km
in haze and suspended dust, but blowing sand and dust in
eastern Iraq and Kuwait reduced aftbrnoon visibilities to 5-7
kmn. High temperatures were 30-39°; lows, 20-270 C. The
western mountains of Saudi Arabia were 5-100 cooler.

Significant Weather Events
1 October: Suspended dust reduced morning visibilities in
central Saudi Arabia to 4,800 meters, increasing to 5-7 km in
the afternoon. In north-central Saudi Arabia, afternoon
visibilities were 4,800 meters in suspended dust, but worse
(3,200 meters) in blowing sand and dust over southeastern
Iraq, Kuwait, and northeastFrn Saudi Arabia. Isolated after-
noon and evening thunderstorms--tops to 50,000 feet--formed
over the southern half of Saudi Arabia's Red Sea Coast.

2 October: Suspended dust reduced afternoon visibilities to
4,800 meters over north-centrai Saudi Arabia.

DESERT SHIELD 3-6 October 1990

Genera! Weather. High pressure again dominated, but low
pressure from heating over south-central Saudi Arabia
developed during the day. A weak mid-level disturbance
moved through southeastern Iraq and northeastern Saudi
Arabia, producing scattered to broken middle and high clouds
over southeast Iraq, north-central and northeast Saudi Arabia,
and Kuwait that persisted through the 5th. Ceilings were
10,000-12,000 feet, but occasionally 4,000-6,000 feet. Winds
were northwesterly at 5-15 knots, with occasional gusts to 25
knots. Haze and suspended dust reduced visibilities to 7-9
km. High temperatures were 30-390 C; lows, 20-270 C. The
western mountains of Saudi Arabia were 5-100 cooler.

Significant Weather Events
3 October: Figure 2-6 (next page) shows broken low to
middle clouds in southeastern Iraq and northeastern Saudi
Arabia. Blowing sand and dust reduced afternoon visibilities
to 5-7 km along the Saudi Arabia-Iraq border. Isolated
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Figure 2-6. DMSP Thermal, 3 October 1990, 0403Z. Broken low and middle clouds
are shown over southeastern Iraq and northeastern Saudi Arabia.
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afternoon and evening thunderstorms with tops to 50,000 feet0- developed over the southern third of the Saudi Arabiar. Red
Sea Coast.

5 October: Fog reduced early morning visibilities to as low
as 400 meters in eastern Saudi Arabia. Figure 2-7 (next
page) shows the broken low to middle clouds from Figure 2-6
dissipating--they were gone by evening. Suspended dust and
haze reduced afternoon visibilities to 5-7 km in western and
central Saudi Arabia; there were isolated reports of 3,200
meters.

6 October: Blowing sand and dust reduced afternoon
visibilities to 3,200 to 4,800 meters, with isolated reports of
200 meters in western and northwestern Saudi Arabia.

DESERT SHIELD 7 October 1990

General Weather. High pressure continued to dominate, but
a weak mid-level disturbance moving across central Iraq
caused some late morning showers--see Figure 2-8 on page
2-17. Cloud cover was limited to scattered low and middle
clouds over central Iraq and western Saudi Arabia. Winds
were northwesterly at 5-15 knots. Haze and suspended dust
reduced visibilities to 7-9 km, but to 5-7 km in showers. Early
morning fog on the Saudi Arabian Persian Gulf coast lowered
visibility to 1,600 meters before burning off by mid-morning.
High temperatures were 30-390 C; lows, 20-270 C. The
western mountains of Saudi Arabia were 5-100 cooler.

DESERT SHIELD 8-17 October 1990

General Weather. High pressure still dominated. Skies were
generally scattered over central Iraq and northern Saudi
Arabia, but a 4,000-foot ceiling formed along the Iraq-Saudi
Arabia border during the evening of 14 October and until the
next morning. On the afternoon of the 15th, a broken ceiling
at 10,000-12,000 feet developed from a weak mid-level
disturbance over northern Saudi Arabia and southern Iraq. It
persisted until the 16th. Winds were northwesterly at 5-15
knots, with occasional gusts to 25 knots. Haze and
suspended dust reduced visibilities to 7-9 km. High
temperatures were 30-390 C; lows, 20-270C. The western
mountains of Saudi Arabia were 5-100 cooler.
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Figure 2-7. NOAA Visual, 5 October 1990, 0257Z. The area of broken low and middle
cloud shown just northwest and north of Kuwait dissipated by evening.
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Figure 2-8. DrASP Visual, 7 October 1~990 u6M. A weak mid-level disturbance is
shown moving across central Iraq, where it caused some late morning showers.
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isua, C 0 er Z. so ate a ternoon an evening
thunderstorms (A) with tops to 50,000 feet are visible over the southern half of Saudi
Arabia's Red Sea Coast and western Saudi Arabia. The origins of blowing sand and dust
that reduced visibilities to as low as 1,600 meters in eastern and southeastern Iraq,
Kuwait, and northeastern Saudi Arabia are at 8, C, and D.
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Significant Weather Events
9-10 October: Blowing sand and dust reduced afternoon
visibilities to 5-7 km in southeastern Iraq and Kuwait.

12 October: Blowing sand and dust reduced afternoon
visibilities to 3,200 meters over western Saudi Arabia.

13 October: Fog reduced early morning visibilities to as low
as 800 meters along the Saudi Arabian Persian Gulf coast.
A 300-foot ceiling lifted and dissipated by mid-morning.
Blowing sand and dust reduced afternoon visibilities to 5-7 km
in north-central Saudi Arabia and to 3,200 meters in
northeastern Saudi Arabia.

14 October: Isolated afternoon and evening thunderstorms
with tops -o 50,000 feet developed over the southern half of
the Saudi Arabia Red Sea Coast and western Saudi Arabia--
see Figure 2-9. Blowing sand and dust reduced visibilities to
as low as 1,600 meters in eastern and southeastern Iraq,
Kuwait, and northeastern Saudi Arabia--see Figure 2-9.

15-16 October: Early morning fog and low clouds again
formed over the Saudi Arabian Persian Gulf coast. Visibilities0_ were as low as 800 meters in some places; ceilings, as low
as 100 feet. The fog and cloudiness dissipated by
mid-morning. Blowing sand and dust reduced afternoon
visibilities to 4,800 meters in north-central Saudi Arabia.

17 October: Haze and suspended dust reduced visibilities in
west-central Saudi Arabia to 5-7 km.

DESERT SHIELD 18-30 October 1990

General Weather. A low-pressure system moved into
western Iraq, but high pressure still dominated the rest of the

Sregion. Cloud cover increased in western Iraq and northern
Saudi Arabia. By the end of October, it had moved into
eastern and southeastern Iraq. Ceilings were generally
8,000-10,000 feet, but 4,000-6,000 feet in precipitation.
Isolated thunderstorms and rainshowers over Iraq and
northern Saudi Arabia started on 18 October and continued
through the 28th. The stcrms were least in early morning,
peaking in the afternoon. Thunderstorm tops ranged from
30,000 to 40,000 feet. Winds were northwesterly in
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southeastern Iraq and southeasterly in eastern Saudi Arabia--
all at 10-20 knots. In thunderstorms, gusts reached 35 knots.
Haze and suspended dust dropped general visibilities to 7-9
km. Visibility near thunderstorms was as low as 800 meters
in rain, blowing sand, and suspended dust. High
temperatures were 30-39° C; lows, 20-270 C. The mountains
of western Saudi Arabia were 5-100 cooler.

Significant Weather Events
18 October: Suspended dust reduced evening visibilities to
4,800 meters in north-central Saudi Arabia.

19 October: Suspended dust reduced afternoon and evening
visibilities to 4,800 meters in north-central Saudi Arabia.

20 October: Fog reduced early morning visibilities to less
than 1,600 meters in eastern Saudi Arabia. Suspended dust
reduced afternoon visibilities to 4,800 meters in viorth-central
Saudi Arabia. Haze reduced afternoon visibilities to 3,200
meters In northwestern Saudi Arabia.

21 October: Early morning fog reduced visibilities to 1,600
meters in eastern Saudi Arabia. Blowing sand and dust
reduced visibilities to 4,800 meters along the Iraq-Saudi
Arabia border in the afternoon, and during the evening over
north-central Saudi Arabia. Isolated afternoon and evening
thunderstorms with tops to 40,000 feet formed over the
northern half of the Red Sea.

22 October: Blowing sand and dust reduced early morning
visibilities to 2,000 meters in northwestern Saudi Arabia.
Isolated afternoon and evening thunderstorms with tops to
40,000 feet formed in the northern third of the Red Sea.
Blowing sand and dust reduced evening visibilities to 4,800
meters in north-central Saudi Arabia.

23 October: Fog reduced early morning visibilities to 3,200
meters in Kuwait. Suspended dust reduced mid-morning and
afternoon visibilities to 5-7 km in north-central Saudi Arabia.

24 October: Blowing sand and c.ust reduced afternoon and
evening visibilities to 4,800 meters in north-central Saudi
Arabia.
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25 October: Fog reduced morning visibilities to 3,200 meters
in eastern Saudi Arabia, sout' ',stern Iraq, and Kuwait.
Afternoon rainshowers fell over north-central Saudi Arabia.
Blowing sand and dust reduced afternoon visibilities to
3,200-4,800 meters in northeastern Saudi Arabia and
southeastern Iraq.

26 October: Fog reduced early morning visibilities to 3,200
meters along the Saudi Arabian Persian Gulf coast.

27 October: Light rain fell in north-central Saudi Arabia.
Blowing sand and dust reduced afternoon visibilities to 2,000
to 3,200 meters in northern and northeastern Saudi Arabia
and in southern Iraq.

28 October: Fog reduced morning visibilities to 3,200 meters
in southeastern Iraq and Kuwait. Figure 2-10 (next page)
shows rainshower activity over central Iraq (A) and
thunderstorms over eastern Iraq (B and C).

29 October: Suspended dust reduced evening visibilities to
4,800 meters over central Saudi Arabia.

30 October: Fog reduced early morning visibilities to 2,400
meters over eastern Saudi Arabia. Isolated rainshowers fell
in northern Iraq.

DESERT STORM 31 October 1990

General Weather. High pressure dominated. Skies were
clear to scattered. Winds were northwesterly at 5-15 knots
with occasional gusts to 25 knots. Haze and suspended dust
dropped general visibilities to 7-9 km. Blowing sand and dust
reduceo afternoon visibilities over eastern Saudi Arabia to
4,800 meters. High temperatures were 30-390 C; lows, 20-
270 C. The western mountains of Saudi Arabia were 5-100
cooler.
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Figure 2-10. DMSP Thermal, 28 October 1990, 1521Z. Rainshower activity over
central Iraq is shown at Point A. Thunderstorms over eastern Iraq are shown at Points
B and C.
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SDESERT SHJIELD 1-6 November 1990

General Weather. High pressure dominated. Skies were
generally clear to scattered, but the jet stream over northern
Saudi Arabia and Iraq occasionally produced ceilings at
10,000-12,000 feet. Over Iraq and Kuwait, winds were
northwesterly at 5-15 knots, but occasionally 25 knots. Winds
over Saudi Arabia were easterly at 5-15 knots, also with gusts
to 25. Speeds dropped to less than 10 knots after sunset.
Haze and suspended dust reduced visibilities to 7-9 km. High
temperatures were 27-350; lows, 18-2 2 0 C. The western
mountains of Saudi Arabia were 10-150 cooler.

Significant Weather Events
1 November: Blowing sand and dust reduced afternoon visi-
bilities in Kuwait and the northern part of the Persian Gulf to
5-7 km.

5 November: Haze and suspended dust reduced afternoon
visibilities in western Saudi Arabia to 5-7 km.

DESERT SHIELD 7-13 November 1990

0 General Weather. High pressure was still centered over
Saudi Arabia. Skies were generally clear to scattered, but
they were broken over Iraq and northern Saudi Arabia, where
the subtropical jet stream combined with moisture from the
Mediterranean to produce patchy 10,000- to 12,000-foot
ceilings. Weak mid- and upper-level disturbances during the
morning produced ceilings at 3,000-5,000 feet that continued
into late evening every day. Winds were northwesterly over
Iraq and Kuwait, but easterly over Saudi Arabia. Wind speeds
were 5-15 knots with occasional gusts to 25 knots, dropping
to less than 10 knots aftor sunset. Haze and suspended dust
reduced visibilities to 7-9 kin, but visibilities in rainshowers
were as low as 4,800 meters. High temperatures were 27-35°
C; lows, 18-220 C. The western mountains of Saudi Arabia
were 5-10° cooler.

Significant Weather Events
7 November: Figure 2-11 (next page) shows an area of
rainshowers and thick cloudiness over all of Iraq and the
northwest and north-central parts of Saudi Arabia.
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Figure 2-I1. DMSP Thermal, 7 November 1990, 1446Z. An area of rainshowers and
thick cloud covers Iraq, as well as the northwest and north-central parts of Saudi Arabia.
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8 November: Figure 2-12 (next page) shows rainshowers
and thick clouds over Iraq and northern Saudi Arabia.

9 November: Haze and suspended dust haze reduced
afternoon visibilities over western Saudi Arabia to 5-7 km.
Blowing sand and dust reduced afternoon visibilities to 4,800
meters over northwestern Saudi Arabia.

10 November: Fog reduced early morning visibilities to
4,800 meters over eastern Saudi Arabia. Blowing sand and
dust reduced afternoon visibilities to 4,800 meters along the
Saudi Arabia-Iraq border. Evening fog reduced visibilities to
4,800 meters over northwestern Saudi Arabia.

11 November: Haze reduced morning visibilities to 4,800
meters over north-central Saudi Arabia. Figure 2-13 on Page
2-27 shows an area of thunderstorms in eastern Iraq; tops
are about 30,000 feet. Broken ceilings with bases at 4,000
feet formed during the afternoon and evening over north-
western Saudi Arabia and western Iraq. An overcast ceiling
with bases at 2,000 feet developed during the evening over
northeastern Saudi Arabia.

12 November: Blowing sand and duet reduced afternoon
visibilities to 4,800 meters over northeastern Saudi Arabia.

13 November: Blowing sand and dust reduced morn:ng
visibilities to 4,800 meters over northeastern Saudi Arabia.
Figure 2-14 on Page 2-28 shows an area of rainshowers over
the northern part of the Persian Gulf. Blowing sand and dust
reduced afternoon visibilities to 4,800 meters over
northwestern Saudi Arabia. Blowing and suspended dust
reduced evening visibilities to 4,000 meters over central Saudi
Arabia.

DESERT SHIELD 14-25 November 1990

General Weather. High pressure continued to dominate.
The subtropical jet stream brought mid- and upper-level
moisture across northern Saudi Arabia. Skies were clear to
scattered with occasional broken ceilings at 20,000 feet over
northern Saudi Arabia and Iraq. Winds were northwesterly at
5-15 knots, occasionally 25 knots, through the 19th, then
southeasterly at 5-15 knots from the 20th to the 25th. Haze
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and suspended dust reduced visibilities to 7-9 km. High
temperatures were 22-30e1 C; lows, *1 3-200 C. The western
mountains of Saudi Arabia were 5-100 cooler.

Figure 2-12. DMSP Thermal, 8 November 1990, 0240Z. Rain~hower-s and thick- clouds
c jver Iraq and northern Saudi Arabia.
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Figure 2-13. DMSP Thermal, 11 November 1990, 1733Z. An area of thunderstorms
covers eastern Iraq; tops are about 30,000 feet.
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Figure 2-14. DMSP Visual, 13 November 1990,.0502Z. An area of rainshowers covers

the northern part of the Persian Gul1f.
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Figure 2-15. DMVISP Thermal, 20 November 1990, 0318Z. Middle and high cloudiness
with 10O,000-1 2,000 feet ceilings covers Iraq and northern Saudi Arabia--clouds persisted
until the 22nd.
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Significant Weather Events
14 November: Suspended dust reduced morning and after-
noon visibilities to 4,800 meters over northwestern Saudi
Arabia; dust also reduced visibilities in north-central Saudi
Arabia to 4,800 meters in the afternoon.

15-16 November: Suspended dust reduced morning and
afternoon visibilities to 4,800 feet in western Saudi Arabia.

18 November: Suspended dust reduced morning visibilities
to 400 meters in eastern Saudi Arabia.

19-21 November: Figure 2-15 on Page 2-29 shows middle
and upper cloudiness with 10,000-12,000 feet ceilings over
Iraq and northern Saudi Arabia on the evening of the 19th--it
persisted until the 22nd.

20 November: Blowing sand and dust reduced afternoon
visibilities to 4,800 meters in north-central Saudi Arabia.

21 November: Fog forming in late evening over eastern
Saudi Arabia reduced visibilities from 4,800 to 2,000 meters
by early morning of the 22nd.

22 November: Suspended dust reduced mid-morning
visibilities to 4,800 meters in north-central Saudi Arabia.

24-25 November: Fog reduced early morning visibilities to
400-800 meters along the Saudi Arabian coast of the Persian
Gulf.

DESERT SHIELD 26-30 November 1990

General Weather. High pressure continued to dominate.
The subtropical jet stream, along with low- and mid-level flow,
brought increased moisture from the Mediterranean to Iraq
and northern Saudi Arabia. Cloud cover increased--ceilings
were generally 8,000-12,000 feet, but 3,000-5,000 feet with
daily thunderstorms and rainshowers over Iraq and the
Persian Gulf. Ceilings over north-central Saudi Arabia were
below 1,000 feet on the 26th, 29th and 30th. Thunderstorm
tops reached 30,000 to 40,000 feet. Winds were easterly to
southeasterly at 5-15 knots, except on 27 and 28 November,
when they were westerly to northwesterly at r5-15 knots with
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occasional gusts to 25 knots. Haze and suspended dust
reduced visibilities to 7-9 km generally, but to as low as 3,200
meters in rainshowers. High temperatures were 22-300 C;
lows, 13-200 C. The western mountains of Saudi Arabia were
""5-100 cooler.

Significant Weather Events
26 November: Fog reduced early morning visibility to 400-
800 meters along the Saudi Arabian coast of the Persian Gulf.
Figure 2-16 on Page 2-32 shows broken middle and high
clouds over Iraq and northern Saudi Arabia. Rainshowers
and thundershowers fell over Iraq and the Persian Gulf;
bases were as low as 3,000 feet with tops to 40,000 feet.

27 November: Light rain and drizzle feil during early morning
over north-central and northeastern Saudi Arabia.
Rainshowers and thundershowers again fell over Iraq and the
Persian Gulf; bases were as low as 3,000 feet with tops to
40,000 feet.

28 November: Figure 2-17 on Page 2-33 shows an area of
thunderstorms over the northern part of the Persian Gulf.
Rainshowers and thundershowers still fell over Iraq and the
Persian Gulf; bases were as low as 3,000 feet with tops to
40,000 feet.

29 November: Fog reduced early morning visibilities to 4,000
meters over central Saudi Arabia. A broken ceiling at 2,000-
4,000 feet formed over central and eastern Saudi Arabia, but
lifted by afternoon. Haze reduced mid-morning visibilities to
4,800 meters over eastern Saudi Arabia. Rainshowers and
thundershowers continued to fall over Iraq and the Persian
Gulf; bases were as low as 3,000 feet with tops to 40,000
feet.

30 November: Figure 2-18 on Page 2-34 shows an area of
low ceilings over northern Saudi Arabia and southern Iraq.
Rainshowers and thundershowers were still falling over Iraq
and the Persian Gulf; bases were as low as 3,000 feet with
tops to 40,000 feet.
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Figure 2-16. NOAA Thermal, 26 November 1990, 1425Z Broken middle and high

clouds cover Iraq and northern Saudi Arabia.
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Figure 2-17. DMSP Thermal, 28 November 1990, 0310Z. An area of thunderstorms
is shown over the northern part of the Persian Gulf.

- 0 2-33



S.............

Figure 2-18. NOAA Visual, 30 November 1990, 1034Z. An area of low ceilings covers

northern Saudi Arabia and southern Iraq.
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9DESERT SHIELD 1-6 December 1990

General Weather. High pressure continued to dominate, but
the subtropical jet stream brought low- and mid-level moisture
to Iraq and northern Saudi Arabia from the Mediterranean.
Skies were scattered to broken. Ceilings were generally
8,000-12,000 feet, but 3,000-5,000 feet in isolated
rainshowers falling in Iraq. Winds were normally
northwesterly at 5-15 knots, with occasional gusts to 25 knots,
but on 3-6 December they were from the east and southeast
at 5-10 knots. Haze and suspended dust reduced visibilities
to 7-9 km generally, but to 4,800 meters in showers. High
temperatures were 18-250 C; lows, 5-12" C. The western
mountains of Saudi Arabia were 5-100 cooler.

Significant Weather Events
1 December: Fog reduced early morning visibilities to
1,600-3,200 meters along the Saudi Arabian coast of the
Persian Gulf.

2 December: Fog reduced early morning visibilities to 2,000
meters in northwestern Saudi Arabia and to 3,200-6,000
meters along the Saudi Arabian coast of the Persian Gulf.
Blowing sand and dust reduced afternoon visibilities to 5-7
km in Kuwait and in northeastern Saudi Arabia. Figure 2-19
on Page 2-37 shows evening rainshowers over west-central
Iraq.

3 December: Figure 2-20 on Page 2-38 shows morning
rainshowers over central Iraq.

4 December: Fog reduced early morning visibilities to 800
meters over eastern Saudi Arabia.

5-6 December: Fog reduced early morning visibilities to
1,600 meters, but there were isolated areas of less than 100
meters in eastern Saudi Arabia and Kuwait. Visibilities
improved to 4,800 meters by mid-afternoon.

DESERT SHIELD 7-19 December 1990

General Weather. High pressure continued to dominate.
Sky cover was limited to scattered middle and upper
cloudiness over Iraq and northern Saudi Arabia, but broken
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middle and high clouds with bases of 10,000-12,000 feet from
the subtropical jet stream were observed over Iraq on 8 and
9 December (see Figure 2-21 on Page 2-39) and over
northeastern Saudi Arabia and Iraq on 13-16 December.
Winds were southerly to southwesterly at 5-15 knots over
Saudi Arabia, but northwesterly at 5-15 knots, with
occasional gusts to 25 knots, over the rest of the region.
Winds after sunset were less than 10 knots. Haze and
suspended dust reduced visibilities to 7-9 km. High
temperatures were 20-290 C; lows, 5 to 120 C. The western
mountains of Saudi Arabia were 5-10° cooler.

Significant Weather Events
7-9 December: Fog reduced early morning visibilities to
4,000 meters, but there were scattered areas of 400-800
meters in eastern Saudi Arabia and Kuwait. Ceilings of 500
feet were reported over southeastern Iraq, Kuwait, and in
localized areas of eastern Saudi Arabia during early morning.

10 December: Fog reduced early morning visibilities to 800
meters in northeastern Saudi Arabia and to 1,600 meters in
Kuwait. Isolated areas of blowing sand and dust reduced
afternoon visibilities to 800-1,200 meters in Iraq and to 4,800
meters in eastern Saudi Arabia.

11-14 December: Ceilings of 1,000-2,000 feet developed
after midnight over eastern and east-central Saudi Arabia, but
dissipated after sunrise.

11 December: Haze reduced mid-morning visibilities to 4,800
meters over central Saudi Arabia.

12-15 December: Fog reduced early morning visibilities to
800-1,600 meters over eastern and central Saudi Arabia.

13 December: Blowing sand and dust reduced afternoon
visibilities to 5-7 km, with isolated areas of 3,200 meters in
Iraq and northwest to north-central Saudi Arabia.

14 December: Blowing sand and dust reduced afternoon
visibilities to 800 meters over northeastern Saudi Arabia.
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Figure 2-19. OMSP Thermal, 2 December 1990, 1837Z. The imagery shows evening

rainshowers over west-central Iraq.
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Figure 2-20. DMSP Visual, 3 December 1990, 0626Z. Mornuing rainshowers are shown

over central Iraq.
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Figure 2-21. DMSP Visual, 9 December 1990, 0600Z. Sky cover was limited to
middle and high scattered cloudiness over Iraq and northern Saudi Arabia, but broken
middle and high clouds with bases of 10,000-12,000 feet from the subtropical jet stream
were observed over Iraq on 8 and 9 December, as shown here.
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15 December: Haze, along with blowing sand and dust,
reduced afternoon visibilities to 5-7 km generally, but there
were isolated reports of 1,600-3,200 meters in east and
northeast Saudi Arabia.

16-17 December: Blowing sand and suspended dust
reduced afternoon visibilities to 4,800 meters in northeastern
Saudi Arabia.

18-19 December: Fog reduced early morning visibilities to
3,200-4,800 meters along the Saudi Arabian Persian Gulf
coast,

DESERT SHIELD 20-23 December 1990

General Weather. High pressure continuec, to dornmnate
Saudi Arabia, while a weak low-pressure system in the
eastern Mediterranean increased cloud cover over !raq.
Broken low and middle clouds with ceilings of from 2,000-
4,000 feet to 10,000-12,000 feet were observed over Iraq and
northern Saudi Arabia. Isolated light rainshowers fell over
Iraq on 20 and 21 December. Light rain fell over
northwestern and north-central 3audi Arabia on 23 Dacember.
Winds were easterly at 5-15 knots over-central Saudi Arabia,
but westerly to northwesterly at 5-15 knots and occasional
guts to 25 knots over the rest of the region. Winds dropped
to less than '10 knots after sunset. Haze and suspended dust
reduced visibilities to 7-9 km. High temperatures were I 8-250
C; lows, 3-1,0" C. The western mountains of Saudi Arabia
were 5-10° cooler.

Significant Weather Events
20 December: Blowing sand and dust reduced afternoon
visibilities to 3,200 meters in northern Saudi Arabia. Figure
2-22 shows isolated rainshowers and extensive cloud cover
at all levels over Iraq.

21 December: Figure 2-23 on Page 2-42 shows isolated
rainshowers and low to middie ceilings over northern and
eastern Iraq and Kuwait. Blowing sand and dust reduced
morning visibilities to 4,800 meters in northeastern Saudi
Arabia; afternoon and evening visibilities in east-central and
central Saudi Arabia were 4,000 meters, with isolated reports
of 800 meters.
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Figure 2-22. DMSP Thermal, 20 December 1990, 0314Z. Isolated rainshowers and
extensive cloud cover are shown at all levels over Iraq.
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Figure 2-23. DMSP Thermal, 21 December 1990, 0302Z. Isolated rainshowers, along

with low and middle cloud cover, are shown over northern and eastern Iraq and Kuwait.

2-42



i" A R' '. .- O i 1. . .

22 December: Fog reduced early morning visibilities to 1,600
meters in parts of east-central Saudi Arabia. Figure 2-24
(next page) shows low and middle cloud cover over northern
Iraq. Blowing sand and dust reduced afternoon visibilities to
5-7 km In north-central Saudi Arabia.

23 December: Fog reduced early morning visibilities to 1,600
meters in east-central Saudi Arabia. Ceilings at 300 feet
formed during early morning over east-central Saudi Arabia,
but dissipated by mid-morning.

DESERT SHIELD 24 December 1990

General Weather. High pressure dominated Saudi Arabia as
a weak frontal system moved through Iraq. Broken middle
and upper clouds with ceilings at 10,000-12,000 feet were
observed over Iraq, Kuwait and northern Saudi Arabia--see
Figure 2-25 on Page 2-45. Light rain fell over western and
eastern Iraq. Winds were southwesterly at 10-15 knots over
central Saudi Arabia and Iraq, and northwesterly at 10-15
knots elsewhere. Haze and suspended dust reduced
visibilities to 7-9 km generally, but lower (5-7 kin) in rain over
Iraq. Early morning fog lowered visibility to 1,600 meters in
east-central Saudi Arabia. Blowing sand and dust reduced
evening visibilities to 1,600 meters over northwestern Saudi
Arabia. High temperatures were 18-250 C; lows, 3-100 C.
The western mountains of Saudi Arabia were 5-100 cooler.

DESERT SHIELD 25-31 December 1990

General Weather. High pressure continued to dominate
Saudi Arabia as several weak mid-level disturbances pushed
through Iraq, producing light rain and drizzle. Broken middle
and high clouds with 10,000-12,000 foot ceilings formed over
Iraq and northern Saudi Arabia. Light rain and drizzle fell
over northwestern and western Saudi Arabia on the evening
of 25 December, and in north-central, northwestern, and
western Saudi Arabia on 31 December. Winds were
southwesterly at 10-15 knots over central Saudi Arabia and
northwesterly at 10-15 knots elsewhere, with occasional gusts
to 25 knots. Speeds dropped below 10 knots at night. Haze
and suspended dust reduced visibilities to 7-9 km, but lower
(5-7 km) in rain and drizzle. High temperatures were 18-250
C; lows, 3-100 C. Western Saudi Arabia was 5-100 cooler.
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Figure 2-24. DMVSP Thermal, 22 December 1990, 0430Z. Lovw and middle cloudiness
is shown over northern Iraq.
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Figure 2-25. NOAA Visual, 24 December 1990, 1111 Z. Broken middle and high cloud
decks with ceilings at 10,000-12,000 feet are shown over Iraq, Kuwait, and northern Saudi
Arabia
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Significant Weather Events
25 December: Blowing sand and dust reduced afternoon
visibilities to 4,000 meters in northeastern and eastern Saudi
Arabia; there were isolated reports of 1,000 meters.

26 December: Figure 2-26 shows middle and high cloud
cover over northern Saudi Arabia, southern Iraq, and Kuwait.
Blowing sand and dust reduced afternoon visibilities over
northeastern Saudi Arabia to 3,200-4,800 meters.

27 December: Fog reduced early morning visibility to
1,600-3,200 meters along the Saudi Arabian Persian Gulf
coast and to 4,800 meters in east-central Saudi Arabia. A
1,500-foot ceiling formed in early morning over east-central
Saudi Arabia, but dissipated by late morning. Blowing sand
and dust reduced afternoon visibilities in east-central and
eastern Saudi Arabia to 5-7 km.

28 December: Fog reduced early morning visibilities to
1,600-3,200 meters along the Saudi Arabian Persian Gulf
coast. Blowing sand and dust lowered afternoon visibilities to
4,800 meters in northeastern Saudi Arabia.

29-31 December: Fog reduced early morning visibilities to
1,600-3,200 meters in Kuwait and along the Saudi Arabian
Persiarn Gulf coast.

31 December: Light rain fell during the afternoon and
evening over northwestern Saudi Arabia.
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Figure2- '26. NOAPA Visual, 26 December 1990, 41043Z. Middle and high clouds cover

northern Saudi Arabia, southern Iraq, and Kuwait.
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DESERT SHIELD 1 January 1991

General Weather. High pressure continued to dominate
Saudi Arabia, but the subtropical jet stream brought
Mediterranean moisture into northern and central Saudi
Arabia and Iraq. Sky cover consisted of broken middle and
high clouds with ceilings of 10,000-12,000 feet over Iraq and
northern Saudi Arabia. Ceilings lowered to 3,000-5,000 feet
in precipitation. Light rain and drizzle fell over western Iraq
and western, northwestern, and north-central Saudi Arabia.
Winds were southerly to southwesterly at 10-15 knots with
occasional gusts to 25 knots, but less than 10 knots at night.
Haze and suspended dust reduced visibilities to 7-9 km.
Visibilities dropped to 5-7 km in precipitation, with isolated
reports of 1,600 meters. Blowing sand and dust reduced
afternoon visibilities to 3,200 to 4,800 meters in north-central,
east-central, and northeastern Saudi Arabia and Kuwait. High
temperatures were 18-251 C; lows, 3-10 C.

DESERT SHIELD 2 January 1991

General Weather. High pressure still dominated Saudi
Arabia as a frontal system pushed through Iraq and northern
Saudi Arabia. Skies were broken to overcast with middle and 0
high clouds. Ceilings were 10,000-12,000 feet, but
occasionally 4,000-6,000 feet. There were isolated reports of
1,500- to 2,000..foot ceilings over Iraq and northern and
central Saudi Arabia--see Figure 2-27. Ceilings near
thunderstorms were 4,000-6,000 feet--tops approached
35,000 feet. Light rain, drizzle, and isolated thunderstorms
and rainshowers fell over central and southern Iraq, northern
and central Saudi Arabia, and Kuwait. Winds changed from
southerly to southwesterly at 10-15 knots to westerly to
northwesterly at 10-15 knots as the front passed. There were
occasional gusts to 25 knots. Speeds dropped to less than
10 knots at night. Visibilities in precipitation were to 5-7 km.
Fog reduced mid-morning visibilities to 3,200 meters in
north-central Saudi Arabia, but only to 4,800 meters in the
northeast. Blowing sand and dust reduced afternoon
visibilities to 400 to 800 meters in northern Saudi Arabia
ahead of the front. Blowing sand and dust reduced afternoon
visibilities to 4,800 meters and evening visibilities to 2,000
meters in east-central Saudi Arabia. High temperatures were
18-250 C; lows, 3-100 C.
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Figure 2-27. DMSP Visual, 1 January 1991, 0621Z. Middle and high clouds were
broken to overcast with bases from 10,000 to 12,000 feet. Ceilings were occasionally
4,000-6,000 feet, with isolated reports of 1,500-2,000 feet over Iraq and northern and
central Saudi Arabia.
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DESERT SHIELD 3-10 January 1991

General Weather. Although high pressure dominated Saudi
Arabia, cloud cover was extensive. Broken to overcast low
and middle clouds, with ceilings at 1,000 feet, prevailed during
morning hours, with middle cloud ceilings of 10,000-12,000 in
the afternoons and evenings. Light precipitation fell over
northwestern and north-central Saudi Arabia and western Iraq
on 4 January and along the Saudi Arabian Persian Gulf coast
on the 5th and 9th. Winds were westerly to northwesterly at
10-15 knots with occasional gusts to 25 knots, becoming
easterly to southeasterly from the 7th to the 9th. Speeds
dropped to less than 10 knots at night. Visibilities in
precipitation were limited to 5-7 km. High temperatures were
14-22° C; lows, 3-10* C.

Significant Weather Events
3 January: Suspended dust reduced morning visibilities to
4,800 meters in eastern Saudi Arabia. Fog lowered
mid-morning visibilities to 3,200 meters in western and
north-central Saudi Arabia and to 200 meters in northwestern
Saudi Arabia. Figure 2-28 shows thick low, middle, and high
clouds over northeast and eastern Saudi Arabia, Kuwait, and
southeastern Iraq.

4 January: Fog reduced early morning visibilities as low as
800 meters on the Saudi Arabian Persian Gulf coast and in
Kuwait. Visibilities in Kuwait were still 5-7 km through
mid-afternoon. Blowing sand and dust reduced visibilities to
5-7 km in western Saudi Arabia.

5 January: Fog lowered early morning visibilities to
1,600-3,200 meters on the Saudi Arabian Persian Gulf coast
and in Kuwait, and to 4,800 meters in east-central Saudi
Arabia. Visibilities in Kuwait were 5-7 km through
mid-afternoon. Fog reduced mid-morning to afternoon
visibilities to 4,800 meters in north-central and northeastern
Saudi Arabia. Figure 2-29 on Page 2-52 shows thick low and
middle clouds over southwestern and central Iraq and
northwestern Saudi Arabia. Suspended dust and haze
reduced afternoon visibilities to 5-7 km in central Saudi
Arabia.
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Figure 2-28. DMSP Thermal, 3 January 1991, 0538Z. Thick low, middle, and high
clouds are shown over northeast and eastern Saudi Arabia, Kuwait, and southeastern
Iraq.
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Figure 2-29. NOAA Visual, 5 January 1991, 1037Z. Thick 'tow and middle clouds are

shown over southwestern and central Iraq and northwestern Saudi Arabia.
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6 January:. Fog lowered early morning visibilities to
1,600-3,200 meters on the Saudi Arabian Persian Gulf coast
and in Kuwait. In northwest and north-central Saudi Arabia,
fog reduced early morning visibilities to as low as 2,000
meters, with isolated reports of 100 meters. Blowing sand
and dust reduced afternoon visibilities to 5-7 km in western
Saudi Arabia.

7 January: Fog lowered early morning visibilities to
1,600-3,200 meters along the Saudi Arabian Persian Gulf
coast and in Kuwait.

8 January: Fog reduced early morning visibilities to 400-800
meters on the Saudi Arabian Persian Gulf coast and Kuwait.

9 January: Fog decreased early morning visibilities to
1,600-3,200 meters in northern Saudi Arabia, the Saudi
Arabian gulf coast, southeastern Iraq, and Kuwait, with
isolated reports of 400 meters. Blowing sand and dust
reduced evening visibilities to 4,800 meters (with isolated
reports of 1,600 meters) in northeastern and east-central
Saudi Arabia.

10 January: Fog reduced early morning visibilities to
400-800 meters in north-central Saudi Arabia, along the Saudi
Arabian Persian Gulf coast, and in iraq and Kuwait. Haze
and suspended dust reduced afternoon visibilities to 4,800
meters across central Saudi Arabia.

DESERT SHIELD 11-14 January 1991

General Weather. High pressure moved to the southeastern
part of the Saudi Arabian peninsula as a low-pressure system
and associated frontal activity moved across southern Iraq
and northern Saudi Arabia. Cloud coverage was extensive.
Broken to overcast ceilings prevailed at 8,000-10,000 feet,
occasionally lowering to 2,000-4,000 feet. There were
isolated ceilings of 500 feet in precipitation. Light precipitation
fell over central Saudi Arabia on 11 January and over
north-central, central, eastern, and northeastern Saudi Arabia
on 12 January. On 13 January, light rain fell over north, west,
and eastern Saudi Arabia, southeastern iraq, and Kuwait as
isolated thunderstorms developed with tops to 30,000 feet. On
14 January, light rain and drizzle remained over central and
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eastern Saudi Arabia. Thunderstorms with 30,000-foot tops
were observed over Dhahran. Winds were easterly to
southeasterly at 10-15 knots with occasional gusts to 25
knots, diminishing to less than 10 knots at night. Visibility in
precipitation was limited to 5-7 kin, with isolated reports of
800-1,600 meters in central Saudi Arabia on the 13th and
14th. High temperatures were 14-22" C; lows, 3-100 C.

Significant Weather Events
11 January: Fog lowered early morning visibilities to
1,600-3,200 meters on the Saudi Arabian Persian Gulf coast
and in southeast Iraq and Kuwait.

12 January; Fog reduced early morning visibilities to
3,200-4,800 meters in east, central, and western Saudi
Arabia. Blowing sand and dust reduced afternoon and
evening visibilities to 2,000-4,800 meters in north-central
Saudi Arabia.

13 January: Fog lowered early morning to mid-afternoon
visibilities to 3,200-4,800 meters (with isolated reports of 800
meters) in east and central Saudi Arabia. Suspended dust
reduced early morning visibilities to 4,000 meters in
north-central Saudi Arabia. Figure 2-30 on Page 2-56 shows
thick low, middle, and high clouds across north and central
Saudi Arabia, Iraq, and Kuwait. In northern Saudi Arabia, fog
reduced visibilities to 400 meters from early evening until
mid-morning the next day.

14 January: In east-central Saudi Arabia, fog lowered early
morning visibilities to 3,000 meters (with isolated reports of
200 meters), and to 3,000 meters in northwestern and
northeastern Saudi Arabia.

DESERT SHIELD 15-16 January 1991

General Weather. High pressure again dominated Saudi
Arabia. On the 15th, cloud cover consisted of 1,000-foot
ceilings over the northern Persian Gulf, broken ceilings at
7.000 feet over south-central Saudi Arabia, and scattered
clouds elsewhere. But on 16 January, as the subtropical jet
stream started bringing in mid- and upper-level moisture,
broken middle cloud ceilings formed at 8,000-i 0,000 feet over
northern and central Saudi Arabia and Iraq--see Figure 2-31
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knots with occasional gusts to 25 knots, but less than 10
knots at night. Fog reduced early morning visibilities to
1,600-3,200 meters in southern and southeastern Iraq and
Kuwait. High temperatures were 14-220 C; lows, 3-100 C.
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Figure 2-30. DMSP Thermal, 13 January 1991, 1547Z. Thick low, middle, and high

clouds are shown across north and central Saudi Arabia, Iraq, and Kuwait.
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Figure 2-31. DMSP Thermal, 15 Januar'; 1991, 1558Z. Broken middle clouds with
ceilings at 8,000 to 10,000 feet are shown over northern and central Saudi Arabia and
Iraq.
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DESERT STORM 17 January 1991

General Weather. With high pressure centered in north-central
Saudi Arabia, a weak frontal system dragged across northern Iraq
as the subtropical jet stream moved from Africa into northern Saudi
Arabia. A fast-moving frontal system that had developed in Egypt
moved into the area, causing widespread cloudiness. Figure 3-2
shows this system late in the day as it entered western Iraq.

Area of Interest. The weak frontal system in northern Iraq
produced ceilings of 8,000 feet. An area of fog and low clouds in
east-central Saudi Arabia and the United Arab Emirates, fed by
moisture from the Persian Gulf, is shown in Figure 3-1. It
dissipated gradually during the day. High clouds from Egypt moved
in rapidly--ceilings were 20,000-25,000 feet early in the morning,
becoming 10,000-15,000 feet by the end of the day. In late
afternoon, 5,000-foot ceilings entered north-central Saudi Arabia
from the Red Sea near Jeddah. Morning ground fog in north-
western Saudi Arabia and western Iraq dropped visibilities to as low
as 3,200 meters. Blowing sand and suspended dust lowered
afternoon visibilities in north-central Saudi Arabia to 3,200 meters.

Area of Intense Interest. There was extensive early morning
cloud cover over the entire area, Baghdad and the rest of Iraq
north of 300 N was broken to overcast with ceilings from 12,000 to
25,000 feet, but the clouds moved out of the area by 1200Z. Skies
over Kuwait and the rest of the area south of 300 N were broken to
overcast with ceilings of 3,000 feet, becoming scattered near
Rafha. These clouds gradually moved southward during the day as
their bases raised to 8,000 feet. Broken to overcast high clouds
from the approaching frontal system began to move in after 1200Z,
quickly spreading over the entire area with ceilings from 20,000 to
25,000 feet. The high-cloud bases thickened and lowered to
10,000-15,000 feet by the end of the day.

Winds were from the south or southwest at 6-20 knots, becoming
southeasterly after 1200Z and 3-12 knots after sunset.

Early-morning visibilities were as low as 3,200 meters with patchy
ground fog in west-central Iraq. Blowing sand and suspended dust
reduced visibility to 3,200 meters during the afternoon on the Saudi
Arabia-Iraq border.

High temperatures were 13-22" C; lows, 6-100 C.
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Figure 3-2. METEOSAT IR, 17 January 1991, 2330Z. A comma-shaped system
spreads cloudinvess over the area. The light gray clouds lying east-west at, about 250 N
are at 5,000 feet.

340



DESERT STORM 18 January 1991

General Weather. High pressure dominated central Saudi Arabia,
but a low-pressure system and an accompanying front raced across
northwestern Saudi Arabia, most of Iraq, and Kuwait. The system
became quasi-stationary along a line running from the northern Red
sea to Kuwait and then to southeastern Iraq. This line also marked
the subtropical jet stream axis. Another front moved across
northern Iraq during the evening.

Area of Interest. Northern Iraq's 1 5,000-foot ceilings lowered to
8,000 feet through the morning and became scattered by 1200Z.
A line of clouds associated with a weak front moved across
northern Iraq in the evening, bringing 5,000-foot ceilings. In
western Iraq and northwestern Saudi Arabia, 10,000 foot ceilings
lowered rapidly to 4,000 feet; isolated areas of rain and ground fog
lowered visibilities to 4,800 meters. Skies cleared over western
Iraq by 1200Z and ceilings in northwestern Saudi Arabia rose to
20,000 feet. Clouds with 4,000-foot bases remained throughout the
day from the Red Sea at Jeddah into north-central and north-
eastern Saudi Arabia, where rain fell in the afternoon. Visibilities
were 3,200 meters in rain and haze, with fog after sunset. In the
rest of the area, skies were clear or high scattered. Occasional
periods of blowing dust reduced visibilities to 4,800 meters in
central Saudi Arabia.

Area of Intense Interest. The entire area was covered by clouds
with bases of 10,000-15,000 feet--see Figure 3-3. These quickly
lowered to 3,000 feet and, in some places, to as low as 1,500 feet.
The western part of the area began clearing in the afternoon, but
200-foot ceilings formed throughout the area by the end of the day.
Clouds were layered to 30,000 feet from central Iraq to
southeastern Kuwait.

Light rain fell throughout the area, beginning as early as 0500Z and
lasting past 1800Z in eastern Iraq.

Winds were east to southeasterly at 5-15 knots.

Visibilities were 5 km in morning ground fog and 3,200 meters in
rain. After the rain passed, visibilities were as low as 4,800 meters
in haze and fog, falling to 1,600 meters at the end of the day.

High temperatures were 16-22* C; lows, 08-130 C.
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Figure 3-3. NOAA Visual, 18 January, 1991, 11332Z. The Subtropical jet Stream and
frontal system are visible across the Red Sea into northwestern Saudi Arabia, Iraq, and
Kuwait. Clearing is evident in west-central Iraq.
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DESERT STORM 19 January 1991

General Weather. High pressure was centered in central Iraq and
central Saudi Arabia. The subtropical jet stream continued across
the northern Red Sea through Kuwait to southleastern Iraq. The
stationary frontal system beneath the jet stream became active
when an upper-air disturbance crossed it. A low-pressure cell
developed and moved the front southward. Another weak low-
pressure area formed in the eastern Mediterranean Sea.

Area of Interest. Skies in extreme northwestern Saudi Arabia, as
well as in western and northern Iraq, were clear. The only
exception was a broken 3,000-foot layer from the Mediterranean
Sea that lingered all day along the Iraq-Jordan-Syria border. By
030OZ, fog and low clouds with bases of 500-1,000 feet reduced
visibility to as low as 800 meters over northwestern Saudi Arabia,
western Iraq, and most of northern Iraq. By 1200Z, these areas
had cleared except along the northwestern Saudi Arabia-Iraq
border, where low ceilings and visibilities persisted throughout the
day. In northern Saudi Arabia eastward from 420 E, ceilings were
100-200 feet with visibilities near zero. At midday, ceilings and
visibilities rose briefly to 1,500 feet and 3,200 meters in fog, then
dropped quickly to 100 feet and 800 meters. Light drizzle persisted
until late evening. Scattered to broken middle and high clouds,
layered to 25,000 feet with bases at 10,000 feet, stretched from the
Red Sea across northern and central Saudi Arabia. These clouds
spread northward after 1200Z to cover northwestern Saudi Arabia
and western Iraq, as well. Broken clouds with 4,000-foot bases
continued to move from the Red Sea near Jeddah into north-central
Saudi Arabia. The blowing dust that lowered visibilities to 4,800
meters in central Saudi Arabia during late morning extended into
northeastern Saudi Arabia by afternoon.

Area of Intense Interest. As shown in Figure 3-4, The entire area
was covered by low clouds with bases at 100-200 feet. By 1200Z,
the northern part (including Baghdad) had cleared. Ceilings in the
southern section rose briefly at midday to 1,000-1,500 feet, then
retL-ned to 500-1,000 feet for the rest of the day. After sunset,
clouds spread northward into the Baghdad area, where ceilings
were 1,500 feet. Middle and high clouds, layered to 25,000 feet
with bases at 10,000 feet, were also present over the southern
section throughout the day.
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Figure 3-4. NOAA Thermal, 19 January 1991, 2318Z. Middle and high clouds stretch
- from the northern Red Sea to Iran. The large lakes west of Baghdad are still visible even
--- though Baghdad is cloud-covered. The 3,000-foot clouds along the Iraq-Jordan-Syria

border are clearly visible. Light drizzle fell throughout the southern section of the area
during afternoon and early evening.
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Winds were east to southeasterly at 5-15 knots, becoming north to
northeasterly at 10-20 knots in the afternoon and diminishing to 3-
10 knots after sunset.

Morning visibilities were near zero in dense fog throughout the
area. The northern section cleared by 1200Z. Visibilities in the
south rose to 3,200 meters at midday, then returned to as low as
800 meters for the rest of the day. Visibilities in the northern
section were as low as 1,600 meters after sunset.

Temperatures fell in response to northerly winds. Highs were 10-
180 C; lows, 0-100 C.

3-0

3-9



DESERT STORM 20 January 1991

General Weather. A weakening low-,pressure area moved
southeastward down the Persian Gulf to the Strait of Hormuz.
Cool, moist low-level air from the northern Persian Gulf moved
southwest, west, and eventually northwestward behind a weak cold
front moving southwest and west over the northeastern half of
Saudi Arabia and extreme southwestern Iraq. Mid-level
disturbances along the subtropical jet stream resulted in extensive
middle and high cloudiness over northern Saudi Arabia and
southern Iraq. By day's end, another low had crossed Syria toward
western Iraq.

Area of Interest. Light rain (and light snow above 6,000 feet)
began falling in western Syria by early evening. An extensive area
of overcast low clouds, about 2,000 feet thick with bases from 100
to 1,000 feet, persisted all day in northeastern Saudi Arabia and
extreme southwestern Iraq. Visibilities ranged from near zero to
1,500 meters. By early afternoon, broken low clouds moved into
northern Iraq from the west; bases ranged from 1,500 to 2,500
feet, with tops below 5,000 feet. Broken layered middle and high
clouds, with bases at 10,000 feet and tops to 30,000, persisted
from northern Saudi Arabia northeastward into southern Iran.
Isolated evening thundershowers developed in extreme western
Saudi Arabia from a strong system crossing Egypt. Figure 3-5
provides a mid-afternoon overview.

Area of Intense Interest. At OOOOZ, broken low clouds at 1,500
to 4,000 feet covered Baghdad and the Tigris-Euphrates river
valley. These clouds cleared slowly from the northwest; by 21 OOZ,
only broken middle and high clouds from 10,000 to 30,000 feet
covered the southern half of the Valley. The northern half,
including Baghdad, saw only thin high clouds. Broken clouds were
layered from 1,500 through 25,000 feet over the western slopes of
the Zagros mountains. Over the southern Zagros, tops reached
30,000 feet. Isolated afternoon and evening thunderstorms
reached 35,000 feet in the extreme southeast near the Zagros
Mountains. After 2100Z, patchy broken low clouds formed again
over the northern part of the Tigris Valley and the immediate
Baghdad area; bases were 1,000 to 1,500 feet; tops, 3,000 feet.

Light rain or showers fell over the southern half of the Tigris-
Euphrates river valley and southwestern Iraq. There were isolated
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Figure 3-5. NOAA Visual, 20 January 1991, 111 1Z. Note the extensive middle and
.n.igh cluuds associated with the subtropical jet sticam over Saudi Arabia, the northern
Persian Gulf, and southern Iraq, Most of the extensive low cloud and fog over
southwestern Iraq and extreme northeastern Saudi Arabia is hidden.
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afternoon and evening thundershowers over the extreme southeast.
Intermittent drizzle fell in the cool air moving west away from the
northern Persian Gulf.

Winds were northwesterly to northerly over the Baghdad area,
becoming northeasterly over the southern Tigris-Euphrates river
valley. Over Kuwait and extreme southern Iraq, winds were
northeasterly to easterly. Speeds diminished from 10-15 knots in
the morning to 5-10 knots by mid-evening.

Visibilities in southern and southwestern Iraq and in extreme
northeastern Saudi Arabia were near zero in fog during the night,
but as high as 2,000 Meters in southern Iraq and Kuwait during
mid-afternoon. After dark, they dropped rapidly to less than 500
meters. Visibilities in the Tigris-Euphrates river valley, northwest of
the low clouds, improved to 10 km by late morning. Patchy dense
river fog formed after 210OZ, dropping visibilities to less than 500
meters.

High temperatures were 7-10° C in the north and 180 C in the
south. There were freezing temperatures in Iraq and northern
Saudi Arabia, and subfreezing temperatures above 6,000 feet in the
mountains of southeastern Turkey and northeastern Iraq. Central
Saudi Arabian lows were 5-120 C.
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DESERT STORM 21 January 1991

General Weather. The weak low-pressure area just west of the
Strait of Hormuz became quasi-stationary and weakened slowly.
A quasi-stationary trough extended southwest from the low
westward across the central Arabian peninsula. A vigorous low
moved eastward into the eastern Mediterranean Sea; a series of
troughs around it brought isolated showers and thundershowers to
Egypt, the northern Red Sea, extreme northwestern Saudi Arabia,
Israel, and western Jordan. A weak low moved through
northeastern Syria into southern Turkey. Mid-level disturbances
continued to move east-northeastward along the subtropical jet
stream, crossing northern Saudi Arabia and Kuwait into Iran.

Area of Interest. Patchy dense fog and low clouds again plagued
southwestern Iraq and extreme northeastern Saudi Arabia until they
dissipated in late morning. Cloud bases were from zero to 1,000
feet; visibilities, from near zero to 500 meters. Layered middle
and high clouds persisted from 10,000 to 32,000 feet over most of
northern and central Saudi Arabia and the central Red Sea.
Showers and thundershowers fell over Jordan, western Syria, and
southern Turkey. Thunderstorm tops itached 35,000 feet. In
northern Iraq and southeastern Turkey, clouds were layered to
7,000 feet; a middle cloud deck over southeastern Turkey moved
northeastward out of the area by 1200Z. Mountains above 3,500
feet were obscured most of the day.

Area of Intense Interest. Extensive fog and low clouds also
prevailed in this area. Cloud bases were from near zero to 500
meters, and tops reached 2,000 feet. The clouds and fog slowly
dissipated by late morning over southwestern Iraq and northeastern
Saudi Arabia as far east as Rafha and King Khalid Military City.
Over northeastern Saudi Arabia, the low clouds and fog became
broken with bases near 3,000 feet and tops at 6,000 feet by early
afternoon. On the Saudi Arnbian Persian Gulf coast, early morning
ceilings were also near zero, but by late morning, most clouds had
become scattered. Patchy fog and low clouds reformed throughout
all of northeastern Saudi Arabia and extreme southwestern Iraq
shortly after dark. Ceilings dropped to 200-500 feet by 2100Z.
Layered middle and high clouds from 10,000-32,000 feet moved
slowly southeastward over southern Iraq, northwestern Saudi
Arabia, and Kuwait; by 2100Z, they were over central and
northeastern Saudi Arabia just southeast of Kuwait. Infrared
satellite imagery (Figure 3-6, Page 3-15) taken just before sunrise
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in Kuwait shows these layered decks. A small thunderstorm cluster
raced east-northeast across Riyadh, Kuwait, and extreme southern
Iraq intu the Zagros mountains northeast of Abadan, Iran, during
the morning.

Precipitation, outside of thunderstorms and showers, was limited to
light drizzle in areas of dense fog and low clouds.

Winds were northeasterly at 5-10 knots in southeastern Iraq and
northeastern Saudi Arabia; they slowly became southeasterly at 5-
10 knots in southwestern Iraq and in north-central and northwestern
Saudi Arabia.

Early morning visibilities in the fog and low cloud area ranged from
zero to 500 meters, improving to 1,000-3,000 meters by late
morning and to 5-6 km by late afternoon. Visibilities were as low
as 100 meters in denser fog patches. Patchy dense fog again
formed after dark. The thickest fog was found along the Persian
Gulf coastline and in shallow depressions inland where sand was
still moist or where showers had occurred earlier in the day. On
the Persian Gulf coast, visibilities improved from near zero at dawn
to 1,000-2,000 meters by 0900Z, but dropped below 500 meters in
fog by I 900Z. Patchy dense fog over and near the Tigris and
Euphrates Rivers northwest of Basrah dissipated by 060OZ, but
reformed after 1900Z.

High temperatures were 6-120 C in northeastern Saudi Arabia and
20-240 C in central Iraq. Lows ranged from 3-60 C inland to 10-
120 C along the Persian Gulf Coast.
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Figure 3-6. DMSP Thermal; 21 January 1911, 0243Z. Extensive layered clouds are
sh~own just before dawn. Baghdad lies under the extreme northeastern edge, just east
of the two lakes in central Iraq,
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DESERT STORM 22 January 1991

General Weather. Both the weak low near the Strait of Hormuz
and the east-west cold front over central Saudi Arabia continued to
weaken. Easterly to east-northeasterly low-level winds continued
to bring moisture to west-central and northwest Saudi Arabia. A
weakening low in the eastern Mediterranean Sea continued to
move slowly east-northeastward toward Syria and southern Turkey.
The subtropical jet stream slowly weakened, but it continued to
bring middle and high clouds northeastward across the Arabian
peninsula into Kuwait and southwestern Iran.

Area of Interest. Broken low clouds between 3,000 and 6,000
feet, along with multilayered broken middle and high clouds from
8,000 to 27,000 feet, persisted over extreme northern Iraq, Syria,
northern Jordan, Israel, and Lebanon. By evening, the low and
middle cloud layers, with tops to 18,000 feet, had moved
southwestward into the northern Sinai. Broken low clouds, with
bases of 2,000-4,000 feet and tops to 6,000 feet, had formed over
the northwestern half of Iran by 1 500Z. Multilayered broken middle
and high clouds persisted over southwestern Iraq, the southern
Persian Gulf, and central Saudi Arabia from 10,000 to 28,000 feet.
Visibilities remained good except where mountains were obscured
by cloud. Isolated rain (snow above 5,000 feet) fell over the
mountains of northern Iraq, southern Turkey, western Syria, and
Lebanon. Visibilities were as low as 500 meters in snow over
higher mountains.

Area of Intense Interest. Fog and low clouds again persisted all
night over northeastern Saudi Arabia, the northern Saudi Arabian
Persian Gulf coast, and extreme southwestern Iraq. Ceilings were
again from near zero to 500 feet. Low clouds slowly lifted and
dissipated, moving to a small area southwest of Kuwait by late
morning. Bases were now 3,000 feet, with tops to 7,000 feet.
Isolated thunderstorms, with bases as low as 2,000 feet, formed in
late morning and early afternoon in extreme northeastern Saudi
Arabia, Kuwait, the northern Persian Gulf, and southwestern Iraq.
Tops reached 40,000 feet. Layered broken middle and high clouds
persisted from 10,000 to 27,000 feet throughout the day over
central and northeastern Saudi Arabia, Kuwait, and extreme
southwestern Iraq. Iraq northwest of Basrah was clear. A visual
DMSP satellite image (Figure 3-7), taken shortly after sunrise in
Kuwait, shows layered clouds with embedded thunderstorms over
northern Saudi Arabia, the Persian Gulf, and southwestern Iran.
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Figure 3-7. DMVISP ViSual, 22 January 1991, 0435Z. Note the extensive layered cloud
decks with embedded thunderstorms over northeastern Saudi Arabia, the nothern
Persian Gulf, and southwestern Iraq. The advancing clouds associated with the sste

moving onshore out of the eastern Mediterranean are also clearly visible. Baygdd

proper--just east of the lakes in the clear zone in the center of the image--is clear.
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By sunset, low clouds and fog began to reform along the Iraq-Saudi
Arabia border northwest as far as Rafha. By late evening, the fog
had lifted into broken low clouds with bases from 1,000 to 2,000
feet and tops to 5,000 feet. These clouds had spread north and
northeast as far as the central Tigris-Euphrates river valley by
2100Z.

Showers and thundershowers fell over northeastern Saudi Arabia,
Kuwait, the northern Persian Gulf, and southwestern Iran. Patchy
nighttime drizzle fell in areas of dense fog and low clouds.

Winds were northeasterly at 5 knots, becoming southeasterly at 5-
10 knots after 0900Z.

Visibilities dropped to less than 100 meters in fog before dawn. In
northeastern Saudi Arabia, early evening visibilities were briefly as
low as 400 meters. Otherwise, visibilities were 3,000-4,800 meters
in haze over northeastern Saudi Arabia and more than 10 km over
the Tigris- Euphrates River valley northwest of Basrah.

High temperatures were 12-150 C beneath the cloud cover, but 22-
250 C in central Iraq. Lows were 4-6° C.
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DESERT STORM 23 January 1991

General Weather. A frontal system moved south out of central
Turkey into southern Iraq. A weak low moved into extreme
northeastern Iraq, then northeastward into Iran. The cold front
trailed southwestward across Syria into a weak low moving out of
the eastern Mediterranean into southwestern Syria. By mid-
afternoon, the frontal system had moved south of Baghdad. A
weak high pressure center formed over Kuwait early in the day and
moved slowly southeast in the northern Persian Gulf. The weak
stationary frontal system in central Saudi Arabia weakened further.
The southwest to northeast subtropical jet stream over central
Saudi Arabia moved southeastward to Qatar by 21 OOZ.

Area of Interest. Broken to overcast multilayered clouds from
2,000 to 32,000 feet moved southeastward with the cold front from
Turkey into northern Iraq. By 2000Z, these clouds covered most
of Jordan, southern Syria, north-central Iraq, and western Iran.
Clearing progressed southeastward over Iraq to about 60 miles
north of Baghdad. An extensive area of layered broken clouds
from 2,000 to 18,000 feet moved eastward from the Zagros
Mountains of Iraq by dawn. Extensive broken to overcast cloud,
layered from 10,000 to 27,000 feet, persisted along and southeast
of the subtropical jet stream over southeastern Saudi Arabia, the
southern Persian Gulf, and the southern third of Iran. Moderate to
heavy rainshowers (snowshowers or snow in the Zagros and
southeastern Turkish mountains above 5,000 feet) accompanied
the frontal cloud bands over northern and central Iraq. Isolated
blowing dust reduced visibilities to as low as 3,200 meters in
western Iraq.

Area of Intense Interest. Extensive broken to overcast low
clouds, with bases of 500-1,000 feet and tops 1,500-2,000 feet,
covered northeastern and central Saudi Arabia. By early afternoon,
skies were scattered to broken and bases had lifted to 3,000 feet.
This layer dissipated shortly before sunset over northeastern Saudi
Arabia, but reformed by 2000Z. In early evening, broken low
clouds from 3,000 to 5,000 feet moved north and northeastward
over Kuwait and the southern Tigris-Euphrates river valley in
advance of the southward-moving cold front. By 1200Z, the leading
edge of broken to overcast frontal cloud layers had moved south of
Baghdad, with bases from 3,000 to 4,000 feet; tops were i 2,000-
15,000 feet with broken high clouds above. Isolated rainshowers
along and just ahead of the front reached 20,000 feet. By 2000Z,
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the leading edge of the frontal ciouds had moved to near An Najaf
in the Tigris-Euphrates river valley--the trailing edge was 60 miles
north of Baghdad. Figure 3-8, a visual satellite image taken at
1037Z, shows these layered clouds well.

Isolated moderate to heavy rain showers fell in central Iraq along
and within 100 miles either side of the southeastward-moving cold
front. Patchy light drizzle fell in northeastern Saudi Arabia before
0500Z.

Winds were easterly at 5-7 knots before dawn, becoming
southeasterly at 5-10 knots by late morning in extreme southern
Iraq and northeastern Saudi Arabia. By 1700Z, winds had veered
to southerly at 10-15 knots. In central Iraq, winds were light and
variable until 1200Z, becoming southerly at 10-20 knots after
1500Z.

Visibilities over northeastern Saudi Arabia and the Tigris-Euphrates
river valley dropped to as low as 200 meters in the early morning,
but by 0800Z, they had improved to 8-10 km in haze. High
temperatures ranged from 18-200 C under layered clouds to 30-
320 C under clear skies in central Iraq ahead of the advancing
frontal cloud layers. Lows were 4-60 C except along the immediateSaudi Arabian Persian Gulf coast and under the early morning low
clouds in northeastern Saudi Arabia, where they were 10-130 C.
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DESERT STORML 24 January 1991

General Weather. A weak cold front extended from central Iran
across southern Iraq and extreme northern Saudi Arabia. A low
developed in the eastern Mediterranean and moved eastward into
western Syria. The subtropical jet stream crossed central Saudi
Arabia and the Persian Gulf.

Area of Interest. Scattered to broken low clouds extended from
western Iraq to the Mediterranean. Cloudiness increased near the
Mediterranean Sea as the low developed. At 1200Z, heavy rain fell
in extreme northern Saudi Arabia near the western Iraq border.
Some light rain also fell in portions of Jordan. Fog formed during
the night and through the morning in north-central Saudi Arabia,
along the western Saudi Arabia-Iraq border, in northern Jordan, and
in southern Syria. The subtropical jet stream produced two east-
west lines of convection from Dhahran and Qatar into Iran with
scattered showers near the coast and over the Persian Gulf.

Area of Intense Interest. As shown in Figure 3-9, low cloudiness
prevailed along and behind the cold front during the first half of the
day--ceilings were 2,000-2,500 feet with tops to 6,000 feet.
Cloudiness gradually dissipated during the day, but low clouds from
2,500 to 6,000 feet, associated with- the eastward-moving
disturbance from the Mediterranean, entered the area in the
evening,

Winds were westerly to northwesterly at 10 knots during the first 12
hours, becoming northerly to northeasterly at 10 knots later in the
day.

Visibilities in fog were as low as 5 km from 0000 to 1 OOOZ in Saudi
Arabia.

High temperatures ranged from 120 C in the north to 190 C in the
south. Lows were from 1 to 90 C.
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Figure 3-9. DMSP Visual, 24 January 1991, 0459Z. Low clouds behind the cold frontextend from Baghdad to the Zagros Mountains. The subtropical jet stream produces
some cloudiness over Saudi Arabiaz and the Persian Gulf.32
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DESERT STORM 25 January 1991

General Weather. A low moved east-northeast across Syria and
Iraq, producing light snow and rain showers, blowing dust, and
extensive cloudiness. Conditions improved toward the end of the
day as the system moved into Iran. By the end of the day, another
low had developed along the eastern Mediterranean coast,
increasing cloudiness in western Iraq.

Area of Interest. The low produced light snow over western Iraq.
northeastern Jordan, and Syria; light rainshowers fell in
northwestern Saudi Arabia and Iraq. Winds to 20 knots in northern
Saudi Arabia produced duststorms from 0900 to 1500Z as far south
as 280 N. The lowest recorded visibility was 2,200 meters.

Area of Intense Interest. Cloud cover was extensive until
evening, by which time the system had moved into Iran. Broken to
overcast low and middle clouds, along with some high clouds,
preceded the low and its cold front. Scattered to broken low clouds
followed the front; ceilings were 2,000-3,000 feet, but as low as
500 feet in rainshowers. Low clouds extended to 6,000 feet; middle
clouds from 8,000 to 18,000 feet; and high clouds from 25,000 to
30,000 feet. Figure 3-10 provides a mid-morning overview of the
system.

Precipitation consisted of light rainshowers that developed with the
frontal system. At 110OZ, Baghdad skies were overcast with
rainshowers.

Winds were northerly to easterly, becoming northwesterly to
westerly after the system moved through. Speeds were 10-15
knots, but a peak wind of 25 knots was observed along the western
edge of the area.

Visibilities were generally 9 km in precipitation--the lowest observed
was 5 km. From 0400 to 11 OOZ in Saudi Arabia, rog reduced
visibility to as low as 3,600 meters. Fog redeveloped in the
evening. Some dust may have been advected into the area from
storms farther west.

High temperatures were only about 40 C in the north and 130 C in
the south. Lows were near 0 C in the north and about 90 C in the
south as the low-pressure system brought cooler air into the area
during the afternoon and evening.
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Figure 3-10. DMSP Vioual, 25 January 1991, 0618Z. A low-pressure system over Iraq
produces extensive cloudiness over Iraq, northern Saudi Arabia, and Kuwait.
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DESERT STORM 26 January 1991

General Weather, The low-pressure system shown in Figure 3-11
moved east-southeast across Jordan into rorthern Saudi Arabia by
1200Z. It then turned east and northeast to cross southern Iraq,
where it produced showers and thundershowers from about 1600
to 2300Z, as shown in Figure 3-12. By 1800Z, a weak secondary
low had formed along the front in Saudi Arabia near 270 N, 440 E,
and drifted slowly east. High passje moved in during the
evening, clearing skies over Jordan, Syria, and western and central
Iraq. The subtropical jet stream crossed central Saudi Arabia and
the Persian Gult.

Area of Interest. The low-pressure system produced light snow
over southern Syria and light rainshowers in northern Saudi Arabia
and western Iraq. Blowing dust south of the rain in Saudi Arabia
reduced visibilities to 5 km. Winds were 20 knots around the low,
but reached 30 knots with rain in northwestern Siudi Arabia.

Area of Intense Interest. Some cloud cover from the previous
day's system remained in eastern Iraq east of 440 E. Broken low
cloud with bases at 2,000 feet and tops to 6,000 feet persisted until
090OZ. The low moving across southern Iraq produced extensive
cloudiness, as well as thunderstorms with bases at 2,000 feet and
tops to 35,000 feet. Broken low clouds extended from 4,000 to
6,000 feet; broken middle clouds, from 10,000 to 18,000 feet.
Ceilings were as low as 800 feet in rainshowers. The subtropical
jet stream produced scattered to broken middle clouds from ';0,000
to 15,000 feet and high clouds from 25,000 to 30,000 feet.

Precipitation fell as light rain and rainshowers in Saudi Arabia
around the low. Rainshowers also fell in Iraq.

Winds were northwesterly at 5-15 knots most of the day, becoming
northeasterly as the storm system approached and northwesterly
again as it passed. Peak speeds were 23 knots, probably higher
in Iraq.

Visibilities in eastern Iraq were 6 km in haze early in the day
through 0600Z. Later in the day, visibilities on the south sides of
showers and duststorms were reduced to 8 km.
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High temperatures were only about 9g C in the north and southwest
because of the front, but about 160 C in the southeast. Lows were
near 00 C north, but near 100 C on the Persian Gulf coast.

Figure 3-11. DMSP Thermal, 26 January 1991, 0316Z. A frontal system produced
cloudiness over western Iraq, southern Syria, and Jordan. Low clouds and fog persisted
over eastern Iraq and portions of northern Saudi Arabia. The subtropical jet stream
produced middle and high clouds over the Persian Gulf.
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Figure 3-12. DMSP Thermal, 26 January 1991, 1747Z. The low over southern Iraq
produces showers southwest of Baghdad. The cold front extends back into northern
Saudi Arabia.
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DESERT STORM 27 January 1991

General Weather. A low moving eastward from northeastern
Saudi Arabia to the Persian Gulf coast produced extensive
cloudiness over most of southeastern Iraq. The low gradually
weakened throughout the day, leaving only some low clouds in the
vicinity of the Gulf by late evening. A cold front extended west-
southwest from the low across Saudi Arabia. A strong high moved
into northwestern Saudi Arabia, driving the cold front into southern
Saudi Arabia; strong winds behind the front produced duststorms.

Area of Interest. The storm system produced significant weather
over large parts of Saudi Arabia. Light rain and rainshowers
moving east with the low persisted at gome Gulf coastal stations
until 1900Z. The low produced multilayered clouds the first half of
the day, but only low cloud the second half. Broken low and middle
clouds extended roughly across 250 N to the Red Sea witr, the cold
front in the morning, dissipating during the day. A low overcast
with fog developed behind the front in northwestern Saudi Arabia;
fog dropped visibilities to as low as 200 meters. Skies improved by
mid-morning and cleared by afternoon. Strong winds behind the
front produced duststorms. Visibilities in northwestern Saudi Arabia
was near zero in early evening because of blowing dust in 35-knot
winds. At Riyadh, 20-knot winds lowered visibility to 3 km in
blowing dust. The subtropical jet stream produced broken low,
middle, and high clouds over southern Saudi Arabia and the United
Arab Emirates, but they drifted south during the day as the cold
front approached.

Area of Intense Interest. Skies were initially overcast in the
southeastern two-thirds of the area, but Baghdad and vicinity was
clear. Low-cloud bases were at 3,000 feet (with tops to 6,000 feet),
but there were some 800-foot ceilings. Middle-cloud bases were
7,000 feet, with tops to 18,000 feet. High-cloud bases were 20,000
feet, with tops to 28,00.0 feet. Middle and high clouds were only
piesent the first half of the day; they dissipated and moved off to
the east by 1200Z. The low clouds moved SOL'theast during the
day and were out of Iraq by 1500Z. After 1500Z, the low cloud
remaining over Saudi Arabia and Kuwait was broken to overcast.
Bases rear the coast were 3,000 feet; tops, 5,000 feet. Bases
and tops in the interior were lower, at 1,000 and 2,000 feet,
respectively. Figure 3-13 provides a satellite view.
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Precipitation fell from OQDO to 0600Z as light drizzle, rain, and
rainshowers.

Winds were initially southeasterly at 10-15 knots ahead of the low,
but northerly to northwesterly across Iraq behind the front. Winds
shifted across the area by 1200Z; northerly to northwesterly winds
were 10-20 knots with peak gusts to 30 knots. Speeds dropped to
less than 10 knots during the evening.

Viýibilities dropped to 9 km under the cloud cover in rain, fog, and
haze.

Temperatures dropped to about -20 C in the northwest under clear
skies. Highs in the northwest reached about 90 C, but evening
temperatures fell back below freezing. Clouds in the southeast
kept temperatures in the 7-90 C range in the early morning. They
rose very little during the day and fel! even farther in the evening as
skies cleared and coli air moved in. Daily lows were recorded
during the evening, dropping to around freezing by OOOOZ.
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Figure 3-13. DMSP Visual, Baghdad Blowup, 27 January 1991, 0537Z. A low-
pressure system moving east to the Persian Gulf produces multiple cloud layers and
overcast conditions over most of Southeastern Iraq. Skies in the Baghdad area were
clear.

0 3-31



DESERT STORM 28 January 1991

General Weather. High pressure began to dominate the weather
over Iraq and northern Saudi Arabia, but parts of Saudi Arabia were
still affected by weather left in the wake of the low-pressure system
that prevailed on the 27th.

Area of Interest. Morning fog and low clouds north of Riyadh
lowered ceilings and visibility to 2,000 feet and 8 km. There were
some scattered to broken low clouds in the western Persian Gulf
and at coastal stations. There was broken fog and stratus, with
blowing dust, in southern Saudi Arabia. Blowing and suspended
dust was still present in the vicinity of Qatar, where it lowered
visibilities to 6 km.

Area of Intense Interest. Skies were generally clear except for
thin scattered high cloud at 22,000-28,000 feet over northern Iraq
and heavy black smoke over southern Iraq--see Figure 3-14.
Winds were northwesterly at 3-10 knots, becoming more northerly
toward the end of the day. Visibilities were as low as 1,500 meters
over southern Iraq in the heavy smoke. High temperatures were
11-131 C. Lows varied from about -040 C in the north to 3° C in
the southeast.
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Figure 3-14. NOAA Visual, 28 January 1991, 1123Z. Skies are clear over most of the
area. Thin scattered high cloud can be seen over northern Iraq, and the heavy black
smoke (arrow) over southern Iraq is clearly visible.
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DESERT STORM 29 January 1991

General Weather. A high-pressure area over Saudi Arabia
weakened as it moved southeast toward Qatar. A mid- to upper-
level disturbance moved across the northern part of the region,
resulting in extensive cloudiness over northern Iraq and Turkey--
see Figure 3-15.

Area of Interest. The disturbance produced light rain and snow in
Syria and snow in Turkey. There was extensive black smoke along
the Persian Gulf coast. Remnants of the system that moved
through on the 27th continued to produce some weather in Saudi
Arabia. Moisture in central and eastern Saudi Arabia produced
scattered to broken low cloud, with ceilings as low as 500 feet.
Suspended dust still reduced visibility in southern Saudi Arabia.

Area of Intense Interest. Cloud cover associated with the
disturbance was multilayered. Broken high cloud at 20,000 to
32,000 feet was present during the first half of the day. During the
second half, scattered to broken low clouds at 3,000 to 6,000 feet
and broken middle clouds at 10,000 to 18,000 feet moved in over
the northern half of the area. Isolated evening thunderstorms from
3,000 to 35,000 feet developed over southeastern Iraq. Some
formed southwest of Baghdad at 1800Z. -

Winds were near calm during the night, becoming east-
southeasterly at 5-10 knots in the morning and increasing to 10-20
knots during the afternoon. On the Persian Gulf coast, however,
winds were northwesterly at 5-10 knots for the first half of the day
before switching to east-'Ok.oheast.

Visibilities were 8 km in blowing dust in the afternoon as the winds
picked up. Black smoke reduced visibilities along the Persian Gulf
coast--one station reported 9 km.

High temperatures ranged from 11 C in the north to 160 C in the
south. Lows were -020 C in the north and 30 C in the southeast.
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Figure 3-15. NOAA Visual, 29 January 1991,1112Z. A mid- to upper-level disturbance
produces extensive cloudiness over northern Iraq and Turkey. The trough emends across
western Iraq into northern Saudi Arabia.
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DESERT STORM. 30 Janualyr1991

General Weather. A low-pressure system developed in the
eastern Mediterranean and moved eastward across Syria, reaching
western Iraq by the end of the day.

Area of Interest The storm system produced extensive
cloudiness over Turkey and Syria, as shown in Figure 3-16. Snow
fell in Turkey, with rain in Syriz, and Jordan. Low clouds moved
into western Iraq during the day with ceilings around 3,000 feet.
The subtropical jet stream produced high clouds across central
Saudi Arabia. Scattered to broken middle clouds formed over
eastern Saudi Arabia.

Area of Intense Interest. Cloud cover from the previous day's
disturbance remained over eastern Iraq and Kuwait; broken low
clouds at 3,000-6,000 feet in the north around Baghdad dissipated
by 1100Z. Over Kuwait, broken middle clouds from 8,000 to
14,000 feet moved off to the east by 0600Z. Broken to overcast
low clouds with 3,000-foot ceilings and 6,000-foot tops entered the
western part of the area in the evening.

With the storm system approaching, winds were southerly to
southeasterly at 5-20 knots.

Visibilities were restricted, primarily by haze and smoke from
burning oil. Morning fog reduced visibility to 5 km in spots; most
haze restrictions were reported at 8 km. Some dust was raised
during the day with increasing winds from the approaching system.

Temperatures increased in the warm flow ahead of the approaching
system. Highs reached 200 C in the southeast, but only 100 C in
the northeast, where low clouds were present through much of the
day. Lows ranged from near freezing in the northwest to 80 C in
the southeast.
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Figure 3-16. DMSP Visual, 30 January 1991, 06141Z. A low in the eastern

Mediterranean produces overcast conditions across Turkey and western Syria, with Sorne
!ow cloud reaching western Iraq. The low cloud around 8"-jhdad was in the process of
dissipating.
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DESERT STORM 31 January 1991

General Weather. A slow-moving low in the eastern
Mediterranean Sea spread stormy weather throughout the Middle
East as an associated frontal system passed through Iraq. At
0600Z, a secondary low-pressure cell was centered southwest of
Baghdad. It rapidly moved northeast while the cold front moved
south and weakened. Figure 3-17 shows the low and its frontal
system in mid-afternoon. By 2300Z, the front had passed Riyadh
and the low had moved into central Iran. A weak high moved into
Iraq behind the front. In north-central Saudi Arabia, the strong
subtropical jet stream spread extensive high clouds.

Area of Interest. Extensive low and middle clouds covered the
northwest. Rain, occasionally heavy, fell in Syria and northern Iraq
between 0000 and 1200Z. Snow fell above 4,000-foot elevations
near the Turkey-Iraq border, obscuring higher terrain. After 0900Z,
sporadic duststorms along the front lowered visibility to 4,000
meters from the Syrian Desert to Qatar.

o' Intense Interest. Broken to overcast low clouds extended
'.he area until about 1 600Z, with ceilings over Iraq as low as

3,L' ifeet and tops to 6,000 feet. Baghdad was affected between
0200 and 0900Z. Skies became clear in .central Iraq and Kuwait
after 1600Z as the front moved southward.

Isolated thunderstorms with tops to 35,000 feet passed northeast
of Baghdad near 11OOZ. Rain fell in western Iraq when the low-
pressure cell moved through.

Winds were southwesterly at 5-10 knots before the front and
westerly to northerly at 15-20 knots immediately behind it.

Visibilities were reduced to 4,000 meters by duststorms in Kuwait
and southern Iraq as the front passed. Ground fog lowered
visibilities to about 6 km in northeastern Saudi Arabia, Kuwait, and
southern Iraq.

High temperatures were 10-160 C; lows, 4-90 C.
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Figure 3-17. NOAA Thermal, 31 January 1991, 1038Z. The low-pressure system

centered over central Iraq moves rapidly southeastward.
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DESERT STORM I February 1991

General Weather. High pressure was centered over northwestern
Saudi Arabia, keeping central Iraq cloud-free. The weak cold front
shown in Figure 3-18 extends from a low centered in north-central
Iran. The front spread middle clouds from Qatar southwestward
across Saudi Arabia. A slow-moving low-pressure system centered
on the Turkey-Syria border caused rainshowers in western Iraq,
Syria, and Jordan. By 180OZ, middle clouds from this low reached
Baghdad. A weak low developed on the central Red Sea coast in
response to an upper-air disturbance.

Area of Interest. Middle clouds covered the mountains to Iraq's
west and north. Light rain fell in Syria and northern Iraq between
1800 and 210OZ. Extensive areas of mountain-wave turbulence
developed in the west between 0300Z and 1 500Z and reached as
far east as 430 E. Early-morning ground fog formed in low-lying
areas over most of the eastern Arabian Peninsula. Lowest
visibilities were 2,000-4,000 meters.

Area of Intense Interest. Skies were clear to scattered before
about 0900Z, except in the extreme northeast. Broken low clouds
from the low in Turkey spread southward; by 1600Z, they had
reached Baghdad, with 3,000-foot ceilings. Thin broken or scattered
cirrus spread northeastward from the northern Red Sea, covering
the area south of 31 0 N by 11 OOZ.

Winds were northeasterly at 5-10 knots in the south, westerly to the
north. Afternoon winds were light and variable over central Iraq.

Visibilities were generally good, but morning ground fog reduced
them to about 6 km in northeast Saudi Arabia, Kuwait, and
southern Iraq.

High temperatures were 7-130 C; lows, 1-7* C. The lowest
temperatures were in the eastern Nafud Desert.
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Figure 3-18, NOAA Visual, 1 February 1991, 1038Z, High pressure dominates central
Iraq as low pressure develops over the Red Sea. The clouds to the east suggest
extensive mountain-wave turbulence. 43-41



DESERT STORM 2 February 1991

General Weather. A trough of low pressure formed to the east of
a high-pressure cell centered over eastern Saudi Arabia, causing
low clouds in southern Iraq. The frontal system shown in Figure 3-
19, with low centers in the southern Caspian Sea and in east-
central Syria, extended along the northern Iraq border. The strong
subtropical jet stream spread high and middle clouds over central
Saudi Arabia.

Area of Interest. Low and middle clouds prevailed over northern
and western Iraq. Light rain fell in Syria and northern Iraq
throughout the day. Snow fell north of Mosul, obscuring terrain
above 4,000 feet. Early-morning ground fog formed in low-lying
areas over most of the eastern Arabian Peninsula. Reported
visibilities were reducr:d to about 7 km. Extensive areas of
mountain-wave turbulence developed near the Syria-Iraq border
between 0300 and 1500Z and reached to 430 E.

Area of Intense Interest. The subtropical jet stream caused
layered middle and high clouds over the area south of 32' N
throughout the day. Ceilings were between 15,000 and 25,000
feet, with the lowest along the northern Persian Gulf. Frontal low
clouds stretched along the Syria-Iraq border. The broken low
clouds southwest of Baghdad included 4,000-foot ceilings and
6,000-foot tops. These clouds gradually moved east; by 2000Z,
they were on the Kuwaiti coast. Another layer of low clouds with
ceilings of about 3,000 feet formed over the Tigris-Euphrates river
valley north of 31 N during the night.

Winds were easterly at 10-15 knots south of 300 N, southerly in the
central area, and westerly north of 330 N. They were gusty in the
southern areas.

Duststorms reduced visibilities in the northern Nafud Desert
eastward to southern Kuwait between 1200 and 2000Z. Minimum
visibility was about 2,400 meters. Dense smoke was reported in
northwestern Kuwait before 0800Z--visibilities were probably below
2,000 meters.

High temperatures were 13-161 C; lows, 2-110 C.
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Figure 3-19. NOAA Visual, 2 February 1991, 1 026Z. A stationary frontal system
extends through Syria. Most of Iraq is clear.
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DESERT STORM 3 February 1991

General Weather. The frontal system in eastern Syria began to
move slowly eastward and break up, resulting in lowered ceilings
and gusty winds. The nearly dry front passed Baghdad at 2000Z.
The weak front shown in Figure 3-20 extended from central Iraq to
near Riyadh, spreading low clouds to Iraq's eastern section. The
subtropical jet stream became more westerly than northwesterly,
leaving the northern Persian Gulf cloud-free but spreading scattered
to broken middle and high clouds across Saudi Arabia.

Area of Interest. Isolated thunderstorms with tops to 35,000 feet
affected the northern Iraq border between 0300 and 060OZ.
Broken to overcast low clouds produced 3,000-foot ceilings north
of 350 N in Iraq between 0630 and 1700Z. Light rain fell in Syria
and Iraq near the Turkish border between 0800 and 2000Z.
Sustained winds to 25 knots were reported in extreme northwestern
Saudi Arabia as the front passed. Extensive duststorms reduced
visibilities to 1,000 meters near the front in the Syrian and Nafud
Deserts. Duststorms were also reported at 1500Z between Riyadh
and Kuwait.

Area of Intense Interest. Middle and high clouds from the
subtropical jet stream had moved out of the area by 100OZ. In the
morning, scattered to broken low clouds covered Iraq east of 430
E and all of Kuwait. Some locations recorded 3,000-foot ceilings.
By 1200Z, the clouds had moved eastward to the ;raq-Turkey
border. A small area of low clouds with 3,000-foot ceilings formed
about 100 miles west of Baghdad at 1600Z.

Winds were westerly at 10-25 knots west of 450 E, but
southeasterly at 10-15 knots to the east. There were gusts to 35
knots near the front.

Duststorms reduced visibilities to as low as 500 meters at about
1500Z in southern Kuwait and northeastern Saudi Arabia.
Elsewhere, visibilities were above 6 km.

High temperatures were 8-200 C; lows, 3-160 C.
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Figure 3-20. DMSP Visual, 3 February 1991, 0630Z. The subtropical jet stream caused
the extensive cloud deck in central Saudi Arabia. The large system in the eastern
Mediterranean begins to lift to the northeast. The frontal system through Iraq and Saudi
Arabia is dissipating.
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DESERT STORM 4 February 1991

General Weather. High pressure centered in southeastern Egypt
strengthened and built into norlhwestern Saudi Arabia. The low-
pressure system that had been affecting northern Iraq continued to
move eastward. By 0900Z, the trough had moved southeastward
to the south of Qatar. The subtropical jet stream, shown by the
arrows in Figure 3-21, continued to spread high and middle clouds
over the central Arabian Peninsula.

Area of Interest. Fog reduced visibilities to 1,500 meters in Qatar
and on the United Arab Emirates coast before 0400Z and again
after 2000Z. Gusty winds and scattered duststorms affected the
eastern coast between Bahrain and Qatar between 1100 and
210OZ. Lowest visibilities were 5 km. Isolated rainshowers
affected the coast between Qatar and the Strait of Hormuz. Cloud
bases were 15,000 feet.

Area of Intense Interest. In the early mcrning, middle clouds
produced 10,000-foot ceilings in a triangular area between 301 N
and a southwest-northeast line running from 60 miles south of
Baghdad, then eastward tc the Iraq border. These clouds rapidly
moved southeastward. By 0600Z, they affected only the coast of
Kuwait. The area was almost cloud-free by 1 OOOZ.

Winds were northeasterly at 10-15 knots inland, but northerly at 15-
20 knots on the Kuwait coast. Inland, winds became northerly at
5-10 knots after 1800Z.

Visibilities were generally above 10 km, but scattered fires and
smoke plumes reduced visibility in Kuwait to below 4 km. One
smoke plume, originating in northern Kuwait, measured 35 miles
long and 10-16 miles wide.

High temperatures were 3-130 C; lows, 2-80 C.
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Figure 3-21. DMSP Visual, 4 February 1991, OB1OZ. Striated clouds over northwestern
Iraq suggest mountain wave turbulence. High clouds from the subtropical jet stream
(arrows) obscure the northern Persian Gulf.
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DESERT STORM 5 February 1991

General Weather. High pressure centered in central Iraq kept
skies clear or scattered most of the day, but clouds associated with
the subtropical jet stream still spread high and middle clouds over
the central Arabian Peninsula. These clouds were scattered in the
morning, but denser clouds moved in from Egypt by 100OZ--see
Figure 3-22.

Area of Interest. Morning haze reduced visibilities in central Saudi
Arabia; Riyadh reported 4,800 meters at 0500Z, improving to 8 km
by 0800Z. Duststorms after 2000Z were the result of 20-knot winds
over the Syrian and Nafud deserts; they lowered visibility to 5 km.

Area of Intense Interest. Clouds were limited to scattered cirrus
until about 11 OOZ, but the subtropical jet stream moved scattered
to broken middle and high clouds into southwestern Iraq later in the
day. These clouds had moved over Kuwait by 1600Z, producing
10,000-foot ceilings during the night.

Winds were northeasterly at 10-15 knots along the coast, but light
and variable in Iraq. As the high shifted farther north after 0900Z,
winds in the south became stronger and more easterly.

Visibilities were above 10 km except in Kuwait, where scattered
fires and smoke plumes reduced visibility to below 4 km.

High temperatures were 9-17" C; lows, 0-60 C.
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Figure 3-22. DMSP Visual, 5 February 1991, 0548Z. High pressure dominates central
Iraq. The clouds in western Iraq indicate that mountain-wave turbulencev reaches the
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DESERT ST--RM= 6 February-1991

General Weather. High pressure was centered in northwestern
Iraq, with a weak low-pressure trough to the southeast between
central Saudi Arabia--near Riyadh--and Israel. The subtropical jet
stream remained over the northern Arabian Peninsula; associated
high clouds became increasingly scattered after 0600Z.

Area of Interest. Haze and duststorms west of 480 E reduced
visibilities in Saudi Arabia to 5 km between 0900Z and 1700Z.

Area of Intense Interest. At OOOOZ, there were only scattered low,
middle, and high clouds throughout the area. By 0300Z, the middle
cloud deck had thickened; ceilings as low as 12,000 feet, with tops
at about 18,000 feet, had formed over the southwestern half of Iraq.
These clouds drifted eastward, and by 1900Z they were east of
Baghdad and Kuwait. Middle and high clouds from the subtropical
jet stream affected Kuwait and southern Iraq between 0400 and
11 OOZ; bases were at or above 10,000 feet, with tops to 32,000
feet. Figure 3-23 shows these clouds in mid-afternoon.

Winds were light and variable in Iraq, but easterly at 5-10 knots in
Kuwait.

Morning fog, smoke, and dust reduced visibilities in Kuwait and
southern Iraq to as low as 3,200 meters in spots. Afternoon
visibilities in areas not affected by smoke were above 6 km.

Afternoon high temperatures were between 5 and 130 C. High
pressure and almost clear skies drove morning low temperatures
down to -2o C in the north and 71 C in the south.
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Figure 3-23. NOAA Visual, 6 February 1991, 1123Z. The weak trough in northern
Saudi Arabia spreads disorganized cloudiness over Iraq.
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DESERT STORM 7 February 1991

General Weather. A low-pressure system over northeastern Saudi
Arabia resulted in afternoon and evening rainshowers and
thunderstorms over Saudi Arabia and 'the Persian Gulf. The
subtropical jet stream brought middle and upper cloudiness to
central Saudi Arabia. Weak high pressure was centered over Iraq.

Area of Interest. Scattered low clouds, with some middle and high
clouds that were occasionally broken, extended across central
Saudi Arabia and the Persian Gulf. Ceilings varied from 10,000 to
25,000 feet. Broken low clouds with bases at 2,000 feet were
evident early in the morning over western Iraq. Light afternoon
rainshowers fell over east-central Saudi Arabia. Isolated late
evening thunderstorms were reported over the west-central part of
the Persian Gulf. Tops were about 30,000-35,000 feet. Visibilities
in northwestern Saudi Arabia were 7-9 km in haze and suspended
dust. Suspended dust also reduced early morning visibilities in
east-central Saudi Arabia to 4,800 meters.

Area of Intense Interest. Early morning skies were generally
clear, but scattered middle clouds from the west moved into central
Iraq and Kuwait by mid-morning, The middle clouds over central
Iraq went scattered to broken at 10,000 feetby late morning. Skies
became scattered by early afternoon, as shown in Figure 3-24. By
early evening, cloud cover over Kuwait and southeast Iraq became
scattered, variable to broken, at 10,000-18,000 feet. Isolated
evening thunderstorms developed over extreme northern Kuwait;
tops reached 30,000 feet. Figure 3-24 shows these clouds well.

Early morning winds were light and variable, becoming
northwesterly to northerly at 10-15 knots by late morning.

Haze and suspended dust reduced visibilities over central Iraq to
7-9 km. Smoke, haze, and suspended dust reduced visibilities in
northern Kuwait to 5-7 km and to 1,600 meters in southern Kuwait--
see Figure 3-24.

High temperatures were 7-150 C; lows, 0-60 C.
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Figure 3-24. NOAA Visual, 7 February 1991, 1111Z. Scattered middle clouds are seen
over Iraq and Saudi Arabia. Smoke from Kuwait is being blown southward into northeast
Saudi Arabia. Note the thunderstorms over extreme northern Kuwait.
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DESERT STORM 8 Fr 13ruary 1991

General Weather. The low-pressure system was now located over
southeastern Saudi Arabia. The subtropical jet stream brought
middle and high clouds across eastern Saudi Arabia. Weak high
pressure was centered over Iraq.

Area of Interest. Although skies were generally clear, broken
middle clouds at 10,000 to 12,000 feet were observed over
east-southeastern Saudi Arabia during early morning. Skies were
broken to overcast at 4,000-5,000 feet between 0500 and 1300Z
over northwestern and north-central Saudi Arabia. Scattered
middle clouds were observed over wastern Iraq in the morning and
afternoon, becoming broken at 10,000-12,000 feet during the
evening. Blowing sand and dust lowered visibilities to 5-7 km in
east-central Saudi Arabia.

Area of Intense Interest. Skies were generally clear, but scattered
middle clouds were observed over southeastern Iraq during early
morning. By mid-afternoon, there were scattered middis clouds
over central Iraq, as shown in Figure 3-25. By late night, these
became scattered to broken at 10,000-12,000 feet.

Winds were light and variable in the morning, becoming north-
westerly to northerly at 10-15 knots.

Visibilities in smoke over southern Kuwait and southeast Iraq was
less than 1,600 meters--see Figure 3-25.

High temperatures were 7-150 C; lows, 0-60 C.
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Figure 3-25. NOAA Visual, 8 February 1991, 110OZ. Scattered middle clouds are
visible over north-central Iraq. Smoke plumes (arrows) can be seen over southeast Iraq
and southern Kuwait.
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DESERT STORM 9 February 1991

General Weather. High pressure dominated the region--skies were
generally clear.

Area of Interest. Skies were clear except for scattered iow clouds
over northwestern Saudi Arabia and western 1raq, as shown in
Figure 3-26. Winds increased to 15 knots with gusts of 25 knots
across northern Saudi Arabia, where afternoon visibilities
decreased to 4,800 meters in blowing sand and dust. There were
isolated reports of 400 meters.

Area of Intense Interest. Early morning skies over central Iraq
were broken at 10,000-12,000 feet. The ciouds slowly moved into \
southeastern Iraq and dissipated during the day--see Figure 3-26.

Winds were westerly to northwesterly at 10-20 knots.

Smoke and haze lowered visibilities in Kuwait to 5-7 km.

High temperatures were 12-200 C; lows, 2-80 C.
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Figure 3-26. DMSP Visual, 9 February 1991, 0616Z. An area of broken middle cloud
is evident over southeastern Iraq, with scattered low clouds over northwest Saudi Arabia
and western Iraq.
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DESE.RT STORM 10 February 1991

General Weather. High pressure continued to dominate.

Area of Interest. Skies over Saudi Arabia and Iraq were clear
during the day, but scattered to broken mid-level clouds with bases
at 10,000-12,000 feet moved into western Iraq by late evening.

Area of Intense Interest. Skies were clear during the day, but by
late evening, scattered to broken mid-level clouds with bases at
10,000-12,000 feet moved into central Iraq--see Figure 3-27.

Winds ware northwesterly at 5-1; knots.

Thick smoke over east and southeast Iraq began to show in
satellite photos by 0600Z and lasted until early evening--see Figure
3-27. Smoke from southern Kuwait was also still visible; visibilities
in the smoke were 800-1,606 meters.

High temperatures were 10-15o C; lows, 0-5°C.
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DESERT STORM 11 February 1991

General Weather. High pressure was centered over southeastern
Saudi Arabia, but low pressure formed over western Saudi Arabia.
The subtropical jet stream brought increased moisture in the mid-
and upper-levels to Iraq and northern Saudi Arab~a. A mid-level
disturbance moving over Iraq and northern Saudi Arabia caused the
isolated thunderstorms and rainshowers shown in Figure 3-28.

Area of Interest. Scattered high clouds over western Iraq became
broken with bases at 20,000 feet from mid-morning through
afternoon. There were scattered low clouds over northwestern
Saudi Arabia. Scattered low clouds also developed during the
afternoon over northeastern and east-central Saudi Arabia,
becoming broken with bases at 4,000-6,000 feet by late afternoon.
Isolated late afternoon and evening thunderstorms with rainshowers
formed over northeastern Saudi Arabia. Tops were about 35,000
feet. Light rain fell over east-central Saudi Arabia during late
evening. Visibilities in precipitation were 5-7 km.

Area of Intense Interest. Scattered to broken upper clouds with
bases at 22,000-25,000 feet were present during the morning and
mid-afternoon over central Iraq. Morning skies were clear over
Kuwait and southeast Iraq, but smoke plumes are visible in Figure
3-28. Cloudiness decreased in central Iraq during the day, but
increased in southeastern Iraq and Kuwait. Skies became
scattered to broken, occasionally overcast, at 4,000-6,000 feet. By
late afternoon, thunderstorms (tops to 35,000 feet) and rainshowers
had formed over Kuwait; they moved off to the east and
dissipated by late evening.

Winds accompanying the thunderstorms in Kuwait reached 25-35
knots, but over the rest of the area, they were northwesterly at
10-15 knots.

Smoke and haze lowered morning visibilities to 4,800 meters in
Kuwait and southeastern Iraq. Rain and rainshowers reduced
evening visibilities to 1,600-3,200 meters.

High temperatures were 10-150 C; lows were 0-5° C.
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Figure 3-28. DMSP Visual, 11 February 1991, 0523Z. Smoke plumes are clearly
visible over Kuwait and southeastern Iraq. An area of isolated thunderstorms is shown
over northern Iraq and northern Saudi Arabia,
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DESERT STORM 12 Februarv 1991

General Weather. High pressure dominated, but a low-pressure
system moved into the eastern Mediterranean by the end of the
day, increasing cloudiness over western Iraq.

Area of Interest. Broken middle clouds at 8,000-10,000 feet were
present over northeast, east and east-central Saudi Arabia and the
Persian Gulf during the morning. By late evening, there were
scattered to broken high clouds at 20,000-25,000 feet over western
Iraq.

Area of Intense Interest. Broken middle clouds at 8,000-10,000
feet remained over Kuwait until mid-morning. Scattered upper
clouds moved into central Iraq by late evening.

Winds were northwesterly to northerly at 10-15 knots.

Smoke plumes were visible over eastern Iraq and Kuwait--see
Figure 3-29. Visibilities in Kuwait were 5-7 km due to smoke and
haze.

High temperatures were 10-150 C; lows, 0-50 C.

3-62



et

_ .... . • _ , -• . ............

Figure 3-29. DMSP Visual, 12 February 1991, 0602Z. Smoke plumes are visible over

southeastern Iraq and Kuwait.
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DESERT ST9RM 13 February 1991

General Weather. High pressure dominated the Saudi Arabian
peninsula, but low pressure centered over the eastern
Mediterranean sent moisture into Iraq and northern Saudi Arabia.
The low moved to the northeast as high pressure intensified behind
ft.

Area of Interest. Scattered skies becAme broken to overcast over
western and northern Iraq. The 25,000-foot ceilings prevailing in
the morning became 8,000-10,000 feet during the day. By the end
of the day, skies were scattered age'i. Over northern Saudi
Arabia, skies were scattered, but occasionally broken, at
20,000-25,000 feet.

Area of Intense Interest. Scattered skies became gradually
broken over central, east-central, and southeast Iraq and
Kuwait--see Figure 3-30. Smoke plumes were visible over
southern Kuwait and the northern Saudi Arabian Gulf Coast.

Winds were northwesterly at 10-15 knots.

Visibilities in southeastern Iraq and Kuwait were 5-7 km in smoke
and haze.

High temperatures were 13-160 C; lows, 1-40 C.
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Figure 3-30. DMSP Visual 13 February 1991, 0630Z. Ex.ensive 1i1iddle and high
cloudiness over Iraq and northern Saudi Arabia is evident. Smoke plumes are visible
over southern Kuwait.
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DESERT STORM 14 February 1991

General Weather. High-pressure over Iran and Syria resulted in
fair wsather across most of the region, as shown in Figure 3-31.

Area of Intevest. Morning skies over northern Iraq were overcast
with middle and high cloud; ceilings were as low as 10,000 feet.
The clouds moved eastward and were over Iran by 1200Z. Broken
low and middle clouds over central and scuthern Saudi Arabia
produced 5,000-foot ceilings with scattered light rainshowers and
9-km visibilities. The clouds moved southeastward and became
scattered after 1200Z. Visibilities in western and southern Iraq
were as low as 6 km where 20-knot winds resulted in localized
suspended and blowing dust.

Area of Intense Interest. Cloud cover consisted only of thin
scattered high cloud over eastern Iraq and Kuwait; bases were
20,000 feet; tops, 25,000 feet. The high cloud moved east into
Iran by 1200Z. Winds were light and variable in the early morning,
becoming northerly to easterly at 5-15 knots during the day.

Morning visibilities along the Persian Gulf coast near Kuwait were
8 km in fog. Widespread haze over northern Saudi Arabia
produced visibilities of 8 km.

High temperatures were 16-180 C; lows were 2-50 C.

3-66



.. .. -. :

3-7•

-- ~~ ~~~~ ...i .. ...7 .....: .• .. "

• .- 'P e ..• -. ... .

Fiur -31,•. D;MSP Visual•, 14 Ferur 191 06 Z. Ske haecerd"cosms

over ceta Sad Aaiaae.mvigsoteatar ndpodcngsatee

--- 6

-"~~~ ~ ~ ., . ." .: .. ..- .• -.•;; .



DESERT STORM 15 Februa 1991

General Weather. High pressure over Iran and Turkey extended
southward across most of the region.

Area of Interest. Broken high clouds passed through western Iraq
to the east during the afternoon, followed in the evening by a large
shield of high cloud entering from the west. Scattered to broken
middle clouds over parts of central and southern Saudi Arabia--with
bases between 9,000 and 12,000 feet--dissipated partially during
the day. Blowing dust in northern and western Saudi Arabia
reduced visibilities to as low as 5 km.

Area of Intense Interest. Broken high clouds passed through the
area between 1 300Z and 21 OOZ with bases at 24,000 feet and tops
to 32,000 feet. They were followed by scattered high clouds that
moved into central iraq from the west by the end of the day.
Scattered bases were at 24,000 feet with tops to 32,000 feet.

Winds were northerly at 5-10 knots through the morning, gradually
shifting to easterly at 5-15 knots in the afternoon and evening.

Smoke that is clearly visible in Figure 3-32 restricted visibility up to
14,000 feet. Evening ground fog developed along the Kuwait
coast, dropping visibility to 8 kmn.

High temperatures were near 200 C; lows varied from 20 C in the
north to 80 C in the southeast.
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Figure 3-32. DMSP Visual, 15 February 1991, 0423Z. Skies were clear across most
of the region, but there are scattered to broken middle clouds over parts of central and
southern Saudi Arabia. Black smoke is visible over Kuwait.
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DESERT STORM 16 February 1991

General Weather. High pressure over Iran weakened as the
strong frontal system shown in Figure 3-33 approached from the
west. The polar jet stream dipped southward into the eastern
Mediterranean as the subtropical jet stream crossed Egypt and
"brought in upper-level moisture. A new low-pressure center formed
on the front over Syria by 1500Z and moved southeast. The low
and its accompanying cold front reached western Iraq by 1800Z.

Area of Interest. Multiple cloud layers covered the region
southward to 250 N with scattered to broken low clouds and
broken to overcast middle and high clouds. Light rain and
rainshowers lowered ceilings to 1,000 feet and visibilities to 1,100
meters. The blowing dust already present in northwestern Saudi
Arabia at OOOOZ spread to include much of northern Saudi Arabia,
especially south of the rain. Winds up to 30 knots produced
duststorms with visibilities as low as 200 meters in northern Saudi
Arabia, Syria, and western Iraq.

Area of Intense Interest. Cloud cover increased and ceilings
lowered during the day. Skies were initially scattered with high
clouds from 27,000 to 30,000 feet, but became broken to overcast
by morning, with multiple layers between 25,000 and 35,000 feet.
Bases lowered to 20,000 feet by 0700Z. Broken middle clouds
reached central Iraq at about 11 OOZ with 12,000-foot bases and
18,000-foot tops. Scattered low clouds moved in by early evening
with 2,000-foot bases and 6,000-foot tops; middle-cloud ceilings
were down to 8,000 feet by then. Low clouds increased in the
evening. Light rain and rainshowers lowered ceilings to 1,000 feet.

Winds varied from easterly to southerly with the approaching frontal
system. Initial 6- to 10-knot speeds increased during the day. The
highest reported sustained speed was 30 knots.

Visibilities worsened throughout the day. Dense black smoke over
the southern half of Kuwait reduced visibilities to 6 kin-- some pilots
reported certain areas as "unworkable." Duststorms developed as
wind speeds reached 20 knots around 090OZ; speeds to 30 knots
dropped visibilities to as low as 200 meters later in the day. Local
evening visibilities were as low as 1,100 meters.

High temperatures increased to 20-250 C as the front brought warm
air into the region; lows were 6-81 C.
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DESERT STORM 17 Februay 1991

General Weather. A low-pressure area moved northeast from
central Iraq across Iran as its cold front moved through most of
Iraq. A weak secondary low (shown in Figure 3-34) formed along
the front in south-central Iraq near the Saudi Arabian border. The
cold front continued southward into central Saudi Arabia and
weakened. High pressure intensified behind the front.

Area of Interest. Rain fell along the front in northern Saudi Arabia
early in the day, but moved into central Saudi Arabia by evening.
Visibilities were 8 kin, but dropped to 4,700 meters in a 1500Z
thunderstorm in west-central Saudi Arabia. Blowing dust ahead of
the front reduced visibilities to as low as 1,700 meters. Duststorms
behind the front dropped visibility as low as 900 meters in western
Iraq. Skies over central Saudi Arabia were scattered at 4,000 feet,
and broken to overcast at 10,000 feet.

Area of Intense Interest. Cloud cover from 0000 to 11 0OZ was
broken to overcast with layered low and middle clouds; ceilings
were 3,000 feet, tops to 15,000 feet. Skies over southern l'aq and
Kuwait were overcast at between 20,000 and 35,000 feet. Skies in
Iraq began to clear by 11 OOZ, leaving scattered low clouds from
3,000 to 6,000 feet that continued moving east and south; all of
Iraq, except for its extreme eastern border, was clear after 1600Z.

Rain and rainshowers fell over northeastern Saudi Arabia,
southeastern Iraq, and Kuwait. The bases of late-morning
thunderstorms near the Saudi Arabia-Iraq border were 3,000 feet,
with tops to 35,000 feet. The rain moved eastward by evening.

Winds were southerly to southeasterly at 5-15 knots ahead of the
low and cold front, and northerly to northwesterly at 5-20 knots
behind it. Speeds diminished to 5-10 knots in the evening.

Visibility in rain was 4,700 meters. Blowing dust in some areas of
northeastern Saudi Arabia that had remained dry lowered visibilities
to 6 km. Evening fog formed locally where rain had fallen, lowering
visibilities to 6 km.

Daytime temperatures were highest (200 C) in the west where skies
cleared first, but highs in the east were as low as 140 C. Daily lows
were in the evening after the cold front had passed. Lows ranged
from 60 C in the north to 120 C in the south.
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Figure 3-34. DMSP Visual, 17 February 1991, 0820Z. The cold front and subtropical
jet stream produces overcast skies across much of northern Saudi Arabia and Kuwait.
Low and middle clouds keep skies overcast nor-tb of the low over much of eastern Iraq.
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DESERT STORM 18 February 1991

General Weather. A high-pressure cell moved over Iraq and
dominated much of the region's weather.

Area of Interest, Morning fog developed over north-central and
northwestern Saudi Arabia but dissipated by early afternoon.
Clouds associated with yesterday's cold front were over central
Saudi Arabia and the Persian Gulf, where they produced scattered
light rain through the morning until moving into the Arabian Sea in
the afternoon. Skies were scattered from 3,000 to 6,000 feet,
broken from 10,000 to 18,000 feet, and broken from 28,000 to
33,000 feet. Figure 3-35 shows these layered clouds.

Area of Intense Interest. Thick morning ground fog lifted to form
1,000-foot ceilings that dissipated by about 1 OOOZ. Broken middle
clouds over southern Kuwait and northeastern Saudi Arabia moved
off to the southeast during the first 6 hours of the day; ceilings
were 7,000 feet with tops to 12,000 feet. Middle and high clouds
moved into the region from the northwest during the second half of
the day; scattered to broken middle clouds were from 8,000 to
18,000 feet, and thin broken high clouds were from 29,000 to
35,000 feet.

Winds were generally light and variable in the north, but northerly
to northeasterly at 5-10 knots in the south.

Visibilities ranged from near zero to 2,000 meters in thick and
extensive morning fog across portions of Iraq and Saudi Arabia.
The fog, which was concentrated over (and to the west of) the
Tigris-Euphrates river valley in Iraq, didn't burn off until about
100OZ. Fog formed again in the evening over northern Saudi
Arabia and Kuwait, dropping visibilities to 4,800 meters.

High temperatures were 17-20° C; lows ranged from 50 C in clear
areas to 110 C under the fog.
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Figure 3-35. DMSP Thermal, 18 February 1991, 0305Z. Broken to overcast middle and
high clouds lie over northeastern and central Saudi Arabia.
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DESERT STORM 19 February 1991

General Weather. A low-pressure area developed over Syria and
moved eastward into northwestern Iraq. A secondary low
developed in northwestern Saudi Arabia and moved eastward into
northern Saudi Arabia. Two lines of strong thunderstorms--one
over northern Saudi Arabia, one over Iraq--developed between
1500 and 1 800Z and continued well into the next day--see Figure
3-36.

Area of Interest. Scattered low clouds over western Iraq and
northern Saudi Arabia early in the day were from 3,000 to 5,000
feet--see Figure 3-37. Thin high clouds moved in that afternoon.
Thunderstorm bases were at 3,000 feet, tops to 35,000 feet. Rain
and rair.showers began after 1500Z. In Central Saudi Arabia,
scattered to broken low and middle clouds, with bases at 4,000 and
10,000 feet, produced scattered evening rainshowers.

Area of Intense Interest. Cloud cover in the first 6 hours was
limited to southeastern Iraq and Kuwait, where skies were scattered
at 3,000 to 5,000 feet and thin broken from 20,000 to 25,000 feet.
After these had cleared out in the afternoon, a new high thin broken
layer at 22,000 to 25,000 feet moved in. Convective activity from
the west entered the area at about 1 BOOZ, producing bases that
were generally 3,000 feet, but as low as 1,000 feet in
thunderstorms; tops were to 35,000 feet. Convective cells
consolidated to form a nearly solid, north-south line in central Iraq
as another, similar line formed in northern Saudi Arabia. Middle-
cloud ceilings outside showers were at 10,000 feet.

Thunderstorms produced localized moderate to heavy rain after
1800Z. Light rain and rainshowers fell outside the areas of strong
convection.

Winds were east-southeasterly at 5-10 knots during the first half of
the day, increasing to 15-20 knots by afternoon. Isolated gusts to
30 knots occurred with thunderstorms.

Visibilities were less than 1,000 meters in rain associated with
thunderstorms, but 7 and 9 km elsewhere in rainshowers, black
smoke from Kuwait, fog, and/or blowing dust.

High temperatures were 19-21 * C; lows, 7-11* C.
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Figure 3-36. DMSP Thermal, 19 February 1991, 1 829Z. Thunderstorm activity (A) is
shown developing in western Iraq and north-central Saudi Arabia. The white streaks to
the southeast (arrow) are the high-cloud blowoff fromn the tops of thunderstorms.
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Figure 3-37. DMSP Visual, 19 February 1991, 0600Z. Scattered low clouds are visible
over the w"estern hall of Iraq. 31ack smoke is evident Over Kuwait and extreme
northeastern Saudi Arabia.
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DESERT STORM 20 February 1991

General Weather. The low over Iraq moved eastward into Iran as
the secondary low over northern Saudi Arabia moved southeast
along the Persian GuOf coast. Thunderstorm activity that started the
day before continued across eastern Iraq, Kuwait, and northeastern
Saudi Arabia. Lines of thunderstorms moved gradually eastward
as new cells developed on their southwestern ends.

Area of Interest. A cold front movecd southeast across central and
eastern Saudi Arabia, producing scattered rainshowers and
visibilities as low as 800 meters in blowing dust. Skies were
scattered from 4,000 to 6,000 feet, and broken from 10,000 to
15,000 feet. Thunderstorms that had been in Northern Iraq earlier
in the day moved into Iran, followed by 'rrrken to overcast low and
middle clouds with ceilings at 3,500 feet. Western Iraq remained
generally clear. Figure 3-38 shows conditions in late morning.

Area of Intense Interest. Thunderstorms moved across the area
from west to east. Bases were at 1,000 feet and tops reached
40,000 feet. Cloud cover outside thunderstorms was broken to
overcast, and multilayered from 3,000 to 35,000 feet. Surface
moisture helped produce low broken clouds west of the front in
central Iraq; ceilings were 3,500 feet, with tops to 6,000 feet.
There were also broken middle clouds from 10,000 to 15,000 fe,.ýt
Parts of south-central !raq and north-central Saudi Arabia cleared
as the thunderstorms moved east.

Precipitation was moderate to heavy in thund -storms, but light
away from the strong cells.

Winds were east-southeasterly at 10-20 knots, becoming west-
"northwesterly at 10-25 knots as the storms moved through.
Isolated gusts in thunderstorms were above 30 knots.

Visibilities were 9 km outside '.W•,nderstorms, but less than 1,000
meters in heavy thundershowers. Blowing dust in areas along the
front that had not received much rain lowered visibilities to 7 km.
Evening fog formed along the Persian Gulf coast, lowering
visibilities to 1,500 meters by 2300Z.

High temperatures ranged from 240 C in the southeast ahead of the
cold front to as low as 150 C in the northwest behind it. L.ows were
90 C in the north and 140 C in the southeast.
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SDESERT STORM 21 February 1991

Gener.I Weather. A low-pressure system moving south along the
Persian 3ulf neared Dhahran by 0300Z; by 1500Z, it was on the
United Arab Emirates coast near 530 E. Its cloudless cold front
axtended vuthwest across the Arabian Peninsula. By 0900Z, an
area of hi~lh pressure had formed in northwestern Saudi Arabia
near the Iraqi border.

Area of interest. The low-pressure system spread a wide area of
clouds, rain, and isolated thunderstorms over the Persian Gulf and
along the coast as it passed. Ceilings were generally 10,000 feet
in rainshowers, but ceilings in thunderstorms were reported at
3,000 feet. Inland, the front caused duststorms as it passed,
reducing visibilities in some places to 800 meters. Fog blanketed
northern Saudi Arabia in the wake of the low-pressure system, but
dissipated by 080OZ at most locations; visibilities were as low as
2,800 meters along the coast, but much lower in protected wadis.
Along the eastern Saudi Arabian coast, visibilities were 4,800

meters in dense haze. Between 0500 and 1300Z, sporadic
duststorms reduced visibilities to 6 km in the Syrian Desert.

Area of Intense Interest. An overcast layer of low clouds resulted
in 500-foot ceilings over Kuwait and Iraq south of Baghdad. Cloud
tops were about 1,200 feet. The clouds lifted to 1,000-3,000 feet
by 050OZ and dissipated by 0700Z. South of 29° N, broken middle
clouds with 10,000-foot bases persisted until about 0700Z. Skies
were clear after 0900Z.

Winds were northeasterly or northerly at 10 knots in the south,
easterly at 10-15 knots in the north. Central Iraq's winds were light
and variable. Highest speeds--20 knots along the northeastern
Saudi Arabian border--were reported at 1500Z.

Figure 3-39 shows the fog; visibilities of 500 meters were common.
The fog dissipated in the northwest first, but lingered until O0OOZ in
Kuwait and Iraq south of 320 N. Dc",nse smoke reduced visibilities
in southern Kuwait and northern Sz:u 1i Arabia.

The afternoon high temperature was 51 C. Morning lows were 6-
11 * C, but by evening, temperatures in the north had fallen to about
30 C.
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Figure 3-39. DMSP Visual, Kuwait Blowup, 21 February 1991, 0515Z. Fog covers
Kuwait and southern Iraq. Smoke plumes from southern Kuwait are visible above the fog.
The circle shows the location of Kuwait City.
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DESERT STORM 22 Februsry 1991

General Weather. High pressure was centered over east-central
Saudi Arabia. A cold front extending from a low in the eastern
Mediterranean spread scattered to broken high clouds across Syria
and northwestern Iraq. The system had moved into eastern Syria
by 1 600Z. A low-pressure system near the Strait of Hormuz
brought low cloudiness and rain to the southeastern Arabian
Peninsula.

Area of Interest. Scattered low clouds and scattered to broken
middle clouds with I 0,000-foot ceilings covered western Iraq, Syria,
and Jordan after 1600Z; there were isolated ceilings at 4,000 feet.
Scattered rainfall reduced visibilities to about 5 km. Isolated
thunderstorms had 500-foot ceilings and tops to 35,000 feet. A
dense band of smoke aloft extended from the northern Persian Gulf
along the Saudi Arabian coast into the Rub al Khali. Bases were
about 10,000 feet, tops to 18,000 feet. Low and middle clouds
spread 10,000-foot ceilings over Oman. Isolated thunderstorms
with tops to 35,000 feet lowered ceilings to 2,500 feet. Visibilities
in rainshowers decreased to 5 km.

Area of Intense Interest. Skies were clear to scattered, but
scattered to broken middle and high clouds moved over the
extreme northeast by 1800Z. Ceilings, where present, were 10,000
feet with tops to 15,000 feet. The middle and high clouds were
nearing Baghdad by 2300Z.

Visibilities were unrestricted except for areas affected by smoke,
where they were generally about 6 km. Pilots reported smoke tops
to about 15,000 feet and inflight visibilies as low as 1,000 feet.
Figure 3-40 shows dense smoke over and south of Kuwait.

Winds were light and variable before 1500Z, becoming south-
easterly to easterly at 5-10 knots to the east of the front after
1500Z. Elsewhere, winds remained light. After sunset, winds were
nearly calm.

High temperatures were 13-180 C; lows, 1 -81 C. The lowest
temperatures were in the eastern Nafud Desert.
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Figure 3-40. NOAA Visual, 22 February 1991,0414Z. High pressure dominates. Note
the dense smoke over Kuwait and coastal Saudi Arabia.
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DESERT STORM 23 February 1991

General Weather. High pressure centered over the eastern
Arabian Peninsula moved southeastward into the Rub al Khali by
2000Z. Even though the frontal system dissipated as it moved
across northwest Saudi Arabia, it still caused isolated light showers
and duststorms. The subtropical jet stream brought middle and
high clouds eastward over the area after 0900Z. Low pressure
formed over the Red Sea.

Area of Interest. Fog reduced visibilities along the central Persian
Gulf to about 1,000 meters between 0100 and 0400Z and re-
formed after 2000Z. Scattered to broken low and middle clouds
with light isolated rainshowers reduced visibilities to 10 km along
the weak low-pressure system in the west. Duststorms caused
4,000-meter visibilities in the Syrian and Nafud Deserts between
0900 and 1700Z. Middle and high clouds produced 10,000-foot
ceilings over northwestern Saudi Arabia after 0900Z. Smoke from
the Kuwaiti oilfields had reached Qatar; although concentrated at
10,000-12,000 feet, the smoke mixed with haze at lower levels to
produce 6-km visibilities.

Area of Intense Interest. In the west, the low-pressure system
caused scattered to broken clouds at 10,000 feet until about 0600Z,
when they became scattered. By 1200Z, middle and high clouds
began to move into the area south of 310 N, causing broken to
overcast ceilings at 10,000 to 12,000 feet. These clouds were east
of 450 E by l900Z. Between 0400 and 1600Z, another band of
middle and high clouds formed along the Iran-Iraq border north of
320 N. Ceilings were about 8,000 feet, with tops to 32,000 feet.
Isolated thunderstorms formed over Kuwait by 2000Z, with 2,500-
foot bases and tops to 35,000 feet.

Winds were northerly to northwesterly at 10-15 knots east of 450 E.
Elsewhere, winds were easterly at 5-10 knots.

Duststorms reduced visibilities to 8 km along the Iraq-Saudi Arabia
border between 0800 and 1 500Z. Dense smoke--shown in Figure
3-41 --covered eastern Kuwait and reduced visibilities generally to
less than 8 kin, with isolated cases as low as 1,000 meters.

High temperatures were 13-16° C; lows, 7-130 C.
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Figure 3-41. NOAA Visual, 23 February 1991, 0612Z. Dense smoke obscure$ the
Persian Gulf's western coast.
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DESERT STORM 24 Februar 1991

General Weather. A low-pressure system moved slowly eastward
along the Iraq-Saudi Arabia border--see Figure 3-42. High
pressure was still centered over the southeastern Arabian
Peninsula. The subtropical jet stream's middle and high clouds
moved eastward over the northern Persian Gulf. They were out of
the area by about 1900Z, but another upper-level disturbance
brought more high and middle clouds eastward. At 1500Z, these
clouds were in north-central Saudi Arabia.

Area of Interest. Morning fog again blanketed the central Persian
Gulf coast between Dhahran and the Strait of Hormuz. Visibility
was poorest (2,000 meters) south of Qatar. Gusty winds and
blowing dust accompanied the low near the northern Saudi Arabian
border where 15- to 20-knot winds raised dust that reduced
visibilities to 6 km. Broken to overcast middle clouds produced
8,000-foot ceilings over the northern Persian Gulf, but embedded
low clouds resulted in isolated ceilings at 3,000 feet. Isolated
rainshowers fell near the low, reducing visibilities to 8 km. Isolated
thunderstorms, with bases at 2,500 feet and tops to 30,000 feet,
developed southwest of Riyadh between 1500 and 2200Z. Smoke
reduced visibilities and obscured skies along the Persian Gulf as far
south as 230 N. Broken to overcast low ,clouds with 2,000-foot
ceilings in extreme northern Iraq and Syria dissipated by 1500Z.
Figure 3-42 shows mid-afternoon cloudiness.

Area of Intense Interest. In Kuwait and southern Iraq, skies were
broken to overcast with 8,000-foot ceilings until about 0500Z. Tops
of these multilayered clouds reached 35,000 feet. There were
isolated 2,500-foot ceilings. By 0500Z, the higher clouds had
moved east, leaving scattered to broken low clouds over Kuwait.
In the evening, more middle and high clouds began to move into
the southern half from the west. They reached western Kuwait by
2000Z, bringing 9,000-foot ceilings and tops to 30,000 feet.

Isolated rainshowers and thunderstorms affected Kuwait and
southeastern Iraq until 0600Z. Rain, heavy at times, reduced
visibility to 5 km.

Winds in Saudi Arabia and western Iraq were southwesterly to
westerly at 10-15 knots, increasing to 15-25 knots by 0900Z south
of 320 N, with gusts to 30 knots. By 21 OOZ, speeds had diminished
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Figure 3-42. DMSP Visual, 24 February 1991, 1123Z. Smoke (arrow) spreads from
Kuwait to central Iraq. The upper-air disturbance that affected Kuwait in the morning is
now over the Persian Gulf, and the disturbance affecting it in the evening is now over the
Red Sea.
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to 10-15 knots. Winds in the Tigris-Euphrates river valley were
southeasterly at 10-20 knots, but dropped to 3-5 knots after sunset.

Duststorms reduced visibilities to as low as 1,000 meters in Kuwait
and southern Iraq between 0900 and 21 OOZ. Dense smoke from
the Kuwaiti oil fires moved northwestward--see Figure 3-42.
Visibilities just south of Baghdad were less than 3,000 meters. Fog
formed after 21 OOZ in Kuwait and southern Iraq, reducing visibilities
to less than 4,000 meters.

Afternoon high temperatures were 10-21 ° C; morning lows ranged
from 1 * C in the northeast to 150 C in the southeast.
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DESERT STORM 25 February 1991

General Weather. As shown in Figure 3-43, An upper-air
disturbance moving northeastward spread stormy weather over the
northern Arabian Peninsula; by 0900Z, most of the region was
covered with clouds. A low-pressure system lingered over
northwestern Saudi Arabia as the high-pressure cell in the
southeast moved eastward. Low pressure moving east from the
northeastern Mediterranean spread clouds southeastward over
northern Iraq.

Area of Interest. Fog reduced visibilities to as low as 1,500
meters from northeastern Saudi Arabia to the United Arab Emirates
coast (and to as low as 500 meters in the Tigris-Euphrates river
valley) before 0400Z and again after 2000Z. Broken middle and
high multilayered clouds with tops to 30,000 feet spread 9,000-foot
ceilings from the northern Red Sea to the northern Persian Gulf
and along the Iran-Iraq border. Isolated thunderstorms and
rainshowers formed over northwestern Saudi Arabia throughout the
day--see Figure 3-44, Page 3-93. They were most intense and
widespread at about 1600Z northwest of Riyadh, along the
southern Iraq-Iran border, and in extreme western Iraq near the
Jordan border. Some of these storms were dry, creating intense,
localized duststorms that reduced visibilities to well below 1,000
meters. Widespread duststorms were reported in the northern
Arabian Peninsula and the Syrian Desert between 0900 and 2000Z
with visibilities as low as 4,000 meters. Prevailing winds were as
high as 30 knots in northeastern Saudi Arabia.

Area of Intense Interest. At 0300Z, broken high clouds with
24,000-foot ceilings prevailed over Iraq and Kuwait; but as denser
clouds continued to move in, a solid overcast from 7,000 to 33,000
feet formed throughout southern Iraq and Kuwait. After 1300Z,
isolated thunderstorms with tops to 35,000 feet developed in the
area's southern half; skies in the heaviest storms were obscured.
Conditions over southern Iraq and Kuwait improved after 1800Z.
In southwestern Iraq between the Tigris River and the Iranian
border, skies were scattered with isolated low clouds from 2,000 to
20,000 feet. South of 300 N, skies were broken to overcast with
20,000-foot ceilings; there were also isolated low clouds from
10,000 to 35,000 feet. Elsewhere, skies remained overcast
between 8,000 and 35,000 feet.
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At 0500Z, a line of rainshowers spread from west-central Saudi
Arabia northeastward to the Saudi Arabia-Iraq border and eastward
into southern Kuwait. The line expanded and intensified to cover
most of Kuwait, southern Iraq, and north-central Saudi Arabia by
1600Z. Intermittent precipitation fell the rest of the day.

Winds were southeasterly at 5-10 knots until 0900Z. Afternoon
winds were stronger at 15-20 knots, with gusts to 40.

Fog and smoke reduced visibilities to below 2,000 meters in
southern Iraq and Kuwait. Visibilities improved to 8 km by 060OZ,
but sporadic duststorms in the afternoon reduced them to 4,000
meters.

High temperatures were 14-210 C; lows, 3-16o C.
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Figure 3-43. DMSP Thermal, 25 February 1991, 0320Z. An upper-air disturbance
enters the area. Smoke obscures the northern Persian Gulf.
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Figure 3-44. NOAA Visual, 25 February 1991, 1619Z. Thunderstorms affect southern
Iraq, northern Saudi Arabia, and Kuwait.
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DESERT STORM 26 February 1991

General Weather. As the upper-air disturbance moved northeast,
it continued to produce heavy rainshowers and duststorms over the
area. A surface trough formed between the low-pressure area in
central Saudi Arabia and another moving through southern Turkey.
By 21 OOZ, the trough stretched through Iraq along 430 E. An area
of high pressure was located in central Iran and the extreme
southeastern Arabian Peninsula.

Area of Interest. Several lines of rainshowers and thunderstorms
moved through the northern Arabian Peninsula throughout the day.
Between 0000 and 0300Z, an area of thunderstorms spread from
the Red Sea near 250 N to the Iraq-Saudi Arabia border near 450
E. Another formed in northeastern Iraq nearthe Iranian border. By
0900Z, a third area had formed over northeastern Saudi Arabia at
280 N, 470 E. Bases were at 2,500 feet and tops reached 35,000
feet. Thunderstorms were embedded in scattered to broken middle
clouds west of 450 E. Multilayered clouds were broken to overcast
from 8,000 to 33,000 feet north of 250 N. By 1100Z, the northern
area had spread southwestward and the southern areas had moved
southeastward. Storm intensity and coverage increased throughout
the day until 1600Z, when a line of isolated thunderstorms
extended from the northern Persian Gulf to southwest of Riyadh.
Areas west of 430 E had cleared. Clouds, rainshowers, and
thunderstorms spread southeastward again in the evening, reaching
as far southwest as 200 N, 440 E, by 1900Z.

Fog reduced visibilities to 4,000 meters in the Tigris-Euphrates river
valley between eastern Syria and Baghdad until about 0800Z. It
also formed in sheltered inland areas after rainshowers ended,
reducing visibilities to as low as 2,000 meters. Some
thunderstorms produced localized duststorms with visibilities below
1,000 meters. More extensive duststorms formed south of 250 N,
where visibilities were reduced to 6 km.

Area of Intense Interest. Broken to overcast clouds between
8,000 and 20,000 feet covered the entire area before 0300Z. The
lower cloud deck gradually dissipated in the northwest, leaving
scattered skies over most of Iraq, and high clouds with tops to
32,000 feet over southern Iraq and Kuwait. Scattered to broken
clouds between 4,000 and 6,000 feet formed over central Iraq
between 0500 and 1600Z. At 11 OOZ, there were isolated
thunderstorms or rainshowers embedded in these clouds in a line
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from 350 N, 45' E, to 310 N, 41' E--they are shown in Figure 3-45.
Thunderstorms also formed over eastern Kuwait and extreme
"southwestern Iraq after 1500Z. Cloud bases were 3,000 feet and
tops reached 35,000 feet.

Intermittent rainshowers and thunderstorms fell southeast of a line
extending from 340 N, 46' E, to 31 ° N, 42' E, throughout the day.

Winds were southeasterly at 10-15 knots, but by 1200Z, speeds in
the east reached 20-30 knots. Winds in the west shifted to
northwesterly at 10-15 knots as the trough moved eastward.

Fog and smoke reduced visibilities to below 2,000 meters from the
central Tigris-Euphrates river valley to Kuwait. Visibilities improved
to 8 km by 0600Z, but sporadic duststorms in the afternoon
reduced visibilities to 4,000 meters. Visibilities in heavy
rainshowers may have dropped to as low as 1,000 meters.

High temperatures were 17-211° C; lows, 7-160 C.
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Figure 3-45. DMSP Thermal, 26 February 1991, 1 105Z. Storms lingered over Kuwait.
There is a line of thunderstorms near Baghdad.
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DESERT STORM 27 February 1991

General Weather. A low-pressure cell that had been centered in
southeastern Iraq at OOOOZ slid southeastward into the Persian Gulf
throughout the day. A weak frontal system in the eastern
Mediterranean Sea moved onshore and was in central Iraq by the
end of the day.

Area of Interest. In northern Iraq, broken clouds with bases of
8,000 feet persisted until late morning, when they became scattered
at 3,000 feet and eventually developed into afternoon
thunderstorms that moved northeast. In western Iraq and
northwestern Saudi Arabia, skies were scattered with bases at
10,000 feet throughout the morning. Clouds from the front
approaching from the Mediterranean began moving in by 11 OOZ,
forming ceilings rapidly. Rain began lowering visibilities to 5 km by
1300Z. Thunderstorms developed in the afternoon as the clouds
moved eastward. By the end of the day, clouds and rain were
confined to the western Saudi Arabia-Iraq border. In north-central
and northeastern Saudi Arabia, broken clouds, multilayered from
3,000 to 25,000 feet with rainshowers and thunderstorms,
prevailed. Visibilities were 4,800 meters in ground fog, rain, and
haze, but near zero in blowing dust from thunderstorms. Clouds
moved slowly southeast to east-central Saudi Arabia by day's end.

Area of Intense Interest. Broken multilayered clouds from 3,000
to 25,000 feet covered the southern half of the area, but cleared
from the northwest by noon, leaving scattered clouds at 3,000 feet
and broken clouds at 6,000-8,000 feet over southeast Iraq and
Kuwait. These also cleared by 1900Z. A smoke layer at 2,500 feet
covered most of central and southern Kuwait throughout the day.
A line of broken 4,000-foot clouds associated with the front from the
Mediterranean invaded the western part of the area by noon. The
line was past Baghdad and into north-central Saudi Arabia by the
end of the day.

Rainshowers and thunderstorms were widespread in the southern
half of the area through the morning, as shown in Figure 3-46.
Light rain fell in the western half as the front passed.

Winds were northwesterly to northeasterly at 5-15 knots (but up to
25 knots in thunderstorms) in the southern half of the area. In the
northern half, they were westerly to northwesterly at 3-10 knots.
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Figure 3-46. DMSP Visual, 27 February 1991, 0642Z. The frontal system in the
eastern Mediterranean Sea is shown moving onshore and across Jordan. Note the area
of rainshowers and thunderstorms in southeastern Ira-, Kuwait, and northeastern Saudi
Arabia.
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Winds became southwesterly at 5-15 knots as the front
approached, and northwesterly at 8-20 knots behind it.

Visibilities were near zero in dense fog along the Tigris-Euphrates
river basin. They were also near zero In the southern half of the
arez., where thunderstorms produced blowing dust. Elsewhere,
morning visibilities were 5 km in ground fog, rain, and haze. Rain
lowered visibilities to 4,800 meters in the western half of the area
as the front passed. Smoke limited visibility aloft to 1,600 meters
over Kuwait.

High temperatures were 13-200 C; lows, 07-160 C.
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DESERT STORM 28 February 1991

General Weather. Low pressure was centered over the
southeastern part of the Saudi Arabian peninsula while high
pressure intensified in the rest of the region. Remnants of a weak
frontal system remained in northern Saudi Arabia and southern
Iraq.

Area of Interest. Skies were broken to overcast over north-central,
northeastern, east, and east-central Saudi Arabia. Ceiling heights
were 3,000-4,000 feet. By evening, skies were mostly clear to
scattered. Light rain and drizzle fell over north-central and eastern
Saudi Arabia. Thunderstorms with tops to 35,000 feet were
observed over east-central Saudi Arabia and the northern part of
the Persian Gulf during early morning--see Figure 3-47, next page.
Winds were northwesterly at 10-20 knots with gusts to 25 knots.
Fog lowered morning visibilities to 4,800 meters in east-central
Saudi Arabia. Fog reduced early afternoon visibilities to 3,200
meters in northeastern Saudi Arabia, which improved to 6-8 km in
smoke and haze by late afternoon. A sandstorm in east-central
Saudi Arabia, with wind speeds of 30-40 knots, is visible in Figure
3-48 on Page 3-102. The storm reduced late afternoon and early
evening visibilities to 1,600-4,000 meters, with isolated reports of
100 meters.

Area of Intense Interest. Skies were broken to overcast over
southern and southeastern Iraq and Kuwait--ceilings were 3,000 to
4,000 feet, but 800 feet in showers. By early evening, skies were
clear to scattered. Isolated afternoon thunderstorms (tops to
35,000 feet) and rainshowers were present over southeastern Iraq
and Kuwait.

Winds were northwesterly to northerly at 10-20 knots, with gusts to
35 knots near thunderstorms.

In Kuwait, visibilities were less thaarn .00 meters in smoke and
2,000 meters in thunderstorm'r,.

High temperatures were 1.18o C; !Kws, 5-10' C.
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Figure 3-47. DMSP Thermal, 28 February 1991, 0255Z. Thunderstorms are visible
over the northern part of the Persian Gulf.
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Figure 3-48. DMSP Thermal, 28 February 1991, 1515Z. The front edge of the
sandstorm (shown by the arrow) is visible over east-central Saudi Arabia. (The manual
gridding was added by forecasters at the Riyadh Desert Forecast Center.)
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DESERT STORM 1 March 1991

General Weather. High pressure dominated, but a low-pressure
system developed over the eastern Mediterranean by the end of
the day, sending moisture into western areas.

Area of Interest. Skies were clear to scattered over most of the
area, but scattered to broken at 1,000-2,000 feet over northeast
and eastern Saudi Arabia due to smoke--see Figure 3-49.
Scattered to broken low clouds at 3,000 feet, with occasionally
broken middle and high ceilings, moved into western Iraq and
northwestern Saudi Arabia by mid-afternoon. Winds were
northwesterly to northerly at 10-15 knots. Visibilities in northeastern
Saudi Arabia were 6-8 km in smoke and haze. Blowing sand and
dust reduced early morning visibilities to 3,200 meters in
east-central and eastern Saudi Arabia.

Area of Intense Interest. Scattered, occasionally broken, middle
clouds at 8,000-10,000 feet moved into central Iracl by
mid-afternoon.

Winds were northwesterly at 10-15 knots.

Smoke and haze reduced visibilities in Kuwait to 5-7 kin, 0
occasionally to 3,200 meters.

High temperatures were 15-201 C; lows, 5-100 C.
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Figure 3-49. DMSP Visual, 1 March 1991, 0546Z. The arrows mark smoke from Kuwait

over northeastern and south-central Saudi Arabia as it comes off the Persian Gulf.
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DESERT STORM 2 March 1991

General Weather. High pressure dominated as a low-pressure
system moved northeast and brought moisture across Iraq and
northern Saudi Arabia.

Area of Interest. Skies were broken to overcast at 8,000-10,000
feet, but early morning ceilings were 3,000-5,000 feet in showers
over western and northern Iraq. Smoke formed a broken layer at
2,000-3,000 feet over northeast and east-central Saudi Arabia
during the morning--see Figure 3-50. Skies over the rest of the
area were clear to scattered. Isolated rainshowers and
thunderstorms with tops to 35,000 feet developed during early
morning in northern Iraq. Visibilities were 6-8 km in precipitation.
Haze reduced morning visibilities to 4,800 meters in east-central
Saudi Arabia. Smoke reduced morning visibilities in eastern Saudi
Arabia to 4,800 meters; in the afternoon and evening, to 4,000
meters.

Area of Intense Interest. Over central Iraq, skies were broken
with middle clouds at 8,000-10,000 feet in the early morning,
becoming scattered in early afternoon--see Figure 3-50.

Winds were northwesterly at 10-15 knots-

Smoke reduced visibilities in Kuwait to 5-7 km, with isolated areas
of less than 1,600 meters.

High temperatures were 15-20° C; lows, 5-100 C.
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moves off the Persian Gulf along the Saudi Arabian coast and into eastern Saudi Arabia.
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Chapter 4

PROVIDE COMFORT WEATHER
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PROVIDE COMFORT 3 March 1991

General Weather. High pressure dominated; skies were
clear to scattered. Most cloud cover was associated with the
subtropical jet stream extending over central Saudi Arabia--
see Figure 4-1. Isolated wind gusts to 25 knots produced
blowing dust that reduced visibilities to as low as 1,600
meters over Saudi Arabia, Kuwait, and southern Iraq.

Scattered clouds with bases as low as 3,000 feet prevailed
north of 320 N; isolated ceilings were reported. Middle and
high clouds formed along the jet stream over Saudi Arabia.
Bases were as low as 8,000 feet, but there were only isolated
reports of ceilings.

Winds were variab!e at 10 knots or less at night. In and
around Syria, winds were light and variable all day. Afternoon
winds were northwesterly at 5-15 knots over Iraq, Iran,
Kuwait, and the east coast of the Arabian Peninsula. They
were also northwesterly over the peninsula's west coast, but
speeds were higher, at 15-20 knots. In interior Saudi Arabia,
winds were southeasterly at 5-15 knots.

Visibilities were generally good, but smoke along the Persian
Gulf resulted in local visibilities less than 1,600 meters. Haze
and suspended dust (especially blowing dust) caused isolated
visibilities between 1,600 and 4,800 meters over Kuwait,
southern Iraq, and Saudi Arabia's deserts.

Temperatures near the coasts ranged from 18 to 270 C during
the afternoon and from 10 to 210 C in the morning. The
lowest were in western Syria. Interio~r temperatures ranged
from 10 to 270 C in the afternoon and from 2 to 160 C in the
morning. The lowest were in Iraq. The mountains of Turkey,
Iraq, and northwestern Iran were colder--nights were below
freezing at elevations above 4,000 feet.
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Figure 4-1. NOAA Visual, 3 March 1991, 1144Z. A storm system is shown moving east
over Libya and the central Mediterranean. Scattered to broken cumulus cloud is visible
over Iraq. The middle and high clouds over Egypt and central Saudi Arabia are
associated with the subtropical jet stream.
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PROVIDE COMFORT 4-6 March 1991

General Weather. A passing frontal system controlled this
period's weather; its movement can be followed in Figures 4-
2 through 4-4. The main low-pressure center moved east-
northeast across Jordan on the evening of 4 March while the
associated warm front extended southeast into Saudi Arabia;
the cold front extended southwest into Egypt. On the evening
of the 5th, the low moved into northern Iraq as a second
frontal low intensified just northwest of Kuwait. The low in the
north continued northeastward, entering northwestern Iran on
the morning of the 6th. The second low near Kuwait moved
east-southeast with its cold front to affect the Persian Gulf
and much of the Arabian Peninsula. It passed Qatar on the
evening of the 6th.

Approach of the frontal system brought ceilings of 10,000
(occasionally 3,000) feet. During and after passage, the
system produced ceilings at 3,500 feet (occasionally 2,000
feet) north of 300 N. Ceilings at or below 2,000 feet were
common along the Persian Gulf as the system passed. There
were also isolated reports of ceilings as low as 2,000 feet
across much of central Saudi Arabia as the frontal system's
approach enhanced subtropical jet stream cloudiness. Most
ceilings along the jet stream were at or above 8,000 feet.

Low and middle clouds occurring throughout the period were
accompanied by rain and rainshowers. There were isolated
to few thunderstorms with tops to 40,000 feet along and near
the frontal system.

Winds were south-southeasterly east of the system and west-
northwesterly to the west, generally at 10-15 knots. Speeds
near the front were 15-30 knots with gusts to 45 knots.

Visibilities in precipitation and fog were mostly above 3,200
meters. Blowing dust near the frontal system was the primary
cause of lowered visibilities, which were often at or below
1,600 meters in the deserts. Flow ahead of the frontal system
caused the smoke from Kuwait to move north-northwest
through Iraq and into southern Turkey on the 4th and 5th;
shifting winds drove the smoke east-southeastward on the
6th. Strong winds generally keot smoke from reducing
visibilities below 1,600 meters.
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Figure 4-2. NOAA Visual, 4 March 1991, 11 33Z. The storm system is over Egypt and
the eastern Mediterranean. Subtropical jet stream c!ouds (A) have thickened over Saudi
Arabia.
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-- Figure 4-4, DMSP Visual, 6 March 1991, 0540Z. The primary low-pressure system hasmoved out of the region, but clouds are enhanced in and near the Persian Gulf because
of a second low, shown here,

4-7



Temperatures near coasts were 15-270 C during the afternoon
and 15-21° C in the morning, with the lowest near the
Mediterranean. Temperatures inland were 10-271 C in the
afternoon and 2-210 C in the morning; the lowest were in
Iraq. On clear nights, the mountains of eastern Turkey,
northeastern Iraq, and northwestern Iran were below freezing
above elevations as low as 4,000 feet.

Significant Weather Events
4 March. A weak disturbance along the polar jet stream
produced low clouds in Turkey and on the northern fringes of
Syria, Iraq, and Iran; reported ceilings were mostly 8,000
feet, but occasionally 3,500 feet. The approach of the major
system brought 10,000-foot ceilings (some to 3,000 feet) over
and near Syria and Jordan. Isolated thunderstorms formed in
the evening. Visibilities in precipitation and fog were mostly
above 3,200 meters. Most of the blowing dust was in
northwestern Saudi Arabia, where reported visib'Y.:ie:-• w- r,
less than 1,600 meters in the afternoon and evenin,

5-6 March. The front brought daterioratir1. weather
conditions southeastward over the region. In southeastern
Iraq, Kuwait, and along the borders of Saudi Arabia, ceilings
were as low as 800 feet from the evening of the 5th through
early morning of the 6th as the second frontal low formed
near Kuwait. There were also isolated thunderstorms and
reports of ceilings as low as 2,000 feet over central Saudi
Arabia as the front approached the subtropical jet stream.
Ceilings associated with the front were variable in the
mountains of Turkey, northeastern Iraq, and northwestern
Iran, where most cloud bases were between 3,000 and 4,000
feet; elevations above these heights were often obscured.
The mountains also got heavy snow at elevations above
about 6,000 feet, with mixed rain and snow down to 4,000
feet. Most of the region north of about 30* N had fog and
drizzle after frontal passage. The front caused blowing dust
to reduce visibilities to as low as 200 meters in northern Saudi
Arabia.

4-8



-~..~ ..

PROVIDE COMFORT 7-10 March 1991

General Weather. High pressure dominated most ol the
region, but a weak disturbance coupled with terrain effects
resulted in patchy ceilings and isolated precipitation north of
29° N.

Skies were clear to partly cloudy--see Figures 4-5 through
4-8 starting on Page 4-11. North of 290 N, there were brief
periods of broken to overcast low and middle clouds with
1 0,000-foot (occasionally 3,000-foot) ceilings. The mountains
of Turkey, northeastern Iraq, and northwestern Iran were
obscured above 10,000 feet. The subtropical jet stream
brought high broken clouds to central Saudi Arabia by the
10th.

In the north, occasional precipitation fell from clouds with
bases below 10,000 feet on the 8th and 9th, mostly over hilly
or mountainous terrain. Rain, rainshowers, and patchy drizzle
fell below 3,000 feet, with mixed rain and snow through 5,000
feet and snow above 5,000 feet.

Winds were northwesterly at 10-15 knots at night and 15-20
knots during the day; afternoon gusts reached 30 knots. An
exception was near Qatar on the 8th, 9th, and 10th, where
winds were southerly at 10 knots or less.

Precipitation and morning fog, patchy north of about 300 N,
generally didn't reduce visibilities below 3,200 meters, but
there were isolated reports of less than 1,600 meters in fog.
Smoke from Kuwait moved south-southeast, lowering
visibilities to below 1,600 meters over Kuwait and along Saudi
Arabia's Gulf coast. Blowing dust, suspended dust, and haze
reduced visibilities below 4,800 meters (occasionally below
1,600 meters) during afternoons over southeastern Iraq,
Kuwait, and Saudi Arabia's deserts.

Temperatures near coasi;. were 15-270 C during the afternoon
and 7-180 C in the morning; the lowest were in western
Syria. Afternoon temperatures inland ranged from 7° C in
Iraq to 290 C in central Saudi Arabia. Morning temperatures
in northeastern Iraq were at or below freezing at elevations as
low as 3,000 feet, while morning temperatures in interior
Saudi Arabia were as high as 130 C.
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Significant Weather Events
7 March: Afternoon wind gusts to 30 knots caused blowing
dust and visibilities below 1,600 meters near the Persian Gulf.
Ceilings at 10,000 feet over Syria, Jordan, western Iraq, and
northwestern Saudi Arabia were produced by mountain wave
turbulence.

8 March: Afternoon wind gusts to 30 knots caused blowing
dust that reduced visibilities to less than 1,600 meters in
north-central Saudi Arabia, Again, the middle clouds over
Syria, Jordan, western Iraq, and northwestern Saudi Arabia
were produced by mountain wave turbulence. The mountains
of Turkey, northeastern Iraq, and northwestern Iran had snow
above about 5,000 feet, as well as isolated thunderstorms
with tops to 35,000 feet.

9-10 March: Afternoon wind gusts to 30 knots caused
blowing dust and lowered visibilities below 1,600 meters in
north-central Saudi Arabia. Snow and isolated thunderstorms
occurred in the mountains of Turkey, northeastern Iraq, and
northwestern Iran.
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Figure 4-5. DMSP Visual, 7 March 1991, 0427Z. An extensive area of low clouds

remains over Turkey and northern Iraq.
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Figure 4-7. DMSP Visual, 9 March 1991, 0617Z. A disturbance enhances clouds over
eastern Turkey, northern Iraq, and northern Iran. Black smoka is evident along the
Persian Gulf coast.
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Figure 4-8. DMSP Visual, 10 March 1991, 0437Z. A large area of clouds remains over
Turkey, northeastern Iraq, and northwestern Iran. The large area of biack smoke around
Kuwait is evident.
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PROVIDE COMFORT 11 March 1991

General Weather. High pressure dominated, but a weak
upper-level disturbance crossed the region north ol 300 N,
bringing mostly middle and high clouds--see Figure 4-9, next
page. There was little or no precipitation, and winds were
light.

The upper-level disturbance resulted in brief periods of
10,000-foot ceilings over Syria and Iraq, with isolated reports
of 3,000 feet. The mountains of Turkey, northeastern Iraq,
and northwestern Iran were obscured briefly above 3,000 feet.
Other areas had scattered clouds at 3,000-4,C00 feet and at
10,000 feet. There were patchy 10,000-foot ceilings along
250 N latitude in Saudi Arabia.

Isolated light rain--snow above 4,000 feet--fell over Syria and
Iraq.

Winds were light and variable at night. In Iraq, daytime winds
were light and variable; in the rest ot the region, winds were
easterly at 10-20 knots, with gusts to 25 knots.

Visibilities were generally good, but smoke in Kuwait and
adjoining areas of Saudi Arabia dropped visibilities below
1,600 meters--see Figure 4-9. Blowing dust, suspended dust,
and haze caused isolated reductions to 4,800 meters and
occasionally to 1,600 meters over and near Saudi Arabia's
deserts.

Temperatures along coasts were 10-210 C in the morning and
18-270 C in the afternoon, but lowest in western Syria.
Interior temperatures were 2-21 ° C in the morning and 10-27°
C in the afternoon. Freezing temperatures occurred at night
at elevations above about 4,000 feet in eastern Turkey,
northeastern Iraq, and northwestern Iran.
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Figure 4-9. DMSP Visual, 11 March 1991, 0535Z. The polar jet stream causes high
clouds over Turkey, northern Iraq, and northwestern Iran. Southward -moving black
smoke curves westward into Saudi Arabia.
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PROVIDE COMFORT 12-13 March 1991

General Weather. A weak system crossing the region
resulted in significant afternoon weather. The primary low-
pressure center entered Jordan on the evening of the 11 th
and moved into southeastern Iraq by late afternoon and
evening of the 12th. By then, the low (and an associated
trough) were causing a narrow band of clouds and
precipitation from eastern Turkey through south-central Saudi
Arabia along about 45* E longitude. The low then passed
through southern Iraq and Kuwait, entering Iran on the
evening of the 13th. The trough extended south across the
Persian Gulf, arcing westward along about 230 N latitude.

Figures 4-10 and 4-11 on pages 4-19 and 4-20 show mostly
clear to scattered skies. The passing system caused
significant cloud cover only during late afternoons and
evenings. Ceilings were occasionally 8,000 feet, with brief
periods at or below 3,000 feet. Similar ceilings, independent
of the disturbance, occurred over Syria, Jordan, western Iraq,
and northwestern Saudi Arabia on the 13th.

Afternoon rain, rainshowers, and isolated thunderstorms
developed along the system; associated nighttime
precipitation was very isolated. Snow fell in the northeastern
Iraqi, northwestern Iranian, and southeastern Turkish
mountains on the 13th, along with light rain and drizzle in
Iraq, Syria, and Jordan.

Morning winds were easterly at 10-15 knots over Syria,
Jordan, and Iraq, westerly at 10-20 knots along the Persian
Gulf, and light and variable over interior Saudi Arabia.
Afternoon winds were variable in Syria, southeasterly at 5-15
knots in Iraq and along the Persian Gulf, and westerly at 10-
20 knots over Jordan and interior Saudi Arabia. Wind gusts
reached 30 knots near thunderstorms.

Blowing dust, suspended dust, and haze occasionally reduced
visibilities below 4,800 meters; isolated visibilities below
1,600 meters were reported in Saudi Arabia, Kuwait, and
eastern Iraq near the surface trough. Smoke was
concentrated in eastern Iraq, with visibilities below 1,600
meters likely. Visibilities in precipitation were below 6 kin, but
there were isolated cases of less tt U 2,400 meters.
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Coastal temperatures ranged from highs of 16-270 C during
afternoons to lows of 10-180 C during mornings. Afternoon
interior temperatures ranged from highs of 100 C in Iraq to 320
C in central Saudi Arabia. Lows ranged from 20 C in Iraq to
210 C in central Saudi Arabia. On clear nights, temperatures
were below freezing at elevations above 4,000 feet in eastern
Turkey, northeastern Iraq, and northwestern Iran.

Significant Weather Events
12 March: A north-south band of isolated late afternoon and
evening thunderstorms formed along 45-461 E longitude.

13 March: Another band of isolated late afternoon and
evening thunderstorms developed along the Iraq-Iran border,
southward over the northern Persian Gulf and the adjoining
Saudi Arabian coast, then westward between 22 and 240 N.
A few southward- and westward-facing mountain slopes in
Turkey, Iraq, and Iran were obscured above 3,000 feet during
the late afternoon and evening. Snow, mostly light, fell in the
mountains of eastern Turkey, northeastern Iraq, and
northwestern Iran above 6,000 feet; between 4,000 and
6,000 feet, precipitation was rain and snow mixed. Mountain
wave turbulence was associated with the cloudiness over
Syria, Jordan, western Iraq, and northwestern Saudi Arabia.
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Fig ure 4-11. DMSP Visual, 13 March, 0633Z. Clouds remain over Turkey, Iraq, and
western Iran. The scattered low and middle clouds over much of Iraq and Saudi Arabia
are remnants of the disturbance-asý.~ociated activity from the previous day.
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PROVIDE COMFORT 14-16 March 1991

General Weather. High pressure dominated as a weak
upper-level disturbance passed over Turkey, Syria, and Iraq,
causing isolated clouds and precipitation.

Skies were clear to partly cloudy, as shown in Figures 4-12
through 4-14, pages 4-23 to 4-25. The few clouds over
Turkey and Syria on the 14th and 15th had bases between
2,000 and 10,000 feet. The widespread middle and high
clouds over the region on the 16th resulted from the eastward
movement of the polar and subtropical jet streams.

Isolated rainshowers were reported throughout the period in
or near the Persian Gulf. Otherwise, precipitation was sparse
and only associated with the passing upper-level disturbance
in the north.

Winds at night were northerly at 10-15 knots along the
Persian Gulf, light and variable elsewhere. Persian Gulf
winds increased slightly during the day. Elsewhere, afternoon
winds were west-southwesterly at 10-20 knots, except on the
16th when the winds in and around Syria switched to
southeasterly at 10-20 knots. Gusts throughout the region
reached 30 knots.

Blowing dust, suspended dust, and haze occasionally dropped
visibilities below 6 km; isolated reductions to 3,200 meters or
less were reported near the Persian Gulf. Smoke over Kuwait
and Saudi Arabia resulted in visibilities below 1,600 meters.
Visibilities in precipitation were generally above 3,200 meters.

Temperatures along coasts ranged from 15 to 290 C during
afternoons and from 10 to 210 C during mornings, with the
lowest in western Syria. High temperatures in the interior
were 13-320 C; lows were 4-210 C. The lowest temperatures
were in Iraq; the highest, in central Saudi Arabia. On clear
nights, temperatures were below freezing at elevations above
5,000 feet in eastern Turkey, northeastern Iraq, and
northwestern Iran.
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Significant Weather Events
14-15 March: Isolated ceilings were as low as 2,000 feet
over Turkey and Syria. There were isolated afternoon and
evening thunderstorms over eastern Turkey and northwestern
Iran; they were also reported in the Persian Gulf. Snow fell
at elevations above 7,000 feet in eastern Turkey, northern
Iraq, and northwestern Iran; a mixture of rain and snow fell
between 5,000 and 7,000 feet.

16 March: The broad north-to-south cloud band shown in
Figure 4-14, page 4-25, was associated with the eastward
movement of the polar jet stream. The lowest reported
ceilings were 10,000 feet.
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Figure 4-12. DMSP Visual, 14 March 1991, 0612Z. The most prominent feature is the

smoke being advected southward into Saudi Arabia.
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Figure 4-13. DMSP Visual, 1 5 March 1Q991, 0551 Z. This picture shows the heavy black

smoke with light winds.
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Figure 4-14. NOAA Visual, 16 March 1991, 1058Z. Extensive middle and high clouds
(A) cover much of the region as the polar jet stream dips south over Iraq. The high
clouds (B) shown over and near the northern Red Sea are associated with the subtropical
jet stream.
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0 PROVIDE COMFORT 17-19 March 1991

General Weather. A low from the Mediterranean Sea moved
eastward into southwestern Iraq on the afternoon of the 18th.
After crossing southern Iraq, it entered Iran on the afternoon
of the 19th. The low and its south-southwesterly trailing cold
front produced a broad area of broken cloud and precipitation.

Ceilings associated with the system were mostly 10,000 feet,
but were occasionally 3,000 feet north of ?50 N and 4,000 feet
south of 250 N. There were isolated reports of thunderstorm
bases at 2,000 feet, with tops to 40,000 feet.

The frontal system brought rain, rainshowers, and isolated
thunderstorms into Syria and Jordan on the 17th.
Precipitation spread east and southeast over the region on
the 18th. Only a few isolated rainshowers and thunderstorms
remained in Iraq and the Arabian Peninsula by the afternoon
of the 19th.

Winds were light and variable at night, but there were isolated
reports of speeds over 15 knots near the frontal system.
Winds were also light and variable in Syria and northern Iraq
during the day. South-southeasterly winds at 10-20 knots
preceded the front; behind it, winds were westerly at 10-20
knots. Gusts reached 35 knots.

Visibilities in precipitation were generally good, with only
isolated areas of less than 4,800 meters. Blowing dust,
suspended dust, and haze reduced visibilities below 4,800
meters near the front; they were occasionally below 1,600
meters in the afternoon and evening. Fog formed north of the
low, dropping visibilities below 1,600 meters. The ever-
present smoke from burning Kuwaiti oil wells dropped
visibilities below 1,600 meters in Kuwait and on Saudi
Arabia's gulf coast.

Coastal temperatures ranged from highs of 16-32' C to lows
of 13-270 C. High interior temperatures ranged from 100 C in
Iraq to 380 C in centra! Saudi Arabia, while morning lows
ranged from 70 C in Iraq to 270 C in central Saudi Arabia. On
clear nights, temperatures were below freezing at elevations
above 6,000 feet in eastern Turkey, northeastern Iraq, and
northwestern Iran.
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Significant Weather Events
17 March: The clouds shown in Figure 4-15 produced rain,
rainshowers, and isolated thunderstorms in and near Turkey,
Syria, and Jordan. Blowing dust occasionally reduced
visibilities to below 1,600 meters in northern Saudi Arabia
during the afternoon and evening.

1Z3 March: The cloud cover shown in Figure 4-16, Page 4-29,
has moved eastward; in the morning, there were scattered
rain, rainshowers, drizzle, and thunderstorms in Syria, Jordan,
Iraq, and northwestern Saudi Arabia. Precipitation spread
east-southeast mnto central and eastern Saudi Arabia through
the day; it ended in Syria and Jordan by mid-afternoon.
Afternoon and evening snow fell in the mountains of eastern
Turkey, northeastern Iraq, and northwestern Iran above 8,000
feet; a mixture of rain and snow fell between 6,000 and 8,000
feet. Showers and thunderstorms dropped visibilities to as
low as 100 meters in Saudi Arabia. Blowing dust occasionally
reduced visibilities to less than 1,600 meters in southeastern
Iraq, Kuwait, and the deserts of Saudi Arabia during the
afternoon and evening. Visibilities in tog were below 1,600
meters in Syria, Jordan, and Iraq. Some southward- through
westward-facing slopes in Turkey, Iraq, and Iran were
obscured by clouds above 3,000 feet.

19 March: Figure 4-17, Page 4-30, shows where clouds and
precipitation associated with the weakened front were Iccated
over eastern Iraq, Kuwait, the Persian Gulf, and much of
Saudi Arabia west of Qatar in the morning. Only a few
isolated rainshowers and thunderstorms remained over the
region in the afternoon after the front had moved into Iran.
Some southward- through westward-facing slopes irn Turkey,
Iraq, and Iran were obscured by clouds above 3,000 feet in
the morning. Snow fell during the morning above 8,000 feet
in the mountains of eastern Turkey, northeastern Iraq, and
northwestern Iran; a mixture of rain and snow fell between
6,000 and 8,000 feet. Fog reduc-ed morning visibilities below
1,600 meters in Iraq during the morning, Blowing dtust
occasionally reduced visibilities to less than 1,600 meters in
southeastern Iraq, Kuwait, and the deserts of Saudi Arabia
during the day.
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Figure 4-16. DMSP Visual, 18 March 1991, 0629Z. Clouds associated with the front
reach farther into Iraq and Saudi Arabia.
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Figure 4A17. DMSIP Visual, 19 March 1991, 0618Z. Skies behind the front are clear to
partly cloudy.
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PROVIDE COMFORT 20 March 1991

General Weather. High pressure dominated. The only
significant weather was from local effects or associated with
the remnants of the previous system.

Surface moisture left by the previous disturbance was
responsible for early-morning ceilings as low as 700 feet in
northern Saudi Arabia; similar isolated conditions probably
occurred over much of the area north of 290 N. Otherwise, as
shown in Figure 4-18, next page, skies were mostly clear to
scattered. Isolated afternoon ceilings were 3,500 feet in
rainshowers and thunderstorms over the Persian Gulf area
and the mountains of Iran.

Winds were variable at 5-15 knots, gusting to 25 knots.

Visibilities in patchy morning fog were below 1,600 meters
north of 290 N and as low as 3,200 meters in isolated areas
of blowing dust, suspended dust, haze, and precipitation.

Temperatures near coasts ranged from 21 to 320 C during the
afternoon and from 13 to 240 C during the morning, with the
lowest temperatures in western Syria. Interior temperatures,
which were lowest in Iraq, ranged from 16-380 C in the
afternoon to 7-24D C in the morning. In the mountains at
elevations above 7,000 feet, nighttime temperatures were at
or below freezing.
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PROVIDE COMFORT 21-24 March 1991

General Weather. The strongest frontal system of the month
began to affect the area's weather on the 21 st. On the
evening of the 22nd, the primary low entered Syria and
Jordan while a secondary low formed along the cold front
over north-central Saudi Arabia. The primary low weakened
and moved east-northeast to leave northern Iraq on the
evening of the 24th. The secondary low, with its cold front
trailing southwestward, moved east and southeast, passing
Qatar on the evening of the 24th.

Ceilings of 4,000 feet were common ahead of the system, but
most were at 8,000 and 20,000 feet. Most ceilings near the
front were 2,000-4,000 feet; the lowest were north of 270 N.
Post-frontal ceilings--often below 3,000 feet--were common
from the 22nd through the 24th; some were as low as 500
feet. Ceilings were below 2,000 feet with precipitation north
of 270 N. The mountains of Turkey, Iraq, and northwestern
Iran were obscured above 2,000-4,000 feet from the 22nd to
the 24th.

Precipitation was most extensive near the frontal system.
Most low and middle clouds produced drizzle, rain, and
rainshowers. Thunderstorm tops reached 45,000 feet. Heavy
snow fell at elevations above 7,000 feet from the 22nd to the
24th, with a mixture of rain and snow between 6,000 and
7,000 feet.

The front affected winds from the 22nd to the 24th; they were
southeasterly ahead of the system and west-northwesterly
behind it. Speeds were 10-20 knots with gusts to 25 knots in
the morning, and 15-30 knots with gusts to 45 knots in the
afternoon.

Visibilities in precipitation and fog were mostly above 4,800
meters, but below 400 meters with precipitation in the
mountains and near the front. Visibilities in blowing dust,
suspended dust, and haze ranged from 6 to 8 km at night to
below 1,600 meters near the front during the day. The worst
visibilities were in areas along and behind the front. Smoke
from burning Kuwait oil wells resulted in visibilities below
3,200 meters; occasionally, below 1,600 meters.
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Coastal temperatures were 13-290 C afternoons and 10-26c
C mornings, with lowest temperatures near the Mediterranean
coast. Temperatures in the interior were 13-380 C afternoons
and 10-260 C mornings, with the lowest in Iraq. Tempera-
tures above 7,000 feet were below freezing in the mountains
of eastern Turkey, northeastern Iraq, and northwestern Iran.

Significant Weather Events
21 March: The clouds shown in Figure 4-19 on Page 4-36
brought drizzle, rain, and rainshowers with isolated thunder-
storms that spread eastward from Syria, Jordan, and north-
western Saudi Arabia into Iraq. Winds were variable from 5
knots at night to 10-15 knots (with gusts to 25) during the day.

22 March: Weather continued to deteriorate as the storm
system shown in Figure 4-20 on Page 4-37 entered the
region. Mountains above 4,000 feet were obscured by clouds.
Fog, drizzle, rain, rainshowers, and thunderstorms--especially
along the cold front--covered most of the region north of 25°
N. Above 7,000 feet, snow began to fall in the mountains of
Turkey, Iraq, and Iran; rain mixed with snow fell between
6,000 and 7,000 feet. Visibilities in frontal fog and
precipitation were often below 1,600 meters. Fog behind the
front lowered visibilities to 1,600-4,800 meters at night.
Visibilities ahead of the front were below 1,600 meters in
blowing dust. Winds were 10-20 knots at night and 15-30
knots (with gusts to 45) during the day.

23 March: The mountains of Turkey, Iraq, and northwestern
Iran above 2,000 feet were obscured by clouds. The
weakening cold front still caused rain, rainshowers, and
thunderstorms throughout Iraq, Kuwait, central and eastern
Saudi Arabia, and the Persian Gulf. Visibilities were as low
as 400 meters. Heavy snow continued to fall in the
mountains of Turkey, Iraq, and Iran above 7,000 feet, with a
mixture of rain and snow between 6,000 and 7,000 feet.
Patchy areas of rain, drizzle, fog and low ceilings were
widespread near the original low and well behind the front, as
shown in Figure 4-21 on Page 4-38. Visibilities were as low
"as 1,600 ineters &nd 4oeilings as low as 500 feet in the
morning and 2,500 feet in the afternoon. Blowing dust
dropped visibilities below 1,600 meters ahead of the front
during the day. Winds were 10-20 knots at night and 15-30
"knots (with gusts to 45) during the day.

4-34



24 March: Some of the mountains of Turkey, Iraq, and
northwestern Iran were obscured by clouds above 2,000 feet.
Isolated thunderstorms formed along the mountains after
frontal passage. As shown in Figure 4-22 on Page 4-39, the
weakening front produced rain, rainshowers, and isolated
thunderstorms in eastern Iraq, Kuwait, eastern Saudi Arabia,
and the Persian Gulf; visibilities were as low as 400 meters.
Snow fell in the mountains of Turkey, Iraq, and Iran above
7,000 feet; mixed rain and snow fell between 6,000 and 7,000
feet. Patchy areas of rain, drizzle, fog, and low ceilings
continued behind the system; visibilities were as low as 1,600
meters; ceilings were as low as 1,000 feet in the morning
and 2,500 feet in the afternoon. Winds were 5-15 knots at
night and 15-25 knots (with gusts to 40) near the front during
the day.
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Figure 4-19. DMSP Visual, 21 March 1991, 0536Z. The approaching storm system

results in middle and high clouds west of Iraq.
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Figure 4-21. OMSP Visual, 23 March 1991, 0634Z. The original low-pressure center,
now separated from the front, is over Syria and Jordan. Turkey, Iraq, Kuwait, Iran, and
much of Saudi Arabia are being affected by the newv low-pressure center and ilts
associated front.
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Figure 4-22.. DMSP Visuall, 24 March 1991, 0613Z. Cloud cover breaks up as the
entre system weakens.
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PROVIDE COMFORT 25-28 March 1991

General Weather. High pressure dominated, but remnants
of the 21-24 March frontal system left clouds and surface
moisture that affected cloud cover and visibilities.

Figures 4-23 through 4-26 on Pages 4-42 to 4-45 show that
skies were mostly clear to scattered. Most moisture for cloud
cover came from the rainfall that occurred during the previous
few days; daytime heating lifted the moisture into scattered
convective clouds to form isolated showers and thunder-
storms. Patchy low and middle clouds continued over the
area, especially north of 30° N and near the Persian Gulf.
These were mostly scattered at 4,000 and 10,000 feet.

Precipitation was very isolated, initially falling in Iraq and near
the Persian Gulf, then over Saudi Arabia as isolated late
afternoon rainshowers and thunderstorms. Maximum tops
were 35,000 feet.

Winds throughout the period depended on local effects. They
were generally light and variable at night, and variable at 5-15
knots (gusting to 25 knots) during the day.

Surface moisture produced morning fog that reduced
visibilities to as low as 400 meters on the 25th; visibilities
progressively improved on 26, 27, and 28 March. Surface
moisture reduced the effects and aerial coverage of blowing
dust and dust, but isolated areas in Saudi Arabia had
visibilities down to 3,200 meters. Isolated afternoon
thunderstorms reduced visibilities to as low as 3,200 meters.
Smoke from burning oil wells in Kuwait reduced visibilities to
below 1,600 meters in Kuwait, over the Persian Gulf, and in
adjoining areas of Saudi Arabia.

Temperatures along coasts ranged from 21 tc, 290 C
afternoons and from 13 to 210 C mornings. Interior
temperatures ranged from afternoon highs of 18 to 32° C to
morning lows of 10 to 21 0 C, with the lowest in Iraq and the
highest in central Saudi Arabia. Temperatures were below
freezing at elevations above 7,000 feet in eastern Turkey,
northeastern Iraq, and northwestern Iran.
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Significant Weather Events
25 March: Isolated 7,000-foot ceilings occurred over Syria,
"Jordan, Iraq, Kuwait, extreme northern Saudi Arabia, and
along the Persian Gulf; the same areas had light showers
and visibilities as low as 400 meters in morning fog.

26-27 March: There were patchy ceilings at 10,000 feet over
Iraq, the Persian Gulf, and over Saudi Arabia west of Qatar.
Morning fog reduced visibilities below 800 meters in Syria,
Jordan, Iraq, Kuwait, and northern Saudi Arabia.

28 March: Morning fog reduced visibilities to 3,200 meters in
Syria, Jordan, Iraq, and northwestern Saudi Arabia.
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Figure 4-23. DMSP Visual, 25 March 1991, 0552Z Clouds associated with the remains
of a frontal system extend from southern Iran to Yemen. Scattered to broken low and
middle clouds are north of about 30 N. Black smoke extends south from Kuwait into
Saudi Arabia.
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Figure 4-24. DMSP Visual, 26 March 1991, 1054Z. Scattered to broken clouds remain

over Iraq and Saudi Arabia's gulf coast.
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Figure 4-25. DMSP Visual, 27 March 1991, 05132- Scattered to broken middle clouds

(A) lie on the east coast of Saudi Arabia near Qatar.
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Figure 4-26. DMASP Visual, 28 March 1991, 0632Z. The region is now dominated by
clear skies.0
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PROVIDE COMFORT 29-31 March 1991

General Weather. Weak upper-level disturbances crossed
the region. One reached west-central Saudi Arabia on the
29th and moved east-southeast. Another caused a narrow
band of clouds and isolated precipitation to cross the region
north of 30* N on the 30th and 31st.

Patchy 10,000-foot ceilings (occasionally 5,000 feet) and
patchy light rain, rainshowers, and afternoon and evening
thunderstorms accompanied these disturbances, but in
northern Saudi Arabia and Kuwait, located between the two
centers of activity, skies were clear to scattered with little or
no rainfall. Afternoon thunderstorms with tops to 40,000 feet
produced isolated moderate rainfall in Turkey, Syria, Iraq,
Iran, and central Saudi Arabia. Snow fell in the mountains of
Turkey, Iraq, and northwestern Iran on the 30th and 31st.

Winds were light and variable at night, variable at 5-15 knots
with gusts to 20 knots during the day.

Visibilities were generally good, but morning fog reduced them
to 1,600-3,200 meters in Jordan and along the Persian Gulf
coast. During the day, visibilities dropped to 3,200 meters in
thunderstorms and in blowing dust. Smoke lowered visibilities
to less than 1,600 meters in and near Kuwait.

Coastal high temperatures were 21-29° C; lows, 13-21 ° C.
Interior temperatures were lowest in Iraq; highs were 18-321
C; lows, 10-21 0 C. Nighttime temperatures were at or below
freezing at mountain elevations above 7,000 feet.

Significant Weather Events
29 March: The polar jet stream caused ceilings above
10,000 feet over Syria. The clouds shown over west-central
Saudi Arabia in Figure 4-27 on Page 4-48 produced 10,000-
foot ceilings, occasionally 5,000 feet. Isolated afternoon
thunderstorms formed along and east of the central and
southern Hijaz mountains.

30 March: The ceilings shown in Figure 4-28 over central
Saidi Arabia were predominantly at 10,000 feet; but
occasionally 5,000 feet in isolated afternoon and evening
thunderstorms. In Turkey, Syria, Iraq, and western Iran,
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isolated afternoon and evening thunderstorms caused brief
episodes of ceilings as low as 5,000 feet. There were 0
scattered low clouds at 1,500 feet in the morning over
northwestern Saudi Arabia. Snow fell above 8,000 feet in the
mountains of Turkey, Iraq, and northwestern Iran; mixed rain
and snow fell between 6,000 and 8,000 feet.

31 March: The isolated afternoon and evening thunderstorms
that accompanied the disturbance in the north (see Figure 4-
29 on Page 4-50) produced ceilings at 10,000 feet
(occasionally 5,000 feet) over Turkey, Iraq, and Iran. Snow
fell above 8,000 feet in the mountains of Turkey, Iraq, and
northwestern Iran; mixed rain and snow fell between 6,000
and 8,000 feet. Morning fog produced 3,200 meter visibilities
along the Persian Gulf coast.
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Figure 4-27. DMVSP, 29 March 1991, 0553Z. Middle and high clouds lie over Syria. The

clouds over west-central Saudi Arabia are the first signs of an approaching disturbance.
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Figure 4-28. DMSP, 30 March 1991, 0546Z. A broad unorganized band of low, middle,

and high clouds extends across central Saudi Arabia.
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Figure 4-29. DMSP, 31 March 1991, 0453Z. The clouds over Saudi Arabia have moved
south and east. The scattered to broken band of low, middle, and high clouds over
Turkey and Iraq is associated with an eastward-moving disturbance.
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APPENDIX A

Station Locator List

This table lists the statons used to compile the temperature statistics given in Appendices
B, C, and D.

stato LaLtude Longitude Elevation
Abadan, IR 300 2V' N 480 15' E 10 feet (3 meters)

SAl Jouf, SD 290 47' N 400 06' E 2,260 feet (689 meters)
Al Kharj, SD . 24o 12' N 470 18' E 1,440 feet (439 meters)
Arar, SD 300 54' N 410 08' E 1,815 feet (553 meters)
Babulsar, IR 360 43' N 52* 39' E -69 feet (-21 meters)
Bahrain Inti, BN 260 17' N 600 37' E 6 feet (2 meters)
Bakhtaran, IR 340 19' N 47° 04' E missing
Dhahran, SD 260 16' N 500 10' E 84 feet (26 meters)
Diyarbakir, TU 340 53' N 400 12' E 2,251 feet (686 meters)
Doha lAP, QT 250 15' N 51 0 34' E 35 feet (11 meters)
Esfahan, IR 320 37' N 510 42' E 5,238 feet (1,536 meters)
Gassim, SD 260 18' N 43* 46' E 2,132 feet (650 meters)
Hafr Al Batin, SD 280 20' N 460 07' E 1,167 feet (355 meters)
Incirlik AFB, TU 370 00' N 350 26' E 239 feet (73 meters)
Jeddah, SD 210 30' N 390 12' E 56 feet (15 meters)
King Fahd AB, SD 260 28' N 490 48' E 66 feet (20 meters)
King Khalid MC, SD 27a 54' N 45c 32' E 1,352 feet (412 meters)
Kuwait City, KU 290 14' N 470 59' E 180 feet (55 meters)
Orumieh, IR 37c 32' N 45° 05' E 4,303 feet (1,311 meters)
Rafha, SD 290 39' N 430 29' E 1,466 feet (447 meters)

Ras Al Mishab 280 05' N 480 36' E 110 feet (110 meters)
Rasht, IR 370 20' N 49° 37' E -30 feet (-9 meters)
Riyadh, SD 240 43' N 46c 44' E 2,082 feet (634 meters)
Saghez, IR 36W 15' N 46o 16' E 1,493 feet (455 meters)
Sanandaj, IR 350 20' N 470 00' E 4,570 feet (1,393 meters)
Shaikh Isa, BN 25° 55' N 50c 35' E 110 feet (34 meters)
Tabuk, SD 280 22' N 360 35' E 2,551 feet (777 meters)
Tehran, IR 350 41' N 51o 19' E 3,963 feet (1,208 meters)
Turaif, SD 31c 41' N 380 40' E 2,667 feet (813 meters)
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APPENDIX B

Mean Temperatures
August 1990-March 1991

Mean Min - Mean monthly minimum WBGT - Wet-Bulb Globe Temperature
Mean Max - Mean monthly maximum WCT - Wind Chill Temperature

AUGUST Mean Mean Max
Station MR a M WBG_ T
Al Jouf, SD 76 103 -

Dhahran, SD 82 106
Gassim, SD 77 108
Hafr Al Batin, SD 82 109
Rafha, SD 76 106 --

Riyadh, SD 79 108
Shaikh ISA, BN 84 103 92
Tabuk, SD 72 99 ---

SEPTEMBER Mean Mean Max
Station Min Max WBGT
Al Jouf, SD 71 100 --

Dhahran, SD 79 103
Doha lAP, QT 79 99 93
Gassim, SD 73 104 --
Hafr Al Batin, SD 76 105 ---
Jeddah, SD - -- 92
Rafha, SD 72 103 ---
Shaikh ISA, BN .. ... 94
Tabuk, SD 68 97 83

OCTOBER Mean Mean Max
Station Min Max WBGT
Al Jouf, SD 67 89
Dhahran, SD 72 96
Doha lAP, QT 76 95 94
Gassim, SD 66 96 ---
Hafr Al Batin, SD 69 97 ---
Jeddah, SD 74 97 93
King Fahd AB, SD 73 100 94
King Khalid MC, SD 68 97 87
Rafha, SD 66 93 ---
Riyadh, SD 67 96 -
Shaikh ISA, BN 76 93 91
Tabuk, SD 63 91 81
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NOVEMBER Mean Mean Min
fMfl m" Wc

AI Jou, SD 56 78 ---

Bakhtaran,IR A- 26
Dhahran, SD 64 85 -
Doha IAP, QT 69 85 --

Gasim, SD 54 83
Hatr A Batin. SD 57 82
Jeddah, SD 72 93
King Fahd AB, SD 63 88 --

King Khalid MC, SD 54 83
Orumieh, IR . .. 31
Ratha, SD 55 80 --

Rasht IR -- -- 46
Riyadh, SD 56 84
Sanandaj, IR --- -- 31
Shaikh ISA, BN 68 82 ---
Tabuk, SD 54 81 -

DECEMBER Mean Mean Min
Station mbi mad WcT
AI Jout, SD 46 69
Al Kharj, SD 52 77 --

Bakhtaran, IR -- -- 6
Dhahran, SD 56 78 ...

Doha AP, QT 61 79 ---
Gassim, SD 47 76 ---

Hafr At Batin, SD 49 73 --

Jeddah, SD 69 90
King Fahd AB, SD 55 80 --

King Khalid MC, SD 47 75 --

Orunmeh, IR -- -- -9
Rafha, SD 46 70 --

Rasht, IR . .--. 16
Riyadh, SD 50 76 --
Sanandaj, IR --- -- 6
Shaikh ISA, BN 60 75 ---
Tabuk, SD 47 74 ---
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JANUARY Mean Mean Min
Stazlon Min Max WCML
Al Jouf, SD 39 55 11
Al Kharj, SD 52 68 ---

Arar, SD --- .-- 11
... Bahtaran, IR ---. ... 11

Dhahran, SD 54 69 ---
Diyarbakir, TU .- --- -4
Doha lAP, OT 56 70 --
Gassim. SD 44 62 ---
Hafr Al Batin, SD 45 59 ---
Jeddah, SD 66 79 ---
King Fahd AB, SD 52 68 ...
King Khalid MC, SD 43 58 21
Orumieh, IR ... ... 11
Rafha, SD 41 58 ---
Rasht, IR ... .-- 31
R•yadh, SD 49 67 ...
Sanandj, IR --- --- I
Shaikh ISA, BN 56 65 31
Tabuk, SD 42 59 6

FEBRUARY Mean Mean Min
"St ti on Min Max W-CT
AI Jouf, SD 42 64 16
Al Kharj SD 53 78 ---
Arar, SD ... ... 16
Bakhtaran, IR ... ... 6
Dhahran, SD 55 7, ---
Diyarbakir, TU 28 46 -14
Doha lAP, QT 59 72 ...
Gassim, SD 48 69 ---
Hafr A) Batin, SD 47 65 ---
--'eddah, SD 65 85 ---
King Fzhd AB, SD 54 72 .--
Orumieh. IR --- ... 11
Rafh, SD 45 65 ---
Ras Al Mishab, SD 51 55 ...
Riyadh, SD 51 73
Sanandaj, IR --- --- 1
Shaikh ISA, BN 57 69 36
Tabuk, SD 45 68 21
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MARCH Man Mean Min
Station Mhin MiDA WC
Abadan, IR 62 73 --.

AI Jouf. SD --.-. 31
Bakhtaran, IR 40 56 21
Diyarbakir, TU 39 57 -4
Orumieh, IR .- ... 26
Rasht, IR 46 52 ---

Saghez, I1 37 48 ...

Sanandaj, 1R 38 53 21
Shaikh ISA, BN ... ... 41

Tabuk. SD ... --- 21
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APPENDIX C

Climatological Temperatures

(Full Period of Record)

Mean Min - Mean monthly minimum WBGT - Wet.Bulb Globe Temperature
Mean Max - Mean monthly maximum WOT - Wind Chill Temperature

AUGUST Mean Mean Max
Station Mn Max W..T
Al Jouf, SD 78 100 90
Al Kharj, SD 88 99 100
Arar, SD --- -- 91
Bahrain Int'l, BN 88 100 99
Dhahran, SD 84 108 101
Doha lAP, QT 84 108 ---
Gassim, SD 81 104 97
Hatr Al Batin, SD 84 108 94
Jeddah, SD 81 98 99
King Khalid MC, SD ... ... 91
Kuwait City, KU 81 113 100
Rafha, SD 79 105 95
Riyadh, SD 82 107 96
Shaikh lSA, BN 88 100 99
Tabuk, SD 73 99 89
Turaif, SD 71 96 90

SEPTEMBER Mean Mean Max
Station Min Max WBGT
Al Jouf, SD 74 98 87
Al Kharj, SD 84 96 95
Arar, SD --- --- 88
Bahrain Int'l, BN 84 96 97
Dhahran, SD 79 103 100
Doha lAP,QT 79 103 ---
Gassim, SD 77 101 94
Hafr Al Batin, SD 80 105 91
Jeddah, SD 79 96 97
King Khalid MC, SD ... --- 89
Kuwait City, KU 73 106 98
Rafha, SD 76 102 93
Riyadh, SD 77 104 91
Shaikh ISA, BN 84 96 99
Tabuk, SD 68 97 87
Turaif, SD 66 93 90
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OCTOBER Mean Mean Max
Stoi~nMini Mox WIOT

Al Jouf, SD 64 86 82
Al Kharj, SD 78 91 94
Arar, SD ..-. . 83
Bahrain Intl, BN 78 90 95
Dhahran, SD 72 95 94
Doha lAP, OT 72 95 95
Gassim, SD 67 91 88
Hafr Al Batin, SD 70 94 86
Jeddah, SD 75 94 96
King Fahd AB, SD 72 95 ---
King Khalid MC, SD ... ... 94
Kuwait City, KU 64 97 95
Rafha, SD 67 90 86
Riyadh, SD 68 94 87
Shaikh ISA, BN 78 90 ---
Tabuk, SD 59 88 83
Turaif, SD 57 81 82

NOVEMBER Mean Mean Min
Station Mini Max MLQI
Abadan, IR 55 81 21
Al Jouf, SD 51 71
Al Kharl, SD 70 82
Babulsar, IR 47 63 36
Bakhtaran, IR 41 61 16
Dhahran, SD 65 84 ---
Diyarbakir, TU 40 62 11
"Doha lAP, OT 65 84 ---
Esfahan, IR 36 63 6
Gassim, SD 57 77
Hafr Al Batin, SD 57 77
Incirlik AFB, TU 51 71 16
Jeddah, SD 72 90 ---
King Fahd AB, SD 65 84 ---
Kuwait City, KU 55 79 ...
Orumieh, IR 36 51 11
Ratha, SD 54 74 ...
Rasht, IR 54 60 ---
Rlyadh, SD 58 81 ...
Sanandaj, IR 39 56 16
Shaikh ISA, BN 71 81 ...
Tabuk, SD 49 76 ...
Tehran, IR 41 59 1
Turaif, SD 46 68
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DECEMBER Mean Mean Min
Sation Min Max WCT
Abadan, IR 47 37 16
AI Jouf, SD 43 62 ---
AI Kharj, SD 65 75 ...
Babulsar, IR 41 56 16
Bakhtaran, IR 34 47 6
Dhahran, SD 56 73 ---
Diyarbakir, TU 31 49 -4
Doha lAP, QT 56 73 -
Esfahan, IR 28 50 1
Gassim, SD 48 68 -
Hafr Al Batin, SD 48 66
Incirlik AFB, TU 45 61 6
Jeddah, SD 68 85
King Fahd AB, SD 56 73
Kuwait City, KU 48 68 ---
Orumieh, IR 30 41 11
Rafha, SD 44 63 ...
Rasht, IR 45 51 ---
Riyadh, SD 50 71
Sanandaj, IR 33 44 16
Shaikh ISA, BN 62 71 -
Tabuk, SD 42 66
Tehran, IR 33 50 -9
Turalf, SD 39 58
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DECEMBER Mean Mean MinSStti•o.n MI max W9
Abadan, IR 47 67 16
AI Jouf, SD 43 62 ---

Al Kharj, SD 65 75 ---

Babulsar, IR 41 56 16
Bakhtaran, IR 34 47 6
Dhahran, SD 56 73 ---

Diyarbakir, TU 31 49 -4
Doha lAP, OT 56 73 ...

Esfahan, IR 28 50 1
Gassim, SD 48 68 --

Hatr Al Batin, SD 48 66 ---
Inotrlik AFB, TU 45 61 6
Jeddah, SD 68 85 -
King Fahd AB, SD 56 73 ...

Kuwait City, KU 48 68 ---

Orumleh, IR 30 41 11
Rafha, SD 44 63 ...

Rasht, IR 45 51 ...

Riyadh, SD 50 71
Sanandaj, IR 33 44 16
Shaikh ISA, BN 62 71 ---

Tabuk, SD 42 66 ...

Tehran, IR 33 50 -9
Turaif, SD 39 58 ---
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FEBRUARY Mean Mean Min
2 MIA Max WCT

Abadan, IR 48 68 11
Ai Jouf, SD 44 64 ---
AI Khar, SD 63 74 --

Babulsar, IR 41 54 21
Bakhtaran, IR 28 45 1
Dhahran, 3D 54 72
Diyarbakir, TU 30 48 .19
Doha lAP, QT 54 72 ---
Esfahan, IR 32 57 1
Gassim, SD 49 70
Hafr Al Batin, SD 49 68
Incirtik AFB, TU 42 59 -4
Jeddah, SD 66 83 -
King Fahd AB, SD 54 72 ..
Kuwait City, KU 46 70 ...
Orumieh, IR 24 35 -19
Rafha SO 45 66 --
Rasht, I 40 47 ---
Riyadh, SD 51 74 --
Sanandaj, IR 29 40 1
Shaikh ISA, BN 60 70 ...
Tabuk, SD 44 68 --
Tehran, IR 32 51 -9
Turalf, SD 39 58
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gil 1- -- W, WNr

MARCH Mean Moan Min
Stationi ft ma MC

Abadan,lIR 54 77 11
Al Jouf, SO 51 70
Al Kharj, SD 68 80
Babulsar, IR 44 55 21
Bakhtaran, IR 38 56 1
Dhahran, SD 60 79 --
Diyarbakir, TU 35 57 -14
Esfahan, IR 39 64 6
Gassim, SD 58 77 -~

Hafr Al Batin, SD 56 76
Incirlik AFB, TI) 46 65 6
Jeddah, SD 67 87 ..
Kuwait City, KU 55 79 --
Orumieh, IR 34 48 -4
Rafha, SD 52 74
Rasht, IR 46 52 --
Riyadh, SD 58 82 ..
Saghez, IR 39 48 --
Sanandaj, IR 39 51 1
Shaikh ISA, BN 65 76 ..
Tabuk, SD 50 76 --
Tehran, IR 40 59 -9
Turaif, SD 45 65 ...
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- APPENDIX D

Selected Wet-Bulb Globe Temperature (WBGT) Data

These tables show the hourly duration (inclusive hours of occurrence) that the WBGT was equal to or more
than 850 F and 880 F. They also show maximum daily WBGT. Page D-1 gives WBGT data for Bahrain;
page D-2, for Jeddah and page D-3, for King Khalid Military City and for King Fahd Air Base.

BAHRAIN
AUGUST Hourly Duration
Date MaxWBGT >550 F _88 F
23 92 07-17 08-16
24 89 10-14 10-14
25 90 09-15 11-14
26 90 08-16 10-13
27 92 07-15 11-12
28 89 10-15 12
29 88 09-14 13
30 88 12-17 12
31 92 07-17 8-16

SEPTEMBER Hourly Duration OCTOBER Hourly Duration
Date MaxWBGT >850 F >_88 F Date MaxWBGT >85° F >880 F
1 94 09-12 11-12 1 83
2 84 2 82
3 87 09-16 3 87 11-13
4 87 10-13 4 88 10-12 11
5 83 5 91 08-11 08-11
6 86 10-13 6 87 09-11
7 92 08-17 10-16 7 81
8 89 08-14 09-13 8 87 10-14
9 87 10-14 9 86 11-12
10 85 16 10 82
11 90 09-17 12-16 11 81
12 89 07-15 8-13 12 84
13 86 17 13 86 08-10
14 87 09-10 14 87 11-13
15 87 09 15 86 09-13
16 84 16 87 09-10
17 78 17 85 12
18 83 18 79
19 78 19 85 12
20 82 20 86 09-11
21 86 10 21 88 13
22 84 22 86 08
23 81 23 78
24 81 24 82
25 81 25 81
26 84 26 79
27 83 27 83
28 81 28 83
29 8, 29 81
30 83 30 84

31 76
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JEDDAH
Date MaXWVBGT >-950 F k889 F
24 89 11-12 11-12
25 87 13-18
28 90 10-14 10-11
27 91 09-17 09I1
28 89 0Mi1 10-11
29 89 09-15 10-13
30 91 10-16 10-14

OCTOBER Hourly Duration N10VEMBSER Hourly Duration
Deft MaxWBGT ý059 F 1880 F Date MlaxWBOT k856 F >880 F
1 91 09-16 10-14 1 88 10-14 11-12
2 90 14-16 14 2 so
3 89 11-15 12-13 3 81
4 89 12-16 14 4 86 09.13
5 90 10-15 11-13 5 87 11-13
6 92 10-16 10-15 6 83
7 85 15 7 86 10
8 87 12-14 8 82
9 92 10-14 11.13 9 86 11
10 93 09-17 09-16 10 85 11
11 90 10-14 10-13 11 so
12 as 11-16 12 12 83
13 90 11-16 12-14 13 81
14 89 10-18 12-14 14 85 10
15 88 15 15 62
16 89 10-16 11-14 16 85 14
17 88 12-15 12 17 87 11-14
18 84 18 83
19 88 09-12 10-12 19 83
20 86 13-14 20 85 13
21 85 10 21 80
22 88 09-14 12 22 85 11
23 87 11-12 23 84
24 87 10-14 24 78
25 87 11 25 79
26 88 10-14 26 81
27 86 11-13 27 82
28 84 28 88 13
29 85 12 29 84
30 86 11-12 30 79
31 77 10-15
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. KING KHALID KING FAHD
OCTOBER Hourly Duration OCTOBER Hourly Duration
Date MsxWBGT z85 F :880 F Date MaxWBGT 285" F a80 F
1 81 1 86 14
2 86 13 2 86 11
3 86 12-15 3 90 11-14 12
4 81 4 94 10-15 10-15
5 81 5 92 09-13 10-11
6 81 6 85 13
7 77 7 83
8 86 12-14 8 84
9 82 9 89 11-13 12
10 83 10 81
11 86 12-14 11 84
12 86 15 12 89 11-14 12
13 78 13 86 14
14 80 14 93 11.15 12-15
15 77 15 92 10-13 11-13
16 80 16 85 13
17 85 13 17 86 12-13
18 79 18 82
19 85 14 19 89 11-13 11
20 83 20 81
21 80 21 84
22 87 12-13 22 90 08-10 10
23 78 23 82
24 87 13 24 84
25 77 25 84
26 77 26 85 12
27 81 27 87 13-14
28 74 28 81
29 77 29 77
30 71 30 82
31 72 31 77
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ERRATATMarch 1992

USAFETAO/TN--921003

GULF WAR WEATHER

Pmee make the following corrections-

-On top of Page 2-55, add the following first line to complete the sentence begun

on the bottom of Page 2-54:

"on Page 2-57. Winds were southwesterly to westerly at 10-15"

-On Page 3-52, in "Area of Intense Interest," next to last line, delete "extreme
northern."

-On Page 3-53, last line of figure caption, delete 1northem."

-On Page 3-61, last line of figure caption, change "northern Iraq" to "southwestern

Iraq."

The lead author also wishes to apologize for misspelling two key names:

On Page v, Maj Thomas R. MacPhafl

On page 1-6, Lt Col Gerry F. Riley

USAF ENVIRONMENTAL TECHNICAL APPLICATIONS CENTER
Scott Air Force Base, Illinois 62225-5438


