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Identifying the climatic conditions in Iraq

by tracking down cooling events

in the North Atlantic Ocean in the period 3000-0 BC

Abstract
North Atlantic Oscillation (NAO), monthly averages of precipitation in the
Baghdad station, and petrologic tracer proxy data for ocean properties
in the North Atlantic (NA) have been used in an attempt to identify
climatic conditions in Iraq during the study period. The study showed that
contemporary changes in precipitation in Iraq are associated with NAO, as
a negative relationship is found between them. Moreover, the study found
that there is a strong negative correlation between NAOI and SST in NA,
where drift ice indices explain between 33-36% of the NAOI variability.

The prolonged of cold Holocene periods led to a radical oceanography
and atmospheric changes in the NA and the Mediterranean Sea,
effectively contributing to the prevalence of cold and drought in the EM,
including Iraq.

The analysis revealed as many as four intervals of significant cool
drought phases prevailing over Iraq during the periods 2650-2500, 2200—
1900,1300-1200 and 1000-850 BC.
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Introduction

There is good evidence to document that the modern
climate regime of the Eastern Mediterranean (EM), which is
characterized by hot, dry summers and mild, wet winters, has
remained constant since almost 3000 BC. Meanwhile, the
southward shift of the boreal summer Inter-Tropical Convergence
Zone (ITCZ) and the weakening of the monsoon system are
associated with the return of summer precipitation to the regions
where they occur nowadays. The weakening of the monsoon
system related to solar activity reached a minimum after
approaching the south coast of the Mediterranean (e.g. Thamban
et al. 2007; El-Moslimany 1983; Roberts et al. 2011; Fleitmann et al. 2007).
Because of the region’s position between the subtropical highs
and the northerly westerlies, the southward shift of the westerlies
following the southern movement of the ITCZ facilitates the
movement of depressions of Atlantic origin into the region. These
results enhanced moisture transport and regionally reinforced
cyclogenesis (Cullen et al. 2002). This means the Mediterranean
and NA zones and their climate are strongly controlled by large-
scale atmospheric patterns.

Furthermore, the EM region, especially Mesopotamia,
witnessed the rise and abrupt collapse of many agriculture-based
civilizations, this cycle of societal rise and collapse repeating itself
many times over several millennia. However, many studies have
hypothesized that climate change affected societies in this region
and even forced these civilizations to totally collapse (Weiss et al.
1993; Cullen et al. 2000b; Neuman & Parpola 1987).

The aim of this paper is to identify the climatic conditions
in Iraq, accompanied by North Atlantic cooling events, which
prevailed during the period from 3000 to 0 BC. This aim achieves,
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firstly, by studying the contemporary relationship between the
North Atlantic Oscillation (NAO) during winter months (DJFM) and
Iragi precipitation represented by the Baghdad climate station’,
secondly, by analyzing the relationship between the NAO and
drift ice indices, including Hematite Stained Grains (HSG) and
stack, which were derived from NA sediment cores by Bond et al.
(2001). The HSG were measured in deep-sea sediment cores in
the NA, as percentages of lithic grains (ice-rafted debris) in the
63- to 150-uym size range. The stacked record was calculated by
averaging of HSG percentage from MC52, V29-191, MC21, and
GGC22 cores (Fig. 2). The findings will improve our understanding
of the nature of atmospheric circulation patterns and anomalies
of sea surface temperature (SST) associated with high and low
NAO index in both EM and NA.

Geographical setting and current climate

Iraq is located in the South-West of Asia, in the Northeast of
the Arab homeland. The area extends between 29°5" to 37°22°'N
and 38°45" to 48°45°E, encompassing a geographical area of
435 052 km?. It is bounded on the North by Turkey, on the East
by Iran, on the West by Syria, Jordan and Saudi Arabia, on the
South by Arab Gulf, Kuwait and Saudi Arabia (Republic of Iraq
2010 - 2011) (Fig. 1).

"We have used Baghdad station for two reasons; firstly, Baghdad station has data
for the longest recorded period, started from 1889. Secondly, the Baghdad station
is located on a flat area in central Iraq, in order to avoid local factors affecting the
precipitation value, as is the case of the mountain area in northern Iraq.
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Figure 1. Regional and geographical setting of Iraq together with location of study area

Source: satellite image of Iraq (DEM), resolution 30 m, year 2005

Topographically, Iraq is divided into four geographic zones
(Fig. 1). The mountain areas of the north and northeast constitute
5% of the total Iragi area. Undulating lands south of the first
region cover 15% of the total area, alluvial plain along and
between the lower courses of the Tigris and Euphrates from the
center to southern Iraq, where the rivers empty into the Arabian
Gulf with 20.5% of the total area. Finally, the rocky and sandy
western desert covers 59.5% of the total area of Iraq (Susa 1963;
Malinowski 2003).

The Iraqgi climate has been strongly influenced by its
geographical location, becoming continental and subtropical
semi-arid in type. In summer, a strong Azores anticyclonic
circulation predominates, while in winter this high-pressure
system collapses and is replaced by periodic low pressure
systems that move from west to east across Iraq, bringing winter
rain in Iraq and snowfall in the mountain region of the north. From
this point of view, the precipitation in Iraq and all EM is primarily
of cyclonic origin (Kostopoulou & Jones 2007).

These seasonal migrations of subtropical high pressure
and mid-latitude low pressure allow the division of Iraq into
three distinct climate regions according to the Kdppen climate
classification (Malinowski 2003); The Mediterranean climate
regime (Csa) of the northern mountains, the Subtropical Steppe
climate (BSh) of the upland region south of the first region, and
Subtropical Desert (BWh) in the central and southern Iragi area.

Generally, the climate of Iraq is characterized by hot dry
summers, when mean maximum temperature is likely to reach
over 48°C in the hottest months, especially in the center and
south of the country. The winter is cool to cold, the mean minimum
temperature dropping to near freezing in the north and as low as
to 5°C in the south. The annual rainfall in the northern mountains
reaches 1000 mm, falling to less than 100 mm in the south and
southwest. 90% of the annual rainfalls occur between November
and April (Iragi Meteorological Organization and Seismology).
The higher rainfall in the north is due to the high number of
low-pressure system advections from the Mediterranean Sea
(between 75-100 cyclones a year) across this region and the
rise over the mountains (Walker 2005).

Material and Methods

To achieve our goal, we present records of NAOI, obtained
from: a) The normalized winter sea level pressure (SLP)
difference between Lisbon (Portugal) and Stykkisholmur (Iceland)
extending from 1889 to 2009 (The Climate Data Guide). b)
Winter NAO reconstruction for the years 1049—-1889 and decadal
scale variations in a speleothem-based precipitation proxy from
Scotland and a tree-ring based drought proxy from Morocco
(Fig. 2) (Trouet et al. 2009). The monthly precipitation data for
Baghdad station from 1889 to 2010 were also used. Furthermore,
the paper focuses on North Atlantic sediment cores used for drift
ice indices, including Hematite Stained Grains (HSG) and stack
from MC52, VM29-191, MC21, and GGC22 cores (Fig. 2) (Bond
etal. 2001; 2008).

Simple regression and linear correlation were applied to
identify statistical relationships between the two sets of variables
mentioned above; firstly, between the NAOI and monthly
average of precipitation for Baghdad stations and secondly,
between the ice drift indices recorder for the NA and winter NAOI
reconstruction record for the period 1049-2000. This was done
in order to deeper understanding of the nature of the relationship
between the NAOI and SST in the North Atlantic Ocean and the
Mediterranean Sea. Finally, we use these relationships to identify
the climatic conditions for the study period.

Results and Discussion
Short-term observations present the relationship between the

NAO and precipitation

The North Atlantic Oscillation (NAO) is the dominant mode of
interannual—-decadal atmospheric variability for the Atlantic sector,
accounting for 20 to 60% (from December to March — DJFM)
temperature and precipitation variability in Northern Hemisphere
including the EM region over the last 150 years (Hurrell 1995). The
regression line (Fig. 3A) suggests a negative correlation (r = - 0.16)
between the winter NAOI and precipitation at the Baghdad station,
significant at probability level 90%. Whereas the high NAO index
is accompanied by a decrease in precipitation in Iraq, enhanced
precipitation in Iraq usually relates to a low NAOI (Fig. 3A and B).
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Figure 2. Location of sites discussed in the text: (1 + 2 + 3) North Atlantic sediment cores used for ice drift indices record (after Bond
et al. 2001; 2008); (4 + 5) Cores used for NAO reconstruction; Speleothem-based precipitation proxy from Scotland and

tree-ring drought proxy from Morocco respectively (after Trouet et al. 2009)
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Figure 3. Correlation between the NAOI and precipitation at the Baghdad station (A), and multiannual changes in NAOI and Iraqi
precipitation (B). Note. The unpublished data from Iraqi Meteorological Organization and Seismology
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Figure 4. The contemporary regional SST anomalies and atmospheric circulation associated with the negative and positive AO/NAO index
Note. The data are from, (Rimbu et al. 2003; Hurrell 1995; Hurrell and Deser 2009)
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Figure 5. Regression between the NAOI reconstruction and drift ice indices (A), and time series correlation between the NAOI

reconstruction and drift ice indices (B)

Note. The data are from, (Bond et al. 2001, 2008; Trouet et al. 2009)

The low value of (r) here perhaps is due to the distance from
the genesis of cyclones centering over the Atlantic Ocean and the
Mediterranean Sea, as well as the location of Iraq in the southern
rim of these cyclones impacts, which is reflected in the decrease
in precipitation and its highly variable pattern.

The linear trend (Fig. 3B) also shows a clear negative
relationship between the time series and precipitation where
precipitation decreases over time at the Baghdad station. On
the other hand, the study shows a positive correlation between
the time series and NAOI, especially after the middle of the last
century since the values of NAOI are rising (Fig. 3).

The correlations mentioned above support the previous
studies that investigated the link between EM region climate

and the NAOI. These studies pointed to the far-field influence
of the NAO on the Middle East climate, and clarify the distinct
dipole relationship with the subtropical — subpolar NAO pressure
gradient (e.g. Cullen et al. 2000a, 2002).

In the high NAOI phase, the Icelandic Low and the Azores
High were well developed, with pressure anomalous cores lower
and higher than normal, respectively. This pressure disposition
leads to strong pressure gradients and strengthens westerly
winds across the NA accompanied by a more northern jet axis.
They cause a relatively mild and humid winter over northern
Europe. Additionally, the anomalously high pressure system
covers large parts of the Mediterranean and Middle East regions,
resulting in northerly winds in the eastern part that drive the
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advection of dry and cold air (Fig. 4). During the low NAOI, the
westerly winds are weaker than normally across the NA and
northern Europe, with the axis of the westerlies clearly zonal and
lying further south associated with a southward shift of the jet
stream. This synoptic condition led to a relatively humid phase
in the southern Europe and in the Mediterranean region and
relatively arid phase in northern and central Europe (Wanner et al.
2001; Hurrell 1995; Hurrell & Deser 2009).

Millennium relationships between the Drift Ice Indices and NAO

Many studies (e.g. Visbeck et al. 1998, 2003; Rimbu et al. 2003)
examining the relationship between the SST and NAOI have
found a strong response between the two. Thus, the observed
relationship between NAOI and SST supports the theory of the
strong and immediate response of the ocean surface. On multi-
decadal or longer time scales, changes in the ocean heat storage
and heat transport have an increasingly important impact on the
climate (Visbeck et al. 2003). The relationships between the drift ice
indices (Hematie Stained Grains (HGS) and stack) and NAOI
suggests a strong negative correlation (r = -0.58 for HGS and
r = -0.60 for stack) with NAO, significant at probability level 95%
(Fig. 5A).

The correlation between the ice drift indices in NA and NAO
supports the strong response of NAO to SST. While the SST in NA
is low, the NAO is in a negative phase (Fig. 5B). Increased drift ice
indices associated with cooler surface water temperatures south
of Greenland takes place during phases of cold atmosphere
recorded in Europe, Greenland, and the subtropical north Atlantic
(Bond et al. 2001). Generally the long-term cooling in the NA can
be explained by decreasing solar activity, which led to the
weakness of the Icelandic low (Rimbu et al. 2003) associated with
intensified high-pressure anomaly over Greenland, producing
abnormally strong northerly winds that spread the Nordic Sea ice
drift southward into the sub-polar NA (Lohmann et al. 2005; Bond et
al. 2001).

These cooling periods and response of the ice drift in NA
were associated with positive SST trends at the EM (Fig. 4).
Moreover, the cooling phases in NA induced a southward shift
of the northern hemisphere polar front, which accompanied
by strengthening of the westerly jet, displaced it towards the
Mediterranean region (Fig. 4) (Lamy et al. 2006; Hurrell & Deser
2009). These atmospheric conditions over mid-latitude led to the
frequent and more intense cyclones which were normally fed by

moisture uptake from the relatively warm Mediterranean surface
waters, supplying moisture towards the eastern Mediterranean
region including Iraq (Kostopoulou & Jones 2007).

Extrapolation of short-term observation for the assessment of
climatic conditions linkage with North Atlantic cooling

Recent studies on Holocene millennial-scale climate
changes, which were carried out in the Mediterranean Sea have
shown that the eastern Mediterranean region was very sensitive
to climatic and oceanographic changes in the NA (e.g. Rimbu et
al. 2003, 2004; Lamy et al. 2006; Kim et al. 2007). Here we try to identify
the types of climate that prevailed during the period 3000-0
BC by considering ice drift record from the NA (Fig. 2) (Bond et al.
2001; 2008) based on the analysis mentioned above. The main
observations outlined above are the relationships between NAOI
and precipitation in Iraq, and the correlation of NAO with drift ice
indices in the NA in order to determine the SST associated with
high and low index values in both the NA and EM. The short-term
observation indicates that less (more) ice drift represents warmer
(cooler) sea surface temperatures, and a positive (negative)
NAOI represents less (more) precipitation on Iraq (Fig. 3 and
5, and above discussion). Our findings confirm the research of
Rimbu et al. (2003), who suggested that the cooling trend is part
of a regional SST pattern that resembles a contemporary SST
pattern, which is related to the NAOI. This suggests a possible
role of NAO in generating the Holocene SST variability, the
negative SST anomalies in the northeast Atlantic region together
with positive SST anomalies in the EM. From Fig. 6, we note
that during the period 3000-0 BC there are at least four abrupt
instances of ocean surface cooling characterized by the ice drift
index event in the NA, with peaks around 2650-2500, 2200—
1900, 1300-1200 and 1000-850 BC.

According to the previous arguments, the similarity between
these cooling phases and the SST trend associated with
negative NAOI led to the southward movement of the polar front.
The existence of a polar front caused an enhancement of the
strength and frequency of storms that are activated by moisture
being absorbing from the relatively warmer Mediterranean
surface water, which led to an increase in precipitation in Iraq,
meaning the four intervals mentioned above were wet phases.
However, our findings seems to be contradicted by many
studies covering Mesopotamia (e.g. Cullen et al. 2000b; Neuman &
Parpola 1987; Weiss et al. 1993), which have indicated that none of
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Figure 6. Drift ice indices (Stack of four ice drift records from MC52, VM29-191, MC21 and GGC22 cores and drift ice for the MC52



these periods were coded as humid periods. However, Cullen et
al. (2000b) suggested an increase of eolian dolomite and calcite
at the bottom of the Gulf of Oman, which was transported by
the wind from Mesopotamia in the period 2025 + 150 BC, and
lasted nearly 300 years, meaning a prevalence of drought
during this period. The findings of Cullen et al. confirmed the
study of Weiss et al. (1993), which suggested the above mentioned
period was a dry period in Mesopotamia accompanied by large-
scale abandonment of settlements in northern Mesopotamia as
a result of arid farmers. Moreover, Neuman and Parpola (1987) found
that the period 1200-900 BC was a severe period of drought
resulting in political and social instability.

This contradiction encouraged the researcher to look for
potential effects associated with Holocene cooling events on the
atmospheric and thermohaline circulations between the NA and
the Mediterranean Sea; we find that the ideal model discussed
above was prevailing during the normal situation — this holds
for the present time, but not during exceptionally Holocene
cooling events, as potential feedback resulting from changes
in thermohaline circulation prevent the application of such an
ideal model. On a millennial scale, period of orbitally induced
declines of solar irradiance in the NA might have stimulated
large ice sheet collapses and ice-rafted debris discharges (Bond
et al. 2001). The prolonged periods of cooling are associated
with ice-rafted debris, altering the rate of deep-water formation
in the north Atlantic (NADW) (Keigwin & Boyle 2000; Nieto-Moreno
et al. 2011). Thus, reduced NADW rate and weakening global
thermohaline circulation may allow these cold pole waters to
spread into Mediterranean Sea. This cold water would have
reduced the atmosphere—sea surface thermal gradient, which
led to a dramatic reduction in the strength and the frequency of
storms, which normally benefit from the uptake of moisture from
the relatively warmer Mediterranean surface water. In return, the
decrease in the number and intensity of storms consequently
lead to a significant decrease in precipitation over the EM region
(Bartov et al. 2003). Bartov et al. (2003) and Kwiecien et al. (2009), who
link drought intervals in the EM region with Heinrich events and
the last glacial period respectively, have floated similar scenarios.

According to the aforementioned proposal, there is a
relationship between the long-term cooling periods in the NA
and the changes of the NADW that resulted from the flow of
cold water toward the Mediterranean Sea. This cold water led
to a reduction in the atmosphere—sea surface thermal gradient,
hence a decrease in the frequency and severity of storms and
attendant drought in the EM region, including Iraq. However, we
suggest that the four intervals identified in (Fig. 6) were cold, dry
intervals:

o The first interval was between 2650 and 2500 BC.

e The period between 2200 and 1900 BC witnessed the
second cold dry interval; the drought occurring in this period
was on a global scale, documented by several studies at mid
and lower latitudes, especially across the EM region. These
studies pointed to the drought climate in Mesopotamia (e.g.
Cullen et al. 2000b; Weiss et al. 1993). The same period has also been
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observed over a widespread area besides the Mesopotamian
region including; The Indus valley in the Makran (Possehl 1997),
the weakening of the monsoon in southern Asia (Hong et al. 2003),
and coinciding with cool, dry conditions over several areas in the
northern Hemisphere (Mayewski et al. 2004).

e The period 1300-850 BC pointed to the two peak cooling
phases (1300—1200 and 1000-850 BC) separated by a warm
period lasted about two centuries. These were cool dry intervals,
according to previous interpretations, these cold dry conditions
having been described by many proxy records from the EM
including Iraq (Neuman & Parpola 1987; Kaniewski et al. 2010) and
widespread area around the world (Mayewski et al. 2004).

Conclusions

The aim of the present study is to identify the climate
conditions in Irag during the period 3000-0 BC, depending on
ocean sediment properties of the NA. To achieve our goal, we
compare the modern relationship between winter NAOI and
Iraqi precipitation and compare the NAOI with the content of
drift ice indices that derived from the NA, in order to improve our
understanding of the nature of atmospheric circulation patterns
and SST anomalies associated with high and low NAOI in both,
the EM and NA.

The most important conclusions drawn from the compilation
and analysis of proxy records are:

1. During the contemporary period, a negative relationship
appeared between the NAOI and precipitation in Iraq represented
by the Baghdad station. This negative relationship strengthened
the tests of the relationship between time series, precipitation and
NAO, as the linear trend showed the decrease of precipitation in
Iraq over time. In return, the linear trend indicates an increase of
NAO values over time, especially in the following the middle of
the last century.

2. Regression analysis also showed a strong negative
correlation between the NAOI and drift ice indices, namely that
the cooler SST in the NA meaning a negative NAOI led to an
increase in precipitation in Iraq and vice versa.

3. Potential feedbacks associated with extreme cooling
intervals played an important role in the formulation of the
nature of the climate characteristics during Holocene period. The
prolonged of these periods in the NA leads to spread of cold polar
water into the Mediterranean Sea, which then led to a reduction
in the strength and the frequency of storms, and hence less
precipitation in the EM region, including Iraq.

Consequently, four intervals of cold, dry climate appeared
during the study period, which correspond with periods of severe
cooling in the NA (2650-2500; 2200-1900; 1300-1200; 1000—
800 BC).
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