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To a large extent, climate change is the result of human activity. We burn fossil fuels (oil,
gas, coal), and emissions from transport, industry and agriculture are increasing. Despite
international efforts to limit greenhouse gas emissions and the rapid development of alternative
energy sources, global emissions have increased by 20% over the past 10 years [1].

The more greenhouse gases, the more heat is retained near the earth’s surface. In turn,
warming is manifested by an increase in the average annual air temperature, an increase in
the number of emergency situations (sudden temperature drops, droughts, dry spells, floods,
fires). All this has a complex effect on agriculture: the volume of production of grain, fodder
and technical crops is significantly reduced.

The article analyzes the impact of global warming and climate change on agriculture. It is
noted that such influence can have direct and indirect effects.

1t is emphasized that the expected changes in water flow will be much more noticeable,
which once again emphasizes the need to reduce greenhouse gas emissions to avoid negative
consequences. Recent scientific studies have shown that, on average, the amount of CO2 increases
by about 2 ppm. Such a trend can lead to a number of cataclysms.

Itwas determined that agriculture plays a significant role in the export structure of Ukraine. The
main agricultural crops in which Ukraine is one of the world leaders are grain and fodder crops,
including wheat, corn, barley, sunflower, sugar beet, tobacco, legumes, fruits and vegetables.

In addition, global demand for wheat could grow by 11% over the next decade. This was noted
in the forecast of the Food and Agricultural Organization (FAO) Agricultural Outlook 2022-2031.
Also, analysts noted that Russia's full-scale invasion of Ukraine shows how unexpected events
can cause significant disruptions in production and trade. The potential for continued conflict
and rising costs of production, especially for fertilizers, may affect production in the short term.

To date, difficulties with logistics regarding the export of agricultural products persist in
Ukraine, and supply still exceeds demand.

Key words: climate change, agriculture, global warming, productivity, grain production,
export.

Cmpamiuyk H.B. Bnaue knimamuuHux 3miH HQ CMAH PUHKY CL1bCbKO2ZOCHOOAPCHKUX
Kyiomyp

B 3uauniii mipi 3mina xknimamy € pesyiomamom OisnbHocmi moounu. Mu cnanoemo euxonte
namuso (Hagpma, eas, @yeinis), a UKUOU IO MPAHCNOPMY, NPOMUCIOBOCMI MA IHMEHCUBHO2O
8€0€HHsL CIIbCLKO2O 20CN00apcmea 3pocmaioms. Heszsasxcarouu Ha MidcHapOOHT 3yCUNISL U000
00MeHCeHHs BUKUDIB NAPHUKOBUX 2A316 [ WUBUOKUL PO3BUMOK AIbMEPHAMUBHUX 0dicepel eHepeil,
2nobanvHi suxkuou 3pocau Ha 20% sa ocmanni 10 poxis [1].

Yum Oinbule napHUKOBUX 2A3i6 — MuM Oiibuie Menia Ympumyemocs Oiis 3eMHOI NOBEPXHI.
B c6010 uepey nomenninns nposasnaemuvcs ni08ueHHAM cepeOHbopIvHOT memnepamypu nogimps,
30LIbUIEHHAM KITbKOCMI HAO36UYAUHUX cumyayitl (pi3Ki nepenadu memnepamypu, 3acyxu, cyxo-
6ii, noeeHi, nodcedxci). Bce ye KOMNIEKCHO NO3HAUAEMbCSA HA CLbCOKOMY 20CNOOAPCMEI: 3HAYHO
CKOPOUYI0OmMbCs 00CA2U BUPOOHUYMBA 3ePHOBUX, KOPMOBUX A MEXHIUHUX KYIbIYP.

Y emammi npoananizosarno ennus 2nobanbHo2o nomeniinHsa ma 3MiHU KAiMamy Ha CUibCbKe 20C-
nooapcmeo. 3a3nauaemocs, Wo maKutl BNIUE MOJCe MAmu NPAMULL mMa 0nocepeoKo8aHull epexmu.

Hazonowyemocs, wo ouikyeani sminu cmoky 600u 0yoyms Habazamo noMimHiuMu, a ye we
pasz niokpecuoe HeoOXiOHiCb CKOPOUeHHs, BUKUOTI8 NAPHUKOBUX 2A318, WoD YHUKHYMU He2amué-
HUX nacniokie. Ocmanni HAyKo8i 00CIOdICEHNA NOKA3ANU, W0 Yy cepednbomy 3a pik kinbkicms CO,
30invuyemuvcs npubauszno na 2 ppm. Taxa menoenyis mooice npugecmu 00 HU3KU KAMAKIiZMI8.

Busnaueno, wo cinbcoke eocnodapcmeo idiepae 3HauHy poib 8 CMpyKmypi ekcnopmy Yxpa-
iHu. OCHOBHUMU CLTbCHKO2OCNOO0APCHKUMU KVILIMYPAMU, 3d AKUMU YKPAIHA € 00HUM 13 C8IMO8UX




Exororis, ixTionoris Ta akBaKyJIsTypa |

| 413

i0epis, € 3epHOBI Ma KOPMOGI KYIbMypU, 30Kpema NuleHuys, KyKypyo3d, SUMiHb, COHAUIHUK,
YYKposuil OypsiK, MiomioH, 3epHo00008L, (pyKmu ma 080ui.

Kpim mozo, enobanvruii nonum Ha nuienuyio modce 3pocmu Ha 11% npomszom Hacmyntozo
oecsmunimms. ITlpo ye 3aznauunu y npoenosi IIpo0osonbuoi ma cinbcbko20Cno0apcykoi opeami-
sayii (PAO) Agricultural Outlook 2022-2031. Takooic, aHanimuxu 3ay8axcuiu, o no8HOMAacui-
mabne emopenents pocii 8 Ykpainy nokasye, sik Hecnooieamni nooii MOICymv CHPULUHUMUY 3HAYHI
3001’y 6upobHuymei ma mopeieni. [lomenyian mpusarouux KOHQOAIKMIG [ 3pOCMAHHS 6UMPAM HA
BUPOOHUYMBO, 0COOUBO HA DOOPUBA, MOACYNb BNAUHYMU HA BUPOOHUYMBO 8 KOPOMKOCPOKO-
Bill NnepCneKmusi.

Ha cvoeooniwmnin denv 68 Ykpaini mpyonowi 3 102iCmukoio wjo0o eKkChopmy CilbCbKO20Cno-
oapcvkoi npodykyii 36epiearomsvcs, a npono3uYis 6ce uje nepesadicac NONUm.

Kniouoei cnosa: kiimamuuni 3minu, ciibCobke 20Cno0apcmaeo, 2nodaibie NOmeniilts, ypo-
JHCATHICNG, BUPOOHUYINBO 3EPHA, eKCTIOPIMN.

Problem statement. Global climate change has become one of the most urgent
environmental problems to which humanity’s attention is focused. Its consequences
are dangerous weather cataclysms, sudden weather changes, floods, floods, strong
winds, showers and rains, hail, droughts, which lead to significant ecological and eco-
nomic losses all over the world. According to the World Meteorological Organization,
the last three years have been the three warmest years. Increasing unpredictability
of weather conditions threatens food production, rising sea levels increases the risk
of natural disasters.

According to the report of the Intergovernmental Panel on Climate Change, scientific
studies show that climate change as a result of anthropogenic influence since the end
of the 19th century is only about one-third related to natural changes, and two-thirds is
due to human activity, in particular, an increase in the concentration of greenhouse gases
in atmosphere

One of the industries that directly depends on natural and climatic conditions is agri-
culture. Ukraine has historically been called the granary of Europe, as it contains about
25% of the world’s black earth soils, known for their high level of fertility. The country
is also the world’s largest exporter of sunflower oil and one of the largest exporters
of grain [2]. Therefore, climate change will directly affect indicators of the economic
condition of the agricultural market.

Analysis of recent research. In Ukraine, according to the Ministry of Environmen-
tal Protection and Natural Resources of Ukraine, the average annual temperature has
increased by more than 2°C since the beginning of the 20th century, including 1.2°C
over the past 30 years:

In recent years, the frequency of days with maximum summer temperatures above
35 and 40°C, which belongs to extreme weather phenomena, has almost doubled [3].
In the greater part of Ukraine, there is already a trend towards increased droughts,
an increase in the number and duration of hot periods and an increase in fire danger,
the frequency and intensity of thunderstorms, heavy downpours, hail, and squalls have
increased. Climate change on the territory of Ukraine increases risks for the health
of the population, ecosystems, water and forest resources, sustainable functioning
of the energy infrastructure and the agro-industrial complex, which can cause and is
already causing colossal losses [4].

Climate change affects crop yields differently due to rainfall and temperature
extremes. For example, anomalous events — such as abnormally low temperatures in
the fall or extreme heat in the spring — can lead to significant losses of the wheat crop.
However, in some regions, climate change may have a positive impact on agricul-
ture through higher winter temperatures and increased winter precipitation, as well as
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a longer frost-free season. Accordingly, arable land can expand, especially in the north
of Ukraine [5].

Task setting. Identifying the impact of climate change on global trends in crop pro-
duction. To analyze the direction and dynamics of the influence of climate change on
the state of the market of agricultural crops.

Presentation of the main material of research. Agriculture is strongly dependent
on the climate, but also affects its change. The impact of climate change on agricultural
production can have direct and indirect effects. Direct lines include:

1. An increase in the concentration of CO2 and, as a result, the impact on the yield
of agricultural crops and the efficiency of the use of water and nutrients.

2. Changes in temperature, solar radiation and humidity on plant development
and yield.

3. Changes in the amount of losses caused by such harmful weather phenomena as
heat, frost, drought, intense precipitation and floods.

An indirect effect is manifested through:

1. Changes in the agricultural suitability of various species and varieties in a certain
area.

2. Moving the area of cultivation of heat-loving plants to the north.

3. Change in the appearance of weeds, pests and diseases.

Even today, regions of Ukraine with water shortages are experiencing longer periods
of heat and longer summer seasons compared to the 20th century.

In connection with climate changes, the conditions for filling the reservoirs
of the Dnieper Cascade have worsened. Due to this, situations may arise when the water
that can be accumulated and used for various water supply needs, for drinking, industrial,
irrigation, will be extremely insufficient. Therefore, it is necessary to look for ways to
stabilize and ensure the possibility of using those volumes of Dnieper water that would
be sufficient to solve these problems.

In the south, highly irrigated agricultural lands of the Kherson region are increasingly
exposed to a potential increase in aridity (decrease in precipitation, rise in temperature,
increase in evaporation). In the regions of Ukraine, which are already experiencing
water stress and a decrease in the annual maximum of the total amount of precipitation
with a decrease in the filling of groundwater, there is an increase in the frequency of long
heat waves with the extension of the summer season [6].

Mankind significantly changes the concentration of greenhouse gases in
the atmosphere by burning fossil fuels: coal, oil, gas, etc. During their burning, carbon
is released, which combines with oxygen in the air and forms CO,. Over the past
150 years, the concentration of CO, has increased from 280 ppm (parts per million) to
more than 400 ppm [7].

Such a rapid increase in CO, content in the atmosphere occurred on the planet for
the first time in hundreds of thousands of years:

The United Nations Environment Agency (UNEP) has made a statement that there is
no reliable way to limit the increase in global temperature to 1.5°C.

The UN report analyzed the gap between the promised reduction of CO, emissions
and the reductions already made. The conclusion states that progress has been woefully
inadequate. For tangible progress, a radical transformation of our entire life is needed [8].

As a result of long-term observations of climate change, FAO experts reached
the following conclusions. Such a rapid change in climate due to an increase in
the global average temperature will definitely affect crop production. According to their
predictions, the following will happen:
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Fig. 1. CO,concentration over the past 800,000 years

* Winter wheat will remain the most productive in the coming years growth by
20-30%.

* Until 2030, we can expect favorable climatic conditions for the cultivation
of rapeseed in most regions of Polissia, unfavorable in the regions of the southern
Steppe.

* By 2030, it is possible to increase the yield of spring barley by an average of 15-20%.
However, in the southern and southeastern regions, its yield may decrease by 15-25%.

The main agricultural crops that make Ukraine one of the world leaders are grain
and fodder crops, including wheat, corn, barley, sunflower, sugar beet, tobacco, legumes,
fruits and vegetables.
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Fig. 2. Production of agricultural crops in Ukraine [9]




| Taspiiiceknii HaykoBHif BicHHK Ne 128

416 |

sunflower
oil

corn
barley

5585149

21 440 629

3597474
wheat 16 373 389

2240982

soybeans

honey

Sunflower
cake
soybean

oil

4470 837

214718

Fig. 3. Exports from Ukraine, tons [2]

Significant warming in winter, slight freezing of the soil and early onset of spring
processes contribute to an increase in the number and area of foci of pests and diseases
of agricultural crops and forests.

Agriculture plays a huge role in the export structure. As of the end of 2019,
the agricultural sector brought almost 40% of foreign exchange earnings to the country,
showing stability over the past three years.

According to the data of the State Statistics Service, the average grain yield in 2019
increased by 2.2 centner per hectare. If in 2018 it was equal to 47.4 t/he, then in 2019
it reached 49.1 t/he. The yield of some other crops also increased significantly: winter
wheat — 41.7 t/he, barley — 34.8 t/he, corn — 71.4 t/he, buckwheat — 13.3 t/he, millet —
18.1 t /he, sunflower — 25.1 t/he, soybean — 23.5 t/he.

The harvest of grain and leguminous crops in Ukraine in 2021 was arecord and amounted
to 84 million tons: wheat — 32.4 million tons, barley — 10 million tons, buckwheat —
110 thousand tons, sunflower — 16.3 million tons, soybeans — 3.4 million tons.

world export, tons
sunflower 23335125
oil € 24% TN
170 688 082
corn € 13% TN4
35312736
barley ¢ 10% N4
186 776 560

wheat € 6% TN

soybeans 152542 218
€1% PNS
honey 2262339
©a4% TNe
Sunflower
30 289 847
cake ¢ 15% N2
soybean 11185438
oil ¢2% TN
» Ppercentage ratio in the place of Ukraine
structure of world exports in world exports

Fig. 4. Ukraine s place in the world ranking [2]
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Fig. 5. Yield of agricultural crops in Ukraine [9]

Unfortunately, the figures for 2022 are much lower due to a number of objective
reasons: occupation by Russian troops of part of the territories of Ukraine; territorial
proximity to hostilities; impossibility of sowing and harvesting due to mined fields
and damaged material and technical base in the liberated territories.

Conclusions and suggestions. Rising temperatures and projected decreases in sum-
mer precipitation over the course of the 21st century may lead to increased heat stress,
which will negatively impact agriculture.

An unquestionably positive consequence of climate change is a significant warming
of the winter months, respectively, and a reduction in the risk of freezing of winter
crops. The winter period has shortened by almost a month, and this creates conditions
for earlier sowing of spring crops. The period of active vegetation of agricultural crops
has already been extended by 10 days or more. These are additional opportunities for
growing all types of heat-loving crops.

At the same time, significant warming in winter, slight freezing of the soil and early
onset of spring processes contribute to an increase in the number and area of foci of pests
and diseases of agricultural crops and forests.

REFERENCES:

1. Emissions Gap Report 2020 / UNEP, December 2020. URL: https://www.unep.
org/emissions-gap-report-2020

2. Cinbebke TociomapctBo B Yipaini. 25 TpaBHs 2020 p. URL: https://dlf.ua/ua/
silske-gospodarstvo-v-ukrayini/

3. Sk 3miHIO€ThCA KiniMar B Ykpaini. URL: https://menr.gov.ua/news/35246.html

4. 3miHa KJIiMaTy: HACIIJIKK Ta 3aX0JIM aJlaNTallii: aHamiT. gonosias / [Bantora C.I1.,
Konowmienp O. O., ManmuHoBcebka O. A., SAxymenko. JI. M. / 3a pen. C. I1. Isantotu. K. :
HICI, 2020. 110 c.

5. Sk 3MiHM KJIIMaTy BIUIMBAIOTh HA IUIONII OCHOBHUX CLIBCHKOTOCIIOHAPCHKHUX
KyneTyp B Ykpaimi. 21.05.2021. URL: https://www.nas.gov.ua/UA/Messages/Pages/
View.aspx?MessagelD=7830

6. Vozhehova, R., Lykhovyd, P. & Biliaieva, . Aridity assessment and forecast for
Kherson oblast (Ukraine) at the climate change. Eur Asian J. Biosci. 2020. Vol. 14.
P. 1455-1462.




| Tagpiiiceknii HaykoBHit BicHHK Ne 128

418 |

7. 3miHa kaimMaty B YKpaiHi 1 CBiTi: IPUYMHU, HACTIJKU Ta PILISHHS A TPOTHIIL.
URL.: https://ecoaction.org.ua/zmina-klimatu-ua-ta-svit.html

8. United Nations Environment Programme, «Emissions Gap Report 2019y,
26 November 2019. URL: https://www.unenvironment.org/resources/emissions-gap-
report-2019

9. Craructuunuii 30ipHuk «Ykpaina B unugpax: 30 pokiB Hezane:kHOCTD» [lepxas-
Ha ciyx0Oa craructuku. URL: https://ukrstat.gov.ua/operativ/menu/infografika/2021/
nezalegn 30/nezalegn 30.pdf

YK 631.879
DOI https://doi.org/10.32851/2226-0099.2022.128.58

BMAUB MPOBIOTUKIB TA CYNYTHLO-MNNACTOBOI BOAU
HA NMOCIBHI AKOCTI NMWEHWLI O3UMOI TA AYMEHA

Ljboea FO.A. — K.c.-2.H.,

doueHm kaghedpu ekornoeii, 36anaHcosaHo20 nPUPOOOKOpUCMYBaHHS
ma 3axucmy O08Kirs,

lMonmascbkuli depxkasHUll azpapHuli yHisepcumem

Baoicausy pons y cmeopenni exonoeiuno 30a1anco8ano2o cilbCbKo2oCno0apcbkoco GUpooHuU-
ymea sidieparoms 0i0N02IYHI 3ac00U 3aXUCIY POCIUH 810 X60pOO Ma WKIOHUKIE. Y moii sce uac
BUBYEHHS NUMNAHHS GUKOPUCTIAHHA NPOOIOMUKIE y CUCmeMi 3aXUcmy poCiuH € iHHOBAYIIHUM,
a momy nompebye nooanrbulo2o 00cnioxHceHts. Takoxe OOYiNbHO POUUPUMU HAYKOBUL NOUYK
IHHOBAYIIHUX eKOL020OE3NEYHUX 3AC00I8 3AXUCTY POCIUH, 30KPeMd U000 CUHep2iuHol Oii npo-
Oiomuunux npenapamie ma MiHepaliz08aHol NIACMoBoi 600U y cucmemi saxucmy pociut. Tomy,
Memoro pobomu cmano 00CHIONHCeHHs 6NAUBY NPOOIOMUKIE Ma CYNYMHbLO-NAACMOBOT 800U HA
NOCIBHI AKOCMI NUleHUYi 03UMOI Ma AYMEHS.

Bemanosneno, wo ons npompyiogannsa nacinua nuenuyi 03umoi Haukpawe SUKOpUCMAaHHsl
1% posuuny npobiomuxy (01 20103epHO20 HACIHHA), O aumens — 10% po3uur npobiomuxy
(ona nnieuacmoco nacinus). Ilpu yvomy pisna Konyenmpayis, npu AKiil CHOCmepieacmucs Hatl-
OLNbUL BUCOKT NOKAZHUKU CXOHCOCMI MA eHepeii NPOPOCMAHHA Y O0CIIONCYBAHUX KVIbIYpP, 00Y-
MOBIEHO HASBHICTIO NIIGKU Y SUMEHS, W0 nompeOye 30LNbuleHHs] KOHYeHmpayii npooiomuxy
0718 3He3apadtcenHs 30Y0HUKI8 X60poO ma WKIOHUKIE Ha 11020 noeepxHi. Takoxc 6cmanosneHo,
wo eucoxa Konyenmpayis npodiomuxy (100%) naenaxu npueaibmogye cxodxicicms HACIHHA, WO
NOACHIOEMbCS BNIUBOM GUCOKOI KOHYeHMpayli npoOiomuduHux MiKpoOpeanizmié Ha po3eumox
THUWUX MIKPOYEHO316.

Bcemanoeneno, wo npu 0bpobyi nacinma nuieHuyi 03uMOi CYNYmMHbO-NIACTOB0I0 800010
(CIIB), Haiikpauje 3HaueHHs eHepeii NpopoOCMAaHHS Ma CXOHCOCMI 3apIiKCo8ano npu 06pooyi
nacinna 0,1% posuunom CIIB. Ilpu 06poOyi HACIHHA AUYMEHIO HAUKpaUue 3HAYEHHs eHepail npo-
pocmannsa ma cxodxcocmi 3agikcosano npu 0opoobyi nacinna 1% posuunom CIIB.

Bemanosneno, wo natikpawuii pe3ynbmam ompumMano npu 00pooyi HACIHHA NueHUYi 03UMOT
cymiwiio npodiomuunux npenapamie ma CIIB, 30kpema enepeis npopocmanns cknana 94%, wo
Ha 25% Ginvuwie y nopieHAnHI 3 Konmponem, a cxodxcicmo 97%, wo Ha 10% 6invuie y nopieHaHHI
3 Koumponem ionogiono. Ilpu odpodyi nacinusa AuMeHs HAUKPAWUil pe3yibimanm maxkodic ompu-
Mano npu 006pooyi HACIHHA AuUMeHsa cymiwuio npobiomuunux npenapamie ma CIIB, 30kpema
enepeisn npopocmanns cxkaana 95%, wo na 30% oinvuie y nopisHaHHI 3 KOHMPOIeM, d CX0AHCICMb
96%, wo na 12% Ginvwe y NOpi6HAHHI 3 KOHMPOLEM 8iONOBIOHO.

Taxum yunom, 6 pe3ynomami eKCHepUMEeHMANbHUX O0CAIONCEeHb 6CTNAHOBNIEHO eheKmueHi
cymiwi npobiomuunux npenapamie ma CIIB 0ns nioguweHHs enepeii npopocmaHHs ma cxo-
arcocmi. 30Kpema 6CMAaHOBIeHO eheKMUBHICIb GUKOPUCIAHHA cymiwi npodiomuxy Sviteko-A-
epobiomux-01 ma CIIB 0na npompyo8anus HACIHHA Y HACMYNHUX 003aX: OISl NUEeHUYl 03UmMoi






