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ABSTRACT

Thearticleprovidesaresearch analysisof climate changeinAzerbaijan based on scientific-historical and real hydrometeorol ogical
data. All the analyses made based on real data and uses stationary observations on meteorological network of Azerbaijan. The
meteorological network covers all mountain areas, with various attitudes. Climate change impacts on ariver flow were assess
making statistical analyses. The real results obtained based on long-term observations and scientific facts have theoretical and
practical significance and can be used in devel oping mitigation and adaptation measures.
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INTRODUCTION

Currently, global climate change anditsregional
impacts continueto shapethe sustai nabl e devel opment
worldwide. Irregular atmospheric processes caused by
climate changeleadsto shiftesin hydro-meteorol ogica
patternsandthecausenaurd hazardsincludinginduding
floods, hurricanes, droughts, highwinds, heavy rains,
forestfires.

At present, theeffectsof climatechangearecausing
great damagenot only toindividua countriesbut tothe
world economy asawhole. Over thepast few decades,
the number of natural disasters caused by
hydrometeorol ogical processesin different regionsof
the planet, the amount of damage they cause to the
economy of individua countriesiscongtantly increasing.
According to theWorld Meteorol ogica Organization,
80-85% of naturd disastersintheworld are caused by

Hydrometeorological observations orography; Oceans; Seas.

hydrometeorologica processes?.

Global climate change and its damage to the
population, biodiversty, agriculture, infrastructure, and
natural disasters are some of the biggest challenges
facing humanity. Modern climate change hasto be
addressed by theworld community, causing ocean and
searlevel fluctuations, desertification, increasing forest
fires, changing surface and groundwater regimes,
declining world snow and ice, freshwater resources,
and people’s lifestyle and health problems. puts issues.

The World Health Organization estimates that
climate change accountsfor 10% of al deathsamong
older peoplein Europe each year. Theresults of more
than 50 studiesin Western Europe show that the highest
mortality during the hot summer isamong theelderly
suffering from chronic diseases of the cardiovascul ar
system, respiratory system, diabetes, peoplelivingon
theupper floorsof buildingsandin cities. For example,
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according to various estimates, between 27,000 and
40,000 peoplediedinWestern and Central Europein
the summer of 2003, and about 15,000in Paris. The
hot August of 2019 killed an additiona 6,000 peoplein
Spainand upto 1,300in Lisbon

From thispoint of view, it isnot accidenta that the
problemsre aed to climate change haveaspecid place
ontheagendaat any high-leve internationd event. Along
with numerousexamplesof this, with the participation
of world governmentsand heads of state, international
organi zations, scientists, and experts, in recent years
onlyinParis(in2015, the21st Internationd Conference
on Climate Change in Paris with 196 countries
participating) the Paris Protocol isadopted to commit
totheuse of alternative energy sourcestokeepitat a
low leve) andtheinternationd eventsheldinMadridin
2020. All this shows that if there are two natura
problemsin theworld today that need to be addressed
inthefaceof civilization, oneisclimatechangeandthe
other isthe problem of freshwater supply. In general,
the problem of modern climate change must be solved
in asystem of facts, causes, possible scenarios, and
forecasts.

GLOBAL CLIMATE CHANGE -
CHRONICLE, CAUSES, CONSEQUENCES

It is known that changes in the Earth’s climate
system are of both natural and anthropogenic origin.
Evenin the absence of human civilization on Earth,
periodic changestook placeintheEarth’s climate 2426-
2460 million yearsago. Asaresult, periodsof glaciation
and warming in the history of the Earth have always
replaced each other. 17,000 years ago, dueto changes
inthe Earth’s axis and rotation around the Sun, as well
astheinfluence of physical processesonthe Sun, the
ice age stopped, ocean temperatures rose to 120 m,
ocean currents changed and the famous Holfstream
current wasrestored. At the end of theglacial period
10,000 years ago, a period of flooding occurred on
land, changing themap of theworld’s land and water
areas, creating several seas (Baltic), bays (Hudson),
lakes(NorthAmerica), theformation of floraand fauna
inwhat isnow the Sahara. has been®7.

Subsequent warming of the Earth’s atmosphere due

to natural factors has increased the process of
desertification on Earth. Severd divilizaionsaroundthe
M editerranean were destroyed by climate changein
1200 BC. Inthe 1940s, vol canic eruptionsincreased
around the world and the amount of precipitation
decreased. Duringthisperiod, thelevel of mgjor rivers
declined sharply, and eventhedeclineof theNile River
in Egypt led to famine and migration in Egyptian
avilization.

Ingenerd, climate change hasled tothedestruction
or formation of historical civilizations(for example, the
Roman Empire, the Egyptian civilization).
Pdl eoclimatol ogists have shown in the 6th century AD
(530-540AD) that strong climate change on the planet,
especidly thedecreasein average annud temperatures,
reduced productivity, and the underdevel opment of
forest cover. explained by the sharp increase in the
number of aerosolsin theatmosphereasaresult of the
eruption?,

A powerful Cdderavolcanoin Indonesiain 1257
caused theatmosphereto cool by increasing aerosols
in the atmosphere, causing a sharp declinein world
productivity and faminein England and Europe. Thisis
mogt evidentintheburnt cod of theforests intheidentity
of thechemica materia sinthemountain and continental
glaciers. It should be noted that in 1883, the Krakatau
volcano erupted again, lowering the average annual
temperaturein the atmosphere by 2-30C, destroying
30,000 people and 295 villages and settlements.

However, thereisample scientific evidence that
volcanic eruptions, the pol arization of theEarth’s poles,
the Earth’s imaginary axis, and periodic changes in
motion around the Sun cause periodic changesin the
Earth’s climate system as natural factors. At present,
modern dimate changeis synthesized by anthropogenic
factorsin additionto natural ones. Asaresult of such
effects, heat exchange and heat-energy balanceinthe
atmosphere-ocean system change. This, inturn, leads
to strong hurricanesover theAtlantic Ocean, which have
agreater impact on North and Central America, and
events such as EL-Ninyo and LA-Ninya, which are
characterized by positive and negative temperature
anomaliesinthe Pacific Ocean.

Asaresult, thereare changesin thedirection of hot
and cold currentsin the oceansand seas (for example,
therecent changesintheflow of the Gulfstream current,
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which plays a special role in shaping the European
climate?). Rising temperatures on the ocean surface
weregreater thanthousands of yearsago andled to an
increasein hurricanes during the sameperiod. Sotoday,
rising temperatures on the ocean and seasurfaceswill
leadto anincreasein such hurricanes. This, inturn, can
lead to abnormal atmospheric processesin any region
of the world, including strong hurricanes, floods,
desertification, forest fires, extremetemperatures, and
S0 on. causes such phenomenaas*?.

Globa warmingisleadingtoasharpdeciineinthe
snow and ice cover of the continental and land areas,
whichisconsdered thewhite cover of theworld, which
inturn leadsto overheating of theland surfaceand a
decreasein soil moisture and temperature. Thus, the
reduction of thewhite cover reducesthe refl ection of
incident direct solar radiation, converting it from the
returning beam to the absorbed beam. Rising
temperaturesand declining humidity in theearth’s crust
affect theoverdl productivity of forest cover and plants
by increasingtheir need for water. Research by scientists
showsthat rising temperaturesin theworld’s oceans
and seas reduce the amount of oxygen there, which
affectsthelivingworld of the oceansand seas. NASA
scientistshave compiled maps showing the depl etion of
oxygenintheworld’s oceans and seas.

According to the World Meteorological
Organization (WM O), the 20th century isthe hottest in
history, thefirst and second decades of the 21t century
arethe hottest in history, and the last 4 years (2015-
2019) have been the hottest. 20 of thelast 22 yearsin
theworld werethe hottest years, and the hottest period
inthelast 1500 yearswas 2016-2018. Inthe history of
Antarctica, arecord maximum temperature (+18.3°C)
was observed on February 6, 2020. Extreme
temperaturesaroundtheworld, historica highsandlows
areupdated dmogt every year. All thisonceagainreflects
theredlity of climate changeon our planet.

CLIMATE CHANGESINAZERBAIJAN

Climate changes cause negative effectsin various
sectors of theeconomy of Azerbaijan'? dueto natural
hazards caused by climatic patterng?. InAzerbajanthe
maximum, minimum, averagedaily, monthly, seasond,
etc. recorded during the periodsof higtoricd instrumental
meteorol ogical observation. new recordsare observed
intemperatureindicators. In 2018, whichisconsidered
one of the hottest years in the world, the historical
maximum temperature of + 43°C inthe country was
renewed and amounted to + 46.2°C.

Theaveragedaily maximum temperaturein Baku
in 1991-2019 was +0.8 °C higher thanin 1961-1990,
and the number of days when the maximum air
temperature was above 35°C was 81 days (1961-1990)
and 260 days (1991-2019) in Baku. The number of
days when temperatures below zero degrees were
observed in Khinaligin 1992 was 140 days, whilein
2010, one of the hottest years, it was only 38 days.
Similar anomaliesare observed in other temperature
indicators.

To conduct acomprehensive anaysisof climate
changeinAzerbaijan, datafrom 95 hydrologica gations
of 57 meteorologica stationslocatedindifferent regions
and at different heights of the country (30 of whichare
automatic meteorological stations) were used, and
comparative, Satistical methodswere usedinthestudy.
It should be noted that thetemperature and precipitation
data, which arethemain meteorologica parametersand
better characterize climate change, are based on a
comparaivedatistical andysisof the period after 1991,
with the cyclical base recommended by the World
Meteorological Organization (1961-1990)1°. To
determine the trend of change of temperature and
precipitationindicatorsinAzerbaijan, their andysswas
carried out intherangeof different heightsand different
territoria units. All of thesearegiveninTABLES, 2,
and 3, respectively.

TABLE 1: Compared tothemulti-year norm (1961-1990) of temperaturesat different altitudesin theterritory of Azer baijan

in 2007-2019 change°C

Elevation intervals, m

Ontheterritory

Periods <0 1-200 201-500 5011000 1000  O©f therepublic
Perennia norm 146 14.3 13.3 11.9 7.8 12.3
Medium multiplicity 2007-2019 154 15.4 14.5 12.7 9.1 13.3
Growth relative to the perennid norm +0.8 +1.1 +1.2 +0.8 +1.3 +1.0
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TABLE 2: Temperaturechangesin different regionsof Azer baijan in 2007-2019 compar ed to 1961-1990°C

. Regionlar on the
Periods Absheron- Lankaran- Greater Lessr Kura- Nakhchivan Republic
Gobustan Astara Caucasus Caucasus Araz AR
Norma 1961 -1990 145 12.9 10.7 9.2 14.3 124 123
Average perennial 2007- 2019 153 13.8 114 10.4 15.5 135 133
Growth relativeto the perennid norm +0.8 +09 +0.7 +1.2 +1.2 +1.1 +1.0

Ascan be seen from TABLE 1, the temperature
increaseinthe country compared to themulti-year norm
in the period 2007-2019 is +1.0 °C. The highest
increasein elevation intervalsfalsto atitudesover>
1000 m (+ 1.3°C). However, the highest annual
temperatureincreasefor the period 2007-2019 wasin
2010 (+ 1.3°C), 2012 (+ 1.3°C), 2014 (+ 1.3°C), 2015
(+1.5°C), Itfell to 2018 (+ 1.8°C) and 2019 (+ 1.5°C).
Ingenerd, 2018 hasgonedownin history asthe hottest
year intheworld during theentire observation period,
and thishasmanifested itself inAzerbaijanaswell. In
other words, the highest annua temperatureincreasein
the country (+ 1.8°C) and the historical maximum
temperature (+ 46.2°C) was observed in 2018. In
2007-2019, only in 2011, there was no increase in
temperaturein the country compared to the perennial
norm ((0°C).

As can be seen from TABLE 2, the highest
temperatureriseintheregionsisintheKura-Araz and
the Lesser Caucasus (+ 1.20C), and thelowest inthe
Greater Caucasus + 0.7°C. In 2018, a sharp
temperaturerisewasobservedinal regions. Thus, +
1.4°C in Absheron-Gobustan, + 1.7°C in Lankaran-
Astara, + 1.1°C in the Greater Caucasus, + 1.6°C in
theLesser Caucasus, 16.2°CintheKura-Araz, + 2.8°C
in Nakhchivan AR, and + 1.8°C in the republic has
been. Thisincreaseintheregionsreflectsitsregularity
for themulti-year period (2007-2019), respectively. In
the Nakhchivan region, whichischaracterized by its
hot continental climate, arecord temperatureincrease
of + 2.8°C was observed compared to the perennial
norm. Figure 1 showsthetrend of the average annual
temperature in the country for 2007-2019 and its
differencefrom themulti-year norm (1961-1990).

Figure1: Multiplecour sesof averageannual temper aturesand nor m (1961-1990) in Azer baijan.

TABLE 3: Digtribution of precipitation intheterritory of theRepublic of Azer baijan ontheinterval of different heightsabout

themulti-year norm, in mm

Years Elevations, m On theterritory

<0 1-200 201-500 501-1000 >1000 of therepublic
Norma 1961- 1990 334 327 478 534 639 476
Average perennial 2007-2019 364 332 404 631 630 466
Change relative to theperennial norm +30 +5 -74 +97 -9 -10
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As can be seen from TABLE 3, there is no
significant difference in the increase or decrease of
preci pitation in the country compared to the multi-year
norm. In 2007-2019, precipitation decreased by only
10 mm compared to thelong-term norm.

In the height intervals, the highest precipitation
increaseisobserved in therange of 501-1000 m (97
mm), and the decreaseisobserved intherange of 201-
500 m. Thehighest increasein precipitation (110 mm)
in the country compared to the long-term norm was
observed in 2016, and the largest decrease was
observedin 2017 (101 mm). Itisnoteworthy that inal
dtitudeintervasfor 2007-2019, precipitationincreased
or decreased compared to thenormin someyears, while
inthe 201-500 m dtitude range, only adecrease was

X. mm
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observedinadl years.

During theentireobservation period, themaximum
decreasein precipitation compared tothenormin 2013
(186 mm) and 2017 (260 mm) fallsonthisheight range
(201-500). Maximum precipitation increases were
recorded in 2011 in areasbelow <0 m (178 mm) and
in the same year in the height range of 501-1000 m
(288 mm). In 2011, asnoted, noincreasein temperature
wasrecorded inthecountry. Itisthisregularity that has
shownitself inthelargest increasein precipitationin
2011. In other words, the low temperaturesin 2011
and thecorresponding heavy rainfdl areregular. Figure
2 showsthemulti-year precipitation trend and multi-
year norm (1961-1990) in theterritory of Azerbaijan
for 2007-2019.

Figure2: Multiple cour sesof aver ageannual precipitation and nor m (1961-1990) in Azer baijan.

TABLE 4: Showsthe maximum temper aturesobserved in recent months (2017, 2018, 2019) dueto theimpact of regional
climatechangeintheterritory of Azerbaijanin 2017, 2018 and 2019.

a) 2017
Temperatur e indicator s I i v v o veE vl vl IX X XE Xl
Trmax, °C 20 22 26 30 36 40 42 43 41 31 23 20
Average monthly tem_perature change N ) + + + + + + + L4 +
relative to the perennial norm
b) 2018
Temperatur e indicator s I i v v o veE vl vl IX X XE XII
Trax, °C 16 20 28 29 37 42 46 42 37 3B 24 19
Average monthly temperature change + 4 + N + + + + + + 4 +

relative to the perennial norm

(ContinueTABLE 4)
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c) 2019
Temperatur eindicator s I i1 v v o veE vl VL IX X XI Xl
Trax, C 20 18 25 31 37 42 42 2 37 3R 24 21
Average monthly temperature change + 4 + N + + + ) + + 4 +

relative to the perennial norm

Note: + increase in temperature relative to the perennial climate norm; + increase in temperatures in some regions relative to the
perennial climate norm, in some there is a decrease; - decrease in temperatures relative to the perennial climate norm.

As can be seen from TABLE 4, dueto the regional
effects of climate change in Azerbaijan, anincreasein
average monthly temperaturesisobserved inmost months.

In2017, only in February therewasadecreasein
average monthly temperatures, in January, October and
November therewasan increasein someregionsand
adecreasein others.

Asthe hottest year in 2018, therewas an increase
intemperatureinal months, onlyinApril and December,
aongwithanincrease, adecreasewasobserved in some
regions.

In 2019, a decrease in average monthly
temperatures was observed only in August, and an
increase and decreasein April and December.

Regional climate change has also affected the
country’s river and water resources, regime, and annual
flow. Thus, a decrease in the maximum water
consumption (Qmax) wasobserved in theannual flow
of rivers(Clay) inmost countries.

Thereisanincreasemainly intheminimum currents
(Qmin) of thewinter solstice. Thisismainly duetothe
increase in mid-season temperatures in the winter
months, whichincreasethe melting of snow and water
resources during thewinter months, aswell asincrease
theflow of thedry season[4.8]. An exampleof thisis
thetrend chartsshowing all three processesat theKur-
Giragkesemen border checkpoint, thelargest riverin
thearea(Figure3)

Qnrm. - Qmm o
I Kir-Qiragkasaman 2ods Kiir-Qiragkasaman
400 -
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0 - 0
1970 1980 1990 2000 2010 2020 1970 1980 1S90 2000 2010 2020
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1500 -
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B T L] T L 1 ] L] 1
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Figure3: Dynamicsof change of aver age, minimum, maximum water consumption of rivers
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Globd climatechangeishaving agrester impact on
the cryosphere, primarily ontheworld’s snow cover,
leading to seriousdisruptionsin their morphological
sructureand adecreasein glacial masses. Thisprocess,
whichtakesplaceintheglaciersof theworld, isaso
observedinthemanglaciersof Azerbajan. Thisisdear
from both satellite photography and the results of
expedition research. In 1986-2016, the Shahdag glacier
area of Azerbaijan decreased by 0.17 km2, and the
Bazarduzu and Tufandag glacier areas decreased by
0.04 km2,

RESULTSAND DISCUSSIONS

1. Theaveragemulti-year temperatureincreaseinthe
territory of Azerbaijan for the period 2007-2019is
+ 1°C relative to the multi-year norm;

2. The maximum temperature increase occurs at
altitudes above> 1000 m (+ 1.3°C) and thelowest
at [JOm (+ 0.8°C);

3. Thehighest temperatureincreasein the country was
observed in 2018 (+ 1.8°C). During the entire
observation period, the historical maximum
temperature (+ 46.2°C) wasrecordedin 2018. In
the sameyear, thetemperaturerise at an dtitude
of> 1000 mwas + 2.30C;

4. Seasona changesintemperaturesincreasein most
seasonsexcept spring;

5. The highest temperature increase by regionsis
observed in Nakhchivan and Kura-Araz;

6. Althoughnosgnificant changeinthedigtribution of
precipitation was observed (therewas only a10
mm decrease compared to the multi-year norm),
both increase and decrease were observed in all
atitudeintervalsfor the period 2007-2019. The
maximum averageincreaseis97 mmintheheight
range of 501-1000 m, and the maximum decrease
is74 mmat the height of 201-500 m. However, in
the 201-500 m elevation range, only adecreasein
precipitationisobserved during 2007-2019;

7. 1n1961-1990, the number of daysexceeded 35°C
inBakuwasonly 92 days, whilein 1991-2019 the
number of such hot days was more than 3 times
280 days;

8. Thereisadecreaseinthemaximumand annud flow
of rivers during the turbulent and flood periods.

Original Research Article

Riverswith an average basin height of morethan>
1000 m have an opposite increase in the winter
flow period, which is dueto the increasein the
average winter temperaturesand the corresponding
roleof snowmelt water;

9. Duetotheregiond effectsof globd climatechange,
the area of Shahdag glacier, one of the high
mountain glaciersof Azerbaijan, decreased by 0.17
km?, and Bazarduzu and Tufandag glaciers
decreased by 0.0.4 km?,

CONCLUSION

If in the world at the present time there are two
natura problemsof oneof which areclimatechangeon
local and global scales, and other water problemsthat
annually increase the needs of the population. It is
known that thelast few decadesin different corners of
the planet, theimpact of climatic changes contributes
to the increase in the repetition of anomalous
hydrometeorological processesand natural disasters.
Andthisinevitably affectsthe popul ation, the economy,
as separate states, and on aglobal scale.

Thearticleteachesscientific-historical and modern
hydrometeorological observations, examines the
chronicle of the problems of climatic changesin the
world and their current regiona aspectsof influencein
Azerbaijan. For thispurpose, using themulti-year data
of dl existing hydrometeorol ogicd stationsand pogsin
Azerbaijan, the dynamics of changesintheregional
climateand itsimpact onriver flow have been studied.
Climatic changes were assessed in separate high
intervalsand in separateterritorial unitsby methods of
comparison and statistics.

We hopethat the obtained real results, based on
long-term meteorol ogica dataand red scientificandysis,
will haveatheoretica and practica scientificvaue.
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