IIPOBJIEMBI. CYK/IEHUA
PROBLEMS. SOLUTIONS

https://doi.org/10.26898/0370-8799-2022-2-11 Tun crarey: OpUrHHANIBHAS
VIK: 630:551.56 Type of article: original

YCOBEPHIEHCTBOBAHMUE I'TK CEJISAHUHOBA JIS1 PACHIMPEHU S
BO3MOXXHOCTEM EI'O IPUMEHEHUA

) llToranun B.I.

Cubupckuii ghedepanvubviii HayuHbllL Yenmp azpodbuomexnono2ull Poccutickoll akaoemuu HayK
HoBocubupckas obmnacts, p.i. Kpacnoo6ck, Poccust

(<) e-mail: wgp@ngs.ru

[IpuBeneHbl OCHOBHBIE MOMEHTBI, ONPEACIHMBLINEG HEOOXOIUMOCTh M CYIIHOCTH Pa3pabOTKH
KOMITJIEKCHOTO ruipoTepmuieckoro kodhduinuenra (I'TKk). [lanHyro pa3paboTKy ciiefyeT paccMa-
TPHBATh KakK MPOIECC YCOBEPIICHCTBOBAHMS THApoTepMIdecKkoro koddduiuenta I T. CenstHuHOBA.
IIpennoxxennsrii [ TKk mo3Bossier 6ojee meTanbHO XapaKTepru30BaTh TEPPUTOpHIO. KoMITTeKCHBII
I'TKx BitouaeT B ceOst 1Be cocrapistomue: TaHreHcanbayto [ TK? u pagnansayto ['TKr [pu rpa-
¢raeckom otodpaxennn ['TKk panmonanbHO BBLIENSATH 30HBI, cooTBeTcTByIomme [ 'TK¢, BHyTpH
KOTOpPBIX popMupoBath 30161, cooTBeTcTBYIomme [ TKr. [Ipueneno pacnpenenenue I'TKk 8 Hoso-
cubupckoit obnactu. BennunHa nHTEpBaia TaHTeHCAILHON 30HBI BRIOpaHa TOCTOSIHHOM M COCTAaB-
nsiet 0,2 mm/rpaj. Benmunna paguanbHO 30HBI HECKOJIBKO BAPbUPYETCS ISl HCKITFOUCHHUST METTKUX
obpaszoBaHuii Ha rpaHuIax 30H. [IpuBemeHHas KapTa-cxeMa arpoaHamadTHOTO paliOHUPOBAHUS
HoBocnbupckoii o0macTu mo3BoOISIET COMOCTaBUTE ee ¢ pactpenenenueM I TKk. Onpeneneraroe nx
CXOJICTBO MOAYEPKUBAET COOTBETCTBUE KoMIuiekcHOro I'TKk TemM nmpupoaHbIM nponeccaM, KOTOphIe
OTIPENeNsIOT pa3BuTHe pacteHui. Jlan npumep npumeHenus ['TKk mpu ero otodpaskeHnn Ha Me-
koMaciiTabHou kapre. [TokazaHo, 4To IIpU MIEpEMEIEHUH B BRIOPaHHOH 1moJioce KapThl Poccuiickoit
@Denepanu ¢ ceBepa Ha 0T Cpe/IHee 3HaYeHUE PaInalbHON COCTABISIONICH MOCIEI0BATEILHO U3-
mensetrcs ot 70,5 10 155. 3To COOTBETCTBYET H3MEHEHUIO YCIOBHUH ISl TPOU3PACTAHUS PACTUTEITh-
HOCTH, B TO BpeMsl Kak npeamectyromuil I TK Haxoaurcst B oqHOM U TOM ke nuHTepBaie. [lepexon
K komiuiekcHoMy I'TKk Takxke npeaocTaBiseT BOBMOXKHOCTh OIICHUTh PaclpOCTPaHEHUE TeX WU
MHBIX PACTEHUI Ha HOBBIX TEPPUTOPHAX MPH BO3pacTarolleM norerieHnu. Mexons us noinoxxeHuit
MOJIENH, OMPEAEISIONINX Pa3BUTHE PACTEHHH B 3aBHCHMOCTH OT MOTOAHBIX YCIOBHH, BO3MOXKHO
BBIJICJINTH HA0Op MapamMeTpoB KOHKPETHOTO pacTeHus. JlaHHbIe mapaMeTpbl COOTBETCTBYIOT OINTH-
MaJbHBIM 3HAYCHHUSM TeMIIepaTyphl M OCAJKOB Ha OIpEeNeHHBIX (peHomornyeckux ¢azax pacre-
HUS, a TAKOKe OMPEIEINSIOT COOTBETCTBYIOIIHE UM TTOKa3aTey KIMMara, 1Mo OJM30CTH JTaHHBIX Ha-
0OOpPOB OIIEHMBAIOT YPOBEHB OJArONPHUSITHOCTH PACTIPOCTPaHEHUS PACTCHUS.

KuiroueBble cjioBa: KIMMat, THAPOTEPMUUECKUI KOI(DDUIMEHT, OCaIKu, TEMIIEpaTypa, MOJIENb

IMPROVEMENT OF THE SELYANINOV HTC
TO EXPAND THE POSSIBILITIES OF ITS APPLICATION
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The main points that determined the necessity and essence of the development of the complex
hydrothermal coefficient (HTCc) are given. This method should be considered as a process of
improving the hydrothermal coefficient of Selyaninov G.T. The proposed HTCc allows for a more
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application

detailed characterization of the territory. The complex HTCc includes two components: the tangential
HTC¢ and the radial HTCr. In the graphical representation of HTCc, it is rational to allocate zones
corresponding to HTC¢ within which to form zones corresponding to HTCr. The distribution of
HTCec in the Novosibirsk region is given. The value of the tangential zone interval is chosen constant
and is 0.2 mm/degree. The size of the radial zone varies slightly to exclude small formations at the
boundaries of the zones. The given map-scheme of agro-landscape zoning of the Novosibirsk region
allows to compare it with the distribution of HTCc. A certain similarity between them emphasizes
the correspondence of the complex HTCc to those natural processes that determine the development
of plants. An example of the application of HTCc when it is displayed on a small-scale map is
given. It is shown that when moving in a selected zone of the map of the Russian Federation from
north to south the average value of the radial component consistently changes from 70.5 to 155.
This corresponds to a change in the conditions for vegetation growth, while the preceding HTC is
in the same interval. The transition to a complex HTCc also provides an opportunity to assess the
distribution of certain plants on new territories with increasing warming. Based on the provisions of
the model determining the development of plants depending on weather conditions, it is possible to
identify a set of parameters of a particular plant. These parameters correspond to the optimum values
of temperature and precipitation at certain phenological phases of the plant and determine their
corresponding climate indicators, and by the proximity of these sets assess the level of favorability

of the spread of the plant.
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INTRODUCTION

In market conditions the purpose of any en-
terprise is to increase the efficiency of its ac-
tivities, and the way of increasing - intensifica-
tion. However, as follows from the work [ 1],
regardless of the level of intensity of agricul-
tural technologies used, there is an increase in
the cost of obtaining an additional unit of agri-
cultural production. The data given by FAO on
the world grain production shows that both the
decline and the rise in this process are deter-
mined by climatic conditions. Scientists believe
that in the next decade the growth of produc-
tion in agriculture on the basis of scientific and
technological progress will occur due to the
improvement of ways to obtain and effectively
use information about the climate'. It is be-
lieved [2-5] that the territorial organization of

natural-agrarian systems largely depends on the
solution of problems of efficient and ecologi-
cal use of land for agricultural purposes. In this
connection, higher and higher requirements are
imposed on the characteristics and indicators
determining the state of territories [6, 7]. The
implementation of the topical issue of improv-
ing the known and developing new models of
the basic agricultural processes also stimulates
the above trend [8, 9].

Of the existing indicators used to assess ag-
roclimatic resources, the most widely used is
the hydrothermal coefficient (HTC) of G.T. Se-
lyaninov, calculated by the formula

HTC =3p - 10/%t,

where Xp is the sum of precipitation for the pe-
riod with average daily air temperatures above

'Climate and Agriculture: [Electronic resource] - http://collectedpapers.com.ua/ru/climate_and human_activities/klimat-ta-

silske-gospodarstvo (accessed: 14.01.2021).
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10 °C, Xt is the sum of active temperatures ac-
cumulated during the same period.

In 1928, G.T. Selyaninov proposed the term
"climatic factors of crops", which over time
was transformed into "agro-climatic indica-
tors". One of such indicators - the hydrothermal
coefficient (HTC) - entered the practice of the
world science getting his name.

Despite its widespread use, HTC has certain
disadvantages. The main drawback is that for
areas with low temperatures and humidity (the
Arkhangelsk Region, the Komi Republic), as
well as for areas with high temperatures and
precipitation (the Black Sea coast of the Trans-
caucasian Region), HTC has approximately
equal value, although agroclimatic conditions
in these areas are incomparable’. There is a
need to supplement HTC with a component of
amplitude nature (for example, such as z = f1
(p) + /2 (t), where p is precipitation; 7 is tem-
perature).

The purpose of the research is to develop
a promising agro-technical indicator to assess
the state of the territories, ensuring the achieve-
ment of practically significant results in agri-
cultural production.

RESULTS AND DISCUSSION

To elaborate the issue of eliminating the
shortcomings of HTC and expanding its pos-
sibilities of practical application, let us consider
the mapping of temperature (#) and precipita-
tion (p) factors on a graphical plane in which
temperature (¢) is represented by abscissa. Let
the point 4; with coordinates p; and ¢, be a char-
acteristic of climatic (or weather) conditions of
a particular small area. In this case, the ratio P,
/t; is the tangent of the angle o' formed by the
abscissa and the line extending from the ori-
gin to point 4;. Nothing will basically change
if the variable )¢ is plotted along the abscissa
axis and ) p along the ordinate, which are char-
acteristic of the chosen time interval A7. Then
the similar point 4, being a characteristic of the
climatic conditions in the time interval AT, is
uniquely defined by the coordinates S’p; and Sz;:

where p; is the measured value of precipitation
with the number 7; j is the number of interval AT;
k; is the number of measurement corresponding
to the starting point of the j-th interval; 1j is the
number of measurement corresponding to the
end point of the j-th interval:
i
St= X

i~k
where £, is the measured temperature value with
number £ j is the number of interval AT; k; is
the number of measurement corresponding to
the starting point of the j-th interval; /; is the
number of measurement corresponding to the
end point of the j-th interval.

The ratio 10 - S’p;/St; corresponds to the
Selyaninov HTC and simultaneously, as noted
above, is the tangent of the angle a.

Next, it is advisable to switch to the polar
coordinate system. In this coordinate system,
the point Aj noted above is described by the
angle o (uniquely defined by tga') and a radius
equal to N(Sp)* + (St;)*.

Thus, the climatic characteristic of the
chosen territory is rationally presented in the
complex variant (complex hydrothermal co-
efficient - HTCc), represented by two com-
ponents: tangential (10 - S’p; / St;) and radial
(V (10 - Sp,* + (S£,). Tt should be noted that
the complex hydrothermal coefficient can be
equally represented by two variants: the first in
the form of tangential and radial components
and the second in the form of angular and radial
components. However, taking into account G.T.
Selyaninov's huge contribution, his intuition
and ability to identify indicators of undoubted
practical value, it is proposed to use the variant
with tangential and radial components as the
main variant in the future, and to pass to appli-
cation of the following expressions:

Sp;=10 - Sp;;
HTCt = Sp/St;
HTCr=(Sp))? + (S,

*Konstantinov A.R. Weather, soil and yield of winter wheat. L.: Gidrometeoizdat, 1978. 248 p.
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Although the variant with tangential and
radial components is the most acceptable for
most cases, this does not exclude the use of the
second variant, if necessary.

The schematic map of the Novosibirsk re-
gion is shown in Fig. 1 to demonstrate the ca-
pabilities of the proposed HTCc. On this sche-
matic map, the zones to which a given interval
of the tangential component of the HTCc corre-
sponds are highlighted. Most of the above men-
tioned zones are subdivided into small zones,
which correspond to the radial components of
the HTCC. The zones are designated by a two-
digit code, in which the first digit determines
the number of the tangential component, and
the second digit corresponds to the radial com-
ponent of HTCc. If there is only one radial zone
within a particular tangential zone, then in Fig-

“‘-_-"u.._.-.--_-—-

2.1

ure 1 the zone number is indicated by one digit
corresponding to the number of the tangential
zone, and a two-digit code is added in brackets
next to this number in the text. Thus, in Fig.
1, the zones that do not have a small (radial)
zone split are identified. Proceeding from the
prevalence of knowledge on Selyaninov's HTC
among specialists of this subject, it was decided
to apply the same units for quantitative char-
acterization of the tangential component of the
HTCc as for Selyaninov's HTC.

The value of the tangential zone interval
is chosen constant and is 0.2 mm/degree. The
value of the radial zone varies slightly. This is
caused by the desire to reflect the change in the
radial component inside the tangential zone and
to exclude small formations at the boundaries
of the zones, arising due to the possible inter-

i

r

Puc. 1. Pactipenenenne I TKk B HoBocuOupckoii obmacTu:

1.; 5. — HOMepa 30H, HEe UMEIOIIUX JIpoONIeHust 30Hamu pyroro Buaa; 1.1; 1.2; ...; 4.1; 4.2. — KOMIIJIEKCHbIE HOMEpa
30H, [JI¢ NepBast Iudpa COOTBETCTBYET HOMEPY 30HBI C TAHTCHCAIBHON COCTABIISIOINICH, BTOPast — HOMEPY 30HBI C

paananbﬂoﬁ COCTaBJ’IﬂIOIIIGﬁ

Fig. 1. Distribution of HTCc in the Novosibirsk Region:

1.; 5. - numbers of zones that have no fragmentation by zones of another type; 1.1; 1.2; ...; 4.1; 4.2. - complex zone
numbers, where the first number corresponds to the number of the zone with tangential component, the second
number corresponds to the number of the zone with radial component
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section of the constant zones. The specific mag-
nitudes of the zones are given in the table.
Figure 2 shows the agrolandscape zoning
map of the Novosibirsk Region [10]. It is the
result of long-term research by researchers at
the Siberian Research Institute of Soil Manage-
ment and Chemicalization of Agriculture of the
Siberian Branch of the Russian Academy of
Agricultural Sciences, which made it possible
to include the results in the materials on the for-
mation of adaptive-landscape farming systems.
Comparison of the two given schematic
maps allows us to note their certain similarity
in spite of the fact that they differ significantly
in the data used for their development. This cir-
cumstance emphasizes the correspondence of
the complex HTCc to those natural processes
that determine the development of plants. More-
over, there is a high probability that the farming
systems proposed by the first and second sche-

Pacnpenenenue cocraBmstonux ['TKk Ha puc. 1
Distribution of HTCc components in Fig. 1.

Area Tangential Radial
designation component component

1(1.2) 1,6-1,4 285-329
2.1 1,4-1,2 265-295
2.2 1,4-12 295-344
3.1 1,2-1,0 225-267
3.2 1,2-1,0 267-312
4.1 1,0-0,8 230-269
4.2 1,0-0,8 269-310
5.1 0,8-0,6 234-280

matic maps will be almost indistinguishable if
a narrower interval of values within the zones
is applied.

Another example of the application of GTCc
when it is displayed on a small-scale map is
shown in Fig. 3. The map "Hydrothermal co-
efficient for vegetation period" developed by a
team of authors (Afonin A.N., Lee Y.S., Lipi-

Puc. 2. Arponannmadrroe paiionnpoBanne HoBocuOupckoit odiactu:

I; Ila; . . .; Va; VO — uHIEKCHI arposiaHaAnadTHeIX paifioHOB

Fig. 2. Agrolandscape zoning of the Novosibirsk region:

I; Ila; . . .; Va; Vb - indices of agrolandscape areas
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yainen K.L., Tsepelev V.Yu.) is used as the ba-
sis in Fig. 3.3

On this map, the bold line indicates a strip of
land along the meridian of 120 degrees, which
corresponds to the interval of the Selyaninov
HTC in the range from 0.7 to 1.3. The calcula-
tion carried out allows us to subdivide the se-
lected band into four zones (with a thin line).
Zone 1 corresponds to the average value of the
radial component equal to 70.5; 2 - 99; 3 - 127
and 4 - 155. Thus, the strip of land, which has
the same HTC Selyaninov interval and, con-
sequently, the same degree of moistening, is
subdivided into areas with different radial com-
ponents and different climatic possibilities, as
it should be expected when moving along the
meridian from north to south. The HTCc de-
scribes the real situation of the territory in more
detail (in terms of climatic conditions) and al-
lows identifying the territorial divisions most

suitable for certain economic purposes.

The transition to an integrated HTCc also
provides an opportunity to estimate the spread
of certain plants into new areas under increas-
ing warming. The seemingly simple assumption
that plants will seek locations where climatic
conditions will be more favorable leads to a dif-
ficult question: what are these favorable condi-
tions for plants in quantitative terms? To answer
it, we should refer to the work of A.R. Konstan-
tinov (see footnote 2). Studying winter wheat
yield, he showed on experimental material that
the yield value (hence, the level of development
of this plant) depending on weather conditions
graphically represents a set of decreasing in
size quasi-ellipses. Each value of the yield cor-
responds to a closed line in the form of a qua-
si-ellipse. Moreover, the higher the yield, the
smaller the quasi-ellipse; at its maximum value
the closed line turns into a point. Although A.R.

j_
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Puc. 3. Pacnipenenennie panuanbHOi coctasisromeii | TKk B BbIIeIeHHO# monoce:

1; 2; 3; 4 — HOMepa 30H, chOPMUPOBAHHBIX OTHOCHTENILHO pasuaibHoil cocrasistonei ' TKk
Fig. 3. Distribution of the radial component of HTCc in the selected zone:

1; 2; 3; 4 - numbers of the zones formed relative to the radial component of the HTCc

SArposkonorunyeckuii arnac Poccuu u compenenbHbix crpad. Kinmar, Tuaporepmudeckuii koahGUIMEHT 3a BereTaru-
oHHBII niepuoa: [Anexrpounsiii pecype]: URL: http://www.agroatlas.ru/ru/content/Climatic_maps/GTK/GTK/index.html. (zara

oOpamienus: 08.04.2020).
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Konstantinov did not mention it, but it is easy
to assume that this point corresponds to the
optimal values of weather (climate) factors. It
is especially important that each phenological
phase (or interphase period) corresponds to its
own set of quasi-ellipses and its own point of
optimal factor values.

A.R. Konstantinov chose temperature (f) and
absolute air humidity (e) as weather factors.
In his calculations he used the average values
of the factors for the interval of phenological
phase of a plant (or for the selected interphase
period).

Taking into account that air humidity e is con-
sidered in A.R. Konstantinov's work as a value
suitable for characterizing water consumption
conditions of plants, and that precipitation is
the main reason for formation of air humidity,
then transition from average air humidity to av-
erage precipitation value will not lead to princi-
pal change of graphs and will allow determin-
ing average optimal values of temperature and
precipitation for each phenological phase based
on newly constructed graphs.

I have performed an elaboration that offers
an analytical model of yield (or level of plant
development) based on four statements:

— yield losses are proportional to the devia-
tion of weather (or climatic) factors from their
optimal values;

— cumulative losses from two or more fac-
tors determines the vector sum of losses on
individual factors, represented by orthogonal
vectors;

—dependence of total loss value (in graphical
representation) on weather and climatic factors
represents a set of increasing ellipses for each
phenological phase. Each set of ellipses has a
turn by a certain angle, which in the analytical
formulas is taken into account by the introduc-
tion before the factors of co-multipliers in the
form of cosine or sine of a particular angle;

— the yield or level of development of the
plant is defined as the difference between the
maximum possible and real losses.

In fact, the third position is mainly a con-
sequence of the first two, given in analytical
form, supplemented by the peculiarity of the
real situation in the form of the necessity to ro-
tate the ellipse by a specific angle. The fact that
the summation of two orthogonal vectors often
leads to the formation of an ellipse will be dem-
onstrated by a simplified example. Let the two
vectors x; and y,; have their origin at the zero
point of the coordinate system, i.e., the point of
optimal factor values is located at the beginning
of the coordinate system. As a result of summa-
tion, we have a vector of length R, = Vx,* + y 2.
Often in the real situation the summands of the
vector have different scaling. In accordance
with this we replace y, with kz; and obtain
R, =x 2+ (kz))

Squaring the left and right parts of the last
expression and dividing all the terms of the
equation by R} , we get:

R? B x3 Kz
R R R
or 1= iJr e .
R Rk

The last expression is the classical equation
of the ellipse, taking into account that R} =
a, a R}/k* = b, and taking into account that
for the same length R, of the total vector differ-
ent arbitrary values of x; and z, can correspond.
Rotation of coordinate system or corresponding
rotation of ellipse by a given angle and trans-
fer of initial point of vectors will not basically
change anything, but only lead to some difficul-
ties in obtaining the same result.

The analytical form of the model is con-
stantly being improved, sometimes undergoing
significant changes. Recently a variant has been
presented in which the factor "precipitation"
has been replaced by the factor "soil moisture™
derived from it. Graphical constructions con-
cerning weather conditions made by A.R. Kon-

3Agroecological Atlas of Russia and the Neighboring Countries. Climate, Hydrothermal coefficient for the growing season:
[Electronic resource]: URL: http://www.agroatlas.ru/ru/content/Climatic_maps/GTK/GTK/index.html. (accessed 08.04.2020).

“Patent No. 2,733,728. Method of estimating the yield of spring wheat depending on weather conditions. Moscow: State
Register of Inventions of the Russian Federation, 2020; Bulletin No. 28.
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stantinov in the course of experimental studies
are in good agreement with the proposed provi-
sions of the model. It gives grounds to expect
with high enough probability correspondence
of provisions to real natural phenomena and on
this basis to use identified properties and pecu-
liarities in the following way. Each phenologi-
cal phase corresponds to average values of tem-
perature and precipitation factors, which can be
calculated using the residual method outlined
in the work of A.R. Konstantinov. It should be
noted the rationality of combining very short
phenological phases with their neighbors be-
cause of their probable instability, thus forming
interphase periods. Hereinafter, the mean an-
nual interval of the phenological phase and the
mean annual interphase period will be referred
to as the analyzed interval, which has the value
n;, where i is the number of the measuring inter-
val, according to the number of days included
in it. Knowing the duration of the analyzed in-
terval n, and the average value of the factor, it is
easy to go to the following integral values:

plant
»i ~Pep; " i
plant
u Spi = tcpi tn;.

Then, using techniques typical for polar co-
ordinates, we get
plant
t.

and the radial indicator

- =\/(S;1_am )+ (s

Thus, the plant under study has a set of pairs
of indicators, which is equal in volume to the
number of analyzed intervals.

Then we proceed to the climatic character-
istics in terms of temperature and precipita-
tion for the warmed area. We select analyzed
intervals corresponding to the selected plant (or
plant variety), and calculate complex HTCc for
these intervals. Thus, we obtain a set of indica-
tors similar to the first set for the plant under
study. On the one hand, we establish plant re-
quirements to climatic factors, which provide

1 plant
tga’™ =8, /S

plant )2
t.

1

the maximum possible level of plant develop-
ment, on the other hand, we obtain real climatic
conditions in the form of similar indices, rep-
resented by complex HTCc. According to the
closeness of the data in the sets, the level of
plant propagation favorability (from climatic
positions) is evaluated. It is estimated on the
basis of the mean-square criterion of closeness
of the sets or more simple variants are applied:
for example, the maximum level of favorability
is recognized if the average level of deviation
module in the sets does not exceed 12% and the
maximum deviation is less than 26% (when de-
viations are measured in percentages), etc.

CONCLUSION

The hydrothermal coefficient (HTC) of G.T.
Selyaninov has been improved. A complex
HTCec, represented by tangential (HTC¢) and
radial (HTCr) components, has been obtained.
The new HTCc allows obtaining more detailed
and complete information on the climatic situ-
ation of the territory, which is demonstrated by
large- and small-scale graphical constructions.
In fact, the complex HTCc compared to the pre-
vious variant allows increasing the volume of
obtained information about the studied territory
by about 2 times. As a variant of more complex
application of HTCc, the study of the progres-
sion of a particular plant to new territories in
the case of climate warming is presented. In ad-
dition, in the future we can expect with great
probability the application of HTCc in breeding
(to reduce the duration of the breeding process
in crop production), farming (to reduce costs
when solving land typing problems) and some
other directions.
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