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Xiilasa. Struktur-Hassas Pigment indeksi SIPI (Structure Insensitive Pigment
Index) homginin ¢aman strukturuna hassasliq ve pigmentasiya iiciin
hassaslhigin artmasi ile bitki vaziyyati gostaricisidir. Bu indeks vegetasiya
saglamliginin monitoringinda ¢ox faydalidir. Bu indeksi nazara alaraq Landsat
5 peyki lizra 1996, 2006-a illarin, Landsat 8 peyki lzra 2020-ci ilin
multispektral tosvira istifade edilmigdir. Kosmik tasvirlor ENVI program
tominatinda radiometrik kalibrlanmis va atmosfer korreksiya olunmusdur.

Bu emal marhalalari yerina yetirdikden sonra indeks hesab-
lanmisdir.Struktur-Hoassas Pigment indeksi tasvirlarini ENVI proqram tomi-
natinda bes sinif izra siniflandirms ve poliqona ¢evrilmisdir. Alinan naticalar
ArcGIS programi vasitasile tertib edilmisdir. Kelbacer rayonunun miixtalif
illar tizre SIPI indeksini aks etdiran siniflondirilmis tesvirlara uygun sahs
gostaricileri (ha ila): a) 1996; b) 2006; c) 2020 taqdim olunur.Aldigimiz
naticalara asasan deya bilarik ki, miixtalif illar iizra avvalki tadqiq olunan ila
nisbatan 5-ci, 7-ci, 8-ci, 9 vo 10-cu siniflords azalma miisahida edilib, lakin 6-
c1 sinifds artim bas vermisdir.

Acar sozlar: indexs, pigmentasiya, Serqi Zengoazur, deqradasiya,kobmik tasvirlar

Struktur-Hessas Pigment indeksi SIPI (Structure Insensitive Pigment
Index) hamginin ¢amon strukturuna hessasliq ve pigmentasiya iiciin
hassashgin artmasi ils bitki veziyyeti gostericisidir. Yiiksak SIPI dayerlori
karatenoid pigmentlarin artmasi il six baghdir va bu da bitki stressini
gostorir. Bu indeks vegetasiya saglamliginin monitoringinds ¢ox faydahdir.
Struktur-Hassas Pigment indeksi SIPI asagidaki ifads ils teyin olunur [2]:

SIPI = (NIR — Blue)/(NIR — Red)
Burada,
NIR - yaxin infraqirmizi kanalda (0,76-0,90 mkm) piksellarin qiymati;
Blue - goy kanalda (0,45-0,52 mkm) piksellarin qiymati;
Red - qirmizi kanalda (0,63-0,69 mkm) piksellarin qiymati [3].
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SIPI indeksin diapazonu 0-dan 2-s gadardir, bu intervalda sag-
lam yasil bitki 0,8-1,8-dakdir.

Bu indeksi nazars alaraq Landsat 5 peyki tizra 1996, 2006-c ills-
rin, Landsat 8 peyki tizra 2020-ci ilin multispektral tasvira istifads edil-
misdir. Kosmik tesvirlor ENVI program teminatinda radiometrik ka-
librlonmis va atmosfer korreksiya olunmusdur [4]. Bu emal marhalalari
yerina yetirdikden sonra Band Math alati vasitasile indeksin hesablan-
masi aparilmisdir. Alinan naticalar sakil 1-da aks olunmusdur.

Tasvirlorde aks olunan tiind qirmizi yerler mahv olmus, agiq
rongda olan yerlar isa saglam mesga-bitki ortiiytidiir. Struktur-Hassas
Pigment indeksi tosvirlarini ENVI proqram teminatinda bes sinif iizrs
siniflondirma ve poliqona ¢evirms aparilmisdir. Alinan naticalar ArcGIS
proqram vasitasile tortib edilmisdir [5]. Tesvirlar gakil 1-da, uygun
sahalar isa sakil 2-da aks olunmusdur.

Aldigimiz natacalars asasan qrafik va cadval tartib edak. Qrafik
sakil 2-da va cadval 1-ds aks olunmusdur.
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Sakil 1- do Kalbacar rayonunun miixtalif illar iizro SIPi indeksini aks etdiran
kosmik tasvirlar: a) 1996; b) 2006; c) 2020

= = 3 . v 7 a2 it = Kelbocar rayon arazisinin 2020-ci I
Kalbacar rayon erazisinin 1996-c1 il 1 Klbacar rayon erazisinin 2006-ci il 4 X
siplindeksi (siniflandima) + SiPi indeksi (sniflandima) + St indeksi (sniflondims) +

a) b) 0)
Sakil 2-do - Kalbacar rayonunun miixtslif illar iizra SIPI indeksini oks etdiran
siniflondirilmis tasvirlar: a) 1996; b) 2006; c) 2020
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Table o x Table o x Table ox
ERAE AL RN L o1 B
kelbecer_1996_sipi_10sinif_evf_shp_dis_c.. X kelbecer_2006_sipi_10sinif_evf_shp_dis_c... X kelbecer_2020_sipi_10sinif_evf_shp_dis_c.. X
EID | Shape* | Class Name saha FID | Shape* | Class Name saha FID | Shape* | Class Name | saha
> 0 | Polygon Class 10 248292 » 0 | Polygon Class 10 44325 > 0 | Polygon Class 10 270,45
1 [Polygon | Class § 18206352 1 [Polygon | Class 17107208 1 [Polygon [ Class 5 1647054
2 Polygon | Class 6 45970,2 2 [Polygon | Class 5479964 2[Polygon | Class & 74759,31
3| Polygon | Class 7 8420,49 3 [Polygon | Class s57433 3 [Polygon | Class 7 332199
4[Polygon | Class 8 332217 % Polygon | Class 8 1543.32 | 4[Polygon | Class & 665,01
S [Polygon | Class & 1642,23 5 |Polygon | Class 9 4689 5 [Polygon | Class @ 179,37
o 1» m E "o« 15 m E [T 1 m E
(0 out of 6 Selected) (0 out of 6 Selected) (0 out of 6 Selected)
kelbecer_2.. | kelbecer 2.. |kelbecer_1... kelbecer 2.. | kelbecer_2.. | kelbecer_1.. kelbecer_2... | kelbecer_2... |kelbecer.1...

$akil 3-do Kalbacar rayonunun miixtalif illar iizro SiPI indeksini aks etdiron
siniflondirilmis tasvirlars uygun saha gostaricilari (ha ila): a) 1996; b) 2006; c)

2020
Cadval 1- Miixtalif illor Gizra saha gostaricilarin siniflagdirilmasi
SIPi iizra siniflar | Miixtalif illar iizra saha gdstaricilari, ha
1996 2006 2020
5-ci sinif 182063,52 | 171072,09 | 164705,4
6-c1 sinif 45970,2 64799,64 74759,31
7-ci sinif 8420,49 5574,33 3321,99
8-ci sinif 3322,17 1543,32 665,01
9-cu sinif 1642,23 468,9 179,37
10-cu sinif 2482,92 443,25 270,45
SiPi indeksin siniflari Gizra
200000
160000 :ﬁ\
= 140000
£ 120000 \
§ 80000 ﬂ
60000
40000
20000 5
0 5-ci 6-CI 7_& 8-ci 9-cu 15;—cu
sinif sinif sinif sinif sinif sinif
== 1996| 182064 | 45970,2 | 8420,49 | 3322,17 | 1642,23 | 2482,92
il ?2006| 171072 | 64799,6 | 5574,33 | 1543,32 | 468,9 443,25
2020| 164705 | 74759,3 |3321,99 | 665,01 179,37 270,45

Sakil 4-do SIiPI indeksin siniflori iizra saha gostaricilari

Aldigimiz naticalere asasen deys bilarik ki, miixtalif illor iizra
avvalki tadqiq olunan ile nisbaten 5-ci, 7-ci, 8-ci, 9 va 10-cu siniflards
azalma miisahids edilib, lakin 6-c1 sinifds artim bas vermisdir.

[lkin olaraq mineralin deyisma dinamikasin1 miiayyan edak. Bu-
nun ticiin 1996-a1 il ile 2020-ci ili miiqayisa edak. ArcGIS program tami-
natinda Interesect aloti var (sokil 66). Bu alat vasitasilo 1996-c1 il ila
2020-ci ilde arasdirilan minerallarin dayismayan mineral yataqlarini,
yoni Uist-iista dlisan sahalari miiayyan edilir.
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Bundan sonra bu tist-lista diisen sahari uygun illardan kasib ¢ixar-
daraq aldigimiz 1996-c1 ildan galan saha azalmis mineral olaraq sayilir,
2020-ci ildon artiq galan isa artmis sahadir.

T —— Table =l &
= : Ferric iron £ i =
' . ERAE- AL -5
ferric iron_1996_2020_art_azal x
i Shape *| Id sinif saha
| | 0| Polygon 0 | azalan 11018,2
1 | Polygon 0 | artan 176428
2 | Polygon 0 | dayismayan 248704

4« obnE

(0 out of 3 Selected)

| gossa... | ferrou... | ferrou... | ferrici...

Sakil 5 -da Kalbacar rayon arazisinda ferric iron minerallarin dinamikasi va
uygun saha

Aldigimiz saha gostaricilarina asasan cadval tortib edak.

Cadval 2-da mineralin dinamikasi aks olunub.

Mineral novleri Sinif 1996-2020-c1 illar
uzra
Artan saha 17642,8
Ferric iron Azalan sahe 11018,2
Dayismayan sahs 248704

9vval minerallarin artmasi naticasinda sahade SIPI indeksin si-
niflor tizra dayismasini nazardan kecgirak. Alinan naticalar sakil 6-da
(ferric iron minerallarin tasirini ifade edan saha gostaricilari) aks olun-

musdur.
Table O x | Table o x
- B R - B R
ferric iron_1996sipi_1 x | ferric iron_2020sipi_1 x
M
= EIR. Shape * Class Name saha ER, Shape * Class Name saha
0 | Polygon Class 10 104,58 0 | Polygon Class 10 97,65
1 | Polygon Class 5 732312 1 | Polygon Class S 277,29
2 | Polygon Class 6 9420,39 2 | Polygon Class 6 16828,92
3 | Polygon Class 7 466,2 3 | Polygon Class 7 193,86
4 | Polygon Class 8 107,91 4 | Polygon Class 8 4473
S | Polygon Class S 40,23 S | Polygon Class 9 19,98
4o« 0o » » E 4« o » »n =
(0 out of 6 Selected) (0 out of 6 Selected)
ferric iron_2020sipi... | ferric iron_1996sipi... ferric iron_2020sipi_1
a) b)

Sakil 6- Kalbacar rayon arazisinda ferric iron minerallarin artmasi zamam
1996 (a) va 2020-ci (b) illards mesa-bitki ortiiyiina tasiri
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Burada 5-ci sinifin artmasi, 6, 7, 8 va 10-cu siniflarin azalmasi miisahida
edilmisdir.
indi ise bu név mineralin azalmasi naticasinda Kalbacer rayon
arazisinde mega-bitki ortliyiiniin saglamligina tasirini mia yyen edak.
Ferric iron minerallarin tasiri sakil 8-de aks olunmusdur. Bu név
minerallarin azalmasi zamani 5-ci sinifin artmasi, 6-10-cu siniflarin
azalmasi bas vermisdir.

Table O X | Table o x
ERAR- AL 5 ERAR- RS
ferric iron_1996sipi X | ferric iron_2020sipi X
—pe 5
E1D, Shape * | Class Name saha FID. Shape * | Class Name saha

0 | Polygon Class 10 60,48 0 | Polygon Class 10 1,17

1 | Polygen Class 5 18585 1 | Polygon Class 5 5704,92

2 | Polygon Class & 8021,88 2 | Polygon Class 6 5199,93

3 | Polygen Class 7 791,28 3 | Polygon Class 7 279

4 | Polygon Class 8 132,12 4 | Polygon Class 8 1,62

S | Polygon Class 9 48,53 S | Polygon Class 9 0,36
[Tt 0> » E [T 0» @
(0 out of 6 Selected) (0 out of 6 Selected)
ferric iron_2020sipi | ferric iron_1996sipi ferric iron_2020sipi

a) b)

Sakil 8- Kalbacar rayon arazisinda ferric iron minerallarin azalmasi zamani
1996 (a) va 2020-ci (b) illards mesa-bitki értiiyiina tasiri

Belaliklo arasdirma naticasinda bu név mineralin artmasi vo azal-
masl zamani mesa-bitki Ortiiyliniin saglamligina tesirini arasdirdig.
Aldigimiz naticalari imumilasdirarak cadval tartib edak. Cadval 3-ds bu
mineral novlarin azalmasi ve artmasi zamani aldigimiz naticalar geyd
olunmusdur.

Codval 12-da verilon naticalare asasen minerallarin tasirini
miiayyan edak.
5-ci sinif Uzre azalmasinda artimi, artim zamani isa azalmasi. Belslikla
bu mineral noviin azalmasi talab olunur ki, saglam mesa-bitki
ortllyinin sahasi artmis olsun.

Cadval 3 - Minerallarin artma va azalma sahalari, siniflar tizrs, ha ila

Mineral SIPI Azalma zamani saha Artim zamani sahs
novlari uzre 1996 2020 1996-2020 1996 2020 1996-2020
siniflar (T-artim, (T-artim,
l-azalma) l-azalma)
Ferric 5-ci 1858,5 5704,92 T 321,12 277,29
iron sinif
6. 8021,88 | 519993 | 1 9420,39 | 16828,92 T
sinif
f-ci 791,28 2,79 1 466,2 193,86 1
sinif
8-ci 132,12 1,62 1 107,91 4473 1
sinif
9-cu 46,53 0,36 1 40,23 10,98 1
sinif
10-cu 60,48 117 1 104,58 97.65 1
sinif
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Minerallarin artma va azalma sahslari, siniflar Gizrs, ha ila ferric iron
minerallari:

Cadval 4 - Mineralin artma va azalma sahalari, deqradasiya daracasi iizra, ha

ilo
Mineral | SIPI tizra Azalma zamani saha Artim zamani saha
novleri | siniflar 1996 2020 1996- 1996 2020 1996-2020
2020 (T-artim,
(T-artim, L-azalma)
-azalma)
Ferric Sagdlam 18585 570492 | T 7132112 | 27729 I}
iron Seyralmis 881316 | 520272 | | 088659 (1702278 | T
Zadslanmis | 178,65 1,98 L 148,14 64,71 !
Mshv olmus | 6048 117 L 104,58 g7 65 L

Natica.
Mineral novii olan ferric iron minerallar::

Saglam mesa-bitki ortiiyu tizre azalmasinda artimi, artim zamani
isa azalmasi. Belsaliklo bu mineral néviin azalmasi taleb olunur ki, sag-
lam mesga-bitki ortiiytiniin sahasi artmis olsun.
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DETERMINING THE CHANGING DYNAMICS OF DEGRADED FOREST
COVER AND FERRIC iRON MINERAL IN KALBAJAR REGION OF
EASTERN ZANGEZUR BASED ON GIS TECHNOLOGIES AND SPACE
IMAGERY

Mammadaliyeva Valida Mehman

Summary. Structure-Sensitive Pigment Index SIPI (Structure Insensitive
Pigment Index) is also an indicator of plant condition with increased
sensitivity to turf structure and pigmentation. This index is very useful in
monitoring vegetation health. Considering this index, the multispectral images
of 1996 and 2006 were used on the Landsat 5 satellite, and 2020 on the
Landsat 8 satellite. Space images were radiometrically calibrated and
atmospherically corrected in ENVI software. After performing these
processing stages, the index was calculated. Structure-Sensitive Pigment index
images were classified into five classes and polygons in ENVI software. The
obtained results were compiled using ArcGIS software. Field indicators
corresponding to the classified images reflecting SIPI index of Kalbajar region
for different years (in ha): a) 1996; b) 2006; c) 2020 is presented. Based on
the results we received, we can say that a decrease was observed in the 5th,
7th, 8th, 9th and 10th grades compared to the previous studied year, but
there was an increase in the 6th grade.

Keywords: indexes, pigmentation, Eastern Zangezur, degradation, cobmic
images

OINNPEAEJIEHUE JUHAMUWKHU UBSMEHEHUA AETPAJUPOBAHHOTIO JIEC-
HOT'O ITIOKPOBA U JKEJIE3OPYZAHOI'O MUHEPAJIA B KEJIbBAJIKAP-
CKOM PAMOHE BOCTOYHOI'O 3AHI'E3YPA HA OCHOBE I'iC-
TEXHOJIOTUM U KOCMUYECKUX CHUMKOB

MamegaaueBa Bainga MexmaH

Pe3ioMe. CTPYKTYpPHO-4YBCTBUTEJNbHBIA NUTrMeHTHBIA uHZAEKC SIPI (cTpyk-
TYPHO-HEYYBCTBUTEJbHbIM MUIMEHTHBIN UHJIEKC) TaKXKe sIBJseTC UHAWKA-
TOPOM COCTOSIHUSI PacTeHUH C MOBBILIEHHON 4YBCTBUTEJIBHOCTBIO K CTPYK-
Type JlepHa ¥ MUTMeHTalLU. ITOT UHJEKC OUeHb I10JIe3eH /J11 MOHUTOpHUHIa
COCTOSIHUA PACTUTEJbHOCTU. C y4eTOM 3TOro nokasaTeJss HUCIO0JIb30BaIUCh
MyJIbTUCIEKTpPabHble CHUMKH 1996 u 2006 rr. Ha cnyTHUKe Landsat 5, a
2020 r. - Ha cnyTHUKe Landsat 8. KocMuyeckue CHUMKM GbLJIM pajuOMETPU-
YeCKHM OTKaJMOpOBaHbl U aTMOCPEpPHO CKOPPEKTHPOBAaHbI B INpOrpaMMme
ENVI. [Tocsie BbINOJIHEHUS] 3TUX 3TANOB 06paboOTKU OblI pacCUUTaH UHIEKC.
N306pakeHHs UHJleKCA CTPYKTYPHO-4YBCTBUTEJBHOT0 NUTMEHTA GbLIM pas-
JleJleHbl Ha NATh KJIACCOB M MOJIUTOHOB B NporpaMMHOM obecrnedeHuu ENVL
[TosiyyeHHBIE pe3y/bTaThbl GbLIM CKOMIUJIMPOBAHBI C UCIOJb30BAaHUEM INPO-
rpaMMmHoro o6ecrnedeHusi ArcGIS. [losieBble MHAUKATOPHI, COOTBETCTBYIOLIME
KJacCUPUIIMPOBAHHBIM CHUMKaM, oTpaxawimuM unzekc SIPI Kennbamxkap-
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CKOro paroHa 3a pa3Hble ro/bl (B ra): a) 1996 r.; 6) 2006 r.; B) npeacTaBjeH
2020 rox. Ha ocHOBaHMHM NOJIy4eHHBIX HaMH pe3yJbTAaTOB MOXHO CKa3arTh,
yTo B 5, 7, 8, 9 1 10 ks1accax no CpaBHEHUIO C NPeAbIAYIIUM U3yYaeMbIM Io-
JlOM HabJ110/1a/10Ch CHWXKeHMe, a B 6 Kj1acce HabII04aJICs POCT.

KirouyeBble c/10Ba: MHAEKCh], TUrMeHTanusd, Boctounelil 3aHresyp, ferpaja-
Ui, KOOMUYECKHEe 00Pa3bl.
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