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Aim. To determine the tendencies in the changes in air temperature and their influence on the productivity of crops
during the vegetative cycle periods, especially in soil-climatic zones of Ukraine for the 1981-2010 climate normals
period. Methods. The analytical and synthetic, statistical, climatic methods, simulation (model of V.P. Dmitrenko
“Weather-yield” (Dmitrenko VP et al, 2017, 2010), used to forecast the productivity of grains in the Ukrainian Hy-
drometeorological Center since 1970), abstract-logical method. Results. The rising air temperatures were determined
throughout the whole vegetative period of growing corn and spring barley over the period of 1981-2010. It was
found that this rise in different phases of crop development was of different magnitude and relevance in all regions
and soil-climatic zones of Ukraine. The reliable changes in the surface air temperature were noted in the phases of
the third leaf, panicle emergence, and blossoming of corn in Polissia, Forest-Steppe, and especially Steppe (0.7—
0.8 °C/10 years, 0.8-0.9 °C/10 years and 0.9—1.1 °C/10 years, respectively). During the pre-sowing period, the periods of
corn sowing and seedlings, the velocity of changes was twice lower in the whole territory of the country, and during the pe-
riods of milky ripeness and middle dough — in the eastern Forest-Steppe and dry Steppe, amounting to 0.4—0.5 °C/10 years.
A considerable rise in the temperature during the period of the third leaf, panicle emergence, and blossoming promoted the
decrease in the influence of temperature during these phases of crop development, especially in the Steppe (up to 10—15 %
in 10 years). Only the rise in the temperature during the pre-sowing period promoted the 3—6 % increase in the whole terri-
tory of the country, and during the periods of milky ripeness and middle dough of corn —up to 8 % in 10 years in the Forest-
Steppe and Steppe. Generally, the thermal conditions for corn cultivation deteriorated considerably but remained favorable
in Polissia, satisfactory — in the Forest-Steppe and northern Steppe, and unsatisfactory — in the south, in the dry Steppe. The
most intense changes in the air temperature during the vegetation period of spring barley were noted in the phase of milky
ripeness and middle dough in all soil-climatic zones, amounting to 0.8—1.1 °C/10 years. During the sowing period, the phases
of'the third leaf, stem elongation, and ear formation, they were 0.6—0.7 °C/10 years, and during the pre-sowing period —0.3—
0.4 °C/10 years. During the spring barley tillering phase, the change in the air temperature was insignificant in the whole
territory of the country. A considerable increase in the air temperature was unfavorable for crop cultivation in all the soil-
climatic zones of Ukraine during the vegetative cycle of spring barley, especially during the phases of milky ripeness and
middle dough, and promoted the decrease in its productivity in Polissia, Forest-Steppe, and Steppe by 5, 7.5 and 10 % in
10 years, respectively. In general, the increase in the air temperature conditioned the deterioration in thermal conditions
of cultivating spring barley but they remained favorable in Polissia and Forest-Steppe, and favorable or satisfactory in the
Steppe during the pre-sowing period and the vegetative cycle.

Key words: corn, spring barley, agroclimatic conditions, climate change, surface temperature, temperature rise, productivity
of temperature, yield, satellite information, normalized difference vegetation index (NDVI), photosynthetically active
biomass, RCP4.5, RCP8.5.
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CONCLUSIONS

During 1981-2010, there was a notable increase in
the air temperature during the whole vegetative cycle
of corn and spring barley but in different phases of crop
development, these changes had different magnitude
and relevance in the soil-climatic zones of Ukraine. The
highest velocity of the increase in the air temperature
was registered during the periods of milky ripeness and
middle dough of spring barley in the whole territory of
the country and during the period of corn blossoming,
especially in the Steppe, exceeding 1.0 °C/10 years. A
considerable increase in the air temperature promoted
the decrease in the productivity of grains in these devel-
opment phases down by 10—15 % in 10 years, which is
most evident in dry Steppe. The increase in the air tem-
perature conditioned the deviation from optimal condi-
tions of cultivating crops, the decrease in temperature
productivity, and regardless of the fact that the veloc-
ity of the air temperature changes during this period
did not differ much, it had different consequences for
soil-climatic zones. The conditions of corn and spring
barley cultivation in Polissia remained favorable, in
Forest-Steppe — favorable and satisfactory, in Steppe —
satisfactory, and in dry Steppe — unsatisfactory for corn
in 1981-2010. Thus, the same changes in temperature
under different initial conditions may lead to different
results. So, when developing the adaptation measures
aimed at mitigating negative consequences of climate
changes, one should consider not only the direction
and intensity of changes in agroclimatic conditions, but
also the degree, by which the initial conditions differ
from the optimal conditions for grain cultivation, and
these measures should be taken, first and foremost, in
the regions, where the agroclimatic conditions are un-
satisfactory and deteriorating, and during the period,
when these changes are of the most relevance.

The sustainable development of agricultural produc-
tion of grains is considerably dependent on agrocli-
matic resources, which are the main factor for the life
of plants, influencing their growth, development, pro-
ductivity formation, and being determined by the ratio
of heat, moisture, and light. Special significance in the
formation of grain productivity and its variability is at-
tributed to air temperature. If the values of the latter
are optimal during the whole vegetative cycle, plants
develop in the best possible way, ensure the highest
productivity, and use nutrients and energy resources
sparingly (Dmitrenko VP, 2010; Angus JF, 1980). If the
actual climate conditions differ from the optimal tem-
perature values, the productivity of grains decreases.
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Low temperatures, approximating the biological mini-
mum, cause the prolonged formation of organic sub-
stances; thus, under these conditions, they are formed
in insignificant amounts. High temperatures, bordering
the biological maximum, promote a higher velocity of
plant development, and full-fledged organic substances
do not have enough time to get formed in sufficient
amounts. Only when air temperature corresponds to
the optimum, the highest amount of organic substan-
ces is formed (Dmitrenko VP et al, 2017, 2010; Angus
JF, 1980).

Climate changes, observed on our planet during
recent decades, have considerably influenced the de-
velopment and formation of crop productivity (Field
CB et al, 2014; IPCC, 2018; IPCC, 2021). At present,
there are no doubts that climate changes have also con-
ditioned considerable variability in the yield of many
crops (Challinor AJ et al, 2014; Bassu S et al, 2014;
Lesk C et al, 2016), the reduction in the production of
agricultural produce and impacted food safety in the
world (Asseng S et al, 2015; Lobell D et al, 2011; FAO,
2021). According to the data of FAO [FAO, 2021], in
19802008, the global production of corn and wheat
decreased by 3.8 and 5.5 %, respectively. In some
countries, the influence of climate changes on the mean
yield of grains was so strong that it could not be com-
pensated even with the application of modern technol-
ogies, the introduction of fertilizers, and other factors
(FAO, 2021).

The increase in the air temperature up to a certain
level may promote the increase in the productivity of
some crops, but if it exceeds the level, optimal for a
specific crop, or there is a shortage of moisture and nu-
trients, then the productivity may decrease (Deb P et
al, 2015).

In the late 20" century, when a considerable rise in
global air temperature was noted, the loss of crop yield
was higher than in the early 20™ century, especially in
tropic regions (IPCC, 2018).

The rise in the incidence of extreme events, espe-
cially floods and droughts, also damages crops and re-
duces their productivity. The decrease in global grain
production was promoted by droughts and extreme
heat, the recurrence and intensity of which is consid-
erably increasing (Deb P et al, 2015; Parkes B et al,
2018; Cammaranoa D et al, 2019). During the recent
decade, remarkable for the highest temperature values
since 1850, droughts and extreme heat caused the re-
duction of areas and productivity of grains (Field CB et
al, 2014; FAO, 2021).
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However, the studies demonstrate (Asseng S et al,
2015) that even moderate warming may decrease the
productivity of crops in a large territory. In middle lati-
tudes, grains are less sensitive to climate changes than
in the tropics but in the future, their production will
become riskier, as the competition for water resources
will be more fierce, and the frequency of extreme tem-
peratures will increase.

Climate changes influence both the mean productiv-
ity of grains and year-to-year variations (Field CB et
al, 2014; Bassu S et al, 2014). The fluctuations in gross
yields of grains, caused by climate changes, are common
for Ukraine as well (Polevoy A et al, 2007; Balabukh
VO, 2017), where in recent decades the velocity of the
increase in the air temperature, average for a year, ex-
ceeded the increase in the global air temperature thrice
(Balabukh VO et al, 2017). These factors caused the
change in agroclimatic conditions in the territory of the
country (Balabukh VO and Malitskaya LV, 2017; Ste-
panenko SM, 2011), the productivity of grains and the
fluctuations in soil-climatic zones (Polevoy AN et al,
2014; Polevoy A et al, 2021; Balabukh VO, 2019).

From the short- and long-term perspective, the influ-
ence of climate change on agriculture will intensify.
According to the data (Asseng S, 2015), the global
wheat production is expected to drop by 6 % per each
1 °C of further temperature increase and will become
more variable in space and time. The increase in the
global surface air temperature by 1.5 °C is likely to
cause a decrease in the productivity of the main grains
m Africa to the south of Sahara, south-eastern Asia, and
Central and South America (Deb P et al, 2015; Parkes
B et al, 2018). In the territory of western Africa, the
expected decrease in corn productivity is by 5.95 % at
the temperature increase of 2 °C, and if the temperature
rises by 4 °C — by 37 %. It has been noted that a con-
siderable shortage of yield, previously occurring only
once in 19.7 years, will be observed every 2.5 years
(Parkes B et al, 2018). The change in the productivity
of grains is possible in other regions. For instance, in
the Mediterranean region the decrease in barley yield is
likely to amount to 25 % under the scenario RCP4.5, if
the climate becomes drier (Field CB et al, 2014;Cam-
maranoa D et al, 2019).

In Ukraine, the increase in the air temperature, the
change in heat and moisture provision for the vegeta-
tive period will also influence the productivity of grains
both in short and long-term under different climate sce-
narios. For instance, according to the data (Balabukh
VO, 2019), by the middle of the century (2021-2050),
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under the climate scenario of A1B according to the
scheme of a rise in global air temperature by 2.8 °C by
2100 as compared with the late 20™ century, the culti-
vation conditions for winter wheat in Polissia will re-
main satisfactory, but a probable loss of grain yield in
Volyn will be 14-15 %. The conditions will deteriorate
in the Forest-Steppe, probably remaining satisfactory,
just like for 1981-2010. In Steppe, the increase in tem-
perature and the decrease in precipitation, especially
during the pre-sowing period, will further enhance
the reduction in climate productivity, especially in
the southern Steppe, and may cause the loss of winter
wheat yield by 25-30% on average in the regions. In
2040-2070, according to the data (Schierhorn F et al,
2018)), the production of winter wheat in the whole ter-
ritory of Ukraine may decrease by 0.72 Mt under RCP
4.5 scenario (—6.5 %) and by 1.26 Mt (—11.4 %) under
RCP 8.5 scenario as compared with 1976-2005. The
most considerable changes are expected in the Step-
pe — 0.48 Mt less under RCP 4.5 (-11 %) and 0.81
Mt less under RCP 8.5 (—18 %). In the Forest-Steppe,
these changes are likely to be less evident: 0.1 Mt less
(=2.2 %) under RCP 4.5 and 0.26 Mt less (=6 %) un-
der RCP 8.5 (Schierhorn F. et al, 2018). RCP 4.5 and
RCP 8.5 are scenarios of the radiation impacts or Rep-
resentative Concentration Pathways, presented in the
Fifth Assessment Report of the Intergovernmental Pan-
el on Climate Change (Field CB et al, 2014). RCP 4.5
scenario is the scenario of stabilization, which envisag-
es the scenarios of mitigating the impact of greenhouse
gases and adaptation to climate change. According to
the latter scenario, by the end of 2100 the concentra-
tions of greenhouse gases will have reached 630 ppm,
the radiation impact will have stabilized at the rate of
4.5 Wt/sq.m., and the increase in global surface air
temperature will not have exceeded 2 °C since the late
20" century. RCP 8.5 scenario is the scenario of the
radiation impact, which does not envisage any adapta-
tion. Under this scenario, the highest concentration of
greenhouse gases is expected — by 2100, they will have
reached 1,313 ppm, the radiation impact — 8.5 Wt/sq.m.
with a further increase for some time, and the global air
temperature will have increased by 3.7 °C as compared
with the late 20™ century. This scenario is the closest to
current tendencies in changes in greenhouse gas con-
centrations and is also comparable to the scenario of
A2 emission. According to scenario A2, by 2100, the
increase in the concentration of greenhouse gases will
have reached 1250 ppm, and global surface air temper-
ature will have increased by 3.4 °C as compared with
the late 20™ century (Field CB et al, 2014).
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The agro-climatic conditions of corn cultivation in
Ukraine have been changing in recent decades and are
expected to go on both in the short- and long-term per-
spective (Polevoy A et al, 2021; Balabukh VO, 2019).
The best conditions for the formation of corn produc-
tivity in the middle of the 21% century, as per the data
(Schipper L et al, 2010), will be observed in Polissia
(scenarios A2 and A1B), and the worst ones — in the
territory of southern Steppe. However, although in
Polissia the conditions of corn cultivation will remain
favorable under A1B scenario, they are very likely
to deteriorate as compared with 1981-2010 and may
cause yield shortfall of 12-14 %. Under A2 scenario,
there is an expected decrease in corn productivity in
the western Forest-Steppe by 4-8 %, and under A1B
scenario — up to 20 %, as compared with 1986-2005
(Polevoy A et al, 2021).

A considerable change in agro-climatic conditions of
spring barley cultivation is foreseen in Ukraine (Ste-
panenko SM et al, 2019). These changes may condi-
tion higher risks of its yield shortfall in 2021-2050 as
compared to 19862010 (Polevoy AN et al, 2017). The
lowest yield shortfall of spring barley is expected in
Polissia and Forest-Steppe — 5.6-9.5 % with no signifi-
cant differences under scenarios RCP 4.5 and RCP 8.5.
In the southern Steppe, the yield shortfall may fluctuate
from 13.6 to 17.5 %. The highest risks of yield shortfall
of spring barley may be observed in the central regions
of the southern Steppe, amounting to 26 %.

The increase in the air temperature during specific
phases of crop development, accompanied by the
change in the moisturization regime and causing con-
siderable fluctuations in their productivity, demands
the adaptation of agriculture to probable climate chang-
es (Tarariko OH et al, 2016; Challinor AJ et al, 2014;

Porter JR et al, 2014). O.H. Tarariko et al. (Tarariko
OH et al, 2016) note that efficient use of additional
heat resources, caused by climate changes, is possible
only on the condition of elaborating and implement-
ing a system of adaptation measures. According to the
data (Challinor AJ et al, 2014; Porter JR et al, 2014),
the adaptation measures may ensure an increase in the
mean productivity of crops by almost 7 % regardless of
the warming rates. Their successful implementation re-
quires information about the impact of climate changes
on the formation of crop productivity during the whole
vegetative cycle. To make decisions on adapting to
the consequences of climate changes, one should un-
derstand how different climate factors interact and in-
fluence crop productivity. For instance, the difference
in the surface air temperature requires a different ad-
aptation strategy than the change in the precipitation
amount (Porter JR et al, 2014; Schipper L et al, 2019).
To implement these strategies, one should single out
the influence of different climate factors on crop pro-
ductivity and have their quantitative evaluation.

The aim of the study was to determine the tendencies
in changes in the air temperature and their influence on
the productivity of crops during the vegetative cycle
periods for the specificities of different soil-climatic
zones of Ukraine for the 1981-2010 climate normal
periods.

MATERIALS AND METHODS

The study on the influence of changes in thermal
conditions on crop productivity was conducted using
the daily data about the average daily air temperature
from the network of hydrometeorological monitoring
of Ukraine (187 points) for 1981-2010. The influence
of agrometeorological factors and their changes on the
development, productivity, and yield of corn and spring

Table 1. The optimal values of surface air temperature (°C) in specific vegetative phases of corn and spring barley in Ukraine

(Dmitrenko VP, 2010)

Field crop Vegetative phases (months) Optimal temperature, °C
Spring barley Pre-sowing period (XII-II) -1
Sowing-tillering (I1I-1V) 4
Tillering—stem elongation (V) 13
Stem elongation—milky ripeness (V1) 18
Milky ripeness—middle dough (VII) 19
Corn Pre-sowing period (XII-III) -1
Sowing—third leaf (IV-V) 12
Third leaf—panicle emergence (VI-VII) 18
Panicle emergence—milky ripeness (VIII) 18
Milky ripeness—middle dough (IX) 12
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barley was studied using the model of V.P. Dmitrenko
“Weather-Yield” (Dmitrenko VP, 2010), according to
which the influence of the air temperature on the for-
mation of crop productivity is expressed in the form
of temperature productivity coefficients #(7). These
take into account the optimal meteorological values
(T), under which the highest productivity is formed in
each vegetative period of field crops, and current con-
ditions (7). The optimal values of the air temperature in
specific vegetative phases of corn and spring barley in
Ukraine are presented in Table 1.

The temperature productivity coefficient n(T) char-
acterizes the degree of correspondence between ther-
mal conditions and the needs of plants and is calculated
according to the formula (Dmitrenko VP, 2010):

y(T)* _ T_To q_T_To
Y(T) 1()O_(l_FT'O_Tme 1 Tmax_TO

where y(7) — the yield under current thermal condi-
tions 7; Y(7T) — maximal yield under optimal temper-
ature T in each period of the vegetative cycle; T,
T —biological extremes during the corresponding pe-
riod of the vegetative cycle; g, v — model parameters,

which are determined by formulas:

nn = )"*100,

T

0

T

max

v=1-g=1-

The values of the productivity coefficient vary from
0 to 100 %. Under optimal ambient temperature
(Table 1) #(7) is 100 %. If the values of #(7) are wi-
thin 86—100 %, the thermal conditions are favorable
for crop cultivation, 65—-86% — satisfactory, 36—65 % —
unsatisfactory, 16-35 % — very unsatisfactory, under
15% — extreme.

The values of the air temperature and the coefficient
of temperature productivity, the average for 1981-
2010, were determined for each phase of the vegeta-
tive cycle of corn and spring barley and the mentioned
scale was used to estimate the correspondence of the
heat regime to the needs of field crops in all the soil-
climatic zones of Ukraine. The evaluation of the inten-
sity, relevance, and significance of the changes in the
average annual values of the agroclimatic indices was
conducted in 1981-2010 (Jaiswal RK et al, 2015). Ac-
cording to the recommendation of the Intergovernmen-
tal Panel on Climate Change (Field CB et al, 2014),
the following relevant criteria were used: p < 0.01, the
probability of 99—-100 %, the change can practically not
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be doubted; 0.01 <p < 0.1, the probability of 90-99 %,
the change is very probable; 0.1 < p < (0.34, the prob-
ability of 66-90 %, the change is probable; 0.34 <p <
< 0.67, the probability of 33—66 %, the change is ap-
proximately both probable and improbable; 0.67 <p <
< 0.90, the probability of 10-3 3%, the change is of
low probability; 0.90 < p < 0.99, the probability of 1—
10 %, the change is of very low probability; p > 0.99,
the probability of 0-1 %, the change is of absolutely
low probability.

The evaluation of intensity, relevance, and signifi-
cance of the change in the average annual values of
the agroclimatic indices was conducted for each ad-
ministrative region of Ukraine and for its soil-climatic
zones: Forest (Polissia), Forest-Steppe, northern and
southern Steppe (Ecological Atlas of Ukraine, 2009).
The comparative analysis demonstrated their specific-
ities in the soil climatic zones of Ukraine and in dif-
ferent phases of plant development, and the abstract
logical methods helped the formation of generaliza-
tions and conclusions.

RESULTS

The influence of the temperature change on corn pro-
ductivity by the phases of crop development for the
1981-2010 climate normals period. The thermal con-
ditions of cultivating corn for 1981-2010 in the agro-
climatic zones of Ukraine were favorable; the devia-
tions from the optimal temperature were (0.2—1.3 °C),
except for the Steppe, where they were satisfactory
during some periods (2.4-2.6 °C — southern Steppe)
and unfavorable (3.4—4.6 °C — southern Steppe). Ris-
ing temperatures were registered during the investi-
gated period in the whole territory of Ukraine (Tables
2, 3). However, these changes occurred with different
velocity in soil-climatic zones, and their relevance dur-
ing some phases of the development of field crops was
considerably different (Tables 2, 3).

It was found that in Polissia, there was a noted in-
crease in the air temperature during the whole veg-
etation cycle of corn cultivation, but these changes
were of different magnitude and relevance in different
phases of the cycle (Table 2). It is virtually certain (p <
0.01) that air temperature during the period of the third
leaf—panicle emergence (months VI-VII increased by
0.8 °C/10 years, very likely increased by 0.6—0.7 °C/10
years during the blossoming period and /ikely increased
by 0.3 °C/10 years during the period of sowing—ger-
mination and by 0.5 °C/10 years during the pre-sow-
ing period. During the periods of milky ripeness and
middle dough, the increase in the temperature was 0.1—
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0.2 °C/10 years, but these changes were insignificant
for Polissia) (Table 2).

There was also a change in the temperature-related
productivity in 1981-2010: during the pre-sowing pe-
riod and the sowing-germination period and a decrease
in the temperature-related productivity in other phases
of the corn vegetation cycle, especially during the blos-
soming period in Zhytomyr and Chernihiv Polissia
from 2.6 to 6.9 % (Table 3).

The same regularities in the change of air tempera-
ture are remarkable for the Forest-Steppe during the
current climatic period, similar to Polissia: the increase
in the air temperature during the whole vegetation
cycle, the most intensive increase during the period of
the third leaf—panicle emergence, and, especially, blos-
soming — 0.7-0.9 °C/10 years, a very likely and likely
increase during the period of sowing and germination
and insignificant changes during the pre-sowing period
and in the phase of milky ripeness and middle dough
(Table 3).

The intense increase in the air temperature (0.8—
1.1 °C/10 years) during the periods of the third leaf,
panicle emergence, and blossoming was very likely
and likely (p <0.14) unfavorable for corn, especially in
the eastern and central Forest-Steppe, which was con
firmed by the decrease in temperature productivity in
the region, amounting to 7-12 % in 10 years During
the period of sowing—germination, the temperature-
related productivity decreased as well, but these chang-
es were insignificant. Instead, during the pre-sowing
period in the Forest-Steppe and during the period of
milky ripeness and middle dough in some regions of
the eastern and central Forest-Steppe, the temperature-
related productivity likely increased by 3—4 % in 10
years. A remarkable increase in temperature productiv-
ity was registered in western Forest-Steppe during the
whole vegetation cycle of corn, except for blossoming,
though this growth was insignificant (Table 3).

In the Steppe of Ukraine, the most intensive increase
in air temperature was remarkable for the periods of
blossoming (0.9—-1.1 °C/10 years) and the third leaf-
panicle emergence (0.7-0.8 °C/10 years). These chang-
es were virtually certain, reaching the maximal values
in the dry Steppe (Table 2). This intense increase in the
temperature was unfavorable for corn and led to the
decrease in temperature productivity by 10-15 %/10
years. As a result, the conditions for corn cultivation
during the mentioned periods deteriorated consider-
ably and were satisfactory in northern Steppe and un-
satisfactory in the south, in the dry Steppe (Table 2).
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During other phases of corn development, the rate of
the air temperature increase was twice slower, and its
relevance was under 70 %. The increase in the temper-
ature during the sowing-germination period was also
unfavorable for corn. However, its increase during the
pre-sowing period and especially during the period of
milky ripeness and middle dough conditioned the in-
crease by 3—6 % in the crop productivity in 10 years.
Still, the conditions for corn cultivation during the pe-
riod of milky ripeness and middle dough remained un-
satisfactory, especially in the dry Steppe (Table 3).

The influence of the temperature change on spring
barley productivity by the phases of crop development
for the 1981-2010 climate normals period. In Polis-
sia, during almost the whole vegetation cycle of spring
barley cultivation in 1981-2010, there was an increase
in the air temperature but in different phases of the
cycle, these changes were of different magnitude and
significance (Table 4). The exception was found only
in the tillering period (May), when the air temperature
decreased a little, but these changes were of very low
probability. The strongest increase in the air tempera-
ture was registered during the periods of milky ripeness
and milky dough of spring barley (July), amounting to
1.0-1.1 °C/10 years. These changes were practically
undoubted, and their probability was 99 % and higher.
Very likely and likely the air temperature increased by
0.5-0.7 °C/10 years during the period of sowing barley,
in the phase of the third leaf, stem elongation, and ear
formation. During the pre-sowing period, the increase
in the temperature was 0.3—0.4 °C/10 years, but these
changes were insignificant for Polissia, and their pro-
bability fluctuated from 40 to 60 % (Table 4).

The increase in the air temperature was unfavorable
for spring barley cultivation almost during the whole
vegetation cycle, especially in Polissia of Zhytomyr
and Chernihiv, which was demonstrated by the de-
crease in the temperature productivity coefficient by 5
% in 10 years. The exception was found in the period
of barley stem elongation and ear formation, during
which the increase in the air temperature promoted the
increase in the crop productivity by 1.0%/10 years, es-
pecially in Volyn (Table 5).

During the whole vegetation cycle of spring barley,
the increase in the air temperature was registered for
1981-2010 in the Forest-Steppe (Table 4). Similar to
Polissia, the most intense changes were registered dur-
ing the periods of milky ripeness and middle dough,
which amounted to 0.9-1.2 °C/10 years, reaching the
maximum in the central Forest-Steppe. This increase is
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INFLUENCE OF CHANGES IN AIR TEMPERATURE ON CROP PRODUCTIVITY FORMATION IN UKRAINE

virtually certain (p < 0.01) in the territory of the whole
Forest-Steppe. Very likely and likely, the air tempera-
ture increased during the period of sowing barley, in
the phase of the third leaf, stem elongation, and ear for-
mation. The rate of these temperature changes in the
prevailing part of the Forest-Steppe was the same as in
Polissia, amounting to 0.5-0.7 °C/10 years. During the
pre-sowing period, the intensity of the increase in the
air temperature was twice lower (0.3—0.4 °C/10 years).
The changes in the air temperature during the period
of spring barley tillering was insignificant and of low
probability (0.1-0.2 °C/10 years) almost in the whole
territory, except for Ivano-Frankivsk and Chernivtsi re-
gions, where it was likely and very likely increased by
0.3 and 0.6 °C/10 years, respectively (Table 4).

These changes in the air temperature were unfavor-
able for spring barley cultivation in the Forest-Steppe
during the whole vegetation cycle, and especially dur-
ing the periods of milky ripeness and middle dough
in the central and eastern Forest-Steppe, where very
likely and likely they promoted the decrease in barley
productivity by 7.5 %/10 years. This is evidenced by
the coefficient of productivity of temperature, present-
ed in Table 5. The decrease in barley productivity by
1-3 % in 10 years due to the temperature increase was
also remarkable for other phases of crop development
in the Forest-Steppe, but these changes were mostly in-
significant. The exception was found in the period of
stem elongation and ear formation in the western For-
est-Steppe, where the increase in temperature was very
likely favorable for the purpose of enhancing spring
barley productivity.

In the Steppe zone of Ukraine, during the current cli-
matic period, there were the following regularities in
the changes of the thermal regime during the period of
spring barley cultivation, similar to the Forest-Steppe
and Polissia: the increase in the air temperature dur-
ing the whole vegetation cycle of the crop, the most
intense changes during the periods of milky ripeness
and middle dough (0.8—1.1 °C/10 years), sowing—third
leaf (0.7-0.8 °C/10 years), stem elongation—ear forma-
tion (0.4-0.6 °C/10 years) and insignificant changes
during the pre-sowing period and during tillering (0.1—
0.3 °C/10 years). In the south, in the dry Steppe, the
increase in the air temperature was more intense than
in the southern Steppe (Table 4).

As seen from the change in the temperature produc-
tivity coefficient, the increase in the air temperature was
unfavorable for the cultivation of spring barley in the
Steppe of Ukraine during the whole vegetation cycle

AGRICULTURAL SCIENCE AND PRACTICE Vol. 8 No.3 2021

of the crop, and caused a decrease in barley productiv-
ity, especially in the dry Steppe (Table 5). The biggest
changes took place during the period of milky ripeness
and middle dough and very probably reached 10 % in
10 years. There was a likely and very likely decrease
in spring barley productivity due to the increase in the
air temperature and during the periods of stem elonga-
tion—ear formation and sowing—third leaf, amounting
to 5 % in 10 years on average in the regions. There
was a likely decrease in the productivity of spring bar-
ley during the tillering period in Odesa and Kherson
regions. During other phases of crop development, its
productivity decreased as well, but these changes were
insignificant.

However, during the research period of 1981-2010,
the thermal conditions for spring barley cultivation
in the dry Steppe were satisfactory during almost the
whole vegetation cycle, except for the pre-sowing pe-
riod, and deteriorated due to a considerable increase in
the air temperature. In the north of the Steppe zone,
the satisfactory conditions for spring barley cultivation
were remarkable only for the periods of tillering, milky
ripeness, and middle dough, but the intense increase in
the air temperature promoted their deterioration during
the whole vegetation cycle.

DISCUSSION

The intense increase in the air temperature con-
ditioned a considerable change in the agroclimatic
conditions of cultivating crops and their productivity
(Balabuh VO et al, 2017). The studies of the influence
of the change in the air temperature and its productiv-
ity on the yield of corn and spring barley in Ukraine
singled out the influence of the air temperature from
other climatic factors, evaluated its contribution to the
formation of the yield of crops during the periods of
the vegetation cycle, and revealed their specificities in
soil-climatic zones of Ukraine. The results of evaluat-
ing the influence of changes in the air temperature on
the yield of grains are in agreement with the data, ob-
tained from other regions (Polevoy A et al, 2007; Pole-
voy A et al, 2015). According to the data of (Lobell
DB, Field CB, 2007), there is a clear negative response
of the global yield of wheat, corn, and barley on the
increase in temperature. The warming since 1981 led to
annual cumulative losses of these three crops of about
40 million tons or 5 billion dollars per year. In the main
arable areas of the European Union, the yield of grain
corn increased in the northern part of the EU, remained
the same in the central part, and decreased in the south
(WolfJ, Van Diepen CA, 1995). The studies, conducted
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in the US state of Wisconsin, demonstrated that the in-
crease in the air temperature by 1 °C in 10 years dur-
ing summer months may decrease corn yield by up to
13 % (Kucharik CJ, Serbin SP, 2008). These results
correspond to the data, obtained in the work, which
demonstrated that in the Forest-Steppe there was a
decrease in the temperature productivity by 7-12
%/10 years at the increase in the temperature by 0.7—
0.9 °C/10 years in summer months, when corn is pre-
dominantly in the phase of the third leaf, panicle emer-
gence, and blossoming. In the Steppe zone of Ukraine,
where the increase in the temperature was 0.9—
1.1 °C/10 years, the decrease in the temperature pro-
ductivity during this period was 10—15 %/10 years. The
decrease in the temperature productivity is conditioned
by the fact that the thermal conditions may go beyond
the thresholds of the biological optimum of the crops.
For instance, according to the data of (Schlenker W,
Roberts MJ, 2008) the increase in the air temperature
up to 29 °C promotes the increase in corn yield, but
its further increase is very harmful for it. The study
on the influence of the change in temperature and pre-
cipitation on spring barley yield in the territory of the
Northern plans of the USA and Canada (Klink K, 2014)
demonstrated that high temperatures during the pre-
sowing period promoted the increase in barley produc-
tivity while during the vegetation period they decreased
its yield. The results, obtained for Ukraine, demonstrat-
ed that during the pre-sowing period, the influence of
the increase in the temperature on the formation of bar-
ley yield was insignificant, and during the vegetation
period, especially in the phase of milky ripeness and
middle dough (July) conditioned the decrease in the
yield by up to 10 % in the Steppe. In addition, accord-
ing to the data of (Hogy P et al, 2013) high temperature
decreased spring barley productivity and influenced the
quality of its grain more than the change in the amount
of precipitation and decreased its nutritional value. For
instance, a decrease in TGW, lipids, A1, and NSC was
noted in barley (except for maltose). The amount of
several proteinogenic aminoacids was increased due to
the high temperature. Further increase in the tempera-
ture will change the nutritional value and processing of
grain (Hogy P et al, 2013).

The study on the influence of the temperature change
on the formation of corn and spring barley productivity
in Ukraine was conducted using the data of the obser-
vations of the air temperature from 1981 till 2010 and
did not cover the last decade. However, according to
the information of the World Meteorological Organi-
zation (State of the Global Climate 2020, 2021), the
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period from 2011 till 2020 was found to be the warmest
in our planet in the whole history of meteorological ob-
servations. The highest temperatures were observed in
2015-2020 and 2020 became the warmest in the history
of observations after 2016. In Ukraine, the period from
2011 till 2020 was found to be the warmest since 1961
very probably, during the whole period of instrumental
observations of the weather, and 2020 was the warmest
in the last fifty years and probably, in the century (Bala-
bukh V et al, 2021; National Report EN 2020, 2021).
Its anomalies in the average annual air temperature as
compared with the average perennial temperature val-
ues for 1991-2020 exceeded 1.5 °C, and as compared
with 1961-1990, they amounted to 2.8 °C. Six out of
twelve months were found to be the warmest during
the whole period of instrumental observations of the
weather in the whole territory of Ukraine, and May —
one of the coldest and wettest months. Autumn of 2020
was the warmest in the last 140 years, and for the first
time, no meteorological winter was observed in a con-
siderable part of the country.

These weather conditions were extremely unfa-
vorable for the cultivation of crops and conditioned
great yield loss. According to current data of the State
Emergency Service of Ukraine and the Ministry of
Eco-nomy of Ukraine, the total area of perished crops
was 770,878 ha in 2020, including winter crops —
568,237 ha. The total amount of the material loss due
to perished crops exceeded 23.4 billion hryvnia, in-
cluding winter crops for over 17.1 billion hryvnia
(National Report EN 2020, 2021). Odesa, Cherkasy,
Mykolayiv, and Kirovohrad regions were found to be
the most susceptible areas. For instance, the area of
the perished crops in Odesa region was 518,045 ha, in-
cluding the area under winter crops — 484,541 ha and
corn — 33,504 ha, a considerable decrease in corn yield
was noted on 50,082 ha. In Cherkasy region, the crops
perished in the area of 135,859 ha (2,019 ha of winter
crops and 133,840 ha of corn), and low corn yield was
observed in 234,000 ha more. In Mykolayiv region, the
grains perished in the area of 24,602 ha (22,602 ha of
winter crops, 2,000 ha of corn) and a decrease in corn
yield was noted in 43,200 ha. In Kirovohrad region, the
grains perished in the area of 23,378 ha (2,078 ha of
winter crops and 21,300 ha of corn) and low yield of
corn was observed in the area of 146,700 ha.

The recent decade and, especially last five years, in
Ukraine was not only the warmest in almost 140 years,
but also rather dry. A considerable shortage of moisture
was registered in 2020 as well (National Report EN
2020, 2021). The drought, which started in 2019 and
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lasted for eight months in a considerable territory of
Ukraine, continued in 2020. The shortage of precipita-
tion was observed almost throughout the year except
for February, May, and June. Even during these months,
there was a moisture shortage in some regions. A long
dry period was accompanied by abnormally high air
temperature, which promoted considerable evaporation
of current moisture, the increasing lack of soil mois-
ture, and the development of both atmospheric and soil
drought. (Polupan M, Velychko V, 2019).

The current high tempo of global warming, observed
mainly in the last decade and forecast in the near and ex-
tended perspective, impacted the state of the vegetation
considerably. According to NDVI index, in 1982-2021
(Tarariko OG et al, 2021; Huo R et al, 2021; Hirschi
M et al, 2011; Sharma M et al, 2021), which character-
izes the amount of photosynthetically active biomass,
and depends on the temperature and moisture supply of
the fields, generally the increase in the temperature had
a positive impact on the state of vegetation, including
the state of corn and barley in the zones of Polissia,
Forest-Steppe, and Steppe. In the Steppe, where there
still are high risks of droughts, the positive influence
of the warming, which started in the 1980s, was mani-
fested much less as compared with Polissia and For-
est-Steppe. While in the first decade (1982-1991) the
NDVI index was at the level of 0.3 on average for the
vegetation period, in the following decade, it increased
up to 0.33. The tendency to its increase slowed from
9.41 % during the second decade (1992-2001).

It should be noted that other climatic factors also
influence the yield of grains. According to the data
(Polevoy AN et al, 2014; Polevoy AN et al, 2017) the
increase in the air temperature, caused by the rise in
the concentration of greenhouse gases, including CO,,
favorable for the photosynthesis processes in grains,
the increase in the photosynthetic potential of the fields
and the increase in their potential yield. Thus, while
evaluating the influence of the climate change on the
yield of crops, it would be reasonable to conduct com-
prehensive studies, including the experimental work
on the adjustment to zonal agrotechnologies of culti-
vating corn and spring barley under climate warming.
In this respect, it is also essential to use the results of
permanent field experiments, conducted by the scien-
tific institutions of the National Academy of Agrarian
Sciences of Ukraine (Zaryshnyak AS et al, 2016).

The temperature values, remarkable for medium ripe
varieties (Table 1), were used as optimal temperature
values in specific phases of their development to in-
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vestigate the influence of the air temperature change on
the yield of corn and spring barley (Table 1). However,
farmers use different varieties in their activity, and their
productivity may differ under the same climatic con-
ditions. Thus, it would be reasonable to conduct such
studies for different varieties of grains and to find the
ones least susceptible under new climatic conditions
with the consideration of phytopathogenic risks.

CONCLUSIONS

Since the middle of the 20th century there has been
a gradual increase in the surface air temperature on the
planet, which demonstrates the change in the climate
system (IPCC, 2021). According to the data of IPCC
(FAO, 2021), the 30-year-long period from 1983 till
2012 might have been the warmest period in the last
1,400 years in the northern hemisphere. The increase
in the temperature was also remarkable for Ukraine:
1981-2010 — the rate of the increase in the average an-
nual air temperature was 0.57 °C/10 years which was
almost thrice higher than the tempo of the increase in
the average annual global temperature — 0.166 °C/10
years (FAO, 2021; Tarariko OH et al, 2016). It was
determined that during this period, there was a no-
table increase in the air temperature during the whole
vegetative cycle of corn and spring barley in all the
soil-climatic zones of Ukraine. The most significant
changes were remarkable during the periods of the
third leaf, panicle emergence, and blossoming of corn
and in the phase of milky ripeness and middle dough
of spring barley and increased from Polissia (0.7—
0.8 °C/10 years) to the Steppe (0.9-1.1 °C/10 years).
The increase in the surface air temperature conditioned
the change in temperature productivity and promoted
the decrease in the yield formation almost in all the
phases of crop development in all the soil climatic
zones of Ukraine. However, from 1981-2010, the con-
ditions for cultivating corn and spring barley in Polissia
remained favorable, and in the Forest-Steppe — favor-
able and satisfactory. In the Steppe, the thermal condi-
tions were satisfactory for spring barley cultivation and
unsatisfactory for corn, especially in the dry Steppe.
Therefore, under the intense increase in the air temper-
ature the cultivation of grains in the Steppe, especially
in the dry Steppe, is the most susceptible, and in Polis-
sia and western Forest-Steppe — the least susceptible.
Further studies require the evaluation of the influence
of the change in moisturization on the yield of grains,
the cumulative influence of the temperature and pre-
cipitation, the agro-climatic potential of soils, more
detailed consideration of spatial and temporal variabil-
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ity of possible climatic changes, the enhanced risks of
droughts. There is an urgent need to develop recom-
mendations regarding the adjustment of agrotechnol-
ogy for cultivating field crops under climate changes,
improving agricultural management, and selecting
drought-resistant varieties.
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Meta. BusBuTH TeHIEHLIT 3MiHM TeMIEpaTypH IOBITpS
Ta TXHIi BIJIMB Ha BPOXKAHHICTH CLIBCHKOTOCHONAPCHKUX
KyJIBTYp y TEpiOJM BEreTamifHOro MUKy, OCOOIMBO Yy
I'PYHTOBO-KJIIMATHYHHUX 30HAaX YKpaiHW BHpoAoBXK 1981—
2010 pp. MeTomn. AHATITUKO-CHHTCTHYHHMA, CTATUCTHYHI,
KJIiMaTU4Hi, MofentoBanHs (Monenb Jmurpenko B.I1. «Ilo-
roga-ypoxait») (Dmitrenko et al, 2017; 2010), ska 3a-
CTOCOBYETBCSI JIIsI TIPOTHO3YBAHHS YPOXKaHHOCTI 3€pHOBHX
KyJIBTYp B YKpailHCBKOMY TiIPOMETEOPOJIOTIYHOMY LEHTPi
3 1970 p. abcrpakTHO-NoTiuHUH. Pe3yiabpraTn. Beranosme-
HO TIJBHIICHHS TEMIIEpaTypH IMOBITPSI BIPOJOBK YCHOTO
BEreTalifHoOTO0 Mepiofy BHPOILIYBAaHHS KYKypy[A3u Ta sd-
MeHIo siporo B 1981-2010 pp. Busineno, 1o 1e miBUIeH-
HSl Ha Pi3HMX (ha3ax PO3BUTKY KYJBTYP Majo HEOIHAKOBY
BEJIMYMHY Ta 3HAUYIIICTh Y BCIX 00JACTSIX Ta IPYHTOBO-KJIi-
MaTHYHUX 30HaX YKpaiHu. JlocTOBipHI 3MiHM TNPU3EMHOI
TEMIIEpaTypy BiJIMIiYEHI y TNEpioM TPEThOTO JIMCTKA, BH-
KUJaHHS BOJOTI Ta IBITIHHS KyKypyasu Ha [lomicci, y
Jlicocreny i, ocobimBo, Cremy (0,7-0,8 °C/10 pokis, 0,8—
0,9 °C/10 pokiB ta 0,9-1,1 °C/10 pokiB, BigmoBigHO). Y
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TIEPEATIOCIBHUN TIepiof, TMepiox CiBOM 1 CXOMiB KyKypyI3d
LIBHJKICTh 3MiH OyJia BABIYlI MEHILOIO Ha BCI TepUTOPIil
KpaiHW, a y mepioJ MOJIOYHOI Ta BOCKOBOI CTHUINIOCTI — Y
cximnomy Jlicocreny Ta cyxomy Cremy i cranosmia 0,4—
0,5 °C/10 pokiB. IcTOTHE MiJABUILEHHS TEMIIEPATypH Yy Mepion
TPETHOTO JINCTKA, BUKWAAHHS BOJIOTI Ta LBITIHHS CIPHSIO
3MEHIICHHIO BIUIMBY TEMIIEpaTypu Ha BPOXKAWHICTh 3a IHX
(a3 po3BUTKY KyabTypu, ocobmuso y Cremy (mo 10-15 %
3a 10 pokiB). Jlume pict Temmneparypu y HepearociBHUN
Mepios CIpHsIB MiABHMIICHHIO ypokaiiHOCTI Ha 3—6 % 3a
10 pokiB Ha Bciit TepuTopii KpaiHu, a B IEPiOH MOJIOYHOT
Ta BOCKOBOI CTHIIIOCTI KyKypya3u ao 8 % 3a 10 pokis
y Jlicoctemy Ta Cremy. 3aramoM TepMidHI YMOBH IS
BUPOIYBaHHSI KyKypy/A3H ICTOTHO TOTipILIyBaJIUCh, MPOTE
Ha [lomicci 3amumanucey cnpusTmBuMH, y Jlicocteny Ta
B miBHIiYHOMY CTeny — 3aJ0BUIBHMMH, a Ha MiBJHI, y Cy-
xomy Cremy — He3aq0BiIbHUMHU. HaliHTCHCHUBHIII 3MiHA
TEMIIepaTypH TOBITPS y Tepiox Bereramii SUMEHIO SIPOTro
BiIMiueHO y (ha3i MOJIOYHOI Ta BOCKOBOI CTHUINIOCTI B yCiX
TPYHTOBO-KTIMaTHYHUX 30Hax i craHoBwiu 0,8—1,1 °C/10 p.
VY mepioan ciBOM, TPETHOro JHCTKA, CTEONYBAaHHS Ta KO-
nocinns Bonu Oy — 0,6-0,7 °C/10 p., a B nepearnociBHui
nepiog — 0,3-0,4 °C/10 p. YV mepiong KyIliHHS SIMEHIO
SPOTro 3MiHA TeMIeparypy MOBITpsl Oylla HE3HAYyIIOH Ha
TepuTopii Bciei kpaiHW. ICTOTHE TiABHUINCHHS TeMIIEpaTypH
TOBITPs OYJI0 HECHIPUSTIAMBUM JUISI BUPOILLYBAaHHS KyJIBTYpH
B YCIX I'PyHTOBO-KIIMaTH4HUX 30HAaX YKpaiHH BIPOTOBK
BEreTalifHOTO MKy SYMEHIO SpOro, 0COOIMBO Y Tepiof
MOJIOYHOT Ta BOCKOBOI CTHIVIOCTI 1 CIIPHUSJIO 3MEHIICHHIO
HOro MPOMyKTHBHOCTI y mei mepion Ha I[lomicci, y Jlico-
CTeIy Ta y CTEmoBiit 30H1 Ha 5, 7,5 Ta 10 % 3a 10 pokiB,
BIIMOBIAHO. 3arajoM WiJABHUIICHHS TEMIIEPATypH IOBITPS
3yMOBJIIOBAJIO TTOTIPUICHHSI TEPMIYHUX YMOB BHUPOLLYBaHHS
sdaMeHIo siporo, mpore Ha [lomicei i B Jlicocreny BOHH
3aJMIIATNCH CIPUATANBAMH, a B CTenmy — CIpHUATINBUMHU
1 3aJI0BUIbBHUMH BIIPOJIOBX TEPEANOCIBHOTO Tepiony Ta
B TIEpioAM BeETeTamiiHOTO IMKIY. BucHoBKH. Y 1981-—
2010 pp., BIPOIOBX YCHOTO BETETALIMHOTO IMKIY KyKYy-
PyI3d Ta SYMEHIO SPOTO BiAMIiYanW TiIBUIICHHS TEMIIe-
parypu HOBITpsI, TPOTE Il 3MiHK Ha pi3HUX (azax PO3BUT-
Ky KYJIBTYp Maji HEOJHAKOBY BEIMUHHY Ta 3HAYYLIICTh y
TPYHTOBO-KITIMAaTHYHUX 30HaX YKpainw. HaiBummmu Tem-
ramMy TeMIIepaTypa IMOBITpsl 3pocTaiia y Mepiog MOJIOYHOT
Ta BOCKOBOI CTHIVIOCTI SUMEHIO SPOTO MO BCilf TepuTOpii
KpaiHu Ta y mepioj] UBITIHHS KyKypy/I3H, OCOOJIHMBO Y CTe-
moBi# 30Hi, 1 mepeBurmmiaa 1,0 °C/10 pokis. IctoTHe mif-
BUILEHHS TEMIIEPATypH MOBITPSI CIIPUSIIO 3MEHILICHHIO ypo-
YKaHOCTI 3epHOBHX KYJIBTYp Ha 1mX (a3ax po3Butky a0 10—
15 % 3a 10 pokis, HaiiOuteme y Cremy cyxomy. IlinBu-
LIEHHs. TEMIEparypu MOBITPSI 3yMOBIIOBAIO BiAXHUJICHHS
BiJl ONTUMAaJbHUX YMOB BHPOIIYBAaHHS CLIBCHKOTOCIOAAP-
CBKUX KYJIBTYpP, 3MEHIICHHS ITPOJYKTHBHOCTI TEMIICpaTypH
1, He3BAXKAOYM HA TE, II0 TEMIH 3MIHH TEMIIEPATypPH I0-
BITpsS y IIEH Tepiof] B YCiX 30HAX CYTTEBO HE BiJIPi3HSIIUCH,
MaJo0 pi3HI HACTIAKH B TIPYHTOBO-KIIIMAaTHYHHUX 30HAX.
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Ha TIlomicci ymoBH BHpOIIyBaHHS KyKypyA3W Ta SIMEHIO
siporo Ha Mexi XX—XXI CT. 3aiHIIanuch CIpUATINBAMH,
y Jlicocreny — CHpUATIMBUMH Ta 3aJOBITBHUMH, Y CTe-
TOBiH 30HI — 3a7OBIMBPHMMH, a y CTemy cyxoMy He3alo-
BUTBHIMH IS KyKypym3u. OTke, 32 Pi3HUX IOYAaTKOBHX
YMOB OfIHI 1 Ti X 3MiHH TeMIepaTypyd MOXYTh NPH3BECTH
o pi3HUX HachiakiB. Tomy mpu po3poOneHHI amanTariii-
HUX 3aXO0JiB 00 3MEHIIEHHS HETaTUBHUX HACIIIKIB KIIi-
MATHYHHUX 3MiH HEOOXiTHO BPaxXxOBYBaTH HE JIUIIC HATPSIM
Ta IHTEHCHBHICTh 3MIiHHM arpoKIiMaTHYHUX YMOB, a U Te,
HACKUTBKHM TI0YaTKOBI YMOBH BIipPi3HAIOTHCS Bifl OMNTH-
MaJIbHUX JJIsI BUPOIIYBAHHS 3€PHOBUX KYJIBTYp 1 3aCTOCO-
ByBaTH IX, HacamIepell, y THX perioHax 1e arpokiima-
THYHI YMOBH HE3aIOBUTBHI 1 MOTIPIIYIOTHECS Ta B TIEPiOx
KOJIY 111 3MiHM HaliCTOTHIMII.

Kuro4oBi cioBa: Kykypy/a3a, suMiHb SpHi, arpoKIiMaTHYIHI
YMOBH, 3MiHa KJIMary, MpU3eMHa TEeMIIepaTrypa, piCT TeM-
neparypu, NpOAyKTHBHICTh TEMIIEpAaTypH, YpOXKai, CyIyT-
HukoBa iH(opmais, NDVI — kinbKicTh (DOTOCHHTETHYHO
aktuBHOI 0iomacu, RCP4.5, RCP8.5.
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