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Abstract

It is commonly accepted that the current global warming is caused by hu-
mans, especially by anthropogenic emission of carbon dioxide. It is justifiably
considered to be one of the biggest threats for life on the planet and human
civilization. However, since millennia humans have been changing the cli-
mate locally and globally. Especially after the development of agriculture and
animal husbandry people have been progressively increasing the albedo of the
planet. The cooling of the climate that took place since the Neolithic Revolu-
tion and lasted until the onset of the Industrial Revolution corresponds better
with the growth of human population than with any other factor. The current
global warming threatens with drought, hunger, migrations and inundation
of coastal areas. However, throughout the human history, it was the cooling
that was related to drought and hunger. The cooling and drought that oc-
curred about 4.2 thousand years ago (the 4.2 ky event) were the most severe.
It resulted in the collapse of all Neolithic civilizations. Its reason is still not
explained. This paper presents a hypothesis how people could unwillingly
cause change in monsoons’ strength and direction as well as global climate
catastrophe that occurred 4.2 thousand years ago.
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1. Introduction

The current global warming made us realize that humans are able to change the
climate on a global scale. However, people have been changing the climate at
least since the development of agriculture, since they learned how to grow crops

and domesticate animals. The subsequent demographic explosion lasts until to-
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day. Its result is a destruction of natural forests and aridification of areas prone
to desertification. Both these processes increase albedo of the planet resulting in
a progressive cooling of the climate because increasing albedo increases the ratio
of reflected solar radiation to absorbed solar radiation. This cooling was deteri-
orated by a retreat of the northern border of the boreal forest and changing it
into tundra which further increased albedo and cooled the climate globally. The
global cooling started about 6000 years ago and lasted until the onset of the
industrial revolution. The cooling started with the Neolithic Revolution (due
to rapid development of agriculture and animal husbandry) and was aggra-
vated after discovery of Americas, due to concomitant technological progress
which led to even more rapid growth of population [Figure 1]. Throughout
the Northgrippian and Meghalayan Stages of the Holocene, the insolation of
the northern hemisphere has been decreasing, mostly due to decreasing axial
tilt. Nevertheless, the cooling, especially the severe cooling which occurred after
the Middle Ages called the Little Ice Age (1570-1900), corresponds better with
population size than with orbital forcing. The latter cold period was aggravated
by the Maunder Minimum (1645-1715) but it started earlier and finished later
than this minimal solar activity. The Little Ice Age was the most severe after the
Maunder Minimum was over.

Also, since the development of animal husbandry and agriculture, the carbon
dioxide concentration in the atmosphere has been growing: from about 260 ppm
in the middle of the Holocene to almost 280 ppm at the onset of the industrial
revolution [1]. This increase in the CO, atmospheric concentration was a result of
release into the atmosphere of the carbon which in the beginning and middle of
the Holocene was accumulated in the lush vegetation, more fertile soils and peat
bogs. Despite this growth of CO, atmosphere concentration, the climate was
progressively colder, until people reached for fossil fuels and released to the at-
mosphere the carbon which was accumulated throughout millions of years by

photosynthesizing organisms. This proves that before the Industrial Era increasing
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Figure 1. Mean global temperature and carbon dioxide atmosphere concentration during
Northgrippian and Meghalayan stages of the Holocene. Note the rapid cooling related to
rapid growth of population just before the Industrial Era, after the end of the Maunder
Minimum. Red line shows the mean global temperature.
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albedo was a dominant factor influencing the global temperature, overwhelming
the warming role of increasing CO, in the atmosphere. Decreasing global tem-
perature caused greater solubility of carbon dioxide in ocean water, without
which the increase in carbon dioxide concentration in the atmosphere would
have been even greater. The current CO, concentration in the atmosphere is
about 410 ppm and results in elevation of the mean global temperature by about
1°C. It is possible that the current global warming barely balances the global
cooling caused by our predecessors.

The current global warming threatens with drought, hunger, migrations and
inundation of coastal areas. But throughout the human history, it was the cool-
ing that used to be combined with drought resulting in hunger, misery and epi-
demics. Some of these cold events were caused by volcanic eruptions which re-
sulted in cold and dry conditions lasting even several years. For example, it is be-
lieved that volcanic eruption in Iceland triggered the French Revolution which
created the French Republic. Among all cold events, throughout human history
the cooling and drought called the 4.2 ky event (because it happened about 4.2
thousand years ago) was the most severe. It resulted in the collapse of all Neo-
lithic civilizations: the Old Kingdom in Egypt, the Akkadian Empire in Mesopo-
tamia, urban Harappan civilization in India and Neolithic civilizations which
thrived around the East China Plain. A number of smaller Neolithic civilizations,
for example in Malta and Central Asia, also collapsed at the time. The 4.2 ky
event caused the shift of settlements and organization of most people living on
the planet. It was the most severe along the Tropic of Cancer, where all Neolithic

civilizations developed. The reason for this event is still unknown.

2. Methods

A review of literature was performed to analyze the possible impact of humans
on the Earth’s climate since the Neolith. It concentrates on the human impact on
the planet’s albedo, plant canopy and carbon dioxide concentration in the at-
mosphere. Data obtained from climatological, archeological and historical scien-
tific publications were used to perform a cause-and-effect analysis of possible
human impact on the course of prevalent humid winds on Earth: summer mon-

soons, the Walker circulation and Middle-Latitudes Westerlies.

3. Results

The onset of human civilizations and their relationship with the climate

In July 2018 the International Union of Geological Sciences proposed subdivi-
sion of the Holocene into three time intervals: Greenlandian Stage (11,700
through 8300 years ago), Northgrippian Stage (8300 through 4200 years ago)
and Meghalayan Stage (4200 years ago until present) [2]. The boundaries be-
tween these three stages are marked with two periods of global cooling and
drought. The first cold and dry period is called the 8.2 ky (kiloyear) event be-
cause it occurred about 8200 years ago (it lasted about 400 - 600 years), while the
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second one is called the 4.2 ky event and lasted about 200 years. The first period
was probably initiated or at least aggravated by the final discharge of Lake Agas-
siz to the Atlantic Ocean which increased the sea ice cover in the northern At-
lantic, impaired the thermohaline circulation of this ocean and stopped the Gulf
Stream, similarly like it happened during the Younger Dryas. It was accompa-
nied by cold and dry conditions all over the world, especially in Europe [3] [4]
[5]. It was followed by an increased sea level until about 7000 years ago, after
extended sea ice was melted by a revived thermohaline circulation, mostly due to
thermal expansion of water [6].

The reason of the 4.2 ky event is not clear. Probably one of the reasons of its
development was a lower solar activity that occurs every 1500 years, called Bond
events. It is also hypothesized that it was influenced or aggravated by an in-
creased albedo of areas north from the Tropic of Cancer due to extensive defore-
station and aridification caused by rapidly growing human population [7] [8] [9]
[10]. If so, the 4.2 ky event could be called the first global climate catastrophe
caused by humans and might be treated as the mark point of the beginning of
the Anthropocene.

The Greenlandian Stage (11,799 - 8300 years ago)

At the beginning of the Holocene the mean global temperature was about 2°C
lower than today as a result of a high albedo of the remaining ice sheets. Howev-
er, thanks to beneficial high insolation, until the end of the Greenlandian Stage
all major ice sheets and glaciers from North America, Europe and Siberia re-
treated. Therefore the Earth’s albedo was diminishing and the mean global tem-
perature was growing. Except orbital forcing, several positive feedback mechan-
isms contributed to the global warming at the time, for example, increasing af-
forestation was responsible for decreasing Earth’s albedo, too. Also, release of
methane from the melting ice and permafrost increased the greenhouse effect.
The warming was accompanied by the rise of sea level by about 35 meters in
2400 years (15 mm per year, that is five times faster than at the beginning of the
current millennium), until 7000 years ago, when the coastline reached its con-
temporary borders. Thanks to increasing precipitation most of previous polar
and tropical deserts covered with grass, shrubs and trees. Because of bigger axial
tilt which reached its maximum about 10,900 years ago, the Intertropical Con-
vergence Zone (ITCZ) was deviated more from the Equator, carrying rain closer
to the Tropic of Cancer during northern hemisphere’s summer. Therefore more
precipitation was delivered to southern Sahara as well as to Arabian Peninsula
[11] [12]. This was the trigger factor responsible for establishing the African
Humid Period (AHP) and development of Green Sahara phenomenon.

Unlike during the Last Ice Age, when Sahara was a hyperarid and inhospitable
desert and human settlements were limited to the Nile river valley, during the
Greenlandian Stage people avoided frequently and severely flooded banks of this
river and moved to more elevated areas that meanwhile became savanna thanks

to abundant rainfall [13]. During the Greenlandian Paleolithic and Mesolithic
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nomadic civilizations existed all over Sahara but in the Nile valley.

Most people in the Greenlandian Stage were still hunters-gatherers but at
multiple isolated places on Earth the first domestication of plants and animals
took place. Several animal species were domesticated, among them pigs (in mul-
tiple locations in Asia), cows (in the Middle East and Sahara [14]), donkeys,
goats and camels in the Middle East, buffalos and zebu cattle in India and horses
in eastern European steppe. Unlike domestication of animals which allowed to
continue a nomadic style of living, domestication of plants required sedentary
life. Domestication of plants occurred independently at several locations. Among
many domesticated plants wheat, barley, oats, rye, peas, flax and figs in the Mid-
dle East, sorghum in western Africa, cotton, sesame and dates in India, millet
and soybean in northern China, rice and hemp in southern China and maize,
tomatoes, cocoa and potatoes in America were domesticated that time. By the
end of the Greenlandian Stage domesticated plants and animals at several places
on the Earth became so much better than the wild varieties that they became
treated as a treasure deserving protection of their owners. Humans became at-
tached to their cattle and fields, they got to know the sense of land ownership.

The Northgrippian Stage (8300 - 4200 years ago)

After about 500 years of cooling, called the 8.2 ky event, a new warm period,
the Northgrippian Stage, began. At its beginning the Northgrippian was the
warmest and the wettest period of the Holocene because the axial tilt was close
to its maximum but throughout this stage solar insolation of the northern he-
misphere was slowly decreasing because the axial tilt of the Earth was diminish-
ing. Despite that, due to simultaneous melting of remnants of ice sheets and
progressive afforestation of high latitudes, a mean global temperature reached its
Holocene maximum. About 7500 years ago an average temperature on Earth
became even by 2°C higher than at the beginning of the current millennium, and
in Scandinavia and Siberia it might have been even 6°C higher [15].

Although at the beginning of the Northgrippian Sahara was still a savanna, it
was during the Northgrippian Stage when Sahara was getting progressively drier
and finally became a desert. Since about 8.7 ky ago the Nile runoff was progres-
sively diminishing and floods in the Nile valley became less devastating. This al-
lowed people to reoccupy this valley about 7500 years ago. With further desicca-
tion of Sahara, people started abandoning Sahara about 5500 years ago [16] [17]
[18]. Abandoning of Sahara was coincident with the development of a new era,
the Neolith.

During the Northgrippian widespread domestication of plants and animals
provided abundance of food and caused a demographic explosion. An extremely
humid climate of the early Northgrippian Stage allowed people to prosper with-
out risk of drought and hunger. Higher density of population led to
development of specialties. Sedentary style of life encouraged to take care of
tools and houses. The evolution in human skills did not happen within a life of

one generation but to distinguish it from almost imperceptible progress

DOI: 10.4236/0je.2019.99024

340 Open Journal of Ecology


https://doi.org/10.4236/oje.2019.99024

T. J. Szczesny

throughout 200,000 years of the Paleolithic Age this rapid development of hu-
man skills is called pathetically “the Neolithic Revolution”. During the North-
grippian Stage the first human civilizations developed. All of them appeared in
the northern hemisphere just north from the tropic of Cancer, in areas that were
still within the reach of northern Middle-Latitudes Westerlies but warm and
therefore prone to desiccation.

The first cities were established independently at multiple continents. Most of
them appeared on foothills, far from big rivers. An area where such cities were
particularly numerous is called the Fertile Crescent and it stretched from what is
today Israel through northern Syria and northern Iraq to western Iran (Zagros
Mountains). This area is also called “the cradle of civilization” because most of
contemporarily used varieties of animals and plants were domesticated there.
This civilization was based on the cultivation of cereals showing long-day pho-
toperiodic response (barley, wheat, oats and rye) [19], which means that they
blossom before the day begins to shorten (before the end of June). Some of them
are winter cereals, planted in autumn and harvested in late spring or early sum-
mer. These cereals do not require summer rain and their cultivation relies main-
ly on the moisture stored in winter. This type of agriculture is called today the
“dryland farming”. Distribution of the first large cities on highlands, far from big
rivers proves that during the Neolithic Revolution the annual precipitation in
this region was higher than today while the type of domesticated plants suggests
that most precipitation occurred during winter when the prevailing humid
winds blew from the west and high yields initially could be achieved only in the
beginning of summer [20] [21].

Because of continued desiccation of eastern Sahara people changed their style
of life from hunters-gatherers to nomadic herders practicing the cult of the cattle
[22]. They appeared in the Nile valley about 7.5 ky ago [13]. At first people set-
tled along the Nile and in oases [23] [24] [25] [26] but in the Nile delta that was
still marshy and prone to devastating floods and therefore was inhabited later.
They brought to Egypt the cult of cattle and a custom to build tombs. The Old
Kingdom in Egypt was established about 4700 years ago (about 2700 BC). It was
in this oldest Neolithic period that the most impressive buildings of Egypt, in-
cluding Sphinx and pyramids, were built.

The biggest Neolithic civilization, Sumer, developed in the eastern part of the
Fertile Crescent. Primarily it consisted of many independent city-states with a
relatively egalitarian system. Sumerian cities sometimes fought and sometimes
cooperated with each other which stimulated trade, military and bureaucracy.
The development of trade also supported development of metalworking, because
tin and copper mines occur in different places and these two metals must be
smelted separately (at different temperatures) before making bronze alloy.
Thanks to the development of trade by the end of Sumer civilization the Bronze
Age in Mesopotamia began [27]. Sumerian city-states were united about 4400

years ago by Sargon the Great, the Akkadian King. This provided a long-lasting
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peace and allowed a multilingual society to flourish.

The most impressive example of the Neolithic Indus Valley Civilization are
the ruins of Mehrgarh in Baluchistan dated 9000 - 4500 years ago, located several
hundred kilometers north from the Indus river at the foothills near the border
with Afghanistan [28]. These areas are nowadays semi-arid or desert. This loca-
tion suggests that at the time the rainfall there was regular and sufficient to sup-
port the development of big cities. The name “Indus valley civilization” can be
misleading because in its urban stage, before the 4.2 ky event, its large Neolithic
cities were located far from Indus, either in Baluchistan or around the Thar
desert (for example Mohenjo-Daro, Harappa, Dholavira).

Remnants of the earliest civilizations in China are also located mainly in
northern highlands: on the Loess Plateau and in today’s Inner Mongolia. The
Yangshao, Qijia, Laohushan and Longshan cultures thrived in areas that today
suffer from water shortages. This proves that regular and abundant precipitation
carried by the East Asian Monsoon reached almost one thousand kilometers
further north than today [29]-[34], although orbital forcing can explain only
about 120 km shift northward, comparing to today’s values. This could have
been caused by larger precipitation carried by Middle-Latitudes Westerlies
(MLW), especially during the colder semester. Thanks to slightly higher winter
precipitation resulting in an increased plant cover and a lower albedo during
spring and early summer, convection of air above these areas increased low-level
humid winds carried by summer monsoon. Types of cereals cultivated in north-
ern China and Inner Mongolia (millet) as well as in the Yangtze River valley
(rice) also suggest regular and abundant summer monsoon rain which favored
cultivation of these cereals. They are “short-day plants”, which means that they
grow best after days begin to shorten.

The processes of society forming and state development occurred indepen-
dently in Egypt, the Fertile Crescent, Indus valley and northern China. However,
before the 4.2 ky event Neolithic city-states were relatively loosely organized and
their agriculture relied rather on water stored in soil during winter rainy season
or on summer rainfall than on irrigation canals that were not frequently built yet
and primitive [35] [36] [37] [38]. Due to establishment of international trade,
Neolithic civilizations of Egypt, the Middle East and India communicated with
each other, as evidenced by a spread of wheat and barley all over these places as
well as similar pottery and tools. Wheat and barley seeds were found also in the
city of Sarazm (today’s western Tajikistan, on foothills of Pamir mountains) that
is considered a Neolithic center of metallurgy [39]. That time China was isolated
from other civilizations, as can be deduced from the type of cereals: millet and
rice were not found outside eastern Asia, also barley was not present in China
that time.

Another achievement of civilization was the invention of writing which, like the
domestication of cereals and animals, also proceeded independently in Egypt, the

Middle East, India and China. Reading these records provides information about
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life and events in the Neolith [40] [41].

The 4.2 ky event (The Great Drought)

About 4200 years ago the climate became colder and drier for about 200 years,
especially all along the Tropic of Cancer [42] [43]. Unlike the Younger Dryas or
the 8.2 ky event, its origin cannot be explained by an outflow of meltwater from
proglacial lakes because it was not followed by an elevation of sea level. Moreo-
ver, it was not accompanied by cold and dry conditions in Europe [44] which
means that the thermohaline deep water circulation in the northern Atlantic was
not disrupted. Drought and cooling resulted in simultaneous termination of the
Old Kingdom in Egypt, the Akkadian Empire, the urban Indus Valley Civiliza-
tion (the Harappan Civilization), Neolithic civilizations in China and a number
of smaller Neolithic civilizations.

The origin of the 4.2 ky event

Until now, no satisfactory explanation of the origin of the 4.2 ky event is pro-
posed. Some hypotheses were formulated but they are not widely accepted. For
example, a weaker solar irradiation and changes in oceanic circulation showing a
1500-year periodicity (Bond events) were analyzed [45] [46]. Although this hy-
pothesis has never been fully rejected [47] it is currently generally accepted that
smaller solar activity was not potent enough factor to trigger this event [48] [49].
No convincing data confirming a volcanic eruption [50] or planetoid impact are
available from that time. Therefore, the role of anthropogenic desertification is
increasingly analyzed [7] [8] [9] [10]. Probably several factors contributed to the
development of the 4.2 ky event, some of them may be unknown today. One of
the arguments for anthropogenic character of the Great Drought and against its
solar and/or volcanic origin is that it apparently occurred about 1 - 2 centuries
later in China [51] [52] than in the Middle East or northern India. The collapse
of Chinese civilizations can be explained by progressive strengthening of the
Asian High Pressure System (Siberian High) that develops in Asia during winter.
This resulted in smaller precipitation carried by the Middle-Latitudes Westerlies
(MLW). During winter, both stronger Siberian High that brings dry and cold
wind to China as well as weaker MLW caused aridification of Inner Mongolia
which increased albedo, cooled the climate there and subsequently resulted in a
decreased extent of the East Asian Monsoon during summer.

Except for symptoms of cold and dry weather during the 4.2 ky event, two
features were discovered that can be helpful to explain the origin of this disaster.
The first is a short episode of an elevated Sea Surface Temperature (SST) in the
western Indian Ocean that happened 4.2 ky ago despite global cooling [53] [54]
accompanied by a decreased upwelling off the shore of Somalia [55] which sug-
gests weakening of the Indian Summer Monsoon-driving wind. The second are
data obtained from a cave in Kyrgyzstan (Pamir mountains) which indicate that
a long-lasting dry period from 4700 to 3900 years ago was interrupted by a short
episode of increased precipitation around 4200 years ago [56].

It is difficult to explain weakening of the Indian Summer Monsoon when it
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coincides with a higher SST of the western Indian Ocean. Usually, the Indian
Summer Monsoon is stronger (brings heavier summer rainfall) when the SST of
the western Indian Ocean is higher because higher SST means that the Indian
Ocean Warm Pool (IOWP), the source of warm moisture for monsoons, is big-
ger. The surprising increase of SST in the western Indian Ocean accompanied by
weaker Indian Summer Monsoon-driving wind and dry conditions in India 4.2
ky ago cannot be explained by a change in solar radiative activity nor changes in
thermohaline circulation in the Atlantic Ocean. Moreover, data from temperate
climate areas do not confirm that [44] [57]. It is possible that the phenomenon
that inhibited the ISM that time is still waiting to be discovered. However, data
assessing precipitation evolution obtained from Pamir mountains showing a
long-lasting dry period from 4700 to 3900 years ago that was interrupted by a
short episode of increased precipitation around 4200 years ago allow putting a
following hypothesis.

It can be hypothesized that a multicentennial drought lasting for 800 years,
from 4700 to 3900 years ago, was caused by a massive deforestation, overgrazing
and appliance of deliberate wildfires in areas prone to desiccation. Practices
called “fire-stick farming” are applied by Australian Aborigines even recently
[58] [59]. Applied throughout the Northgrippian Stage the use of wildfires
probably added to desiccation of savanna in Sahara and accelerated its desertifi-
cation [9]. Also in the Middle East the use of deliberate wildfires in savanna and
steppe could have been responsible for an increased evaporation of water from
soil deprived of plant canopy which resulted in a progressive lowering of the
groundwater level. Another factor accelerating desiccation was the development
of goat and camel husbandry. These animals are rather browsers than grazers
which means that they feed on shrubs and trees rather than on grass. Overgraz-
ing added to destruction of bushes and trees by people and contributed to the
desertification of steppe and savanna. It can be hypothesized that a long-lasting
period of progressive drying as evidenced in a cave in Pamir reflects a mul-
ti-centennial large-scale persistent appliance of similar practices by a rapidly
growing human population.

The evidence of increased precipitation in the Pamir around 4200 years ago,
during the Great Drought in the Middle East, is surprising. Pamir is beyond the
reach of humid Indian Summer Monsoon and receives its precipitation entirely
from the Middle-Latitudes Westerlies (MLW). Since there was a drought west of
Pamir (in the Middle East), the only source of increased precipitation in the Pa-
mir at the time had to be increased evaporation in the Middle East. Therefore, to
find a relationship between the episode of sudden rise in Pamir mountains’ pre-
cipitation about 4.2 years ago and the development of the 4.2 ky event, reference
should be made to the chronicles written by the Sumerian scribes.

Tablets written with cuneiform script contain information about a gradual de-
cline of the Akkadian Empire which manifested, among others, in the loss of its

peripheral provinces. However, its final collapse is related to the war between the
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Akkadian Empire and the Gutians, people who came from Zagros mountains
who earlier conquered Elam (south-east of Akkad). In the “Lamentation over the
Destruction of Ur” (title given by its translator, Samuel Kramer) we read: “Enlil
(powerful Sumerian deity) brings Gibil (the God of fire) to his aid” or “in front
of the storms fire burnt” and “To the battling storms was joined the scorching
heat. [...] Fire burnt” while in the “Lamentation Over the Destruction of Sumer
and Ur” we learn about a series of unlucky alliances of Shu-turul, the last king of
Akkad, which finally led to invasion of nomadic tribes, the Gutians. Gutians
“laid waste to the [steppe] (and) whatever flourished in it, none could travel
there” [60].

Sumerians called themselves “black-headed” to distinguish themselves from
the invaders, therefore it can be hypothesized that the Gutians were blond hair
Indo-Europeans [61]. If so, they were probably horsemen as well, because horses
were domesticated in the Pontic steppe, where Indo-Europeans originated. The
first images of horses appeared in Sumer shortly before the 4.2 ky event [62], but
the first Sumerian picture of a horse-rider is dated at 2050 BC, the last year of
Gutian occupation [63]. It is highly likely that putting on fire was a method of
destruction which was probably the dominant tactics applied during this war,
especially by the Gutians. Cuneiform script tablets do not describe great battles
during this invasion, they depict only destruction. Vast areas of the Akkadian
Empire and adjacent land were destroyed, possibly by fire. Land deprived of
protective plants was losing moisture rapidly. During several years of this war
the groundwater level dropped, as evidenced by disappearance of some rivers
(“in the rivers of my city dust has gathered [...] in their midst no sparkling wa-
ters flow”) [60]. As the wildfires are easiest to set at the end of dry summer, in
autumn soil covered with charcoal was easier warming up, excessively evaporat-
ing water that was subsequently carried to the east by the Middle-Latitudes
Westerlies (MLW). According to the chronicles, the Gutians’ invasion and
occupation lasted 34 years and finished in year 2050 BC when they were defeated
by Sumerians and a new Sumerian dynasty was established.

It can be hypothesized that water that evaporated from the Middle East during
that war was carried by Middle-Latitudes Westerlies eastward, and subsequently
caused an increased snowfall in mountains surrounding the western Tibet
around 4.2 ky ago, recorded as an episode of increased precipitation in the mid-
dle of a long-lasting dry period, as evidenced from a drip-stone in Pamir moun-
tains [56] [Figure 2]. This increased precipitation resulted in a rapid growth of
snow cover and glaciers in mountains surrounding the western Tibet (Pamir,
Hindukush and the Himalayas) which lasted for several decades. This snow cov-
er did not last long enough to create significant glacier moraines but lasted long
enough to decrease the albedo of these mountains and cause a potent cell of high
air pressure over them. This high-pressure cell enlarged the extent of the Sibe-
rian High during winter, increased the strength of the winter monsoon in India
and contributed to the development of dry and cold conditions in the Deccan

Peninsula, lasting for almost two centuries [Figure 3]. The cell of a high air
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Great Whirl

Figure 2. The origin of the 4.2 ky event. Multidecadal war and wildfires in the Middle
East caused a multidecadal snow cover in mountains around western part of Tibet.
Curved arrow shows the direction of transport of moisture by MLW. Straight arrows
show the strength and prevalent direction of monsoon-driving winds.

Figure 3. The Great Drought during winter. An extremely strong Indian Winter Mon-
soon caused cold and dry conditions in the Horn of Africa, as well as drought in Deccan
Peninsula. It also reversed the Great Whirl east off the coast of Somalia. Straight arrows
show the strength and prevalent direction of monsoon-driving winds. H-high pressure
area.

pressure over Pamir and the Himalayas became an obstacle for the MLW that
provide annual precipitation to western part of Tibetan Plateau, therefore the
lake level there was extremely low at the time [64]. It can be further hypothe-
sized that this snow cover, due to a potent cell of high air pressure over it, sup-
pressed the Indian Summer Monsoon-driving wind which resulted in a smaller

summer precipitation in the Indian subcontinent. Due to weaker wind driving
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the Indian Summer Monsoon (as evidenced by a decreased upwelling off the
Somalian shore [55]), the Sea Surface Temperature (SST) in the western Indian
Ocean increased that time [53] [54] [Figure 4].

The description of Gutian invasion was probably the first such extensive de-
scription of Indo-Europeans, whose main contribution to the development of
civilization in the Neolith was domestication of horses. As Gutians, unlike Ak-
kadians, were probably not commonly equipped with bronze swards and armor,
horses and fire were their main weapon. The Gutian invasion of the Middle East
started probably several decades before they conquered Akkad, with invasion on
the Iranian Plateau and Elam. This corresponds well with the onset of the 4.2 ky
event. After Gutian invasions, during the next centuries horses had spread out
all over Eurasia which influenced methods of transportation and waging wars
[65].

The Great Drought in China occurred at least 100 years later and probably
had bigger impact on the development of civilization than anywhere else. Bam-
boo Annals and scientific research show that the first system of irrigation canals
that aimed to distribute the summer floods’ water was built around 4100 years
ago, after inhabitants have moved from drying highlands into alluvial plains in
the Yellow River delta [51]. Construction of this canal system is accredited to the
founder of the first Chinese dynasty. Building canals enabled humans to exploit
agriculturally Huang-he plains that previously had been unhospitable marshes.
This was coincident with a drought that forced people to leave their highland
headquarters. Both northern highland civilizations based on the cultivation of
millet and southern civilizations based on cultivation of rice collapsed at about
the same time, that is about 4000 years ago. It is believed that the cause of the fall

of northern Chinese civilizations were alternating droughts and floods [66] as

Figure 4. The Great Drought during summer. Note weaker low air pressure area which
causes weaker Indian Summer Monsoon. Straight arrows show the strength and prevalent
direction of monsoon-driving winds. L: low pressure area.
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well as cooling of the climate while the cause of the collapse of southern civiliza-
tions were unpredictable and violent floods [67]. This reflects the decrease in the
coverage area of the East Asian Monsoon in northern China and shifting its
main vector to the south, to the basin of the Yangtze River which could have
been caused by stronger Siberian High.

Assuming that the boreal East African Monsoon (bEAM) and the Indian
Summer Monsoon (ISM) compete with each other for heat and moisture stored
during spring in the Indian Ocean Warm Pool, the increased SST of the western
Indian Ocean during the 4.2 ky event combined with weaker ISM should be ac-
companied with stronger summer boreal East African Monsoon (bEAM) and
stronger spring and autumn precipitation related to Walker circulation. None-
theless, eastern Africa experienced an extreme drought that time, as evidenced
by low level of equatorial lakes [68], decrease in the Kilimanjaro glacier extent
and extremely large amount of dust deposit in this glacier [69]. This can be ex-
plained by the hypothesis that the extremely strong Indian Winter Monsoon
combined with the extremely weak Indian Summer Monsoon caused reverse ro-
tation of the Great Whirl located east from the Horn of Africa that normally ro-
tates clockwise. This potent gyre acts as a flywheel that supports the develop-
ment of boreal summer monsoons originating in the western Indian Ocean.
Hypothetical anti-clockwise rotation of this gyre during the 4.2 ky event could
have caused further weakening of the ISM as well as bEAM and especially wea-
kening of the Walker circulation, therefore spring and autumn precipitation in
equatorial East Africa was sparse that time. Additionally, winds driven by an ex-
tremely potent Siberian High could have reached as far south as to modern-day
Kenya, bringing dust from the Arabian Peninsula and the Horn of Africa

[Figure 3, Figure 5]. Despite extremely dry conditions in eastern Africa that time

s African Monsoon
o o o oo Secondary condensation rainfall
e MLW

bEAM

akAM

Walker circulation

Figure 5. Monsoons and plant canopy in Africa before aridification of Sahara and during
4.2 ky event. Within only 700 years Sahara became a desert. Also monsoons in the north-
ern hemisphere’s Africa became permanently weaker. This time span coincided with the
Neolith in Africa and the Middle East.
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(dust in Kilimanjaro), the Nile outflow during the 4.2 ky event remained rela-
tively stable because since about 5.3 ky ago a significant part of precipitation in
the Blue Nile sources (Ethiopian Highlands) originated from Congo river basin,
not from the boreal East African Monsoon [70], as a secondary condensation
rainfall. Due to weaker Walker circulation at the time, precipitation around
equatorial Great Lakes in Africa diminished, therefore the White Nile (originat-
ing in Lake Victoria, with its peak outflow in spring and autumn) became small-
er than the Blue Nile (originating in Ethiopian Highlands, with a peak outflow in
summer). This resulted in shortening of the flooding period in Egypt, contri-
buted to the collapse of the Old Kingdom and forced Egyptians to build canals to
irrigate fields between floods [Figure 5].

Drought in the Middle East and in India resulted in a higher albedo of these
areas. Also increased permanent snow cover in mountains adjacent to Tibet was
responsible for increased albedo. Assuming that albedo increased by 20% in the
area of about 5 million km?, it greatly influenced the amount of absorbed solar
radiation in these areas. Although they comprise only about 1% of the total
Earth’s surface, they are located relatively close to the Equator, therefore they
comprise about 2% of the Earth’s shadow area. If we add to this a prolonged
snow cover at high latitudes and dry conditions in eastern Africa, then we can
assume that the albedo of the entire planet has increased, for example, from 0.3
to 0.32. The absorbed solar radiation can be calculated according to the formula:

Equation 1 [15]:

Absorbed solar radiation = S, (1-a ) zr?

where $ is a solar constant (1367 Wm™), a is albedo and r is the Earth’s radius
(6,371,000 m). This decrease in absorbed solar radiation resulted in lower emis-
sion temperature of the Earth. Emission temperature of the Earth is calculated
according to the formula:

Equation 2 [15]:

where 7. is the emission temperature of the planet and o is the Stefan-Boltzmann
constant (5.67 x 107 W-m2.K™).

As can be calculated from the above formula, for albedo 0.3 the emission
temperature of the Earth (7) is about 255 K (-18°C) while for albedo 0.32 7. is
about 253 K (-20°C). If during the 4.2 ky event the emission temperature
dropped by about 2°C, also the actual temperature (which is about 33°C higher
than the emission temperature because of the greenhouse effect) dropped by
about 2°C. This explains cold and dry conditions all over the globe.

It must be emphasized that according to resent computerized climate simula-
tions the mean global temperature dropped by much less than that, by about

0.2°C [71]. However, these simulations did not take into account the changed
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albedo of the planet. By comparison to current global warming (by about 1°C in
about 100 years) which has not caused similar disaster, it seems unlikely that the
collapse of all Neolithic civilizations was a result of such minor drop in temper-
ature. Analyzing several factors (orbital forcing, glacial ice cover, carbon dioxide
concentration in the atmosphere, meltwater flux and combination of all of
aforementioned factors together) these authors came to the conclusion that the
global drought and cooling was present only in the northern hemisphere, espe-
cially all along the Tropic of Cancer and that it was caused by “internal variabil-
ity” [71] [72] which means that it was caused by accidental coexistence of several
meteorological phenomena (like combination of stronger Azorean High and
Icelandic Low air pressure systems). However, the latter could be a result not a
cause of the 4.2 ky event because this combination did not lead to stronger
MLW, as it usually does. Therefore another explanation of the origin of the 4.2
ky event could be proposed: a development of a multidecadal high pressure area
over the core of Asia which inhibited MLW and subsequently hold back both
Azorean High and Icelandic Low over the Northern Atlantic. Staying of Azorean
High and Icelandic Low over the Northern Atlantic made them stronger than
usual. Prolonged stronger Azorean High coincides with drought around the Me-
diterranean Sea and in the Middle East [73] which probably happened also 4.2
thousand years ago.

The global cooling caused a series of disasters. Data from the studies assessing
the Nile outflow confirm a decreased discharge of the Nile that time, especially
lower White Nile runoff which reflects weaker Walker circulation [74]. The cold
and dry climate in Egypt was probably also influenced by decreased winter rain-
fall (weaker MLW) resulting from strong Siberian High and/or a global cooling
of the climate caused by increased albedo of the entire planet. During the 4.2 ky
event, the global temperature dropped and climate became dry all over the globe,
including both Americas, as documented for example from glaciers in the Andes
[75] and a low level of lakes in the North America [76].

Even bigger mystery than the cause of the 4.2 ky event is the reason why it had
terminated. Especially because prolonged cold conditions in the core of Asia
caused permafrost to grow, as documented by a prolonged decrease in air tem-
perature from about 4000 to 2600 years ago in the Altai mountains [77]. What-
ever was the cause, the retreat of the Siberian High, at least partially, returned
winter precipitation in the Middle East but not in the northern India and north-
ern China. By the end of the Great Drought, summer heating melted the multi-
decadal snow cover in mountains around Tibet and a high air pressure cell over
them disappeared. This allowed the ISM to return which provided abundant
rainfall to the central and southern India. The revived plant canopy in Deccan
decreased albedo there and raised the local and global temperature almost to
values observed before the 4.2 ky event.

The Meghalayan Stage (4.2 kiloyears ago until present)

The history of the Mankind during the Meghalayan Stage is a history of a
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struggle against slowly but progressively deteriorating conditions for agriculture
and living. The 4.2 ky event became a challenge and a stimulus to societies which
they fought successfully thanks to a better organization of states and technologi-
cal progress. In Egypt, the establishment of the Middle Kingdom by Theban
pharaohs was simultaneous with a mass construction of irrigation canals in the
Nile valley and in the Nile delta [78] [79]. In Mesopotamia, after people aban-
doned Neolithic cities in highlands, new cities were built either on plains or on
banks of big rivers. Irrigation canals allowed to exploit snowmelt water flowing
from Zagros Mountains and harvesting twice a year became possible [80] which
supported a further growth of the civilization. Development of states also gave
impulse to the establishing of a legal system [81] [82], to defend order and peace.

In northern India, where an early Harappan civilization flourished before the
4.2 ky event, people abandoned Neolithic big cities located in foothills north
from Indus river and the late Harappan civilization settlements were built either
on the banks of Indus river or in Punjab, where the Indian Summer Monsoon
delivered sufficient precipitation [83] [84] [85]. However, the late Indus civiliza-
tion was characterized by a number of small towns and villages instead of big ci-
ties [86] [87] [88] which proves a decline in organization. This made the Indus
valley civilization susceptible to Indo-European infiltration and subsequent do-
mination.

The first canals built in the Huang-he delta aimed rather to distribute the
excess of water during severe floods than to irrigate fields during dry periods.
However, during the Meghalayan Stage, the extent of summer monsoon in
northern part of China has been progressively decreasing, therefore today these
canals aim to provide drying fields with water. The shortage of water forces the
contemporary Chinese government to draw expensive plans for redirecting riv-
ers from the Yangtze basin into the Huang-he basin [89].

In the beginning of the Meghalayan Stage, thanks to the development of states
harvesting twice a year became a regular practice. Large states, through their
military and legal systems, ensured peace and safe trade that helped to wide-
spread production of bronze tools. The Bronze Age developed all over the Old
World. Almost concomitantly people learned to produce iron tools, and this skill
had spread from Europe and the Middle East to Egypt, India and China within
the next millennium. The lesson how people coped with deteriorating conditions
after the Great Drought allows to conclude that periods of less favorable condi-
tions for living have been the strongest impulse for the development of civiliza-

tion.

4. Discussion

It is now commonly accepted that the current global warming is caused by hu-
mans, namely by anthropogenic emission of greenhouse gases, especially carbon
dioxide. It is justifiably considered to be one of the biggest threats for life on the

planet and human civilization. However, humans probably have been changing
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the climate locally and even globally since millennia. The development of agri-
culture and animal husbandry has been increasing the albedo of the planet pro-
gressively. The cooling of the climate since the Neolithic Revolution which lasted
until the onset of the Industrial Revolution corresponds better with the growth
of human population than with any other factor. It is possible that the current
global warming only balances the global cooling caused by our predecessors.
However, there is a huge difference between the current Earth and the Earth
during the Holocene Climatic Optimum. Today our planet is greatly deprived of
plant canopy, fertile soils and peat bogs which were so common during most of
the Holocene. The current progressive deforestation in Brazil and Indonesia
further adds to this process. The hypothesis presented in this paper suggesting
that the 4.2 ky event was caused by humans deserves attention not only because
the origin of this event is still not explained. If it is confirmed in further field in-
vestigations (for example in an analysis of drip stones from caves in mountains
surrounding western part of Tibet) and computerized simulations, it can be a
lesson how people can change the course of monsoons and MLW. This know-
ledge could teach us how to direct water to desiccating areas. This might even
help us to use the current global warming as a tool to restore conditions resem-
bling the Holocene Climatic Optimum. If this would be achieved, the global
warming would be curbed. It seems that the most efficient and the safest method
to limit the negative consequences of the current global warming will be inviting
the plant canopy to fight the elevated concentration of carbon dioxide in the at-
mosphere. Flush vegetation would not only assimilate the carbon dioxide from
the atmosphere but it would also decrease albedo of the planet and fix the global
temperature on higher level than the temperature observed before the onset of

the Industrial Revolution.

5. Conclusion

Humans have been changing the global climate since the Neolith. Because of
their impact on the Earth’s climate, the mean global temperature was decreasing.
This was because the development of agriculture and animal husbandry has been
increasing albedo of the planet. The cooling was proceeding despite growing
CO, concentration in the atmosphere caused by a loss of carbon from soils, fo-
rests and peat bogs. It corresponded better with the size of human population
and their use of land for agriculture than with decreasing axial tilt of the
Earth’s orbit. It proves that before the Industrial Era, the cooling effect of in-
creasing albedo of the planet was stronger than the warming effect of growing
CO, atmospheric concentration. Since combustion of fossil fuels became a new
engine for development of civilization, the global temperature started growing.
A hypothesis is formulated that the severe drought and cooling which resulted
in termination of all Neolithic civilizations (4.2 ky event) were caused by human
activity, namely by a rapid desiccation of the Middle East caused by Gutian inva-

sions. It is hypothesized that water which evaporated from invaded countries
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was transported by Middle-Latitudes Westerlies and caused a multidecadal en-
largement of glaciers in mountains surrounding western Tibet. A potent cell of
high air pressure over these glaciers suppressed the Indian Summer Monsoon
and increased the Siberian High. Subsequently, all prevalent humid winds on the
Earth were affected for almost two centuries. This hypothesis was formulated
because until now no satisfactory explanation of the origin of the 4.2 ky event is
proposed. If this hypothesis is confirmed, it can serve as a lesson how people can
influence monsoons and other potent terrestrial humid winds. This knowledge
can be used in the future to direct water to central Asia and Sahara, to fight the

negative consequences of global warming.
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C—Celsius degrees

aEAM—austral East African Monsoon
AHP—African Humid Period
ASM—African Summer Monsoon
bEAM—Dboreal East African Monsoon
CO,—carbon dioxide

IOWP—Indian Ocean Warm Pool
ISM—Indian Summer Monsoon
ITCZ—Intertropical Convergence Zone
K—Kelvin degrees

ky—kiloyear (one thousand years)
MLW —Middle-Latitudes Westerlies
ppm—particles per million

SST—Sea Surface Temperature
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