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SUMMARY

Features of climate in 2017

Whilst 2017 was a cooler year than the record setting 2016, it was still one of the three
warmest years on record, and the warmest not influenced by an El Nifio event. Global averag
temperature in 2017 was 110,1°C above the preindustrial level. The eaage global
temperature for 2012017 is close the highest fiyee ar aver age on recor
warmest years have all occurred since 2005, and the five warmest sincén2B007 sea level
rise, which was happening at a somewhat faster pace and also increase in concentration
greenhouse gasesere still observed.The cryosphere continued to be reduced along with
reduction of extent of the Arctic and Antarctic sea i€the highest economic losses, which
connected with the severe weather and climatic phenomena have been soff20éd The
World Economic Forum still assigns extreme weather events a rating of the most significant
risks, which is facing humanity, as from theint of view of probability of their emergence, and
extent of their influence

In Kazakhstan 2017 was rather warm and has taken the [ffde in series of
observations, ranked by descending since 1941. Average annual air temperature for 1917 wze
7,1°Cthat is 0,69 °C above the 198010 average. The lastyg@ar mean temperature for 2013
2017 was +7,06u and the highest on record since 1943. The lasteHd mean temperature for
208 2017 was +6.74a at 0.35 & above average. This decade is the secwmanest on record
after warmest 199&007.

The annual total of precipitation for 2017 averaged for Kazakhstan was 4% below the
19812010 average (the 1982010 average is 313.7 mnBxtremelydry was observed in the
areas of weather stations Beineu (Maragistegion), Shili (Kyzylorda region), Korday (Zhambyl
region) and Kokpekty (East Kazakhstan regiof)e probability of norexceedingthere was
below5 %.

Climate change in Kazakhstan(19762017)

An increase in annual mean air temperature averaged Kazakhstan for 1978017
was 0,340 ¢ / ygabs. The highest growth rates are observed in spring (088 years), the
lowest in winter (0.1& / Years). Increase in all seasonal temperature except winter
temperature is statistically significant.

At some meteorological stations statistically a reliable positive tendenciekilgf
maximums of air temperaturavithin 0,2-0,40 and 0,4),90 °C/10 year has tracing during 1876
2017.

The statistically significant increase in the numbevearfy hot days wit air temperature
higher than 35U by 4-8 days each 10 years) is observed in the west and south of Kazakhstan.



Increa® in the durationof heat waves by 2 5 days,when at least, 6 consecutive days
daily maximum air temperature was higher than 90th @rmpentile it was observed on some
meteorological statiaof the Akmola region and thewgh of Kazakhstan

Nearly all of Kazakhstan a decrease in frequency nadhts with frost (by
3-6 days/10years)and days with frost(by 4-8 days /10 yearsgxperienced, when the daily
minimum and maximum temperature correspondently falls lower tfi@n 0

In the west and south of the country, there were noted tendencies to incrimesdaity
amplitude by 0.2:0.4°C /10 years, while in the east and southeasthe contrary, there were
noted tendencies to decrease by@A4°C/10years.

Statistically reliable increase ithe maximum daily amount of precipitationby
2-4 mm/10years have been recorded at the weather stations of Arkalyk, Aksay, Atyrau,
UshtobeBektauata and Karabalyk.

At some stations of Akmola and Pavlodar regions and in the south and the southeast o
the republic, a statistically significant reduction of theximum duration of the period without
precipitationby 2-6 days/10 years was obsetlve



INTRODUCTION

Climate is a natural resource, which is vitally important for the-tbithg, health and
prosperity of the population of any staMeteorological information collected, managed and
analyzed by the National Hydrometeorological Services helps users ofintbisnation,
including personswhich makers decisions to plan any activity taking into account modern
climatic conditions and obsexd climate changes. Using of current meteorological and climate
information helps reduce risks and damage and optimizes social and economic ligirefits.
system monitoringis carried out by national, regionaland international organizations
coordinaed by the World Meteorological Organization andth cooperation with other
environment programs.

Studying of the regional climate and regular monitoring of its changes are the priority
tasks of the National hydrometeorologisatvice of Kazakhstan "Kazgydromet". Since 2010 the
"Kazgydromet" makes release of annual bulletins for providing reliable scientific information
about regional climate, its variability and change. Due to a geographical location of Kazakhstan
and its vasterritory, observed changes in climate conditions in various regions of the Republic
can have both a negative and positive impact on biophysical systems, on economic activity an
the social sphere. Taking into account of the climate conditions and thesment of their
changes are necessary for identification of the potential consequences and introducing timely an
adequate adaptation measures, and, as the result, for ensuring sustainable development
Kazakhstan.

This edition of the bulletin describése climatic conditions observed in 2017, including
an assessment of the extremes in temperature and precipitation, and provides historice
information on changes in surface air temperature and an amount of precipitation since 1941
Also, this release dhe bulletin contains climate change estimates for the shorter period from the
middle of 1970s years, when according to many experts, global climate change has become mo
intense, especially in the Northern Hemisphere. Annex 1 and 2 show the mapsistritngtidn
of seasonal and annual air temperaturesraindall, averaged over the period 198210.

Initial data Bulletin is based ordata of the NationalHydrometeorologicalFund of
"Kazhydromet:

1) time series of monthly mean air temperature andthipprecipitation total from 1941
to 2017: data of more than 200 weather stations were used to assess climate averages |
19812010 and more than 190 weather stations data to assess tendencies in temperature a
precipitation;

2) time seriesof daily maximum and minimum air temperatsi@nd daily precipitation
totalsfrom 1936 to 2017flom more than 9Qveatherstations).

The main approaches and methads this bulletin, the "norm" is the climate variable
averaged for the period 192010. Temperature anomalies are calculated as deviations of the
observed value from the norm. Anomalies of an amount of precipitation can be considered as il
deviations from the norm (similar to air temperature), and as a percentage of the norm. The
probalility of not exceeding characterizes a frequency (in %) emergence of the corresponding
value of anomaly in the time series of observations.



As assessment of changes in climate characteristics for a certain time interval the
coeffidents of linear trends arusedwhich are determined by the least squares method. The
coefficient of determination (R2) represents the strength of a linear trend and characterizes th
contribution of the trend to the total variance of the climate variable for the considered time
period (in percent).

Assessment of tendencies surface air temperature and amount of precipitation is carrie
out according to individual stations and on average for 14 regions of Kazakhstan. Averages fol
the territory anomalies of meteorological varialdes calculated by averaging of station data on
anomalies. The borders of the regions are given on the schematic map below.
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The WMO climate change indices wenesed to assess extreme temperatures and
precipitation in 2017 and its changes in the period 4l7. Some indexes are based on the
fixed uniform threshbld values for all stations, othéron threshold values, which can vary from
the station to the station. In the latter case threshold values are defined as the correspondir
percentiles of the data rows. Indexes allow assessing many aspects of cliarage, dior
example, changes in intensity, frequency and duration of extreme temperature and precipitation.

TheBulletin was prepared e experts o€limate Research Department

- llyakova R.M., Lead Engineer rgsponsible forthe issue, generalediting,
section2, 3, summary)

- Dolgikh S.A., Head of th®epartment (introduction, section; 1)

- Smirnova E.Yu., LeadinBesearcher (Section;2)



Monkayeva G.Y., LeadingResearcher (calculation and analysis of extremeness
indices)

Baybazar ov Researcher(rhapping)i n g

Beldeubayev Y.Y., SenidResearcher (mapping)



1 REVIEW OF GLOBAL CLIMATE CHANGES and ITS CONDITION Sin 2017

For the past 25 years, the World Meteorological Organization (WMO) publishes the
annual Statement about condition of glbllimate in order to provide authoritative scientific
information on global climate and significant weather and climate events occurring around the
world. These publications compteent the assessment reports aissued by the
Intergovernmental Panel on Climate Change (IPCC) every six to seven years

Since the issue of the first Statement about the condition of the Global Climate in 1993,
the scientific understanding of the complex climate system of our plandidesddeveloping
prompt rateslt is especially rigt of understanding the impact of humankordclimate change
and also character and extent of such chahgecludes the lility documenting emergence of
the extreme weather and climatic phenomena agdeden which they can be connected with
influence of the person on climatxiefly aboutthe condition of global climate in 2017

Z concentration of greenhouse gaassincreasing

z 201771 the warmest year without El Nifio

z 20132017-the warmest 5 year ged in the history of observations

Z global heat content of the ocean has reached record levels in the history of observations

Zz sealevelisrising

Z ocean oxidation are continyes

Z the extent of the Arctic and Antarctic sea ice is significantly below than the average
value

The average global terapature in 2017 was about 1.C higher than that of the pre
industrial era, which means, that we have already reached more than on fatlfnaximum
limit of the temperature increase is 2 °C and fixed in the Paris Agreement, which still seeks to
limit this increase up to 1.8C° over preindustrial leveR017 was the warmest in the history of
observations year, which wasn't affected by plenomenon El Nifio, and one of the three
warmest years, at the same time the record remains for 2016. All the warmest yeavgoiridthe
have occurred since 200ndfive of the warmest since 2010
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Global sea surface temperatures in 2017 were slightly below than the levéisSoa2d
2016, but neverthelesshave taken the third place amortige highest in the history of
observationsThe ocean's heat content, which is a measure of heat in the upper layers of the
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oceans, has reached record maxima in 20M&an ocean heatontent for 2017 for the
0-700metre layer was 1582, 6.9ZJ higher tlan the previous annual mean record set in 2015.

The pie charts show the contributions of individual components of thiewsabudget
(expressed in percentage of the observed global mean sea level) for two period)(®a8d
2004-2015. It clearly show that the magnitude of almost all components has increased in recent
years, particularly melting of the polar ice sheets, mostly in Greenland and to a lesser extent il
Antarctica. Accelerated iemass loss from the ice sheets is the main cause of aticeleyiithe
global mean sekevel rise, as revealed by satellite altimetry.

Figurel.1l- The
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Seaice extent was well below the 192010 averagéhroughout 2017 in both the Arctic
and Antarctic. The winter maximum of Arctic sea icke 1@l.42million square kilomete,
reached on 7 March, was the lowest winter maximum in the satellitedyéc@dmillion square
kilometers below the previous recordw set in2015. Antarctic se&ce extent was at or near
record low levels throughout the year. The summer minimtigh11million square kilometes,
recorded on 34arch, was 0.18million square kilometer below the previous record set in 1997,
whilst the wnter maximum 6 18.03million square kilometex, recorded on 1@ctober (the
equatlatest maximum date on record), was second behind 1986.

There were fewer areas with large precipitation anomalies in 2017 than there had been ir
2015 or 2016, as ¢hinfluence of the strong ElI Nmevent of 2015/2016 ended. There were 84
tropical cyclones around the globe in 2017, very close to the- lergn average. Three
exceptionally destructive hurricanes occurred in rapid succession in the North Atlantic in late
Augustand September. All three of these hurricanes were ranked in the top five for hudrricane
related economic losses in the United States (alongside Katrina in 2005 and Sandy in 2012), wit
estimated costs of USH billion for Harvey, US®0 billion for Maria and US$0 billion for
Irma.



The drought that affected significant parts of east Africa during 2016 continued into
2017. Many parts of the Mediterranean region experienced significant drought in 2017, as did
parts of central Europe. Drought also affectedgion of central North America on both sides of
the United State€anada border.

There were numerous significant heat waves around the world during 2017, in both the
southern and northern hemisphere summers. Between 2000 and 2016, the number ofesulnerak

people exposed to heatve events has increased by approximately 125 million.
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The extreme heat and drought promoted emergemditige numerous destructive natu
fires in various tropical regions, numerous regions of middle latitudes also have endured

of the fire seasons.
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2 AIR TEMPERATURE

The territory of Kazakhstan which is located in the center of the Eurasian continent and
far from the oceamn considerable distance (268000 km) warms up at more significant rates,
than aveageby globe and at the same ratesasaverage the Northern Hemisphérke linear
trend coefficient ofthe annualmeanair temperature for the globeas + 0.18 ©/10 years
(explained by the trend in the share of the series of dispers8&®6), + 0.34 &/10 years for
the land of the Nohtern Hemisphere (the trend contriloatin the dispersion is 8% ), and +
0.34 u/10 years for Kazakhstafthe trendcontributon in the dispersion is 2%) for the period
19762017

Annual meanair temperatureanomaly was +0,69¢ rather average longrm values
during 19812010average for all Kazakhstafhis is the tenth value in the descending ranked
air temperature anomalyrhe norm of the average annual air temperature over the territory of
Kazakhstan fothe period 1982010is 6.4 T. Annualmeanair temperature in 2017 was 7.1
°C, which is 0.1 ° C lower than in 2018nnualmeanvalue of air temperature over the last five
years of 2012017 has reached thieighest point since 1943: +7,06. The meanair
temperature over ¢hlast decade of 20817 was +6.744 and has exceeded the climatic norm
by 0.35 4, it is the secondhrge positive decade anomaly, aftee warmestrecordbreaking
decaden 19982007.

The ranks of the ten warmest years on avefagehe Globe (accordingy theland
network) and across Kazakhstan are presented in tableazh.of the ten warnseyears for the
globe has beeassigned owrcolor fill, which makes it easy to judge, thahether this year is
among he warmest years for Kazakhst&our warmest years in Kazakhstan, including 2017,
were included into the list dheten warmest years for the Globe.

In the figure 2.1is presentethe rangederies of th@nnualmeansurfaceair temperature
anomaly which averaged according to 124 meteorological stations of Kazakhstan for the period
from 1941. On a global scale, all extremely warm yearsaaceunts foron the last 20 years.

This featuren Kazakhstais also well traedwith the exception of 1983, which takes the second
place in the rank of the warmest years, and 1995 which has also entered ten the warmest years.
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Table 2.1 The warmest years in the history of observatifmnghe Globe (since 1850) and in
Kazakhstan during 1942017 and the correspondirapnual mean surfaceair temperaturg
which averaged over the termyoof Kazakhstan. Anomalies amalculatedrelatively for the
period 19812010.

Anomaly of average annual temperatu
Rank Globe Kazakhstan (Jan:Dec.), averaged ovdne territory of
Kazakhstan, &

1 2013 1,26
2 1983 1,09
3 2015 2015 1,02
4 2014 2004 153
5 2010 20 0,92
6 2005 2007 0,87
7 203 [N 0,86
8 2006 1995 0,85
9 2009 2008 0,71
10 1998 [ 2017 0,69
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Figure 2.1 therangedseriesof the positiveannualmeansurfaceair temperatur@anomaly(Jan
Deg averageavertheterritory of Kazakhstar{accordingo 124 weatherstation3 for the period
19412017.Normswerecalculatel relatively to thebasic period of 1982010.
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2.1 Air temperature anomalies in Kazakhstan in 2017

2017 (JanuaryDecember) was warm and has taken the 10th placeeries of
observations, ranked by descending sitf@£l (table 2.1).

Table 2.2 showthe annual meaandaverage seasonal temperatanomalies, table 2.3
shows themeanannual temperaturanomalies observed in 20Bnd aeraged overthe regions
and all Kazakhstan.For each value of anomalies are given the probabilities of not excess
calculating from the data for the period 192017 and alsamean squareleviation for 198-
2010 (table 2.2)In Tables 2.2 and 2.3, temperature values above the 95th or below the 5th
percentile (respectively, warm and cold extremes) are highlighted in bold type and bright color.

Annualmeanair temperature averaged over the territory of Khstdn was highethan
the climatic norm by 0.6% (88th percentile) wth standard deviation of 0.7&. Anomaly of
given year does not excesthndard deviation valuAnomaly of this year doesn't exceed value
of the standard deviation. The highegtlues of positive air temperatus@omalywere observed
in Mangystau (1,0%94), Atyrau (0,97%), Akmola (0,96%) and East Kazakhstai®,92 %)
regions.The probability of not exceeding in these areas wa®3%. Air temperature of the
winter season (Dmember 2014-ebruary 2017) exaeded climatic norm by 0.86C° (78th
percentile) The negativair temperatur@anomalywas observed in the territory of Atyrau (minus
0174), West Kazakhs)t,anKo(smiamuasy )I(,mBiBdu sNo® t 7 K
(minus 0,35#) regions Air temperatureanomalyaveragedver Kazakhstarin spring season
was +0.48°C (the probability of norexceedance is 69%)n the Aktyubinsk and Zhambyl
regions, air temperature was slightly below by norm (on Oul@nd 0.154 respectively).In
May, it was extremely hot in the Turkestan region, where the excess of the norm was 2.83
(probability of not exceeding 96%0he Summer of 201Avas rather warer, anomaly averaged
over the érritory of Kazakhstan was +0.é¢ ( 9 3r d |odrenely hot was ie June in the
East Kazakhstan region (97th percentile) and in July in Almaty, Zhambyl and Kyzylorda regions
(96-97 pecentiles).The Autumn of 2017 was warmr enough in the territory of all Kazakhstan.
Average air temperatui@ver the terribry of the republic was on 0.94 above climatic norm
(89%), positive anomaly wasbserved in all regions of Kazakhstdn. the Aktubinsk and
Kostanay regions in November excess of climatic norm has made!,Gobability of norn
exceedance of %) and 4.86 & (probability of norexceedance of 9%). Geographical
distribution of the centers of cold and héaring various seasons agdnerdly for the yearare
presented in the figure 2.2.

At the meteorological stations Kattfaragai, UstKamenogorsk (Eadfazakhstan
region), Akkol, Astana, Schuchinsk (Akmola region), the probability of-eéxaeedance has
reached96-100%. 2017 in these regions entered the top of the hottest years (Table 2.2; Figure
2.2). At the Astana station, maximum annual air temperature was blocked and amounted to 5.
U (the previous maxi mum, equal to 5.0 Uwu,
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Tabde 2.2 T Regionally averaged annuahean (JanuaryDecember) and seasonal air
temperature anomalies in 20IvT - deviations from multiyear averages for 198010, ¢
P(t¢T2017) T the probability of norexceedancén brackets), calculated according to the data for
the period 1942017 in %;si standard deviation ine? for the period 19822010.

Region Year Winter Spring Summer Autumn

vT (P) S vT (P) S vT (P) S vT (P) S vT (P) S
Kazakhstan 0,69(88) |0,78| 0,86(78) |2,03| 0,48(69)| 1,51| 0,72(93)| 0,71| 0,94(89)| 0,78
Almaty 0,53(85) |0,72| 1,53(92) [1,68| 0,38(71)| 1,47| 0,54(85)| 0,66| 0,64(78) 0,72
Akmola 0,96(93) |0,96| 1,01(76) |2,52| 1,03(71)| 1,83|0,64(85)| 1,1 | 0,99(82) 0,96
Aktobe 0,67(85) 0,97 0,23(71) [2,58 -0,16(59| 1,9 | 0,86(82)| 1,32| 1,57(89) 0,97
Atyrau 0,97(90) |0,99| -0,17(60) |2,34| 1,27(77)| 1,38| 0,80(82)| 1,04| 1,30(92)| 0,99
EastKazakhstan 0,92(92) |0,96| 2,40(93) |2,27| 0,67(72)| 1,71| 1,01(90)| 0,75| 0,37(63) 0,96
Zhambyl 0,43(82) |0,72| 1,43(82) | 2,1/ -0,15(53) 1,5 0,53(86)| 0,71| 0,83(86) 0,72
WestKazakhstan 0,68(78) |1,08| -1,33(50) | 2,8| 0,23(61)| 1,72| 0,65(73)| 1,51| 1,58(90)| 1,08
Karagandy 0,63(86) |0,88| 1,49( 86) |2,15| 0,20(57)| 1,87|0,91(94) | 0,81| 0,70(80) 0,88
Kostanay 0,36(78) |1,02 -0,37(59) |2,52| 0,23(57)| 1,99| 0,06(75)| 1,36/ 1,16(80)| 1,02
Kyzylorda 0,67(84) 0,91 0,43(60) |2,61| 0,65(71)| 1,84 1,03(92)| 0,81| 1,28(92) 0,91
Mangysta# 1,0989) (0,87 0,20(57) |1,97| 1,34(78)| 1,36 1,16(85)| 1,13| 1,54(91) 0,87
Pavlodar 0,74(86) |1,05 1,60(82) |2,91| 0,86(71)| 1,73| 0,64(86) 0,93| 0,30(61) 1,05
North-Kazakhstan 0,55@4) |0,95| -0,35(61) |2,66| 0,70(69)| 1,7 | 0,05(69) 1,2| 0,71(75) 0,95
Turkestan 0,5486) | 0,7| 0,71(64) |2,05| 0,23(61)| 1,39| 0,96(94)| 0,76/ 1,20(93)| 0,7

Notes: 1. for MangystalRegion assessmewas carried out during 196tD17;

2. valuesabove of the 95th or below the 5th percentile (respectively warm and cold extremes) are

highlighted in bold type and bright color

The Winter (December 201&ebruary 2017).In the most part of the territory of
Kazakhstan air temperature was within themal range (minus 8.7%C). The Winter is
characterized as cooler in the western part of the republic with gradual increase in temperature t
the East.At meteorological stations U#tamenogorsk and Shemonaiha (East Kazakhstan
region), also AlmatyOGMS (Almaty region) was extremely warmThe probability of not
exceeding at these stations wag B#%. The winter in these areas has enteredcl6f the
warmest winter seasons. Atyrau, West Kazakhstan, Kostanay, and North Kazakhstan regions,
the negative anortias ranged from 0.17 to 1.3€ (the probability of nomexceedance is 50
61 9%).

The Spring 2017was warm in alterritory of the republic. derageseasonal temperature
was 7.36¢ (69th percentile)The largest anomalies were observed in the saett and north
east of Kazakhstan. Absoluteaximums for the spring season haven't been blocked. Aktobe
regionwas coolerair tempeature in this region was 0.2& below than climatic norm.
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Table 2.3- Regionally averaged mean monthly air temperature anomalies in ZD17:
deviations from averages for 198981, 4; P(t¢T2016 - the probabilityof nonrexceedance (in
brackets)alculated by data during 1942017and expressed in %

Region 12 1 2 3 4 5 6 7 8 9 10 11
(2019

Kazakhstan 103 | 1,65| -002| -002| 047 | 099| 047] 079 09 | 052 | -049| 280
(79) (88) | (59) | (60) | (85) | (75) | (78) | (84) | (84) | (1) | (B3) (99)

Almaty 336 | 054 | 082 -027| -0,18| 164 | 065| 204 -1,00| 032 009 | 144
(90) (61) | (63) | (51) | (48) | (B9 | (8Y) | (97) | (1) | (68) | (60) (76)

Akmola 064 | 251 | -001]| 058 | 139| 1,05| 149 -1,03| 141 | 028 -1,30| 4,03
(58) | (86) | (61) | (65) | (69) | (65) | (85) | (36) | (88) | (55) | (40) (92)

Aktobe -1,06 | 2,05 -033| 005| -029| -0,23| -1,13] 085 | 282 | 139 -0,72] 4,02
2 | 85| (52) | (59)| (52) | @5 | 42| 72| (92) | (90) | (53) (97)

Atyrau 1,30 | 117 | -0,23| 2,93 | 060 033 | -1,07| 123 | 230 | 1,93| -037] 233

36) | 73| (57)| ®5) | 65 | 47) | (30) | (88) | (89) | (92) | (57) (88)
EastKazakhstan | 3.61 | 191 | 182 -1,04| 183 | 127 ] 237 | 067 | -009] -061| -048| 214
(92) (80) | (76) | (46) | (85) | (78) | (90 | (*1) | (57) | (28) | (47) (75)
Zhambyl 293 | 208 -055| -1,73] -060| 190 | 058 | 157 | -048| 048 | 042 163
@5) | 84) | (50) | (36) | 43) | 9@3) | (78) | (96) | (59) | (71) | (69) (76)
WestKazakhstan| -3.23 | -021] -050| 1,73| -0,19| -0,84| -220| 089 | 326 | 1,69 | -033| 3,36
0 | 67| 59 | (76)| 61) | (7)| (@21) | (80) | (93) | (88) | (63) (94)

Karagandy 248 | 251 -049| -09| 049 099 154| 086 | 035| 006 | -056| 263
(85) | (88) | (53) | 4(51)| (65) | (67) | (90) | (78) | (73) | (51) | (51) 77)
Kostanay 166 | 143 | -083| 037| 036| 000| -069| -077| 169 | 027 | -1,70| 4,89
38) | (78) | (52) | (61) | (57) | (40) | (50) | (44) | (86) | (52) | (38) (96)
Kyzylorda 107 | 272] -245| o010 042 | 153 008 | 1,72| 132 | 1.23] 003] 2,65
68) | (82 | (42) | (64) | 65) | (85) | (63) | (96) | (85) | (86) | (68) (90)
Mangystau 044 | 180 | -074] 257 ] 039] 110| -081] 1,83| 250 | 249 -019| 243
(37) | (®4) | (49) | (85) | (63) | (64) | (40) | (94) | (85) | (92) | (56) (89)
Pavlodar 1,08 | 330 064 | 006| 180| 082 1.80] -072| 084 | -052| -1,22| 2,66

69 | (89) | (64) | 60) | (81) | (71) | (85) | (35) | (82) | (30) | (36) 7)
EastKazakhstan | -1.89 | 114 | -024| 069 | 104| 043 | 030 -148| 1,31 | -046| -204| 466
38) | (77) | 56) | (65) | (63) | (59) | 65) | (27) | (89) | (38) | (31) (93)
Turkestan 180 | 1,63 | -027| -1,43| -068| 283 | 071 | 1.87| 020] 089 074 1,94
@7 | 6) | 42| (36) | (38) | (96) | (78) | (94) | (72) | (85) | (72) (85)

Notes: 1. for Mangystau Region assessment was carried out during2Da60
2. valuesabove of the 95th or below the 5th percentile (respectively warm and cold extremes) are
highlighted in bold type and bright color

The Summer of 201 Avas warm, anomaly averaged over the territory of Kazakhstan was
+0.7 ¢ (93rd percentile)In regions ofsome meteorological stations of the Karaganda, East
Kazakhstan, Almaty, Turkestan and Kyzylorda regions was extremelyené@697 percentile
Summer 0f2017 in these areas entered into%d®f extremely warm spring seasoihs.June,
the absolute maximums on meteorological stations of the East Kazakhstanamegiocked:
Zhalgyztobe +22.8u (+22.3 &, 2016), Reserve Markakol +144 (+14.2 ¢, 1998 ) Shar
+22.0 & (+22.3 &, 2012) and in July at the weatlstation Kyzylorda 80.3 (+30.0 &, 1983).

The Autumn of 2017was rather warm in the territory of all KazakhstAwerage in the
territory of the republic was on 0.94 (8%h percentile) above climatic norrim the northeast,
east and southeast of Kazakhstan autummeaiperatures were about the noim.regions of
weather stations Shieli (Kyzylorda region), Kazygurt (Turkestan region, Akkuduk (Mangystau
region) and Aksai (West Kazakhstan region) probability of-exceedance was 987 %, in
such a way2017 in these regns has entered 2@ of extremely warmr seasonsln October at
the Ekidyn station of the Kostanay region has beenrdedohistorical maximum of +1.34,
which is on 0.7& higher than the previous one (+0i6, 2004).
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Figure 2.2- Spatial distribution of air temperature anomalies) (h 2017 calculated
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From the point of view of climate change nowadaysgifeatest interest are representing
extreme climate events which makes the big impact on various sectors of economy (health car
water resources, agriculture, et@he World Meteorological Organization has recommended a
software package of ClimPact2 iwh makes it possibléo calculate and analysé the frequency
and intensity of changes of these phenoméwording to the daily values of maximum,
minimum air temperature and precipitation at meteorological stations in Kazakhstan for the
period 19362017 climate indices have been calculated:

- TXx, maximumof daily maximums of air temperature;
- TNn, minimum of daily minimum air temperature;
SU35 the number of very hot days with temperatures above 35 °C;

- TX90p, percentage of warm days with a damhaximum air temperature over the 90th
percentile;

- TN1Op, percentage of days when the minimum temperature was below the 10th
percentile (cold nights)

- WSDI, duration of the heat waves, or the number of days when at least 6 consecutive
days dailymaximum air temperature was above the 90th percentile
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- CSDI, duration of the cold waves, or the sum of days when at least 6 consecutive days the
daily minimum air temperature was below the 10th percentile

- FDO, the number of nights with frgst

- 1D, the number of days with frost

- GSL, duration of the vegetative period

- RX1ldays maximum quantity of rainfall in 1 days

- CDD, duration of the rainless periods, there was not rajnfall

- CWD, duration of periods with precipitation, or the number of day®en at least 6
consecutive days when the amount of precipitation was equal or more than 1 mm

- RO95TOT, the proportion of extreme daily amount of precipitation in the annual
precipitation sum

- ID, dayswith frosts

- HWEF, total duration of the heat wave thie warm periog

- FDm2Q hard frosts

- TM10a,the number of days with an average daily temperature abd@ 10

- Hdd heat8sum of temperatures for the heating period

Daily maximum air temperature in 2017 igure 2.3 presents the valuesatfsolute air
temperature maximafrom the beginning weather statiopening to2017.Thedaily maximums
of air tenperature observed in 20Bhownin blue coloy andvalues of absolute maximums,
which were registered from thmoment ofthe station opening t02016 shownin red color In
2017valuesof absolutemaximums havert beenexceededt anystatiors in Kazakhstan
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Figure2.37 Valuesof air temperatur@bsolutemaxima( ¢) wasregisteredrom the
beginningof the weatherstationopeningto 2016 @remarkedin redcolor) andmaximum
valuesof daily air temperaturg( &) observedn 2017 @remarkedin blue color)

Most of the highest air temperature values (absolute maximums) in Kazakhstan were
recorded in July 1983, when at some meteorological stations in Turkestan region air temperatur
has reached + 49 +.50°4 (MS Turkestan, Chayan, Arys, Tasty), and alsduty 1995, when
air temperature in MS Kyzylkum has risen up to #51

Figure 2.4 shows absolute minimum air tempees (red colorprerecordedfrom the
moment of openingveather stations t@016, and blue color are presented values of the
minimum airtemperature in 2017. In Kazakhstan absolute minimum temperatlm®s minus
54 °C werefixed at 2 stations in January, 1931 at Orlovsky settlement (54 °C) and in January
1893 on MS Astana (5Z). In 2017, as in 2016, daily minimum temperature record®ria
been updated. In 201Zir temperatures below minus 804 wer e obs e erntalflof i n
Kazakhstan, at Embatation in the Aktobe region, the lowest air temperature in 2017 was
recorded: minus 37A u .
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Figure2.37 Valuesof air temperatureabsolutemaxima( #) wereregisteredrom the
beginningof the openingof the weatherstationto 2016 @remarkedin redcolor) and
maximumvaluesof daily air temperaturé &) observedn 2017 @remarkedin bluecolor)

The number of very hot daysith air temperatures above 35 is of interest for different
sectors of the economigr example, for agriculturegs high temperatures are good conditions
for the growth of garden and melon crops, but in absence of moisiginetemperatures leatb
drought and losses harvest high temperaturesuman body feelsomediscomfort, which is
important to take account in health care and energy, as during periods with such temperature
energy is spent for cooling of rooms.

In the northern, central, and northeastern flat regions, as well as in the mountainous
regions of the south and southeast temperatures abowev@srén't observed, or were observed
extremely rarely, which is symbolizing probabilities of rexteedances (Fig..5b). In the
western and southern regions, the number of hot days often exceeded 30 days, the maximu
number was observed in Turkestan and Mangystau regiongsiays). The probability of not
exceeding these values was rather high heré:98%.

G) 50 55 60 65 70 75 80 85 B Y -
NN
Adlia,  Q \

(f\ o ”"\.»-:"El\ g\a/ﬂn,‘,: {)Ai,f(.i,bg\

[T . ® 05%; ® 6-25%; (2 26:75%;
0 9 18 27 36 45 54 63 72 76.05%; ® 56.100%

Figure 2.5 The number of days (a) and probability of not exceedingtineber of daygb) in
2017 with air temperatures above 85 Probabilities are calculated duritige period 19412017
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The percentage of warm daywith daily maximum air temperatiseabove the 90th
percentile in 2017 in the territory of Kazakhstan ranged fro¥n 8 26 % (Figure 2.6a). In the
northern and central regions of the country, an extremely high daily maximuemgerature
were observed byB-16 % of days. In most of the western regions of the country, as well as in
Kyzylorda, Turkestan, East Kazakhstand&hambyl regions, warm days were observed in 16
26% cases. Regularities of distribution of the valwdsthis index over the territory of
Kazakhstan are consistent with distribution of the number of hot days.

The percentage of cold nightis ayear when daily minimum air temperature was below
the 10th percentile characterizespeatability of cases with extremely low daily temperatures
(the figure 2.6). In 2017, the number of cold nights in most parts of Kazakhetamwainly
from 6 to 10% of cases,maximum number of cold nights wembserved in Akkuduk
(Mangystau oblast) in 1% of cases. This index is consistent with distribution of the index of
frosty days (FDO index).
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Figure 2.6/ Percent of cases in 2017 whasily maximum temperature was above the 90t
percentile (a) and the daily minimum temperature was below the 10th percentile (b’

In the figure 2.7areshownthe total duration of heat waveis Kazakhstan in 2017 (the
sum of days when at least 6 consecutive days the daily maximum air temperature was above tt
90th percentile). The maximum total duration of heat waves from 20 to 32veagsbserved in
some areas of Mangystau, Kyzylorda, Tagtan and East Kazakhstan regions. At some stations
in Kostanay, Karaganda, Pavlodar, Almaty and Aktobe regions, the duration of heat waves wa:
6i 14 days.
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Figure 2.7i Total amount of days in 201When at least 6onsecutive daily maximum air
temperaturavas above the 90th percentile (a) and at least 6 consecutive days the da
minimum air temperature was below the 10th percentile (b)

The sum of days per yeawnhen at least 6 consecutive days the daily minimum ai
temperature was below the 10th percentilearacterizethe total duration of the cold wave
2017, only at some stations in Mangystau, Pavlodar, Almaty, Turkestan, East Kazakhstar
regionscold waves were observed (Figure 2.7 b), at two stationsniiKiusihh and Dhetygara)
their duration was 226 days, and they were observed during the cold period of the year.

In the figure 2.8 igpresentedlistribution of the growing seasomn 2017 (the period
between the first date whéime meardaily temperaire of the fiveday week wag 5 °4, and the
last date wherthe meandaily temperture of the fiveday week wagt 5 °¢). The minimum
vegetative period (16080 days) was observed ihet northern regions of the country. In the
southern half of Kazakhstan (except mountainous areas) the growing season was more than 2:

days, in the extreme South more than 260 days, the maximum was observed 277 days in a ye
in Shymkent
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Figure 2.8 Duration of the vegetative period (days) in 2017.

Figure 2.9 showshe number of days with frost, when the daily maximum air
temperatue fell below °C. In the northern regions of the country such days in 2017 there were
more than 100, irsome places more than 120 days, the minimum number of days with day
frosts, 1415 days, were observed in the southern regions.
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Figure 2.9 The number of days in 2017 with day frosts

The number of days with severe frosts, when the minimaimtemperatire was below
20°C on the territory of Kazakhstan in 2017 has showed that in the southern regions of the
country such days or wasn't observed or they were no more than 15 days, in northern regions ¢
Kazakhstan such number of dayas from 30 to 40, plaseof 5860 days in a year.
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Figure 2.10° The number of days with severe frosts in 2017

The number of dgs with temperatures above 2Q characterizeghe period of active
growing season. In 2017, in the southern regions of such daysbhsze/ed 180 to 232 days in
a year. In the northern and central regions of the republic from 137 to 180 days in a year.
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Figure 2.117 The number of days with an average dadyperature
above 10C in 2017

Great interest represeritee Hddheat index which showinghe sum of temperatures for
the heating periodwhich iscompensated by heating of residential and production rooms (figure
2.12). This index helps to define the amoohenergy needed for heating. The beginning of the
heatingperiod is established #@he meandaily tempeature of external air below8 C for 5
consecutive days.
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Figure 2.12 The sum of temperatures for the heating season of 2017

The sum of temperatures for the heating period in the northern half ofrtiteryeof
Kazakhstan ranged from 2750 to 3350 C, in the southern regiorisfrom 750 C to 233 C.
The sums of temperatures for the heating season is the lowest in the Turkestan region.

24



2.2 The changes othe air temperatures observed in Kazakhstan

Figures 2.8 - 2.14 are shown the time series of averaged over the territory of Kazakhstan
and administrative regions ofhe annual mean and seasonal anomalies of surface air
temperature over the period 19412017, also linear trends of air temperature change the
period 1976 2017. Anomalies are calculad relatively for the basic period of 19&81010.
Linear trends gives evidemformation about the gdmal increase in annuadleanand seasonal
surface air temperatures over the ecadesTable 2.4 presents changes in amperature over
the period 1976 2017: the linear trend coefficient characterizing the average rate of change air
temperature anomaly; and the coefficientdetermination, and the determination coefficient
showing tred contribution forthe total variance.
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Figure 2.B7 Time series of anomalies of annual and seasonal air temperati)res/€raged

over the territory of Kazakhstan ftive period 1941 2017. Ananalies are calculated relatiyel

to the base period of 1984010. Linear trend during 197817 is highlighted in green color.
Smoothedurveis received by the 118liding averagng
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Figure 2.1 7 Time series of anomalies of annual air temperatuegs & eraged over the

regions ofKazakhstan for the period 1942017. Anomalies are calculated relatively to the

base period of 1982010.Lineartrendduring19762017is highlightedin greencolor.

Smoothed curve is received by the 11th sliding averaginget 1
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Figure 2.1 7 Time series of anomalies of annualtaimperatures for the period 192017,
averaged over the regions of Kazakhstamomalies are calculated relatively to the bas
period of 19812010.Lineartrendduring19762017is highlightedin greencolor.
Smoothed curve is received by the 11th slidweraging Sheet

On average over the territory Khzakhstan for the period 19Y&017 increasingannual
meanair temperature is 0.3 every 10 years. The highest growthesatire observed in spring
(0.63%/10 yeas), the lowest in winte0.16°%/10 years). The trend contributidor total
dispersion of annuaheantemperatures is 2%, for other seasorisfrom 1% in the winter up to
26 % in the spring. In all seasons except the winter, temperature increasing is statistically
significant(table 2.4).
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Table 2.4i Characteristics of the linear trend of sedaair temperature anomalies/eraged
over the territory of Kazakhstan and its regions forpibieod 1976 2017.

Region Year Winter Spring Summer Autumn

ar ** R? a R? a R? a R? a R?
Kazakhstan 034| 27 |016| 1 | 063| 26 | 022| 14 | 0,36 | 10
Almaty 029| 23 | 012| 1 | 058| 24 | 020| 15 | 027 | 9
Akmola 031| 16 | 008| 0 | 072| 23 |003| 0O |039| 7
Aktobe 044 | 27 | 026| 2 | 061| 15 | 0,33 | 10 | 0,44 | 14
Atyrau 044| 30 | 036| 4 | 048| 16 | 047 | 30 | 042 | 14
EastKazakhstan 024| 10 |-0,04| O | 064| 21 |016| 7 | 022| 3
Zhambyl 031| 25 | 019| 1 | 058| 24 | 019 | 11 | 0,30 | 10
WestKazakhstan 054| 33 | 043| 4 |061| 17 | 059 | 24 | 050 | 16
Karagandy 028| 15 | 007| O | 077| 26 [ 003| 0 |025| 4
Kostanay 039| 21 |016| 1 | 062| 15 |017| 3 | 055| 14
Kyzylorda 044| 29 | 031| 2 |082| 30 |027| 16 | 0,36 | 10
Mangystau 0,32| 34 | 0,20 3 035 | 16 | 045 | 40 | 0,29 | 14
Pavlodar 025| 9 |-003| 0 |074| 27 |005| 0 |026| 3
North-Kazakhstan 027| 12 | 002| O | 055| 16 | 003| O | 044 | 8
Turkestan 0,33| 32 0,25 2 0,53 | 23 0,21 11 0,34 | 13

* ai coefficient ofthelinear trend %/10 year
** R27 determination coefficien®o
***« in bold fonk has highlighted statistically significant tendencies
More detailed information on change in the average annual, seaswhahonthly air
temperature (in °¢/10years) over the territory dfazakhstan for the period 1978016 are

submitted in théigure 2.5i 2.16.

Trends of average annual temperature altitory of Kazakhstan were positive and
statidically significant (figure 2.5 2.16). Faster warming in the westerggions of Kazakhstan
(from 0.26°4/10years to 0.53u4/10years), the lowestvarming rate (from 0.18/10years to
0.45 °%4/10vyears) is bserved in the nortkastern part of the republic.

In winter, the highest rate of air temperature rising was observed in the southern and
western region$ from 0.25°C/10 years to 0.58C/10 years. Negative trend in air temperature
In January, in thé&lorth-Eastern part of the Republic, was from 020210 to 0.56'C/10 years
in December, a slight decrease in air temperature from°Q@QD to 0.015C/10 years was
observed in the SoutBast of the Republic. All the obtained trends in winter air teaipegs are
statisticaly insignificant, only at the UrdAr station (East Kazakhstan region) a slight decrease in
air temperature (0.58C/10 years) was statistically significant.

In spring across all territory of Kazakhstan is observed thst intensive \@rming from
0,42°%/10vyears to 0{9°%/10years. The largest speed of increase in air temperature is noted in
March (from 0,634/10years to 1,24/10years). All trends of the spring period aretistecally
reliable (figure 2.5i 2.16).
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In summer, steadpositive trends were observed in the eastern, southern and western
regons of the republic (from 0.1%4/10years 6 0.45°%/10years, respectively), in the central
and northern regions of Kazakhstan, slight positive trends (from Eu@0Byears to
0,017°%/10years) wee statistically insignificant. Ight cooling in July is observed in the
northern and central regions (from 0®210years to 0.29%/10years). However, statistically
significant negative tendenci€®,10%/10 years) were noted onlyn Karaganda region (Figure
2.15i 2.16).

In autumn over th&ast 4 and decades (Figure 2.2.16), steady rising in air temperature
was observed in the northest and suth of the republic (from 0.2&/10years to
0.51%/10years). The rain contribution to this was made by September and October, when
statistically significant positive trend in air temperature wasi@B5°/10 years.

1.4-12 -1 0.8-0.6-0.402 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 L8 2.074/10years

®-- significant negative angositive linear trend coefficients
Figure 2.5 Spatial distribution of the values of the linear trend coefficient of the
average annual and seaal surface air temperature (°CAl€ars)
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®-- significant negative and positive linear trend coefficients

Figure 2.5 Spatial distribution of the values of the linear trend coefficient of the average
morthly surface air temperature (°C/¢0ars), calculatedccordng to observations during
19761 2017,Sheet 1
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-1.4-1.2 -1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2.0 /10years

®-- significant negative and positive linear trend coefficients

Figure 2.5 Spatial distribtion of linear trend values @befficient mean monthly surface air
temperature /10 years), calculated accong to observations during 1976017 Shee®

2.3 Tendencies in extremes of surface air temperature

Over the past more than 40 years, there are mainly positive treddsyimaximums of
surface air temperaturen Kazakhstan, but trends areostly insignificant (Figure 2.7 At
some stations of Atyrau, Mangystau, Zhambyl, Pavlodar, Kyzylorda and East Kazakhstan
regions were recorded significant positive trends of daily maximums of air temperature within
0.21- 0.90°C/10years. Significant decrease of the surface air terapee daily maximumis
observed at the Shardara station (at 000years), that it is connected with the fact that, this
station is surrounded by Shardara reservoir, which renders local cooling effect.
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Figure 2.7 7 Spatial distribution of the linear trend coefficidot values of @ily maximum
air temperature ¢ /10 years) for the period 19762017
Designations of gradation are shadedcases of the statisticilendimportance

Statistically significant trend of increasinthe number of very hot daysvith air

temperatureabove 3%4 is observed in the West Kazakhstan, Aktobe, Atyrau, Mangystau,
Kyzylorda, Turkestan regions:&days eery 10years (Figure 2.1)8 Every 3years repeatability

of hot days in southeast regions increases-Byddys. In other territory of the republic, there
was observed statistically insignificanbth increase and decrease in the number of days with
temperatures above 35.
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Figure 2.B 1 Spatial distribution of the linear trend coefficient of the number of days
air teamperature above 3% (days/10years) for the period 1978017
Designations of gradations are shaded in casdb@statistical importance of the trenc

Almost everywhere is observed reduction tendency of repeatability of casesigtith

frosts in the territory of the republic when daily minimum temperature falls below tH&h 0
(figure 2.1). Basically the speed of reduction in the number ohstases is from 3 to @ays
every 10years.
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Figure 2.B 71 Spatial distribution of the linear trend coefficient of the number of cases
with daily minimum air temperature below G (days/10years) for the period 1978017
Designations of gradations are shaded in cases ofttitestical importance of the trend

Index of the daily amplitude of air temperaturghows (Figure 20), that over the last
40 years, in the western half of Kazakhstan were observed trends to incrahse daily
amplitude of 0.10.4 u/10years,often trends are statistically significant. In the southeast and
east, on the contrary, ggiificant tendencies wereften observed to decrease in the daily
amplitude by0.1-0.4 #/10years In the northern and central regions, trends were insignificant.
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A AO, 1é1 A -0, 202
* %# 0, 3é( % & -0, 304
¢ 0 0,5é & © -0, 506
m 0, 7¢é m -0, 7088

40°4

Figure 2207 Spatial distribution of the linear trend coefficient of the daily amplitude of ail
temperature @/10years) for the period 1972017
Designations of gradations are shaded in cases of statistical importance of the trend.

On the most part of the territory of Kazakhstagre@obsened significantdecreasing with

frost, by 4- 8 days/10/ears(figure 221). Exceptions arenadeby the southern, southeast and
east regions where the repeatability of such cases has decreased, but not significantly.
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Figure 221 Spatial distribution of the linear trend coefficient of thenber of days when
the daily maimum temperature was below@ (°C/10 years) for the period of 197&017.
Designations of gradations are shaded in cases of statistical significance of the tre|

The hidhest reduction rate {8 days/10years) ofthe number of days with daytime
frosts (when the daily mximum temperature is belo® °C) in the territory of Kazakhstan i
observed mainly in the noriest of the republic and in the caitpart (ID index, figure
2.22). In the sothern and soutleasterrregionsthe number of days with day 8t is slower
rates (13 days/10years).

] [ |

75 -65 -55 45 -35 -25 -15 -05 05 15
®j significant negative and positive linear trend coefficients

Figure 22271 Spatial distribution of the linear trend coefficient of the nundefays with
day frosts (days/10 years) for the period 192617

The number of days witkevere frosts (when the daily minimum of air temperatt
is below minus 20C, FDm20 index figure 2.28) decreasesithe territory 6 the republic
by 1-3 days/10years, but sigficant decrease (3 days/10years) is reduced only at sor
meteorological stations iime WestKazakhstan region and in the neghst of the republic.
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Figure 2.31 Spatial distribution of the linear trend coefficient of the number of days
year with severe frostsvhien the daily minimum of @emperature is below minus 2Q)

The total duration of heat wavefor year (when at least 6 consecutive days the ¢
maximum air temperature was above the 90th percentile) in the territory of the re
increases everywhere. The high@screase rate wasi 90 days/1Qears at the weher
stations of Mangystavegion as well as at some meteorological stations of Kostanay
Pavlodar regions (Figure 2R

50 55 of) 63 0 73 (/) 83

0 2 4 6 8 10

®j significant negative and positive linear trend coefficients

Figure 2.2 1 Spatial distribution of the linear tremdefficient of the total amual
heat wave duration (days/{@ars) for the period 1976017.

From the nortkeast tathe southwest of the republies well-observed trend of increasing
the duration of heat waves during the warm penwgef the daily maskmum of air temperature
is above the 90th percentile, HWF indein Figure 2.8). The highest speed of increase in the

duration of heat waves {4days/10yeard are observed inWest Kazakhstan, Atyrau and
Mangystau regions.
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Figure 2.5 71 Spatial distribution of the linear trend coefficient of the total duration of he
waves in the warm period (#&/10 years) during 197&017.

The number of days with average daily air temnpure above or equal on 1@C
(TM10a index) for the period 1972017 on the territory of Kazakhstan increases by 3
days/10 yeardn the northeast and southwest the positive treddays/10 years (figure BY

50 53 ol 63 70 75 80 83

R AR} 6l 63 ) w3 b 83

®| significant negative anpositive linear trend coefficients

Figure 2.5 1 Spatial distribution of the linear trend coefficient of the number of d.
with an average daily temperaturel0 C (days/10 years) for the period 1978017.

Thus, tendency in indexes of the surface air temperature shows that for the period 1976
2017 increases: repeatability of days with high temperatures, duration of heat waves and th
vegetative period, also repeatabildff days in year has decreasiwith negative temperatures,
day frosts and hard frosts.
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3 PRECIPITATION
3.1 Anomalies of precipitation in Kazakhstan in 2017

The monthly amount of precipitaticaveraged over Kazakhstam 2017 was below the
climatic norm (figure 3.1). The deficiof rainfall was from 2% (June) up to 4% (July). In
February an@ctober precipitation has exceeded the climatic norm 8 28 April by 22%.
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Figure 3.1- Monthly sums of precipitation in 2@land norms for thperiod 19812010,
averaged over Kazakhstan

Figure 3.2 shows the territorial distribution of annual and seasonal precipitation in 2017,
expressed as a percentajéhe norm for the period 1982010, and also shows the probabilities
annual and seasonal pigtation does not exceedt these given year. Probability of not
exceeding characterizes the frequency of emergence corresponding value of anomaly in series
observations.

Annual rainfallin all Kazakhstan was within climatic norm and has madé&c3§ norm
(3137 mm) in 2017 Extremely dry was in the areas of weather stations Beineu (Mangystau
region), Shili (Kyzylorda region), Korday (Zhambyl region) and Kokpekty (East Kazakhstan
region).The probability of norexceeding here was®% (table 3.1, figug 3.2).

The Winter (December 2016 February 2017)

The Winter on the territory ofKazakhstan byainfall takes 2nd place (132 of the
norm) for the period of observations from 1941 to 2017. Extremely wet was in Akmol&o(174
of norm), Pavlodar (158 of norm) and Turkestan (184 of norm) regions. Probability of not
exceeding in these areagrefrom 90 to 100%. The winter season in these regions entered into
10% of extremely wet seasons (Figure 3.2, Table 3.1, 3.2). Historical maximums have beer
blocked on the following meteorological stations:

1 Pavlodar region: MS Kra®armeyka of 76.81m (prior maximum of 60.51m); MS
Pavlodar 83.Inm (81.20mm); MS Shalday 76.sam (71.6mm).

1 Almaty region: M5 AlmatyKamenskaya plato 214mm (211.6 mm);

9 Turkestan egion: MS Shymkent 376m (363.2mm).
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Table 3.17 Regionally averaged annual and seasonal anomalies of precipitation invER)17:
deviations from multiyear averages for 198010, mm;P(r#R2017) - not excesses probability (in
brackets), calculated according by data for the period 12017 and expressed in ®RR -
ratio to normR2017, expressed in %

Region Year Winter Spring Summer Autumn

VR(P) | RR| VR(P) | RR | VR(P) |RR| VR(P) | RR| VR (P) | RR
Kazakhstan -14,4(32) | 96 | 23,6100) | 132 | 5756) | 102 |-21,1(14)| 76 | -2,3(43) | 98
Almaty 5,7(44) | 98 | 19.3(82) | 124 | 26,1(65) | 118 |-36,1(18)| 74 | -3,9(51) | 96
Akmola -20,1(15) | 86 | 36,7(98) | 174 | -4,3(47) | 95 |-442(11)| 65 | 3,8(53) | 105
Aktobe -10,0(44) | 99 | 22,489) | 137 | 3,7(71) | 105 | -21,4(23)| 76 |16,7(75) | 132
Atyrau 231(22) | 85 | 10,9 (69) | 131 | 2,7(55) | 108 |-27,0(13)| 42 | 0,0(52) | 98
EastKazakhstan 358(18) | 91 | 9,9(71) | 113 | -27,2(14)| 67 | -9,6(30) | 95 | 7,3(60) | 105
Zhambyl 16,3(63) | 104 | 33,990) | 142 | 50,2(85) | 136 |-22,6(22)| 62 |-23,5(19)| 68
WestKazakhstan -38,4(25) | 87 | 9,1(75 | 117 | -1,3(56) | 98 | 8,0(21) | 62 | -85(31) | 91
Karagandy 3,4(44) |99 | 6,8(73) | 112 | -7,1(39) | 89 |-159(35)| 78 | 4,4(59) | 112
Kostanay 231(36) | 91 | 10,7(76) | 122 | 5,1(56) | 106 | -14,427)| 82 | -7,4(38) | 92
Kyzylorda 52(53) | 97 | 4,765) | 111 | -2,9(50) | 95 | -6,3(43) | 75 | -1,3(47) | 98
Mangystad .15,764) | 89 | 16,7(92) | 155 | -3,1(57) | 91 |-14,1(18)| 61 | 2,0(57) | 104
Paviodar 225(64) | 107 | 23,3(100)| 156 | 8,7(76) | 115 | -3,9047) | 99 | 2,7(52) | 104
ke 36,6(27) | 89 | 17.8(90) | 129 | 18.0(82) | 125 | -29,5(19)| 81 |-12.9(39)| 85
Turkestan 44,4(68) | 110 | 99,1(100)| 161 | 22,8(61) | 114 |-11,5(34)| 65 |-24,2(28)| 66

Notes 1.for Mangystau Region assessment was carrieduring 19662017
2.values above the 95th and below the 5th percentile are highlighted in bold and bright color

Spring

In the springrainfall (or precipitation)on all republic was close to norm 192 except
for the East Kazakhstan region where atmospheric precipitation fell & of norm
(probability of nof norexceedance is 1%). Extremelydry was in the neaAksuat station
(probability of not exceeding @). Extremely wet recorded in the Mugodzhar statidktgbe
region) and Taraz (Zhambyl rieq) stations, probability of not exceeding at these weather
stations was 9%. The spring season near these stations is included % df0extremely dry
and extremely wet seasons, respectively (Figure 3.2, Table 3.1).

Summer

The summer of 2017 was drys avell as the previous 2016 (Figure 3.2, Table 3.1). The
amount of precipitation for all season has madéo76f climatic norm (probability of non
exceedance is 19%). It was the driest in West and South of Kazakhstan, probability of not
exceeding in thesareas was from 1% to 23%. It was extremely dry on meteorological stations
Taypak (West Kazakhstan region), TemiNopvoalekseevka, NovorossiyskKtobe region),
Kokpekty and Leninogorsk (East Kazakhstan region), Astana (Akmola region). The summer
seasofnn these areas has enteredd@f extremely dry seasonfsgure 3.2, table 3.1).

38



Table 3.2° Regionally averaged monthly anomalies of the amount of precipitation in Y017:

deviations from multiyear averages for 1981010 mm; P(ré#R2017) - nonexceedance
probability (in brackets), calculated according by data for the period 12@17 and expressed
in %

Region 12 1 2 3 4 5 6 7 8 9 10 11
(2016

Kazakhstan 17.24 | -331| 878 | -3,81| 11,93 -2,11| -1,06| -11,34| -868| 088 | 452| -7,76

©7) | (42)| (94) | B1) | 80) | @7)| @43) | 2)| @9 | 47) | (68) (23)

Almaty 204 | -569| 399 | -165| 38,31 415 7,16 | -39,48| -3.84| 446 | -1047] 219

(90) (46) | (#3) | (A1) | 92) | (59) | B9 | @ (44) | 64 | 39 (63)

Akmola 335 | 244| 021| 076 | 136| -64 | -1684 07 | -282| -1153] 771 | 766

(100) | (86) | (61) | (65) | (69) | (65) | (85) | (36) | (88) | (55) | (40) (92)

Aktobe 2196 | -493| 491 | -054| 133 | 291 | -7.43| -334| -1068| -651| 2395 -068

@3) | (38) | (80) | (56) | (61) | (65) | (39) | (44) | (28) | (23) | (96) (50)

Atyrau 89 | 515 74 | 135] -1015 -04 | -815| -7,75| -11,05| 95 | 109 | -135

(80) (199 | 82) | (85) | (@8) | (56) | BL) | B9 | (1| () (80) (48)

EastKazakhstan 919 | -536| 502| -955| 17 | -1932] 617 | -559| -10,23| 21,71| 4,09 | -1838

(78) @5 | (15| 9 (50) | (19) | (61) | (38) | (18) | (93) | (59) (®)

Zhambyl 18,66 | -9,39| 24,0 | -10,7| 43.23| 17,56 -1,41| -179] -299| 6,31 | -10,74] -19,09

(85) (25) | (96) | (A7) | (94 | (77) | (48) | (14 | (51) | (81) | (38) 9)

WestKazakhstan 12,34 | -12,28] 944 | 08 | 086 | -2.98| 991 | -17,66] -18,39 -11,06] 6,19 | -3,56

(84) (10) | (85) | (51) | (63) | (82) | (73) | (13) (6) (23) | (67) (44)

Karagandy 34 | 298| 586 | 482 | 823|-2016/ 016 -16,89] 067 | 2,66 | 599 | -439

(76) (51) | 80) | (F1) | 68) | (9 (53) | (19) | (56) | (657) | (71) (52)

Kostanay 102 | 247| 21 | 162 1,62 505 -9,83] 1,55| -595| -11,03] 14,07] -10:25

@) | 4oy | (72) | GOy | (52) | (69) | (32) | (60) | (46) | (17) | (76) (23)

Kyzylorda 505 | 352 -47 | 57| 708]| -427| 522| -497| 393 | -297| 367| -1,98

@) | 72| B2)| (3| (73| 65| 42) | 30) | (81) | (23) | (67) (60)

Mangystau 16,1 | 031| -62 | 12,94| -12,64] 2,33 | -209| -6,06| -496| -6,74| 92 -1,51

(96) (58) | (A7) | ®6) | (12) | (74 | (47| (33) (5) (7) (86) (52)

Pavlodar 16,56 | 1,92 | 648 | 02 | -316| 11,64| -554| 142 | -126| 59 | 002 -3,2

@8) | 64) | (88) | (59) | (B53) | (89) | 44) | 77)| @9 | 63) | (55) (43)

North-Kazakhstan | 1834 | -038| -12 | 548 | 368 | 896 | -344| -10 | -2504| -12.66| 14,23 -1441

@8) | (65) | (56) | (84) | (63) | (68) | (34) | (53) | (3) | @7) | (81) (15)

Turkestan 4132 | 541 526 | 299 26,97| -1,06| -518| -10,04] 467 | 2,46 | -024| -2636

(90) | (60) | (98) | (40) | (80) | (60) | (38) | (27) | (80) | (76) | (59) (18)

Notes 1. for Mangystau Region assessment was carried out during @160
2. values above the 95th and below the 5th percentile are highlighted in bold and bright color

Autumn

In autumn of 2017, precipitation on the most part of the territory of Kazakhstan fell
within the climatic norm of 98%. It was dry at some meteorological stations in North
Kazakhstan, Zhambyl and Turkestan regions. Extremely dry recorded at weathers statio
Sholakkurgan (Turkestan region) and Ulanbel (Zhambyl region). Probability of not exceeding at
these meteorological stations wa&o5and 1%, respectively. The autumn in these areas has
entered into 106 of extremely dry seasons (figu8e2, table3.1).
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summer

autumn

o - extremely dry (norexceedance probability®%);
dry (nonexceedance probability- 26 %);
20 40 60 80 100 120 160 200 300 400 500 % i = about norm (norexceedance probability 266 %);
- wet (nonexceedancprobability 7595 %);
o - extremely wet (nomexceedance probability 9€
100%)

Figure3.21 Precipitation in2017, expressed # of the normcalculated for the period 1981
2010 (at the left), as well as probabilities of non exceexlaf@recipitation, observed 2017,
calculated according to the data of the period112016 (on the right).
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For assessment of extremene$gecipitation in2017 the indexes of climate change
offered by the World Meteorological Organization were used. The analysis of some of the most
indicative indexes of precipitation and featuréslistribution of their valuesverthe territory of
Kazakhstan ir2017 is given blow.

Maximums of daily precipitation in 2017 (index RxldayMaximums of daily
precipitation in 2017 (index Rxlday). In Figure 3.3, values of the absolute maximums of daily
precipitation determined for the period from the beginning of the opening ofehiiev station
for 2016 are shown in red, values of the daily maximums observed in 2017 are shown in blue
Absolute maximum of the daily precipitation in 2017 was not exceeded at any weather station ir
Kazakhstan.
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Figure 3.3 Absolute maximum of the dgiprecipitation is selecting for the period from
the beginnig of opening of the meteorological station to 20d&(ked in rejland maximum
amount of precipitation per day in 20Ivigrked in blug mm.In Square is marked stations with
updated record

Figure 3.4 shows proportion of precipitation in day with an extremely large amount of
precipitation (more than the 95th percentile) in the total precipitation for the whole of 2017. The
largest proportion of extreme precipitation was observed at the Akk§d&%) and Pavlodar
(41%) meteorological stations. At 10 and weather stations in southern Kazakhstan, the share c
extreme pregitation is also quite high (388 %).
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Figure 3.4i Share (ir%) of extreme precipitation in annual precipitation in 2017.
Extreme precipitation is calculated as the sum of daily precipitation exceeding the 95th
percentile

In the arid climate of Kazakhstan very important index is CDD, which shbes
maximum durationof the dry periodwhen the daily precipitation is less than 1 rtfigure 3.5).
In 2017, the maximum duration ab-rainless period was recorded at Ganyushkino, Shardara,
Shieli stations (102, 116 and 125 days per year, respectively). In the South\\Bmiitand East
of the Republicno-rainless period ranged from 30 to 80 days a year, and in the northern regions
of the country from 28 to 116 days a year

55°9

50°4

45°4

40°4

17-40 days; @ 4160 days;, @ 61-30 days

Figure 3.5 Maximum duration of th@o-rainless period (in days) in 2017

In 2017 maximum duration ofthe rainy period when the amount of precipitation was
equal or greater than 1 m€WD index), is shown in figure 3.6. According to results of the
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index calculation, the maximum duration of the period with precipitation was from @lag<9
The longest rainy period was observed at the weather stations Tasaryk and Aul Turar Ryskulov
9 days.

55°4

50°4

45°4

40°4

® Lddys, @ 57y, @ 310 days

Figure 3.6/ Maximum duration of the period (in days) in 2017, when the amount of
precipitation was equal or greater than 1 mm

3.2 Observedchangesn precipitation in Kazakhstan

In contrast to the air temperature, the change in precipitation in the territory of
Kazakhstan during the study period is more colorful picture. Linear trends in monthly, seasonal
and annual precipitation were estimated from 121 stations

Time seriesof annual and seasonal precipitat anomaliesfor the period 19412017,
calculated relatively to the base period of 1981 and 2010, and spatially averaged over the
temitory of Kazakhstan and regiorase give a general idea about the nature of contemporary
changes of mode of atmospheric precipitation. In recent decades, short periods have alternate
with positive and negative precigitan anomalies (figure8.7and3.8). Averaged for
Kazakhstan for the period 1972016 there was a tendency for annuakimiéation increasing
by 5.9mm/10years (figure3.7, table3.1). In the regional context, almost all regions also
showedincreasingin precipiation, with exception ofKyzylorda and the West Kazakhstan
regions, where precipitation decreasevery 1@ears by 5.Inm and 1.0nm, respectively.
Statistically significant inc&se in annual precipitation wa®vealed only in the North
Kazakhstan region (13 mm/20 years).
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Figure 3.7- time series of @nual precipitatiomnomaliegin %) for the period 1941

2017, spatially averaged over the territory of Kazakhstan and its regions. Anomalies are
calculated relatively for the base period 1981 to 2Qiar trend for the period 1976 to 2017
highlighted in blueSmoothed curve is received by the 11 yearsglidveraging Sheet 1
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Figure 3.7- time series of mual precipitatiomnomaliegin %) for the period 1941

2017, spatially averaged over the territory of Kazakhstan and its regions. Anomalies are
calculated relatively for the base period 1981 to 2Qikar trend for the period 1976 to 2017
highlighted in blueSmoothed curve is receivedthyg 11 years sliding averaging. Sheet 2
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Figure 3.7- time series and linear trends of seasonal precipitation anomalies (in %) for
the period 1941 2017, spatially averaged over the territory of Kazakhstan and its regions.
Anomalies are calculated relatively for the base period 1981 ta RDHar trend for the period
1976 to 2017 highlighted in blu8moothed curve is received by the 11 years sliding averaging.
Sheet 2

For the period 1972017 averaggoverregionsduring all seasons is observed increasing
tendencyin rainfall, except for autumseason, when reduction Hinfall was 1.3mm/10years
(figure 3.8, table3.1). All received seasonal trends are statisticaltysigmificant.

Spatial distribution of the linear trend coefficient values for annual, seasonal arfdymont
rainfall (%/10years)calculated for the period 194017 and presented in figures 3.9 and 3.10
provides more detailed information on the nature of changes in precipitation regime in
Kazakhstan.

According to indivdual weather stations, theredbserved a spottinin distribution of
the sign ofchanging in anral and seasonal precipitatiomg(ire 3.9).

Trends inannual precipitation(or rainfall) over the territory of Kazakhstan were mostly
positive, but insignificant. Statistically significant increase in piigipn is observed at some
weather stations in the Western, Northern, Central and $astern parts of the Republic19
%/10 years). At the weather station Aktogay, Besoba (Qaraghandy), Kazakhstan (Kostanay
region) and Uyuk (Zhambyl region) sustainedgaive tend@cies are amounted to-18!
%/10years.

The greatest significant rate of iease in winter precipitation {80 %/10years) is
observed in the West, North and Sectidist of Kazakhstan. The greatest contribution to the
positive trend of the wier season for the Western and Sela#istern regions was made in
January and February, for the Northern regiomsDecember.
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Tabe 3.17 characeristics of linear trend (mm/lykars, %/1G/ears) of seasonal and annual
precipitation anomalies averaged otee territory of Kazakhstan ant$ regions for the period
1976- 2017.Anomalies are calculated relatively for the base period 12810.

Unit Year Winter Spring Summer | Autumn
Region of ** R R®
mea| *a | , a | RR| a| R | a a | R
sure
mm | 5,9 2 3,4 1,9 -1,3
Kazakhstan : 3 4 ' 6 . 1 ’ 2
% | 1,4 2,6 4,2 2,3 -2,5
mm | -5,1 -1,2 -0,8 0 -3,2
Kyzylorda : 2 : 1 : 0 0 : 8
yzy % | -3,2 -1,6 -1,1 0,8 -10,5
mm | 11,6 5,4 3,7 2,6 -0,2
3 3 1 2 0
Turkestan % 2,4 2,3 2,2 6,5 0,4
mm| 1,8 2,2 -3 3,5 -0,6
Zhambyl ’ 0 ’ 1 2 ’ 2 ’ 0
y % 0,3 2,4 -3,7 6,2 -1,9
mm | 11,8 5,7 2,9 2,5 1
Alm : 3 ’ 9 : 1 : 1 0
aty % 2,9 7,2 2,3 2,4 1,4
mm| 6 1,6 2,2 4 -1,2
EastKazakhstan 2 1 1 5 0
% 1,9 2,5 2,2 4,7 -1,5
mm/| 65 0,3 4,3 3,2 1,1
Pavlodar : 2 : 0 : 9 ’ 1 . 0
% 2.1 0,7 7,5 2,6 -1,6
mm | 13 2,1 9,4 2,3 0
North 6 2 22 0 0
Kazakhstan % 3,5 3,1 13,2 1,6 -0,1
mm | 10,8 4,3 2,9 5,5 -1,8
Akmol 4 10 3 2 1
ola % 3,1 8,4 3,9 4,3 2.4
mm | 45 -0,1 8,2 0,7 4.4
Kostana ’ 1 - 0 : 20 . 0 : 7
y % 0,9 -0,4 11,3 0,7 -6,6
mm/| 45 -0,2 1,7 6,1 -3,3
Karagand ’ 2 : 2 ' 1 . 8 ’ 7
gandy % | 08 3.2 1,8 7.7 7,9
mm| 272 0,7 7 2,2 -3,3
Aktobe : 0 ' 0 8 ' 1 ’ 4
% 0,9 1,2 9,3 2,5 5,3
mm| -1 2,9 6,6 -4,6 -0,2
WestKazakhstan 0 5 12 4 0
estkazaxnsta % | -0,4 -4.,8 10,2 -6,5 -0,2
mm| 7 3,6 7.4 -3,2 -0,5
Atyrau 5 ’ 8 : 14 ’ 2 ’ 0
y % 3,8 9,0 15,0 6,7 -1,5
mm | 0,8 4 -3,6 1,5 1,1
Mangystau : 0 12 . 4 . 1 ! 1
9y % 0,3 11,3 -6,9 4.4 -3,6

* ai linear trend coefficient, %/1@ears, m/1Qears;
** R2i coefficient of determinatiafr
*** statistically significant trends akéghlighted in bold

Steady decreasing imainfall was observed at the weather stations of the West
Kazakhstan, Kostanay, Karagaratad East Kazakhstan regions2®% /10years).

Increasing inrainfall in spring can be tracedlmost throughout the country. Significant
positive trends in the North and Noiliest of Kazakhstan amounted te29%/10years. The
greatest contribution to increase rainfall in the spring period was made in March, when
significant positive trends we observedn most of the territory of theepublic (figure 3.10).
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In summer, decreasing in moisture is observed in the Western patieoferritory of
Kazakhstan (0;20%/10years), but trends are mostly insignificant, with exception of the
weather st@on Urda, where significant degasing inrainfall was 16% /10years. June and
August are becoming the drier months of this season. Statistically significant increase in
precipitation was observed at weather stations of Karaganda fiedi@au-Ayuly, Zhanaarka,
Zharyk (1012 %/10years) and Barshatas statiortlud East Kazakhstan region (##10years).

Autumn season for th study period is becoming modey, especially in September and
October (figure 3.10). Negative trends tine autumn period from 20 39%/10years are
statistically significant at the weather stations of Kyzylorda, Aktobe, Kostanay and Karaganda
regions.

year
‘,;lr\(‘;ij\ . \*.:"‘;' z ° ..
]‘ 4 .
> -
0, e e >
winter spring
= T & ; 4 C ‘ e o - F
i3 : 5 - - i . .
F e —~— e S '/: Br e 5 2R .
s - s, > T/ b e oy 4 . ?, :\,
e o < S . :)\ 8 \
B E '.‘.\, A =5 ® 5
|| | | HERT
-30-20 -S25 0 25 5 10 20 30 40 50 60%/10years

@ - Significant negative values of linear trend coefficier@ - Significantpositivevalues of linear trend coefficient

Figure 3.9 Spatial distribution of the linear trend coefficient values of annual and
seasongprecipitation (% /1G@ears)calculated for the period 197&017, Sheet 1
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Figure 3.91 Spatial distribution of the linear trend coefficient values of annual and
seasonagprecipitation(% /10years)calculated for the period 197&017, Sheet 2
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Figure 3.10° Spatial distribution of values of the linear trend coefficienhohthly
precipitation (%onorm/1@ears), alculated for the period 197&017.Sheetl
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Figure 3.10° Spatial distribution of values of the linear trend coefficienhohthly
precipitation (%norm/1@ears), alculated for thgeriod 1976 2017.Sheet 2
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3.3Trends in precipitation extremes

Trends in precipitation extremes were analyfmadthe period 1976 to 2017 on basis of
the most indicative indices proposed by WMO.

Values of maximum daily precipitatior{frxlday index) on the territory of Kazakhstan
have not changed (figure 3.11). On%5%f weather stations showed slight decreagsearimum
daily precipitation by 0.012.0 mm/10years. Statistically significant positive changes from 2 to

4 mm/10years were recorded at the weather stations Arkalyk, Aksai, Atyrau, Ushtobe,
Bektauata and Karabalyk.
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Figure 3.11 Spatial distributn of the linear trend coefficient of maximum in the year
values of daily precipitation (mri0 years)alculated for the period 197&017.
Designations of gradations are shaded in cases of statistical significance af trend

Analysis of trend irshare(%/10years) of extreme precipitation in annual precipitation
(R95pTOT index)showed that in Kazakhstan as a whole there were insignificant statistically
insignificant trends, both its decrease and increase by @.026 for 10 years (figure 3.12).
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Figure 3.12" Spatial distribution of the linear tremdefficient of the share (%/3@ars) of

extreme precipitation in annual precipitation amountsutaied for the period 197&2017.

Extreme precipitation is calculated as the sum of daily predipiteexceeding the 95th
percentile. Gradation symbols are shaded in cases of statistical significance of trend

It is known that the increasing in extreme precipitation in warm period leads to increase
in the risk of erosion processes in mountainous areasdflows of ran genesis, and in cold
periodincreasingo the danger of avalanches.
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In most parts of Kazakhstan, there has heelnicingtendencymaximum duration of the
period without precipitationt(DD index, figure 3.13).At some stations of Akmola, Pavlodar
regions, as well as weather stations in the South and -&asthof the Republic, there was
statistically significant reduction in the main period (from 2 to 6 days/M@ars).
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Figure 3.13 Spatial distribution of the linear trend coefficient of maximum duration
of the no rainless period (days/¢§€ars)calculated for the period 197&017. Gadation
Symbolsare shaded in casesstatistical significance of trend

Values of the CDD index are very important characteristic of climate, especially for

agriculture
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ANNEX 1

SPATIAL DISTRIBUTION OF ANNUAL MEAN AND MEDIUM -SEASON AIR
TEMPERATURES IN KAZAKHSTAN, CALCULATED FOR THE PERIOD 1981-2010
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