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Use of the Earth Remote Sensing Data to assess the state of recreational forests
in the Kokshetau National Park

Currently, modern satellite systems are increasingly used in various areas of studying natural resources and the

image acquisition, and transmission. The article presents the results of spatio-temporal changes
tion biomass of the Kokshetau National Park based on the calculation and analysis of the®e
Based on the analysis of the NDVI values, the tendencies of changes in phytomass were esti

lations with the main climatic characteristics of the territory for the studied period were led“3Eor

search, we used Landsat satellite images and geoinformation mapping in the ArcGIS §oft age. In
general, there is a negative trend in the values of the indices for the forests of all functignal zones gver a 10-year
period. For the preservation and further renewal of forests, the National Park of Ko tau s to carry out

a number of regulatory measures.

Keywords: National Park, NDVI, ArcMap, assessment, forests, forest firesgs mages, vegetation indices.

L 4

Introduction

Forests are an important recreational resource fofythetnational, parks of the steppe zone of Kazakhstan.
Among the positive functions of forests, it is especially h neting their medicinal and restorative properties,
which have a beneficial effect on the human condition. The¥forests of the national parks are intended for use
in nature conservation, local history, scientific and

The forests of the mountainous areas of the natural park are relict — this is the main value and attractive-

, drooping birch (Bétula péndula), and aspen (Pdopulus trémula).
along the banks of rivers and lakes [1].

Figure 1. Mountain-forest landscapes of the Kokshetau National Park

Kokshetau National Park is located in the southern steppe zone. A significant part of its territory is used
for arable land and pastures. Forests cover limited areas. Therefore, in 2017, about 50,000 people visited the
Kokshetau National Park for tourist and recreational purposes. This flow will likely increase in the future.
Therefore, the problem of preserving and renewing relict forests on the territory of Kokshetau National Park
is urgent.
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The aim of this study is to assess the condition of the forests of Kokshetau National Park.

Effective work of national parks is largely determined by the correct zoning of the territory. The territory
of the national park is divided into sections where different modes of protection, recreational use, as well as
various works are conducted. Each functional zone has its own spatial and temporal management regulations,
in which activities carried out that, aimed at fulfilling the assigned tasks for the entire national park. Each
functional area has its boundaries. The following functional zones are distinguished within the boundaries of
the national parks: reserved regime, ecological stabilization, limited economic activity, tourism and recrea-
tional activities.

We assessed the state of recreational forests within three zones: reserved regime, ecological stabilization,
tourism and recreational activities. We did not include the forests of the zone of limited economic activity in
the research, since in this zone the forests perform a different function. The state of vegetation largely depends
on the content in plant cells’ photosynthetic pigments and moisture. Todays, it is rather difficult to determine
the absolute values of these indicators using remote sensing methods, but we can use relative
vegetation status based on spectral vegetation indices. This method makes it possible &

large-scale monitoring and assessment of landscapes through the spectral characteristi the
also to carry out a retrospective analysis of changes in the state of vegetation. It can als& t

dynamics of changes in vegetation cover.
Experimental

The conditions of forests are often assessed by biomass productivity, btain this indicator, we calcu-
lated the normalized difference vegetation index for 2010-2019. This ind nfbe used to judge the develop-
ment of the green mass of plants during the growing season. More develape tation has high NDVI values;
less developed vegetation has low NDVI values [2, 3]. The sel&t'&7 ellite images was carried out on the

official website of the US Geological Survey, taking into acco e research period, minimum cloud cover
and the growing season [4]. We used satellites images from [4an , 8 obtained in July—August from 2010
to 2019 to analyze changes in forest productivity. caleulations of the values were carried out in the
ArcMap10.3 software package and using the Excel progr:
The first step was to calculate the NDVI index values for each image using the Raster Calculator tool.
The index was calculated according to formula (1):
I=NIR—Red, )
NIR + Red
spectrum, Red — reflection in the red range of the spectrum [5, 6].
getation cover for 2010 and 2019.

where NIR — reflection in the near-infp

Figure 2 shows the change in th

Figure 2. Change in the state of vegetation in 2010 and 2019

Further, within the boundaries of each functional zone of the Kokshetau National Park, the average values
of the NDVI index was calculated using the ArcMap spatial analysis toolkit.

168 BecTHuk KaparaHguHckoro yHusepcuTeTa



Use of the Earth Remote Sensing Data to assess the state ...

The calculated average NDVI values for each functional area for assessing the state of forest cover are
presented in the form of a line diagram.

Results and Discussion

The graphs reflecting the changes in the NDVI values of forests of various functional zones over ten years
have approximately the same course (Fig/ 3). The highest index values are for the forests of the reserved
regime, the average values are for the forests of the zone of tourism and recreational activities, the lowest
values are for the forests of the zone of household stabilization.
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Figure 3. Graph of changes in NDVI values of forests tional zones depending on the year

In 2010, the NDVI values for the forests of all fu
was a gradual decline in indicators until 2013, wh
the value of the indices indicated a slight rise, and

zones were at their maximum. Further, there
to a sharp decline in 2014. In the next two years,
ond sharp decline in 2017. Since 2017, we have

As known, the decline in the ND
combined with low precipitation
the reasons for the decline in the , ¥
under study. We calculated T
2010-2019 (Fig. 4).

ex may be related to climatic conditions [7]. High air temperature

pught, worsening the condition of vegetation. Thus, to determine
analyzed the temperature and precipitation trends over the period
air temperatures and average precipitation for the summer periods
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Figure 4. Average change of air temperatures and precipitation during the summer months
in NP Kokshetau, 2010-2019
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Analysis of the graphs illustrates that in the years with the lowest NDVI values (2014 and 2017), the
average monthly air temperature, as well as the average monthly precipitation, were not minimal. Thus, we
cannot associate low NDVI values with low values of average monthly air temperature and average monthly
precipitation. Since we did not find a relationship between the fall in NDVI values and climatic indicators, we
analyzed other factors. We classified forest fires as such factors. Forest fires can have a profound effect on the
health of forests because they spread during the summer fire-hazardous period [8]. Therefore, we analyzed the
number and area of fires in the forests of the national park from 2014 to 2018 (Tab. 1).

Table 1

The number and area of fires in the forests of the Kokshetau National Park since 2014 to 2018

2014 2015 2016 2017 2018 Total:
Branch names quantity / quantity / quantity / quantity / quantity / quantity /
hectare hectare hectare hectare hectare hectare
Airtau - 1/0,01 - - 2/0,08 3/0,09
Arykbalyk - - - 2/1,3 1/0,62 3/1,92
Shalkar 4/4,68 1/0,12 - 2/3,2 1/0,3 8/8,3
Zerenda branch 4/0,39 4/0,07 2/0,48 - 1/036 11/1,54
Ormandy—Bulak - - - - 1/0,07 1/0,07
Total: 8/5,07 6/0,2 2/0,48 4/4,5 6/1,67 26/11,92

Analysis of the table shows that in 2014 and 2017, fires covered¢ sighifi¢ant area of the national park.
The main cause of fires is non-observance of fire safety rules in forests\Thus}it can be stated that the decline
in the NDVI index values in all functional zones is associated with forest fires.

Conclusions

Analysis of the dynamics of forest productivity using the NDVI index for 2010-2019 showed that the
highest values of the index are for forests of the protectediegime, the minimum values are for forests in the
zone of ecological stabilization. It was found that tw,sharp/drops in the NDVI index values in 2014 and 2017
for the forests of all the zones under consideration are‘associated not with climatic conditions, but with fires.
In general, there is a noticeable downward trend in productivity for forests of all functional zones.

Analysis of the state of forests in terims, of\biomass productivity showed that in order to preserve and
further regenerate forests, the KokshetaiNational’ Park needs to carry out a number of regulatory measures.
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Kekmeray yITTBIK NapKiHiH peKpealusiyibIK OPMAHIAPbIHbIH
JKarJaiblH 0arajiay YIIiH KAIIBIKTHIKTAH 30HATAY AepPeKTePiH nmaiaaaany

Kasipri ke3ne 3amaHayd CIYTHHUKTIK OKyienep TaOWFH pecypctap MeH TaOMFaT KyOBUIBICTapbIHBIH
JMHAMMKACBIH 3€PTTEYiH op TYPJI cajanapblHa, COHIal-aK KOpIIaFaH OPTaHbIH jKali—KYiiHe 9KOIOTHSIIBIK
Oara Oepy ke3iHze kedipek KonnaHpurya. COHbBIMEH Oipre KamlbIKTHIKTaH 30HATAY AepPEKTepi YIKEeH KOpiHy/Ii,
JMHAMHKAJIBIK JePEKTEpAl )UHAY/IBI, CYPETTEPIi aly MeH OepyIiH )KOFaphl )KbUIIAMIbIFbIH KAMTAaMaChI3 €Te/.
Maxanana Kekureray YITTHIK HapKiHiH peKpealsuIblK OpMaHIapbIHBIH JKarnaiibiH Garamay yumin JXepai
KAIIBIKTBIKTAH 30HATAY JepeKTepiH Maiiagany HOTHKeNepl KenTipiareH. by MaceneHi memry yIiH eciMIik
JKaMBUIFBICBIHBIH CaHJIBIK OarajapblH KOJIaHa OTBIPBII, CIIEKTPIIiK MAJIIMETTep/1i OHJeY d/1iCi TAHAAIBI, SFHU
ociMIIKTepIiH HOopMaiaHFaH aiiblpmambliblFel uHAEKCT (NDVI). 3eprrey ymiin Landsat crmyTHHKTIK
KecKiHepiH jxoHe ArcGIS OarmapnamainblK KeIIeHIHCTi reoaKnapaTThIK KapTajap KolaanburaH. TyraGrai
anranna, 10 XKbUIIBIK Ke3eH imiHge 0apiblK (pyHKIMOHAIIB! alilMaKTapAblH OpMaHAaphl YIIH KOPCETKIIITEp
MOHiHJE Tepic TeHaeHIms Oaiikanaasl. OpMaHAapIbl caKkTay JKoHE OJaH dpi KaIIbIHA KenTipy yilild oxieray
WITTHIK casiOarsl OipKaTap peTTeymni mapaiapabl KaObUIIaybl Kepek.

Kinm ce30ep: ynr1eIKk mapk, NDVI, ArcMap, Oaranay, opMaHzap, Jajna epTTepi, KepcepikTiky, cypeTrep,
OCIMJIIKTEp WHJICKCI.

K.A. Myp3arynosa, T.B. Kapuayxosa, 1.b. ®axpynenoBasR. My, Tazutanaosa

Hcnosib30BaHue TAHHBIX JUCTAHIUOHHOTO 30HIUPOBAHNA 3eMJIU /Il OlleHKH
COCTOSIHUS peKpealuoHHbIX JecoB KokieTaycKoroHallmoHaJILHOT0 NapKa

B crarbe npencTaBieHs! pe3yabTaThl JUCTAHIMOHHOTO 30HIPOBAHNS 3EMIIH, UCIIOIb30BaHHBIC IIPH OI[CHKE
necoB HammonamsHoro mapka Kokmeray. s pemen#is STOH 3a1a9m, Obl1 BHIOpaH MeTo 00paboTKH CIIeK-
TPaNbHBIX JAHHBIX C HCHOJIB30BaHHEM KOINYECTBCHHBIX QUEHOKPACTUTEIHFHOTO IIOKPOBA — HOPMHUPOBAHHEIH
Pa3HOCTHBIN BereTallMOHHEIN HHEeKC. KpoMe ToRe, MpIMEHSIICH CITy THUKOBBIE CHUMKH Landsat v reonrdop-
MAalMOHHBIE KapThl B IporpaMMHOM nakete ArcGIS, B nenoM, 3ameTHa oTpUIIaTeNIbHAs JUHAMUKA 3HAYCHUH
MoKasareliel 1mo jiecaM BceX (YHKIMOHAJIBHBIX 30H 3@yl 0-eTHuit neproa. s coxpaHeHus U JaibHeitnero
BOCCTaHOBJIEHUsI 1ecoB KokIeTayckoMy HalldOHaIbHOMY NapKy PEKOMEHI0BAHO IPOBECTH P PETYIISALUOH-
HBIX MEPONPUATHI.

Kniouesvie cnosa: HanMOHAIBHBIM IapK, HOPMHPOBAHHBIN pa3sHOCTHBIM BereTaruoHHBIH mHIeKc (NDVI),
ArcMap, orieHKa, Jieca, JISCHbIE ITOMKAPbI, KOCMUYECKHEe CHIMKH, TeONH(OPMaIIMOHHEIE KapTHI.

References

1 Kazbekov, A.A., &Sagadiev, K'E. (2002). Natsionalnyi prirodnyi park «Kokshetau» [National Natural Park “Kokshetau”].
Kokshetau: Kokshe-Poligrafiia[in"Russian].

2 Myrzagalieva, A.BRR012). Resursy lekarstvennykh rastenii [Resources of medicinal plants]. Ust-Kamenogorsk: Izdatelstvo
Vostochno-Kazakhstanskogo\gosudarstvennogo universiteta imeni S. Amanzholova [in Russian].

3 Isaév, A.S.Kniazéva, S.V., Puzachenko, M.Yu., & Chernenkova, T.V. (2009). Ispolzovanie sputnikovykh dannykh dlia mon-
itoringa biorazndobraziia lesov [Using satellite data to monitor forest biodiversity]. Issledovanie Zemli iz kosmosa — Exploration of
the Earth fromspaced?, 1-12 [in Russian].

4 Kravtsova, V.I. (2013). Osobennosti deshifrirovaniia severnykh lesov na kosmicheskikh snimkakh sverkhvysokogo razresh-
eniia [Peculiarities of interpretation of northern forests on ultra-high resolution satellite images]. Lesovedenie — Forestry, 1, 56—65 [in
Russian].

5 Spivak, L.F., Vitkovskaia, I.S., Muratova, N.R., & Batyrbaeva, M.Zh. (2017). Sputnikovye vegetatsionnye indeksy dlia terri-
torii Kazakhstana [Satellite vegetation indices for the territory of Kazakhstan]. Almaty, 121 [in Russian].

6 Muratova, N.R., Severskaia, S., Terekhov, A.G., Amanova, N.T., & Tsychueva, N. (2006). Otsenka sostoianiia estestvennoi
rastitelnosti Prikaspiiskogo regiona v zavisimosti ot pogodnykh i landshaftnykh osobennostei [Assessment of natural vegetation state
of the Caspian region depending on weather and landscape characteristics]. Sovremennye problemy distantsionnogo zondirovaniia
Zemli iz kosmosa — Modern problems of distant zoning of the Earth from space, 3 (2), 351-358 [in Russian].

7 Cherepanov, A.S., & Druzhinina, E.G. (2011). Vegetatsionnye indeksy [Vegetation indexes]. Geomatika — Geomatics, 2, 98—
102 [in Russian].

8 Puzachenko, Yu.G. (2004). Matematicheskie metody v ekologicheskikh i geograficheskikh issledovaniiakh [Mathematical
Methods in Environmental and Geographic Research]. Moscow: Izdatelskii tsentr «Akademiia» [in Russian].

Cepus «bronorus. MeamuuHa. Meorpadusi». Ne 1(105)/2022 171





