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    Abstract 

 

This paper discusses the functional capabilities and technological issues of remote sensing (RS) 

and geographic information systems (GIS) in the field of natural resource assessment, algorithms 

for processing multispectral images and areas of their application. The dissertation brings 

together various case studies related to the study of biotic resources that have been carried out 

using remote sensing technologies in Georgia and the Caucasus. Thematically, the thesis is 

divided into 5 independent studies carried out over the past 6 years using various methods of 

remote sensing technology and spatial analysis: (1). Land cover classification in different climatic 

zones; (2). Estimation and monitoring of forest cover change; (3).  Identification and classification 

of wetland habitats; (4). Assessment of highland and lowland pasture productivity; (5). Modelling 

the distribution and abundance of eastern tur in the Caucasus. 
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al 2014).     ,   

       

      ,  

       

 .  

  ,     , 

,        

Sentinel-2    . 

 ,  ,   ,     

 ,      

  ,   ,     

SVM    .    

 ,  ,     

    RF  

     SVM-  (Saini&Ghosh 2018),  

  ,     Sentinel-2- , 

 10    (B2-Green; B3-Blue; B4-Red  B8-NIR).  

   SVM-     

(Wessel et al 2018)  (Topaloglu et al 2016)  (Noi & Kappas 2017).      

    . , 

      ,  

     . 

 ,      

    ,    

       . 

 ML        

,       SVM-  

 RF- .   

https://sciprofiles.com/profile/62346
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3.       
 

3.1.    
 

 ,     ,    

    .  

   ,     

      .  

      ,  

-  , -    

,     (Curtis et al. 2018).   

    ,   

    .    

  ,    , ,  

,     (Asner et al. 2009a).  

       

    ,   

 . -     

       

      (Asner et al. 2009b).  

   ,     

       (Achard, et 

al. 2007).       

        

.        

Landsat  30    (Hansen et al. 2010; 

Hansen et al. 2013; Asner, et al. 2009b). 

  ,    

         

.   ,     

     ,    

        

  (Köhl et al. 2009).   

       

  ,     (Tan et al. 

2013).   ,      

,       

     (Köhl et al 2009).    
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  . , Sentinel-2  

 ,          

     Landsat 8 (Korhonen et al., 2017). 

        

  ,      . 

 ,     

  ,   ,    

   (Sexton et al. 2015).   ,  

  ,       

,      

 (Hansen et al. 2002).     

    -    

,         , 

      (Chopping et al. 2012).   

       

 (Crowther et al. 2015). 

    ,     

     

,  Sentinel-2       

       . 

        , 

          

      . 

         

    . 

 

3.2.  
 

      Sentinel-2A  

     .  

       

 ,       .  

   2018  7  15   

 :  ,   

        ,  

     ( . .3.1).   

   20X20 - ,    

-   .     
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  4,    : 0-25%, 25-50%, 50-75%  75-100%.  

       . 

        

      AMIR photo 

180° .      

Gap Light Analyzer 2.0 (GLA, Frazer et al., 1999)  .  

   ,   30   

 ,      .  

     , . 

 , ,      

.   

 

.3.1.   Sentinel-2       

(  )       (  

).   : UTM WGS 84 z38 

      

,             

 .     (Nestle forestry caliper 

waldmeister, Dornstetten, Germany),      1.3 
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 .    Suunto PM5/SPC Clinometer (Vantaa, 

Finland)  . 

     .  

   80  : 45   

 ,  35 .    

   : Abies nordmaniana, Picea orientalis, Pinus 

kochiana, Carpinus betulus, Fagus orientalis, Quercus iberica, Dryopteris filix mas, Festuca sp., 

Rubus caucasicus.          

 (Rhododendron caucasucum, Betula spp.).   

   ,    

:  - ,      

,   ,    

        

    . 

     Sentinel-2A  

   13    

 10,20, 60   .    

(https://scihub.copernicus.eu/dhus/#/home)  .  

         

  ,     

2018  1   ,   

  2018  28 .     

     6  45  (  +/-SD = 25.225+/-13.153) 

(  1 .  9.1 ).      

  QGIS Desktop 3.4.5-Madeira software package (QGIS Development Team 

2019)  . 

      ,  

     

.  ,       

 .    

  Sen2Cor ,   Sentinel-2 Level 2A 

   .   2A  

     :  

 ,   ,   ,  

,    .    

  - . 

       : 

Sen2cor  (  Sen2cor  Sentinel-2 ), Cosine 

https://scihub.copernicus.eu/dhus/#/home
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Correction (Teillet et al., 1982,  C-  ), Minnaert Correction 

(Smith et al. 1980; Gao and Zhang 2009;  M-  Sentinel )  

Normalization  (Civco 1989,  N-  Sentinel ). 

    SAGA-System for Automated 

Geoscientific Analyses  .   

    30     

SRTM 30  (United States Geological Surveys; https://earthexplorer.usgs.gov). 

 

 

    Sentinel-2A    

     (GAMs)   mgcv 

package (Wood 2011) in R version 3.5.2. (R Core Team 2016) .  GAM 

        

  ,     

    (Halperin et al. 2016). 

GAM       ,   

        

 .     

(REML)       

(Wood 2011).        

  ,      

  0.9. ,     , 

    ,   gtools 

package for R (Warnes et al. 2015) .    

 Leave-one-out   .   

   R    

(Microsoft Corporation & Weston 2017, 2018).     

   .      

 mgcv  .     

  10       

,   QGIS Desktop 3.4.5-Madeira .  

        (Hijmans 

2016) R version 3.5.2 .      

       

 (NFA)     2015-2016. NFA  

  10   ,     

 0.5 ,     >20%- .    

      

    (p-  < 0.05) 01.07.2018  05.08.2016  
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(  )  28.08.2018  14.08.2015 (  ) 

  ( . .3.2). 

 

.3.2.   .  ( )  .  ( ) 

    ( )   ( ).  

 : UTM WGS 84 z38  

 

  

         

   Global Forest Watch (GFW,  

http://www.globalforestwatch.org/map) .     

1,38x2,44    10   ,    

,    2016-2017   >=5%-   

           

         

 .     GFW-    

.     -   

 ,        

.  . .3.2. 

     1256  2113  

(  +/-  = 1613+/-162).     0  

67,1 (mean+/-sd = 0.44+/-0.32).   ,   

      .  

 

 

 

http://www.globalforestwatch.org/map
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3.3.  
 

      GAM   

  ,      ( .  

     ,   

    ).       

 GAM-     70%-   (  2 

.  9.1- ).       

,     M-     

       -

 . (  3.1  3.2,  3.3, 3.4, S1). 

Topographic 
correction 

Cross-
validation 

MSE 

100% range 
limits of 
residuals 

95% range 
limits of 
residuals 

R2
adj 

Deviance 
explained (%) 

AIC df 

Sen2cor 
correction 

279.332 -53.514 -33.606 0.86 88.6 4119.89 26.08 

Cosine 
Correction 

258.328 -71.699 -37.971 0.82 84.7 5366.46 26.13 

Minnaert 
Correction 

178.62 -39.846 -31.331 0.88 89.8 3736.26 25.35 

Normalization 
Method 

232.788 -71.146 -40.07 0.82 83.5 5734.85 25.94 

.3.1 Sentinel-2        

 . (MSE):   ; (Dev. Expl.):  ; (AIC): 

  ; (df):  . 

    ,    M-

         

 (goodness of fit),      

.       

     ,     

.     3 (Green),  8 (NIR)   12 (SWIR).  8 

     ,   3  12 

   ( . 2).   

    ,  3.2. 

n Variable term e.d.f. P Goodness of fit (R2adj) 
Deviance 
explained 

80 

s(B03) 8.106 <2e-16 

0.882 89.80% 
s(B08) 7.845 <2e-16 

s(B12) 8.033 <2e-16 

Intercept= -16.477   0.00106 
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.3.2    (GAM) -      (FEYE) 

 . n =   ; s () =   ; e.d.f. = 

  , P =   ( ).  

 .  2. 

     Sentinel-2    

         

(R2 = 0.0022, adjusted R2= -0.01061, p-value=0.68).       

      .    

, :   , / / , 

    ,  "FEYE"   

,     (80% - ). ,   

  NFA-       

   ,       

. ( . 3.3) 

 

. 3.3 -    FEYE    ,   

  (FEYE)  GAM-  M-   

,  REML     (adjusted R2=0.882). 

     ,  ,     

 ,     . -   

       . 

    ,    

     ,  ,  

   ,       
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 -   ,     

  (Figs S3 and S4)       

61,3%,  GFW-    14,8%. ( . 3.4) 

 

. 3.4 - 2016 ς 2017    -      

   .  : UTM WGS 84 z38.  

 

3.4.  
 

 ,       

   ,    

Sentinel-2  ,    

Minnaert Correction-  .  ,   , 

    :  3 ( ),  8 (NIR)  

 12 (SWIR). 

       

  ,       
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  α  / ά   ,    

      .  

  67   (10 Sentinel-2    57 

     , .  

1  9.1).  67 ,   

   3    , 

       

. 

NIR-   SWIR-     ,  NIR  SWIR  

       

.     ,   SWIR-  

 NIR-         

      (Gao 1996, Kennedy 

et al. 2010, Lehmann et al. 2013, Pickell et al. 2016).     

    3-  ( ),   ,   

        

      . (e.g. 

Lorenzen & Jensen 1988). Umarhadi et al. (2018)    

 Sentinel-2   3-  ( )    ,  

    .   

 ,  ,     SWIR 

 NIR -       . 

 ,   NDVI  ,  

,       

      (Tucker 1977, 

Gitelson et al. 2003).  Sentinel-2      

Minnaert           

  Cosine Correction, Normalization Method   Sen2cor-correction 

,       (Fan et al. 2018). 

 GAM-     ,  ,  

       ,  

  .     ,   

       (Rubus 

caucasicus)         

  .  

        

     (DEM) ,  

  Sentinel-2-    

.  
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    ( .  ,  

/ / ,     Carex  

 )  "FEYE"-    ,   

(80% - ).        

 ,   Rhododendron caucasicum  

  . 

   (1)     

,        

,       (2)  

     . ,  

      NFA   

.  

  ,      

     ,  

    -    

       . 

,       

,       

. Sentinel-2     , 

          

       . 

  ,        

.  ,      /  

  ,     ,  

    ,  

        

  .  

       

     

      . 

         

,  GFW- .      61.3%, 

     , ,    

 ,        

,        

 ,      , 

     .  
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GFW-        ,  

 Landsat-         

    . ,  

     , GFW-   

,   Landsat-    

. GFW       

   30x30   . (GFW, Hansen et al. 2013),   

    ,    

       .  

 ,    /   , 

         

    -   . 

, -       

      . 

   ,     

     ,    

       , 

      ,   

      .  

         

   .    

        

  Sentinel-2        

    .   

   ,  ,  

ΨŦƛǎƘŜȅŜΩ   .    

  .  ,     

,   ,     

 (  )      

   .  

,          

  ,     , 

        

,        

  . 
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4.      

  
 

4.1.    
 

,     ,   

          

        

 . (Ramsar 2016).     

     (Ramsar 

2016).      ,  

   ,   

,        

 ,      

(Mitsch et al. 1993).       

     .  

 ,        

     (Lein 2003) 

,       

        

         

(Dennison et al. 1993).  ,  ,    

        

   .   

     , 

     

.        

       

 ,      

   .   

        

,         

    (Köhl et al 2006; Xiao-ping et al. 

2007)  ,      

    (Olofsson et al 2014) .  ,  

         

,     α ά    

   GPS    

     (Wang, et al. 2010).  
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   .    

  ,     

  ,      

    ,   

.       

,      

,     . ,  

       

      

(Halabisky 2011)      

  (Pekkarinen 2002, Hossain et al 2019)   

  ,     . 

 ,     

       (Blaschke 

2010).   ,    

     ,    

     (Lang 2008).     

,     ,  

   . ,  

      , 

     ,  ,   

 .      

 ,      

      .  

 

4.2.  
 

    3 : 1.  

   ,  2.     

, 3.    EUNIS  . 

 

4.2.1.      
 

      

   ,    

        

.      
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  1:25,000   , 

  1950-60   .   

   ,  5-10    (East View 

Cartographic 2002).     , 

     ,   

      . 

        

 ,       

      ,  

   . ,   

       

  ,     

       , 

      .  

    QGIS     (Google 

satellite maps- http://www.google.cn/maps/vt?lyrs=s@189&gl=cn&x={x} &y={y}&z={z})  (ESRI 

imageryhttps://server.arcgisonline.com/ArcGIS/rest/services/World_Imagery/MapServer/tile/{

z}/{y}/{x})     .  

   RGB     

     

   .  

      Sentinel-2A  

   10, 20  60  

   ( .2.2).   

 (https://scihub.copernicus.eu/dhus/#/home)  . 

       

   Sen2Cor ,   Sentinel-2 Level 2A 

   .   2A  

     : 

  ,   ,   , 

 ,    .   

   - .    

   ,   

     .    

 ,      , 

 α ά  SNAP 5.0  Idepix   . 

       

  ,   QGIS 

, Semiautomatic Classification Plugin (SCP)-      

 (Maximum Likelihood) .    

https://scihub.copernicus.eu/dhus/#/home
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    ,    

     ,  

      ,  

 ( ,   . .)     

,  ,    

     ,   

EUNIS  .    ,   

  ,    

  .     

     .  

 

4.2.2.      

 

 ,      

 .      

   ,   

      

 .  

    
     

  
 

 όhōƭƛƎŀǘŜ 
Wetland Plants) 

OBW 

Σ  
    
 όҔфф҈ ύΣ 

  όғ м҈ ύ 
 Φ 

  
 

 όCŀŎǳƭǘŀǘƛǾŜ 
Wetland Plants) 

FACW 

Σ  
    

 όҔст҈ - фф҈ ύΣ  
  

  όм-
оо҈ ύ 

 
 όCŀŎǳƭǘŀǘƛǾŜ 

Plants) 
FAC 

Σ   
    
  Σ  

  
(33-ст ҈ ύ 

 
  

(Facultative upland plants) 
FACU 

Σ   
  όм-33%- ύ  

   
  

(67-фф҈ ύ 

.4.1     ( : Corps of Engineers Wetlands Delineation 

Manual by Environmental Laboratory 1987) 
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     5 : WDW -   

(        ), 

OBL-     ), FACW - 

   (    

 ), FAC-   ( ,  

    ,   

), FACU -    (   

     . .  4.1) 

        

    .   

   1-  3- ,     

   200 - .     , 

 ,      

 20-  40- .      

    98  . 

      

  (   ,   ). 

  GPS-     ,  

    .    

     -  (Westhoff & Van 

Der Maarel 1978)  ,    

       . 

, /     

   .     

    (OBL, FAC, FACU, FACW).  

,      

 / .   , , 

, , Sphagnum-      , 

,     .  

  ,    :  

 ,  ,  ,  (   

),  (   ),   

( , , ),   (   ),  

 (  , )  .    

        

   . 
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4.2.3.     EUNIS  . 

 

EUNIS (European Nature Information System)    

        , 

       -  

.    ,  

    , EUNIS 

       

   : ,     . 

       

  ,      . 

 , EUNIS -     ,    

      

. 

,  EUNIS-   , , 

  . ,   

 ,      

,     

  EUNIS-   .   

        , 

      

 (Kikvidze & Ohsawa 2001).     

  .   ,  

      ,  

    (Krebs et al. 2009).EUNIS   

    EUNIS habitat classification 

2004  ,     

     ,  

        -

 . 

 

4.3.  
 

     1:25,000-   

      

 ,   247  , 2057  ( , 

, , )  8465  ( , , -  



45 
 

,  , ,  )   ( . 

 4.1.).  

 

. 4.1  ,    , Sentinel-2  

      . 

    16  ,  

   .    2 , 

   . ,    

   .   ,   

       

   ,    

   . ( .  4.2.)    

    .   

       (Congalton 

and Green, 2009)  .  

   Υ 

   ώ҈ϐ Ґ фуΦтоффΤ  

   Ґ лΦуфнф 
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 4.2.          
     Φ 

      258 .  
    : Cyperaceae (40 ) Poaceae (29 

) Rosaceae (20 ) Asteraceae (16 ) Fabaceae (10 ) Juncaceae 
(10 ).       : 
Cyperaceae (10 ) Poaceae (24 ) Rosaceae (14 ) Asteraceae (15 ) 
Fabaceae (7 ) Juncaceae (2 ).    

  Carex-25 , Juncus ς 8 , Sphagnum ς 6 , Rubus ς 4 
, Trifolium - 4 .    14   4 

 (Hibiscus ponticus, Rhynchospora caucasica, Rubus caucasigenus, Trapa 
colchica) 10    (Alnus glutinosa subsp. barbata, Carex transcaucasica, 
Swertia iberica, Thymus collinus, Ranunculus caucasicus, Alchemilla sericata, Rubus caucasicus, 
Ruscus colchicus, Euphrasia caucasica, Valeriana tiliifolia) .   

    FAC-   114 , OBW -  
75, FACW-  55,  FACU-  16 .     
EUNIS     . 

  EUNIS-     
       

   Φ    фус 
  Σ  нмп  9¦bL{   

 ό Φ  пΦ3-4.4)Φ       Φ  9.2. 
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. 4.3         . 

 

. 4.4     EUNIS     
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4.4.  
 

      

    .    

   ,   , 

     

      -  . 

 ,       

     

.     , 

     -  , 

      .  

     ,   

       

 . 

      

    ,     

   .   

       

 ,     

,      . 

     ,  

    (Gongedo 2020);(Wang, & Li. 2010) ( . 

 4.5). 

   

. 4.5      (     . 

 )     . Y    

,  X       . 

 ,      . 

       

,  ,      

   .  

      

.      ,  

     (Shackelford, A.K & 
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Davis, C.H 2003)        

 .       

  ,     

      (Halabisky  

2011),(Whiteside et al 2010),   ,    

   ,     

,     . 

EUNIS (European Nature Information System)    

     ,  

      : ,  

   .     , 

     .    

 ,      

,      ,  

       

. ,        

      .    

      ,  

     , 

     (Kikvidze & Ohsawa 2001). 

   EUNIS-    

,        ,  

    (Kaffke et al. 2000; 

Matchutadze & Joosten 2003; Matchutadze & Krebs 2003; Haberl et al. 2006). 

,     ,   

        

      

  .      

,       , 

         

. ,      

      . 
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5.       

 
 

5.1.    
 

    -   

,     (Lewandowski et al 2003). 

     40,5% (FAO 2014),  

         

(Anderson 1991),         

  (Scurlock et al 1998, O'Mara 2012).   

,        , 

      

    (Delgado 2003),    

     .   

 -    ,  

         

     ,   

        

 (Petersen 1965).      

 ,       

  (Rook & Tallowin 2003).   ,  

     ,  

      

  ,    ,  

  ,      

     (Pickup et al 1994).  

      

      . 

,       

   (Ali et al 2017).  ,    

       , 

 ,   ,   

  4700   (Barsila et al 2014).  

     ,   

      .  

        

 .  
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   .   

        

      . 

,      NDVI (Normalized 

Difference Vegetation Index)       Red Edge NDVI (rNDVI) 

(Fernando & Victor 2020).    ,     

 ,    ,   

     (Yengoh et al 2016).  

NDVI   ,     

(Airbus 2020),     . ,  

      

 ,       

 ,     

  .      

,          

   (Vescovo & Gianelle 2008).   

          (Airbus 

2020).      LAI (Leaf Area Index), FAPAR 

(Fraction of Absorbed Photosynthetically Active Radiation, CAB (Leaf chlorophyll content) 

FCOVER (Fraction of vegetation cover)  CW (Canopy Water Content),   

 Sentinel-2  . LAI   

         

       

,       (Chen and Black, 1992), 

FAPAR    ,   

  400ς700        

    (Asner et al. 1998). FVC  

        

     (Song, 2017) LAI, FAPAR  

FVC        

        

(García-Haro et al. 2018). CAB      

   (Sampson et al., 2003),   

 /   (Gitelson et al., 2006). CW  

    ,   

        

,     (Cernicharo et al 2013).  5-  
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     ,  

       

. ,         

   ,    

        

.   ,      

        

. 

 

5.2.  
 

        

     ,  

 ,      

,     .  

 ,      

 ,  ,  ,   

          

 . 

 

     

     -  

,     ,  , 

  .      .  

  ( ),      . 

   ,  , 

, -      (Lachashvili & 

Khachidze 2010).       

       . , 

    ,      

    ,      

.  

    ,    

     ,  

   ,     

(  1964).         

 ,      
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.    ( )   ,  

      ( ) . 

 - ,      

       (  1964). 

  ,    ,  

   .    , 

       -  

  .      

,        

    .   

       

.   ,     

        ,   

   . 

    2 :  

,     /   

,        

   .  

  68   ( . . 5.1),    

         

 . 

   

. 5.1          

 ( )   ( ) . 

       28 

 ( . . 5.0),         

.  ,  ,  - , 

      

     . 
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        20x20  

     1 ²   ( . . 5.2).  

       

 48   85° C-  ,    

  

   

 . 

  

,   

  

   

  

  Sentinel-2A  

 

 

 13-  

 , 

. 5.2     Sentinel-2    

.  (20x20),     -

,    ( )    . 

 

    10, 20, 60 .  

       

  (https://scihub.copernicus.eu/dhus/#/home).  

       

 26.06.2016- .      

  QGIS Desktop QGIS Desktop 3.8.2-Zanzibar (QGIS Development Team 

2019)  .      -   

     

.  ,       

 .    

  Sen2Cor ,   Sentinel-2 Level 2A 

   .   2A  

     :  

 ,   ,   ,  

,    .     

 - . 

       

   Minnaert Correction (Smith et al. 1980; Gao and Zhang 2009; )   

https://scihub.copernicus.eu/dhus/#/home
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      . 

    SAGA-System for Automated 

Geoscientific Analyses  .   

    30     

SRTM 30  (United States Geological Surveys; https://earthexplorer.usgs.gov). 

    ,    

        10 : -  

,   ( , , ), ,  

, ,      

( ).       , 

     ,   

      .  

    ESA SNAP Sentinel 

Application Platform      (LAI, FAPAR, 

CAB, FCOVER  CW,         

 . SNAP      

  (ANN-Artificial Neural Networks),   

   .     

     ,  

      .  

       

     (SAGA-System for 

Automated Geoscientific Analyses).     

 LAI, FAPAR, CAB, FCOVER  CW- ,    

    ( ).   

  X  Y .  

 

5.3.  
 

   

     5  

   LAI, FAPAR, CAB, FCOVER  CW,    

   .    

  ,     

.       

 0-  15  . 5-     

 , FCOVER-      
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 ,    -CAB  

. ,  5-       

       ( .  5.1) 
 

AGB CW CAB LAI FVC FAPAR 

AGB 1.00000           

CW 0.71632 1.00000         

CAB 0.65679 0.95198 1.00000       

LAI 0.66857 0.98111 0.97391 1.00000     

FVC 0.72710 0.98420 0.97047 0.97969 1.00000   

FAPAR 0.72212 0.97920 0.96885 0.97092 0.99796 1.00000 

. 5.1   ,       

 . 

        

,        

       

,         

.     ,  

 ( . 11,12). ( . . 5.3)       

    R² =0.71, R²Adj =0.67. 

          

. 5.3.      ( / - )      

 ( ),         

    .  

 

    

  ,     5 

    LAI, FAPAR, CAB, FVC  CW.   

     0-  15 . 5-  

    ,   

,       CW-  
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(   ),    FAPAR  (  

  ). 5-       

      ( .  5.2). 

. 5.2   ,       

 . 

        

     .    

     ( , ,  

 . ) ,     . 

 ,     ,   

  10 / .    

      ( . .5.4). 

   

. 5.4.      ( / - )    ( ), 

           

 . 

         

,      

     ( . . 5.3).    

       

,       , 

  .       

      ( . . 5.3) 

 
AGB FAPAR FVC LAI CAB CW 

AGB 1.00000           

FAPAR 0.68694 1.00000         

FVC 0.66139 0.99652 1.00000       

LAI 0.77834 0.96140 0.94665 1.00000     

CAB 0.80414 0.95728 0.93947 0.98519 1.00000   

CW 0.85974 0.82991 0.79824 0.90757 0.90940 1.00000 
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  .       

    R² =0.81, R²Adj = 0.74 

 

5.4.  
 

  -   ,  

       

  .     

        -

  .    

    : (1)  ,  

       ,    

      (2)      

     (  ).   

    ,  ,  

   .     

      

  ,     

     ,   

   (Tucker & Sellers 1986).   

      , 

        

. ,     

,    ,   

       . 

      

   ,     

   .  

 ,        

        

     ,  

  .    

  ( . 5.0 - . 5.1)     

   FVC  FAPAR- ,      

      , 

  CW  CAB.         

         

  FVC- .  ,   

  ,     
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  .     

,     .    

  ,  -      

 . FVC     

 ,       

 .   , FAPAR-      

  (Field et al. 1995),       

   ,      

 . FAPAR-     , 

   (Zhou et al. 2017).    FVC 

      ,   

       .   

       , 

        

. ,     FAPAR-   

    .  

  , LAI    , 

 ,    Φ ˿!. 

    ,    

    CW       

  .  

        

 (Asner & Wessman 1997)     

     ,  

  .      

       ,  

       

. -      

       

.  ,       

,      

   .   

,        

    ,  

    .  
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6.      

   
 

 ,       

.   ,    

        

.         

       

. 

 

6.1.     
 

      (Capra cylindricornis) 

       

       (Weinberg et al. 2010).  

,   (Capra aegagrus),     

      .   

      (IUCN 2016).  

    ,    

   ,    

    ,    

       (Gavashelishvili 2009; 

Weinberg et al. 2010).      

  ,     

      . 

(Gavashelishvili 2009). 

 ,        

        , 

      .  

   , ,  , 

 ,  ,     

 .      

 ,       

   .     

    , (   

   ,    

       



61 
 

   .      

Capra     .   

 

6.2.  
 

        

     (  6.1).  

    -   

(Magomedov et al. 2001; Weinberg 2002; Gavashelishvili 2004; Gavashelishvili 2009) ,  

    . 

        

 , 1999  2017     

.    ,  

 ( )   -  ( . 6.1). 

   ,   ,  

    -  .  

  ,       

 (  >3 ;  >2 )   . 

    ArcGIS Desktop 9.3 software package (ESRI Inc., 

Redlands, California)  -    QuickBird 

(DIGITALGLOBE, Inc., Westminster, Colorado)  Google Earth (Google Inc. Googleplex, 

Mountain View, California) .    

   . 

        

 ,     50   

(  ).    ,    

    ,  

  100x100  (  6.1).   

 (  ) ,      

1415   ,        

 1000  (  6.1).      

    1,000 × 1,000  .  

     . 

    79 .   

,       . 

    79  

,   11      
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(Gavashelishvili 2004; Gavashelishvili 2009; . 6.1).    -

        

 .     

 2 ,      

.      

,       

   . 

  

MALE .   .  (> 3 ) 50   
FEMALE .   .  (> 2 ) 50   
JUL_DAY     
ELEV SRTM 90     (Jarvis et al. 2008) 
SLOPE   (°)  SRTM-90  (Jarvis et al. 2008) 
CLIFF40DST  ( )     ,  

  > 40o 
ASPECT    SRTM-90  (Jarvis et al. 2008) 
LST_D      (°C)  8  

,  1-  MODIS Φ Ψa¸5мм!нΩϝ 
LST_N      (°C)  8  

,  1-  MODIS Φ Ψa¸5мм!нΩϝ 
SNOW   - ,  500-  MODIS, 

 Ψah5мл!нΩϝ 
CLOUD   - ,  500-  ah5L{Σ Ψah5мл!нΩϝ 
NDVI    ,  8  

.   ,  250-  
MODIS  Ψah5моvмΩϝ 

CANOPY %   ,  250-m MODIS  
Ψah5пп.Ωϝ 

LAND 
COVER 

17      500-  MODIS  Ψa/5мнvмΩϝ 
(  5.  .  10.3) 

PROTECT   
H_D   ( )   .  
H_CD     ( )   . 

 (    , .   . )   
 .    Data 1:200,000 . 

    OpenStreetMap   
.  http://download.geofabrik.de (  5.  .  10.3). 

H_CD_1 
H_CD_2 
H_CD_5 
H_CD_10 
H_CD_15 
H_CD_20 

    ( )   . 
,   1 , 2 , 5 , 10 , 15   20  

. 

 6.1. ,        

   (Capra cylindricornis) *  NASA- : 

http://www.echo.nasa.gov/ reverb/about_reverb.htm. 

http://download.geofabrik.de/
http://www.echo.nasa.gov/
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    , ,  

,  , ,     

  (  6.1).   NDVI-   

 ,      

    .    

       , 

       ,  

  (Gavashelishvili and Lukarevskiy 2008; Gavashelishvili 2009; 

Tarkhnishvili et al. 2017) 

 

. 6.1    (Capra cylindricornis)    

   .   Equal Area Conic, WGS: 1984. 

 

     ArcGIS Desktop v.9.3 

 ,      

     .   

   ,   

 ,         

  ( ).   -    

 ,       (    

).       

 ,      
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,       

 . UTM   ,     

     .  

 /      

  Generalized additive models (GAMs)   mgcv package 

(Wood 2011) in R version  3.3.2 (R Core Team 2016) .    

      

      GAM- .   

        

 . GAM       

,         

   .    

 (REML)      

 (Wood 2011).      

Wood (2011) .        

      , 

   Akaike (AIC)  . 

       , 

    1999 - 2017  ,  

  ( ) ,     

       

   .  

     SD  

  22 23.772 12.971 6 - 65 

.  7 10.869 10.836 1 - 48 

.  8.5 8.955 4.379 2 - 22 

 6.2.   (Capra cylindricornis)    

 50  .       ,  

. 

    100   nearest neighbor  

.         

  Hijmans 2016 R- ,  3.3.2,     

 ArcGIS 9.3 Spatial Analyst.    

   R  3.3.2 , 10  

  .     , 

   GAM  ,    

     . 
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  ,    

        

    ,     

 (  ,   6.1)      

   ,   IUCN (IUCN 2016) 

.     ,      

,    .   

   ,    

 ,      

        

(Tarkhnishvili et al. 2012).       (LGM), 

    .   LGM  

       ( .  6.1)  

(Gavashelishvili and Tarkhnishvili 2016) LGM  . LGM  

  Ehlers et al. (2011)    Becker et al. (2015).  

    , 

/       

 (   )   ,  

,       

   ,     

   ,      .   

       

  ,    αwithin-setάό  

)  αbetween-setά ό   )  . 

 

6.3.  
 

79       , 48  
    , 10   

     13   
 . ,   13   

,       
,          

 .   (       
)         

       
(  6.2).      ,  

        , 
     NDVI   

.        ,  
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   α - ά ,  , 
  .    , 

       
 (  6.3). 

  r P 

,   (n = 43) H_CD 0.402 < 0.01 

H_CD_1 0.383 < 0.05 

H_CD_2 0.351 < 0.05 

,   (n = 51) H_CD 0.537 < 0.0001 

H_CD_1 0.530 < 0.0001 

H_CD_2 0.526 < 0.0001 

H_CD_5 0.476 < 0.001 

H_CD_10 0.424 < 0.005 

H_D 0.450 < 0.001 

,   (n = 15) NDVI -0.619 < 0.05 

 6.3. ,        

 (Capra cylindricornis). 

 , NDVI,   ,     
       

   (  6.4).      
 

    

(n = 110) 

  

(n = 79) 

P(t) 

CANOPY 28.864 + 23.631 7.620 + 5.019 < 0.0001 

ELEV 2084.845 + 565.474 2583.633 + 284.235 < 0.0001 

LST_N 3.882 + 10.537 -3.529 + 6.886 < 0.0001 

NDVI 0.574 + 0.306 0.282 + 0.211 < 0.0001 

H_CD 50601.480 + 26756.330 68985.880 + 36292.4 < 0.001 

H_CD_1 47401.660 + 27145.850 68608.420 + 35507.85 < 0.0001 

H_CD_2 44999.080 + 27880.18 69005.700 + 34553.25 < 0.0001 

H_CD_5 42871.360 + 27158.790 67614.900 + 30188.11 < 0.0001 

H_CD_10 41286.500 + 25701.930 64060.930 + 24632.03 < 0.0001 

CLIFF40DST 605.227 + 877.080 402.176 + 377.044 < 0.05 

H_D 2728.503 + 2306.674 4199.144 + 2872.254 < 0.001 

 6.4.   (  + SD),    

 .  (Capra cylindricornis)     , 

 t-  .  
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 n  

 

e.d.f. P  

R2 

 

 

  (log-

linked) 

18 s(LST_N) 

Intercept= 2.1263 

 

3.696 < 0.01 

< 0.001 

0.338 62.6% 

  (log-

linked) 

15 s(LST_N) 

Intercept= 2.0216 

2.967 < 0.01 

< 0.001 

0.286 62.3% 

  (log-

linked) 

43 LST_N* 5.794e-02 

H_CD* 1.487e-05 

Intercept=1.503 

 < 0.05 

< 0.01 

< 0.001 

0.183 33.6% 

  (log-

linked) 

51 s(LST_N) 

H_CD* 7.451e-06 

Intercept=1.674 

2.257 0.0721 

< 0.001 

< 0.001 

0.293 36.3% 

 6.5. GAM      (Capra cylindricornis)  

. n =   ; s () =   ; e.d.f. = 

  , P =   ( ).  

 .  6.1- . 

        
        

(  6.5). 10-        
   .   

    ,     
    .  ,  

,         
/  ,       

  όҍоΦнϲ/   ҍпΦмϲ/ ). , 
    ,     

( .6.2).   ,      
 .      

        
(    )     

,     . ( . 6.3)  
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. 6.2. GAMς    ,     

(Capra cylindricornis)    (  )   (  )  

     .     

,   (  )   (  ) . 

 

,        3-  
     .     
     . 

        2-   
   .     2 

      

 (   =0.99470),   GAM- ,  

    ( .6.4).  ,  
        

    :    
NDVI ,  ,     .    

,         
 , ,     

  . ,     
     ( . 6.5).  

 ,      , 
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     .    
     ,   

 3196        
    .    

 1570 -     (   
),   90%  ,  

    960 .     
       ( .6.6-

6.7).    ,       
        

(  6.6).      
 19.47%    25.29 %-  .  

 

 
 

. 6.3. GAMς   ,    (Capra 
cylindricornis)        .  

    ,     1  
     ,   . 

        
          
  .   LGM   

    .     ,  
       
   ,  ,    

,    , ,   
   LGM-  . ( .6.8).   

   Capra     (  4.  
.  10.3). 
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6.4.  
 

  ,      
  ,      

  ,     .     
        

,   ,     
 , ,  ,   

 .   ,   , 
      ,   
   ,     

   /   (Elgar 1989). 

 

 
. 6.4.   (Capra cylindricornis)     

  . 
 

         
   ,     
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,   ,      

. ,       
  .     , 

     ,   
,  ,  1)     

  , 2)     
        

 ,  3)       
,      .  

 

 
 

.6.5.   ,      1 

 2,     (Capra cylindricornis;   

    6.1- ) 

        
      ( , NDVI),   
         (González 

1985; Aublet et al. 2009).  ,      
        , 
,  1)       
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  ,  2)   
      ,  

        . 
 

 
 

. 6.6. τ    (Capra cylindricornis)    
    ,    (A)  

  (B).     .  : UTM WGS: 1984 

 

 
 

. 6.7. τ    (Capra cylindricornis)   
     ,   

 (A)    (B).     .  : 
UTM WGS: 1984 

 
     ,  

 GAM- ,       
 ,  ,      

,    .   
        . 
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,    GAM-       
    .  

       
  (3,196 - )     ,  
  25 ²-    20%    

(   . 2017). 
 

   

(km2) 

 (km2) %  

 6,384.45 1,286.51 20.15 

 9,892.46 1,926.11 19.47 

 9,557.01 2,417.14 25.29 

 12,301.51 2,717.02 22.09 

 6.6.     (Capra cylindricornis)   , 

    -2   ( . . 6.4). 

 
  3,200 -      

,    ,     
 ,   3,198 - .     
   ,       

    ,  ,  
    .    
 ,      

.     ,     , 
    (Gavashelishvili 2004; Gavashelishvili 2009)  

,        . 
 ,    ,     

 ,        (Weinberg 
2002; Gavashelishvili 2004; Gavashelishvili 2009).     

 NDVI     ,  
 8   (MODISς   αah5мл!нά  
 8 ς  ; .  6.1). 

,  ,       
,      ,   

   .  ,   
   .     

     (Gavashelishvili 2004; 
Gavashelishvili 2009),    ,  

  -     
.   ,   ,  

   ,   ,  
      . 
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 . 6. 8  (A) Capra-         (LGM), 
    :  ,   

  (   =     1,570 
 ;    ). (B) LGM     

 .    : Albers Equal Area Conic; WGS: 1984. 

 
      , 

        
   ,   

   . GAM-      
,   ,     , 

     .     
       

.      
,       ,  

 ,    .   
     GAM-  ,   

 ,        
  ,      . 

  ,       
       

 .    (Gavashelishvili 2009; 
Weinberg et al. 2010),       

  ,      , 
   ,       

     ,     
 . 

 
      , 

     ,  
   ,     Capra-   

   (  4.  .  9.3).   

   : 1)     






































































































































































































































