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PervoHanbHble pUCKM UCKYCCTBEHHOMO SIeCopasBedeHNs
B cTenHou 30He KasaxctaHa (Ha npyMepe 3en1eHoro noAca
r. AcTaHbl)

'KabaHoBa C.A., *3eHKoBa }K.H. , *[laHueHko M.A.

' KasaXcKuii HayyHO-MCCNE0BaTeNbCKMIA MHCTUTYT IECHOTO X03AIACTBa M arponiecoMenvopauum, LLyunnck, Kasaxcran
? HauvoHanbHbili Uccnenosatenbckuii TOMCKUiA rocyaapcTBeHHbIN yHuBepcuTeT, ToMck, Poccua
E-mail: kabanova.05@mail.ru, zhanna.zenkova@mail.tsu.ru, mtd2005@sibmail.com

BBeaenne. PUCKHM HCKYCCTBEHHOTO JIECOPa3BEICHUs CBsI3aHbI C PErMOHAIBHBIMU MTOYBEHHO-KINMATHYE-
CKHUMMU YCJIOBUSIMU, CIIOCOOAMU CO3AaHUs JIECHBIX KYJbTYp U (PUHAHCHUPOBAHUEM JIECOXO35IICTBEHHbIX paboT.
CouuanbHO-3KOHOMUYECKOE pa3BUTHE PEroHa, IKOJOrMuecKas CUTyalusl 3aBUCUT, B TOM YKCIe, U OT COCTOs-
HUs JIECHOTO X03siicTBa. Pa3paboTka cucTeMbl JIeCOBOCCTAHOBIICHUS! OCHOBBIBAETCSl HA MPUMEHEHUU Pas3iny-
HbIX CIIOCOOOB CO3/1aHUs JIECHBIX KYJBTYp, C LIeJIbl0 BbIOOpA HAUTYULIEro pe3ysbTaTa Npy HAMMEHbIINX 3aTpa-
Tax. OHUM U3 KpUTEpUEB sBJISETCS OLEHKA MPHKUBAEMOCTH U COXPAHHOCTU JIePEBLEB BO BHOBb CO3JaHHBIX
KynbeTypax. Llenb gaHHO# paOoThl 3aKiIouaeTcs B U3y4eHUH BO3MOXHOCTU MepPecaaky 10CTaTOYHO B3pPOCbIX
JIepeBbEB /Tl MHTEHCU(HKALIMK JIECOBOCCTAHOBUTENBHBIX paboT. [IpaBuibHbIi moadop criocoba MCKyCCTBEH-
HOTO Jlecopa3BeeHus yMEeHbLIAeT PUCK FMOen AepeBbeB U3-3a Pa3IMUYHbIX HeOnaronpuaTHbIX (PakTopoB cpe-
Jlbl U ONITUMU3UPYET (PrUHAHCUPOBAHUE HEOOXOAMMBIX JIECOX03HCTBEHHBIX MEPONPHUSATHIA.

Pe3ynbTarsbl uccaenoBanuii. Mzyuanace JMHaMHUKa COXPAHHOCTH JIECHBIX KYJIBTYP, 3aJI0KEHHBIX pa3Hbl-
mu cnocodamu B 2010 rogy. CoxpaHHOCTb AepeBbEB Ha HU3KOM MECTOMOJIOKEHUU PE3KO YMEHbIINIACh B Ie-
puon 2013-2014 rr., B nanbHelilemM CHIKEHUE MOKa3aTesis MPOMCcXoauio 6e3 pe3kux nepenanos. C moMoLIbo
paHroBoro kputepusi Bunkokcona-MaHHa-YUTHU BbISIBII€Hbl CTATUCTUYECKU 3HAYUMBbIE Pa3inuus B CpeaHeil
COXPAHHOCTH JEepPEeBbEB, MPUUEM Pa3Inuusl B COXPAHHOCTU HEMEpecakeHHbIX M MepecakeHHbIX Ha HU3KOM
MECTOIMOJIOKEHUH IePEBbEB OKa3alMCh CAMbIMU CyLeCTBEHHbIMH. COXPAHHOCTb MepecakeHHbIX JepPEeBbEB Ha
BbICOKOM MECTOMOJIOKEHHUHU MJIaBHO CHUKANACh Mo roaam u aocturia 31,9% B 2017 rogy. CoxpaHHOCTb Herle-
pecaxkeHHbIX AepeBbeB nocie 2015 roga uameHsnach He3HAYUTENbHO — Ha 1-2%, 10 3TOro HaubONbLIMI OTHA
JepeBbeB npousowten B nepron 2013-15 rr. ITocTpoeH nporHo3 coxpaHHocTH AepeBbeB Ha 2018 r., BbIpaxeH-
HbII B %, IPU 3TOM HUCMOJIb30BATUCH MOJEIH JTMHEHHON perpeccuu U ckonb3diiero cpeanero. CornacHo npo-
rHO3aM, COXPaHHOCTb B 2018 . MpoIomKUT CHIKAThCs, TEM HEe MeHee, B OOJIbIIMHCTBE ClTy4aeB 6osiee TOUHbIM
B CMbICJ/IE MUHUMYMa CpeJHell OTHOCUTENIbHOM aOCOMOTHON OMMOKHM anmnpoOKCUMALMK OKa3aics ONTUMUCTH-
YyecKMii MPOrHO3, camasl BbICOKasi COXPAHHOCTb MPOTHO3UPYETCs Y HelepecaXKeHHbIX AepPeBbeB, a camMas HU3-
Kas —y MepecakeHHbIX Ha BBICOKOM MECTe, UTO HEOOXOANMO YUNTHIBATh MPU MITAHUPOBAHUM JIECOX03AHCTBEH-
HbIX paboT MO UCKYCCTBEHHOMY JIECOBOCCTAHOBJIEHUIO.

BoiBoabI. C MOMOILBIO CTATUCTUYECKOTO MOZIEIMPOBAHHS MOKA3aHO, YTO MECTOMOI0XKEHHE JTECHBIX KYyJb-
TYp 1 $aKT TOro, 4To JAepeBbs ObIIM NepecakeHbl, CyILeCTBEHHO MOBIMSIN Ha CPeIHHUE TTOKa3aTeNy COXpaHHO-
ctu. IToyueHbl MPOrHoO3bI cpeAHet coxpaHHocTH AepeBbeB Ha 2018 r. TIporHo3upoBaHye NO3BOIUT NPaBUIIb-
HO CIUIAaHUPOBATh JIECOXO3AHCTBEHHbIE MEPONPUATHUS MO MCKYCCTBEHHOMY JIECOBOCCTAHOBJIEHHIO C YUeTOM
MOYBEHHBIX YCJIOBUI U MECTOPacMoOKeHUs JIECHBIX KylbTyp. [Ipofomkenne uccnenoBaHuit npeanoaraet
pa3paboTKy peKoMeH LM 0 KOMIUIEKCHOM cUCTeMe Mep, OCHOBOH KOTOPBIX SBJISIETCS UCMOIb30BaHNE HayY-
HO 000CHOBAHHBIX JIECOX03ICTBEHHBIX TEXHOJIOTUI U1 0OecreueH s ONTUMAIbHOTO JIECOBOCCTAHOBIICHUS.

Regional risks of artificial forestation in the steppe zone
of Kazakhstan (the case of the green belt of Astana)

'Kabanova S.A., Zenkova Zh.N., ’Danchenko M.A.

' Kazakh research Institute of forestry and agroforestry, Shchuchinsk, Kazakhstan
? National Research Tomsk State University, Tomsk, Russia
E-mail: kabanova.05@mail.ru, zhanna.zenkova@mail.tsu.ru, mtd2005@sibmail.com

bstract. The article studies the regional features of reforestation in the steppe zone of Kazakhstan and
the risks associated with the activities aimed at creation of forest plantations. The purpose of this work
is to study the possibility of replanting adult trees to intensify reforestation. The authors studied the
dynamics of Silver birch preservation for 2011-2015. The Mann-Whitney-Wilcoxon U test was used to prove
the presence of difference between considering types of trees’ average preservations. On the basis of the ob-
tained data it was concluded that the forest plantations created by different methods differed significantly in



terms of preservation rate, as well as in the height and diameter of the trees. The forecasts of trees’ preserva-
tions were found for 2018 using moving average and linear regression. The best forecasts were chosen by
means of the mean relative absolute error of approximation. The results confirmed the initial hypothesis pre-
dicting significant differences between the used methods of artificial reforestation: non-replanted trees are ex-
pected to have the highest rate of preservation, whereas the trees replanted to a low location — the lowest pres-
ervation rate. The prediction of the preservation rate of forest plantations of Silver birch created by different
methods will allow to reduce the risks when conducting forestry activities on artificial reforestation. Regional
features suggest the development of recommendations for a comprehensive system of measures which are
based on scientific forestry techniques to ensure optimum reforestation.

Introduction. The risks of artificial afforestation are connected with the regional soil and climatic con-
ditions, the ways of creation of forest plantations and financing of forestry activities. The socio-economic
development of the region and the environmental situation depend on the state of the forestry as well. The
development of reforestation scheme is based on the application of different methods of forest culture cre-
ation in order to choose the most effective one at the lowest cost. One of the criteria is the evaluation of tree
preservation of newly created plantations. The purpose of this paper is to study the possibility of replanting
quite adult trees to intensify reforestation. The green zone around the city of Astana has been created for
nearly 20 years. Within that time period, about 78 thousand hectares of artificial plantations were planted.
While creating forest plantations, the foresters faced a major problem — almost half of the land allocated for
the green zone was unsuitable [1,2]. Soil conditions are a limiting factor for growing valuable and ornamen-
tal conifer and deciduous trees in the green zone of the capital. The right choice of the method of artificial
afforestation reduces the risk of tree death due to various adverse environmental factors and optimizes fi-
nancing of necessary forestry activities [3,4].

Materials and methods. The research was carried out in the plantations of Silver birch of the strip type.
In spring 2010, 8-year-old trees were replanted ball rooted by the mechanized method. In the strips, consisting
of 4 rows, the lowest trees were selected for replanting in the spaces between strips. The distance between the
replanted trees in the row and between rows was 3 m. The study of the growth and state of the replanted trees
was carried out on the test plots at both low and high locations. In the strips with non-replanted trees, two
specimens on both sides of the dug tree in the row were observed. The inventory indices of these trees were
found out according to the methodical instructions [5], the height was measured with a measuring rail; the di-
ameter with a caliper. The preservation rate was calculated in relation of the number of survived plants to the
total number of replanted (non-replanted) trees and expressed as a percentage. With the help of the Wilcoxon-
Mann-Whitney criterion the hypothesis about the existence of statistically significant differences in the tree
preservation depending on such factors as being replanted and location was verified; we applied the moving
average and linear regression models to predict the preservation for 2018. The best prediction was chosen ac-
cording to the criterion of the minimum average relative absolute error of the approximation.

The results and discussion. Table 1 shows the data on the dynamics of the preservation rate of the studied
forest plantations of Silver birch. Their preservation rate dramatically decreased in 2013-2014 at a low loca-
tion, further decline in this parameter occurred with no sudden changes. The preservation of the replanted trees
at a high location gradually declined and reached 31.9% in 2017. The preservation of non-replanted trees
changed slightly — by 1-2% after 2015; the greatest loss of trees occurred in 2013-2015.

Table 1. Preservation of tested artificial plantations of Silver birch.

Considered Ne Preservation by years (%)

trees oftrialarea | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

non-replanted trees (X) 1 99.1 96,1 96,1 81,6 79.8 79.8 77,6
2 100,0 | 96,0 96,0 95.5 80,5 80,5 80,0
3 100,0 | 98.0 98.0 91,0 90,0 88,0 87,0
average 99,7 96,7 96,7 89.0 83.3 82,8 81,2

replanted trees at a low location (Y) 1 87.3 81.3 81.3 81.3 79.3 73.4 73.4
2 72,7 71,3 71,3 69,3 58,7 56,7 50,6
3 91,7 69,2 69,2 36,7 32,5 32,5 21,7
average 83,9 83.8 83.8 64,3 58,6 54,2 49.0

replanted trees at a high location (Z) 1 57.6 51,1 51,1 51,1 49,7 30.5 29.9
2 66,3 56,0 56,0 41,1 34,8 34.8 34,8
average 61,5 53.3 53.3 46,7 43,1 32,7 31,9

Statistical hypothesis about the difference between average preservation levels of the trees was checked
by means of the Mann-Whitney-Wilcoxon U test [6] which is based on statistics [7]
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l]mm{ L]X’ UY} ’ ( 1 )

m
where Ux(ry=mn+m(m+1)/2=Ry ), Ry = Zr(Xi) , is a sum of ranks X (average levels of non-re-
planted trees’ preservation) or Y (average levels of i):rleservation of replanted trees at a low location), m is a
sample size of X, » is a size of Y. Here m = n = 7. The difference is recognized if U statistics (1) are small
enough. For m, n < 8 the decision rule uses the specific tables with critical levels U, for different significance
level a. Form =n="7and a=0.05 U, ,; = 8.

As aresult, we obtained Ry =50, Ry =26, Uy =7, Uy =31, U ,=7 <U, o5 =8, therefore the sta-
tistically significant difference between average levels of preservation of replanted trees at a low location ()
and non-replanted trees trees (X) is admitted with a = 0.05.

Similarly, the differences between average levels of preservation of trees replanted trees at a low location
(Y) and high (Z) locations, high (Z) location and non-replanted trees (X) were confirmed in pairs with o = 0.05,
because U,,=1<U,,;=8and U,,=3 < U, ,; = 8. Note, that the difference between average levels of preserva-
tion of trees replanted trees at a low (¥) and high (Z) locations was higher then for other pairs since U,, = 1 is
minimum among U, Uy, and U,,. Thus, it can be argued that the location and the fact that the trees were re-
planted affected the average preservation rate.

We would like to emphasize that the initial height of the replanted plants was less than that of non-replant-
ed plants (Fig. 1). During the observation period, the height of non — replanted plants increased by 1.5 times, of
the replanted to a low location — by 1.3 times; the height of the birch replanted to a high location hardly in-
creased. The study of biometric indicators revealed that the trees at a high location significantly lagged in
growth from the trees growing at a low location. So, the average height was 4.9 and 6.0 m respectively, and the
diameter was 4.7 and 6.1 cm. Moreover, the height of the trees at a low location slightly varied (V=11.7%), and
this parameter in the trees at a high location significantly changed (V=22.4%).

8 Fig. 1 Dynamics of changes in
the height of forest plantations
Silver birch.

N 2011

02012

=2013

=2014 »
02015
82016
b 2017

replanted trees at a replanted trees at a
high location low location

height, m_ .

We also predicted the average preservation levels for 2018 by using moving average and linear regression
models [8]. The mean relative absolute error of approximation

1N |Fz -M i|

g=—x>i 7i

Nz I

was used to choose the best forecast. Here for i=1,N F; are the real values, are modeling values, N = 7 is a

number of considering years. The results of forecasting, error values A and achieved significance levels (p-val-

ues) of the Shapiro-Wilk’ test of residuals’ normality [9] are given in Tab. 2 and Fig. 2. As all of obtained p-

values are very high we proved the normality of the residuals and so used linear regression models correctly.

k)

Table 2. Forecasts of trees’ preservations for 2018, %

Forecasts
N of preservations A | Final
Considered o for 2018, % p-vatue forecasts of
of trial of Shapiro- .
trees A preservations
area Moving | Linear Moving | Linear Wilk’ test | &' 2018, %
average regression | average regression
non-replanted trees 1 79.1 71.0 0.03002 0.03058 0.877 79.1
X) 2 80.3 74.6 0.03209 0.03153 0.864 74.6
3 88.3 83.6 0.01407 0.01099 0.834 83.6
average | 82.4 76.1 0.01630 0.01607 0.763 76.1




Forecasts
No of preservations A | Final
Considered .. for 2018, % p-value, forecasts of
of trial of Shapiro- .
trees —_— preservations
area Moving | Linear Moving | Linear Wille test | ¢ 2018, %
average regression | average regression
replanted trees at a 1 75.4 71.1 0.01230 0.01778 0.330 75.4
low location (Y) 2 553 489 0.02652 | 0.03500 | 0.414 553
3 28.9 4.8 0.14126 0.17451 0.126 28.9
average | 53.9 41.2 0.03922 0.04649 0.315 53.9
replanted trees at a 1 36.7 27.9 0.04273 0.09721 0.682 36.7
high location (Z) 2 34.8 237 0.07002 | 0.08605 | 0.501 34.8
average | 35.9 26.0 0.04164 0.04151 0.124 26.0

In addition, it should be noted that, in general, despite the overall decrease in the forest culture preserva-
tion index (see Tab.2), an optimistic forecast turned out to be more accurate in most cases. Meanwhile, the
non-replanted trees are expected to have the highest preservation, while the replanted to a high location trees —
the lowest, which must be taken into consideration when planning forestry work on artificial reforestation.

Preservation, %
110 7 Fig. 2. Average preservations of
trees (%) and corresponding linear

X(r)=-3.45361 +103.73 regressions.
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Conclusion. During the observation period, the height of non — replanted plants increased by 1.5 times, re-
planted to a low location — by 1.3 times; the height of the birch replanted to a high location hardly increased.
Consequently, the trees replanted to a low location still grow fairly fast; and the growth rate is slightly lagging be-
hind non-replanted plants, although they have a low rate of preservation. Statistically significant differences in the
average tree preservation were revealed. Moreover, the differences in the preservation of non-replanted and re-
planted trees at a low location turned out to be the most significant. Thus, it can be argued that the location of the
forest plantations and the fact that the trees were replanted affected the average preservation rates.

The forecast of indicators of preservation of the forest plantations of Silver birch created by different
methods will allow to plan forestry actions for artificial reforestation correctly taking into account soil condi-
tions and locations of forest plantations. The further research involves the development of recommendations
for a comprehensive system of measures based on the use of science-based forestry technologies to ensure op-
timum reforestation. Reforestation activities should be planned and implemented taking into account renew-
able capacity of different forest plantations.
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Meteorological regime of the beginning and end
of the heating season in Tomsk

Nosyreva 0.V., Barashkova N.K., Kizhner L.I.

National Research Tomsk State University, Russia
E-mail: ov_nosyreva@mail.ru

energy saving, reducing the cost of services creating a comfortable stay of a person in enclosed spaces is
topical.

We consider it very important to create a model of thermal comfort for a resident of Tomsk. To solve this
problem in this paper, an attempt is made to present and analyze some characteristics of the meteorological
block of the model of thermal comfort in the example of Tomsk.

Initial data were the average daily temperature and humidity, wind speed of months of cold period of
2011-2017). The dates of a stable transition of an average daily temperature through 8 ° C were calculated by
the method D.A. Pedia, the dates of the actual connection (shutdown) of heating in the city of Tomsk are bor-
rowed from a public website.

One of the most important characteristics of the thermal regime, which is taken into account in the design
of enclosing structures, is the number of degree-days (Q). The calculated Q values for the city of Tomsk showed
their decrease (by ~ 2000 degree-days) from those given in the reference books of climate, which may be a
consequence of the observed climate changes in the region.

As an index of the state of the thermal field surrounding a person in a residential building, it is possible to
use indices of effective temperatures (ET - effective temperature, EET — equivalent-effective temperature,
REET - radiation-equivalent-effective temperature). In the work, a REET is calculated, which takes into ac-
count temperature, relative humidity, wind speed and heating by solar radiation.

In addition, the calendar and temperature characteristics of the beginning and the end of the heating period
were determined and analyzed in the work.

The following preliminary results were obtained:

1. It was revealed that the dates of actual switching on and off of heating very rarely agree with the meteo-
rological conditions that characterize comfortable human thermal conditions.

2. In a market economy, energy and heat supply organizations are seeking to generate additional profits,
extending the heating period due to earlier connection and later shutdown. For example, in the spring of 2015,
the date of the actual heating shutdown is May 12. In this case, the dates for the end of the heating season for
SNiP (Construction Regulations and rules of the Russia Federation) are 22 and 24 April (for REER and for the
actual temperature, respectively). In autumn 2011, the date of actual connection of heating was observed on
September 22, when the dates for the beginning of the heating season for SNiP - October 20 (both for REET
and for actual temperature).

3. To resolve the revealed discrepancy of dates it is possible to create a complete model "building - man",
in which, in addition to meteorological, both social and psychological factors will be included. In our opinion,
it is extremely important to create a model of thermal comfort for a resident of Tomsk.

In today's world, in the climatic conditions of the Russian Federation, as in other countries, the problem of





