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SHORT SUMMARY
Climate features in 2023

In general, 2023 was the warmest year for the globe during the period of instrumental
observations. The gl obal average annual tempe
the baseline level of 1851000, used as an approximation of-préustrial levels.

The year 2023 on average for the territory of Kazakhstan took a recgiddesin the ranked
downward series of mean annual air temperatures since 1941, the anomaly of mean annual
temperature (deviation fromthelohge r m aver age for the period 19
The year was record warm in almost all regions atékhstan, except Zhambyl, Paviodar and North
Kazakhstan regions, where 2023 was among the 5% of extremely warm years (rank 2), on average in
the regions of air temperatur e .BxrenenHgh asualr ang
temperatures wenme@corded according to the data of most weather stations in the country. The share
of the country area with anomalies above the 80th percentile was 99%. According to 186 weather
stationsdatg the year2023wasextremely warm (90 and 95% extremes were recorded), including
111 stations- the warmest year since 1944ith record temperature anomalies ranggfrom +1.46
to +3.92 AC. The abnor mal | yi theafourth negnitudedmasoww e r e
a ter 2020 (+3.84 AC), 2008 ( +3. 7ithethi@)nagaituck 2 0 1
in a row after the summer of 1998 (ife2ardv@amAC)
autumn, the previous recorld7l)was +2.45 AC and

In many regions of Kazakhstan, the warmest months were March and Nové&h#bescord
war mest mont hs were July and November (rank
respectively. Previous maximum air temperature anomalies were observedl igJ 1998 ( +1.
and November 2010 (+4.51 AcC). Extremely warm
+6.45 AC (rank 3) and the month of October wit
temperature of June month in 2023 was amongethe/irmest months for the period since 1941 with
an anomaly of +1.68 Awu.

The daily maxi mum temperatur e ioverth®ehtBe e x C ¢
territory of Kazakhstanexcept dr high mountain areas).In 2023, 24 meteorological stations
participating in climate monitoring of Kazakhstan updated or reached the values of absolute
maximums, located mainly in the northern and eastern regions, as well as in the western region. The
highest air temperature in 2023 was recorded at station Karatobeesh Kdzakhstan region:
+46.0 Aw. I n the western and southern regions
in some places more than 60 days. As a consequence of high air temperatures for a significant part of
the warm period of the yeaspecially in the western and southern regions of Kazakhstan, there was
an acute need for cooling of premises to maintain a favorable temperature.

The daily minimum air temperature in 2023
the westernregion,n t he nort hern, eastern, central and
C - mainly in the northern and northwestern regions of Kazakhstan. In 2023, the daily minimum
temperature records were updated at foateorologicastations in the westermd southern regions
of Kazakhstan. The lowest air temperature in 2023 was recorded in the MBxgiosd Aktobe
region: minus 42.7 AC.



The layer of precipitation for 2023 on average over the territory of Kazakhstan amounted to
359.4 mm (113.1 % of the nojnOn average over the territory of most regions annual precipitation
amounts were within N20 % of the norm. A sign
observed in the south of Kostanay region, in the saugtstern and southern regions lo¢ tcountry.
From seasons autumn with significant excess of moisture practically on the whole territory of the
country (except for southern and semibstern regions) stands out. 149,1 % of nethe maximum
value in a number of observations since 194&ll in autumn season in Kazakhstan as a whole,
besides it is necessary to single out Adryo sy
regions (56 % of normit he si xt h spring among the fAdriesto

In 2023, on average over the territory aiz@khstan most of the year there was an excess of
precipitation (from January to March and from August to December). Extremely wet (5% extremes)
were two months of 2023: September (193.7 % of the norm, rank 2) and August (175.8 % of the
norm, rank 4); andrery wet (10% extremes) were October (151.8 % of the norm, rank 7) and
December (155.5 % of the norm, rank 7). Precipitation deficit was observed from April through July
months. In April, the average precipitation amounted to 79.3 % of the norm, inuly % of the
norm. Two months were extremely dry: May 60.2 % of the norm (the eighth driest month) and June
59.2 % of the norm (the third driest month). From April to July, the precipitation deficit was observed
over much of the territory of Kazakhstant gome stations monthly precipitation minimums were
updated, at other stationsnonthly maximums. According to data of many stations in the western,
central and southern regions precipitation was absent for at least a month.

Climate change in Kazakhstan

A steady increase in the average annual air temperature is observed in all regions of
Kazakhstan. The average increase in the aver e
every 10 years. On average, for the territory of individual regions,theedrh r at e r anges
C/ 10 years (Karaganda region) to 0.56 AC/ 10 vy
winter, the temperature increase is statistically significant.

All trends in the average annual and seasonal precipitation iakKsian are statistically
insignificant. Over the past 48 years, there has been a slight trend towards an increase in annual
precipitation (by 1.7 mm/10 years), mainly due to precipitation in the spring season, when the increase
in some western, northernécentral regions is-88%/10 years. In the autumn period, precipitation
decreases almost throughout the territory of Kazakhstan, in some western and southern regions by 4
12%/10 years. In the summer season, precipitation also decreases almost thidaghihstan, in
some western and southern regions t4&10 years.

The analysis of trends in extremes of surface air temperature and precipitation showed that for
the period 1961 2023.:

T thereis asteadyincreasdn the numberof summerdayswith temperaturesbove30 AC, as
well astropical nightswith temperatureabove20 AC, especiallynoticeablein the south,southwest
andwestof therepublig

T everywherdhereis anincreasen thenumberof heatwavesin thewarmseasonthetotaland
maximum durationof heatwaves,aswell as thedurationof heatwavesin generalfor theyeatr,



T thereis areductionin heatdeficit (the needfor heating)in the cold seasorandanincreasen
cold deficit in the warm period(the needfor air conditioning),especiallyin the southwestandwest
of therepublig

1 everywherdhereis asteadyincreasen theperiodof activevegetatiorwith an averageéaily
temperatur@bovel0 AC, aswell as thesumof activetemperature$or this period

T thenumberof dayswith frostsandseverdrostsbelowminus20A Gs reduced

1 there have beeno significant changesn the characteristicof the extremeprecipitation
regimein mostof theterritory of therepublic.

The observed increase in the frequency and duratiperasds with high air temperatures in
the warm season leads to negative consequences not only for the human body and animals, but alsc
for transport infrastructure due to deformation of the road surface, for urban conditions and recreation
areas, for thereergy industry, as there is a need for additional energy generation for cooling premises.

An increase in surface temperature leads to a shortening of the period with negative
temperatures, as a result, precipitation is more likely to fall in liquid foims, Tn turn, can affect
snow accumulation during the cold season. In mountainous areas, both the area and the period of
precipitation in solid form are decreasing, which affects glacial systems.

An increase in surface temperature during the cold seaads e a decrease in the need for
thermal energy generation. Reducing the number of days with frosts, on the one hand, leads to a
positive effect on public health, on the other hand, heat waves during the cold season can lead to the
formation of ice on theoads when the cold weather returns.

An increase in the length of the growing season in those areas where this is combined with an
increase in precipitation and a reduction in the maximum duration of the rainless period (in some
northern and southeastaryions) improves conditions for crop production.

In some areas, an increase in the maximum daily precipitation has been recorded, which can
lead to an increased risk of destruction of the roadway and storm water systems in settlements,
landslides and muéldes in mountainous areas.



INTRODUCTION

Climate is a natural resource that is vital for determining the directions of development of
many sectors of the economy and the health of the population of any state. Meteorological
information collected, manageohd analyzed by national hydrometeorological services helps users
of this information, including decision makers, to plan any activity taking into account current
climatic conditions and observed climate changes. The usetofdgie meteorological andiiate
information helps to reduce risks and damage and optimize-soscimmic benefits. Monitoring of
the climate system is carried out by national, regional and international organizations in coordination
with the World Meteorological Organization andcimoperation with other environmenfabgrams

The study of the regional climate and the constant monitoring of its changes is one of the
priorities of the national hydrometeorological Service of Kazakhstan RSE "Kazhydromet". Since
2010, Kazhydromet hagbn issuing annual bulletins to provide reliable scientific information about
the regional climate, its variability and change. Taking into account the geographical location of
Kazakhstan and its vast territory, the observed changes in climatic conditiasous regions of
the Republic can have both negative and positive effects on biophysical systems, economic activity
and the social sphere. Consideration of climatic conditions and assessment of their changes are
necessary to identify potential consegoes and take timely and adequate adaptation measures,
ultimately, to ensure the sustainable development of Kazakhstan.

This issue of the bulletin describes the climatic conditions observed in 2023, including an
assessment of the extremes of temperatmek @ecipitation regimes, and provides historical
information on changes in surface air temperature and precipitation that have occurred since 1941.
This issue of the bulletin also contains estimates of climate change over a shorter paroadthe
mid-1970s of the last century, when, according to many experts, global climate change has become
more intense, especially in the Northern Hemisphere.eAgices 3 and 4how maps of the
distribution of average lonterm values of air temperature and preciptatfor the period 1961
1990, averaged by season and per year.

The initial data. Data from the Republican Hydrometeorological Fund of RSE
"Kazhydromet" are used to prepare the bulletin:

1) the series of average monthly air temperatures and monthly prgoipiamounts, while
about 120 weather stations have homogeneous series since 1941 and their data are involved in the
generalization of information on the territory of the regions and in Kazakhstan as a whole, since 1961,
there are about 190 such statioasd their data were used to assess climatic norms for the period
1961-1990., to assess anomalies and trends in a particular point;

2) the series of daily maximum and minimum air temperatures and daily precipitation since
1961 (about 190 weather stations).

The network of meteorological stations used for climate monitoring is shown on the schematic
map below.
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Network of meteorological stations in Kazakhstan used for climate monitoring (stations used
for averaging over the area of regions are shown igireks)

The main approaches and methodBhe "norm" in the bulletin refers to the average annual
value of the considered climatic variable for the period 196290. Temperature anomalies are
calculated as deviations of the observed value from the rfomegipitation anomalies are usually
considered both in deviations from the norm (similar to air temperature) and as a percentage of the
norm. As additional characteristics of anomalies, indicators based on the distribution function
(probability of nomexcess, which characterizes the frequency (in %) of occurrence of the
corresponding anomaly value in a series of observations) and ordinal statisticsi(earislinal
numbers in an ordered series of values relative to other numbers in the dataset), areriosks for
evaluating these statistics are specifically specified in every case.

Linear trend coefficients determined by the leas} u amethed@re used as an estimate of
changes in climate characteristics over a certain time interval. The measure of trend materiality is the
coefficient of determination (D), which characterizes the contribution of the trend component to the
total varianceof the climate variable over the period under consideration (as a percentage).

The assessment of trends in surface air temperature and precipitation, the average values of
anomalies of meteorological variables are given both according to data from iatistaions and
on average for the territory of Kazakhstan as a whole and for 17 of its administeatitogial
regions. The average values of anomalies of meteorological variables for the territory are calculated
by averaging station data on anomali€be borders of the administratiterritorial regions of
Kazakhstan are shown on the schematic map below.
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1 WestKazakhstamegion 10 Pavlodaregion

2 Atyrauregion 11 Abairegion

3 Mangystauegion 12 EastKazakhstamegion
4 Aktoberegion 13 Almaty region

5 Kostanayregion 14 Zhetysuregion

6 North Kazakhstamegion 15 Zhambylregion

7 Akmolaregion 16 Turkestarregion

8 Ulytauregion 17 Kyzylordaregion

9 Karagandaegion

The scheme of administratiterritorial division of theRepublic of Kazakhstan

To assess the temperature and precipitation regime in a particular year and its changes since
1961, climate indices recommended by the World Meteorological Organization are used and
contribute to the "detection" (mathematically) ofyrsficant climate change, including the
characteristics of extremes. Some indexes are based on fixed uniform thresholds for all stations, while
others are based on thresholds that may vary from station to station. In the latter case, the thresholds
are déined as the corresponding percentiles of the data series. The indices also allow us to assess the
impact of the current climate and its changes on various aspects eésonmmic conditions in the
studied region. There are indices reflecting the pakmthpact on human health, on energy
generation needs in different seasons, on agrometeorological conditions, on transport infrastructure,
on the extremity of hydrometeorological conditions, etc.

Responsible for the issue: Head of the Department of CliRasearch T.A. Tillakarim.
Leading researchers Smirnova E.Yu., Aldea G.S., Medetova A.K., Amanulla E.E. and leading
engineers Abdolla N.S., Turumova G.E. also participated in the preparation of the bulletin.



1 OVERVIEW OF GLOBAL CLIMATE CHANGE AND ITS STATUS IN 2023

For more than 30 years, the World Meteorological Organization (WMO), through the
Commission on Climatology and in cooperation with its members, has been issuing an annual report
on the state of the climate, in response to concerns egoras1993 about projected climate change.

The annual Global Climate report identifies indicators of the climate system, including greenhouse
gas concentrations, rising land and ocean temperatures, rising sea levels, melting ice and retreating
glaciers, a well as extreme weather events. It also highlights the impact on-esmmomic
development, migration and displacement, food security and terrestrial and marine ecosystems.
Global climate indicators provide a broad view of climate change on a global soaering
atmospheric composition, energy changes, and the response of land, ocean, and ice. These indicators
are closely interrelated. For example, an increase in the content of CO2 and other greenhouse gases
in the atmosphere leads to an energy imii@aand, thus, to a warming of the atmosphere and the
ocean. Ocean warming, in turn, leads to an increase in sea level, to which is added the melting of ice
on land in response to an increase in atmospheric temperature. Together, the indicators create a
coherent picture of global warming, which affects all parts of the Earth's system.

There are clear links between key climate indicators as a physical system and cascading risks
for most of the 17 Sustainable Development Goals. Thus, monitoring global cindet&tors, as
well as the risks and consequences associated with them, is crucial for achieving the Sustainable
Development Goals by 2030.

Key provisions on the state of the global climate in 2023:

The report of the World Meteorological Organization (WM@n the state of the global
climate in 2023 indicates that once again records have been landken some casdsft far behind
in terms of greenhouse gases, surface temperatures, ocean heat content and acidification, sea leve
rise,Antarctic Sedce cover and glacier retreat. The World Meteorological Organization (WMO) in
its report published that 2023 was the warmest year in the history of observations by a very large
margin.

The average annual global surface temperaturé n 2023 wasACl.adb5 v Q.
average temperature for the pnelustrial period 1850900. (Figure 1.1). The transition from the La
Ni S$edated cooling (lastedfrommi2i0 20 t o early 2023) t 02020 war
clearly reflected in the temperature ircse compared to last year. Given that El Nino usually has the
greatest impact on global temperatures after reaching a peak, it is expected that 2024 may turn out to
be even hotter. Six international datasets used for global temperature monitoring asid pledg
2023 among the warmest years on record in the world, and all six datasets show that the global
temperature in each month from June to December 2023 set new monthly records. July and August
were the two hottest months on record globally. The pusvivarmest years in the entire history of
observations were recognized as 2016 (strong El Nino) and 2020 with an average annual air
temperature of 1.29K0.12 AC and 1 .-iastkid erd, 3 AC
respectively. Also, all sixata sets show that the average value for the last ten years, from 2014 to
2023, were the warmest years in the history of instrumental observations since 1850 and the average
decenni al gl obal temperature exceede&b01809 1. 2
(Figure 1.1). The longerm increase in global temperature is caused by an increase in the
concentration of greenhouse gases in the atmosphere.
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The observed concentrations oéttinree main greenhouse gadegarbon dioxide, methane
and nitrous oxidéd reached record levels in 2022. CO2 levels are 50% higher than in the pre
industrial era, which leads to heat retention in the atmosphere. The long lifetime of CO2 means that
tempeatures will continue to rise for many years to come.

In 2022, the molar fractions gfreenhouse gas concentrationsached new highs: carbon
dioxide or carbon dioxide (COZ)4 17 . 9 ppm N 0. 2iindustriallléved, ¥netrmfie t h e
(CH4)i 1 9 2 3 N 2perbitian {ppb) or 266% of the piadustrial level and nitrous oxide (N20©)

335. 8N 0.1 pp b-industriall(Z730¥evel.fRedimke @ata fromea number of specific
locations show that concentrations of greenhouse gases, CO2, CH4 andoN@2@ied to rise in
2023.

The global average sea surface temperatu@PM) in 2023 reached record values starting
in April, and the records of July, August and September were broken by a particularly large margin.
Exceptionally high temperatures were retmat in the eastern part of the North Atlantic, the Gulf of
Mexico and the Caribbean, in the North Pacific Ocean, as well as in vast areas of the Southern Ocean,
where widespread marine heat waves were observed.

Global mean sea levekontinued to rise in 2023, reaching a newtialle high for the
existence of satellite altimetry (192823), reflecting the ongoing warming of the ocean (thermal
expansion), as well as the melting of glaciers and ice sheets. The rate of increasd mwvghalge
sea level more than doubled between the first decade-@®®3 of satellite observations, when sea
level rose by an average of 2.13 mm per year and the last decade(@&)4where global average
sea level rose by an average of 4.77 mm par.ye

The ocean's heat content in 2023 reached a new record high in the entire history of
observations. The rate of ocean warming has increased especially strongly in the last two decades.
The average daily coverage of the world's oceans by a marine heatwaaw32%, which is much
higher than the previous record, 23% in 2016. By the end of 2023, conditions that contributed to heat
waves were observed in most of the world's oceée
of November. Of particularate are the largecale marine heat waves in the North Atlantic, which
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began in the spring in the Northern Hemisphere, peaked in September and continued until the end of
the year. At the end of 2023, a wide band of severe and extreme marine heat was¢hficragout
the North Atlantic with temperatures 3 AC abo

The Mediterranean Sea has been almost completely engulfed by strong and severe sea heat
waves for the twelfth year in a row. Ocean acidification has increased as a result ofdtaxinten
uptake.

Glaciers. The global set of reference glaciers has experienced the largest ice loss in the entire
history of observations (since 1950), caused by extreme melting in both western North America and
Europe.

In 2023, the area oAntarctic Seace turned out to be the lowest in the entire history of
observations: its maximum length at the end of winter was 1 million km2 less than in the previous
record year, which is equivalent to the area of France and Germany combined.

Glaciers in the Europeakips have experienced an extreme melting season. The annual mass
loss of Swiss glaciers in 202023 was the second largest in the entire history of observations (from
1950 to the present) and amounted to 4.4% of the remaining ice volume. Togetheewatid®.9%
mass loss in 2022022, Swiss glaciers lost about 10% of their remaining volume in just two years.

In 2023, a record loss of glacier mass occurred in the western part of North America (from
1965 to the present), its rate was five times highem the figures recorded in 26R2019. According
to some estimates, glaciers in western North America lost 9% of their volume in 2020 over the period
2020:2023.

Significant negative mass balances are explained by the fact that the winter snow cover was
below average, followed by intense spring heat, which led to early ice exposure on most glaciers and
ice fields in southwestern Canada.

The Greenland Ice Sheet continued to lose mass in the2ZZ2&hydrological year. This
summer was the warmest in the higt@f observations at the Greenland Summit station, with
temperatures 1.0 AC above the previous record
the ice sheet has experienced the third largest cumulative melting volume of all tim&Q23y8
after the extreme melting seasons in 2012 and 2010.

Snow cover.The total area of snow cover in the Northern Hemisphere from January to April
2023 was close to the lofgrm average (1992020) and amounted to 16.74 million km2, which is
the eighth lowessince 1967 and 1.47 million km2 below the lelegn average, but the spring heat
wave in northwestern North America caused widespread melting snow. The area of snow cover in
North America in May 2023 was the lowest in the entire history of observati®63-2023) and
amounted to 7.47 million km2, which is about 1.57 million km2 (17%) below thete@rngaverage.

One of the most significant in terms of the number of victims of extreme events is the floods
that occurred due to the Mediterranean cycloneallpdubbed "Storm Daniel”, in the month of
September. In the initial stage, the storm caused heavy rains in Greece, southern Bulgaria and parts
of Turkey, in the next stage, the storm caused significant flash floods in Spain, which negatively
affected gran production. The heaviest precipitation fell in the Thessalian region of Greece north of
Athens, where 760 mm fell in Zagora Pelion on September 5, and 1096 mm in 5 days from September
4 to September 8, while 329 mm fell in Bulgaria on Septemkeind16 hours. The storm then
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remained inactive for several days in the eastern Mediterranean, and then struck again as heavy rain
in northeastern Libya on September 10 and 11. Heavy rains hit the coast and nearby mountains: on
September 141, 414 mm fell in 24ours in AlBayda. Intense rains have led to severe flooding in

the region. The worst effects were noted in the city of Derna (about 50 km easB@yds), where

most of the central part of the city was destroyed as a result of flooding, aggravétediestruction

of two dams. At least 4,700 confirmed deaths in Libya are linked to flooding, and 8,000 people are
still missing (as of December 15). Another 19 people died in Greece and Bulgaria.

Tropical cyclone Freddy in Februakarch became one of tihengestlived tropical cyclones
in the world. The main consequences of "Freddy" were associated with floods during landfall in
Mozambique and Malawi, as a lot of precipitation fell (up to 672 mm during the storm in
Mozambique). Some areas of Mozambiqud &falawi have not yet recovered from the storms of
2022. Malawi was particularly hard hit, with at least 679 people killed and more than 659,000
displaced, while another 165 people died in Mozambique. Casualties were also reported in
Madagascar and Zimbalewand in the sea off Mauritius.

In 2023, there were many significant heat waves in different parts of the world. Some of the
most significant were in southern Europe and North Africa, especially in the second half of July,
where there was a strong and epitonally prolonged heat wave. Extreme heat in the second half of
July moved from southern Europe to southeastern Europe, and in late August and early September,
the heat swept wesentral Europe. During these events, temperature records were set iplatasy
in southern France, northern Spain and western Switzerland. Record high temperatures in Europe
were recorded in the Sardinian resorts of Lotzorai and Jerzu (Italy), where on July 24 the temperature
reached 48.2 AC, on AyigMiantecdddd an éveragBdaiby temper@tbre e r

of 32.98 AcC, which was the highest i n the er
(Al bania) (43.0 AC on July 25). Record high
Tunisia (Tunisa ) (49.0 AC on July 24), Agadir ( Mor oc

(49.2 AC on July 23).

In 2023, extremely high air temperatures were combined with exceptionally dry conditions,
which provoked extensive forest fires in different parts of thddvdihe largest fire ever observed
in the European Union was an extensive forest fire observed in northeastern Greece in late August
and early September (both on the mainland and on the islands), which burned 96,000 hectares.

The wildfire season in Canadieas surpassed all previous records. Significant fire activity
began in late April, spread during a very warm and dry May, and continued throughout the summer
and early autumn. The total area burned per year in the country amounted to 14.9 million hectares,
which is more than seven times higher than the-teng average (1988022) and significantly
exceeds the previous record seasonal figure of 6.7 million hectares in 1989.

The deadliest wildfire of the year occurred in Hawaii, on the western side cflaine iof
Maui. Extreme weather conditions, low humidity and strong gusty winds, combined with the previous
drought, contributed to the development and rapid spread of severe fires. The area of Lahaina, which
was largely destroyed, suffered the most: mbexnt2,200 buildings were destroyed. A mandatory
evacuation of 7,500 people was announced throughout the area. At least 100 people died, which is
the largest number of victims of wildfires in the United States in more than 100 years. Wildfires of
this intersity and rate of spread are extremely rare in the tropics.
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Prolongeddrought in 2023 persisted in northwestern Africa and parts of the lIberian
Peninsula, as well as in central and southwestern Asia, and intensified in many areas of Central
America, northern South America and the southern United States. Among the most significant
drought zones was the area of subtropical South America, concentrated in the north of Argentina and
Uruguay. In most of northern and central Argentina, between 20 and 50% of precipitation fell from
January to August, with precipitation in some regionsrgllelow average for the fourth year in a
row. In eight states of Brazil, the minimum amount of precipitation in the last 40 years fell from July
to September.

Source: Re p o The state of the Global climate in 2@3WMO-No. 1347 permanent link
https://library.wmo.int/idurl/4/68835
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2 AIR TEMPERATURE

I n 2023, the average annual average air te
relative to the longerm average value for the period 198490 . (5.4 AcC), this
among the warmest years in the history of obs

previous record in 2020. Since the 1960s, every subsequent decade in Kazakhstan has been warme
than the previous one. €laverage annual value of air temperature over the last decad@®B.4

It was +6.82 AC and exceeded the climatic nor
decadal anomalies, the previous warmest decade was if2P@23vith an anomalyof +13 3 AC. Tt
last five years of 2012023 were also the warmest with an average annual air temperature of
+7.30 AC, which exceeded the climatic norm by

Table 2.1 shows the lists and ranks of the ten warmest years on average across the Globe and
acoss Kazakhstan (according to the terrestrial network). Each year, which is included in the 10
warmest years for the Globe and for Kazakhstan, has its own fill color, which allows us to judge the
coincidences in the rank that fell into both lists of thermest years. The six warmest years in
Kazakhstan were included in the list of the ten warmest years for the Globe. The years 2023 and 2020
turned out to be record warm both in Kazakhstan and aroundaibe. gl

Table 2.17 The warmest years in the history abservations on the Globe (since 1850) and in
Kazakhstan for the period 192023 and the corresponding anomalies of the average annual surface
air temperature averaged over the territory of Kazakhstan. The anomalies are calculated relative to
the period 961-1990

Rank The globe Kazakhstan The anomaly of the average annual
temperature (JaiDec.), averaged over thi
territory of Ka
1 2,58
2 1,92
3 2016 2013 1,89
4 2019 2022 1,78
5 2017 1983 1,76
6 2022 2015 1,64
7 2015 2021 1,58
8 2021 2002 1,55
9 2018 2004 1,53
10 2014 2019 1,50

Figure 2.1 shows a ranked series of average annual surface air temperature anomalies
averaged by weather stations in Kazakhstan for the period from 1941 to 2023. Globally, all 10
extremelywarm years occur in the current century. In Kazakhstan, this feature is also well traced,
with the exception of 1983, which ranks fifth in the rank of the warmest years.

2.1 Air temperature anomalies in Kazakhstan in 2023

On average, the average annual air temperature in Kazakhstan continues to rise. The year
2023, with an air temperature anomaly of 2.58
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annual temperatures since 1941 and became one of the ten warmedDyéze ten warmest years,
nine are in the 21st century (Figure 2.1).
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Figure 2.17 A ranked series of positive anomalies of average annual (JaDeagmber)
surface air temperatures averaged over the territory of Kazakhstan (according to 121 weather
stations) for the period 1944023. The anomalies are calculated relative to the base period of
19611990

Table 2.2 shows the average annual and seasonal air temperature anomalies averaged by
regions and in Kazakhstan as a whole, Table 2.3 shows the @&wwiathe average monthly air
temperature. For each anomaly value, the probabilities of not exceeding them are given, calculated
from data for the period 1944023, as well as standard deviations for 12820. (Table 2.2). In
Tables 2.2 and 2.3, tempared values above the 95th or below the 5th percentile (respectively, warm
and cold extremes) are highlighted in bold and color.

The anomalies of the average annual air temperature in 2023 throughout the territory of
Kazakhstan were positive and signifidgiritigher than the climatic norm for 194B90. (Figure 2.2,
above). Especially warm conditions were observed throughout Kazakhstan, however, the focus with
the highest positive values of temperature anomalies (moreth@1.39 A C, wi trot a pr
exceeding 95%) was observed in the western, southwestern regions, in the south of Aktobe and Ulytau
regions, in Kyzylorda and in the north of Turkestan regions, as well as locally in the Eastern
Kazakhstan, Pavlodar, Akmola, Kostanay and North Kazahkhgtgions (Figure 2.2, below). In the
rest of the territory, air temperature anomalies were in the range @& 2.0 A C, except
mountainous regions of the south, see#st and east of the republic, where air temperatures
exceeded the normby 115 9 A C.

The year was record warm (Table 2.2) in almost all regions of Kazakhstan, except Zhambyl,
Pavlodar and North Kazakhstan regions, where 2023 was among the 5% of extremely warm years
(rank 2), on average, air temmper+ta&8t hrbe A&Cnomal i

Extremely high annual temperatures (5% extremes) It was noted at 183 weather stations in
Kazakhstan, where temperature anomalies reach
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in the western, central, southern, southeastern andreasggons. 2023 was the warmest year since
1941. Only 3 weather stations located in the south of Kazakhstan in Turkestan and Zhambyl regions
The year 2023 was among the 10% of extremely warm years, this is the fifth value among the warmest
years (Figure 2, bottom).

Figure 2.27 Geographical distributior
. of average annual air temperature
anomal i es (above
of Kazakhstan in 2023, calculated
relative to the base period of 1961
1990, and the probability of not
« exceeding them (belgwcalculated

based on data from the period 1961

2023.
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In 2023, the average monthly air temperatures averaged over the territory of Kazakhstan were
above the climatic norm (19611990) in all months of the year (Figure 2.3). The warmest months
were March and November. July and November were the warmest months on record (Rank 1) with
anomalies of +2.45 AC and +5.77 AC, respecti v
were observed in July 1998 ( +1.E8t®melk@rm @% d Nc
extremes) were March with an anomaly of +6. 4
+3.44 AC (rank 4). The average monthly temper
months since 1941 wi t h Septamber,nJanoaaylayd May, the+pbsitie8 A
anomaly of the average monthly air temperatur e
positive anomaly was observed in September (+

The spatial distribution of seasonal air temperature alesna 2023 across the territory of
Kazakhstan is shown in Figure 2.4.
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Table 2.27 Regionally averaged average annual (Jareagember) and seasonal air temperature
anomalies in 2023: vT deviations from the lorigerm average for 1961 9 9 0 , A2G022)i P(t O
probability of norexcess (in parentheses), calculated from data for the period20281in %; s

the mean square devi a#l9@n in AC for the perio

Region Year Winter Spring Summer Autumn

vT (P) vT (P) S vT (P) s vT (P) S vT (P) S
Kazakhstan 0,56 (51/2,44
0,55 (522,74 1,56(72)|1,47
-0,06 (43|2,24| 1,74(74)|0,96
0,61 (59/2,84| 2,86(90)|1,85
0,64 (55|2,50 1,69(94)| 0,93
0,93 (57/2,40 2,03(93)| 0,85

1,45 (67|2,72| 1,73(77)| 1,59

Aktobe

East
Kazakhstan
Zhambyl
Zhetysu

West
Kazakhstan
Karaganda

-0,23 (352,87 | 2,48(89)[1,00
-0,07 (43(2,46| 1,62(73)[1,04

1,53 (65(2,74 1,41(74)| 1,22

-0,04 (45/2,45| 2,18(84)|1,31

Kostanay 0,51 (55| 2,75 1,48(87)| 1,07
Kyzylorda 1,57 (612,85
Mangystau 0,77 (54/1,88 2,00(84)| 0,86

Pavlodar
North
Kazakhstan
Turkestan

0,85 (56/3,15| 2,49(85)|1,73

1,35 (67/12,94| 3,04(91)|1,87| 1,68 (90) 1,17

-0,33 (34| 2,60

0,09 (522,71 | 3,56(94)|1,42

Notes 1.for the Mangystau region, the assessment was carried out only according to MS Fort Shevchenko;
2. Values above the 95th or below the 5th percentile (respectively, warroiheéxtremes) are
highlighted in bold and bright color;
3. Values above the 90th or below the 10th percentile are highlighted in pale color;
4. The average temperature anomalies in Kazakhstan were obtained by averaging the data of 121
stations.
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Figure 2.37 Average monthly air temperature anomalies averaged over the territory of
Kazakhstan in 2023, calculated relative to the average for the periodl 2961

In the winter of 2022/23December 2022 February 2023), the average air temperature in

Kazakhstan was 0.56 AC above the climatic nor
remained the winter of 2019/ 2020 with an anon
1969 with an anomalye8 . 2 AC. Il n t he 2Bjnegatvetenperaduse @anmomadids 2 0
were observed in the central, southeastern part of the country, mainly close to normé&).@Ertom

1.1 AC). Temperature regions significantly be
the south of Turkesteand Zhetysu regions (from.7t0-2 . 6 AC, Figure 2.4). Z
temperature anomalies occupied the western, n
far north), the northeastern negifoom(dpltool?2
most significant excess of the climatic norm was observed in the territory of the East Kazakhstan
region and the border areas with it (with an:t

country, the air temperature svabout normal.

Cold winter conditions were observed at the Shuyldak meteorological station (Turkestan
region), located in a mountainous region of the southern region of Kazakhstan, the lowest seasonal
temperature was recorded here, which entered 10%tinely low anomalies with a value of
2.3 AC (Figure 2.4). At 6 weather st atgasiofs | o
Kazakhstan, there were low seasonal temperatures corresponding to the "cold" grade2®n (10
percentile). Moderaly abnormally warm winter season conditions-@Bpercentile) were observed
at 2 weather stations in the East Kazakhstan regiorKalsienogorsk and Ulken Naryn.

In December 2022 on average, the temperature anomaly in Kazakhstan was below the norm
forthe period 19611 990 by 2.79 AC (rank 66, Table 2.3).
(with the exception of the extreme western regions, where the air temperature anomaly was +0.0
0.9 ACQC) occupied an area wi twith aagapabiity efeonai r
compliance of less than 25% (Figure 2.5). Temperatures significantly below normal were recorded in

several regions: in the south of the Aktobe region and the surrounding area-fby 2 AC) , N
central region, as well as tiseuthern Baltic region (by 41 . 0 AC) , in the nort
325.3 A C). I n the rest of the terri hgeoffl.2 neg:

3.6 AC (Figure 2.5).
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Table 2.3i Regionally averaged average monthly air temjpeesanomalies in 2028T i deviations
from the average for 1961990,ACP (t OT 2 0 Pra@bpbility of norexcess (in parentheses),
calculated from data for the period 192023 and expressed in %

Region 12 1 2
(2022

Kazakhstan | -2,79 | 0,72 | 3,74
(21) | (46) | (77)

Abai -3,72| 1,17 | 4,13
(17) | (62) | (82)
Almaty -3,02| -1,59| 4,42
(20) | (24) | (82)
Akmola -2,70| 2,06 | 2,41
(24) | (71) | (68)
Aktobe -231| 0,96 | 3,28
(26) | (49) | (72)
Atyrau -2,17| 1,53 | 3,37
(22) | (49) | (67)
East -2,66| 1,94 | 5,03
Kazakhstan | (16) | (71) | (93)
Zhambyl -2,76 | -2,87 | 4,90
(24) | (13) | (77)
Zhetysu -3,81| -1,16 | 4,75

(20) | (29) | (85)

West -0,01| 0,95 | 3,63
Kazakhstan | (52) | (46) | (71)

Karaganda | -4,44| 0,67 | 3,66
(21) | (55) | (79)

Kostanay -2,31| 150 | 2,33
(30) | (60) | (67)

Kyzylorda -3,38| 2,84 | 5,28
(20) | (70) | (76)

Mangystau 1| -1,40| 1,30 | 2,40
(24) | (50) | (63)

Pavlodar -3,72| 4,44 | 1,82
(20) | (89) | (60)

North -1,77| 3,10 | 2,69
Kazakhstan | (32) | (80) | (71)

Turkestan -2,78 | -2,39| 4,18
(23) | (12) | (72)

Ulytau 467| 1,27 | 3,70 | 6,53 | 2,30
(18) | (59) | (76)

Notes 1. for the Mangystau region, the assessment was carried out only according to MS Fort
Shevchenko;

2.values above the 95th or below the 5th percentile (respectivelyy 8% and cold 5% extremes)
arehighlighted in bold and bright color.
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Figure24i Spati al distribution of the air tempeé
relative to the base period of 196290, and the probability efon-exceeding air temperature
values in 2023, calculated based on data from the period 2.
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Figure 2.57 Spatial distributoro f t he anomaly of the average monthly air temper at
1961-1990.



In January 2 0 2 3, the average air temperature anc
than the average annual value for the period 1980. (Table 2.3). The northern, eastern (with the
exception of the extreme eastern regions), western (with the exception ofttinerm regions of the
Aktobe region), southwestern and central regions occupied areas with positive air temperature
anomalies (Figure 2.5). Temperatures significantly above normal were recorded in several regions: a
large focus with the most significanbgitive anomalies (+3:8 . 3 A C) covered thi
eastern parts of the country; another focus of significant positive anomaliegt(+26¢ AC) was |
in the northern Aral Sea region and Kyzylorda region. The southern, southeastern partuftitye co
as well as the northern part of Aktobe region, in places in the south of Kostanay region, in the west
of Karaganda region and in the far east of East Kazakhstan region were occupied by areas with
negative air temperature anomalies (Figure 2.5).t€hgperature range was significantly below the
climatic norm in the south and southeast with anomalies fiofnto-6 . 5 A C.

Extremely cold conditions were observed in January in the foothill and mountain stations of
southern Kazakhstan: at two weatheristet in Turkestan region (Shuyldak and Zhetysai) and three
weather stations in Zhambyl region (Taraz, Khantau, Saudakent), air temperature anomalies entered
5 or 10% of extremely cold Januaries. At MS Kishkenekol (North Kazakhstan region), the air
temperatre anomaly entered 10% of extremely high temperatures.

In February, the average air temperature anomaly in Kazakhstan was higher than the climatic
norm and amounted to 3.74 AC (rank 20, Tabl e
Kazakhstan regiof t he average anomalies in the territ
temperature anomalies were observed throughout the country, which increased from the north and
northeast to the west, south and easihplaceseach
exceeding +67 . 3 AC. Temperatures near and slightly
observed in the nortbast of the country, as well as in the north of Kostanay and Akmola regions.
Air temperature anomal Cwerobsavedmainlginthercentmal, wedterrd t
regions of Kazakhstan and in the North Kazakhstan region, eastern and southeastern, southern and
sout hwestern parts of the country, temperatur
to +6.87 . G (Fidure 2.5).

Among the extreme features of the winter months, it should be noted that temperatures are
significantly higher than the climatic norm in February in the south, seagh and east of
Kazakhstan. At 7 weather stations located in these regiemperature anomalies entered 5% or 10%
of extremely high temperatures. Moderately abnormally warm conditions were observed at 40% of
meteorological stations located in the east, southeast, south, central and western parts of the country
(Figure 2.5).

Spring in Kazakhstan was extremely warm, the average air temperature anomaly in the

count ry wathis istBe fdurth wérBest spring (probability of inerceeding 96%, Table

2.2). The warmest spring season since 1941 was the spring of 2020 witbama | v of +3. 84
the coldest spring periodspring 1960 with an anomalyet . 26 AC. 't was extr
northern, western, southern and central regions of Kazakhstan. The values of positive air temperature
anomalies increased from the teas and southeastern regions (where it was abotit 0.% AC) t o
northern and western regions, reaching maximum values& 5.8 AC. The recor d
in 5 regions of Kazakhstan, located in the west, sau$t of the country: the averagetaimperature
anomalies of the spring season in the territory of West Kazakhstan, Aktobe, Atyrau, Mangystau and
Kyzylorda regions were +4, 83, +4, 70, +4, 29, 1
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average temperature anomalies in the KostanayTankestan regions were 5% extremely high:
+3.75 and 3.30 AC, respectively. The average
anomalies in North Kazakhstan, Akmola and Ulytau entered 10% of the extremely high ones.

Extremely high seasohair temperatures were observed at 72 meteorological stations in
Kazakhstari above the 95th percentile, including 38 MS, located in the western region and the
Kyzylorda region, the highest seasonal temperatures since 1941 were recorded (Figure 2.4)

In March, the average air temperature anomaly in Kazakhstan was higher than the climatic
norm and amounted to 6. 45 &Ceedinga8kTale 2\8). Itwas a p
extremely warm almost throughout the country (Figure 2.5), only in thegKiada and Abai regions
conditions were moderately abnormally warm (probability of-earceeding 889%). It was record
warm in the territory of 4 regions (West Kazakhstan, Atyrau, Mangystau, Turkestan), where
temperature anomalies on average in thesédees were in the range of 6i®. 30 AC. The
anomalies in the rest of the regions were 5 and 10% extremely high. The most significant and large
heat source was observed in the western, southwestern regions and in the south of Kostanay region,
whee air temperature anomalies ranged from +6.

At 118 meteorological stations of the republic, air temperature anomalies were 5 and 10%
extremely high, and monthly temperature records were recorded at 29 weather stations ltduated in
regions of the western region and south Turkestan region (Appendix 1).

InApril, the air temperature anomaly averaged
(rank 20 with a probability of not exceeding 77%, Table 2.3). The western half ofriteryesf the
republic, the southwestern, central and northern regions covered a zone of positive temperature
anomalies, the values of which increased from the central regions to the north and west from 1.0 to
4.9 AC (Figure 2. 5)inthdKyzylondaand Tumkestan regionsnAptil énteredv e s
5 and 10% of the extremely warm months. Thus, April became extremely warm for 3 regions: Aktobe,
Atyrau and Kyzylorda, where temperature anomalies on average in these territories were in the range
of3.233. 46 AC. Negative anomalies near and sl igl
the Pavlodar, East Kazakhstan and Abai regions, as well as mountainous areas of the Almaty region.
The most significant negat ireabseavedonntte far eas inther p t
mountainous region.

In April, extremely warm conditions (above the 90th percentile) developed for 15 weather
stations located in the western and southern regions.

InMay,t he average air temperature anomaly in
Most of the country was in the zone of positive anomalies: the entire western, northern, northeastern,
central and southern parts of the country. The values of the teomgesabmaly increased from the
sout heastern part of the country to the west,
(Figure 2.5). According to 8 weather stations located in the west of the country, as well as in the
Kyzylorda regionmayenteed 10% of the extremely warm months. Negative anomalies covered the
eastern and southeastern territories of the country: East Kazakhstan, Abai, Zhetysu and the
southeastern part of the Almaty region. The most significant negative anomalies (up to sinus C.)
were observed in the mountainous regions of Almaty and Abai regions. At 2 weather stations in the
Almaty region, the air temperature values were included in 10% of the lowest temperatures observed
in the month of May.

24



Summer,as well as spring, waxiemely warm in almost the entire territory of Kazakhstan,
except for West Kazakhstan, Mangistau and Kostanay regions. On average, the temperature anomaly
of the summer season in the count riyhis#ethi@xt r e
value among the warmest summer seasons with a probability of not exceeding 98%. The warmest
summer season remains the summer of 1998 witdh
season is the summer of 1947 with an anomal§of 9 3 A C. T df positiveaaq ternperatute
anomalies gradually increased across the country from the northwestern regions, where it was about
111. 8 A C, to the southeal3t@rACrefe¢mmsasr awhee ea
averagerecordinthetegir y of 2 regions of the southern re
and Al maty (+2.24 AC) regions. I n the terrid-H
southeastern and eastern regions of Kazakhstan, air temperature anomalies wereiméi4deti
extremely high anomalies (probability of rerceeding9® 9 %) wi t h val ues from
Kazakhstan and Karaganda regions to 2.25 A C
western and northern regions, air temperaturenaties entered 10% of extremely high anomalies
with values from 1.68 AC (North Kazakhstan re.
the climatic norm within the "heat" gradation were observed in West Kazakhstan, Kostanay and
Mangystau regiong, hei r anomalies were +1.41, +1.48 and

Extremely high seasonal air temperatures were observed at 105 meteorological stations in
Kazakhstan above the 95th percentile, including at 28 MS, the highest seasonal temperatures since
1941were recorded in the southern, southeastern, eastern and central regions (Figure 2.4). At another
30 weather stations, air temperature anomalies were included in 10% of extremely high seasonal
anomalies.

In June, the average air temperature anomaly in&Kkizh st an was 1. 68 AC (1
The record heat in June was in the territory of the Turkestan region, the anomaly of the average
mont hly air temperature in the territory aver
East Kazakhstan anchg&tysu), the average air temperature anomalies in the territory entered 5% or
10% of extremely high anomalies with values |
Almaty region. Positive anomalies were observed in almost the entire territoryreptiigic, with
the exception of a small area in the far nor
Anomalies within N 1 AC near the norm were ob
Atyrau regions, in the northern part of Aktobe,sfanay, Akmola and North Kazakhstan regions
(Figure 2.5). The values of positive air temperature anomalies in the rangei 4f.3® AC wer
observed in the mountainous regions of the southern and southeastern region. It was extremely warm
at 46 weather stains located in the south of Ulytau, Abai and East Kazakhstan regions, as well as in
the southern regions (Almaty, Zhetysu, Turkestan and Zham®@¥p and 95% extremes were noted,
of which 4 weather stations were record warm.

The month ofJuly was recorebreaking hot: the average air temperature anomaly in
Kazakhstan was 2.45 AC (rank 1, Tabl e-1233AC /
(about normal) were observed mainly in the West Kazakhstan region and nearby areas oétthe bord

regions (Figure 2.5), and the average temper at
abnormally warm in 3 more regions of the western region of the country, the magnitude of positive

anomalies was in the range of 21 7 A C. ifmonegdositivefanomalies with values of +2.6

3.6 AC were noted in Central, northern, nort
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eastern part of the Kyzylorda region, as well as in mountainous areas of the south aedstonith

the country (Fgure 2.5). Recoiitbreaking anomalies of the average monthly air temperature on
average in the territories of the regiongdl yt au (+3. 03 AC) and Zhety:
regions, air temperature anomalies on average in their territory were 5% éxteghefor 6 regions,

July became the second warmest month since 1941, with an average temperature anomaly in the
territory of these regions ranging from +2.63
the North Kazakhstan region withanaw®m ai r t emperature anomaly o
3rd warmest month; on the territory of Kostanay and Kyzylorda regions, temperature anomalies
averaged +2.57 AC and 2.80 AC, respectively (
23,ad for the regions of eastern Kazakhstan: P
The month of July became the fifth warmest month (95% probability oferoeeding). At 141
weather stations located in the northern, eastern, central, southemsrand in the eastern part of

the Aktobe region, air temperature anomalies entered 5 or 10% of extremely high temperatures, of
which new records of average monthly air temperature were recorded at 25 weather stations
(Appendix 1).

In August, the averagenonthly air temperature averaged over the territory of Kazakhstan
was 1.58 AC higher than the climatic norm (Tat
and the northeastern part of the country covered a zone of positive anomaliedyuéiseov which

increased to the west from +1.3 to +4.0 AC (F
the Atyrau region, the values of the air tem
Turkestan and Zhambyl regions, as well as inrtlfwuntainous and foothill areas of Almaty and

Zhetysu regions, air temperatures were mainly
negative anomalies (up to minus 1.5 AC) wer e

Turkestan region. IrAugust, extremely warm conditions developed in the western part of the
Northern Balkhash region and in some mountainous and foothill areas of the east and southeast, where
5 and 10% extremes were recorded at 11 meteorological stations.

Autumn on the terriory of the republic was record warm, the temperature anomalies averaged

across the country amounted to 3.27 AC. (Tabl «
was the autumn of 1971 with an anomathegautonin +2 .
of 1976 with an anomalyoB . 56 AC. The anomalies of the ave
record in the territory of 15 regions on aver

2 more regions, air temperature anomalies weckided in 5% of extremely high anomalies with
values from +2.92 AC for Aktobe region to +3.
of not exceeding 99 %). Throughout the country
above, with theexception of some stations in Aktobe, Turkestan, Almaty and East Kazakhstan
regions. The foci of maximum positive anomalies 4.0 7 AC) occupied the
northeastern regions, in places in East Kazakhstan, Abai, Karaganda and Ulytau pAegik8s.
meteorological stations in Kazakhstan, extremely high seasonal air temperatures were observed,
above the 95th percentile, of which 138 meteorological stations recorded record high seasonal
temperatures since 1941. At 2 more weather stationspgetature anomalies were included in 10%

of extremely high anomalies, and only at the Shuyldak weather station (Turkestan region), the average
seasonal air temperature was about normal.
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The month ofSeptemberwas about the climatic norm: the average mgndi temperature
averaged over the territory of Kazakhstan was
Temperature anomalies in September throughout the territory of Kazakhstan were mainly in the range
of 1.0 AC (Fi gur e i aralies Weneeobsereed in theifar wes rsoithtand
northeast, where they reached-2.7 2 AC. Negative anomali es, Wi
observed in the northern Aral Sea region, in the south of the Kostanay region, in the Karaganda region
and inthe foothill and mountainous regions of the south, seait and east of the country.

At 6 weather stations located in the North Kazakhstan and Pavlodar regions, air temperature
anomalies entered 10% of extremely high temperatures. And in the mountagimumsof the south
Turkestan region, extremely cold conditions were observed, 5 and 10% extremes were recorded

In October, t he average monthly air temperature
4, probability of norexceeding 96%, Table 2.3). It wagtremely warm throughout Kazakhstan,
except in the western region, where conditions were moderately abnormally warm and the values of
the air temperature anomaly in therangeof2.10 A C and c o189 persepttenAir e d t
temperatures abowvihe climatic norm were observed throughout the country. An extensive heat
source was formed in the eastern half of Kostanay and Kyzylorda regions, in the northern, central,
eastern and southern regions of the country, where air temperature anomaliesomere t han 3
C. October turned out to be especially warm in the southern Baltics and the south of the Almaty
region, in the eastern part of the Kazakh sraedlle forest and in places in the eastern, northern and
southern regions, the values of temperate anomal i es here ranged fro
As a result, October became the second warmest month for East Kazakhstan, Abai, Zhetysu, Almaty
and Zhambyl regions, and for Karaganda regitire third warmest month (Table 2.3).

At 81 weatherstations located in the central, eastern and southern regions, air temperature
anomalies entered 5% of extremely high temperatures, including record maximum values of the
average monthly air temperature were set at 8 MS. Previous record highs were irsemhed in
October 1997. Temperatures above the 90% percentile were recorded at 40 weather stations in the
country, located in the northern and northeastern parts of the country.

The month of Novemberwas recorebreaking hot: the average monthly air tenapere
averaged over the territory of Kazakhstan was
The anomalies of the average monthly air temperature were on record in the territory of 11 regions
located in the central, southeastern, western anthem regions of Kazakhstan with temperature
anomalies in the range of 4i71. 30 AC. I n 6 more regions | oca
southeastern parts of the country, air temperature anomalies entered 5% of extremely high anomalies
withvaluesfom +4. 94 AC for the Zhetysu region to +6
significant positive anomalies (with an anomaly up to #8.8 1 A C) occupied th
Kazakhstan (Figure 2.5).

November in the whole country was record warrmaat the entire territory of the country
was extremely warm, 95% extremes were recorded at 97.9% of stations (including 52.4% recorded
record values, Appendix 1). 2 more weather stations recorded air temperatures above the 90%
percentile.

For the purpose fomonitoring the extreme values of climatic parameters that are most
significant for specific sectors of the economy and the social sphere, the WMO Climatology
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Commission has developed the ClIimPACT software produstn.climpactsci.org, which allows
calculating a set of specialized climate indices based on the daily values of maximum and minimum
air temperature and precipitation. The following are the indices that are most indicative of the degree
of temperatur@extremes in 2023.

In 2023, the warm period of the year is characterized by the fact that the maximum daily
temperature in most of Kazakhstan exceeded 3C
altitude areas of the southeast and eagte number of days when the maximum daily air
temper at ur e dncxreases flomcortB 1 sodth. @ the northern, northeastern, eastern,
central, northeastern parts of the Ulytau region and in the northern part of the western regions, the
number of days when he maxi mum daily air temperature e
mainly from 18 to 70 days (Figure 2.6), and in mountainous areas of theEamitand east from 0
to 14 days. In other regions of the country, the number of days with temperaturesaBo® A C r a
from 80 to 120 days, the maximum number of such days was in the south of the Turkestai region
130 days.
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Figure26i The number of days in 2023 when the ma»
(index Txge30)

One of the indicators oéxtreme temperature conditions in the warm season is the total
duration of all heat waves. The heat wave/heat wave takes the case when, for six or more consecutive
days, the excess heat coefficient has a positive value (HWF/EHF index, Figure 2.7). Ihdtazak
the HF/UHF index varies in the northern, eastern and central regions wigtird&8ys. The index
values increase in the south and west directions. As a result, the total duration of all heat waves in the
western regions was 242 days, in the southeregions 33-63 days.

In 2023, in most of the western and southern regions (with the exception of mountainous
regions) of the country, as well as in some areas of the Ulytau and Abai regions, Pavlodar, East
Kazakhstan and Kostanay regiotige dailymaximum air temperature (TXxindex@ x ceeded 40
in West Kazakhstan, Mangystau, Kyzylorda and Turkestan regiorsome places, the daily
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maxi mum air temperature exceeded 45 AC (Figur
ranged from389 AC, and in the mountainous -wikirg24dons o

36 AC.
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Figure 2.77 Total duration of heat waves during the warm period in 26R8K/EHF index
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Figure2.8i Val ues of t he maxi mu nndek@aX)legordediinr2028 e mp e r

As a result of this increased background temperature in the summer months, the values of the
previous absolute daily maxima of air temperature were updated at some weather stations in 2023
(highlighted in red, Figure 2.9). Thalues of absolute maxima recorded from the moment of the
station's opening to 2023 are shown in blue. In 2023, the values of absolute maxima were reached or
exceeded at 24 weather stations participating in climate monitoring in Kazakhstan: the largsst exce
was recorded at MS Fedorovka at +2.7 AC (42.
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Ganyushkino at +0. AC (41.9 AC) MS Uil at
(39.1 AC) Mo st of t he r ecor cordad in thet nerthgrreanca t u r
northeastern parts of Kazakhstan. On the territory of Kazakhstan, most of the highest air temperature
values (absolute maxima) were recorded in Jul
at some weather stations in fherkestan region (MS Turkestan, Shayan, Arys, Tasty), as well as in
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beginning of the openingf the weather station to 2023. If the record value of the maximum daily
air temperature is recorded in 2023, this value is marked in red

On the recommendation of WHO, an index has been introdtiedcterizing the number
of days when the daily minimummep er at ur e does not fall bel ow
night") , since at such night temperatures the human body does not have time to rest from the daytime
heat. In most of the southern and western regions, the number of days with high night temperatures
was the highest. In Turkestan, Kyzylorda and Zhambyl regiond,Rhimdexvalues held for more
than 4479 days, in Mangystau and southeastern Atyrau regifmrsmore than 669 days, and in
some places for more than 80 days (Figure 2.10). The mininumnber of tropical nights, or their
absence, was observed in the northern, central, southeastern, eastern @tathousuregions of
Kazakhstan.

As a result of high air temperatures, a significant part of the warm season, especially in the
western andsouthern regions of Kazakhstan, there was an urgent need to maintain a favorable
temperature in the premises, i e. air conditi
favorable temperature, exceeding which means a shortage of cold (CRBoadlex, Figure 2.11).

The maximum shortage of cold was observed in Mangystau, Kyzylorda and Turkestan regions, where
the index values were 5@20 and even 728 degrdays in places.
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Figure 2.111 Cold deficitdegreeday) observed in 2028DDcold23 index

In January 2023, usually the coldest month of the year, significant negative anomalies were
observed in the northern, in places in the narédstern and nortkastern, as well as in the eastern,

eastern central and sotglastern regions of Kazakhstan ameldaily minimum air temperaturé TNn
index,Figure 2.12) fell below minus3 0 here AC, in places bel

ow 4

In January 2023, usually the coldest month of the year, significant negative anomalies were
observed in the northern, in places in the naréstern and norteastern, as well as in the eastern,

eastern central and sotglastern regions of Kazakhstan anddaidy minimum air temperaturéTNn
index Figure 2.12) fell below minus 30 here AC, in places bel
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Figure 2.13 shows the absolutenima of air temperature recorded since the opening of the
weat her station. I n Kazakhstan, absolute | ows
at2statonsi n January 1931 at MS Shaganatty/ Oryol
1893 on the MS Astana (minus 52 A C). Air tem
in the northern and eastern regions of Kazakhstan. In 2023 Daily minimum temperature records have
been updated at four weather stations: in the west of Kazakitsié® KosExpired ¢4 2 . 7 AC) a
in the south atMS Kogaly{3 6 . 4 AC) , -a8S. 3 as@)r y&kn d2 MS3 SAQ)y.l dlark
air temperatures below minus 30 AC were obser:
of Aktobe regions, in th northern, northeastern, eastern and central parts, in Zhambyl, Almaty and
Zhetysu regions; the lowest air temperature in 2023 was noted in the MSxiimed Aktobe region:

mi nus 42.7 AC.
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Figure2.13iVal ues of absolute minima of air temper
the opening of the weather station to 2023. If the record value of the minimum daily air temperature
is recorded in 2023, this value is marked in red
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2.2 Changes in air tenperature observed in Kazakhstan

Figures 2.182.15 show time series of average annual and seasonal surface air temperature
anomalies averaged over the territory of Kazakhstan and administrative regions and-yleair 11
moving averages for the period 192023, as well as linear trends in air temperature over the period
19762023. The anomalies are calculated relative to the base period 6fl9961Linear trends
provide visual information about the gradual increase in average annual and seasonal surface ai
temperatures over the past decades. Table 2.4 presents estimates of air temperature changes for th
period 19762023: the linear trend coefficient characterizing the average rate of change of the air
temperature anomaly over the time interval under demnation; and the coefficient of determination
showing the contribution of the trend to the overall variance of the time series.
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On average, in the territory of Kazakhstan for the period -P®23, the increase in the
averageannuak i r t emperature is 0.36 A Ceraltempesaturéd 0 vy e
variability is 34% (Figure 2.14, Table 2.4). On average, in the territory of all regions of Kazakhstan
in the period 1972023, there was also a steady increase in the average annual air tempéhature
coefficients of determination amethe range of 1:57%, trends are significant at the 5% level (Figure
2.15, Table 2.4). It is warming at a faster rate in the western, southwestern and southern regions of
Kazakhstan (from 0.47 AC/ 10 vyear sntral mortbeasteth, AC/
eastern and southeastern regions (from 0.25 A

On average, the trend towards warming of t1
(Table 2.4), but it should be noted that the trend describgsabolut 2% of the total variance and is
insignificant at the 5% level. Winter temperature trends were positive in all regions on average across
their territory, but trends mainly explain up to 5% of the variance of the series and are statistically
insignificant. The most noticeable growth rate of winter temperature by0.34 0 AC / 10 vy
observed in the western, southwestern and southern regions of Kazaklist#@tktobe, West
Kazakhstan, Atyrau, Mangystau, Kyzylorda and Turkestan regions, whereotfécient of
determination is 4.3%. In West Kazakhstan, Atyrau and Mangystau regions, the trend describes 7,

9 and 13% of the total variance, respectively, and is statistically significant at the 5% level. According
to several stations in the far westd far south, this trend is stable (Figure 2.16). A fairly extensive
area remains on the territory of Kazakhstan, where there is a tendency for temperature toidecrease
this is in the center and northeast (upta 1 A C / 10 vy e ar gipn,of theeasttaide mo
southeast (upt®d . 4 AC / 10 years) Kazakhstan.

In December 2022here are no stable trends in changes in average monthly temperatures. In
most of the territory of Kazakhstan, the trends are positive, the maximum values of the East
Kazakhstan region (upto083. 82 A C / 10 years), and in the
southern half of Kazakhstan, there are several foci with a tendency to decrease in air temperature, up
to a maxi mum of 0. 58 ahdsButhtaterryregionsf the nepublioc @iguseo u t
2.17).

In January the region with a tendency to lower air temperature occupied a vast territory of
the central, northern, northeastern and eastern parts of the republic, with a maximum rate of up to
032063 A C/ 10 years, the temperature decreases
region (Figure 2.17). In the west and south, maximum positive trends were nptéa0.330 . 6 0 A
C/10 years. Although the values of the angular coefficienDEmember and January temperatures
are quite high, but due to the large interannual temperature variability in these months, the
contribution of the trend component to the overall variance is insignificant. There are no statistically
significant temperatartrends.

In February there is a tendency for air temperature to rise throughout Kazakhstan with
maximum values in the western regions, Kyzylorda, Turkestan regions and in the western part of the
Southern Balticregion (0.81 . 21 AC/ 10 vy etlersauth of thé\Abai regiam remainis an
area of mild cooling, in the center of this region the cooling rate reathesl A C / 10
Statistically significant air temperature growth rates in February were observed at 65 weather stations
located in thewvestern, southern and southeastern regions of the republic, as well as in the city of
Astana (Figure 2.17).
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In the spring seasonthe most intense warming trend is observed in all regions of Kazakhstan
(Table 2.4). The range of the average rate of air temperature increase in theiregioflsr om 0. 45
years (Mangystau region) t o 0. 94% &f @he éxPlaingde ar s
dispersion. The foci of the most intense warming are observed in the eastern part of Mangystau, the
southeastern part of Aktobe, Kyzylorda, W@yt Pavlodar, Abai regions (0:13. 01 AC/ 10 vy
Figure 2.16. The lowest rate of warming in the spring period is observed in the coastal part of the
Caspian Sea, in the mountainous and foothill regions of the south, southeast and Zhaysan (Zaisan)
basin,the extreme northern and northwestern regions {0.4359 A C / 10 years
statistically significant at all weather stations in the country. On average, the rate of air temperature
increase in Kazakhstan wamsofe terdd comfondnDwas/38%)r s |
Trend estimates are significant at the 1% level.

3
4

Table 2.471 Characteristics of the linear trend of surface air temperature anomalies averaged over the
territory of Kazakhstan and its regions for the period 12023.

Regdon Year Winter Spring Summer Autumn
a D a D a D a D a D
Kazakhstan 0,36 | 34 |024| 2067 35| 024 |21 | 029 | 9
Abai 0,27 |16 |0,05| 0[0,70| 31| 0,17 | 12 | 0,18 | 3
Almaty 0,33 |39 [0,23| 3|065|38| 027 |28 | 019 | 6
Akmola 0,33 (21 |019| 1[/069| 25| 007 | 1 | 035 | 7
Aktobe 0,47 | 37 |0,38| 4|068| 22| 0,37 | 16 | 0,42 | 13
Atyrau 0,51 |44 |050| 9]058| 27| 052 | 40 | 042 | 16
East Kazakhstan 0,30 | 18 |0,43| 1| 0,66| 27 | 0,21 | 14 | 0,20
Zhambylskaya 0,33 |32 |0,26| 3|065| 36| 024 | 24 | 0,17
Zhetysu 0,29 | 27 |0,45| 1| 0,63| 32| 0,23 | 24 | 0,15
West Kazakhstan 056 | 42 |050| 7|063| 22| 057 |29 | 0,48 |20
Karaganda 025 |15 |011| 1]|069| 30| 005| 1 | 013 | 1
Kostanay 0,40 | 27 |0,26| 2|066| 21| 020 | 5 | 044 | 13
Kyzylorda 0,50 | 40 |0,42| 4]091| 41| 035 |29 | 029 | 8
Mangystau 052 | 57 |0,45|13|045| 25| 064 | 54 | 051 |25
Pavlodar 0,28 |13 |0,04| 00,7129 | 008 | 1 | 028 | 5
North Kazakhstan 032 |18 |06 | 1|059| 21| 0,08 | 1 | 042 |11
Turkestan 0,37 |44 |0,34| 5|061| 37| 0,29 | 25 | 0,22
Ulytau 0,36 | 24 |0,20| 1|0,83|34| 0,16 | 7 | 0,22
*ailinear trend coefficient, AC/ 10 years

** D coefficient ofdetermination, %
*** statistically significant trends at the 5% level are highlighted in bold
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Figure 2.167 Spatial distribution of the values of the linear trend coefficient of the average
annual and seasonal surface air temperatur
the period 1972023.
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According to all stations, the highest and statistically significate of increase in air
temperature in the spring period was notellamch(by 0.721 . 76 AC/ 10 vy elmAps ) , Fi
and May the trend of a significant increase in air temperature was also observed throughout the
republic. In April, statisticdy significant growth rates were observed mainly in the eastern part of

the Karaganda region, in the eastern region o
(in the range from 0. 3BbintheoppdsiteOpart (ir, rOrthivestlviest,y e a r
sout hwest and south) of the republic (in the

In summer,t he average air-r temperature in Kaza

(determination coefficient 21%, Table 2.4). The most significatiet of increase in air temperature is
observed in the western regionby 0.320. 89 A C / 10 years. Less i
the southern and southeastern regions of Kazakhstan, where summer air temperatures tend to rise by
0.180 . 29 A G (Fihwe 2y18).arends here describe from 15 to 53% of the time series variance.
There are practically no trends in the northern, northeastern and central regighs (@0 A C / 10

- the share of the trend component in the total variance of ties sethese regions is almost zero,
although a positive trend sign remains. In some areas of the central region, there are areas where, on
average, over the period 192623, the temperature even decreased and the rate of cooling in these
areasreached . 1 A C / 10 vyears.

In JuneandJuly, a slight cooling trend is observed in the northern, northeastern and central
regions (up to a maxi mum of 0.30 AC/ 10 years,
and southeastern regions of the counstgtistically significant rates of increase in surface air
temperature by 0.20. 82 A C/ 10 vy e lmAsgusivsetisteallyosmsifieantvpesiive
trends in air temperature in the range fofom 0
Kazakhstan. The highest rate of air temperature increase in the month of August is observed in the
western region.

In autumn, the warming trend is observed in all regions of Kazakhstan. On average, the
seasonal temperature in Kazakhstan increases90. AC/ 10 years (deter mir
Table 2.4). The most significant rates of temperature increase are observed in the western and
northern regions by0.350 . 51 A C /10 years, while the propc¢
is 7-25%. Inthe central, some southern and eastern regions, there are practically no warming trends
i although the trend sign is positive, but the share of the trend component in the total variance of the
series is no more than 5%. It should be noted that duringetied 19762023. in the autumn period,
the average rate of warming increased slightly in all regions and on average across the country, as
well as trends became statistically significant at a 5% level in the whole country and in three more
regions: Akmola Kyzylorda and Turkestan. In the extreme south of Turkestan and Abai regions,
there has been a slight tendency for air temperature to drp.tol A C/ 10 year s. I
noted that in summer, the maximum and significant trends were observedwestern, southern
and southeastern regions, and in autdimnnthe western and northern regions (Figure 2.16). That is,
in the western regions of the country, significant climate warming was observed in all seasons of the
year.

In Septemberwarming occts in most of the territory of the republic, in some southern and
western regions of the country there were statistically significant rates of increase in surface air
temperature by0.20. 49 A C /10 years (Figur e 2Zaondg there. I n
are practically no trends, although the trend sign is positive, but the share of the trend component in
the total variance a row of no more than 4%. In some areas of the eastern and central regions, foci
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with a slight coolingte0 . 1 A a@ weérd dbsenveth October warming occurred throughout
Kazakhstan, statistically significant positiyv
C /10 years can be traced in the western and northern regions, in places in thexdbetKyzylorda

and Turkestan regions. In November, positive trends (intherange e#0.28 5 A C/ 10 year
the northern half of Kazakhstan, including the eastern region, but ircasestthey are insignificant,

and only at Aksai weather statio(&/est Kazakhstan region) and 7 weather stations (Arshalinsky
district, Zhitikara, Karabalyk, Kostanay, Mikhaylovka, Presnogorkovka, Rjitini{ostanay region,

the trend is statistically significant at the 5% levael.Novemberthe area where warming was
practically absent (00 . 1 A C/ 10 years), there were -0l so s
to-0. 43 A C/ 10 years), covered the southern, s
the Shuyldak weather station in the Turkestamorethe most significant negative trend is observed,

but statistically insignificant-Q . 43 AC/ 10 years) .

2.3Trends in surface air temperature extremes

Not only does the average level of air temperature and precipitation change, but other
characteristic®df the regimes of these basic elements of the climate, including the frequency and
intensity of extremes, also change. Thus, climate change can affect almost all spheres of human
activity, physical and chemical processes in the biosphere.

A correct assessent of such impacts of climate change should have a pronounced regional,
and even local character, since both climate change and vulnerability of systems, as well as adaptation
opportunities, significantly depend on the physical, geographical, economicdeandgraphic
characteristics of the regions, which in this regard have their own specifics.

An increase in air temperature leads to shifts in the timing of phenological events in plants
and animals, the boundaries of plant zones, mainly to the north armfdgpin mountainous areas,
as well as changes in the structure of ecosystems.

An increase in the duration of the growing seass8L( index Figure 2.18) by b6 days/10
years is observed throughout the republic. A statistically significant increasedzy®/10 years can
be traced according to the data of most stations in West Kazakhstan, Aktobe, Kyzylorda, Turkestan,
Zhambyl, Almaty, Zhetysu, Ulytau, Abai and East Kazakhstan regions. Here and further in the
figures, red or green circles highlight the misi according to which the trend coefficients are
statistically significant at the 5% level. In the northern and northeastern regions, the increase in the
duration of the growing season is mostly statistically insignificant.

In addition to an increase ihe duration of the growing season, a statistically significant
increase in the sum of temperatures during the growing season is observed throughout Kazakhstan
(GDDgrow10 indexFigure 2.19). In the southern and western parts of the country, the inerease i
the sum of temperatures is significantly higher than in the northern part. The largest and statistically
significant increase, by more than-88gree days/10 years, can be traced according to the data of
most stations in the southwestern part of WestaKhgtan, Atyrau, Mangystau, Kyzylorda,
Turkestan, Zhambyl and Almaty regions.
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Figure 2.181 The rate of change in the duration of the growing season (day/10 years) in the period
19612023 GSL indeX
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Figure 2.191 The rate of change in the sumtemperatures during the growing season (degree
days/10 years) in the period 198023 GDDgrow10 index

Not only does the average air temperature rise, but the frequency of high summer temperatures
also increases. In the conditions of hot and dry suminetise western and southern regions of
Kazakhstan, this has a negative impact not only on vegetation, but also on the human body and
ani mal s. For exampl e, the number of days wit
everywhere, especially noticdglin the western and southern regions of the reptiblig 4-7 days
in 10 years (Figure 2.20). The highest rate of increase in the recurrence of high summer temperatures
was observed at the Aktau meteorological stations (7.5 days/10 years, Mangystauamegidral
Tenizi (6.8 days/10 years, Kyzylorda region). A statistically insignificant negative trend in the

recurrence of hot days was observed at the stations of North Kazakhstan, Akmola and Karaganda
regions.
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Figure 2.201 The rate of change in timimber of days when the maximum daily temperature is
equal to or above 30 AC-2028@mdexTIXge3Dyear s)
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In most of the territory of the republic, there is a statistically significant positive trend in the

i n

Cts

total duration of all heat waves during the warm period (a heat wave is 3 or more days in a row when

the excess heacoefficient has a positive value, th& VF/EHF index Figure 2.21). The most
significant positive trend (more than%days/ 10 years) was observed at meteorological stations

located in the western and southern regions.
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Figure 2.211 The rateof change in the total duration of heat waves during the warm period

(day/10 years) in 1962023 (HWF/EHF index)

Almost the entire territory of the republic shows a statistically significant positive trend in the
number of individual heat waves during tivarm period HWN index Figure 2.22). At stations in

the southern and southwestern regions, there are one more such waves on average every 10 years.
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Figure 2.221 The rate of change in the number of heat waves during the warm period (number of
cases/1§ears) in 1962023 HWN indeX

Theduration of the maximum heat waering the warm periothcreases everywherel{\WVD
index Figure 2.23), in the western and southern regions the wave lengthens by more than one day on
average every 10 years.
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Figure 2.231 The rate of change in the maximum duration of heat waves during the warm
period (day/10 years) in 19€023 HWD index

An increase in air temperature in all seasons of the year leads to an incréaseoital
duration of heat waves overdlyear(when, for at least 6 consecutive days, the daily maximum air
temperature was above the 90th percenM8DI indexthroughout the republic (Figure 2.24). In the
northern regions and in some central, southern and eastern regions, the incr8atays 110 years.
The most significant increase (by63days/10 years) is observed in the western half of the country.
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Figure 2.241 The rate of change in the total duration of heat waves per year (day/10 years) in
the period 1962023 WSDI index

The consequence of an increase in air temperature in most months of the warm season is an
increase ircold deficiencyor the need to maintain a favorable temperature in the room, in this case
a threshol d o fCDRcBId2AindExFiguse 2.85)0mly in #aelnorth and northeast of
the republic there are small areas with some decrease in cold deficiency. In the rest of the country,
there is an increase in cold deficit, in the western regions, in the-westhand south, the rate of
increaseincold ef i cit is more than 10 AC every 10 yee
is observed in Atyrau, Mangystau, Kyzylorda, Turkestan region§(0 AC/ 10 year s) .
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Figure 2.251 The rate of change in cold deficit (degree days/10 years) jmettied 1961
2023 CDDcold23 index

In many regions of Kazakhstan, the value of the daily minimum temperature is increasing, in
about half of the cases at a faster pace than the increase in the daily maximum. Figure 2.26 shows the
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change inthe numberol ay s when t he mini mu(WR indexthe eumizetofi r e |
tropical nightg. Over the past more than 60 years, Kazakhstan has mainly seen an increase in the
number of such days, as much as possible in Atyrau and Mangystau regie8slhysf10/ears, as

well as by 67 days/ 10 years at some stations of Kyzylorda and Turkestan regions. Thus, the
conditions for night rest of the human body from the daytime heat are significantly deteriorating here,
which, as shown above, is also increasing.
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Figure 2.261 The rate of change in the number of tropical nights (day/10 years) in the period
19612023 TR indeX

As aresult of the increase in air temperature, the number of days per year decreases throughout
Kazakhstan when thagily minimum temperatures e qual t o ¢day withadrbstF®0 b e |l o
index Figure 2.27) and b e |TNIWm2 indexFigwe 228). Al ratesok v e r
reduction varies across the territory, in basically, from 2 to 4 days / 10 years, in some places the
redudion rate is higher than-6 days in 10 years.
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Figure 2.271 The rate of change in the number of days with frost (day/10 years) in the period
19612023 (ndex FDQ
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Figure 2.281 The rate of change in the number of days with severe frosts (dgdi€) in
the period 1962023 TNItm2 indeX

On the territory of the republic, theumber of days with very severe frogsalmost
everywhere decreasing (when the dai |l yINtm20ni mu n
index Figure 2.29). B days /10 years) significantly reduce the number of such days in the-north
western, central and sou#tastern regions. In some areas of the East Kazakhstan region, the frequency
of days with very severe frosts decreases at a more significanbrate5 days /10 years.
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Figure 2.291 The rate of change in the number of days with very severe frosts (day/10 years) in the
period 19612023 TNItm20 index

Reducing the number of days with negative temperatures leads to a widespread reduction in
heatdeficit during the cold seasoftiDDheat23index Fi gure 2. 30) . Here, t
is taken as the threshold value of the air temperature, which is desirable to maintain indoors. In most
of the territory of Kazakhstan, the range of heat deficit reductiam tise range o60i 100-degree
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days for every 10 years. The reduction of heat deficit in most of the northern and eastern parts of the
central regions is up #0-degreedays for every 10 years, but in some areas of these regions there is
no reduction in Bat deficit. In places in various regions, mainly in the western, southwestern and
some areas of the eastern regions of Kazakhstan, this reduction is the largest and arfidQnts to
160-degreadays/10 years.
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Figure 2.301 The rate of change in heat dafildegree days/10 years) in the period 12623
(HDDheat23 index
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3 ATMOSPHERIC PRECIPITATIONS

Data on monthly and daily precipitation totals at about 190 meteorological stations from the
Republican Hydrometeorological Fund of RSE o
conditions observed in 2023, including assessment of extremes of praxipieagime and climate
change assessment. Annual, seasonal and monthly precipitation amounts are expressed in mm, or
expressed as a percentage of the 1280 norm. Table 3.1 presents values of anomalies of annual
and seasonal precipitation amounts, TabRpresents values of anomalies of monthly precipitation
amounts observed in 2023 and averaged over the whole territory of Kazakhstan and its regions. For
each anomaly value, the probabilities of rexteedance calculated for the period 192023 are
given. The probability of nomxceedancecharacterizesthe frequency of occurrence of the
corresponding value of the anomaly in a series of observations. Precipitation anomalies, which
occupied the first or the last five years in the descending ranked, seaehighlighted in bold

3.1Anomalies of precipitation on the territory of Kazakhstan in 2023

In 2023, the average annual precipitation for the territory of Kazakhstan was close to the norm
and amounted to 113.1 % of the norm, or 359.4 mm (ranr@Bability of norexceedance of 81%).
The deficit of precipitation was experienced in Zhambyl and Kyzylorda regions, where the average
annual precipitation totals for the region were 85 and 87 % of the norm with a probability-of non
exceedance of 25 an® 36, respectively. Maximum exceeded the annual norm of precipitation on
average in Atyrau regiornby 50 % of the norm, but the average layer of precipitation was only 225.5
mm, the year was included in the 10 % of extremely wet. The amount of precaipitatiwo more
regions was included in the 10% of extremely wet years on average for the territory of West
Kazakhstan (131 % of the norm) and Kostanay (126 % of the norm) regions (Table 3.1)

In most of the territory of Kazakhstan for 2023 precipitatiohefi¢gher near the norm or more
than the norm (Figure 3.1). Foci of maximum precipitation relative to the norm were located in the
western and northern regions (1806 % of the norm), in mountainous areas of East Kazakhstan
region (126146 % of the norm)lhe greatest deficit of annual precipitation amounts was experienced
in some areas in the south of Kostanay region, in most of Kyzylorda region, in thevsstitbf
Turkestan region and in the sowghst of Zhambyl region, where 43 % of normal precipittion
fell, also smalkcentersof precipitation deficit were observed in the west of Mangistau region, locally
in Akmola, Abai, Almaty regions (7385 % of normal

At the meteorological station Korday (Zhambyl region) a new minimum of annual
precipitationof 278.2 mm was established with the previous minimum of 301.2 mm in 2021, at MS
Kyzylkum (Turkestan region) the year was in the 5% of extremely dry, and at MS Ereimentau
(Akmola region) the year was in the 10% of extremely dry (Figure 3.1). Accordiregadrdm 33
stations located in the western, nevtbstern, central and eastern regions, the year was extremely
wet: 17 stations recorded 5% extremes, of which 2 stations set record values of maximum annual
precipitation totals: 497.9 mm at MS Zheleznoddmo (Kostanay region) with the previous
maximum of 473.6 mm in 1963, 577.4 mm at the Kamenka MS in the West Kazakhstan region, the
previous maximum was 503.7 mm in 1956 (Annex 1); 16 MS recorded extremely high (10%
extremes) for these regions precipuati
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Table 3.1- Regionally Averaged Annual (JanuaDgcember) and Seasonal Precipitation Anomalies

in 2023: VR i deviations from the lonterm averages for 1961990, in mm/seaso® ( r 262R
nonexceedance probability (in parentheses), calculatgdg data for the period 1942023, in %
RRT ratio of Reozsto the norm, in %

Region Year Winter Spring Summer Autumn
VR(P) |RR| VR(P) |RR| VR(P) | RR | VR(P) | RR| VR(P) | RR

Kazakhstan 41,7 (81)113,1| 2,7 (53)[104,2|-18,5 (13)| 78,8| -4,6 (41) 94,838,9(100) [149,1
Abai 54,3 (82)[118,9| 15,6 (73)127,1| -8,0 (41)| 88,2| -7,2 (37) 91,7| 45,0 (98)[159,8
Almaty -11,0 (48) 97,7|-15,8 (14) 75,5|-34,2 (25) 80,8-17,8 (31) 87,1| 21,6 (78)[121,4
Akmola 82,2 (86)125,3| 7,4 (64)115,5/-12,0 (28) 82,7|-19,5 (30) 85,0/ 70,1 (98)[189,6
Aktobe 75,0 (87)128,5| 2,8 (56)104,7| 5,0 (56) 107,7| -8,2 (45) 87,8| 47,2 (96)[165,3
Atyrau 75,3 (92)150,1) 9,8 (69)[131,2| 11,6 (64) 130,7| -7,9 (45) 80,7| 48,2 (97)219,2
East Kazakhstar 85,5 (89) [121,7| 21,8 (86)135,0| -4,6 (42)| 95,0/-19,5(25)| 84,7/81,8 (100)[173,6
Zhambyl -45,1 (25) 85,2|-12,3 (26) 83,2|-42,1 (18) 64,7| -7,4 (30) 80,7|-12,6 (40)| 82,9
Zhetysu 14,6 (59)103,8| -0,7 (45)| 99,1|-18,8 (32) 84,1}-17,9 (31) 80,5| 27,0 (86)[126,9
West Kazakhstal 86,4 (90)130,7| 0,2 (58)[100,4| 0,7(46)| 101,3| 19,6 (79)124,6| 40,7 (92)[151,9
Karaganda 49,9 (89)119,6| 12,6 (82)124,9-18,1 (17) 71,9| -3,9 (41) 94,9/47,8 (100){177,3
Kostanay 76,0 (91)126,2| -7,1(36)| 85,4| -26,4 (6)] 55,7|24,5 (76)122,858,2 (100)[178,8
Kyzylorda -17,9 (36) 87,3| 2,4(46)[106,1/-21,0 (18) 57,1| -2,3 (46) 87,7| -3,9 (48)| 88,2
Mangystau 1 22,5 (78)115,8| -5,9 (36)| 75,4| 21,6 (86) 146,3-11,3 (50) 67,3| 7,5(76)[120,1
Pavlodar 28,9 (62) 109,9| 4,3 (64)109,7|-17,3 (15)| 68,5/ -4,2 (41) 96,5| 32,2 (93)[144,5
North Kazakhsta 59,6 (78)116,9| 4,4 (60)[109,2|-14,6 (24) 77,8/-25,7 (28) 83,2| 62,1 (97)[171,3
Turkestan -8,9 (37) 98,0 -1,6 (41)| 98,9| -78,1 (6)| 53,3| 24,5 (86)200,9| 6,1 (64)[106,5
Ulytau 14,1 (67)106,5| -3,3 (57) 93,8| -7,5 (48)| 87,4| -4,4 (46) 91,8| 19,5 (86)[139,1
Notes 1. for the Mangystau region, the assessment was carried out only based on Fort Shevchenko

meteorological statign
2.values above the 95th or below the 5th percentile (wet 95% and dry 5% extremes, respectively)
are highlighted in bold angright colot
3. values above the 90th or below the 10th percentile are highlighted in pale color
4.the mean precipitation anomalies were obtained by averaging data from 121 stations across the
Republic of Kazakhstan
On average for the territory of Kakhstan winter and summer periods, during which on
average in the country fell 66 mm and 83 mm, which is 104.2 % and 94.8 % of the climatic norm for
the season, respectively; spring period of 2023 on the moisture regimeharasterizedy the
presence o& deficit of precipitation in general for the season and fell 68.8 mm of precipitation or
78.8 % of the norm (this is the 11th driest spring); and in autumn, 118 mm fell on average over the
territory of the country, which is 149.1 % of the climatic nomd #¢he season took the first place in

the ranked series of observations from the wettest to the driest season since 1941. (Table 3.1)

Figure 3.1 shows the spatial distribution of annual and seasonal precipitation in 2023,
expressed as a percentagenofmal for the period 1961990, and gives the probabilities of not
exceeding annual and seasonal precipitation in that year
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Figure 3.11 Geographical distribution of annual and seasonal precipitation in 2023, expressed
as a percentage of the norm (on the left), and the probability eéxmeedance (on the right),
calculated for the period 1962023. Sheet 1
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Figure 3.17 Geographical distribution of annual and seasonal precipitation in 2023, expressed
as a percentage of the norm (on the left), and the probability eéxaeedance (on the right),
calculated dr the period 19612023. Sheet 2

Figure 3.2 shows thatra-annual distribution of precipitation in 2023 averaged over the
territory of Kazakhstan, as well as the lelegm average monthly precipitation for the period 1961
1990

50 MM

45
40
35 —
30 —
25 + =
20 +
15 +
10 +
5 |
0 -

@ )
= = =

January
March
October

2023 m1961-1990

Figure 3.21 Territory-averaged monthly precipitation sums in Kazakhstan in 2023 and their
norms, calculated for the period 196990
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In 2023, on average, there was an excess of precipitation in Kazakhstan for most of the year
(from January to March and from August December, Figure 3.2). Two months of 2023 were
extremely wet: September, when the average precipitation in Kazakhstan was 37.8 mm or 193.7 %
of the climatic norm, which corresponds to the 98th percentile (this is the 2nd wettest month, the
record valuevas recorded in 1946). and the amount of precipitation was 37.9 mm) and August month,
when on average 40.9 mm of precipitation or 175.8 % of the norm fell in the country (rank 4,
probability of norexceedance of 96 %), and very wet, included in the 7estethonths (10 %

53



extremes) were October (46.1 mrh51.8 % of the norm) and December (37.9 rB5.5 % of the

norm). Precipitation deficit was observed from April to July. In April, the average amount of
precipitation was 24.1 mm (or 79.3 % of the norm)July- 24.2 mm (or 71.5 % of the norm) with

a probability ofnore x ceedance of 28 % and 17 %, respect.i
May 60.2 % of the norm or 20.35 mm (among the eight driest months) and June 59.2 % of the norm
or only 18.3 mmdmong the three driest months, as little precipitation in June fell in 1955 (13.1 mm
-42.5 % of the norm) and 1975 (16.7 m&¥.1 % of the norm)

In winter 2022/2023 (December 20Zzbruary 2023) on average over the territory of
Kazakhstan, the amount jprecipitation during the winter period was about the norm (Table 3.1) and
amounted to 104.2 % of the norm (ranR9, empirical probability 53 %). In most of the country
precipitation was more than 80 % of the norm (Figure 3.1). Excess precipitatiant{raorl20 % of
normal) was observed in the eastern part of the countryZ8366 of normal), in the northern regions
(124181 % of normal), in Northern Pribalkashie (1BBL % of normal) and in the Caspian Lowland
and some areas of the northern parhefwestern region (12B63 % of normal).

According to data from 10 meteorological stations located in the eastern and central regions,
the amount of precipitation for the winter period entered the 5 and 10 % of extreme wet, of which 3
meteorological stabhs in the eastern region: Shalabai, Dmitrievka, Leninogorsk recorded record
values of maximum precipitation for the winter period (120.2 mm, 103.2 mm and 137.8 mm), the
previous values (115.8 mm, 82.2 mm and 134.1 mm) were recorded in 1966, 1992 and 2017,
respectively. The largest centres of significant precipitation deficit were observed in the south of
Kostanay region (303 % of the norm), in Mangistau region, in the extreme west, 4eath south
and soutkeast of the country (437 % of the norm). Amording to 8 meteorological stations located
in the west, south of Kostanay region and in the sea8t, the winter season was among the 5 and
10 % of the driest years

In December 2022was characterised mainly by precipitation deficit, relative anomafies
precipitation averaged over the territory of Kazakhstan amounted to 60 % of the norm for the period
19611990 or 9.7 mm below the norm (probability of rexceedance of 13 %, Table 3.2). A
significant precipitation deficit of less than 60 % of the naras observed over most of the country,
covering the western half of the country, southern, sea#itern regions, and most of the northern,
central and eastern regions.

Precipitation less than 20 % of the norm fell over a large area of Mangistau region a
southern region, in some areas of the south of Kostanay region. According to data from 25 MS located
in these regions, December was among the 5 and 10 per cent of extremely dry months. A new
minimum of monthly precipitation was observed at MS Kuigaremtiuring the whole month there
was no precipitation, the previous record of the minimum value of precipitation was recorded in 1965
- 1.0 mm (Annex 2). In most of the nortastern and eastern and central regions of the country, as
well as locally in thefoothills and in the region of Ulytau precipitation was about normal or
significantly above normal (Figure 3.3)
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Table 3.27 Regionally averaged monthly precipitation anomalies in 2023, calculated as deviations
from the longterm mean values for 1961990 (in mm),and the probability of ncexceedance (in
parentheses), calculated using data for the period 12@23 and expressed in %

Region 12 1 2 3 4 5 6
(2022)

Kazakhstan| -9,7 45 7,8 1,2 -6,3 | -13,5| -12,6
(13) | (78) | (81) | (56) | (28) | (9) | (3)

Abali -8,0 6.7 | 144| -05 | -220] -16,7
(23) 84) | 87) | (45 | (4 | (7)
Almaty 155 23 | 26| -40| 65| -23,7| -375
(6) | (63) | 31) | (42) | (45) | (18) | (2)
Akmola 24| 25| 72| 63| 48 | -230] -10,7
(37) | (69) | (85) | (v5) | (68) | (6) | (24)
Aktobe 93| 39| 82| -04] 33 [ 21| -97

(24) | (69) | (84) | (40) | (B4) | (50) | (29)

Atyrau -10,6 -5,3- -89 | 169| 35 | -4,7
(6) | (15) (10) | (92) | (54) | (45)

East 1,6 14,7 55 15,3 1,7 | -21,7| -26,5
Kazakhstan| (59) | (93) | (78) | (86) | (43) | (25) | (1)

Zhambyl | -17,8| -13 | 6,8 | 3,1 | -17,4| -21,6| -16,7
(9) | (48) | (68) | (46) | (24) | (12) | (2)

Zhetysu 9,7 | 99 55 | -10,2| -14,2] -22,5
(20) | (84) (68) | (32) | (31) | (9)

West -135| -3,8 85| 35| 57 | -11
Kazakhstan| (21) | (47) (24) | (63) | (83) | (57)

Karaganda | -1,0 6,6 7,0 6,2 -6,0 | -18,3| -18,2| -21,5
(47) | (80) | (85) | (76) | (30) | (12) | 3) | 4

Kostanay 93| 21| 4.3 25 | -16,1| -129| -2,6 | -14,8
(19) | (46) | (79) | (38) | (3) | (19) | (52) | (28)

Kyzylorda | -85 | 2,6 84 | 69| -120| 21| 60| -26 | 63 | 34| 42 | 4,7
(15) | 57) | B2) | (25) | (15) | 50) | (21) | 4N | BN | (42) | (78) | (43

Mangystau| -82 | 45| 68 | -83 | 18,1 | 11,8 | -146| -7,5 | 108 | 149| 05 | -7,9
(30) | (10) | (B6) | (42) | (85) | (90) | (12) | (32) | BN | (B9 | (B7) | (30)

Paviodar | 33 | 59 | -48| 83 | -25|-231| -8,1 | -14,7| 186| 251 | 3,0 | 41
(58) | (86) | (26) | (81) | (41) | (0) | (30) | (24) | (86) | (92) | (71) | (70)

North 5,4 0,7 9.1 11,3 | -19,6| 6,3 | 17,9 | -42,1| -1,5 | 234 | 12,7
Kazakhstan| (34) | (62) | (89) | (86) | (2) | (36) | (81) | (2) | (B3) | (90) | (86)

Turkestan | -35,3| 8,7 | 25,0 -29,5| -28,0| -20,6| -10,0 -0,5-T,0 6,9 | 2,2
(10) | (63) | (84) | (10) | (18) | (20) | (1) | (67) (54) | (74) | (60)

Ulytau -31] 90| 89 | 11,9]-123] 71| -129| -11,1] 19,7 | 109| 45 | 41
(40) | (26) | (84) | (86) | (19) | (30) | (7) | (25) | (90) | (93) | (81) | (70)

Notes 1.for the Mangystau region, the assessment was carried out only based on Fort Shevchenko meteorological
station

2.values above the 95th or below the péucentile are highlighted in bold and bright cplor

3. values above the 90th or below the 10th percentile are highlighted in pale color

4.the mean precipitation anomalies were obtained by averaging data from 121 stations across Kazakhstan

In January, the distribution of precipitation over the territory was uneven, on average over
the territory of Kazakhstan the amount of precipitation was 121.7 % of the norm (rank 19, Table 3.2).
Strong deficit of precipitation was observed in Mangistau region (15,1 86rm - the ninth driest
January in the series of observations), and extremely wet in the whole territory was in Abay (193,1 %
of norm) and East Kazakhstan region (179,4 % of norm), it is the 5th and 6th wettest January. In most
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of Kazakhstan there was arcess of moisture, precipitation was about or much more than normal.
In the eastern regions the amount of precipitation exceeded the norm39 firbes, in the northern,
northern part of the western regions, Aral Sea region, southern aneesstghregions- by 1.22.3

times, in the nortleastern and eastern part of the central regibgsl.31.9 times (Figure 3.3). The
largest amount of precipitation (118 mm) fell at MS Ashchysay (Turkestan region), which was
155.4 % of the norm.

Extremely humidconditions and 5% and 10% extremes were observed at 17 MCs located
mainly in the east and nortfast, centre, south and west, including 3 MCs (Shalabai, Dmitrievka and
Leninogorsk) located in Abay and East Kazakhstan regions set records of monthly maximum
precipitation (68.5 mm, 43.2 mm and 59.7 mm) their previous records (54.5 mm, 34.1 mm and 58.5
mm) were set in 1947. , 1971 and 1940, respectively (Appendix 2). In January, there were two large
centres with a strong deficit of precipitation: one centréeed the entire territory of Mangistau
region, the Caspian lowlands and the western half of West Kazakhstan reg®#o éf the norm),
the second centre was located in the western half of the central regiéh {2df the norm). Small
local zones witlprecipitation less than 70 % of the norm and even 30 % of the norm were observed
in mountainous areas of the south and seait, in the north and nostiestern part of the Abai
region. The least precipitation (0.8 mm) during the month fell at meteocalagations Aktau and
FortShevchenko (Mangistau region), which amounted to 7.3 and 22.4 % of the norm. On the territory
of West Kazakhstan and Mangistau regions at some stations January month entered 5 and 10 % of
extremely dry.

February was wet, with average monthly precipitation of 143.4 % of the norm or 7.8 mm
above the londgerm average (rank 16, probability of nexceedance 81 %, Table 3.2). In most parts
of the country precipitation was much higher than the norm (Figure 3.3 Weist Kazakhstan and
Atyrau regions it was extremely wet, the average moisture content over the territory was 202 and
392 % of the norm (with a probability of n@xceedance of 96 and 98 %) this is the fourth and second
wettest February, respectively.

Precipitation exceeded the norm #43® times in the western regions, -B.2 times in the
northern and central regions and the Turanian Lowlands.2.8mes in the mountainous region of
the south, Southern Pribalkashie and in some areas of the eagiem (Eigure 3.3). The most
significant excess of the norm was observed at the Atyrau MS (485.1 % of the norm) in the Atyrau
region. The highest amount of precipitation (173.2 mm) fell at MS Shuyldak (Turkestan region),
which was 232.5 % of the norm. A¥ 2Zneteorological stations located in different regions of the
country, moisture conditions were characterised as humid and extremely humid (90 and 95%
extremes). At MS Atyraui Saryshagan were established new maximum monthly precipitation (49.0
mm and 29.2nm), their previous values (41.7 mm and 21.0 mm) were recorded in 1952 and 1993,
respectively (Annex 2)

Strong deficit of precipitation (less than 70 % of the norm) was in the-past@rn region
(3572 % of the norm), in mountainous areas of the sea#t and east (470 % of the norm) and
locally in the central part of the country and in the south of Kostanay regiesv (#@of the norm).
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In spring, precipitation averaged 78.8 % of the norm wigh@ability of not exceeding 13 %
(or the driest spring in the series of observations, Table 3.1). Extremely dry was observed on average
in Kostanay (56 % of the norm) and Turkestan (53.0 % of the norm) redgio@sixth driest spring
in the series of adervations since 1941. Mangistau region received significantly higher than normal
precipitation- 146 % of the norm. A significant deficit of spring precipitation was observed over most
of the country less than 76 % of the norm (Figure 3.2). A signiftadeficit of seasonal precipitation
amounts was observed in the south of the Kostanay regib2 ¥ of the norm), a strong deficit of
precipitation was observed in the northern, nedistern, central, southern regions and in some places
in the western pés of the country (287 % of the norm). At MS Amangeldy (Kostanay region) a
new minimum of seasonal precipitation was set at 3.6 mm, the previous minimum precipitation was
6.4 mm in 2021. According to data from 21 weather stations located in the nomtigewns:
Kostanay, North Kazakhstan, Akmola and Pavlodar, in the eastern (Abay, East Kazakhstan) and
southern (Turkestan and Zhambyl) regions it was extremely dry (5% extremes were recorded).

Excess precipitation was observed in most of the western regidime country and in
mountainous areas of the eastern region, as well as in the central part of the country. Pockets of
significant precipitation during the spring season were observed in western regions of Atyrau, central
regions of Aktobe and East Kadestan regions (12148 % of the norm, Figure 3.2

In March, the average amount of precipitation over the territory of Kazakhstan was 105.3 %
of the norm for the period 1961990 (Table 3.2). The distribution of precipitation was uneven.
Excess precipitain, mainly above the norm, was observed in the northern, central, eastern and south
eastern parts of the country, as well as in the northern part of the Aktobe region (Figure 3.3), the
amount of precipitation exceeded the norm by-23@ % of the norm. Ithe northern, eastern and
eastern part of the central regions of Kazakhstan, two Gmggerswith significant excess moisture
were observed. At 14 meteorological stations located in these parts of the country, it was extremely
humid and 5 and 10 % exines were recorded. The Atyrau and Turkestan regions were very dry,
averaging 24.2 and 53.1 % of normal (10 % extreragbp ninth driest month in the series of
observations, respectively. Significant precipitation deficit (less than 60 % and even bélowf40
the norm) was observed almost everywhere in the western region, in the south of Kostanay region, in
Kyzylorda and Turkestan regions, as well as in the negstern part of Pribalkashye and
mountainous regions of the south of the country (Figure A&)ording to the data of 10 MS located
in Mangistau and Turkestan regions, as well as in the south of Kostanay region, March month was
included in the 5 and 10 % of extremely dry, of which a new minimum of monthly precipitation (0.8
mm) was established MS Amangeldy in Kostanay region, the previous value of 0.9 mm was
observed in 1951 (Annex.2)

In April , the average amount of precipitation over the territory of the country was 79.3 % of
the norm (rank 60, probability of neexceedance 28 %, Table 3.Pyecipitation deficit (/3 % of
the norm) was observed over most of the territory of Kazakhstan, the most significant (less than 30 %
of the norm and even 10 %) in the north and neest, western part of the central region and Turan
lowland (Figure 3). According to data from 32 MS located in North Kazakhstan, Pavlodar,
Kostanay, northern Akmola and Kyzylorda regions, it was extremely dry (5 and 10 % extremes were
recorded), including updated records at 4 meteorological stations in the northern Aeganaing
to three meteorological stations of Kostanay region: MS Sarykol, MS Karasu aiMikii&®y/lovka
records of minimum monthly precipitation were set (0 mm, 0.3 mm and 0.3 mm), their previous
records (0.23 mm, 0.7 mm and 0.8 mm) and were recorde@bi®, 1991 and 1963, respectively. At
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MS Mikhailovka in Pavlodar region precipitation was absent during the whole month, the same case
was observed in 1997 (Annex 2). Pockets of significant precipitation16@%6 of the norm) were
observed predominantlg most of Akmola and southern Pavlodar regions, in the western part of the
country, as well as in East Kazakhstan and bordering Abai regions and in the rinitratidashye

A strong excess of moisture was observed in Atyrau region, the average prenipitéhe territory

was 228.0 % of the norm, which corresponds to the 92nd percentile. At 7 meteorological stations in
Akmola, Pavlodar and Atyrau regions, moisture conditions were extremely humid (5 and 10 %
extremes were recorded)

In May, as well as in April, precipitation deficit was observed on the most part of the territory
of Kazakhstan, on average over the territory of the country precipitation amounted to 60.2 % of the
norm or 13.5 mm below the lostgrm average and moisture conalits arecharacterizeds extremely
dry (10% extreme, Table 3.2). Precipitation defici6@®% of the norm) was observed in the northern,
eastern, central, southern regions and in some places in the western region. A strong deficit of
precipitation on avexge over the territory was observed in the Pavlodar redidrl % of the norm
or 3.78 mm (record dry month, the previous record of minimum monthly precipitation was recorded
in 1955. ),Abai - 28.3 % of the norm with a probability of n@xceedance of 4¥Akmola- 32.3 %
of the norm with a probability of neexceedance of 6%, Karaganda and Zhambyl regions average
precipitation amounted to 38.4 and 41.9 % of the norm, which corresponds to the 12th percentile,
respectively. In May, record precipitation nmimims were set at 7 MSs (Annex 2): at 2 MSs in
Akmola region (Astana, Ereimentau) and at 4 MSs in Pavlodar region (Shaldai, Aktogay, Bayanauyl,
Krasnoarmeika); at Shaldai MS in Pavlodar region precipitation was absent throughout the month.
According to datdrom 37 meteorological stations, moisture conditions were extremely dry (5 and
10 % extremes were recorded, Figure 3.3). In May in some regions of western oblasts, Priaralie, in
the north of North Kazakhstan and Turkestan oblasts, mash ofPribalkaslye, as well as in some
foothill areas of the soutbast and east precipitation exceeded 130 % of the norm. In places in the
west, southwest, north and south more than 160 and even 300 % of the norm (Figure 3.3). In 2 MSs
(Kazaly and ForShevchenko) May as among the 10 % of the wettest months. The most significant
amount of precipitation (333.7 % of the norm) fell in the Kazaly MS (Kyzylorda region), which
totaled30.7 mm, 10.6 mm above the loteym average

In summer, the average amount of precipitatiover the territory was 94.8 % of the norm
(rank - 49, probability of norexceedance 41 %, Table 3.1). Thoemtersof excessive moistening
were observed during the summer perigtthe northern part of West Kazakhstan region {3@3 %
of the norm), orthern half of Kostanay region (14289 % of the norm), southkastern part of
Turkestan and adjacent to it part of Zhambyl region {368 % of the norm). A significant
exceedance of the norm by 1.8 times was also observed at MS Zhalanashkol (Zhetygulregi
MSs located in the above regions, 5% extremes (extremely wet) were recorded, including the record
seasonal amount of precipitation at the Kamenka MS (Figure 3.2). Precipitation deficit zones were
observed in all regions (447 % of the norm), wit severe precipitation deficits in the sowetistern
part of Zhambyl, soutisoutheast of Kyzylorda and west of Mangistau regions-328% of the
nor m) . The amount of precipitation falling i:1
recorded at 4neteorological stations located in Zhambyl, East Kazakhstan, Pavlodar and Akmola
regions
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Significant deficit of monthly precipitation totals remained in most regions during two
summer monthsJune and July, and taking into account April and Mayring4 consecutive months
(Figure 3.3)In June, a significant precipitation deficit was observed over most of Kazakhstan, with
the average precipitation amounting to 59.2 % of the norm (the 4th driest month, Table 3.2). A
significant deficit of precipitation &s observed in Turkestan, Zhambyl, Karaganda, East Kazakhstan
and Almaty regions, on average over the territory their amount was 12.0 % of the norm, 14.6 % of
the norm, 29.6 % of the norm, 34.8 % of the norm and 39.6 % of the norm (5 % extremes),
respectiely. In Ulytau and Zhetysu regions, the month was among the 10 % driest Junes (Table 3.2).
In West Kazakhstan, Aktobe and in some mountainous and foothill regions of the republic the
prevalence of precipitation deficit over excess is noticeable. In JanmeReorological stations
located mainly in Turkestan, Kyzylorda and Karaganda regions set records of minimum precipitation
(Annex 2), of which 16 stations had no precipitation throughout the month. In 27 MSs located in
different regions of the country, was extremely dry (5 and 10% extremes were recorded (Figure
3.3). Excess moisture in June was observed in the northern regior234.20 of the norm), in
mountainous and foothill areas of the sea#st of the country (16172 % of the norm), as well as
in places along the northern and western border of western Kazakhsta20@LO2 of the norm),
Figure 3.3. Extreme excess precipitation (90 and 95 % extremes) was observed locally at 4 MS in the
northern region of the country

In July, as well as in June, strong deficit of precipitation remained in most of the territory
of Kazakhstan, the average amount of precipitation was 71.5 % of the norm or 9.6 mm below the
multiyear average (Table 3.2). Extremely dry (5 % extremes) was on the territory of Karagenda
North-Kazakhstan regions, on average on their territory the amount of precipitation was 29.7 % and
33.6 % of the norm (the fifth and third driest July in the series of observations since 1941),
respectively. The entire southern part of the countryh(thié exception of the SouthdPnibalkashye
regions, where precipitation was-864 % of the norm), the Caspian Lowland, central and eastern
regions of Kazakhstan and almost the entire territory of the northern region of the country were in the
zone of seere precipitation deficit (less than 60 % of the norm), and sometimes extreme (less than
40 % of the norm and even 20 % of the norm) and record precipitation deficit (less than 6 % of the
norm). At 6 meteorological stations located in the Turkestan, Kydgland Karaganda regions were
established record minimum precipitation (Annex 2), of which at 5 MS precipitation was absent
throughout the month. According to data from 25 meteorological stations located in the northern,
eastern, central and sowthsten regions, moisture conditions weskaracterizeds extremely dry
(5 and 10% extremes were recorded). In July, precipitation withif68%6 of the norm was recorded
in some areas of the north, nedhst, east, Alakol depression, in Atyrau region arttiénnorth of
Aktobe region. Precipitation was significantly above the norm in South Pribalkashye, in Northern
Priaralie (195264 % of the norm) and in West Kazakhstan region@&6 % of the norm, Figure
3.3). At the Kamenka MS the most significant ancbrd amount of precipitation for the month fell
203 mm, the previous recordl33.1 mm, which was noted in 1959 (Annex 2). According to data
from 5 meteorological stations located in the West Kazakhstan and Almaty regions, in July, moisture
conditions werextremely wet 5 and 10% extremes were observed

In August in the northern, eastern, central, sea#istern, southern and eastern part of south
western regions of the country excess precipitation prevailed, on average over the territory of
Kazakhstan mahly precipitation amounted to 175.8 % of the norm or 41 mm with a probability of
nonexceedance of 96 % (the fourth wettest month in the series of observations since 1941, Table
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3.2). In most of the territory of these regions, precipitation exceedeaithrehy 1.56.0 times, and

in the southern half of Turkestan and Zhambyl regidns7-28 times (Figure 3.3). In August, record
precipitation maximums were set at 8 MSs (Annex 2). According to 58 meteorological stations,
August 2023 was extremely wet (5%dal10% extremes were recorded). As a result, on average over
the territory of the regions, record wetness was in Turkestan region (897.7 % of the norm) and extreme
wetness (5 and 10 % extremes) was observed in 7 regions (Kostanay region (rank 2) andi&araga
region (rank 3), UlytauAbai, Zhetysu, Almaty, Zhambyl), where the average moisture content was
from 173.8 to 300.4 % of the norm. Zones of significant precipitation deficit (less than 40 % of the
norm and even 10 % of the norm) were observed in megipns of western Kazakhstan (Figure
3.3). At MS Chapaevo and Urda, located in the West Kazakhstan region, no precipitation was
observed during the whole montthese are record values

In autumn, the average layer of precipitation over the territory of Kazakhstan was 149.1 %
of the norm or 117.9 mathis is a record amount of precipitation for the season (rank 1), the previous
record was observed in 1965 (148 % of the norm or 117.2 mm). Pligatioghe whole territory
was extremely wet, except for the south of Kostanay region and southern part of Kazakhstan. On
average over the regions, record wetness was in Kostanay, East Kazakhstan and Karaganda regions
and extreme wetness (5% extreme®) Akmola andAbai regions (the 2nd wettest autumn since
1941), in Atyrau and North Kazakhstan (rank 3), Aktobe (rank 4) regions (Table 3.1, Figure 3.2). At
81 MSs located in the western, northern, central and eastern regions, 5% extremes were recorded,
including record values at 2meteostationsAt 20 MSs of Kazakhstan it was very humid, 10%
extremes were recorded

Precipitation deficit (less than 80 % of the norm) was observed in the south of Kostanay region
(55-73 % of the norm), in the western half of2¢lorda region (5264 % of the norm), at the southern
junction of Kyzylorda and Turkestan regions (38 % of the norm), Zhambyl and Almaty regiens (54
72 % of the norm) and in some other small areas across Kazakhstan (Figure 3.2). In 5 MS located in
the soth of the country there was a significant deficit of precipitatimss than 25 % of the norm

In September, as well as in August, a significant excess of moisture was observed in most of
the country. September was extremely wat average over the té@ory of Kazakhstan precipitation
amounted to 193.7 % of norm (rank 2 with probability of+eaneedance of 98 %). Record wetness
was in the East Kazakhstan, Akmola and Abai regions, with an average 0228423/ of the norm
(Table 3.2). In 82 MS locad in the eastern part of Aktobe and Mangistau regions, northern, central,
eastern and soutastern regions were extremely wet (5 and 10 % extremes were recorded), including
10 MS with record values of maximum monthly precipitation (Figure 3.3, AnneAtahe same
time, a strong precipitation deficit was observed in the northern part of the western region and in the
south of the country (less than 50 % of the norm, and in the south even less than 15 % of the norm).
Five meteorological stations in the Kastan region (Arys, Aschysai, Zhetysai, Kyzylkum, Shardara)

did not receive precipitation during the whole month

In October, the situation of excessive moisture continued practically on the whole territory
of the country, the average amount of precipitation on the territory of the Republic was 151.8 % of
the norm (rank 7, probability of neexceedance of 92 %, Table 3.2). e twestern (14452 % of
the norm), northern (13838 % of the norm), central, eastern and s@atstern (14288 % of the
norm) regions, as well as in the eastern part of Kyzylorda, Turkestan and in the south of Ulytau
regions (14261 % of the norm) exssive precipitation was observed (Figure 3.3). Two
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meteorological stations in the West Kazakhstan region recorded record maximum monthly
precipitation: MS Karatobe (61.5 mm), the previous record was set in 2004 and was 58.1 mm, MS
Zhanybek (79.3 mm), thergvious record was 73.7 mm in 1954 (Annex 2). At 58 meteorological
stations located in the western, northern, eastern, central andesstghn regions, moisture
conditions werecharacterize@s extremely humid (90 and 95% extremes). In October, smadkszon
with precipitation deficit (3479 % of norm) were observed in the southern part of Kostanay region,
north-eastern and some areas of southern regions of the country (Figure 3.3)

In November, excessive moisture is observed in most of the territory oblkdestan, on
average over the territory of Kazakhstan precipitation was 116.5 % of the norm (probability of not
exceeding 74 % of the norm). In the western (288 % of the norm), northern (1386 % of the
norm), central, some eastern regions and in tir&€ktan region (13280 % of the norm) excessive
precipitation was observed (Figure 3.3). In the North Kazakhstan (202.8 % of the norm) and Kostanay
(196.6 % of the norm) regions, November was among the 50 % of the wettest months. According to
6 MS locate in the western and northern regions of the country records of maximum monthly
precipitation were set (Annex 2). At 30 meteorological stations located in the western, northern and
western part of the central regions, moisture conditions aleeacterizeds extremely humid (90
and 95% extremes were recorded). Precipitation deficit, in some places strong was observed in several
foci: in the western part of Mangistau region{Z®% of the norm); practically on the whole territory
of Kyzylorda region (4770 % of the norm) and &rge focusoccupying the territory of Zhambyl,
Almaty, Zhetysu, Abai and soutrastern part of Karaganda regions-{Z4% of the norm), 4
meteorological stations in these areas were extremely dry (Figure 3.3)

To assess the extremalsprecipitation in 2023, climate change indices recommended by the
World MeteorologicalOrganizationwere assessed. Below is an analysis of some of the most
representative precipitation indices and peculiarities of distribution of their values ovaritbeyte
of Kazakhstan in 2023

Figure 3.4 presents the values of absolute maximum daily precipitation recorded from the
beginning of the weather station opening to 2023 (shown in blue).
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Figure 3.47 Absolute maximum daily precipitation (in mm), selectedthe period from the

opening of the meteorological station until 2023. If the record daily precipitation was recorded in
2023, the value is marked in red
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The values of daily precipitation maximums that overlapped the previous absolute maximum
in 2023 ae shown in red. In 2023, the value of the absolute maximum of precipitation was exceeded
at two meteorological stations in Kazakhstan: at MS Kamenka 133.4 mm fell during the day, the
previous maximum was in 28 July 1959 and was 66.5 mm and at MS Uralsie %d.7 mm fell
during the day, the previous maximum of daily precipitation was observed on 25 July 1992 and was
79.3 mm.

The daily maximum precipitationselected based on data for 20RX1day inde¥, was 10
30 mm over most of the territory of Kazakdust (Figure 3.5). The highest daily maximum
precipitation was observed in the newvtiest of the country (16833 mm), in the northern part of the
Karatau Ridge (84 mm, Tur. In the north, neetlst and in the foothill and mountainous regions of
the south ath southeast it was more than 3® mm in some places, in Karaganda region more than
50 mm in some places. The lowest maximum daily precipitation (less than 10 mm) was observed in
the southwestern part of Mangistau region, in the south of Kyzylorda regrahin the sands of
Saryesik Atyrau (Almaty region)
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Figure 3.57 Daily maximum precipitation in 202Rx1day index)

In 2023,the share of very heavy precipitatidwhen daily precipitation is equal to or greater
than the 95th percentile, r95ptot index) in annual precipitation over most of Kazakhstan was less than
20 per cent (Figure 3.6). The greatest contribution of very heavy precipitation (more t6@%Y0
wasobserved in the nortbastern part of Mangistau region, as well as in places in the north of West
Kazakhstan, Kostanay, in mountainous areas of the s@asthand Turkestan regions. In different
regions of Kazakhstan daily precipitation did not reach 8tk percentile
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Figure 3.67 Share (in %) of extreme daily precipitation in the annual total precipitation
for 2023(d dzH J9SpiDp)

Figure 3.77 Maximum duration of the dry spell in 2023, in days (CDD index

In the arid climate of Kazakhstan, the CDD index is very important, which shows the

maximum duration of the rainless perigdvhen the daily amount of precipitation was less than 1
mm In 2023, in most of the territory of the country, the maximum contindotation of the rainless
period was 260 days. The longest duration of the dry period was observed in the Turkestan,
Kyzylorda, Pavlodar, nortbast Abay regions, in the northePmibalkashye- more than 70 days
(Figure 3.7). The maximum duration of tten-free period was recorded in the Turkestan region at
several meteorological stations: MS Turkestan, Shardara, Zhetysai (101 days without precipitation),
MS Tasty (99 days without precipitation), MS Akkum (82 days without precipitation), in the
Karagana and Pavlodar regionsit MS Balkash and Uspenka (80 and 81 days without precipitation,
respectively). The shortest duration of the fage period (19 days) was observed at MS Leninogorsk
and MS Zaisan in the East Kazakhstan region.
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