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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 appdica 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 wa&d 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 classificat

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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Rubus caucasicus
(Rhodaendron caucasucum, Betula spp.)

Sentinef2A
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 3.4Madeira software package (QGIS Development Team
2019)
Sen2Cor , Sentinel2 Level 2A
2A
Sen2cor ( Sen2cor Sentinel2 ), Cosine
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Correction (Teillet et al., 1982, G ), Minnaert Correction

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

Normalization (Civco 1989, N- Sentinel ).
SAGASystem for Automated

Geoscientific  Analyses .

30

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

Sentinel2A
(GAMSs) 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)
Leaveone-out
R
(Microsoft Corporation & Weston 2017, 2018).
mgcv
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, QGIS Desktop 3.4Madeira
(Hijmans
2016) R version 3.5.2
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3.3.

GAM
: (
).
GAM 70% ( 2
9.1 ).
, M-
A 31 32 3.3 34 S1).
. Cross 100% range 95% range .
ng’r‘r’géig‘r'f validation limits of limits of | Reag exD;\i/;aendC((a‘V) AIC | df
MSE residuals residuals P 0
Senzcor 279.332 53.514 -33.606| 0.86 88.6 | 4119.89| 26.08
correction
Cosine 258.328 -71.699 -37.971| 0.82 84.7 | 5366.46| 26.13
Correction
Minnaert 178.62 -39.846 -31.331/ 0.88 89.8 | 3736.26/ 25.35
Correction
Normalization 232.788 -71.146 -40.07 | 0.82 83.5 | 5734.85| 25.94
Method
.3.1 Sentinel2
. (MSE): ; (Dev. Expl.): ; (AIC):
; (df):
, M-
(goodness of fit),
3 (Green), 8 (NIR) 12 (SWIR). 8
) 3 12
)
, 3.2.
n Variable term e.d.f. P Goodness of fit (Rudj) Dequce
explained
s(BO3) 8.106 <2e16
s(B08) 7.845 <2e16
80 0.882 89.80%
s(B12) 8.033 <2e16
Intercept=-16.477 0.00106
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Gitelson et al. 2003). Sentir2|
Minnaert
Cosine Correction, Noralization Method Sen2coicorrection
, (Fan et al. 2018).

GAM ) ,

(Rubus
caucasicus)

(DEM) ,
Sentinei2-

36



/ / , Carex
) "FEYE" )
(80%- ).
, Rhododendron caucasicum

(1)
, (2)

NFA

. Sentinel2 ,

, GFW . 61.3%,

37



GFW
Landsat

. GFW
30x30

Sentinei2

WFAAKSeSQ

Landsat

, GFW

. (GFW, Hanseet al. 2013),

38



4.1.
. (Ramsar 2016)
(Ramsar
2016) :
(Mitsch et al. 1993).
(Lein 2003)

(Dennison et al. 1993). : :

(Kohl et al 2006 Xiacping et al.
2007) ,
(Olofsson et al 2014) ,

: a a
GPS
(Wang, et al. 2010).

39



(Halabisky 20111

2010).

4.2.

4.2.1.

(Pekkarinen 200X ossairet al 2019

(Lang2008).

EUNIS

(Blaschke

40



1:25,000 :
195060 :
, 510 (East View
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4.3.

1:25,000

, 247 , 2057 ( ,
, , ) 8465 ( , -
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4.2,

(o)
258 :
: Cyperaceae (40 ) Poaceae 29
) Rosaceae (20 ) Asteraceae (16 ) Fabaceae (10 ) Juncaceae
(a0 ). :
Cyperaceae (10 ) Poaceae (24 ) Rosaceae (14 ) Asteraceae (15 )
Fabaxeae (7 ) Juncaceae (2 ).
Carex25 , Juncug 8 , Sphagnunt 6 , Rubus; 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,
Rugus colchicus, Euphrasia caucasica, Valeriana tiliifolia)
FACG 114 , OBW-
75, FACW 55, FACU 16
EUNIS

EUNIS

> H MM 9,
0 b 344)P n o 9.2
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44,

45).

gl

(Gongedo 202)(Wang, & Li. 201Q) .

— 1#Wetland

S —— 3#Grasslanc -

Q

/

g

.45

0.9 12 15 18 21
Wavelength [band number]

~—— 1#Wetland

T
E ~—— 3#Grasslan
! \ i
. ]
1 1
]
\
\
]

1]

0.9 18 21

15
Wavelength [band number]

(Shackelford AK &
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Davis CH 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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5.1.

, (Lewandowskiet al 200).
40,5% (FAO 2014),

(Anderson 1991),
(Scurlock et al 19980'Mara 2012).

(Delgado 2003)

(Petersen 1965)

(Rook & Tallowin 2003) :

(Pickup et al 1994)

(Ali et al 207). ,

4700 (Barsila et al 2014
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, NDVI (Normalized
Difference Vegetation Index) Red Edge NDVI (rNDVI)
(Fernando & Victor 2020) ,

(Yengoh et al 2006
NDVI ,
(Airbus 202, . ,

(Vescovo& Gianelle 2008.
(Airbus
2020. LAI (Leaf Area Index), FAPAR
(Fraction of Absorbed Photosynthetically Active RadiatioAB GLeaf chlorophyll content)
FCOVER (Fraction of vegetation coverlCW (Canopy Water Content)
Sentinel2 . LAI

; (Chen and Black, 1992)
FAPAR ,
400¢700
(Asner et al. 1998). FVC

(Song 2017) LAI, FAPAR
FVC

(GarciaHaro et al. 2018). CAB
(Sampson et al., 2003),
/ (Gitelson et al., 2006)CW

, (Cernicharo et al 2013).-5
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5.2.

Khachidze 2010

( 1964).

(Lachashvili&

52



( 1964).

68 ( . .51),

53



20x20

12 ( . .52).
48 85° G ,
{L Sampling structure to retrieving AGB
Sampling plot must be
oriented % the North Samgling Pats
) 05m \\
Samgpling Point i .5 .'-‘ e =
20m
Sentinei2A | i
E Sampling Plot | £
: |
13 | ¥
, .x‘“ GPS Coordinate
. 52 Sentinel2
(20x20),
( )
10, 20, 60

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

26.06.2016
QGIS Desktop QGIS Desktop 3Zafzibar (QGIS Development Team

2019) . -

Sen2Cor Sentinel2 Level 2A
2A

Minnaert Correction (Smith et al. 1980; Gao and Zhang 2009; )
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https://scihub.copernicus.eu/dhus/#/home

SAGASystem for Automated
Geoscientific  Analyses .
30
SRTM 30 (United States Geological Surveys; https://earthexplorer.usgs.gov).

ESA SNAP Sentinel
Application Platform (LAl FAPAR
CAB FCOVER CW,
. SNAP
(ANNArtificial Neural Networks),

(SAGASystem for
Automated Geosentific Analysep
LAl FAPAR CAB FCOVER Cw |

X Y

5.3.

LAI, FAPAR, CAB, FCOVERCW,

, FCOVER
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-CAB

(. 5.1)

AGB CcwW CAB LAl FvC FAPAR
AGB 1.00000
CwW 0.716 1.00000
CAB 0.65679 0.95198 1.00000
LAI 0.668 0.98 0.9739 1.00000
FVC 0 0 0.98420 0.9704 0.97969 1.00000
FAPAR 0 0.97920 0.9688 0.9709 0.99796 1.00000
.5.1

. 11,12).( . .53

R =0.71, RAd] =0.67.

Line Plot of multiple variables
Samples_with_residuals3 8v*59¢

—o— AGE Measured
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 b5 58 —=- AGB Estimated

LAI, FAPAR, CABVC CW
0- 15 .5

CW
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). 5

FAPAR (

5.2).

AGB FAPAR FvC LAI CAB CW
AGB 1.00000
FAPAR 0.68694 1.00000
FvC 0.66139 0.996 1.00000
LAI 0.77834 0.96140 0.9466 1.00000
CAB 0.80414 0.9 8 0.9394 0.98519 1.00000
cw 0.85974 0.8299 0.79824 0.90 0.90940 1.00000
.5.2

900

54).

Line Plot of multiple variables
Samples with residuals

800

700

600

500

400

300

200

100

—&— AGB Measured

7

9 1 13 15 17 1§ 21 23 25 27 29 —=- AGB Estimated

.5.3.
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54,

R =0.81, RAdj = 0.74

(1) ,
2
( )
(Tucker & Sellers 1986)
( .50- .5.1)
FVC  FAPAR,
Cw CAB
FVCE . ,
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FVC

, FAPAR
(Field et al. 1995%)

. FAPAR :
(Zhou et al. 2017). FVC
: FAPAR
, LAI :
, e
Cw

(Asner & Wessman 1997
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6.1.

(Capra cylindricornis)

(Weinberg et al. 2010).
, (Capra aegagrus),

(IUCN 2016).

(Gavashelishvili 2009;
Weinberg et al. 2010).

(Gavashelishvili 2009).
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Capra

6.2.

( 6.1).

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

, 1999 2017
( ) - ( .6.12).
( >3 ; >2 ) .
ArcGIS Desktop 9.3 software package (ESRI Inc.,
Redlands, California) - QuickBird

(DIGITALGLOBE, Inc., Westminster, Colorado)Google Earth (Google Inc. Gpeplex,
Mountain View, California)

, 50
( )- :
100x100  ( 6.1).
( )
1415 ,
1000 ( 6.1).
1,000 x 1,000
79
79
, 11

61



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

2 ,
MALE . (>3 ) 50
FEMALE . (>2 ) 50
JUL_DAY
ELEV SRTM 90 (Jarvis et al. 2008)
SLOPE ®) SRTMR0 (Jarvis et al. 2008)
CLIFF40DS () ,
> 400

ASPECT SRTMBO (Jarvis et al. 2008)
LST_D (°C) 8

, 1- MODIS ® Wa,K S5mMm! HQF
LST_N (°C) 8

, 1- MODIS ® Wa,K 5mMm! HQF
SNOW - : 500- MODIS,

Yah5wmn! HQF
CLOUD - , 5000 ah5L{ % Wah
NDVI , 8
: 250
MODIS Wah5mMov MQF
CANOPY | % , 250-m MODIS
Wah5nn. QF

LAND 17 500- MODIS Wa/ 5MHV
COVER ( 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 : 1,2 ,5 ,10 ,15 20
H CD 5
H_CD_10
H_CD_15
H_CD_20
6.1 ,
(Capra cylindricornis) * NASA

http://www.echo.nasa.qgovieverb/about reverb.htm.
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http://download.geofabrik.de/
http://www.echo.nasa.gov/

( 6.1). NDV4

(Gavashelishvili and Lukarevskiy 2008; Gavashelishvili 2009;
Tarkhnishvili et al. 2017)

40°E 41°E 42°E

~44°N

~43°N

-39°N

45°E 46°E 47°E

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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(Tarkhnishvili et al. 2012).

(Gavashelishvili and Tarkhnishvili 2016) LGM
Ehlers et al. (2011)

)  dbetweensetx

6.3.

79

IUCN (IUCN 2016)

(LGM),
LGM
( . 6.1)
. LGM
Becker et al. (2015).

owithin-setd o

)

13
13

NDVI
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6.3.

CANOPY
ELEV
LST_N
NDVI
H_CD
H CD_1
H CD_2
H CD_5
H_CD_10
CLIFF40DST
H D

6.4.

( 6.3).

(n=43)

(n=51)

(n=15)

(Capra cylindricornis).

, NDVI,

( 6.4).

(n=110)
28.864+23.631
2084.845+565.474
3.882+10.537
0.574+0.306
50601.480+ 26756.330
47401.660+ 27145.850
44999.080+27880.18
42871.360+27158.790
41286.500+ 25701.930
605.227+877.080
2728.503+2306.674

( + SD),
(Capra cylindricornis)

a :
r
H_CD 0.402
H CD 1 0.383
H_CD_2 0.351
H_CD 0.537
H_CD_1 0.530
H CD 2 0.526
H_CD 5 0.476
H_CD_10 0.424
H_D 0.450
NDVI -0.619
(n=79)
7.620+5.019
2583.633+284.235
-3.529+6.886
0.282+0.211

68985.880+ 36292.4
68608.420+ 35507.85
69005.700+ 34553.25
67614.900+30188.11
64060.930+ 24632.03
402.176+377.044
4199.144+2872.254

p
<0.01

< Q05
<005

< 0.0001
< 0.0001
< 0.0001
<0.001
< 0.005
<0.001
<0.05

()

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
<0.05
< 0.001
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n e.d.f. P

R

(log- 18 S(LST_N) 3.696 <0.01 0.338 62.6%
linked) Intercept= 2.1263 <0.001

(log0 15 S(LST_N) 2967 <0.01 0.286 62.3%
linked) Intercept= 2.0216 <0.001

(log- 43 LST_N*5.79482 <0.05 0.183 33.6%
linked) H_CD* 1.487®5 <0.01

Intercept=1.503 <0.001

(log- 51 sS(LST_N) 2.257 0.0721 0.293 36.3%

linked) H_CD* 7.451€6 <0.001
Intercept=1.674 <0.001
6.5. GAM (Capra cylindricornis)
.n= ;s ()= ;edf. =
, P = ( )
6.1-
6.5). 10-
/ ,
0bo®HC/ bndmc/ ). :
6.2) ,
)
: (.63
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Abundance
10

=10

. 6.2. GAM;
(Capra cylindricornis)

NDVI

-5

=0.99470),

GAM

6.4). ,

( . 65).
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6.7).

MALE

FEMALE

20

15

10

3196

1570 -
) 90%
960

6.6).
19.47%

2529 %

( 66

o )
[=3
=
<] a
2 J
w
o o ° =
I
o
0 g o ©o° o = &7
° [=g
o 3 B o
o
o o og i & 8 o 8ooo o
T T T T T T T T T T T T T T
-20 -15 -10 -5 o 5 20000 40000 60000 80000 100000 120000 140000 160000
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o
&
A o
o o [T
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o o o © o =
o o [T
o o o w 2
oo
o o o
Qo
o . [+] (=] =] wn -
o o ] o o
o oo
T T T T T T
-20 -15 =10 -5 o] 5 20000 40000 60000 80000 100000 120000 140000 160000
LST_N H_CD

6.3. GAM

cylindricornis)

LGM

Capra
10.3.

(Capra

LGM
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/ (Elgar 1989).

3mgbmbomgdymo shdymmmods | 3mmgbmbomydymoe ymepmds
3fmgbmBofgdyeo 110 0
sfndymamods
3fmgbmbomydygmo 1 78
dymaymds

bogfmorm bnYylbidg = 0.9947

omeser

LAND_COVER = dynb3afmno LAND_COVER = dynbzafn
[ [
ELEV < 3196 ELEV < 3196
| |
CANOPY < 37 CANOPY < 37
| |
H_CD_1>19624.58 H_CD_1>19624.58
[ [
H_CD_10 > 26635.64 H_CD_10 > 26635.64
| |
CLIFF40DST < 1569.983 CLIFF40DST < 1569.983
| |
H D>738.824 H D>738.824
[ [ |
NDVI > 0.004 SNOW = "No" SNOW = "Yes"

|
105.837 < ASPECT < 258.839

|
CLOUD = "No"

(Capra cylindricornis)
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.6.5. , 1
2, (Capra cylindricornis;

( , NDVI),
(Gonzélez
1985; Aublet et al. 2009). ,

: 1)
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January (A)[January (B)

Russia Russia Y § Russia

Azerbaijan Azerbaijan

Armenia ] Armenia D

Gctober W[october] ®

Russia

Armenia

April )

Russia § Russia

4

.6.6.1 (Capra cylindricornis)
: (A)
(B). . :UTM WGS: 1984
;January Russia § @Wldanuary Russia , @ —,July Russia § (A)—!JUIY Russia 5 e

{ veni : ‘ 3 lArmenia i { Armenia ) D] {
i -£ October (A)|[October g (B)

Russia Russia

Azerbaijan

1 s B {

{1

. B6.7. 1 (Capra cylindricornis)

(") (B). : ;
UTM WGS: 1984

GAM
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GAM

3,196 - ) :
25 2 20%
( . 2017).
(km?) %
(kn?)
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 (MODIS acahb5mn! H&
8¢ y. 6.1).

(Gavashelishvili 2004;
Gavashelishvili 2009), |
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.6.8 (A) Capra

( =

Weinberg et al. 2010),

1)

(LGM),

1,570
). (B) LGM
: Albers Equal Area Conic; WGS: 1984.

GAM
GAM )
(Gavashelishvili 2009;
Capra
4, . 9.3).
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