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Abstract. The article discusses the experience of compiling large-scale vegetation maps, the 
advantages of using aerial photography data from a radio-controlled unmanned aerial vehicle 
(UAV) and the technology of geo-information systems in combination with ground-based 
traditional geobotanical mapping methods. The use of remote sensing data is one of the ways 
to quickly obtain data for vegetation mapping. Currently this method is actively used and 
developed. However, satellite data has several disadvantages. The use of UAV is a promising 
direction for timely and cost-effective environmental monitoring. Using the aerial photo 
obtained in this way, it is possible, on the one hand, to trace the dynamics of vegetation during 
one season, and on the other, to identify and map both different plant communities and 
populations of individual species that do not coincide in the phenological phase of 
development with each other. The aim of the study was to reflect the heterogeneity of 
vegetation cover on a detailed geobotanical map in a simple way, which will act as the basis 
for further research. The map constructed by the described method is the most objective 
reflection of the state of the vegetation cover. 

1. Introduction 
Currently, the need for cartographic data on vegetation cover is increasing due to the heightened 
interest in assessing the transformation of the natural environment under conditions of climate change 
and anthropogenic pressure. 

Mapping is a visual way to reflect the patterns of spatial and structural distribution of vegetation. 
The complexity of mapping of vegetation cover is due to its heterogeneity and complex structure, 
seasonal dynamics, variability under the influence of natural and anthropogenic factors. Thus, the most 
important problem of mapping the vegetation cover is operative to obtain reliable information about its 
spatial characteristics and condition. The use of remote sensing data is one way to quickly obtain data 
for mapping plants. Currently this method is actively used and developed.  

Efficiency, accuracy, availability and variety of remote sensing source data make it possible in a 
short time to map the area of interest with the desired accuracy. However, satellite data has several 
disadvantages. For example, low spatial, low temporal resolution, high cost and inaccessibility for 
most researchers. The use of UAV is a promising direction for timely and cost-effective environmental 
monitoring [1]. The advantages of the UAV include the possibility of choosing the spatial and 
temporal resolution [2]. 

The aim of the study was to reflect completely and easily the heterogeneity of vegetation cover on 
a detailed geobotanical map, which should be the basis for further research. 
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2. Models and Methods 
To study the spatial and structural organization of plant cover diversity the key area was chosen. The 
area is characterized by steppe vegetation on the background of fallow succession - Kazachya 
mountain, located on the tails of the spurs of Tsagan-Daban ridge on the right bank of the Selenga 
river (Tarbagatai district, the Republic of Buryatia). During the field work performed about  
40 geobotanical descriptions, which took into account the slopes of different exposure, steepness and 
shape. The IBIS program is used for storage, primary sorting and data processing using ecological 
scales [3]. Under field conditions phytocenoses were distinguished according to the ecological and 
physiognomic principle. Characteristics of the selected plant communities were carried out according 
to the generally accepted geobotanical methods [4,5]. The vertical and horizontal structure of 
phytocenoses were described, their main floristic composition was revealed.  

To compile a large-scale map of the vegetation of the key area during the growing season, aerial 
photography was performed. Aerial photography was carried out with the help of a radio-controlled 
unmanned aerial vehicle (UAV) - drone DJI Phantom 3 Pro in 2017 and DJI Mavic Pro in 2018. Both 
devices are equipped with a high-resolution RGB camera mounted on a gyro-stabilized gimbal that 
provides additional stabilization of the camera. The survey was performed from a height of 500 m, 
which gives a spatial resolution of 0.5 m. Each image is geo-referenced. The program Agisoft 
PhotoScan was used to create the mosaic. It allows to automatically carry out the entire cycle of 
necessary operations from the geometric correction of lens distortion to the construction of a 
geolocated orthophotomap. The orthophotoplans obtained in this way served as a cartographic basis 
for geobotanical mapping of the steppes. Taking into account the data of the field geobotanical survey 
of the territory in the ArcGIS 10.0 software carried out a visual decoding of a geolocated 
orthophotomap. 

3. Results and Discussion 
The purpose of drawing up any map is to visualize on a certain scale objects of observation and 
research in order to identify the patterns of distribution of these objects and analyze them in 
conjunction with each other and other elements of the space in which they are located. The study area 
is confined to moderately dry bunchgrass steppe and grassland and wormwood-bunchgrass steppe. 
The grass cover is dominated by Stipa krylovii, Carex pediformis, Agropiron cristatum, Cleistogenes 
squarrosa, Koeleria cristata. The composition of the steppe communities is characterized by 
participation Caragana pygmaea. 

During the cameral processing based on the analysis of geobotanical descriptions, a matrix of 
similarity measures was obtained by pairwise comparing coenoflora according to the floristic criterion 
using the similarity coefficient of Jacquard [6]. The resulting dendrogram of primary coenoflor served 
as the basis for the allocation of the phytocoenotic classification. The development of the classification 
of vegetation as the basis of the legend of the map is an important condition for a more complete 
knowledge of the patterns of its spatial and temporal structure. As a result of cluster analysis in the 
study area as part of the vegetation cover identified dry bunchgrass and shrub steppes. They include 
Caragana, herb-sedge, grass-sedge, wheat- wormwood, Cymbaria, Ephedra and  sedge-feather-grass 
communities. 

In addition to the classification, which is based on the characteristics of vegetation (species 
composition, its coenotic properties), the assessment of external factors is also important. They 
determine the development, structure of communities and their distribution in space. For the purpose 
of conjugate analysis of community structure and ecological conditions, environmentally significant 
environmental factors responsible for the phytocoenotic diversity and vegetation structure of the study 
area were determined using gradient analysis. According to the results of the ordinational analysis, the 
communities were conditionally divided into several groups. More moist and less saline habitats 
occupied the grass-sedge, herb-sedge and sedge-feather-grass communities. On the contrary, 
Cymbaria communities prefer less moist and more saline conditions. Similar conditions are typical for 
ephedra communities. Fallow phytocenoses occupied a middle position both in terms of the moisture 
factor and in terms of the salinity factor. The group of shrub communities that occupies the least moist 
position is distinguished. 



Problems of Sustainable Regional Development 2019

IOP Conf. Series: Earth and Environmental Science 320 (2019) 012027

IOP Publishing

doi:10.1088/1755-1315/320/1/012027

3

 
 
 
 
 
 

 
Figure 1. Dendrogram of cluster analysis of plant communities. 

 
The relief is one of the leading factors that have a great influence on the formation of the landscape 

as a whole, as well as on the spatial distribution of vegetation cover. It significantly deepens the 
analysis and the possibility of biogeographical interpretation of the data obtained in combination with 
the data obtained by ordination. Among the elements of the topography, the most significant are the 
height of the terrain above sea level, the exposition and the steepness of the slope [7,8]. The 
construction of ecological models reflecting the differentiation of vegetation depending on the 
elements of the relief is relevant for the disclosure of spatial structure. One of these models is the 
"model of the hill"[9]. We have made adjustments to this model, where an additional attribute to the 
graphical representation, in addition to the characteristics of the slopes (steepness, exposure), is 
relative heights.  

  
a) b) 

Figure 2. Model of the distribution of steppe vegetation in the key area with regard to height:  
a) by the moisture factor, b) by the wealth-salinity factor. 

 
Aerial photography data from the UAV were also used to obtain a map of vegetation, relief, angles 

of inclination of the earth's surface and exposure of slopes. Using the photogrammetric method for 
stereo pairs of images from UAVs and using the interpolation of point clouds obtained from laser 
scanning, modeling of the relief of the key area was performed. The terrain model is the basis for the 
creation of digital maps of exposure and terrain slopes.  
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Figure 3. Sketch map of steepness of slopes according to aerial photography. 
 
Both relief analysis approaches were necessary. Modeling by orthophoto to highlight contours 

taking into account ecology and geography on a map, and a hill model for analysis and more spatial 
representation. 

Use as a basis for mapping an orthophotomap obtained with the help of a UAV and a GPS receiver 
provides high accuracy of the mapping objects and their boundaries in contrast to the traditionally 
used topographic maps. Compared with satellite images, the orthophotomap has a significantly higher 
resolution. The natural colors of such an orthophotomap make it much easier and more objective to 
identify the mapping objects. 

When conducting aerial photography, it is very important to choose the time of shooting relative to 
the phenological phase, during which certain plant communities and species will stand out most 
clearly and contras [10]. Based on this, during the vegetation period, several series of images were 
taken at different phenological phases of plant development, taking into account changes in plant 
aspects. 

Large-scale mapping of vegetation of the key area was carried out (M 1:15000). The map reflects 
the current state of the vegetation cover. 

The legend of the map is based on ecological-geographical principles, reflecting the connection of 
the steppes with the landscape features of the territory, taking into account the phytocenotic, 
ecological and geographical features of plant communities. 

The data obtained as a result of the analysis allowed to identify some of the patterns inherent in the 
steppe plant communities, as well as the relationship of the distribution of vegetation in accordance 
with the natural features of the territory. 

On the tops of the ridge, in the zone of manifestation of primary rocks and on steep gravelly parts 
of the slope, petrophyte-grass steppes with bushes are formed. Cymbaric and ephedra-feathering 
communities occupy steeper slopes with occasional primary rocks. The composition of these steppes is 
characterized by the presence of petrophytic herbs. The slopes of the north-western exposition are 
represented by herb-grass and sedge-feather-grass communities. 

The south-western slope of the exposition is a system of erosion troughs, beams, fragmentary 
overgrown with Pinus sylvestris and communities of dry steppes. They are characterized by 
expositional combinations of Cymbaria and Ephedra-feather-grass communities with steppe  
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herb-sedge communities on the erosion gully along the bottom.  Combinations of steppe communities 
of the southern slopes are characterized by the participation of many xeropetrophytic species. 

On the territory of the key area about 60% of the territory is occupied by fallow lands at different 
stages of restoration: Agropyron-Koeleria-Aretemisia fallow with Ulmus pumila on leveled areas, and 
Potentilla-Poa fallow on the slopes of the south-eastern exposition. 

The authors do not claim that the chosen approach is ideal. Probably, in the future both the 
classification and the legend based on it will be corrected, since research continues.  

4. Conclusion 
Mapping of this territory in scale of 1:15000 is carried out. As the basis of the map for the first time 
used orthophotoplan obtained from aerial photographs taken using an unmanned aerial vehicle.  

The use of UAVs, unlike expensive images from spacecraft or conventional aircraft (airplanes and 
helicopters), allows aerial photography under the most favorable conditions, during periods of 
different phenological phases of plant development. Using the aerial photo obtained in this way, it is 
possible, on the one hand, to trace the dynamics of vegetation during one season, and on the other, to 
identify and map both different plant communities and populations of individual species that do not 
coincide in the phenological phase of development with each other. 

Obtained in the natural visible spectrum of aerial photographs (as opposed to satellite images with 
conditional colors) make it possible to more objectively find the interpretation signs of mapped plant 
communities and correctly map their ranges and boundaries to the map. To compile a geobotanical 
map, we used a joint analysis of satellite images, digital elevation models and data obtained as a result 
of the classification of field geobotanical descriptions, which were used for the ecological-
phytocenotic classification of vegetation. The map constructed by the described method is the most 
objective reflection of the state of the vegetation cover. It can also serve as the initial geobotanical 
basis for monitoring the dynamics of vegetation with the identification of its patterns. The resulting 
map allowed us to reflect the vegetation in close connection with the geographic environment. 

Acknowledgments  
The reported study was funded by Russian Foundation for Basic Research according to the research 
project No. 17-05-01059 and within the framework of the state task of BINM SB RAS. 

References 
[1] Anderson K and Gaston K J 2013 Lightweight unmanned aerial vehicles will revolutionize 

 spatial ecology Front. Ecol. Environ. 11 138–46 
[2] Zhang J 2016 Seeing the forest from drones: Testing the potential of lightweight drones as a 

 tool for long-term forest monitoring Biological Conservation 198 60-9 
[3] Zverev A A 2007 Information technology in vegetation research (Tomsk: TML – Press) p 304 
[4] Rabotnov T A 1983 Phytocenology (Moscow: MSU) р 291 
[5] Lavrenko E M and Korchagin A A 1964 Field geobotany (Moscow: Academy of Sciences of 

 the USSR) p 530 
[6] Jaccard P 1901 Distribution of the Alpine Flora in the Dranse Basin and in some adjacent areas 

 (in French: Distribution de la flore alpine dans le Bassin des Dranses et dans quelques 
 regions voisines) Bull. Soc. Vaudoise sci. Natur 140 241-72 

[7] Fridland V M 1983 Structure of soil cover (in Russian: Struktura pochvennogo pokrova) 
 (Moscow: Nauka) p 196 

[8] Sokolova G G 2016 The influence of terrain altitude, slope exposure and slope degree on plant 
 spatial distiribution Acta Biologica Sibirica 2 34-45 

[9] Korolyuk A Yu 2008 Vegetation of Russia 13 pp 117-22 
[10] Domnina E A, Timonov A S, Kantor G Ya, Kislitsyna A P and Savinykh V P  

 2017 Experience of detailed mapping of floodplain meadow vegetation  
 Theoretical and applied ecology 42-9 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


