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ABSTRACT

Skillful long range forecasts of dust storms have the potential to be very
useful in planning operations by the Department of Defense (DoD) and other
organizations. Our study assessed the potential to predict Iraq dust storms at
long lead times (e.g., several weeks to several months). We examined two
variables that associated with dust storms: precipitation rate and surface winds.
To characterize conditions during dust storms, we generated averages
(conditional means) of Iraq precipitation prior to, and winds during, dust storms,
as well as the anomalies in those variables compared them to their long term
means. We then identified statistically significant correlations between those Iraq
variables and remote climate system variables. Those correlations were used to
develop two long range predictors of dust favorable precipitation and winds in
Irag: (a) sea surface temperature in the Indian Ocean; and (b) an index of the
difference between sea level pressure near Tunisia and Kazakhstan (an indicator
of surface winds). We used these predictors in an adaptation of the composite
analysis forecast (CAF) method to hindcast and forecast dust favorable
conditions in Iraq at lead times of one and two months. Verification of our results
indicates that our method has a high potential for producing skillful long range

forecasts of the potential for dust storms in Iraq.
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INTRODUCTION

A. BACKGROUND

One of the most well-known military strategists, Sun Tzu, states in The Art
of War "Know the enemy, know yourself; your victory will never be endangered.
Know the ground, know the weather; your victory will then be total.” Throughout
history, the natural environment has had a critical role in military operations.
Effective military commanders know the environment and the effects it has on

their missions, personnel, and their adversaries.

The Joint Doctrine, Tactics, Techniques, and Procedures for
Meteorological and Oceanographic (METOC) Operations (Department of
Defense 2008) stresses:

The principles of accuracy, consistency, relevancy and timeliness

are the cornerstone of joint METOC operations. Properly applied,

joint meteorological and oceanographic operations can provide air,

land, maritime, space, and special operations forces with a
significant, even decisive, advantage over our enemies.

The Battlespace On Demand (BonD) concept developed by the
Commander, Naval Meteorology and Oceanography Command (CNMOC) lays
out a strategy for achieving decision superiority for the warfighter through the
exploitation of information about the battlespace environment (Evans 2008).
Figure 1 is a graphical explanation of the BonD concept depicting three tiers of
information and support provided by METOC community to warfighters. Tier O,
the foundation of the pyramid, contains environmental data from satellites,
ground stations, buoys, radiosondes, and other data sources. Tier 1, the second
building block in Figure 1, contains forecasts of the environment based on
analyses and predictions derived from Tier O data. Tier 2 contains METOC
products that predict how the environmental conditions described by Tier 1 affect

the performance of warfighter and adversary sensors, platforms, personnel, and

1



systems. Tier 3, at the top of the pyramid, contains METOC products that
recommend to warfighters how to best use the information form Tiers 0-2 to
manage the risks and opportunities presented by the predicted environment.
The BonD concept summaries how METOC support provide a range of
actionable environmental analyses and forecasts, as well as recommendations
on force allocation and employment that directly enhance safety and warfighting

effectiveness (Evans 2008).

Decision superiority: Making better decisions faster than the adversary

A Options A Asset Allocation
DECISION A Courses of Action A Timing
A Sensor Employment A Quantified Risk
PERFORMANCE A How the predicted environment

affects the Fleet and Joint Forces

ENVIRONMENT

A The predicted environment

A Observations, measurements,
satelites, gliders, buoys, etc.

DATA

INITIAL AND BOUNDARY CONDITIONS

Figure 1.  Battlespace on Demand (BonD) Concept of Operations for the Navy
Meteorology and Oceanography (METOC) Community. Adapted from
Evans (2008).

The U.S. military has been conducting operations for several decades in
southwest Asia and other parts of the Central Command (CENTCOM) area of
responsibility (AOR). One of the constants in the southwest Asia region, and Iraq
in particular, is the occurrence of dust storms. Dust storms can have a significant
impact on military operations. During the Operation EAGLE CLAW hostage
rescue attempt in Iran in April 1980, strong dust storms were a critical factor in

mission failure (Radvanyi 2002). A significant dust storm affected operations at

2



the beginning of Operation Iragi Freedom (OIF) in Iraq in late March 2003 (Hinz
2004). Figure 2 shows the scheduled and canceled OIF aviation sorties during
17 March-12 April 2003. The spike in canceled sorties due to weather during
25-28 March 2003 coincided with the late March 2003 Iraq dust storm and is one

indication of the operational impacts of that dust storm.

OIF Daily Sorties Scheduled (17 March to 12 April 2003)
; : ; —

T T T | — T T T

1 T T T T T T T T (B ey e

Number of Scheduled Sorties

Percent of OIF Daily Sorties Cancelled (17 March to 12 April 2003}

40 T T T T T T T T T T T I T 1 T 1 1 1 I 1 1
é = % Canx: Total
O — O Canx. Weather
] | m— % Canx: Maint.
g “r = % Canx: Other  []
5 et s —

0.. e " e L2 e e
1718192021222324252627282930311 2 3 4 5 6 7 8 9 101112
Day of the Month

Figure 2. Number of scheduled sorties and percentage of sorties canceled
during approximately the first month of OIF. Notice the spike in canceled
sorties due to weather is during a period of significant dust blanketing the
region. From Hinz (2004).

Dust storms can ground aviation operations because of reduced surface
visibility for takeoffs and landings, and at the target. Dust storms can also lead to
failure of aviation strike missions due to effects on missiles’ flight and navigation

instruments as well as global positioning system (GPS) guidance systems. Dust



storms affect logistics missions as well, particularly due to small dust particles
getting into machinery, command and control equipment, and the effects of dust

on the health of personnel.
B. GEOGRAPHY OF IRAQ

The area of Iraq is 437,072 sg km, approximately the size of California, or
twice the size of Idaho (CIA Fact Book, accessed 14May2009). Iraq borders the
countries of Kuwait, Iran, Turkey, Syria, Jordan, and Saudi Arabia, which are also
dust source regions (Figure 3). Irag and these neighboring countries all have

significant sources of dust for dust storms in Iraqg.
i

" TURKEY

As Sl.ﬁ aymaniyah_

v *Kirkuk
Y e IRAN
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Ar Ramadi ™™, tE#GHDAD
e
ALY e

Karbald | Al KT
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-
4 Ar Rutbah

An Nasiryah®-—"
Al Bagrah &

SAUDI Umm Qasr - _.
ARABIA :
O 50100 km
4] 50 100mi
Figure 3.  Irag and surrounding countries. Figure from CIA World Fact Book

As shown in Figure 3, the Irag major rivers are the Tigris and Euphrates
rivers, flowing northwest to southeast before merging into the Shatt-Al-Arab and
flowing into the Persian Gulf, also known as the Arabian Gulf (AG). Other
significant bodies of water nearby are the Mediterranean Sea, Black Sea, and

Caspian Sea.



Figure 4 shows the topography and major geographic provinces of Iraq.
The Zagros Mountains extend up to 3000 meters in Iraq and form a natural
border between the northeast region of Iraq and western Iran. The Taurus
Mountains form the border between northern Irag and southern Turkey.
Precipitation reaches a maximum in the mountain ranges and is a critical water
source for the rest of Irag. The leeward (generally eastern) sides of the mountain
often get half or less of the precipitation of windward (generally western) sides.
The majority of Iraq is below 300 meters in elevation. The Syrian Desert
comprises the western area of Iraq, and desert comprises approximately 58% of
the total area (14™ WS 2009). The central and southern regions of Iraq are
primarily composed of alluvial plains and desert valleys. Marshlands exist
between the Tigris and Euphrates rivers.  Significant portions of these
marshlands are currently dry due to natural and manmade causes, and the
recently exposed marsh bottoms are now a significant source of dust within Iraq
(Walker 2005, Earth Observatory 2001).

Figure 5 shows dense marsh vegetation (mainly phragmites, or marsh
grass) appears as dark red patches in 1973-1976. The image taken in 2000, in
Figure 5, shows most of the Central Marshes appear as olive to grayish-brown
patches indicating low vegetation cover on moist to dry ground. The very light to
grey patches are areas of exposed ground with no vegetation, which may
actually be salt flats where before there were lakes. The image take from 2002
shows the wedge of land between the Tigris (flowing into the scene from near top
center) and the Euphrates (flowing in from near left center) reduced to a few
small green patches and bare soil, varying in shades from purplish brown to pale
beige. (The bright green vegetation is likely irrigated cropland, not marsh
vegetation.) By 2007, a dramatic transformation had taken place in
Mesopotamia. Several large marsh areas north and south of the Euphrates had
been re-flooded, and the dry land south of Al Hawizeh Marsh was being

systematically filled (Earth Observatory 2009).
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Figure 4.  Topography and major geographic provinces of Iraqg: (a) elevation
and (b) desert, alluvial plains, and mountain regions of Iraq (14™ WS 2009)



Figure 5. Maps and satellite imagery of the alluvial plains region of Iraq
between the Tigris and Euphrates rivers, which formed extensive
marshlands prior to a reduction of inflow and precipitation, and human
draining that began in the 1990s. Human efforts to restore the marshes
began in the 2000s and the resulting increase in marshland is evident in the
2007 image. The image from 1973-1976 is a false-color composite made
from data collected by the Multi-Spectral Scanner (MSS) aboard Landsat
from 1973-76. Four Landsat scenes were stitched together to make an
image of the whole region. The bottom left image is a false-color composite
of data from the Landsat 7 Enhanced Thematic Mapper Plus (ETM+),
acquired on March 26 and May 4, 2000. The images from 2002 and 2007
are from the Moderate Resolution Imaging Spectroradiometer (MODIS) on
NASA'’s Terra satellite (Earth Observatory 2009). See text for more detalils.

The primary soil types in Iraq are silt and clay (Figure 6), with fine and
very fine particles (< 0.07 mm in diameter) that are relatively easily lifted and
transported by the wind. Because there is little vegetation in much of Iraq, these
particles are relatively exposed to the wind and susceptible to becoming airborne
(Warner 2004; COMET 2005). This makes Iraq prone to dust storms.



Map of Soil Grain Sizes in the Middle East

s

i,

L E——

Figure 6.  Soil grain types in the Middle East. Note that the majority of Iraq is
comprised of silt and clay, which are fine particles (COMET 2003).

C. LONG TERM MEAN (LTM) CLIMATOLOGY OF IRAQ

Generally, cooler surface air temperatures occur in the winter and fall
months, with the warmest temperatures in the summer months. The LTM
precipitation rate (PR) is generally higher in the winter and fall months, and zero
or very little precipitation occurs in the summer months. Figure 7 shows the
average monthly precipitation and days of precipitation for various stations in
Irag. The seasonal cycle of precipitation is similar throughout Iraq, with highest
precipitation during the winter months, little or no precipitation in the summer,

and intermediate amounts in the spring and fall.
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Monthly precipitation (green bars) and number of precipitation days

(blue diamonds) for various locations in Iraq. The data used for these are
from the Operational Climate Data Summary (OCDS) at 14th WS. Graphics
from Iraq Yearly Study — 14™ WS and CIA Fact Book.

Figure 8 illustrates the primary and secondary storm tracks that affect Iraq.

The tracks indicate regular storm passage during the winter and spring seasons,

while during the summer months, the storm tracks are to the north of Irag.
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Figure 8.  Primary storm tracks affecting Iraq during: (a) December—February;
(b) March—May; (c) June—August; and (d) September—November. Figure
from 14™ WS (2005)

1. Seasonal Cycle

In winter (January—March), a main driver of Irag climate is the semi-
permanent Asian High from which cold dry air often extends westward into Iraq
(Hanson 2007; Wilkerson 1991). The polar front jet (PFJ) extends the farthest
south during the winter season and can merge with the subtropical jet (STJ) near
Irag and enhance the development of midlatitude cyclones over Iraq. Dust
storms that occur during winter tend to be associated with both southeasterly
winds ahead of synoptic low pressure systems and northwesterly winds after the
passage of cold fronts. The latter winds are often referred to as the winter
shamal and are discussed further in Section E.2.
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In the spring (April-June), Iraq transitions out of winter conditions and
towards the thermal trough conditions of summer. Midlatitude cyclones are

common in the early part spring but much less common by the end of spring.

In the summer (July—September), Iraq lies under a thermal trough that
extends northwestward from Pakistan and is associated with the Asian summer
monsoon. Lower level ridging over the Mediterranean Sea combined with the
thermal low over Pakistan result in a tendency for northwesterly winds over Iraq,
referred to as the dry shamal. The winds average 10-15 knots, but there can be
periods of several hours to several days in which the winds reach 25 knots.
When these sustained winds occur, it is common to see gusts of 40-50 knots
(NCDC 2009). Diurnal wind variations are common in much of Iraq, with winds
tending to be strongest (weakest) in the afternoon (at night) (NCDC 2009).

In fall (October—December), the transition back to winter conditions
begins. The winds remain northwesterly but weaken, decreasing to an average
of five to ten knots. Precipitation, primarily in the form of rain showers, resumes

beginning in October and gradually increases through the winter (NCDC 2009).
D. GLOBAL SCALE CLIMATE VARIATIONS

There have been several studies detailing the impacts of global scale
climate variations—such as El Nino/La Nina (ENLN), the Indian Ocean Zonal
Mode (I0ZM), the Madden-Julian Oscillation (MJO) and the North Atlantic
Oscillation (NAO)—on southwest Asia (e.g., Barlow et al., 2005; Vorhees 2006).
Thus, these variations need to be considered when conducting climate analyses
and long range forecasting of dust storms in Southwest Asia.

1. El Nino / La Nina (ENLN)

El Nino/La Nina (ENLN) is a climate variation centered in the tropical
Pacific atmosphere and ocean that can have far-reaching effects. In particular,
ENLN has been linked to variations in surface temperature, winds, and

precipitation in Irag and other parts of southwest Asia (Vorhees 2006; Hanson
11



2007; Moss 2007). Figure 9 shows one process by which ENLN can influence
Southwest Asia by initiating quasi-stationary Rossby waves that alter the
circulation and temperature and moisture advection into Southwest Asia. In
particular, anomalous convection over the maritime continent (MC) associated
with ENLN triggers a circulation anomaly, which in turn causes climate variations

in Southwest Asia.
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Figure 9. A schematic depiction of how above normal convection over the
maritime continent influences the precipitation rate in Southwest Asia. The
opposite result occurs when there is below normal convection over the
maritime continent. From Vorhees (2006).

Very little research exists as to whether climate variations affect the
formation of dust storms in Southwest Asia. However, such effects seem
plausible given the influence of ENLN on precipitation and winds in Southwest
Asia (e.g., Vorhees 2006).

2. Madden-Julian Oscillation (MJO)

The Madden-Julian Oscillation (MJO) is a global scale atmosphere-ocean
variation centered in and propagating eastward through the tropics. It involves
intraseasonal (30-60 day) variations in winds, upper ocean temperature,

precipitation, and other variables. Vorhees (2006) and Stepanek (2006)
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demonstrated that MJO can initiate climate variations in Southwest Asia via
mechanisms similar to those by which ENLN influence Southwest Asia (see, for

example, Figure 9).
3. North Atlantic Oscillation (NAO)

The North Atlantic Oscillation (NAO) involves large-scale variations in
atmospheric mass between the subtropical and subpolar northern hemisphere
and is centered in the North Atlantic (Bridgman and Oliver 2006). The positive
phase of the NAO brings more storms to northern Europe, while southern Europe
and the Middle East are drier than normal. The negative phase of the NAO
brings more storms and precipitation to southern Europe and the Middle East
while northern Europe is drier (Vorhees 2006).

4, Indian Ocean Zonal Mode (I0ZM)

The Indian Ocean Zonal Mode (I0OZM) is an interannual variation of the
atmosphere and ocean in the tropical Indian Ocean region. The positive phase
of the IOPZ is characterized by anomalously low (hig