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Abstract

An important condition for improving the efficiency of forest resources management and forest
exploitation is the availability of reliable information about the forest resource. The use of GIS technologies to
solve various problems of economic activity significantly increases the efficiency of the process. The results of
automatic processing of remote sensing data by photometric method are presented in the present work. The basis
of the proposed method is the photometric analysis of terrain images obtained by unmanned aerial vehicles, with
a detail of at least twenty centimeters per pixel. To determine the number of mature trees per unit area in the
processing of photographic material the green channel is taken as a basis and the central upper part of the crown
is determined by saturation index.

Comparison of the processing results with the data obtained by direct measurements shows their high
correlation. Thus, both the advantage of using remote sensing methods in conjunction with GIS technologies and
their high productivity and economic efficiency are revealed.
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Anjgarna

OpmaH pecypcTapblH 0acKapylblH, OpMaH MIapyallbUIbIFBIH JKYPTIi3y/IiH JKOHE OpMaH mMaiianaHyIbiH
TUIMAITITIH apTTBIPYABIH MAaHBI3ABl [IAPTHl OpMaH KOPBI Typajbl IIBIHANBI aKmapaTrTelH OO0JTybl OOJIBIT
Tabputaapl. [lapyamsuislk KBI3METTIH TYpUIi MiHAeTTepiH memry ymin I'YC — TexHonorusaIapapl naifaanany Kei
JKaFJaiaa iCKe achIpPBUIATHIH MPOIECTIH THIMIUIIT MEH OHIMALUIITIH eIoyip apTThipajbl. ¥ CHIHBUIFAH JKYMBICTA
Xepni KamIBIKTBIKTaH 30HATAY JEpeKTepiH (DOTOMETPHSIIBIK TOCUIMEH aBTOMATThl OHJAEY HOTHXKenepi
KenTipineni. ¥ ChIHBIIATHIH 9/IICTIH HETi31 MUJIOTCHI3 YIIIy allapaThIHBIH KOMETIMEH ajbIHFaH )Kep/iH CypeTTepiH
(hoToMeTpHAIBIK Tanay OOJBIT TaObUIA/BI, TUKCEIbIe KEMIiH/IE )KUbIPMa CAaHTHMETP erKel — Terkeii. Akan
OiputiriHe IMiCKEH aramITap/blH CAaHBIH aHBIKTay YIIIH (OoTOMarepualjibl OHJEY Ke3iHJE jKachbll apHa Herisre
aJIbIHA/Bl JKOHE KaHBIFY KepCeTKiln OoibIHINA ymap OacTapblHBIH OPTAJbBIK >KOFApPFhl OOJIri aHBIKTANAbl.
OHyley HOTIKENepi HAaKThl JEPEKTEPMEH CalBICTBIPBUIABL, OYJI perTe KOFapsl KOPPeNsmus OenrileHi.
Ocepunaiiia  TMC — TeXHONOTHSIIIADMEH  KHMBIHTHIKTA ~KAIIBIKTHIKTAH 30HATAY OJICTEpiH MaiijanaHyablH
aPTHIKIIBIIBIFBI, OJIAP.IBIH KOFAPHl OHIMIILIITT MEH Y9KOHOMUKAJIBIK THIMIIIJIITI KOPCETUITEH.

Tyiiinai ce3nep: ToapIicKaH opMaH, GOTOMETPHSUIIBIK Talay, OPMaH MaPyallbUIbIFbl, OPMaH KOPBI.

HCIIOJIb30OBAHUE ®OTOMETPUYECKOI'O AHAJIU3A
JJIsA OITPEJAEJIEHUA KOJIMYECTBEHHBIX IIOKA3ATEJIEN
CIIEJIBIX JIECOB CEBEPHOI'O KA3AXCTAHA
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AHHOTAINA

BaxHBIM ycIIOBHEM MOBBIMICHUS 3PGEKTUBHOCTH YIPABICHUS JICCHBIMH PECYpPCaMH, BEICHUS JICCHOTO
XO3SICTBA U JIECOTIOIB30BAHIS ABIISIETCS HATMYKE TOCTOBepHOU MH(popMaIun o iecHoM (onze. Mcnons3oBanne
TYIC — TexHONOTHIA ISl PELICHUS Pa3IMIHBIX 33/1a4 XO3AHCTBEHHOW NEATEIFHOCTH BO MHOTOM 3HAYUTEIHFHO
MOBHIMAIOT A(PPEKTHBHOCTE M MPOAYKTHBHOCTH peallm3yeMoro mporecca. B mpemmaraemoit paboTe IpHUBOIATCS
pe3yIbTaThl aBTOMATHICCKOH OOpabOTKHM NaHHBIX TUCTAHIIMOHHOTO 30HIMPOBAaHUS 3eMI (POTOMETPHUICCKUM
crocoboM. OCHOBO# TpeIaraeMoro MeToja SBISICTCS (OTOMETPHICCKHN aHATU3 W300pakeHUH MECTHOCTH,
MOJYYaeMBIX C TIOMOIIBIO OECIHIIOTHOTO JIETAaTENFHOTO almapaTa, ¢ AeTaln3aldeil He MeHee IBaALaTH
CaHTI/IMeTI)OB Ha IIHKCCJIIb. I[J'IH onpe,ueneﬂml KOJINYECTBA CIICJIIbIX uepeBLeB Ha e}II/IHI/IIIy mIomaan HpI/I
00paboTke (hoToMaTepuana 3a OCHOBY OepETcs 3e7EHBII KaHa M 10 MOKa3aTEeNI0 HACBIIICHHOCTH ONPEIe/IICTCS
HeHTpaHLHaH BerHﬂ}I qacTb KpOHI:-I.

CormocraBiieHHe pe3yNbTaToB OOpaOOTKH C JJAaHHBIMH, MOJYYEHHBIMH METOJOM INPSIMBIX H3MEPEHUI,
IIOKA3bIBACT MUX BI)ICOKy}O Koppenﬂumo. TeM CaMbIM BBIABJICHBI KakK HpeI/IMyIlIeCTBO HUCIIOJIB30BAHUA
TUCTAHIIMOHHBIX METOIOB 30HIUPOBaHHUA B COBOKYMHOCTH ¢ ['MC — TeXHONOTHSIMH, TaK W MX BBICOKas
MPOAYKTHBHOCTH U SKOHOMHUYEcKast 3 PEKTHBHOCTE.

KiroueBble c1oBa: poToMeTpHUSCKUIT aHAIIN3, JIECHOE XO35ICTBO, JJECHOU (DOH]I, CIIEIBIC JIeca.

Introduction

Among the forests areas of Northern Kazakhstan little forests or pegs (so called
«kolky») dominate. 92% of such forest are irregularly scattered among farmland. The average
stock of wood of the birch is 95 m*/ha, and in mature and overmature plantings of 125 to 130
m3/ha. The average completeness of plantations is 0,66. The maximum vyield of industrial
wood does not exceed 40%. The average forest cover of the region does not exceed 6% and
its increase is limited by the lack of free space in the state forest resource.

Farming in the birch forests is focused on the natural renewal of the coppice shoots.
Considering that after cutting from 20 to 25% of stumps do not give shoots, each turnover
promotes thinning of plantings. In mature and overmature plantations the average number
does not exceed 600 trees per ha, and the growth renewal according to the current scale is
considered satisfactory if 600-1000 of stumps per 1 ha give shoots. Consequently, the
majority of cuttings have unsatisfactory renewal. The areas accumulation with an insufficient
renewal, and burnt areas, periodic drowning, promotes the formation of thinned, unstable in
the conditions of forest—steppe zone of plantations having low barrier properties, low quality
barrels. As the forest generation increases (4-5 turnovers), they may disappear. In this regard,
all forested areas of the region with natural origin, having a completeness of 0.6 and below,
forest vegetation conditions of 11l bonitet and above, it is necessary to restore artificially [1-
4].

Main part

Considering the issue of artificial restoration of forests fullness, it was decided on
preliminary crops of conifers under the canopy of mature forest outliers. Earlier research [5]
has allowed to develop transfer technology of deciduous forests in the economic and
environmentally sustainable more valuable mixed coniferous — deciduous forests with the
quality of Il bonitet and higher, the plantations completeness of 0,7-1,0, the stock of 180 —
200 m%ha and yield of timber on average above 60% (for coniferous above 85%). The
effectiveness of the method is confirmed on 180 hectares of experimental crops, which are
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now more than 50 years old. In 2017 a three — year grant of JSC «Science foundation» for the
industrial implementation of this technology was received. A number of researchers [3, 6] in
the regions adjacent to Northern Kazakhstan also came to the conclusion about the feasibility
of transferring birch and aspen trees to mixed coniferous and deciduous plantations. There are
also studies, based on a comparison of forest growing conditions in pegs with open areas of
the state forest fund, which have long been used for afforestation, on the advantages of pre —
crops for sparse forests.

In practice, for the North Kazakhstan region, artificial reforestation of birch cuttings and
redines with conifers is a new direction in forestry production. It is essential to identify in the
forest fund pegs with a completeness of 600 and less mature trees per hectare, which allows
mechanized planting of coniferous preliminary crops.

A serious complicating factor is that the last forest management was carried out more
than 20 years ago and the actual state of the forest fund is very different from that indicated in
the taxation descriptions.

Based on this, the task of our research was as follows: to study the possibility of using
remote sensing methods of the Earth by photometric method to determine the number of
mature trees per unit area. The solution of these problems will automate the study of the state
forest fund for the design of coniferous preliminary crops.

On the first stage the mature forest with the completeness of 0.6, designed in clear
cutting, was defined by the taxation statements. Taking into account the inaccessibility and
weak road network of the territories of the Bugrov forestry, where the experiment is
conducted, it is advisable to automate as much as possible the determination of the mature
trees number.

To determine the number of mature trees per unit area NKSU employees used an
unmanned aerial vehicle GEOSCAN — 101, which allows to obtain in one flight a picture of
the terrain with a total area of about ten square kilometers with available detail of 20 cm per
pixel.

Processing of the obtained material was performed by using software
AgisoftPhotoScan. According to the results of processing (Image 1), reconciliation and
identification of the areas of individual forest pegs was carried out, (Image 2) using the
taxation description (Image 3).

Image 1 Formation of the forest general view by program Agisoft PhotoScan
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Image 3 Example of quarterly division of forests on the plans of the state forest fund

When considering the resulting image, it is possible to clearly identify the crowns of
both stand — alone trees and those belonging to the forest zone (Images 4, 5). Further
processing to determine the completeness of the forest was carried out with the help of a
developed software application, that allows to select in the picture and count the total number
of trees of a single peg and calculate the average density (number of mature trees per 100 m?).
Images show examples of such processing with the display of the resulting data.
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Image 4 Example of pegs processing of different densities mature forest stands
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Image 5 Example of pegs processing of different densities mature forest stands

Conclusion
The obtained data correlate well with the data of the direct survey of the field

expedition, which shows the high efficiency of the method used for forest survey in order to
determine the completeness index.
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