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Abstract. Climate change is one of the global problems of modern times, and the increase in
the average annual temperature in our country over the past 100 years to 0.4-1.3 °C has affected
the structure and function of cultural ecosystems in the Absheron Peninsula. In order to study
the impact of climate change on the peninsula, dendrochronological and dendroclimatological
studies were conducted, forest assessments were analyzed. The study found that the increase in
carbon dioxide in forests due to climate change in the Greater and Lesser Caucasus has affected
the growth dynamics, phenology, growth, root system and productivity of plants. The increase in
CO: in the Greater Caucasus is due to the endemic, rare, endangered tree plants of Azerbaijan
Quercus castaneifolia C. A. Mey., Parrotia persica (DC.) C. A. Mey., Carpinus betulus L., Pinus
eldarica Medw., and others. manifests itself more in species. As a result of warming observed in
forests in the northern regions of the Greater Caucasus, an increase in the annual ring remnants of
young trees was observed in 2010-2020 compared to 1850. Rapid growth of plants was observed in
the early stages of plant growth in areas where the concentration of CO. in the atmosphere
increased. At the same time, it should be noted that the excessive increase in COz in forests caused
drought stress in July and August. Although climate change has affected the physiology and growth
of trees in the study, increasing ozone in the area balances it by resisting the positive effects of CO..

Annomayus. VI3MeHeHue Kiaumara sBIlseTcsl 0JIHOM U3 T00aIbHBIX MPOOIEM COBPEMEHHOCTH,
Y TIOBBIIIEHUE CPEIHEr0I0BOM TeMnepaTypsl B Haiell ctpaHe 3a nociennue 100 ner Ha 0,4-1,3 °C
CKa3aJloch Ha CTPYKType U (QYHKIMOHHPOBAHMM KYJIBTYPHBIX OSKOCHUCTEM AMNIIEPOHCKOTO
nostyoctpoBa. C 1eNbI0 U3YUYeHHs BIMSHUS U3MEHEHUS KJIMMaTa Ha M0JIyoCTPOBE ObUIN MPOBEIEHBI
JEHAPOXPOHOJIOTMYECKUE U JIEHIPOKIMMATOIOTMUECKUE UCCIIEIOBAaHNUs, TPOBEICH aHAIU3 JIECHBIX
OLICHOK. B Xoze uccnenoBaHusi yCTAaHOBJIEHO, YTO YBEIUYEHHUE COAEP)KAHMS YIJIEKUCIIOrO ra3a B
Jlecax BCJEACTBHE M3MEHEHUA KimMara Ha bonpmom m Manom KaBkasze MoOBIMsIIO HA TUHAMUKY
pocta, (PEeHOJOTHI0 pOCTa, KOPHEBYIO CUCTEMY M MPOAYKTUBHOCTh pacTeHui. YBenuuenue CO2 Ha
Bbonbmiom KaBkaze oka3bIBaeT BO3ACHCTBHE HA SHACMUYHBIE, PEAKHUE, HAXOIAIIMXCS MO yIpO30u
MCUE3HOBEHMs JIpeBEeCHbIe pacTeHus AzepOaiijkaHa M cKa3bIBaeTcs OOJIbIIIE BCErO Ha BHJAX:
Quercus castaneifolia C. A. Mey., Parrotia persica (DC.) C. A. Mey., Carpinus betulus L., Pinus
eldarica Medw., u mp. B pesynbraTe moTersieHus, HaOIIOAaeMOr0 B Ji€Cax CEBEPHBIX pailOHOB
bonbmoro Kagkasa, B 2010-2020 rr. mo cpaBHenuto ¢ 1850 r. Habmo1an0ch yBeInyeHHEe OCTaTKOB
TOJUYHBIX KOJICIl MOJIOJIBIX JIepeBheB. Ha paHHUX CTaausax pocTa pacTeHUl HaOmroaancs ObICTPBIN
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pocT pacTeHud B paiioHax, rae kouueHtpamus CO2 B aTtmocdepe moBbiieHa. B TO ke Bpems
clleyeT OTMETHUTh, YyTO upe3mepHoe yBenndyeHne COz B jiecax BBI3BAJIO 3aCyIUIMBBIA CTpecc B
HIOJIC W aBryCTe. XoTs H3MEHEHHE KiIMMaTa TOBJIWSJIO Ha (1)I/I3I/IOHOFI/IIO H pOCT ACPCBLECB B
WCCIIEIOBAHUM, YBEJIIMYEHUE COJCpPXKAHUSA O030Ha B OTOM pailOHE YpPaBHOBEIIMUBAET €ro,
MIPOTUBOACHUCTBYS MOJOKUTEIbHOMY Bo3zieicTBUI0 COx.

Keywords: climate, parks, tree rings, growth, carbon dioxide, Pinus eldarica, Quercus
castaneifolia.

Knrouesvle cnosa: xnuMar, napku, rogu4HbIe KOJIbIIa, POCT, YIVICKUCIIBIN Ta3, Pinus eldarica,
Quercus castaneifolia.

Introduction

The Earth’s climate is a complex, multi-component system that has undergone many changes
throughout history. One of the main reasons for the global variability in the atmosphere in the
twentieth century is the influence of anthropogenic factors in the environment. Assessing climate
change in ecosystems is one of the global challenges of our time, when it is not possible for humans
to influence climate change on Earth. It should be noted that cultural ecosystems cover the world's
largest surface carbon pool. The Absheron Peninsula is a large industrial city, where climate change
has affected vegetation. The peninsula, which has a dry subtropical climate, has been enriched by
vegetation over the past 20 years as a result of climate change, and now has characteristics similar
to the subtropical climate zone. Climate change is one of the most discussed topics in our country.
According to a recent assessment by the Intergovernmental Panel on Climate Change
(http://lwww.ipcc.ch/), the average global temperature has risen by 0.8-1.2 °C over the past
100 years. For this purpose, employees of the Laboratory of Dendrochronology of the Institute of
Dendrology of Azerbaijan NAS conducted dendrochronological studies to analyze the impact of
climate change on the vegetation of the Absheron Peninsula. The effect of climatic factors on
vegetation has been studied on a scientific basis. As a result of the research, it was found that the
last 20 years have seen an increase in carbon dioxide in the Absheron Peninsula as a result of
climate change, which has affected the growth dynamics, phenology, growth, root system,
productivity and physiology of plants [1-4].

Materials and methods

Pinus eldarica Medw., Quercus castaneifolia C. A. Mey. and others, widespread in the
cultural ecosystems of the Absheron Peninsula, were studied in the study. The study of the impact
of climate change on plant species has shown that the factors influencing the potential growth of
trees in the historical development of the species during these years have been different in different
years. For this purpose, samples were taken from plant specimens in the form of pens and discs.
Using SUUNTO and MAKITA devices, it was dried and transferred to laboratory conditions to
collect chronological data from samples 0.5-1.6 meters high, 4-5 mm in diameter and 10-50 cm
long.

Using TSAPwin and ARISTAN programs, the width of the annual rings was measured with a
binocular microscope to the nearest 0.01 mm, and registration coding was performed on the
samples. Information on changes in the rings of plants every 10 years was collected. The impact of
climate change on vegetation, data quality results and annual ring series were assessed by the
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Crossdating method according to the COFECHA program. Samples taken from the trunks of the
studied species along the radius were crosswise, false and missing rings were found.

Based on the annual rings of the samples, data on climate change in the past were calculated
graphically using Lintab 6 and Resistograph denrochronological equipment.

The Gleichlaigkeit (GLK) method was used to determine the similarity between the positive
(upper) and negative (lower) tendencies of the annual rings. Radial growth, the number of distance
intervals between the rings was determined. Based on the COFECHA program, the correlation
coefficient of the series was measured with 99% accuracy. When the correlation coefficient falls
below 0.3281, this threshold is considered a critical level. 3051C Plant Photosynthesis Meter
equipment was used to determine CO, air temperature and humidity in the cultural ecosystems of
the Absheron Peninsula [5].

The temperature and amount of precipitation in the country are given on the basis of statistical
data of the Statistical Committee of the Republic of Azerbaijan, the Ministry of Ecology and
Natural Resources.

Results and discussions

As a result of research conducted in the Absheron Peninsula, it was found that the impact of
anthropogenic factors has led to an increase in the thermal effect in the area, which has affected the
growth, phenology and dynamics of plants. The increase in temperature in the Absheron Peninsula
was caused by toxic wastes, transport pollutants and other anthropogenic factors discharged into the
environment from quarries, cement-gypsum plants, especially petrochemical enterprises located
around the peninsula [6].

The composition of the thermal effect of these anthropogenic and toxic wastes consists of
carbon, methane, nitric oxide, nitrogen 1 oxide and chlorine-fluorine gas compounds, which play an
important role in climate change on the peninsula. As a result, because of recent climate change in
Absheron, many new ornamental plants imported from the Mediterranean countries are adapting
more quickly to the climate of the peninsula. On the other hand, as a result of the privatization of
lands in the deserts of the peninsula, the demand for water for planting greenery has increased
significantly, and unusable areas have been restored. As a result, the climate of the Absheron
Peninsula changed from dry subtropical to weak subtropical. Because of increasing population
demand on the peninsula, a decrease in water in the Caspian Sea was observed on the peninsula. It
should be noted that in 2002-2020, as a result of climate change in the Absheron Peninsula, the
thermal effect increased, drought stress occurred in some areas, led to the degradation of natural
vegetation [7].

According to statistics provided by the Ministry of Ecology and Natural Resources, the
average annual temperature in the Absheron Peninsula in 2002 was 14.8 °C, while in 2020, the
temperature reached 15.7 °C, which reflects 1 °C rise. Maximum average monthly temperature was
27.3 °C, unchanged by years. The minimum temperature on the peninsula rose from 1.4 °C in 2002
to 6 °C in 2020.

During this period, temperature changes also affected the vegetation of the Absheron
Peninsula. Thus, as a result of monitoring and expeditions in the areas for the new publication of the
flora of Absheron, it was found that the temperature rise was observed mostly in the non-landscape
areas of Baku, and least in the Dendrological Park. This temperature increase is unevenly
distributed depending on the area.

Over the past 18 years, the maximum average monthly temperature on the peninsula (2006,
2012, 2014, 2018, 2020) was higher than the climatic norm, and the minimum average monthly
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temperature (2002, 2003, 2006, 2008, 2012) was observed in the following years. The average
multi-year temperature indicators for 2002—-2020 are given for the city (Table 1).

Table 1
THE AVERAGE MULTI-YEAR TEMPERATURE INDICATORS FOR 2002-2020 YEARS
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According to information provided by Ministry of Ecology and Natural Resources, as can be
seen from the table, the temperature in the Absheron Peninsula has partially changed since 2002—
2020.

In addition, the amount of precipitation on the peninsula for 2002-2020 was analyzed. Thus,
in the Absheron peninsula in 2002 it was 420.2 mm, in 2020 it was 310.3 mm. During these years,
the periods with the highest rainfall were observed in 2002, 2010, 2011, 2016, and the least in 2005,
2009, 2018, and 2019. The maximum average monthly precipitation was observed in 2002, 2011,
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2016, 2017, and the minimum precipitation was observed in 2004, 2006, 2007, 2010, 2015, 2016,
2017, 2019, 2020. The amount of precipitation on the peninsula was also analyzed, and the results
are given in Table 2.

The study analyzed the air quality of the peninsula for 2005-2020. The average annual NO-
concentration of nitrogen dioxide in the peninsula was 19 mcg/m? in 2005 and 56 mcg/m? in 2020
in Baku. The average annual concentration of sulfur dioxide (SO.) in cities was 50 mcg/m? in 2005
and 28 mcg/m? in 2020. The average annual concentration of carbon monoxide (CO) in cities was
higher in 2015, 2017, 2018, and 2019. As a result of the study, it was found that the number of
moisture-loving plants in the Absheron Peninsula has decreased over the past 18 years due to rising
temperatures, and the number of windy days, changing the boundaries of landscapes, lowering the
boundaries of humid zones and partially changing the boundaries of thermal zones (eco.gov.az).

Table 2
THE AMOUNT OF PRECIPITATION MM ACCORDING TO THE INFORMATION PROVIDED
BY MINISTRY OF ECOLOGY AND NATURAL RESOURCES
(date of last update: June 4, 2021, in the city of Baku
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This has affected the vegetation of Absheron, as well as the introduction and acclimatization
of plants, growth dynamics and productivity, public health, tourism and resort recreation. Thus, as a
result of climate change on the peninsula, in some areas of the peninsula, on the contrary, the
sensitivity of the temperature reaction has led to their weakening, reduced growth and degradation
of areas. However, although climate change has affected the physiology and growth of trees in
parks and gardens in the area, the increase in ozone in the area has counteracted and balanced the
positive effects of CO». In some highlands of the peninsula, such as Yasamal and Saray, excessive
CO2 levels are associated with the onset of drought. In addition, in drought areas, for example,
around the airport highway, in Garadagh, Gobustan, on the roadsides, the increase in temperature
has led to water shortages and stress. As a result of these anthropogenic factors, an increase in CO>
levels and nitrogen (N) precipitation was observed in some areas of the Absheron Peninsula.
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As a result of climate change, new taxa, diversity, shape variability, phytocenoses (formation,
association, macro and micro groupings, biotypes), new distribution areas enriching the flora and
vegetation of Absheron were discovered.

Physalis peruviana L., P. angulata L. are new to the flora of Azerbaijan. Azollaceae family,
Azolla L. genus, Azolla caroliniana species is new for the whole Caucasus. Their new distribution
areas have been discovered in the wetlands around Siyazan and Sumgayit. Silybum marianum f.
alba species was discovered for the first time in Absheron Peninsula for Caucasian flora. Such
findings include changes in the shape of the Celosia genus of the Amaranthaceae family. The flora
of plants in these ecosystems is currently dominated by xerophytes, xeromesophytes,
mesoxerophytes, halophytes, psammophytes. Mesophyte, hydrophytic plants have decreased in
number. As a result of recent research, 2821 higher spore, bare-seeded and flowering plant species
belonging to 5 phyla, 61 class, 4 order, 193 family, 983 genera were found in Absheron flora, which
is evidence of 30% increase in species richness compared to 2002.

Figure 1. The mechanism of influence of climate change on the dynamic development of the species
Pinus eldarica Medw.

In recent years, as a result of climate change in the flora of Absheron: trees, shrubs, shrubs,
semi-shrubs, semi-shrubs, lianas, perennial grasses with geophytes, annual, annual-biennial grasses
are widely found. In recent years, we have conducted dendrochronological and
dendroclimatological research to study these and other problems caused by climate change on the
peninsula. During the last twenty years of research on the Azerbaijani pine species Pinus eldarica
on the Absheron Peninsula, it was found that the ring widths of the species have increased
significantly as a result of climate change. The mechanism of the impact of climate change on the
dynamic development of the species Pinus eldarica as a result of the increase in CO, from 1971 to
2018 is shown in the diagram below (Figure 2).

This is explained by the fact that the increase in CO2 observed in tree ring widths is due to an
increase in biomass. This is due to the rapid growth of plants due to the increase in CO;
concentrations in the atmosphere, and the accelerated growth has led to an increase in underground
root mass and cambium activity, which has led to changes in tree-ring width [7].

The small increase in temperature observed in the peninsula led to the process of
photosynthesis in these species [8], and the excess temperature led to an increase in density and
anomalous decrease in temperature sensitivity.
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Figure 2. Mechanism of influence of climate change on the dynamical development of the plant
species Quercus castaneifolia C. A. Mey. over the years

Atmospheric carbon dioxide also influenced the radial growth of plants in the Absheron
Peninsula. The overall change in the radial growth index was observed in approximately 61% of
both young and old trees. It was found that in 20102020, the annual ring remnants of young trees
developed more strongly than in 1900-1996. As a result, growth is well observed in the early
developmental stages of some tree species, and at the same developmental stage, more growth
reactions were found in the areas as a result of increased CO, concentrations in the atmosphere.
Dendrochronological analysis of tree samples taken from trees 25-30 m high on the peninsula
revealed that plant growth has been more intensive in the last decade [9-12].

This rapid growth on the peninsula indicates an unprecedented ecological change in recent
centuries. The increase in temperature observed in the areas was reflected both in the growth
interval and in the width of the ring. At the same time, the increase in temperature in some areas of
the peninsula has played an important role in the growth of species. The increase in CO2 in the
dendrological park is more evident in species Quercus castaneifolia C. A. Mey. in 1960, 1967,
1969, 1994, 2006, 2016, under the influence of climatic factors that led to poor development, and in
1964, 1970, 1979, 1985, 1987, 2000, 2002, 2012 to relatively high development dynamics
(Table 3).

Table 3
CONCENTRATIONS OF GASES IN CITIES

2005 2010 2015 2017 2018 2019 2020

Average annual concentration of nitrogen dioxide (NO.) in cities, mcg/m 3

Baku 19 90 60 60 70 70 56
Sumgayit 80 90 90 90 80 70 X
Average annual concentration of sulfur dioxide (SO ) in cities, mcg/m 3
Baku 50 14 14 26 32 33 28
Sumgayit 2 23 27 27 28 26 X
Average annual concentration of carbon monoxide (CO) in cities, mcg/m 3
Baku X X 2300 2000 2200 2300 X

As a result of research, it was found that the warming observed on the peninsula has a greater
impact on drought stress in the same areas, resulting in the drying of some plants in the area, the
spread of new species of pests. These pathogenic insects can result in mass destruction of trees. For
example, the recent spread of Eldar pine can cause the mass extinction of pinecones and tar cancer.
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In addition, a dendroclimatological study of oak species in the Dendrological Park found that
radial growth was limited by an increase in humidity in the spring. Growth is more common in
weak dry soils in spring and August-September.

In the study, increasing CO> concentrations and temperature rises on the peninsula have a
significant impact on tree growth. Tree ring analysis in different areas with reduced crop yields
found that although the effect of climate change on plant growth changed ring width in similar areas
for some time in different trees, then their ring width had completely different characteristics. It can
be concluded that the gases emitting heat from stationary sources into the country’s atmosphere in
the Republic affect the territories in different directions, creating global climate change [13].

Conclusion

Although climate change in the Absheron Peninsula has affected growth, temperature
sensitivity has led to an anomalous decline.

At the same time, the observed climate change had a positive effect on the reduction of solar
radiation in the areas and the process of photosynthesis.

Dendroclimatological analysis of older specimens on the peninsula compared favorable years
with unfavorable years for trees in the area, and the impact of climatic factors on plants on its
historical period and years was analyzed on a scientific basis based on wide and narrow ring
patterns.
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