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| would like to take the opportunity to extend a hearted welcometo all the attend-
ees of the Scientific Conference on Climate change in the Caspian Sea Region
held by the CASPCOM and the Tehran Convention interim Secretariat (TCIS).
Also, allow me to thank the organizers of this important Conference for having
brought us together in this platform to discuss one of the main current challenges
worldwide which is without doubt climate change. Climate change is a mgor
crisis of our time, and itsimpact is happening even faster than expected. Climate
change has taken unprecedent prominence today due to the sharp increase of glob-
al temperature in recent decade. Certainly, no corner of the globe is untouched by
the destructive consequences of this phenomena, and here the Caspian Seais no
exception. Climate change has caused a major threat to the ecosystem and bio-
diversity of the Caspian Sea. The Caspian Sea literally stayed affected by severe
climate change effects, including sea level variation, intensified floods, severe
droughts, reduction of biodiversity and aggravation of the desertification.

Thishave led to unavoidabl e socio-economic consequencesin these States. There-
fore, thereis an inevitable need for holding scientific and technical discussion on
different facets of this existing topic to come up with recommendation that will
led to the better protection of the Caspian Sea. In this connection, this Conference
intent to cover wider spectrum of topics including climate change in the Caspi-
an Sea, modeling and long-term prediction of sea level changes, climate change
Impacts on its ecosystem and biodiversity and also adaptation to climate change
in the Caspian Sea Region. | sincerely hope that this Conference along with the
25th session of the Coordination Committee of Hydrometeorology of the Caspian
Sea, which was held on the 25th of October, will be an effectively positive as-
set in tackling the high-priority problem of the Caspian Sea arising from climate
change. Moreover, | hope that this Conference will serve as a strong platform to
enhance the cooperation in technical and scientific fields. Thank you very much
for your active participation in this session and again | welcome you to this Con-
ference and look forward to your participation. Thank you.

Sahar Tajbakhsh
Conference Chair




27-28 October 2021

Dear participants of the Scientific Conference!

| am pleased and honored to address this Conference with an opening remark, on
behalf of the Secretariat of the Framework Convention for the Protection of the
Marine Environment of the Caspian Sea (which is called in short — the Tehran
Convention).

Pleased, because we have been discussing the idea of holding a scientific confer-
ence for the Caspian Searegion for quite some time, and today we seetherealiza-
tion of our ideas and ambition. Honored, because together with our co-organizing
partner CASPCOM we are helping to bring together the region’s knowledge on
the modern environmental challenges which affect livesin our current generation
and, what is more important, will affect lives of the generations of our children
and grandchildren.

Today, the Caspian region is known mainly for its hydrocarbon resources and the
Important transport routes connecting the East and West. At the same time, the
Caspian Seaishometo aunique cultural diversity of peoplesinhabiting its shores;
collection of endemic flora and fauna which enriches our global wildlife heritage;
and geoclimatic variety which demands its due place in the global repository of
scientific data and research.

We are convening in uneasy times, when COVID-19 continuesto claim lives and
challenge our socia and economic wellbeing. Just like the virus finds the weakest
spot in our body and attacks it the most, the pandemic has revealed the weakest
spotsin our economy, social set-up and outlook on the future. The economic crisis
triggered by the pandemic, results from many earlier decades of putting econom-
ic growth and exploitation of natural resources above the sustainability of those
resources and the health of our ecosystems. As aresult, the impacts of this plane-
tary-scale pandemic are severely conditioned by three planetary-scale crises. cli-
mate change; loss of biodiversity; and pollution and waste.

All three of these planetary crises are relevant for the Caspian Sea region, how-
ever the focus of this Conference is climate change. And thisis not by chance. In
just afew days, the 26th session of the Conference of the Parties (COP 26) to the
UNFCCC will start its work in Glasgow, UK. It is our hope that this Conference
will, among others, be perceived as an input of the Caspian Searegion to the glob-
al debate on the effects of climate change and ways forward.

We will hear many presentations and discussions during these two days about the
devastating effects of climate change and the ways of its mitigation and adapta-
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tion in the Caspian Searegion. S0, it isnot my place nor intention to dwell on the
technical side of the matter.

| would like to speak however about the opportunities | see in this Conference.

The knowledge that mankind has accumulated throughout its history alows us
to believe in our collective capacity to come out of a crisis building a better life,
stronger economy, more equal society, and a more resilient environment to over-
come the challenges we are yet to confront.

The Caspian Sea region is a vivid example of the wealth and care nature gives
us to cope with our daily needs and build a better future for our children. The
century-long industrial exploitation in the Caspian Seais of course responsible to
a large extent for the environmental degradation we face in the region today. At
the same time, the human potential that developed in the region over this period,
modern technologies and the understanding of long-term benefits of investing in
nature allow us to draw a bright picture for this region. A region actively promot-
ing its bleu economy, building its physical infrastructures on nature-based solu-
tions, and developing a climate resilient and sustainable society.

What we expect from this Conference is the synthesis of the existing scientific
knowledge on the impact of climate change in the region, which would help us
boost a true basin-wide cooperation on the Caspian and mobilize resources to
jointly combat the negative effects of clime change.

This Conference isthefirst in its kind in the Caspian region, asit amsto build a
firm scientific foundation for the basin-wide five-lateral cooperation of the Caspi-
an states on the climate change mitigation and adaptation.

The Tehran Convention was the first and for along time the only legally binding
agreement among the five sovereign states of the Caspian region. It was con-
cluded soon after the break-up of the Soviet Union, at the time of many existing
differences among the littoral states on the legal status of the Caspian and the en-
suing access to its natural resources. The fact that the five neighbor states found
political will to start building common governing frameworks from the environ-
mental cooperation shows the vital role of the environment for the development
and prosperity of the region.

Today, when thelegal statusof the Caspian isregulated by adedicated Convention,
and the hydrocarbon industry has put the Caspian region on the modern geopolit-
ical map of the world, more than ever we need to be concerned and conscientious

11




27-28 October 2021

about investing into the preservation and enrichment of the natural ecosystem of
the Caspian Sea to ensure sustainable and prosperous future for the region.

The Framework Convention and its Protocol s create mechanisms for engagement
among the parties. The will demonstrated by all Caspian states to work together
for a healthier and prosperous Caspian region is a driving engine towards achiev-
ing our common goals. The wealth of scientific knowledge and rich diversity of
people and cultures around the Caspian Sea is the key to success.

| wish this Conference successful and productive two days and thank you for your
attention!

Mahir Aliyev
Coordinator, Tehran Convention Interim Secretariat

12
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Dear ladies and gentiemen!

It isagreat honor for me to welcome the participants of the International Scien-
tific Conference on Climate Change in the Caspian Region on behalf of the Co-
ordinating Committee for Hydrometeorology of the Caspian Sea (CASPCOM).

Climate change is one of the most pressing global problems of our time. Taking
Into account the geographical location of the Caspian region, its vast territory and
remoteness from the ocean, these changes may be more noticeable.

L et me give you an example: for the period 1976-2020 the coefficient of the linear
trend of the average annual air temperature for the Globe was +0.18°C/ 10 years,
and for the Caspian region — (+ 0.460°C / 10 years).

Consideration of climatic conditions and assessment of their changes are neces-
sary to determine the potential consequences and take timely and adequate adap-
tation measures, ultimately, to ensure the sustainable development of the region.
That iswhy, at the 24th session of CASPCOM in 2019, it was decided to prepare
and hold aregional scientific conference dedicated to this issue.

Asfollows from the conference programme, the participants will discuss not only
climate changein the Caspian Searegion, but also the problems associated with it.

Thisis, first of al, the impact of climate on the change in the Caspian Sea level.
The effects of level fluctuations are most pronounced in the northeastern, shallow
part, which belongs to the territory of Kazakhstan. It is also necessary to discuss
equally important issues of the impact of climate change on the ecosystem and
biodiversity of the Caspian Sea, as well as the economic consequences of climate
change and adaptation measures.

We are confident that this conference, organized under the auspices of the Coor-
dinating Committee for Hydrometeorology of the Caspian Sea and the interim
Secretariat of the Framework Convention for the Protection of the Marine En-
vironment of the Caspian Sea, will become a significant international event and
once again emphasize that without attracting information from hydrometeoro-
logical services, many of the urgent tasks facing the world community cannot be
addressed.

The representative circle of the conference participants confirms once again the
importance of these studies for the conservation of the unique ecosystem of the
world's largest closed water body — the Caspian Sea. | wish you all successful and

13
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constructive work.

| am confident that the outcomes of the conference will be useful not only to the
governments of the Caspian littoral countries, but also to the world community for
making informed decisions on the problems of climate change and adaptation to
them in the Caspian region.

Thank you for your attention!

DanaraAlimbaeva
Director General of RSE the “Kazhydromet”

14
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Thank you for the invitation to provide a brief message from UNEP for this Sci-
entific Conference on Climate Change in the Caspian Searegion. It isaprivilege
to be amongst such an esteemed group of scientists for thisimportant conference.

My congratulations go to the organizers. the Coordinating Committee on Hydro-
meteorology and Pollution Monitoring of the Caspian Sea (CASPCOM) and the
Tehran Convention interim Secretariat (TCIS) through the Organizing Committee
consisting of representatives of the two organizations and of the five Caspian
States.

We have aready heard about the significance of this event in terms of the Cas-
pian Sea Region and the environmental issues faced. | am going to address my
remarks on science and the benefits of science informed policy, something that
UNEP has always and continues to promote and which we need to keep in sight
as we shift our focus from understanding the problems to effective and evidence
based solutions. More than ever we need to ensure the science of the issueswe are
dealing with are communicated effectively. That we address the climate change
challenges and mitigate and adapt to the effects in this sensitive region of the
world. UNEP is actively engaged in promoting early adoption of net zero with
accelerated action in the next 10 years. Indeed, we are asking all sectors and gov-
ernmentsto listen to the science and not to delay early action to enable atransition
to renewable futures and circular economies,

This Scientific Conference is afirst step towards more institutionally established
scientific collaboration in the Caspian Sea region and | wish you well in your
meeting and exchange of the science of the region.

Andrea Hinwood
UNEP Chief Scientist
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Thank you for the invitation the IPCC to address the participants of the Confer-
ence on the climate change in the Caspian Sea region.

AstheChair of the UN body for assessing the sciencerelated to the climate change,
| welcome the initiative of the Parties to the Tehran Convention and CASPCOM
to bring together the scientists from five riparian countries of the Caspian Seato
exchange knowledge and create a better understanding of the evolving climatic
conditions of the largest inland water body on Earth.

The Caspian Sea with its unique and isolated ecosystem, its abundant oil and gas
resources, and its long history of water level fluctuations deserves special atten-
tion in the science of assessing and addressing the impact of climate change.

We know that as the consequences of the global warming the shallow parts of this
closed water body risk to disappear, while coastal zones may losetheir viability as
engines of economic development and posts and feathers of endemic biodiversity.

Understanding how climate change may affect the living conditions and future
development potential of the region seems more urgent then ever in life of projec-
tions made by IPCC.

This Conference may compliment and enrich the work and understanding of the
climate risks and consequences pertaining to thisimportant area covered by IPCC
assessment.

May | encourage you to not only review but also build upon theimpressive amount
of scientific research brought to this Conference.

The IPCC will be happy to assess the science and recommendations presented to
and emerging from this Conference.

May | further encourage the organizers to sustain the network of scientists cre-
ated, facilitating also the IPCC to collaborate with and benefit from the science
community of the Caspian Sea region

| wish you a very successful Conference! Thank youl!

Hoesung Lee
IPCC Chair
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RECOMMENDATIONS

Participants of the International Scientific Conference “Climate Change in the
Caspian Sea Region”, held on October 27-28, 2021 under the auspices of the Co-
ordinating Committee for Hydrometeorology of the Caspian Sea and the Tehran
Convention interim Secretariat,

Taking into account the climate changes occurring in the Caspian Sea region and
expressed in:

 Increasein air temperature,

Decline in water flow of rivers,

Increased evaporation from the surface of water bodies in the sea basin,

Decrease in the sea level,

Changes of ice regime;

Recognizing the need to strengthen international cooperation between the Caspi-
an littoral statesin addressing climate variability and change;

Supporting the implementation of the Sustainable Development Goa (SDG) —
14: Conserve and sustainably use the oceans, seas and marine resources for sus-
tainable development;

Recognizing the growing need to study and address the interrelated implications
of urbanization and climate change related to sea level fluctuations, drought and
water scarcity to ensure long-term economically sustainable and environmentally
sound management of the Caspian Sea coastal zones;

Realizing that the Caspian Seais a unique body of water with many inherent fea-
tures; the most famous is the fluctuation of its level under the impact of changes
in natural and anthropogenic processes,

Recognizing the need to exchange operational and regime information on the
state of the environment to ensure the security and sustai nable devel opment of the
Caspian region in a changing climate;

Considering that the change in the interrel ations that make up the water balance,
especialy river runoff and evaporation, has the greatest impact on long-term sea
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level fluctuations;

Noting that under the impact of climate change, the life cycles and distribution
of unique endemic species of the Caspian Sea are atering, trophic networks will
be affected and the functioning of ecosystems will be disrupted, what in the worst
case will result in the extinction of many species,

Recommend:

Aimed at adequate assessment and development of a forecast of climate change
in the Caspian Searegion

1. To the Caspian littoral states:

To develop climate servicesin the region on the basis of the Global Framework
for Climate Services (GFCS), to facilitate the exchange of data on climate and
the state of the environment within the framework of WMO, CASPCOM, Teh-
ran Convention, and other interstate agreements;

To promote regular international complex field studies of the current state and
pollution of the marine environment and river deltas, state of biological com-
munities of the Caspian Sea, including the assessment of their dynamics under
the impact of climate changes,

To promote the exchange of information and results of scientific climate re-
search among scientists inside and outside the region, to form and maintain a
network of interested researchers.

2. To academia:

To contribute to the development and improvement of the quality of global and
regional climate models, including the study and modeling of paleoclimate and
individual climatic characteristics, modeling and forecasting of dangerous hy-
drometeorological phenomeng;

To facilitate the study of impact of hydrometeorological conditions and climate
changes in the Caspian region on the state of the marine environment, hydro-
physics, hydrogeology, hydrochemistry, hydrology of rivers flow into it, and
ecology of the sea,;

To develop remote monitoring methods and GIS applications for the study of
regional climate, hydrological and ice regime of the sea and their changes,
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 To continue research on long-term changes in the runoff of rivers flowing into
the Caspian Sea, including long-term periods of increased/decreased water con-
tent, aswell asflow of heat, sediment, chemicalsrunoff, and natural and anthro-
pogenic factors affecting them.

Aimed at increase the quality of monitoring, modeling and forecasting of the
Cagpian Sealeve

1. To the Caspian littoral states:

» To monitor changesin the main components of the water balance and hydrome-
teorological characteristics of the Caspian Sea within the framework of the in-
tergovernmental Agreement on Cooperation in the Field of Hydrometeorol ogy

of the Caspian Seg;

» To develop scientific co-operation in the region within the framework of thein-
tergovernmental Agreement on Cooperation in the Field of Scientific Research
in the Caspian Sea being devel oped;

» To promote regular updating of the General Catalogue of the Caspian Sea L ev-
el, Catalogues of water and air temperature, surface runoff into the Caspian Sea
and salinity, established under the auspices of CASPCOM to assess the dynam-
ics of these parameters under the impact of climate change;

» To develop monitoring networks, especialy on the east coast, in coastal and
open areas of the Caspian Sea, aswell asto encourage shipownersto voluntarily
register hydrometeorological parameters in the open part of the Caspian Sea;

 To facilitate the exchange of hydrometeorological and prognostic information
to ensure safety at sea in accordance with the international obligations of the
Caspian littoral states and the agreements among them.

2. To academia

» To contribute to the study of impact of fluctuations in the Caspian Sealevel on
its ecological state and changes in morphometric characteristics;

» To develop remote sensing methods for the study of the sealevel regime;

* To develop a scientific project on the diagnosis and long-term forecast of
changes in the Caspian Sea level based on the new CMIP results from AR-6,
establishing a targeted scientific fund and combining the efforts of the national
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scientific foundations of the Caspian littoral countries,

» To develop a new generation of interactively linked regional models “atmo-
sphere—land surface —lake” to refine estimates of evaporation and obtain more
reliable forecasts.

Aimed at the conservation and protection of the ecosystem and biodiver sity of
the Caspian Sea

1. To the Caspian littoral states:

» To promote ecosystem-based management of biological resources of the Cas-
pian Sea as a strategic tool for marine planning to overcome the social and
economic consequences of climate change and sea level decline, the cumulative
human impact, and to strengthen efforts on the conservation and restoration of
the marine environment on the border between land and seg;

 To reduce, to the extent possible the anthropogenic load on marine and coastal
ecosystems, including the reduction of land-based and marine-based pollution,
overgrazing, cutting of shrub vegetation, discharge of collector and drainage
waters, construction of various structures,

 To ensure the protection of marine and coastal ecosystems, cessation of illegal
fishing, as well as support the exchange of experience and lessons learned on
their implementation in the Caspian region;

» To support the development and implementation of a regional projects on the
impact of climate change and adaptation to it on the marine environment and
coastal zones of the Caspian Sea under the auspices of the Tehran Convention
in close cooperation with international donor organizations (the Green Climate
Fund, Adaptation Fund and the GEF);

» To promote regional cooperation of the Caspian littoral countries aimed at the
conservation, reproduction, rational use and sustainable management of joint
biological resources of the Caspian Sea, such as sturgeon, sprat and Caspian
sedls, for a better understanding and overcoming the consequences of global
warming and climate change in the Caspian Seg;

» Toestablisharegular (quarterly) meeting of the Working Group on Biodiversity
in the Caspian Region, possibly with the involvement of the Tehran Convention
interim Secretariat;
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* To implement the provisions of the Article 6 of the Part Il of the Ashgabat
Protocol and, above all, provision (A): provide comprehensive inventories of
threatened species of flora and fauna; to develop the Caspian Red Book of the
Tehran Convention on the basis of the inventoriesfor its adoption at the Confer-
ence of the Contracting Parties;

» To carry out systematic monitoring of the natural flora, regular assessment of
the condition of rare species, reproduction in natural conditions and possibility
of cultivation in experimental sites,

» To take into account the assessment of environmental and climate risks in all
projects for the use of natural resources,

» To provide training for young researchers and to support existing researchers
with experience in taxonomy and biodiversity to provide agood scientific basis
for addressing the Caspian biodiversity crisis now and in the future by regional
scientists,

» Toraise public awareness of the local communities of the Caspian region about
how to protect the biodiversity of the Caspian Sea in the conditions of climate
change.

2. To academia:

 To strengthen collective effortsin the framework of regional cooperation among
the littoral countriesto carry out alarge meta-studies covering biodiversity, the
temporal and spatial scales of variability, modeling of ecosystems, as well as
standardization of future research (taxonomic groups, methods, time horizon,
scale, and so on);

 To contribute to the development of information systems on biodiversity of the
Caspian Seathrough the platform IOC/IODE/OBI S,

» Tojointly plan a Coasta Marine Ecological Classification Standard based on
the CMECS model for the countries of the Caspian basin to monitor changesin
sensitive and vulnerable habitats due to the likely harm from climate change,
taking into account the experience of Iranian Fisheries Science Research Insti-
tute (IFSRI);

» To use the seabed habitat maps developed with the support of the European
Marine Observations and Data Network (EM ODnet) to address gapsin research
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and knowledge about the current and future projected impacts of climate change
on the ecosystem and biodiversity and the Caspian Sea, as well as to make in-
formed decisions on climate change issues in the Caspian Sea region;

» To promote cooperation with the portal of the European Marine Observation
and Data Network (EMODnet) on seabed habitats in the field of comparison,
development and compilation of EUSeaMap in the Caspian Basin, including in
the development of alarge-scale map of the Caspian Sea habitats (EUSeaMap),
being developed for information monitoring of the impact of climate change on
the ecosystem and biodiversity of the Caspian Sea;

» To create a centralized library of detailed local maps of communities, bio-
cenoses, biotopes and habitats for the entire Caspian Sea, with the assistance of
the EMODnet portal on seabed habitats;

» To establish a catalogue of data on the Caspian basin biodiversity (including
wetlands), a catalogue of environmental data, that would facilitate centralized
access to data on biodiversity in the Caspian region, as well as the comparison
and aggregation of existing environmental aspects of ecological importance for
the Caspian Sea;

» To establish amodern and updated library of Caspian species, accessible to ev-
eryone, since the correct identification of speciesisthe basisfor environmental
and biodiversity monitoring;

» To support the study of impact of the new invasive species Beroe ovata, which
is anatural enemy of Mnemiopsis leidyi, on pelagic and benthic communities
and fish stocks in the changing environmental conditions of the Caspian Sea;

» To develop indicators of the climate change impact on the Caspian Sea biodi-
versity, which would summarize empirical data from monitoring programmes
for the analysis of relevant loads, conditions, impacts or measures related to
biodiversity;

» To develop regional models to assess the impact of climate change on the Cas-
pian Sea biodiversity, primarily the impact of sealevel changes.
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Aimed at the conservation of the unique population of the Caspian seal
1. To the Caspian littoral states:

» To give priority attention to the elimination of existing threats, in particular, to
reduce the mass mortality of sealsduring illegal fishing and the devel opment of
protected areas, as this will increase the resilience of the population to climatic
impacts;

» To promote the establishment of a network of protected areas of the Caspian
Sea, such as the Ramsar wetlands under the Tehran Convention, for the conser-
vation and restoration of the Caspian seal population, and to strengthen interna-
tiona co-operation;

* To exclude the Caspian seal from the Agreement on the Conservation and Ra-
tional Use of Aquatic Biological Resources of the Caspian Sea, which implies
commercia fishing of joint aquatic biological resources, which, according to
this document, currently includes the Caspian seal.

2. To academia:

 To study the adaptive responses of the Caspian seal to rapidly changing envi-
ronmental conditions to predict the future situation, given that global climate
warming and sea regression may adversely affect its numbers and distribution;

» To facilitate the modeling of the Caspian seal population to obtain quantitative
forecasts of the consequences for its demography under various scenarios and
of how climatic processes may interact with other anthropogenic stress factors,
such as the mortality of seals associated with fishing;

» To explorethe prospectsfor expanding alternative habitatsfor breeding, includ-
ing the establishment of artificial marine substrates for breeding and protected
areas on land.

Aimed at the conservation of the unique avifauna

1. To the Caspian littoral states:

» To ensure the maximum possible conservation of wetlands that provide a food
base for the resources of wetland birds and biodiversity;

» To facilitate the systematic development of Special Protected Areas (SPA) net-
work, including wetlands of international, regional and national importance;
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» Torestore degraded wetlands, river floodplains and rivers flowing into the Cas-
pian Seg;

 Toinitiate the establishment of an international working group of ornithologists
from the Caspian region countries to combine efforts to study the wintering of
waterfow! in the Caspian and the long-term dynamics of their numbers.

2. To academia:

» To continue accounting and monitoring of waterfowl with the involvement of
al countries of the region;

» To assess the contribution of climatic factors to the degradation of habitats of
waterbirds in the Caspian region;

» To prepare a collective monograph: “The dynamics of biodiversity (on the ex-
ample of waterbirds) against the background of climate change in the Caspian
region”.

Aimed at minimizing the adver se effects of and adaptation to the climate
changein the Caspian Searegion

1. To the Caspian littoral states:
» To develop national and regional climate change adaptation plans;

» To ensure close interaction of the hydrometeorol ogical services specialists, aca-
demic and departmental science and users of climate information in the sectors
of economic, nature use, socia sphere, including decision-makers, in the devel-
opment and implementation of all stages of the adaptation process,

» To strengthen transboundary co-operation within the framework of existing
agreements (CBD, Tehran Convention, Ramsar, CMS and other conventions,
AEWA, and funds, initiatives);

» To adopt at the regional level the Environmental Monitoring Programme based
on generally accepted goals and water quality standards and supported by a
well-devel oped network of marine observations, as a means and tool for policy
development and decision-making in relevant regional bodies, in particular at
the Conference of the Contracting Parties to the Tehran Convention and CA SP-
COM;
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* To include the impact of climate change on vulnerable ecosystems and bio-
diversity of the Caspian Sea region in international and national disaster risk
reduction plans and programmes such as Global Network of Civil Society Or-
ganisations for Disaster Reduction (GNDR);

 To promote the expansion of the network of protected areas and establishment
of new marine SPAS;

 To facilitate the strengthening of conservation measures and sustainable man-
agement of the nominated EBSA areas (ecologically and/or biologically signif-
icant areas) in the Caspian Seg;

» To promote the establishment of spatially dynamic protected areas taking into
account changes in important habitats due to climate change and sea level re-
gression;

» To develop appropriate coordinated measures and procedures to mitigate the
effects of fluctuations in the Caspian Sea level;

» Toassessvulnerability of coastal areasto theinstability of the Caspian Sealevel
to plan adequate adaptation, protective and restoration actions;

» To promotetheintegrated coastal zone management in the Caspian Seaasatool
for addressing increased environmental risks in the conditions of the Caspian
Sea level fluctuations on the basis of regional co-operation of the countries of
the region;

» To provide, within the framework of the implementation of the main provisions
of the Tehran Convention, work on maritime spatial planning —the devel opment
and implementation of the state and transboundary Marine Plans (as an exam-
ple, Directive 2014/89/EU “On establishing a framework for maritime spatial
planning” of July 23, 2014);

» Toensurethat oil and gas producersin the Caspian Searegion develop low-emis-
sion development strategies, using new and innovative measures and technol o-
giesto reduce emissions at all stages of the oil and gas production cycle, includ-
ing with the support of appropriate agreed legislation;

 To reduce dependence on fossil fuelsin the oil and gas producing regions of the
Caspian Sea and its coastal zones through coordinated research and operation
of suitable renewable energy sources and measures to adapt and introduce fully
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cost-effective industrial and domestic equipment;

» To strengthen regional and international co-operation of the Caspian littoral
countries, including the implementation of international projects, joint scientif-
ic research in the field of assessing the impact of the Caspian Sealevel fluctua-
tions on marine and coastal ecosystems, aswell as to mitigate the effects of sea
level fluctuations;

» Toraise awareness of the coastal population, starting from preschool age, about
the Caspian Sea, its wildlife, history, environmental conditions, challenges and
threats to the health of the sea and its coastal zones to develop a respectful atti-
tude towards nature, devel op household habits that do not harm the Caspian Sea
and its coast.

2. To academia:

» To conduct studies on the dependence of the efficiency of fishing and agricul-
ture on the hydrographs of the catchment basins of rivers flowing into the Cas-
pian Sea to ensure optimal regulation of their operation modes for sustainable
devel opment;

» To encourage the updating and introduction of new research and subjects into
the curricula of universities, to maximize the human potential in littoral states
to eliminate the economic, social and environmental consequences of climate
change; to thisend, an interstate academic exchange programme and a database
could be developed;

« To establish anetwork of concerned scientists and experts on various aspects of
biodiversity, hydrology and climatology of the Caspian Sea (a database of re-
gional experts under the auspices of the Tehran Convention interim Secretariat)
to participate in future regional projects.
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Scientific conference on climate change in the Caspian Sea region
(27 - 28 October 2021 online)

Prefaceto the Collection of the Conference on Section 1

Introductory Speech — Svetlana Dolgikh

The work of the first section of the Scientific Conference on Climate Change in
the Caspian Sea Region was devoted to the study of various aspects of the region's
climate and its changes.

In total, 11 reports were presented by representatives of all countries of the Cas-
pian region, the audience was about 50 participants.

According to WMO, 2020 was one of the three warmest years in the history of
observations — the global average temperature was approximately 14.9 °C, which
Is 1.2 °C higher than the pre-industrial (1850-1900) level. Thelast 10 and 5 years
have been the warmest in the entire history of observations. Asit has been shown
In many reports, the current climate of the Caspian region, as well as the global
one, is undergoing significant changes.

The main features of climate change in the region over the past 45 years are an
increase in surface air temperature and a multidirectional and, as arule, insignif-
icant change in precipitation quantity. Thus, the rate of change in the average an-
nual temperature and the temperature of the winter season is 0.4-0.6°C/10 years,
the temperature of the spring season increases by 0.4-0.7°C/10 years, the summer
season — by 0.5 -0.7°C/10 years, and in the autumn season — by 0.2-0.5°C/10
years. The range of changes in the amount of precipitation in the region in the
winter and autumn seasons and as awhole for the year isfrom -5 to + 5% over 10
years (percentage of the norm for 1961-1990), from -5% to + 10% in the spring
season. In the summer season, the amount of precipitation either does not change
or decreases, sometimes up to 15% over 10 years.

In addition to an increase in the average annual and seasonal temperatures, the
following most noticeable changes also occurred in the temperature regime of the
region:

* Increase in the number of dayswith temperatures above the 90th percentile, hot
days with air temperatures above 30 °C, the number and duration of heat waves;
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* Reduction in the number of days when the daily minimum air temperature
dropped below 0 °C and below -2 °C, what affects ice conditions on the Caspian
Sea surface;

* Increase in repeatability of so-called tropical nights, when night temperatures
do not drop below 20 °C, as a result of which the human body does not have
time to rest from the heat of the day;

* Increase in the duration of the growing season with an average daily tempera-
ture above 10 °C and the sum of temperatures for this period.

The effects of climate change are already noticeable.

In most parts of the region, an increase in aridity is noticeable. In some regions,
an increase in the number of days with heavy precipitation was recorded, what
evidancesthe intensification of convective processes, including dueto an increase
in the temperature of the sea surface and changes in the nature of atmospheric
circulation. Intense precipitation has already led to a number of problems, espe-
cialy in Baku, including flooding of streets and tunnels, and arise in the level of
groundwater. The level of the Caspian Sea has dropped significantly. The area of
the water surface of the sea decreased by 22.3 th. km?, mainly due to the shallow
northeastern part.

The water area of the Northern Caspian is characterized by the occurrence of
surges, especially November through March, and mainly with two types of circu-
lation — with the establishment of the Siberian anticyclone and with the invasion
of cyclones, when baric contrasts and, accordingly, the wind above the sea surface
increase.

The combined effect of climatic changes and anthropogenic factors on the hy-
drological regime of the Volga Delta is observed. The winter runoff of the river
has increased, the runoff in high water has decreased, the total duration of ice
phenomena and the duration of ice formation is decreasing. The change intheice
regime of the Volga Delta cannot but affect the ecological systems of the Delta.

According to the IPCC Sixth Assessment Report (IPCC ARG6), global warming of
1.5°Cand 2 °C will be exceeded in the 21st century, unless significant reductions
in carbon dioxide (CO,) and other greenhouse gas emissions would take place in
the coming decades.

Climate projections for a period of up to several decades indicate further signifi-
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cant warming in the near Caspian region. With an increase in global temperature
by 2 °C in accordance with the SSP5-8.5 scenario, the following changes in cli-
mate characteristics can be expected in the region:

* Increase in the average annual temperature by 2.5-3.5 °C, an increase in the
number of days with a maximum temperature above 35 °C by 5-37 days,

» Change in annual precipitation from minus 5 to plus 10%, precipitation in the
winter season — from minus 2 to plus 13%, while a decrease in precipitation in
the summer season is possible by 10-25%;

« With an increase in the level of warming, the intensity and frequency of heavy
precipitation will increase;

 Average surface wind speed has decreased (high degree of reliability) and will
continue to decline (medium degree of reliability);

» Seasonal snow cover duration will be further reduced by the mid-21st century
(high degree of reliability).

According to the reports presented at the section, an increase in the frequency of
dust storms due to dust from the exposed bottom of the Caspian Seaislikely inthe
region. The thickness of the seaice will decrease, and the likelihood of ice-free
conditions will increase. At the same time, there is a great uncertainty in the esti-
mates of the future runoff of the Volga River, which provide a significant inflow
of water into the Caspian Sea.

Evidences of the so-called climate event 4.2 observed in cores collected in the
Southern Caspian basin indicate that dramatic climate change may have caused
the collapse of many civilizations in the past. The unprecedented climate change
now being observed could also lead to significant social changesin many regions
of the globe, including the Caspian region.

As aresult of the work of the section, a number of recommendations were pro-
posed for the scientific community on the intensification of comprehensive stud-
ies of the Caspian region climate and the development of climate services in the
region based on the Global Framework for Climate Services (GFCS).
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Translated from Russian

Hydrochemistry and ecology of the aquatic environment of the Turkmen
coast of the Caspian Sea

M.A Atabaev, Ch.A. Kuliev
Seyitnazar Seydi Pedagogical Institute

e-mail: mrdntbw@gmail.com

Combating the global climate warming, protecting and improving the environ-
ment have become a global problem. The Caspian Sea environmental problems
are among it. Studies on the ecology of the hydrochemical composition of the
Caspian water environment stem from the constantly growing social, economic,
cultural and ecological role of the sea.

The Caspian Sea washes the western part of the territory of Turkmenistan. As a
result of the use of the sea stream near the Turkmen coast for the production of
salt, salt deposits were formed in the places of Guvlyduz and Garabogaz. Waste
from these industrial facilities has an impact on the water-salt balance of the Cas-
pian Sea.

On the basis of our research, changes in the hydrochemical composition of the
Caspian waters that occurred in the corresponding calendar quarters of the period
of 2016-2018 in such water points of the Turkmen coast as Garabogaz, Gyan-
li, Avaza, Turkmenbashi, Khazar, Esenguly were studied. In this study general
methods for analyzing the hydrochemical composition of the aguatic environment
were used. Based on the results obtained, the favorable levels of the mineral com-
position of the waters for the habitation of fish of the Turkmen Caspian coast are
characterized.

During the years of the research, the average salinity of the sea was observed as
13.8 ¢g/l. Thisindicator is gradually increasing towards the eastern direction and
reaches up to 14.1 g/l. In summer, the salinity level increases on the water sur-
face and in shallow coastal waters. A significant increase in the salinity level of
the Caspian water brings it closer to the Black Sea. This phenomenon creates a
danger of parasitesliving in the Black Sea entering the Caspian Sea (for example,
Ctenophora).

Under the influence of river waters invasion into the sea, the quantity of chloride
ions decreases. The amount of calcium (370 mg/l), carbonate (22 mg/l) and sul-
fate ions (3,500 mg/l) increases, while the amount of sodium + potassium (3,460
mg/l), magnesium (750 mg/l) and bicarbonate (210 mg/l) changes slightly. At the
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eastern coast of the Caspian Sea, the excess of chromium (1.9 micrograms/l), lead
(26.1 microgramg/l), arsenic ions (44 micrograms/l) compared with the average
level acrossthe seais observed, aswell as exceeding the accepted norms of calci-
um, sulfates and strontium (18.36 microgramg/|).

The geological location of the Caspian Seaon ahighly mineral “red” thermocline
leads to the invasion to the sea of salt flows water from the outside and compli-
cation of its hydrochemical composition. The consistent decrease in river flow
into the Caspian Sea due to global warming of the climate is the reason for the
decrease in the water level init. With a decrease in the level, the salinity of sea
waters increases, and the penetration of highly mineralized underground thermal
watersinto the seaincreases. Thissignificantly affects the ecology of the aquatic
environment, creates threats to biological communities, therefore, it must be tak-
en into account when devel oping measures for the conservation of the biodiversi-
ty of the Caspian Sea.
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Reconstruction climate change in the southeastern part of the Caspian Sea

H. Bagheri, K.D Bastami, A. Hamzepour
Iranian National Institute for Oceanography and Atmospheric Science (INIOAYS)
e-mail: bagheryl@gmail.com

Reconstruction of past climate change can provide us valuable information about
thetime, scale, and details of climate changes. For reconstruction of |late quaterna-
ry climatic conditions, various methods are used, paleomagnetism, pal eontology
etc. One of these methods is to use stable isotopes of carbon and oxygen, whichis
particularly valuable information on the temperature of the depositional environ-
ment, digenesis temperature, the temperature changes in different digenesis envi-
ronments, separating different areas with various content of carbonates. Consid-
ering the importance of Gorgan Bay from different aspects and the fact that many
studies have not been done in this region regarding long-term climate change, in
this research we have tried to use different data obtained from sedimentary cores
harvested from the southeastern part of the Caspian Sea (Gorgan Bay). Tempera-
ture changes and environmental conditions of the region in the late Quaternary to
be studied and reconstructed.

Gorgan Bay with an area of more than 400 km is located in the southeastern part
of the Caspian Sea (36°48'N, 53°35'E and 36°55'N, 54°03'E, 60 km %12 km,
maximum depth of 4 m). Gorgan Bay formed during the Holocene period by a
sandy spit which is named Miankaleh coastal barrier system. It is connected to
the Caspian Sea through the inlet of Ashoradeh-Bandar Torkaman (Chapaghli)
which islocated in the northeastern part of the Bay. Thisbay ismainly influenced
by processes that are operating within the basin. Water balance in the Gorgan Bay
Isinfluenced by freshwater inflow from a number of small rivers and streams, in-
cluding Gorgan-roud from the north and QarehSu from the east. These two rivers
drain runoffs from residential and agricultural areas into the bay.

In this for reconstruction of late Quaternary climatic conditions a sedimentary
core (N1) was collected from Gorgan Bay using a gravity corer. The core was
first examined for magnetic susceptibility (MS). After dlicing the core and sub-
sampling with certain distances, Laser particle size analyzer (Horbia LA-950)
was used for grain size analysis. Also, to specify total organic matter content
(TOM), loss of ignition method (L.O.l) was used. For these purposes, a portion
of each sample (about 3 gr) was placed inside a crucible and heated at 550 °C for
5 hours and after that the weighing percentage of the organic material was re-
ported. For measurement of carbonate content (CaCO,%), coarser grain particles
were manually removed and remaining sediments were placed in amuffle furnace
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(Excitation, EX.1200-12L) for 1 hour at 950°C. For “C dating, totally 3 organic
matter samples were sent to the Poznan Laboratory, Poland, the oxygen and car-
bon stable isotope analysis was carried out on the non-digenetic and negligible
digenetic benthic foraminifera (Ammonia Beccari) by mass spectrometer in the
Winsor Laboratory, Canada. Paleotempreture of the seawater estimated based on
080 values for seawater and its counterpart in aragonite.

Grain sizewas very variable—from sand to clay. N1 core consists of 39 sandy silt
facies, 28 silty facies, 9 silty sand facies, 9 facies of gravelly sandy mud, 3 facies
gravelly muddy sand and 1 facies gravelly sand. The maximum and minimum
of sand were abstained at 617 and 690 cm (80.27% and 0%), respectively, while
the highest content of silt and clay were at depth 138 and 416 cm (99.45% and
8.95%), respectively. The lowest amount of silt content was observed at 626 cm
(7.23%). The average of sand, silt and clay in this core was 25.13%, 72.52% and
1.56%, respectively.

Result of magnetic susceptibility showed a close relationship between particle
size distribution and MS magnitude due to variation in terrestria influx, which
Is caused by sea-level fluctuationsin different times. This process increases with
particle size and ranges of MS simultaneously with sea level fall and decreases
during sea-level rise.

The range of oxygen (6*¥0) and carbon isotope (6C) was between -4.22 to
-1.17%0 and 2.66 to -0.94%0 with a mean of 3.34 and -2.11 %o correspondingly.
According to the results of carbon dating (14C Dating), age of sediment in the
N1 achieved 22,070 cal. The rate of sedimentation in the cores varied from 0.57
to 3 mm. Reconstruction of paleotemperature with stable isotopes showed that
the maximum temperature recorded in the core was acquired at 144 and 686 cm
(27.4 and 27.1°C), and the minimum temperature was 450 cm (13.7°C). The
mean temperature in this core was 22.2°C. Based on the results of 14C age and
stable isotopes 15 centigrade changes in temperature have occurred during about
22,000 years, accordingly, seven warm and cold periods were identified, of which
the coldest period being the last glacial maximum (Wurm) with a temperature of
13.7°C. The highest temperatures related to the pre-glacial and the present peri-
ods (about 27°C). Moreover, the sedimentology and magnetic susceptibility data
confirmed the above results.
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Fig. 1. Reconstruction warm and cold periods using sedimentary facies, temperature and mag-
netic susceptibility over the past 22 000 years.

35




27-28 October 2021

Translated from Russian

Climatic conditions of the lower Volga and the northern part of the Caspian
Sea over the past 24th cycle of solar activity and most likely changesin the
beginning of the 25th and following 26th cycles

P.I. Bukharitsin
Institute of Oceanology of Russian Academy of Sciences, Astrakhan, Russia

e-mail: astrgo@mail.ru_

Solar activity cycles

Solar activity is the regular occurrence of distinctive formations in the solar at-
mosphere: sunspots, faculae in the photosphere, plages and flashes in the chro-
mosphere, prominences in the corona. The areas where these phenomena are ob-
served together are called centers of solar activity. Regarding the solar activity
(the growth and decline of the number of solar activity centers, as well as their
energy), thereis an approximately 11-year periodicity (the cycle of solar activity).
Solar activity effects many terrestrial processes, including the climate.

Theinfluence of the cyclical processes of solar activity on the Earth’s climate was
Identified more than two centuries ago and is now not denied by anyone.

In 1849, Rudolf Wolf, Director of the Zurich Observatory, proposed a conditional
unit to characterize solar activity — the number of sunspots, which is now called
aWolf number. In the optical region, the average number of spotsis an indicator
of solar activity.

The connection of 11-year cycles of solar activity with hydrometeorologica phe-
nomena on Earth was identified. Thus, the most severe floods in St. Petersburg
pertained to the beginning of the ascending branch of the solar cycle with a delay
of one year after its minimum (1824, 1924, 1955).

In addition, the longer cycles were identified as well:

22-year cycles (Hale cycles). In thetransition from one 11-year cycle to another,
the polarity of the lead and follow sunspots in each hemisphere changes. Thisal-
lowed Hale to identify 22-year cycles, each of which consists of an even and odd
11-year-old cycle.

“Secular” cycles. A. Gansky identified 80-year cycles of solar activity, which
were called “secular”. In 1939, Gleissberg calculated the duration of secular cy-
clesat about 78 years. In 1956, he specified them at 78.8 years. The existence of
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“secular” cycles was confirmed by M. Gnevyshev [1].

190-year cycles (“Indiction”). In 1948, L. Predtechensky identified a cycle of
solar activity lasting 190 years, which was called “Indiction” —the recurrent. Ac-
cording to Anderson’s calculations, the Indiction consists of two half-periods: of
88 and 81 years, which gives 169 in total. According to the calculations of D.
Bonov, considering the magnetic characteristics of 11-year cycles, the Indiction
consists of eight 22-year cycles and lasts 176 years [2]. In the second half of the
17th century, ageneral cooling was observed on Earth (the LittlelceAge) (Fig. 1).

Fig. 1. The average number of sunspotsis an indicator of solar activity in the optical region.
The graph clearly shows quasi-11-year cycles and periods of a sharp declinein solar activity,
when the Sun seemsto “fall asleep”.

The analysis of the temperature regime in Astrakhan for the period of time from
1836 to 2016 is very much in line with the calculations of D. Bonov [2]. Theim-
pact of solar activity on climatic characteristicsis of aregional nature, and mani-
festsitself in the amplification of atmospheric processesin some regions and their
weakening in others. Climate change along the coast and the water area of the
Northern Caspian Seais unidirectional. Thus, the temperature regime according
to the meteorological stations Astrakhan, Tyuleniy, Kulaly, Ganyushkino, Atyrau,
Peshnaya, Fort Shevchenko for 1938-2003 changes synchronously and in-phase.
Periods of drastic changesin the air temperature ensue simultaneously and follow
one trend — either increase or decrease [3].

Having the data of observations of the air temperature from the Astrakhan mete-
orological station since 1836, made it possible to identify the temperature regime
specificities from the 8th to the 23rd eleven-year cycle of solar activity and to
extend them to the entire North Caspian region.

The analysis of the temperature regime shows:
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The past 23rd 11-year solar cycle (1996-2009) became the warmest in the North
Caspian region in the entire history of observations — the average annual air tem-
perature reached +10.8°C (with a norm of +9.6°C) and the average temperature
of the cold season reached -0.2°C (with anorm of -2.3°C). Probably, the peak of
the next increase in air temperature connected with changes of solar activity has
already been passed. Thisisalso confirmed by changesin the wetting regime. A
sharp increase in the annual amount of precipitation which had been observed in
1990-2000, was replaced in turn by its decrease.

The following 24th even cycle of solar activity had begun in December 2008 and
lasted until about the middle of 2020. The total duration of the cycle amounted to
11.8+0.7 years. The main maximum of solar activity occurred in the first half of
2011. The decrease in atmospheric pressure in the polar regions, which is typi-
cal for even 11-year cycles during the periods of increased solar activity, usually
leadsto a shift of the center of the Arctic anticycloneto the northeast. Atlantic cy-
clones that are formed in moist marine air and pass northward than usual, which,
In general, leads to a decrease in precipitation in the Volga and Kama basins and
subsequently to a decrease in the annual flow of the Volga River in the Caspian
Sea.

Such significant projected changes in climatic and hydrological conditions, of
course, should have had a negative impact on the activities of al, without excep-
tion, branches of the national economy, not only in Astrakhan and the Astrakhan
region, but in the entire North Caspian region. Thisled to considerable additional
material costs both during the warm and cold seasons of the period under review.

In the North Caspian region, the anticyclonicity of the climate has increased un-
der the influence of the ridge of the Azores and Siberian highs. The weather has
become drier and the precipitation amount has decreased. The continental Arctic
air mass, in which the Siberian High is formed, determined sharp dropsin the air
temperature as aresult of intensive radiative cooling during the winter season of
the year.

The strengthening of the meridional form of atmospheric circulation during the
periods of maximum solar activity led to an even greater decrease in air tempera-
ture in the winter season due to the invasion of Arctic air along the normal polar
and ultrapolar axis. To agreater extent, this affected the eastern part of the North-
ern Caspian Sea.

The average annual air temperature in the 24th cycle reached about 9°C, which is
0.6°C lower than the long-term average and 0.8°C lower than the 23rd cycle aver-
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age (1996-2007). The decrease in the average annual temperature is attributable
to the sharp decrease in the air temperature during the cold season of the year to
-3.0-3.5°C (in November-March), which is 0.7-1.2°C lower than the average and
3.0-3.5°C lower than in 1996-2007.

Hence, the 24th even eleven-year cycle of solar activity in the Astrakhan region
and entire Northern Caspian region was characterized by dry summers with low-
er precipitation level, the recurrence of rather cold winters and strong easterly
winds. The general decrease in the amount of precipitation in the Volga-Kama
basin led to a decrease in the annual flow of the VVolga River, to lower high waters
in the spring, adecreaseto critical level of theriver depths during the summer and
winter low water seasons, and a general decrease of the Caspian Sea level.

The intensification of the climate continentality in the region affected agriculture,
water transport and also the fishing industry. During the summer months, the
intense water blooming in the reservoirs of the Volga-Akhtubinsk floodplain and
the Volga delta could be observed. The water deficit led to the massive drying up
of small and medium-sized watercourses in the Volga delta and in the floodplain.
Water bodies of the western steppe ilmen area were especially susceptible to this.

Additional scope of dredging and reclamation works as well as reconstruction of
many existing coastal marine and river hydraulic structures and facilitieswere ne-
cessitated. The expenses of housing and public utilities on providing water to the
population, especially during the summer and autumn law water periods, as well
asfor the heating supply of private, office and industrial premises during the cold
seasons have risen. The consumption of electric and thermal energy along with
various types of fuel has significantly increased [1].

Thelowering of the Caspian Sealevel primarily affected its shallow northern part.
During the hot summer seasons, thisled to intensive heating and water evaporation
from the vast shallow waters of the Northern Caspian Sea, to the dangerous level
of sea water salinity along with the emergence of extensive hypoxia zone. The
frequency and intensity of dangerous water downsurge increased, which caused
the massive ship demurrage in the marine part of the Volga-Caspian Sea navigable
channel, especially during the winter periods, in the presence of drift ice[5].

Analysis of the long-term temperature regime (1836-2016) and a preliminary cli-
mate projection for the 25th-26th solar cycles

The international community of climatologists has divided into two groups.
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Certain believe that a global warming regime has been established on the planet.
Thetrend of global warming isirreversible and determined by anthropogenic fac-
tors. They appeal to take urgent measuresto sharply reduce emissions of industri-
a gasesinto the atmosphere in order to avoid a pronounced climate warming and
a catastrophic increase in the World Ocean level.

Others believe that the changes in the temperature regime are cyclical by their
nature and are determined by the cyclical processes of solar activity and the con-
nected change in the Earth angular velocity. It is assumed that solar activity has
entered a phase of the sharp decline. A projection was made, that since about
2030, the Maunder phase is going to start with it's almost complete absence of
sunspots along with the resulting new little ice age.

Analyzing the Astrakhan temperature regime, we conclude the cyclical nature of
its changes related to the natural causes. The cold and warm periods detected by
observations in Europe are in close connection with the 11-year cycles of solar
activity and are confirmed by the data of Astrakhan observations (Tab. 1).

Tab. 1 Average air temperature during the cold and warm periods in Astrakhan

Period Duration in years 11-year-cycle number Average cycle temperature
1746-1756 0 -
Cold 1833-1843 8 8.8
1923-1933 16 9.0
1766-1775 2 -
Moderately cold 1855-1867 10 9.0
1944-1954 18 9.2
1823-1833 7 -
Warm 1913-1923 15 10.0
1996-2007 23 10.8
1810-1823 6 -
Moderately warm 1902-1913 14 9.5
1986-1996 22 10.2

The coldest arethe even 11-year cycles, thewarmest are the odd ones. Thecyclic-
ity isof 89 yearsfor the cold periods, and of 88 yearsfor the warm ones.

In thisway, the cyclicity of cold and warm periods, both in Europe and in the As-
trakhan region, in particular, corresponds to the “secular” cycles of solar activity
calculated by D. Bonov [2].

Characteristics of the temperature regime of solar cycles

Based on the data of the air temperature observations from the Astrakhan mete-
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orological station since 1836, the temperature regime was analyzed during the
13th-24th eleven-year solar cycles.

The data analysis of these tables allows to draw the following conclusions:

A binary system is clearly seen in the solar cycles’ structure from 11-year-olds
to the “Indiction”:

the 11-year cycle consists of two 5.5-6.0-year-cycles,

the 22-year cycle consists of two 11-year-cycles,;

two 22-year cycles make up the half-period of the “secular” cycle;
the “secular” cycle consists of two half-periods;

the “Indiction” consists of two “secular” cycles etc.

Preliminary projection of the 25th solar cycle

Scientists tasked with projecting the solar activity during the following 25th 11-
year solar cycle say that it islikely to be weak, very similar to the past 24th cycle

(Fig. 2).

Fig. 2. 25th solar cycle projection. The Earth is approaching another little ice age.

Experts of the Solar Cycle 25 Prediction Panel consider that the new solar cycle
pursues aslow start. The period of the greatest solar activity (solar maximum) is
expected between 2023 and 2026 with arange of sunspotsfrom 95to 130. Thisis
significantly lower than the average number of sunspots, which normally ranges
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from 140 to 220 per solar cycle. Experts are confident that the beginning of the
25th cycle should break the trend of weakening solar activity observed during the
last four cycles. “We expect that the 25th solar cycle will be very similar to the
24th: another rather weak cycle, preceded by along, degp minimum”, says Dr.
Lisa Upton, Co-Chair of the Panel and a solar physicist from the Space Systems
Research Corporation.

Expected climatic conditions for the 25th solar cycle (from 2021-
22 to 2032-33). The first two years are colder than average. The
sum of the average temperatures of the calendar winter is below
-20°C. Further, closer to the peak of the cycle activity, an increase in the average
annual temperature above the average (10.5-11.0°C) and by the end of the cycle,
asteady decrease in temperature again. Fluctuationsin average temperatures will
be determined by their fluctuationsin the period of November-March. At the be-
ginning and in the end of the cycle, early establishment of ice cover in the Volga
Delta and the Northern Caspian Sea would be observed [4].

Projection for the 26th solar cycle (2023-33 to 2043-44)
The beginning of the Maunder phase and the onset of another little ice age.

The prevailing synoptic process: the Asian (Siberian) High or itsridge. Extreme-
ly low precipitation is expected along with the prolonged and strong winds of the
eastern quarter. During the warm season of the year, dust storms and dry winds
are awaited, as well as the severe ice conditions in the Northern Caspian Sea for
the period of December-March.

The effect of solar activity on climatic characteristics is of a regional nature,
strengthening atmospheric processesin some regions and weakening them in oth-
ers. Climate change along the coast and the water area of the Northern Caspian
Seais unidirectional. Thus, the temperature regime according to the Astrakhan,
Tyuleniy, Kulaly, Ganyushkino, Atyrau, Peshnaya, Fort Shevchenko meteoro-
logical stations for 1938-2003 changes synchronously and in-phase. Periods of
drastic changesin the air temperature ensue simultaneously and follow one trend
— either increase or decrease. Taking into account the correlation coefficient, the
weather forecast compiled for Astrakhan can be extended to the entire region of
the Northern Caspian Sea.

Sustainable and continuous work of the Volga-Caspian Sea navigable channel
during this period would require a significant increase in the capacity of the ice-
breaking fleet in the Northern Caspian. Without a specialized system of hydrome-
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teorological support for marine activities on the Lower Volga and in the freezing
northern part of the Caspian Sea, it will be impossible to ensure the uninterrupted
service of the Volga-Caspian Sea navigable channel and navigation in the North-
ern Caspian Sea [4].

Concluson

All of the above is scientific assumptions based on actual long-term hydrome-
teorological data and the projections made by colleagues in the field of research
of solar-active connections. But the technologies are not perfect; there are many
unexplored and unidentified factors and dependencies. However, thereisno other
aternative for today, since today the hydrometeorological service cannot make
projections for such long periods using traditional methods. It should be noted
that the previously projected consequences of the influence of the past 24th cycle
of solar activity on the climatic conditions in the North Caspian region for the
period from 2006 to 2017 were almost completely credible.
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Global warming continuesto break records. Accordingto WMO, 2020 entered the
three warmest years with an average global temperature anomaly of 1,2 + 0,1°C
relative to temperatures for the period 1850-1900, the last five years, as well as
the last decade, were the warmest for the period of industrial observations [2].
The rate of climate change is not the same across the globe. In Kazakhstan, the
Caspian region is distinguished by the highest rate of increase in the average an-
nual and seasonal air temperature [1].

Initial data. The data of the Republican Hydrometeorological Fund of the RSE
“Kazhydromet” for 8 meteorological stations of the region were used: 1) series of
average monthly air temperatures and monthly precipitation amounts; 2) series of
daily maximum and minimum air temperatures and daily precipitation.

Assessment methods. To assess changes in climate characteristics over a certain
time interval, the coefficients of linear trends determined by the least squares
method were used. When analyzing trends, the threshold level of statistical sig-
nificance P value <0.05 was used. As ameasure of the significance of the trend,
the coefficient of determination (R2) was cal culated, which characterizes the con-
tribution of the trend component to the total variance of the climatic variable for
the period under consideration and expressed as a percentage of the total disper-
sion.

The climatic indices recommended by the World Meteorological Organization
and calculated using the CIimPACT software package [3] were used to assess
changes and extremesin the temperature and precipitation regimes. Theseindices
make it possible to assess many aspects of climate change, such as changesin the
intensity, frequency and duration of the manifestation of extremesin air tempera-
ture and precipitation.

Results. The rate of increase in average annua air temperatures ranges from
0,24°C/10 years (MS Tushchibek) to 0.43°C/10 years (MS Aktau, Fig. 1).
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A B
Fig. 1. Timeseriesand linear trend of anomalies. @) air temperature (in °C) and b) precipitation
amount (in% of the norm) according to the data of the Aktau meteorological station. Anomaliesare
caculated relative to the period 1961-1991.

All trends are statistically significant, and the proportion of variance explained
by the trend is from 23 to 45%. It should be noted that over the last 20-year pe-
riod, at all stations of the Caspian region, only positive deviations from the mean
multiyear value for the period from 1961 to 1990 were noted. At stations located
on the coast, or closeto it, the maximum increase in air temperature was noted in
the winter-spring period (up to 0.43°C/10 years at MS Atyrau and MS Peshnaya).
On the mainland, the maximum warming occurs in the summer season (up to
0.42°C/10 years at the Kyzan MS). Temperatures rise to a minimum, mainly in
the autumn season.

In addition to the increase in the average annual and seasonal temperatures, the
following most noticeable changes also occurred in the temperature regime of the
region:

 at amost all stations, thereisastatistically significant increase in the number of
days with atemperature above the 90th percentile (by 1-3 days every 10 years,
tx90p index), hot days with an air temperature above 30°C (by 1-8 days/10
years, SU30 index), the number and duration of heat waves (by 1-7 days/10
years);

o dtatistically significant reduction in the number of days when the daily mini-
mum air temperature (index FDO) fell below 0°C and lower below -2°C (for 2-5
days/10 years), which affects the conditions of ice formation;

» awidespread decrease in the proportion of cold nights by 1-2 %/10 years (with
a minimum air temperature below the 10th percentile, TN10p index) and an
increase in the frequency of so-called tropical nights, when night temperatures
do not fall below 20°C, as aresult of which the human body does not have time
to rest from the daytime heat;

« the duration of the growing season with an average daily temperature above
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10°C (by 2-4 days/10 years, GSL index) and the sum of temperatures for this
period increase.

» There were practically no significant long-period changes in the precipitation
regime in the Caspian region. Statistically significant changes were observed
only at two weather stations — Peshnaya and Kulaly, theisland. Moreover, the
changes at these stations are of the opposite nature:

« attheKulaly station, theisland, thereisasdlight decreasein the annual precipita-
tion, the amount of precipitation for 5 days (Rx5day index), the number of days
with precipitation of more than 10 mm (R10mm index), the frequency of days
with precipitation of more than the 90th and 99th percentiles (r95p and r99p
indices), and, respectively, the average precipitation intensity per day (SDII in-
dex);

* at the Peshnaya station, there were changes in the same characteristics of the
precipitation regime, only with the opposite sign.

Conclusion. Climate change in the region is characterized by a combination of a
significant increase in the average annual and seasonal surface air temperatures,
the recurrence of extremely high daily temperatures, the duration of heat waves,
and the absence of significant changes in the precipitation regime.
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The Caspian Seaisthe Earth’s largest water basin with specific physical and chem-
ical characteristics. Asin some features, it was classified as a deep seas category,
and in other features as alake[1]. This provided for the unique conditions to grow
different faunaand florain the lake and coastal area. One of the most important pro-
tected areasin the south of Caspian SeaistheAnzali Wetland (Fig. 1a). It wasregis-
tered as an international protected wetland in the Ramsar Conventionin 1975 [2].
TheAnzali Wetland has the substantive impact on tourism, biodiversity, economy,
subterranean waters of the region. Different environmental and anthropogenic
factorsthreaten the Anzali Wetland, so itsareais gradually decreasing. These fac-
tors are sedimentation due to rainfall, overgrowth and silting, drought, irregular
irrigation, aquaculture, agricultural runoff, urban and industrial waste, overfish-
ing and illegal hunting, soil erosion, algal bloom and so on [3].

In thisresearch, the changesin the water surface area of Anzali Wetland have been
investigated using satellite images. The Moderate Resolution Imaging Spectro-
radiometer (MODIS) Surface Reflectance images provide an assessment of the
surface spectral reflectance asit would be estimated at ground level in the absence
of atmospheric scattering and absorption. For this purpose, MODIS Terra surface
reflectance images from 2000 to 2021 have been used (https://earthexplorer.usgs.
gov). Then the Normalized Difference Water Index (NDWI) was applied on the
collected images to estimate water area of Anzali Wetland.

The results of this study show that in 2021 the area of Anzali Wetland decreased
to 20% of the surface areain 2000 (Fig. 1b). This can be related to various fac-
tors such as climate change, indiscriminate and wrong use of natural resourcesin
theregion. It will be studied in future researches. Also, the results indicate that
NDWI algorithm on the satellite images can be used to generate and improve a
model to support and management of Anzali international protected wetland.
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Fig. 1. a) Caspian Sea and Anzali Wetland (Study Area). b) Percentage of water in the study
area from 2000 to 2021.
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ChangesintheVolgaRiver flow were estimated on the model of the monthly water
balance[2]. It isbased on the equation of the long-term annual average monthly
water balance of catchment areas. In the proposed approach, scenario changes
in the long-term annual average monthly runoff in the cells of a regular grid of
1x1 degrees in latitude and longitude are estimated. Water balance calculations
are carried out within the mentioned cells covering the soil grounds, including
the active water exchange groundwater horizon, characteristic of medium-sized
river catchment areas. The main components of the water balance are calculated
for such cells, including the runoff formed on the surface and in the subsurface
layer, and the runoff from the zone of active water exchange, on which basis the
total runoff from the cell is determined, which is integrated for the entire Volga
basin. River flow, air temperature, and precipitation are set for each of the cells.
Calculations are carried out on quasi-days, i.e. the average monthly values of air
temperature and precipitation are interpolated by days within each month, based
on the use of the developed agorithms, which are set out in [2].

To carry out paleohydrol ogical assessmentsfor the Hol ocene optimum conditions,
the data of traditional paleoclimatic reconstructions of air temperature and precip-
itation deviations from their modern values for January and July were used. They
were derived through zonal and information-statistical methods[3, 4]. Model pa-
leoclimatic reconstructions of the average monthly anomalies of the above-men-
tioned climatic characteristics for each month of the average annual year were
derived as well by averaging the results of paleoclimatic reconstruction carried
out on 18 global climate models included in the PMIP-11 program [7].

Calculations of changes in the Volga River flow in the conditions of the current
century scenario climate were carried out on the basis of the mid-ensemble model
climatic scenarios from the CMIP3 program [8] with the most (A2) and least (B1)
intensive growth of the global average annual air temperature. The model anom-
alies used as input variables (relative to the period of 1960-1990) of the average
mont hly amounts of atmospheric precipitation and air temperatures were aver-
aged over the period of thefirst third (2010-2039) and the middle (2040-2069) of
the current century.
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Soecificities of changes in the Volga River flow near Volgograd. The anomalies
assessment of the annual flow of the Volga in the Holocene optimum derived on
the model of the monthly water balance and based on the mid-ensemble model
paleoclimatic reconstruction of PMIP-11, is 9% of its current value. Whereas the
calculations of flow changes performed on the ground of paleoclimatic recon-
structions based on the palynological method [5] show that the flow of this period
could be lower than the modern one by 3-4%. And thisresult isqualitatively con-
sistent with the assessments of the paleoflow derived earlier for the Volga River
on the basis of zonal dependencies of the annual flow [1]; and with the results
of the flow reconstruction from ancient bends [6]. In the first third of current
century, the annual flow of the Volga River islikely to increase by 12% (scenario
A2) — 2% (scenario B1), and by 12-9% in the middle of the century, respectively.
The flood runoff during the Holocene optimum period (on the ground of paleo-
climatic reconstructions based on palynological methods) could be 3-4% lower
than the current one, whereas in winter and in the summer-autumn period it was
higher than the current one by 19-30% and 8-6%, respectively. Based on model
reconstructions of the paleoclimate (PMIP-11), the high water runoff could exceed
its current values by 23%, and in other seasons of the year the runoff amost did
not differ from the modern one. In the scenario conditions of thefirst third of the
current century (scenariosA2 and B1), alessintensive increase in the flow of the
Volgais probable for the main seasons of the year: in high water — by 17% (sce-
nario A2) and 4% (scenario B1), in winter — by 6 and 15%, and in the summer-au-
tumn period — by 19 and 12%. At the sametime, the high water can start amonth
earlier without significant changesin its shape. By the middle of the century, the
intra-annual flow structure will not change significantly compared to the previous
stage of the scenario climate warming.

Conclusions. The conditions of the late Atlantic optimum of the Holocene, recon-
structed from palynological data, are the closest to the scenario thermal regime
in the Volga River basin, characteristic of the first third of the current century.
The annual Volga River flow in these conditions, according to the cal culations on
the monthly water balance model, has proved to be lower than the modern one.
Qualitatively, thisresult is consistent with the paleoflow assessments derived ear-
lier for the Volga River on the basis of zonal dependencies of the annual flow,
and with the results of the reconstruction of the flow from ancient bends. Under
scenario climatic conditions and under pal eoclimatic reconstructions based on the
ensemble of climate models of the PMIP-II program, it proves to be higher than
the modern one. Inthe conditions of the scenario future climate (in the first third
and in the middle of this century), the annual flow of the Volga River islikely to
Increase as the climate warms.
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I ntroduction

Studding on past climate events can help us to better understand the undergoing
changesin climate. One of the interesting worldwide climatic changes is called
“4.2 event” that has been reported in the Mid-Holocene. This climatic event was
associated with cultural transformation in the human societies of the old world
[3]. The end of the mid — this event happened at around 4200 yr BP, is used as
formal boundary between Middle and Late Holocene [5] and has been widely
recognized from the Northern Hemisphere [1]. Thereisan ideathat this climatic
event played an important rolein the “collapse” of major ancient civilizationslike
China, India, Egypt and etc. and this idea supports by increasing number of data
[3, 6]. In spite of many evidences reported of this event within the low latitudes,
rarely reportsin literature can be fined for the high latitudes and there s no report-
ed evidence in the Caspian Basin. In this paper, the observations on the sediment
cores collected in the southern Caspian Basin were discussed that can be consid-
ered as evidences for the climatic changes occurred at around 6 th. years ago.

Study area, materialsand methods

The study area of the present work is located on the eastern side of the southern
Caspian Sea. Three short sediment cores were retrieved from continental slope
and deep basin of the eastern part of the south Caspian Sea using a KC gravity
corer. The cores are located along a profile which starts from the depth of about
400 m close to the southern coastline (BS400) and continues NW, down to the
depth of about 600 m (BS600). Different tests including magnetic susceptibility
(MS) with 1 cm increment, continuous X RF measurements and also sedimentary
tests to measure the grain size, calcium carbonate, and organic matter (OM) con-
tents for every 2 cm were performed in INIOAS laboratory (Iran) and CEREGE
laboratory of Aix-Marseille University (France). In addition, four bulk samples
taken from different horizons of cores BS400 and BS600 were dated in Poznan
Radiocarbon Laboratory by 14C method.
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Reaults and Discussion

Based on the variation of different sedimentological and geochemical parameters
and also considering the calibrated ages, anomal ous sedimentary facies and beds
in the cores were identified and correlated. An anomalous bed was identified in
cores B3400, BS500 and BS600 that characterized mainly by coarser sediments.
In spite of identification of this bed in all the cores, the evidences that show this
bed probably can be related to the 4.2 climatic event are observed on the log of
B3400 due to the thickness of the bed that is much more than it on two other
cores. S0, here, we discuss only on the observation and evidences of BS400.

According to the radiocarbon dating, non-calibrated ages for the samples taken
at the depths of 97 and 136 cm of core BS400 were determined 4950 + 40 BP
and 5110 £ 40 BP, respectively. The radiocarbon ages were calibrated to calendar
years using the CALIB Rev 6.1.1 software based on the Marine09 curve with
1R=26x69 14C yr [4]. Core BS400 hardly covers Middle Holocene, while BS600
could go back to Younger Dryas and even older.

Based on age-depth model of core BS400, the anomalous bed shown on fig 1 is
deposited between 4430+350 to 4860+350 BP and associates with significantly
higher values of Zr and Ti. The discussed event of 4.2 is characterized by dry and
cool climatic conditions [3]. The high values of Zr and Ti also represent rather
physical weathering and cold climate conditions [2]. Therefore, it seems that the
discussed bed may be linked to the climatic event of 4.2.

Concluson

Three short cores collected from southern Caspian Basin were tested by different
sedimentary and geochemically methods and analyzed to identify certain climat-
ic conditions in the past. For the first time in the Caspian Basin, sedimentary
and geochemically anomalies were observed on a bed aged between 4430+£350 to
4860x+350 BPthat can be considered as traces of the climatic event so-called “4.2
event”. Theseresults show that the high latitudes al so were affected by the event.
Considering these facts that first, the climatic eventslike 4.2 have been associated
with social and political transformations that affect almost the entire then known
world, and second, humankind is facing with a global climate change, it can be
claimed that the current changes in climate will probably be followed by social
and political changes affecting north latitudes.
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Fig. 1. Corelogs of BS400 and the area of study. Anomalous bed showed by shadow can

probably be linked to climatic event of 4.2. Green diamonds show the depth where the sam-

ples were selected for chronology. The calibrated age of samplesis presented closeto dia-
monds.
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Gorgan Bay is located in the Southeast of the Caspian Sea in northern Iran. It
covers an area of about 400 km? [2] with a maximum length of 70 kilometers and
a maximum depth of 5 m, although a big part of this bay has a depth of less than
2 meters. The shallow depth of this bay has made it vulnerable to climate change
Impacts.

In this research, Weather Research and Forecasting model coupled with Chemis-
try (WRF-Chem) model version 3.9.1 [3] has been used to ssimulate the effect of
Gorgan Bay drying up on dust emission in theregion. WRF-Chem isachemistry
version of WRF that simulates the emission, transport, mixing, and motion of air-
borne particles [1]. In general, there are 33 options for selecting land vegetation
iIn WRF model. In this research, the input model data was changed, so that the
Gorgan Bay areawas considered asadry areawith little vegetation. Soil material
was considered as a proportion of sand and clay, which is about 80% sand and
20% clay and vegetation cover was selected aslow grass. The model was run for
4 days and in different seasons of the year to consider the weather conditions in
the region during the year. The dates were selected in such away that no precip-
itation had occurred in the study area for the past week, so that soil moisture was
low and dust particles could rise from the ground. The first 12 hours of the run
were considered as spin-up. Also, aHybrid Single Particle Lagrangian Integrated
Trajectory (HY SPLIT) model has been used to generate an ensemble forward tra-
jectory in order to trace the trgjectory of the dust particlesin the Gorgan Bay area.

The results of models WRF-Chem and HY SPLIT are shown in (Fig. 1) and (Fig.
2) for March 5, 2018, respectively. Heavy dust concentration is observed at the
beginning of March 5, 2018 in the study area. At the Turkaman port station, the
dust concentration reaches about 3500 pg/kg-dry air, and at this time the wind
speed is 8 meters per second, which can be considerable. The output results of
the model show that on March 5, 2018, there is more convergence and less un-
certainty in the results and there is a possibility of dust particles spreading to the
northeast of Gorgan Bay.
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Fig. 1. The WRF-Chem model output for dust concentration (ug/kg-dry air) on 5 March 2018
at 0000 UTC.

Fig. 2. HYSPLIT model forward 24h trgjectory 27 member meteorological ensemble at
synoptic weather stations in the Gorgan Bay at 100 m above ground on 5 March 2018 at 0000
UTC.
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In general, the results showed that if the Caspian Sea level decreases, which re-
sults in the drying of the bay and its cover with grasslands, the Gorgan Bay can
be considered as a source of dust. If the land is dry and there is no precipitation
in the previous few days, with the wind blowing, sand and soil particlesrise from
the surface of the bay, then by the movement of atmospheric systems and the di-
rection and speed of the wind, asignificant areawill be affected by dust. Also, the
results showed that the intensity of dust is strongly dependent on the wind speed
in the Gorgan Bay area. So that if the wind speed in the study area is more than
7 m/s, the creation of dust cloud with a concentration of more than 2000 ug/kg-
dry air ispossible. Also, the most intense dust events at Gorgan Bay occur when
the atmospheric pattern indicates low-pressure and high-pressure contrast in the
study area and the middle levels of the atmosphere are stable. Finally, due to the
weather conditions in the region, there is a possibility of transfer of dust particles
from the Gorgan Bay to the west, northeast, and south of the region.
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The Volga Deltais a classic extension delta formed on the open seacoast. It con-
stitutes an alluvial plain, gently descending towards the Caspian Sea; the slope of
the delta surface is 3-5 cm per 1 km. Since 1961, the hydrological regime of the
vast Lower Volga region, including the Volga-Akhtuba floodplain and the Volga
Delta, has been formed under the influence of the regulation carried out by the
Volga Hydroelectric Power Plant (HEPP) — the closing stage of the Volga-Kama
cascade. The Lower Volgaisariver section without additional inflow; therefore,
the long-term variability of the average annual water consumption and annual
flow volumes of the Volga River in the Volgograd water abstraction point (the
lower reach of the Volga HEPP) also characterizes the long-term changes in the
flow at the top of the river delta.

The performed analysis showed that the average flow volumes for the period of
the natural and regulated regime are very close — 256 kmd/year and 249 kmd/year,
respectively. The average annual flow volume for the 130-year period of instru-
mental observations is 253 km?/year. Against this background, there are periods
of increased and decreased water content that until the 1950s were caused only by
climatic changes in the European territory of Russia, where the reception basins
of the Volga and Kamarivers are located. After the flow was regulated, climatic
factors along with anthropogenic factors began to exert the most important influ-
ence on the hydrological regime of the Volga—the regulation itself with irrevoca-
ble water consumption for irrigation, industrial and municipa water supply. The
growth of water consumption in the basin continued until the beginning of the
1990s, when, for objective reasons, the development of water-intensive sectors
of the national economy significantly slowed down, and in some regions, it prac-
tically stopped and has not been restored to the previous volume until now. The
regulation had the most significant impact on the parameters of the intra-annual
flow distribution and the characteristics of the most important phase of the hydro-
logical regime — the spring high-water season. After the regulation, the runoff of
the spring high-water decreased by amost 30% compared to natural conditions,
while the low-water flow has increased, in particular, for the winter low-water —
more than 2 times compared to the natural period.The hydrological regime of the
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Volga Delta is determined by the impact of climatic changes of various spatial
and temporal scales. Long-term changesin the annual flow volumes entering the
top of the delta are determined by climatic processes developing over the Euro-
pean territory of Russia, while regional climatic changes cause inter-annual and
seasonal variability of temperature and ice regimes which are essential for the
development and functioning of the delta ecosystem.When considering long-term
fluctuations in water temperature values and indicators of the ice regime of the
Volga Delta, the air temperature according to the data of the Astrakhan meteoro-
logical station (MS) was used as an integral characteristic that allows taking into
account the climatic factor. The analysis of long-term fluctuationsin air tempera-
ture at the Astrakhan M S showed that after the runoff was taken under control in
this region the period of ice phenomena warmed compared to the period of the
natural regime. The average air temperature of the ice period in the Volga Delta
increased from -3.0°C in 1942-1960 to -1.1°C in 1961-2018. The total duration
of ice phenomena and the freeze-up duration at the section of measuring sta-
tion at Verkhnelebyazhye village decreased by 28 days and 29 days, respectively.
During the period of the regulated runoff, there is a significant change in the char-
acteristics of the ice regime in recent decades. The dates of the beginning of the
ice phenomena, of the ice drift and of the ice formation moved forward to alater
date by 11-15 days, while the start of the spring ice drift began to start by 7 days
earlier, and the date of clearing from the ice — by 10 days earlier. In thisregard,
the duration of both the ice formation and the entire period of ice phenomena has
been reduced — by 12 and 24 days, respectively. The duration of both the autumn
(by 10 days) and spring (by 6 days) ice drift has been reduced as well.

The thermal regime of the Volga Delta is formed under the influence of natural
climatic and anthropogenic factors. A common pattern for the Volga Deltais an
increase in water temperature from the top of the delta to its marine edge. This
pattern is disrupted in the area of the western sub-steppe IImen, Astrakhan and
some other areas. The seasonal course of water temperature, characterized by pe-
riods of water heating and cooling, is common for all delta watercourses. In gen-
eral, the course of water temperature in a more smoothed form repeats the course
of air temperature, which confirmsthe dominant role of air temperature in the for-
mation of the thermal regime of the Volga Delta watercourses. Nowadays, in the
context of increasing extremeness of hydrological events against the background
of climate change, systematic hydrological observations on the current observa-
tion network of the Astrakhan Center for Hydrometeorology and Environmental
Monitoring, as well as systematic specialized works on the runoff accounting, its
distribution and redistribution across the largest systems of watercourses, are of
particular importance.
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To regulate the flow regime of the waterflow during the low-water period, it will
be advisable to build hydraulic structures (controlled water regulating locks) at
the mouth of the Kura River, which will create a barrier effect to prevent mixing
of the salt water of the Caspian Seawith theriver. By means of thisdevice, by reg-
ulating the flow of the Kura during the low-water period, it is possible to improve
the supply of drinking water and the efficient use of irrigation water, preventing
the mixing of sea and groundwater, which are the main causes of river saliniza-
tion. In order to reduce the influence of daily, monthly, seasonal, annual and long-
term fluctuations of the Caspian Sea on the flow regime at the mouth of the Kura
River, restored in the Kuradeltato Goltug Bay in the southwestern channel of the
channel (small tributaries) will increase the river flow rate and transport capacity,
increase salinity and will prevent the water from mixing with the river.

Catastrophic floods are unlikely due to the fact that the river flow through the
Mingachevir, Yenikend, Shamkir and Varvarskoye reservoirs, built for hydropow-
er and irrigation purposes on the Kura River, is regulated on a daily, weekly and
seasonal basis. The most urgent problem for the Kura River is the increase in
the salinity of the source water within the range of 0.6 + 12.8% (Tab. 1). For the
first time, this problem was identified during monitoring observations during the
low-water periods of 2020 (July, August, September) and as a result of labora-
tory analysis of water samples. At present time, the salinity of the Kura River is
increasing towards the source of the river (by about 50-60 km). One of the main
factors causing this anomaly is the decrease in the level difference between the
Caspian Sea and the Kura River, as well as the movement of sea water in the di-
rection opposite to theriver flow, asaresult of fluctuations (expulsions) on windy
days.

Research and analysis related to changes in the physicochemical composition of
water at the mouth of the Kura River (increased salinity) have also shown the
existence of acorrelation between water level, salinity and northeasterly winds at
the hydrological station at the mouth of theriver (Fig 1). The results of |aboratory
analysis of water samples taken on the left and right banks of the Kura River in
the Neftchala region from wells intended for hydrogeol ogical research and water
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wells drilled for persona use in the courtyards of private houses show that the
effect of groundwater on the Kura River (an increase in salinity) isinsignificant.

Fig. 1. Dynamics of changesin water level, Maximum wind speed ad salinity in the Kura
River in April 2021

Tab. 1. Results of laboratory analysis of water samples taken from the surface and from the
bottom of the river at selected points (g/l)

24 July 30 July 4 August 5 August 6 August 7 August 8 August 9 August
N Sur- Sur- Bot- Sur- Bot- Sur- Bot- Sur- Bot- Sur- Bot- Sur- Bot-
face Bottom surface Bottom face tom face tom face tom face tom face tom face tom

M-1 0.7 0.7 0.7 0.5 0.7 0.7 0.6 0.7 0.7 0.7
M-2 0.6 0.7 0.7 0.6 0.7 0.7 0.6 0.7 0.7 0.7
M-3 0.7 0.7 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.6 0.7
M-4 0.8 0.6 - - 0.8 0.8 0.9 0.9 0.8 0.8 0.8 0.9 0.7 0.8 0.8 0.8
M-5 15 0.7 - - 0.9 0.8 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.9 0.8
M-6 2.6 17 - - 17 35 21 2.0 35 34 2.6 24 15 24 17 1.7
M-7 4.8 4.1 6.7 7.3 4.4 4.4 4.8 4.7 7.1 7.8 9.2 9.2 6.6 7.8 7.0 7.0
M-8 9.5 7.0 8.0 9.5 10.2 10.2 11.4 11.5 111 115 11.2 12.3 11.0 119 8.1 8.3
M-9 9.3 9.1 7.8 9.4 11.4 119 11.8 11.7 12.3 119 12.1 12.8 11.3 12.0 10.1 11.9
M-10 9.4 9.3 8.1 9.7 119 119 11.5 11.4 12.6 12.2 12.4 12.5 12.2 12.3 11.7 12.3

Our analysis, based on satellite imagery, aso shows that the main tributary of
the Kura River in the Caspian SeaisAna Kuraand Bala Kura, which flow north-
east and east, and strong northeast winds dominating it creation of regular strong
waves in the Caspian Sea (during a sharp drop in level). It creates favorable con-
ditions for the movement of sea water in the opposite direction of the river flow.
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The Caspian Sea with a length of more than 1000 km is a unique low-salinity
water body of the Eurasian region. The seaincluded of three parts: northern shal-
low area, middle and southern deep basins [1, 5]. According to the extent and
dimensions, the Caspian Searegion is affected by various climatic fields (Arctic
cold weather, Atlantic wet fields, warm and hot fronts of Mediterranean Sea, and
hot and dry fronts from Iran and Kazakhstan) [3]. Different factors such as circu-
lation, riverine discharge, climate change and evaporation are the most important
parametersto change natural regime of physic-chemical and biological conditions
of the seawater [4]. These characteristics seriously affect the lives of human so-
cieties and need to be closely monitored. During recent decades, the Caspian ma-
rine environment has been threatened by industrial and urban pollutants, climate
change and globa warming. The purpose of this study is to present the results of
field assessments regarding changes in various seawater parameters and the effect
of climate change on their pattern.

One of the most effective study tools in marine environments is continuous field
measurements and comprehensive monitoring. In recent years, extensive marine
researches and studies using data collection instrument have been conducted on
the southern border of the Caspian Sea. Measurement of physical, chemical and
biological parameters aswell as monitoring of coastal areas in different region of
west, east and middle part of the southern coastline is planned and implemented.
The hot spots were selected for marine studies near important commercia ports
including Anzali port in the west, Amirabad and Babolsar ports in the east and
Nowshahr port in the center of the southern coastline. Various physical and chem-
ical components of seawater are measured and recorded by the Idronaut CTD
device and current by Acoustic Doppler Current Profiler. Sampling and observa-
tions were carried out at several fixed stations along several transects.

Theresultsof studiesshowed that dueto increasing temperature (and global warm-
ing) thevertical structure of temperaturein the seawater column has changed com-
pared to the previous collected data sets. These fluctuations have even affected
the amount of dissolving of oxygen in seawater and the pattern of chlorophyll-a
changes. As evidence of the effects of climate change on the marine and coastal
phenomenon, the Algal Bloom in the period 2001-2005 in the southern part of
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the Caspian Sea can be mentioned [2]. One of the phenomena that have been
observed during recent years is the decrease in the sea water level of the Caspian
due to the decrease in precipitation and high evaporation. Variability in annual
average or (in some cases heavy seasonal) rainfall in the southern coastal area has
caused flood, for instance floods in Golestan province in 2020.

Fig. 1. The southern deep basin and continental shelf of the Caspian Sea, and sealevel
changes

Fig. 2. Vertical structures of temperature and salinity in the southern shelf of the Caspian Sea

On the other hand, the droughts have affected agriculture in the region. Seasonal
changesin the vertical structure of water temperature and density in the southern
region of the Caspian Sea are shown in Fig. 2. The anomaly of changes in the
vertical structure can be due to the impact of climatic field and weather in the re-
gion. The results of field studies in the waters over the continental shelf in some
cases indicate a considerable chlorophyll-a concentrations at the subsurface layer
between depths of 10-30 m. Increasing of the amount of chlorophyll-a (as biodi-
versity component) can be due to the increasing nutrients and adequate heat in the
aguatic environment.

Two other important phenomena are occurring on the southern coastline during
these years. One is the reduction of water amount of Anzali wetland, which is
one of the protected areas by the Tehran and Ramsar Conventions. Furthermore,
the significant decrease in the depth and area of Gorgan Bay in the last decade

64




27-28 October 2021

Is another threat to the ecosystem of the South Caspian Sea. The results of our
researches showed that the marine environment of the southern basin is under
seriousthreat in terms of the entry of pollutants (industrial and municipal sewage,
marine and coastal litter and agricultural pesticides) as well as the effects of cli-
mate change and drought.
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The Caspian Seais a unique, closed water body with specific features of hydro-
meteorological and ice conditions. The ice cover in the northern part of the sea
forms annually and is distinguished by a wide variety of ice processes.

At present, work is underway to explore, develop and produce hydrocarbons on
the shelf of the North Caspian, which requires serious scientific and technical
support. At the same time, the issues of ensuring safety during the operation of
oil platforms and transportation of hydrocarbons in difficult ice conditions are of
paramount importance. In thisregard, it is necessary to conduct permanent mon-
itoring of the ice cover of the Caspian Sea, which is changing under the influence
of ongoing climate changes. The necessity and urgency of studying the ice con-
ditions of the Caspian Sea also lie in the fact that the nature and intensity of ice
processes change significantly as a result of the sea level fluctuations.

To date, the most effective and fundamental means of surveying the Caspian Sea
ice cover are satellite data of the optical, infrared and microwave ranges, which
represent the information basis for space ice monitoring. Modern technology for
monitoring ice cover is based on a comprehensive analysis of satellite informa-
tion, ground and climate data on ice conditions, as well as expert knowledge.

To ensure monitoring of ice conditions in the freezing seas of Russia (including
the Caspian Sea), the “Planeta’ Research Center has created and is developing
technologies for processing satellite data. In particular, a specialized technol ogy
for constructing ice condition maps has been created [2, 3]. The technology im-
plements automated and interactive processing methods. Preliminary processing
of satellite images (geographic referencing, transformation of space images into
cartographic bases formed in advance, compilation of survey montages) is carried
out in the automated mode. While in the interactive mode, ice parameters (age,
concentration, ice shape, generalized characteristics etc.) are decoded on space
Images and displayed on the map in accordance with national and international
symbols. The age composition of ice is assessed during the interactive interpre-
tation of satellite images. This assessment relies on data from measurements of
ice thickness at ground-based hydrometeorological stations and posts, as well as
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the results of calculating the “sum of frost degree days’ at the points of location
of meteorological stations and hydrological posts on the coast or islands of the
North Caspian.

To improvethereliability of mapping in cloudy conditions, the construction of ice
mapsis carried out on the basis of complex processing of satellite dataof different
spectral ranges and different spatial resolutions. According to thistechnol ogy, the
“Planeta’ Research Center annually produces 17-20 maps of the ice conditions of
the North Caspian Sea during the ice season. Ice maps of the North Caspian are
Issued in graphic and vector formats; ice maps in the Sigrid-3 vector format are
published on the server of the World Sea |ce Data Center (FSBI “AARI”) [1].

In the future, the maps of the ice conditions of the Caspian Sea are
used to assess long-term changes in the main characteristics of the sea
ice cover. The analysis of a long-term series of ice maps of the North
Caspian, constructed using satellite data, demonstrated that there are no
pronounced annual peaks of maximum ice cover during the last 10-year
period (2011-2021). This is traced especially well during the 2016-2021
five-year period, during which periods of increase in ice coverage were
replaced by its decrease, and this happened several times during the ice
season. The maximum areal limits of the ice cover are distributed in
the span between the Ist and 3rd ten-day intervals of February (2011-
2012), as well as between 3™ ten-day intervals of January and February
(2013-2014, 2016-2017). In 2012, 2013, 2014 and 2017, there was a
shift in the timing of ice formation to the first-second ten-day interval
of December. In other years of the period under review (2011-2021),
ice formation began in the second ten-day period of November. The
average time of the sea water clearing from ice falls on the 3rd ten days
of March, with the exception of the 2011-2012 ice season, when the
clearance took place in the last 10 days of April.

The report examines the results of monitoring of dangerous ice phenom-
ena and ice formations using satellite data of high spatial resolution. Most
notably, based on the medium and high spatial resolution data from EOS
series satellites (Aqua, Terra), “Meteor-M” Ne2, Landsat-8, Sentinel-1
and Sentinel-2, as well as the “Canopus-V” series spacecrafts, monitor-
ing of stamukhas in the water area of the North Caspian was carried out
during the 2016-2021 ice seasons. The position (latitude, longitude) of
the stamukhas, its geometric dimensions and the period of existence (for
cases when it was possible) were determined. By means of interactive
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decryption, the contouring of the stamukhas was carried out, followed
by recording the results of decryption in vector format (shp-file). Based
on the results of this work, a database of grounded hummocks detected
from satellites in the Northern Caspian has been formed and is annually
updated. Taking into account the shallow depths of the Caspian Sea
(in places where stamukhas are concentrated), on some satellite images
it was possible to see through the water column the inhomogeneities of
the seabed, namely, traces of the impact (exaration) of stamukhas on the
bottom soil. It should be noted that dozens of traces of the stamukhas’
impact on the seabed were observed on the said satellite images, while
according to the currently used data, the instances of detecting them are
much lower.
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The Caspian Seaisthe largest inland body of water on the planet. The state of

its ecosystem depends on climate change, and meteorological conditions effect

human activity in the open part of the sea and the coastal zone. Human activity,
in turn, also has an impact on the ecosystem of the sea.

According to scientists, the level of closed reservoirs, such as the Caspian Sea,
Is determined by a delicate balance between precipitation and runoff on the one
hand, and evaporation from the surface on the other. In the case of the Caspian
Sea, the water level decreaseis explained by increased evaporation and loss of the
seaice in winter.

The Atrek River is the only river of Turkmenistan, which waters flow into the
Caspian Sea. The Atrek River is characterized by short-term periods of high wa-
ter from March to September. Often, the maximum water levels and intensity
of water consumption reach critical values and are of destructive character. The
intra-annual distribution of runoff within Turkmenistan does not reflect the actual
regime of the river due to the water consumption on the territory of Iran. The
runoff cessation can be observed during the summer period. In recent years, the
Atrek waters rarely reach the Caspian Sea. These processes are associated with
genera increase in aridity in the Central Asian region.

The Hydrometeorological Service of the Ministry of Agriculture and Environ-
mental Protection of Turkmenistan constantly monitors the state of the climatein
the Turkmenistan coastal part of the Caspian.

Due to the vastness and diversity of the geographical location and climatic con-
ditions of Turkmenistan, various extreme natural phenomena are characteristic of
different regions. By the totality of hydrometeorological phenomena, amost the
entire territory of the country is vulnerable. Insufficient water resources, strong
winds, dust storms, frequent mudslides and rain floods on rivers determine the
Increased sensitivity of the region to climate change.

As for the eastern coast of the Caspian Sea in Turkmenistan, according to the
synoptic analysis, there is a change in the atmospheric circulation system. The
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recurrence of such processes as the western and north-western invasion has be-
come more frequent, and the trgjectory of their movement has also changed. If
In previous periods these processes mainly took place in the winter, spring, and
autumn months, now they are observed during the summer months as well. The
reason for thisis changes in atmospheric pressure and air temperature, which also
lead to the formation of dust storms on the southeastern coast of the Caspian Sea.
More often there is an increase in north-westerly winds, with the formation of
high waves with storm phenomena at sea. There are manifestations of new syn-
optic processes during the west-east transfer, in a situation with a blocking ridge,
causing anincreasein air humidity and fogsin the morning, what isnot typical for
summer and the climate of Turkmenistan.

Sharpwarming occurswiththerel ease of southern cyclonesserieswith south-west-
erly flows. Carrying out of tropical air leads to a sharp increase in temperature,
the appearance of squally windsthat provoke dust storms. They are accompanied
by abundant fallout of difficult to predict convective precipitation, with the for-
mation of mudflow floods.

Thefrequency of therelease of South-Caspian and Murgab cycloneshasincreased,
not according to the classical type. For the northwestern plains of Central Asia,
the typical synoptic situation favorable for the formation of droughts is the south-
ern, southwestern and western periphery of the anticyclone. The stronger warm-
ing up and drying of the air istaking place.

According to long-term data, in the average annual air temperature, thereis aten-
dency of increase. Analysis of changes in maximum temperatures demonstrated
the trend for raising in the majority of months. The maximum water temperature
over the past 10-20 years has also increased along the entire coast, in some years
by 3-4 degrees.

Observations of salinity on the Turkmen coast are made at three sea stations:
Turkmenbashi, Guvlymayak and Duzlybogaz. According to long-term observa-
tions, salinity values range from 12-14%o, but in 2020, in the Tiirkmenbasy Gulf,
Its increase to 15.72%0 was noted in July, August and September. At the Gu-
vlymayak and Duzlybogaz stations in the summer months, the salinity, although
dlightly, is also always higher than in the winter months. According to long-term
observations at the Duzlybogaz station (Kara-Bogaz-Gal), it was noted that its
values reached 37-39%.. Also, the findings of studiesin past years show that due
to the fact that winds are constantly blowing in the water area of the bay, in some
parts its surface runoff flow could be sharply disrupted, what may result in the
creation of countercurrents that are of an episodic nature.
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Regular measurements of water flow are made in the Duzlybogaz Strait. Seawa-
ter flows into the bay through the Strait at an average speed of about 0.60-0.70
m/s and a maximum speed of 1.00 m/s. In the annual seawater runoff, thereis a
decrease of 360-400 m*/sin the winter season and an increase in June, July up to
480-540 m?/s.

The Southern Caspian rarely freezes, only in the cold winters (Krasnovodsk Bay
frozein 1969). Over the past 15 years, ice phenomenain the form of fast ice on
the Turkmen coast were observed in February 2012 and 2014 at the posts of Turk-
menbashi (Krasnovodsk) and Khazar (Cheleken), the fast ice width reached 500
m, the ice thickness ranged from 1 to 5 cm. From 2015 to 2021, no ice phenom-
ena were observed at the sea posts of Turkmenistan.

Thus, an increasein air and water temperature, a change in the atmospheric circu-
lation system, a slight increase in water salinity in some places of the coastal part
of the seais observed at the Turkmen coast of the Caspian Sea.
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The purpose of this work is to assess the future ice regime of the Caspian Sea by
the end of the 21st century on the basis of climate models and their projections.
The main data were obtained from 29 stations and posts of the near Caspian re-
gion. Inthe author’s previous works|[1, 2], the results of research activities were
noted, according to which the maximum ice thickness in the 1980s decreased
throughout the Northern Caspian Sea. The maximum thickness of the ice is ob-
served in February. When considering the values of the maximum ice thickness
for the period 1944-2019, the greatest thickness is observed in the north-eastern
sea area (over 40 cm), in the Middle Caspian Sea — does not exceed 15 cm. The
thickness of the ice in the last century was significant, often more than 50 cm in
the north, in some years over 1 meter.

About 50 physical and mathematical models have been devel oped, which include
not only the atmosphere and the ocean, but also all other components of the climate
system, and also take into account the chemical composition of the atmosphere,
the interactions between the stratosphere and the atmosphere and many other fea-
tures, what brings these models to the level of models of the planet Earth system
[2, 6]. Through the CMIP5 international project, the results of experiments on
climate models have become unified and are freely available on the Internet [3, 4,
5]. Theresults of experiments on 10 climate models were used: the model of the
Beijing Climate Center, China (BCC Model); the model of the Canadian Center
for Climate Modeling and Analysis with aresolution of T63 (Canadian Center for
Climate Modeling and Analysis, CanESM2, CGCM3, 1 Model, T63 resolution);
the model of the National Center for Atmospheric Research CCSM3.0,USA (Na-
tional Center for Atmospheric Research, CCSM3, 0); the model of the Center
for National Meteorological research, France (Meteo-France,Centre National de
Recherché Meteorologiques, CNRM, CM3 Model); model of the Center for At-
mospheric Research of Australia version Mk3,5 (CSIRO Atmospheric Research,
Australia); Hadley Center for Climate Prediction model HadCM 3, UK (Hadley
Center for Climate Prediction, Met Office, UK, HadCM3 Model); model of the
Institute of Computational Mathematics of the Russian Academy of Sciences,
Russia (Institute for Numerical Mathematics, Russia, INM CM4,0 Model); model
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of the Max Planck Institute, Germany (Max Planck Institute for Meteorology,
Germany, ECHAMS / MPI OM); Japanese model MIROC3,2 with high resolu-
tion (CCSR/NIES/FRCGC, Japan, MIROCS,2, high resolution), MIROCESM;
The French model CM4 V1 of the Laplace Institute (IPSL/LMD/LSCE, France,
CM4 V1).

The most suitable models were Hadley, INM and CNRM. The scenario values
of the average long-term temperatures of three winter months were calculated for
three 30-year periods of the 21st century: 2011-2040, 2041-2070 and 2071-2100,
and for the three main scenarios RCP 2.6, RCP 4.5 and RCP 8.5. According to the
INM and CNRM models, the ice thickness decreases by 10-15 cm until thereisno
ice formation by the middle of the century. For northeast stations, the reduction
Isup to 16 cm (Fig. 1). The frequency of severe winters decreases significantly,
and by the end of the century it disappears a al. Theice edge shifts by 150-200
km. The probability of ice-free conditions will increase by 10 times according to
the INM model.

Fig. 1. Spatia distributions of the average maximum ice thickness (cm) for the periods 1981-
2010 (left) and 2071-2100 (right).

As aresult of the research work, the following conclusions were obtained:

1. Based on the selected most effective climate models (English Hadley, Russian
INM and French CNRM), maps of isotherms of future temperatures were correct-
ed and obtained, which show that for the average RCP 4.5 scenario, the area of the
region with sums of negative temperatures less than -500°C will decrease by more
than 2 times by the end of the 21st century and moderate winters will be observed
only in the northeast.

2. The reduction of the scenario maximum ice thicknesses cal culated according to
empirical dependencieswill be 10-15 cm, what leads to the absence of ice forma-
tion by the middle of the century according to the INM and CNRM models.

73




27-28 October 2021

3. The border of the ice edge will shift to the north, will be on the line Isle Tyu-
leniy — Fort-Shevchenko.

4. The frequency of ice-free winter periods will increase significantly.
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Objective: To evaluate the effectiveness and reliability of the method of short-
term forecasting of ice thickness increase.

Tasks:

» To make a projection on the ice build-up in the Northern Caspian Sea based on
a synoptic forecast with alead time of 1 day.

» To make a projection on the ice build-up in the Northern Caspian Sea based on
a synoptic forecast with alead time of 3 days.

» To makeaprojection of theice growth in the Northern Caspian Seabased on the
prognostic data of the WRF (Weather Research and Forecasting) model with a
lead time of 1 day.

» To develop aforecast form to provide to the consumer.

 To carry out acomparative analysis of the forecasting results using the synoptic
forecast and the forecast using the WRF model.

» To evaluate the effectiveness and reliability of the method of the ice thickness
increase forecasting.

 To introduce the hydrometeorological parameters forecasting into the opera-
tional work.

» To elaborate and adopt the time standards and approve the application of the
methodol ogy.

The ice period of the Northern Caspian Sea typically begins in November [2].
The winter of 2020-2021 for the Northern Caspian Sea is classified, according to
the generally accepted classification of the severity of winters, as moderate. The
first ice phenomena at the Peshnaya station were recorded on November 15, 2020
as the formation of submerged land-fast ice and the coast ice formation, followed
by freezing of the water area. Starting with December 2, the ice thickness was
measured, ranging from the 9 cm mark. At the Zhanbay station, the first ice phe-
nomena were recorded on November 27, 2020 with the ice thickness of 6 cm.
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Since this period, daily records of observation data were kept, as well as pre-
dictive air temperatures of the synoptic forecast and the forecast using the WRF
model. Whereas the synoptic forecast was carried out for the Atyrau station, the
WRF model forecast was performed for the points corresponding to the location
of the Peshnaya and Zhanbay stations.

Considering the historical period from 1980 to 2019, the maximum ice thickness
in December was observed in 2014 and amounted to 14 and 11 cm at the Peshnaya
and Zhanbay stations, respectively. In 2020, the ice thickness in December at the
Peshnaya reached 32 cm and at the Zhanbay station — 38 cm, thereby setting a
new record for the last 40 years. Also in January, the maximum thickness reached
41 cm at Zhanbay station, surpassing the record mark set in 2008 at 40 cm.

A form of the forecast presentation for consumers has been devel oped, which in-
cludes actual and projection ice thicknesses data in tabular and graphical format,
as well as the historical information and satellite images. Concerning the histor-
ical information, atime series of data from 1980 to 2019 was analyzed. For the
winter period from December 2, 2020 to February 28, 2021, 88 daily forecasts
were performed and 25 three-day forecasts were issued.

The reliability of the ice thickness one-day forecast at the Peshnaya station based
on the synoptic forecast of air temperature for the Atyrau station was of 98%.
Thus, 86 forecasts of 88 werereliable. Thereliability of the three-day forecast is
dlightly less, and amounted to 92%, as 81 forecasts out of 88 were reliable.

For the Zhanbay station 97% of one-day forecasts were reliable (85 forecasts out
of 88) aswell as 83% of three-day forecasts, which amounted to 73 forecasts out
of 88.

Regarding the WRF model data, the resultswere very high and approaching 100%,
namely 99% for the Peshnayastation and 98% for the Zhanbay.

While performing a comparative analysis of the actual air temperature at the sta-
tions and the projection temperature using the WRF model, and the comparison
between the actual and projection air temperature according to the synoptic fore-
cast for the Atyrau station, it was reveaed that both forecasting methods reflect
the projected values properly. The reliability of the forecast is sufficient, except
the fact that the drastic air temperature drops are not always well predicted, which
affects the projection of ice build-up.
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Main conclusons:

1.The developed method of short-term forecasting of ice thickness increase in
operational work has shown its high reliability.

2. Thereliability of one-day forecasts was proved to be of 97-98 % using the syn-
optic forecast.

3.Thereliability of three-day forecasts was proved to be of 92 and 83 %.

4.The using of the WRF model for one-day forecasts has shown a high result and
amounted to 98-99%.

5.A form of the forecast presentation for consumers has been developed, which
includes actual and projection ice thicknesses data in tabular and graphical for-
mat, as well as the historical information and satellite images.

6.A comparative analysis of projection air temperatures by the synoptic method
and by using the WRF model was performed.

Conclusion. According to the Manual on the Forecasting Service, Section 3, Part
I11, issued by the Marine Hydrological Forecasting Service, when forecasting ice
phenomena, the short-term forecasting methodology should be considered effec-
tive if its reliability is at least 75% [1, 3, 5]. Thus, the proposed methodol ogy
fully justifies the decision to introduce forecasting into operational work. More
detailed information is given in the work [4].
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The purpose of thiswork is to analyze changes in the main hydrological and hy-
drochemical characteristics of the marine environment of the northern part of the
Caspian Sea under the influence of climatic changes observed since 1996. Mod-
ern changes in air temperature, river flow, the level of the Caspian Sea, aswell as
the main characteristics of its hydrological and hydrochemical regime (tempera-
ture and salinity of sea waters, dissolved oxygen content) are considered. The
assessment of modern changesis given in comparison with the previous period of
the sea level transgression (1978-1995 [1]).

Air temperature

Our research has shown that in the northwestern part of the Caspian Sea, there
has been a significant change in air temperature over the past 27 years. Thisis
manifested, first of all, in an abnormal increase in temperatures during the cold
season. The average long-term temperature has become higher, especially in Jan-
uary, February, March and October, there is also an increase in the average annual
temperature by 1-2°C. According to the materials of the Institute of Global Cli-
mate and Ecology named after Yu. Israel, the air temperature in the northern part
of the Caspian region is growing on average at a rate of about 0.46°C/10 years;
the fastest growth was observed in the period 1991-2000: by more than 1°C. The
highest average seasonal warming rate was observed in summer: 0.57°C/10 years.
In the spring, since the mid-1980s, an even faster increase in temperature was ob-
served — about 0.77°C/10 years.

Volga runoff

A decrease in moisture content in the last 30 years has been observed throughout
the entire territory of the Volga basin, especialy in its southern part. In general,
an increasein water runoff is noted only in the Kamabasin. Since 1996, the mean
long-term runoff of the Volga at the apex of the delta has decreased to 236 km?® in
comparison with the previous period (267 km®). The characteristics of the flood,
the most important hydrological event for the sustainability of the Volga-Caspian
ecosystems, have also changed. The volume of water runoff has decreased (on
average, from 161 to 145 km?®). The duration of the high water decreased to 67
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days, which is less than even in the previous dry period (up to 1978), when the
high water lasted 74 days on average. The peak of the flood shifted from the last
ten days of May to its middle (May 15) [2].

Sea leve

The Caspian Sea level is extremely sensitive to changes in climatic conditions in
its basin and can serve as an indicator of them. During the period of instrumental
observations of the level, the range of its fluctuations reached 4 m, from -25.3 m
in the eighties of the XIX century to -29.0 m in 1977. In 1978-1995, thereisa
sharp increaseinthelevel, which reached 2.5 mby 1995[1]. Sincethelate 1990s,
the sea level began to decline, and by 2020 it reached the level of -28.23 m BS.
Thisyear, the level is expected to fall further by another 15-20 cm.

Sea water temperature

According to the Federal Hydrometeorological Service data, the water tempera-
ture in the sea has also increased by an average of 1.5-2.0°C. In comparison with
the previous period, there are higher average temperatures of the surface water
layer in summer and autumn. And during the high-water period, on the contrary,
the water temperature decreased. Thisis dueto the fact that in conditions of low
water, the regulatory role of the Volga cascade of reservoirs increases, which, in
an effort to save water, reduces the phase of high-water rise. The shortened rise
time of the flood wave with a high intensity of level growth leads to the fact that
the water masses do not have time to warm up [2]. It is also necessary to note a
noticeable increase in water temperature in the autumn low water, on average it
increased by 36 % compared to the previous period. At the same time, the differ-
encein average temperatures between the shallow and deep-water areas of the sea
has practically disappeared.

Salinity of seawaters

In recent years, the salinity of the waters of the Northern Caspian Sea has in-
creased by an average of 2%. compared to the previous period due to a decrease
in the volume of river runoff. Salinization occurred mainly due to the bottom
waters. A statistically significant increase in salinity was observed in the bottom
layer for all hydrological seasons and for the entire water area of the northwestern
part of thesea. Theincreasein salinity inthe surfacelayer ismainly characteristic
of the shallow water zone during high water and summer autumn, on the con-
trary, lower salinity values are observed here. In deep-water areas, the increase
in salinity (within 1%.) was statistically significant only during the high-water
period. The modern period is characterized by a greater spatial heterogeneity of
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the temperature and salinity fields compared to the previous period of 1978-1995,
which is probably due to the weakening of the influence of runoff currents due to
adecrease in the volume of fresh river water entering the sea. The decreasein the
volume of the Volga runoff at the present time and the lowering of the sea level
has led to the fact that local flow systems determined by the orography of the bot-
tom have become more noticeable in the water area.

Oxygen regime of water

The solubility of oxygen depends on the water temperature, so its concentration
in the water of the Northern Caspian increases in spring and autumn, decreases
in summer. The increase in the temperature of sea water is associated with the
decrease in the content of dissolved oxygen observed in it in recent years. Our
research shows that, on average, in recent years, compared to the previous pe-
riod (1978-1995), the average annual indicator of water oxygen saturation has
decreased by about 3.5% in the deep-water zone of the Northern Caspian (with
depths of more than 5-7 m). Thereisalso alarge spatia heterogeneity of the ox-
ygen concentration compared to the high-water period, which is associated with
the above-mentioned changes in the thermohaline structure of waters.
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Asit isknown, in recent years, an increase in air temperature has been observed
in most regions of the world. Since the air temperature is the most important
characteristic of the climate, a change in its statistical characteristics may lead to
arestructuring of the processes of heat and moisture exchange in the atmosphere,
which in turn affects the processes of precipitation formation.

Against the background of a significant increase in air temperature in bigger part
of the Azerbaijan Republic, especialy in the lowlands, a significant reduction in
precipitation is observed, which leads to drought and creates serious problemsin
agriculture, ecology, water supply etc. Onthe contrary, aslight increasein precip-
itation is observed in some places on the southern slope of the Greater Caucasus.
Changes in the precipitation regime are manifested not only in an increase or de-
crease in their amount, but also in the recurrence of cases with intense precipita-
tion, which in most cases are accompanied by dangerous phenomena such as hail,
floods, mudflows etc. [1].

During the cold period of the year, cases of intense precipitation have become
more frequent on the Absheron Peninsula, especially in Baku, asaresult of which
significant damage has been caused to the urban infrastructure, and landslide pro-
cesses have intensified. For this reason, the study of changes in the precipitation
regime on the Absheron Peninsulaand the adjacent marine areais of great interest.
The location of Baku and the third largest city of Sumgayit in this area increases
the relevance of this problem. On the other hand, since precipitation is one of the
important elements of the water balance of the Caspian Sea, its changes can affect
the fluctuation of the sealevel.

Based on the observations of 6 hydrometeorological stations (Sumgayit, Baku,
Mashtaga, Chilov, Pirallakhy and Neft Dashlary) in 1961-2017, the nature of
changes in the precipitation regime on the Absheron Peninsula is studied in this
work.
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Data for the period 1961-1990 were used as climatic precipitation norms. The
average monthly, seasonal and average annual precipitation amounts, their anom-
alies and the values of standard deviations for the periods 1961-1990 and 1991-
2017 are calculated.

There are various trends in the temporary changes in annual precipitation. Of
particular interest is the statistically significant positive linear trend for the Baku
station and the negative trend for the Chilov and Neft Dashlary sea stations at the
level of 5%.

A characteristic feature of modern climatic changes in the precipitation regime of
the studied region isthat in all ground stations there is an increase in precipitation
in the cold half-year, and a decrease in the warm half-year. The most significant
Increase in precipitation is observed in the autumn months. In marine stations,
a dlightly different picture is observed: a decrease in precipitation is observed in
both warm and cold half-years, but the amount of precipitation reduction in the
warm half-year is much greater (Tab. 1).

Tab. 1. Distribution of precipitation anomalies (mm) by season and half-year in 1991-2017

Stations Season Half-year
Winter Spring Summer Fall Cold Warm
Sumgayit -0,9(28,0) -8,7(28,4) -2,0(21,6) | 18,1(47,1) 17,2(57,0) -10,7(47,3)
Baku 37,5%(51,4) -8,8(30,0) 0,1(16,7) | 48,6*(65,0) | 86,1*(79,1) -8,7(37,6)
Mashtaga 16,7(61,3) | -18,1*(29,5)| -0,5(12,6) | 16,2(73,1) 32,9(74,9) | -18,6*(33,6)
Pirallakhy 5,9(36,6) -13,0(24,9) | -1,2(10,3) | 13,9(44,3) 19,8(50,5) -14,2(31,2)
Chilov -9,4(29,0) | -19,7*(22,4) | -3,8(6,2) -1,4(29,9) -11,3(38,4) | -23,5*(48,4)

Note: 1) standard deviations in brackets;
2) * - statistically significant anomalies at the p = 0.05 level.

Along with general changesin the amount of precipitation, study of changesin the
frequency of intense precipitation is also of great interest. It was found that for
the period 1991-2017, compared with the period 1961-1990, the number of days
with precipitation exceeding 10, 15, 20, 25, 30 mm increased by 1.3-1.6 times|[2].

In recent years in the autumn months, intense precipitation in most casesis pre-
sented by heavy showers with thunderstorms, what indicates the activation of
convective processes in the territory under consideration.

As can be seen, changes in the precipitation regimein the Absheron Peninsula are
beyond doubt and can be associated with various reasons. These include changes
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in the hydrometeorological regime of the Caspian Sea, including an increase in
sea surface temperature (SST), changes in the nature of atmospheric circulation,
changes in land characteristics etc.

A sharp increase in the amount of precipitation and the number of days with in-
tense precipitation in the autumn-winter period on the Absheron Peninsula, es-
pecialy in Baku, led to a number of problems, including flooding in streets and
tunnels, rising ground water levels etc. The activation of landslide processes in
various parts of Baku in recent years can aso be explained by an increase in the
amount and intensity of precipitation in the autumn-winter period. Also of great
concern is the reduction of precipitation on the sea surface, which, against the
background of an increase in SST and, accordingly, an increase in evaporation,
could lead to a further decrease in the level of the Caspian Sea.
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The Caspian Sea is the world’s largest inland water body and comprises several
climate zones[9, 11]. Itswater level varied by several metersin the recent past [1,
2] and underwent multiple phases of regressions and transgressions with an am-
plitude of morethan 100 m sinceitsevolution [10, 11]. Such different water levels
lead to large variations in lake area and moisture availability in the atmosphere
and thus also affect the regional climate [6, 13, 13].

We analyse the climate in the Caspian Sea region in pre-industrial control (and/
or historical) climate model simulations conducted within the Coupled mode! in-
tercomparison project phase 6 (CMIP6) [8] in comparison with ERAS reanalysis
[7] data. Key climatic featuresin the Caspian Searegion will be identified and it
will be studied how well the climate of the Caspian Sea region is represented in
current global climate models. We hypothesise that the complex terrain such as
the Caucasus and sharp orographic transition between the Caspian Seaand Elburz
Mountains require higher spatial model resolutions in order to represent the re-
giona atmospheric circulation and climate[5, 12, 15]. Thiscan be achieved using
regional climate models that will be conducted as a next step.

Our findings will not only be used for present day’s conditions, but we will also
analyse the climate of the Caspian Sea region for selected time periods, such as
the Last Glacial Maximum (LGM, 20,000 years BP) [3] and the Last Interglacial
(L1G, 127,000 years BP) [4]. Theglobal climate and boundary conditions during
these paleo periods were substantially different than today. During the LGM, for
example, large ice sheets covered the northern hemisphere and the greenhouse gas
concentrations in the atmosphere were lower than today, leading to a significant-
ly colder and drier global climate [3]. The LIG, on the contrary may serve as a
partial analog for future climate change, as global mean temperatureswere 1-2°C
higher than today [4, 14].
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