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Abstract Kuwait is an arid country with an annual average
rainfall of about 110 to 120 mm. Hence, dust storms have
become a common environmental crisis. Although the dry
summer months commonly have more dust storms, in recent
years, dust storms occur more frequently in the spring season
as well. Accumulated data of dust storms in Kuwait for the
past 14 years (2001–2014) showed that the month of March
had the highest number of dust storms (total 19), which is
rather unusual, with an average of 8 dust storms per year (year
2008 had the highest dust storms of total 22). This study
explored four socioeconomic effects of dust storms in
Kuwait, specifically traffic accident rates, oil export loss due
to close out of marine terminals, airline delays due to airport
operation shutdown, and agriculture degradation. Statistical
analysis using t test and Pearson correlation showed no appar-
ent relationship between dust storms and traffic accident rates
or agricultural production; however, loss of oil export and
flight delay cost were affected by dust storms. There has been
very few published research on the socioeconomic impact of
dust storms; this is the first paper that explores the detailed
socioeconomic effect of dust storms in Kuwait.
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Introduction

Sand and dust storms are lower atmosphere events that result
from wind erosion liberating settlement particles from the
ground surface; sand storms occur relatively close to the ground
surface, but finer particles may be lifted kilometers high into the
atmosphere (UNEP 2016). Dust storms are formally defined by
the World Meteorological Organization (WMO 2005) as the
results of surface winds raising large quantities of dust into
the air and reducing visibility at eye level (1.8 m) to less than
1000 m (McTanish and Pitbaldo 1987). Airborne dust particles
can be transported thousands of kilometers from their source
region as an aeolian process encompassing emission, transport,
and deposition of sand and dust (Kok et al. 2012; Goudie
2009). There are different numerical approaches to investigate
physical modeling of dust storms including numerical analysis
of dust storms in the form of density current as they are com-
mon in the Arabian Peninsula. Quantification of the actual
shape of dust has been studied through application of fluid
dynamics. Low-density pyroclastic currents that are mixtures
of two components, namely, solid particles and fluid (gas)
phase, behave as dense, multiphase gravity currents (Sulpizio
et al. 2014). Dioguardi et al. (2014) introduced a new shape
factor to quantify the actual shape of the dust and better predict
gas-particle drag force.

Kuwait is one of the major countries with dust storms (AI-
Hurban and Al-Ostad, 2010). It is located in the northwestern
part of the Arabian Gulf and surrounded by Saudi Arabia and
Iraq. Al-Dousari and Al-Awadhi (2012) identified five major
source areas of dust for Kuwait which are the western desert of
Iraq, the Mesopotamian flood plain, the northern desert of
Saudi Arabia, the drained marshes in southern Iraq, and Iran.
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Based on the depositional rates of dust fallout within the seven
major dust storm trajectories in the world, Kuwait lies in zone
IV, Northern Arabia, and is ranked second after zone I, the
Western and Southern Sahara Desert. Along with the dust,
other elements like bacteria, virus, pollens, pesticides, insecti-
cide, and herbicide residues can also travel and are associated
with increased risk of asthma admissions to hospitals in
Kuwait (Thalib and Al-Taiar 2012; Abdal et al. 2010; Al-
Thaiar and Thalib 2014) and respiratory health disorders
worldwide (Goudie 2014, Karanasiou et al. 2012, Bennion
et al. 2007).

One of the major effects of a dust storm is its ability to
distort horizontal visibility. In a normal dust storm, visibility
is around 1000 m; in a medium dust storm, it reduces to
200 m; and in a high dust storm, it reduces to zero visibility.
Human-induced change is by far the most significant factor in
the alarming increase of sand storms in some regions
(Sivakumar 2005). Dust storms are considered as potential
source of pollution in Kuwait (Al-Enezi et al. 2014) and re-
duce the horizontal visibility up to 1000 m, and depending on
the wind conditions in a particular year, it may be reduced to
even 250 m or less (Fig. 1). There is no fixed occurrence
duration of the dust storms in Kuwait, but usually, the frequen-
cy increases during the summer months of May and June
(Shalaby 2014). In recent years, dust storms occur more fre-
quently in the spring season. Data collected for the past
14 years (2001–2014) showed that the month of March is
characterized by the highest number of dust storms in
Kuwait, which is rather unusual since the period running from
the months of December to April is considered spring rainy
season (Fig. 2a, b). Misak et al. (2014) presented the socio-
economic impact of significant dust storm events in Kuwait
that occurred unexpectedly during non-dusty seasons
(Table 1). In a recent meteorological press conference,

Ramadhan (2015) stated that the average number of dust
storms in Kuwait is 137 days per year from 1968 to 2012 of
which 58 days are considered as days with suspended dust,
63 days with rising dust, and 16 days with dusty storms. In
addition, the average annual level of particulate matter with
aerodynamic diameter of less than or equal to 10 μm of par-
ticulate matter PM10 and 2.5 μm of particulate matter of
PM2.5 in Kuwait were 130 and 53 μg/m3, respectively (Al-
Olayan et al., 2013). These concentrations exceeded the annu-
al World Health Organization’s (WHO) guidance for outdoor
air quality of 20 μg/m3 for PM10 and 10 μg/m3 for PM2.5 by
a factor of six and five, respectively (Tsiouri et al. 2015). Al-
Awadhi and AlShuaibi (2013) revealed that annual average
deposition rate in Kuwait ranked the first out of 56 dust depo-
sition rates observed throughout the world (0.59 kg/m2/year).
It is estimated that 4569 t of iron; 12,743 t of clay; 99,818 t of
quartz; 14,177 t of sulfate; and 169,167 t of ash have fallen
into Kuwait bay from August 2010 to July 2011. This shows
the seriousness of the presence of high level particulate matter
in the atmosphere of Kuwait.

Dust storms have negative impact on socioeconomic
events in Kuwait including traffic accidents, sea port close-
out, airport shutdown and flight delays, and agriculture deg-
radation (Al-Hemoud and Neelamani, 2015). Very few pub-
lished research has been published earlier to show the effect of
dust storms on socioeconomics (Tozer and Leys 2013; Jeong
2008; Ai and Polenske 2008). Similarly, few research studies
dealt with the relationship between dust storms and traffic
accident rates (Mohammad 1989; Khalaf et al. 1988). The
economic cost of traffic accidents is estimated to be between
1 and 3% of national income (Al-Naser 2003) and between 3
and 5% of gross domestic product (GDP) (Jamjoom 2003).

Dust storms can also have negative socioeconomic effects
on the airline industry. Airline delay costs can be a substantial

Fig. 1 Dust storm over Kuwait
city on March 25, 2011 (visibility
close to zero, wind speed close to
50 km/h)
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contributor to an airline’s costs (Eaton 2011). For example,
during a dust storm called Red Dawn that passed the eastern
side of New South Wales of Australia on 23 September 2009,
which is considered to have seen the worst dust storm since
the 1940s (Leys et al. 2011), visibility was reduced to 0.4 km
affecting the air traffic daily activity (UNEP GEAS 2013),
which resulted in a cost of A$299 million (Tozer and Leys
2013). Dust also causes damage for agriculture produce, es-
pecially if the plants are open to atmosphere (Ravi et al. 2011),
and removal of organic matter and nutrient-rich lightest parti-
cles from the soil, thus reducing agricultural productivity
(Akbari 2011; Stefanski and Sivakumar 2009). Dust storms
have a significant socioeconomic loss on agriculture produc-
tion by weakening soil stability to produce effectively
(Munson et al. 2011). Moreover, dust storms decrease overall
plant performance through their severe effect on photosynthe-
sis (Ibrahim and El-Gaely, 2012). During dust transportation,
many young plants are lost to the sand-blasting nature of the
process at ground level, resulting in a loss of productivity
(UNCCD 1999). According to the United Nations’ Joint

Analysis and Policy Unit (JAPU) report (2011), Kuwait is
heavily affected by sand and dust storms, which would result
in higher amount of annual GDP losses. Costs of delayed
effects of sandstorms can be higher than those of the interme-
diate effects (Ai and Polenske 2008).

This study explored four socioeconomic effects of dust
storms in Kuwait, specifically traffic accident rates, oil tankers
and cargo ship delay at sea ports, airline delays due to airport
operation shutdown, and agriculture degradation. To the best
of our knowledge, the present paper is the first study that
explores the socioeconomic effects of dust storms related to
Kuwait, in detail.

Materials and methods

Data was collected from two sources: the first was the pub-
lished data from the Kuwait Statistical Bureau and the second
through four official correspondence letters sent by the
Kuwait Institute for Scientific Research (KISR) requesting

Fig. 2 a Total number of dust
storms in Kuwait per month
accumulated for the past 14 years
(2001–2014). b Total number of
dust storms in Kuwait (2001–
2014)
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information on socioeconomic factors related to dust storms
from four local organizations, Kuwait General Traffic
Department, Kuwait Port Authority, Directorate General of
Civil Aviation, and Public Authority of Agriculture Affairs
and Fish Resources. All four organizations responded posi-
tively and provided valuable data pertaining to dust storm
effects on their related services and activities. The following
paragraphs discuss the methodology used for the four socio-
economic effects of dust storms in Kuwait, namely, traffic
accident rates, oil tankers and cargo ship delay at sea ports,
airline delays due to airport operation shutdown, and agricul-
ture degradation.

With regard to dust storms and their effect on traffic acci-
dents, Pearson product-moment correlation coefficient ‘r’ was
tested to determine the relationship between two variables (dust
storms and traffic accidents). SPSS v. 16 statistical package was
used for data analysis. A significance test for the correlation
coefficient was carried out using a two-tailed correlation at
the 0.01 level to determine whether any correlation exists be-
tween dust storms and traffic accidents. The null hypothesis (no
correlation) was tested against the alternative hypothesis
(strong correlation). Cost impact of dust storms on traffic acci-
dents was based on KISR’s study of Economic Cost of Traffic
Accident Baseline model (Khalaf et al. 1988), which included
direct costs (overall economic cost of all goods and services
that are consumed as a result of car accidents) and indirect costs
(cost of material consumption and loss of production) (Table 2).
KISR’s study estimated the total cost (direct and indirect) of all
traffic accidents for the year 1984 to be 129,573,589 Kuwaiti
Dinar (KD) (about US$431,911,963); this cost estimate was
used as a baseline measure and interpolated by an average
constant inflation rate of 3% for the years 2001 to 2014. This
method of interpolation was chosen based on the following
criteria: (1) traffic accidents increased by only 30% from

1984 to 2001 (23,642 vs. 31,028), which is considered relative-
ly low accident rate increase during the last 17 years in relation
to population growth during the same period; (2) indirect cost
represents 86% of total traffic accident cost with human casu-
alty representing 76% of total indirect cost. Moreover, during
the selected period from 1984 to2014, the accident death rate
was on a constant average of 300 deaths per year, indicating a
steady indirect accident loss during the last 17 years.

In order to estimate oil export loss because of the shutdown
of oil terminals and delay of oil tankers from entering the
export berths due to sand storms, the average daily crude oil
exports in million barrels and average prices for crude oil
exports in US$ were collected from the Organization of the
Petroleum Exporting Countries^ (OPECs) annual statistical
bulletin for the years 2001 to 2014 (OPEC 2014).
Estimation of US$ loss of oil export was calculated using
the following equation:

Loss = (avg price × avg export × no . dust storms)/no . oil
tankers

where loss is the loss of crude oil export due to sand storms
per ship; avg. price is the average price for crude oil export
($/barrel); avg. export is the average daily crude oil export
(number of barrels/year); no. dust storms is the number of dust
storms per year; and no. oil tankers is the number of oil tankers
cleared from oil terminals per year.

Cost of airline delay is calculated separately for strategic
delays (those accounted for in advance) and tactical delay
(those incurred on the day of operations and not accounted
for in advance). In this study, only the tactical airline delay
cost due to sand storms was calculated (Table 3). Kuwait’s
tactical airline delay cost was based on the total European cost
of Air Traffic Flow Management’s (ATFM) delay estimate
values (Cook 2011). These airline delay cost estimates provide
reference values for typical aviation delay costs for each

Table 1 Record of significant dust storm events in Kuwait during non-dusty season

Date Wind speed Visibility (m) Socioeconomic impact

11 April 2008 90 km/h Semi-tornado, the violent wind uprooted hundreds of traffic signposts, billboards, and
trees and damaged many cars in several parts of Kuwait, one killed and several wounded

10 March 2009 60 km/h <150 m A blinding dust storm hit Kuwait, halting oil exports and forcing the closure of all three
ports besides disrupting air traffic. Incoming planes were facing difficulty landing.

25 March 2011 50 km/h About zero Mobile networks were jammed, and heavy traffic resulted because of poor visibility that
plunged to almost zero. Fights were disrupted and the airport was shut down. While
incoming flights were directed to other nearby airports, outgoing flights were canceled.
Drivers had to slow down and stop as the sand turned skies into an orange-brown,
enveloping the whole city.

4 April 2011 100 km/h <50 m Dust storm forced Kuwait airport to shut down for hours. Planes have been diverted to
nearby airports and all departing planes have been grounded until the weather condition
improved. Several ministries and offices have told their employees to go or stay at home
until conditions get better. Four people are believed to have died during the sand storm.

12 February 2015 70 km/h <100 m Sudden afternoon dust storm occurred during a national festival which blew out the event
chairs, tables, and tents. Oil exports at terminals at the three oil refineries have been halted
and air flight canceled for 4 h.
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minute of primary delay during four flight phases: at-gate,
taxi, cruise extension, and arrival management.

The value of agricultural production represents the added
value to net agricultural production value by deducting input
values of agricultural sector from output values evaluated by
sale price (from receipt at farm sale price). Revenues and ex-
penses of agricultural production (field and greenhouse crops)
were aggregated for three rounds of local agricultural season
(early summer, late summer, winter). Pearson product-moment
correlation coefficient ‘r’ was tested to determine the relation-
ship between agricultural production value and dust storms,
while the t test was used to determine differences between
mean production volume between field and greenhouse crops.

Results and discussion

Statistical analysis using Pearson product-moment correlation
‘r’ of traffic accident data from the Kuwait Traffic Department

Annual Statistical Report (KTDASR 2014) showed that even
though traffic accidents increased between 2001 and 2014,
there was no direct relationship between total number of dust
storms and total number of traffic accidents (‘r = 0.129,
p = .0.660) and between dust storms and traffic accident rates
(r = − 0.107, p = 0.715); two previous studies reported similar
results (Mohammad 1989; Khalaf et al. 1988). Estimated cost
of traffic accidents in Kuwait total to 262,806,234 KD (about
US$78,841,870) for the year 2014; Table 4 presents the total
cost of traffic accidents from year 2001 to 2014.

Since Kuwait is heavily dependent on oil exports for its
revenue, it is important that ship transportation in Kuwait’s
bay operates without any delay to avoid huge economic

Table 2 Cost types of traffic accidents

Direct costs Indirect costs

Property damages:
• Repair costs and the replacement of vehicles
• Costs of cargo and belonging lost
• Costs of public properties and road structures, signs, traffic lights, etc.
Personal:
• Ambulance service costs to transport injured personnel
• Medical costs (medical emergency care, hospital stay, medical treatment

and surgical services costs, rehabilitation costs, medical aids and
disability treatment costs)

• Legal costs
• Costs resulting from the use of alternative means of transportation

Police and security: accident investigation and reporting, first aid and
medical assistance, directing traffic after accidents, law enforcement and
court time

Accident prevention: application of traffic laws, fulfillment of the necessary
patrols to prevent accidents, technical inspection of vehicles, traffic
awareness campaigns, training in traffic regulation and other
administrative services

Fire services costs
Insurance costs
Government subsidies
Income cost: includes the present value of expected future income of the

injured or deceased
Psychological and social costs: loss of learning opportunities, addiction,

loss of friendships and social relations

Table 3 Tactical delay cost of airlines

Phases of tactical delay costs:
1. At-gate (auxiliary power unit APU and engines off)
2. Taxi
3. En-route (cruise/route extension)
4. Arrival management (e.g., flow sequencing, stacking)

Overview of calculations:
1. Fuel—fuel costs and burn costs
2. Maintenance (factors such as ‘mechanical’ attrition of aircraft waiting

at agates, subjected to arrival management, or accepting longer
re-routes in order to obtain a better departure slot)

3. Crew (the flight and cabin crew marginal costs are based on the cost of
crewing for additional minutes over and above those actually planned)

4. Passenger (hard costs such as passenger rebooking, compensation and
care, and soft costs such as a passenger with flexible ticket)

5. Recreation (costs of ‘knock-on’ delay in the rest of the network on the
day of operation)

Table 4 Estimated total cost of traffic accidents in Kuwait

Years Dust stormsa Traffic accidentsa Estimated total costsb (KD)

2001 6 31,028 163,329,360

2002 1 37,650 164,780,460

2003 10 45,376 166,364,577

2004 6 54,878 168,441,746

2005 6 56,235 175,420,247

2006 5 60,410 180,782,867

2007 4 63,323 190,698,717

2008 22 56,660 210,879,809

2009 14 61,298 220,600,515

2010 5 65,861 230,519,603

2011 11 75,194 241,827,363

2012 14 86,542 249,564,251

2013 3 89,527 256,309,231

2014 8 99,047 262,806,234

aNo direct relationship between total number of dust storms and total
number of traffic accidents (Pearson correlation r = 0.129, p = .0.660
b Estimated total cost uses the 1984 baseline of direct and indirect cost
(Khalaf et al., 1988)
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losses. Kuwait is the fourth largest OPEC member with an
average daily crude oil production of 2,866,800 barrels in
2014, 70% of which (1,995,000 barrels) is exported as
crude oil daily through the Kuwait National Petroleum
Company’s (KNPC’s) three export facilities (Al-Shuaiba,
Al-Ahmadi, Abdullah). During dust storms when visibility
is low, crude oil export is halted in all three terminals, and
oil tankers remain outside the berths in the sea costing the
country over US$1 million in 2014 (8 dust storms) and
close to US$3.5 million in 2008 (22 dust storms) (see
Table 5).

Total number of aircrafts in-bound and out-bound of
Kuwait has been increasing linearly from 2001 to 2014
(Fig. 3). One of the major problems that any international
airport faces is flight delays due to external environmental
events such as dust storms. This is a major problem for airline
industry because it will delay aircrafts from departure, thus
forcing more ground time that is translated into cost for the
airline. In Kuwait, winds of up to 45 km per hour reduce
visibility to less than 150 m at Kuwait airport and much less
in the open desert (Fig. 4). During dust storms, Kuwait Civil
Aviation Authority reschedules all flights (landing and take-
off); landing flights will be diverted to neighboring countries,
while departing flights will be halted until weather conditions
improve, as assured by the control tower. This assurance could
come after a period of 1 h to 1 day depending on the density of
dust storms. Tactical delay costs are used as indicators and
insights into delay and are incurred on the day of operations.

Table 5 Estimated US$ loss of crude oil due to sand storms per ship in
Kuwait

Year Average daily
crude oil
production
(barrels)

Average
daily crude
oil exports
(barrels)

Average
price for
crude oil
export
($/barrel)

Number
of Oil
tankers
cleared
from oil
terminals

$US loss
due to
sand
storms
per ship

2001 1,947,000 1,214,100 21.37 1052 147,977

2002 1,745,900 1,138,000 23.61 1178 22,808

2003 2,107,600 1,242,900 26.89 1262 264,830

2004 2,288,700 1,414,900 34.08 1279 226,207

2005 2,573,400 1,650,800 48.66 1352 356,485

2006 2,664,500 1,723,400 58.88 1355 374,442

2007 2,574,500 1,612,900 66.35 1048 408,458

2008 2,676,000 1,738,500 91.16 1002 3,479,637

2009 2,261,600 1,348,000 60.68 1370 835.878

2010 2,312,100 1,430,000 76.32 1424 383,208

2011 2,658,700 1,816,000 105.63 1479 1,426,683

2012 2,977,600 2,070,000 108.93 1469 2,148,939

2013 2,924,700 2,058,000 105.04 1475 439,673

2014 2,866,800 1,995,000 95.32 1484 1,025,140

Fig. 3 Total number of aircrafts
at Kuwait International Airport
(2001–2014)

Fig. 4 The effect of dust storm on horizontal visibility in high-velocity
winds on airplanes
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The total European cost of Air Traffic Flow Management
(ATFM) delay is estimated as EUR 1250 million, and the
average cost of delay of an ATFM delayed flight is EUR
1660, which equates to a value of EUR 81 per minute
(Cook, 2011). For Kuwait, it is assumed that ATFM’s tactical
delay cost is 50% lower than Europe’s ATFM’s delay cost due
to the following reasons: lower fuel prices, lower cabin crew
salaries, lower maintenance costs, and lower recreation costs.
Since Kuwait airport has the ability to contain about 30 planes
at the same time, the daily tactical airline cost was estimated to
be EUR 24,900 (9725 KD) (Table 6).

Table 7 presents the estimated agriculture production value
in Kuwaiti Dinar (KD) from field crops and greenhouses.
Statistical data analysis revealed weak correlation between
the number of dust storms and agriculture production value
(Pearson correlation r = −0.135, p = 0.710). As can be seen
from the table, filed crop production value represents roughly
65% of grand total production value. Figure 5 shows total
plant production (in tons) for both field and greenhouses.
Field crops are grown in only two seasons in Kuwait, summer
and winter; summer crops represent 22% of total production,
while winter crops represent the remaining 78%. Greenhouse
crops represent only 16% of the grand total crops while 84%
of crops are planted in open fields. Over the past 10 years,
agriculture production loss (in tons) has been shown to be
insignificant due to the expansion of agriculture land holdings,
newly invented systems for water irrigation, and modern uti-
lization of greenhouses; however, a significant increase in
filed crop production versus greenhouse was shown using
statistical t test of means (t = 12.414, df = 9, p < 0.01).

Conclusions

Dust storms have wide-ranging economic impacts, both im-
mediate and long term. Long-term impacts of dust storms are
less documented than are immediate impacts. The impact of
dust storms on national and regional economies cannot be
overestimated. Due to the complexity of how dust storms
impact various socioeconomic sectors to different extents,
few data regarding economic losses is available. The UN
JAPU (2011) study suggested that increased dust storms
would result in annual losses of US$12.7 billion in GDP per
annum in the Middle East and North Africa (MENA) region
alone; considering that Iraq, Iran, Kuwait, Saudi Arabia,
Syria, Jordan, and Turkey as a subregion are more heavily
affected by dust storms than the MENA is, the amount of
annual GDP losses must be significantly higher.

Dust storms have negative impact on socioeconomic
events in Kuwait including traffic accidents, sea port close-
out, airport shutdown and flight delays, and agriculture deg-
radation. No direct relationship was determined between dust
storms and traffic accidents (weak correlation, r = 0.354); a
similar study reached the same conclusion (Mohammad,
1989). Traffic accidents in Kuwait were mostly related to
drivers’ behavior rather than to environmental or social factors
(Al-Hemoud, et al., 2010). Annual economic cost estimate of
traffic accidents in Kuwait was about $340 million (Al-Mutair
2006) and amounts to 2% of GDP (El-Raey 2006).

Sea-port officials stated that dust storms affect marine traf-
fic, causing serious problems and precluding ships from ma-
neuvering at Kuwait’s bay. Average number of oil tankers

Table 6 Air Traffic Flow
Management (ATFM) delay cost
estimates (in Euro) in Europe and
Kuwait

Factor Europe Kuwait

Network total cost of ATFM delay (all causes) 1250 million –

Average cost delay of an ATFM delayed aircraft 1660 830

Network average cost of ATFM delay, per minute 81 40

Table 7 Estimated crop
production value from field and
greenhouses

Year Crop Production Value in KD Grand total production
value KD

Field crops Greenhouse crops

2004/2003 20,552,745.00 10,143,098.00 30,695,843.00

2006/2005 24,023,737.00 11,464,234.00 35,487,971.00

2007/2006 25,306,581.00 12,105,008.00 37,411,589.00

2008/2007 24,598,430.00 13,912,957.00 38,511,387.00

2009/2008 24,661,915.00 14,151,341.00 38,813,256.00

2010/2009 29,590,284.00 14,835,047.00 44,425,331.00

2011/2010 44,007,540.50 18,439,298.86 62,446,839.36

2012/2011 41,807,285.50 17,952,208.36 59,759,493.86

2013/2012 49,500,497.70 29,455,515.35 78,956,013.05

2014/2013 56,706,343.80 32,006,638.25 88,712,982.05
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cleared from Kuwait’s ports is estimated to be 1300 with daily
price for total crude oil export estimated to beUS$114million.
Delays from the dust storms will affect the country’s revenues
leading to a reduction in oil export and therefore have a neg-
ative effect on inflation.

Kuwait’s flight delay tactical cost was assumed to be twice
as the European flight delay tactical cost. Furthermore, dust
storms affect the work productivity of airlines such as air
ground traffic and bagged transportation, which leads to a
negative effect on the GDP by 0.1% in the Arab countries.

Weak correlation was shown between dust storms and ag-
riculture production in Kuwait. With an average number of 8
dust storms per year during the last 14 years, it was noticed
that the annual total crop production increased from around
500,000 to 900,000 t, while total sales also increased from
around 30 million to 88 million KD during the same period.
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