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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
dynamics of natural phenomena, and in carrying out an ecological assessment of the state of the environment.
At the same time, remote sensing data provide greater visibility, data acquisition in dynamics, high speed of
image acquisition, and transmission. The article presents the results of spatio-temporal changes in the vegeta-
tion biomass of the Kokshetau National Park based on the calculation and analysis of the vegetation index.
Based on the analysis of the NDVI values, the tendencies of changes in phytomass were estimated and corre-
lations with the main climatic characteristics of the territory for the studied period were revealed. For the re-
search, we used Landsat satellite images and geoinformation mapping in the ArcGIS software package. In
general, there is a negative trend in the values of the indices for the forests of all functional zones over a 10-year
period. For the preservation and further renewal of forests, the National Park of Kokshetau needs to carry out
a number of regulatory measures.
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Introduction

Forests are an important recreational resource for the national parks of the steppe zone of Kazakhstan.
Among the positive functions of forests, it is especially worth noting 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 cultural purposes, and for regulated tourism.

The forests of the mountainous areas of the natural park are relict — this is the main value and attractive-
ness of the park, therefore, much attention is paid to their current state (Fig. 1). The main coniferous species
are Scots pine (Pinus sylvéstris), occupying the foothills, slopes, and tops of low hills and ridges. The admix-
ture contains downy birch (Bérula pubéscens), drooping birch (Bétula péndula), and aspen (Populus trémula).
Pure birch and aspen forests grow in lowland, 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. Today, it is rather difficult to determine
the absolute values of these indicators using remote sensing methods, but we can use relative indicators of
vegetation status based on spectral vegetation indices. This method makes it possible not only to carry out
large-scale monitoring and assessment of landscapes through the spectral characteristics of the surface, but
also to carry out a retrospective analysis of changes in the state of vegetation. It can also be used to assess the
dynamics of changes in vegetation cover.

Experimental

The conditions of forests are often assessed by biomass productivity. To obtain this indicator, we calcu-
lated the normalized difference vegetation index for 2010-2019. This index can be used to judge the develop-
ment of the green mass of plants during the growing season. More developed vegetation has high NDVI values;
less developed vegetation has low NDVI values [2, 3]. The selection of satellite images was carried out on the
official website of the US Geological Survey, taking into account the research period, minimum cloud cover
and the growing season [4]. We used satellites images from Landsat 5, 7, 8 obtained in July—August from 2010
to 2019 to analyze changes in forest productivity. The calculations of the values were carried out in the
ArcMap10.3 software package and using the Excel program.

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):

Npy7 — MR Red

= 1

NIR + Red M
where NIR — reflection in the near-infrared spectrum, Red — reflection in the red range of the spectrum [5, 6].
Figure 2 shows the change in the state of vegetation cover for 2010 and 2019.

2019

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.
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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 of functional zones depending on the year

In 2010, the NDVI values for the forests of all functional zones were at their maximum. Further, there
was a gradual decline in indicators until 2013, which turned into a sharp decline in 2014. In the next two years,
the value of the indices indicated a slight rise, and then a second sharp decline in 2017. Since 2017, we have
noted a rapid increase in the NDVI values of forests of all functional zones, but it should be noted that in 2019,
these values remain below the level of 2010. Thus, in general, there is a negative trend in the values of indices
for forests of all functional zones over a 10-year period.

As known, the decline in the NDVI index may be related to climatic conditions [7]. High air temperature
combined with low precipitation can cause drought, worsening the condition of vegetation. Thus, to determine
the reasons for the decline in the index, we analyzed the temperature and precipitation trends over the period
under study. We calculated the average air temperatures and average precipitation for the summer periods
2010-2019 (Fig. 4).
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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 - 1/0,6 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 a significant 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 protected regime, the minimum values are for forests in the
zone of ecological stabilization. It was found that two 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 terms of biomass productivity showed that in order to preserve and
further regenerate forests, the Kokshetau National Park needs to carry out a number of regulatory measures.
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Kekmeray yITTBIK NapKiHiH peKpealusiyibIK OPMAHIAPbIHbIH
JKarJaiblH 0arajiay YIIiH KAIIBIKTBIKTAH 30HATAY AepPeKTePiH nmaiaanany

Kasipri ke3ne 3amaHayd CIYTHHUKTIK OKyiienep TaOWFH pecypctap MeH TaOMFaT KyOBUIBICTapbIHBIH
JIMHAMHKACBIH 3€PTTEYiH op TYPJIi cajanapblHa, COHIal-aK KOpIIaFaH OPTaHbIH jKali—KYHiHEe 9KOIOTHSIIBIK
Oara Oepy ke3iHze kedipek KonnaHpuryna. COHbIMEH Oipre KamlbIKTHIKTaH 30HATAY AepPEKTepi YIKEeH KOpiHy/Ii,
JMHAMHKAJIBIK JePEKTEpAl )UHAY/IBI, CYPETTEPIi aly MeH OepyIiH )KOFapbl )KbUIIAM/IbIFbIH KAMTaMacChI3 €Te/I.
Maxanana Kekureray YITTHIK HapKiHiH peKpealsuIblK OpMaHIapbIHBIH JKarnaiibiH Garamay yumin JKepai
KAIIBIKTBIKTAH 30HATAY JepeKTepiH Maiiagany HOTHKeNepl KenTipiareH. by MaceneHi miemnry yIiH eciMIik
JKaMBUIFBICBIHBIH CaHJIBIK OarajapblH KOJIaHa OTHIPHII, CIIEKTPIIIK MAJIIMETTep/i OHJeY d/1iCi TAHAAIBI, SFHU
ocIMIIKTEepIiH HopMaiaHFaH aiiblpmambliblFbl uHAEKCT (NDVI). 3eprrey ymiin Landsat crnyTHHKTIK
KecKiHepiH xoHe ArcGIS Oarmapnamainbik KeIIeHIHETi reoaKnapaTThlK KapTajap KolgaHburaH. Tyractai
anranna, 10 XKbUIIBIK Ke3eH imiHge 0apiblK GpyHKIMOHAIIB! aliMaKTapAblH OpMaHAaphl YIIH KepCceTKimTep
MOHiHJE Tepic TeHaeHIms Oaiikanaasl. OpMaHAapIbl cakTay JKoHE OJaH opi KalmblHa KenTipy yiiH Kekmeray
YITTHIK casiOarsl OipKaTap peTTeymni mrapaiapabl KaObUiIaybl Kepek.

Kinm cesoep: yntTeIK mapk, NDVI, ArcMap, Oaramay, opMaHmap, ajla epTTepi, )KEPCEPIKTIK CyperTep,
OCIMJIIKTEp WHJICKCI.
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Hcnosib30BaHMe TAHHBIX JUCTAHIUOHHOTO 30HAUPOBAHUA 3eMJIU /IS OIl€HKH
COCTOSIHUS peKpealuOHHbIX JecoB KoKkieTaycKkoro HAauMmoHaJALHOI0 MapKa

B craTtbe mpencraBieHsl pe3yabTaThl JUCTAHIUOHHOIO 30HIUPOBAaHMS 3€MIIU, UCIIOJIBL30BAHHBIEC IIPU OLICHKE
necoB HammonamsHoro mapka Kokmeray. s pemenus 3Toi 3amaun ObUT BHIOpaH MeTO] 0OpabOTKH CIIeK-
TPaNbHBIX JAHHBIX C HCHOJIB30BaHHEM KOINYECTBCHHBIX OIIEHOK PACTUTENHFHOTO IIOKPOBA — HOPMHUPOBAHHEIH
Pa3HOCTHBIN BereTallMOHHEIH HHEKC. KpoMe Toro, MpIMEeHSIIINCEH CITy THUKOBBIE CHUMKH Landsat v reonrdop-
MallMOHHBIE KapThl B IporpaMMHoM mnakete ArcGIS. B nienom, 3aMeTHa oTpulaTenabHas JUHAMUKA 3HaUeHUI
noKasareliel 1o jiecaM BceX (YHKIMOHAJIBHBIX 30H 3a 10-neTHuii nepuoa. s coxpaHeHus ¥ JaibHeitnero
BOCCTaHOBJIEHUsI 1ecoB KokIeTayckoMy HallMOHATbHOMY MapKy PEKOMEH0BAHO IPOBECTH P PETYIISALUOH-
HBIX MEPONPUATHI.

Kniouesvie cnosa: HaMOHATBHBIA TapK, HOPMUPOBAHHBIN Pa3HOCTHBIN BereTanoHHEBI wHACKC (NDVI),
ArcMap, orieHKa, Jieca, JISCHBIE ITOXKapbl, KOCMUYECKHEe CHIMKH, TeONH(OPMAIIMOHHEIE KapTHI.
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