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ARTICLEINFO ABSTRACT
Article type: In the research, the carbon storage capacity of Urmia's urban
Research Paper and suburb green infrastructures were analyzed. Urmia is

characterized by a cold climate with a dense building structure
with scattered green spaces, especially in the surrounding areas
and neighborhoods of the city. The research was carried out
using the carbon storage model available in the InVest software
package. The results revealed that more than 57% of the study
area has a carbon storage capacity of less than 2 tons, and less
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5 September 2024 gardens and groves, followed by barren lands with sparse

vegetation and rocky outcrops mountain’s without vegetation
and soil cover had no carbon storage. Dense plants and trees
have the highest storage capacity per unit area, However, the
amount of storage depends on the season, so it is necessary to
consider the selection and expanding the urban green spaces
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InVest Model, necessary to create and develop urban green spaces at the same
Land use/Land cover, time as physical development, it should be the priority of
Climate Change. Urmia's urban development plans.
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Extended Abstract

Introduction

Cities with high energy consumption,
extensive changes of land cover/ land use,
increasing  impervious  surfaces  and
construction fraction, change of surface
geometry and topography, and as a result, a
change in the surface energy balance and water
cycle pattern and abundant production of
greenhouse gases. The city’s growth and
changes in the land cover pattern cause
extensive  social and  environmental
changes. Ecosystem services are benefits that
human societies receive from ecosystems and
natural resources and are divided into four
categories as regulation, provision, support,
and cultural services. Hence, carbon storage is
a win-win approach (by creating recreational
spaces, adjusting air temperature, and air
pollution) to moderate the destructive effects
of human activity in solving the problems of
increasing greenhouse gas emissions in urban
spaces.

Since cities have become significant carbon
emissions sources, accurate carbon storage
and sequestration assessment is needed in
the city area. Urmia is facing an increase in
population, followed by the sprawl of urban
areas. Therefore, calculating the effects of
urbanization growth and land cover changes
on the amount of ecosystem services and
valuing these services is necessary to
improve the understanding of urban ecology
and achieve sustainable ecosystem services.
The study aims to calculate the carbon
storage capacity of Urmia City according to
the changing conditions of urban green
spaces in hot and cold periods.

Methodology

The most important data required for the
research was the land cover map of Urmia
city and suburbs, which was prepared by
processing Landsat 8 satellite images for
2020. Also, the data related to carbon stock
in four main reservoirs were extracted from
the information available from the
Intergovernmental Panel on Climate Change
(IPCC). The InVEST (Integrated Valuation
of Ecosystem Services and Exchanges)
model was used to analyze the amount of
carbon storage in each LULC class. The
INVEST-CSS carbon sequestration model

estimates the amount of carbon stored in a
land cover and values the amount of
sequestered carbon over time. This model
first collects the biophysical amount of
carbon stored in four carbon pools (above-
ground biomass including all living biomass
above the soil; below-ground biomass
including all living biomass of live roots;
soil including the organic components of the
land; and dead wood biomass containing all
non-living biomass related to dead leaves,
branches, and trunks) based on land use/land
cover (LULC) maps provided by users. The
second step consists of an evaluation model
that approximately determines the value of
carbon sequestered by ecosystems (the net
value of sequestered carbon) in a given
period.

Results and discussion

Most of the land cover in the suburbs is land
with soil and rock outcrops. The main
characteristic of a compact and medium-
height building characterizes the area of the
city. According to the model outputs, the
above biomass carbon storage in the city
center has average conditions. Lands with
rocky outcrops in the study area have the
lowest carbon storage values. On the other
hand, Shahrchai River route has the highest
amount of carbon storage (between 40 and
50 tons per hectare). Concerning dead
organic matter, the city areais located on
two levels with no carbon storage capacity
and low storage capacity between 0.1 and 2
tons per hectare. Over 57% of the study area
has carbon storage between 0.1 and 2 tons
per hectare. Also, less than 6% of the range
of carbon storage capacity is above 30 tons
per hectare, which is limited to the gardens
and groves along the Shahrchai. About 67%
of above-ground biomass has a low carbon
storage capacity range of 0.1 to 2 tons per
hectare, which is a total of 25750 tons of
carbon storage capacity. More than 30% of
the area with the characteristics of barren
lands and with rocky facies and intensive
construction uses cannot store carbon from
the source of dead organic matter. As
an important carbon storage reservoir, soil
in the city and suburbs of Urmia has 2344
tons of carbon storage capacity. According
to the total carbon storage valuesof all
resources, a large city area with a storage
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capacity between 15 and 30 tons per hectare
has been calculated. The total amount of
storage in the area is 3900 tons, which
is more than 10 tons per hectare on average
for all uses. The most important role
or ecosystem service of carbon storage is
soil, with 234441 tons, and the least is dead
organic matter, with 37633 tons. The highest
amounts of carbon storage per surface unit
(tons per hectare) are in garden lands and
groves at 75.19 tons per hectare, agricultural
lands at 14.73 tons per hectare, and lands
with less vegetation at 10.33 tons per
hectare.

Conclusion

Based on the calculations in the current
situation, about 3900 tons are stored in the
total 358 hectares of the study area with an
average of 10 tons of carbon per hectare by
the existing land uses. Contrary to the results
of Podyal et al. (2017) or Abu Hashem et al.
(2016) that the development of the urban
areas of the Mediterranean coast and the
reduction of natural covers in that climatic
region led to a decrease in the amount of
carbon storage and the intensification of
climate change at the local and urban scale.
In Urmia, due to the mountains without soil
cover and, as a result, lack of vegetation in
the suburbs, the urban growth with the
development of green spaces has increased
the urban carbon storage capacity. It is
necessary to pay more attention to
developing green infrastructures under the
principle of climate adaptation by adjusting
atmospheric carbon and regulating the city's
atmospheric conditions. Carbon storage
capacity maps can be a good help for the
better management of ecosystems at
different spatial scales so that managers can
better identify the places of protection,
harvest, and development, and with proper
and intelligent management, they can ensure
the continuation of reserved ecosystem
services carbon in the environment.

Funding
There is no funding support.

Authors’ Contribution
It is confirmed, the first author in writing the
initial text, ran the model (40 percent),

getting their output, the second author in
editing the text, analysis and the process of
sending and answering judgments (30
percent), and the third author in running the
model, analyzes (30 percent) have
participated

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific
consultants of this paper.



2l gty oo

2476-61513 %9 i3 Ui
Journal Homepage: www.jscity.ir

(g5 9Oy il b (5 380 39 55 075 Cud 3B ) 30 dulino
40931 36 18 9 36 359 390 Ao
- 1A =) B oo . .
" gl 0356 " st pS1 e O (2xilsd (g Lail 4,
Email: rogaye.ansari87@gmail.com .| a5 ¢l 45 olKisly bl i 2aSsils ¢ anbs (gLl 29,5 —)

Email: shamsipr@ut.ac.ir .l 5 <l s olKuisly bl s 00Suils ¢ s (slidlyin 05,5 ¢ Jgiuno 0 ki g9 =V
Email: faeze.shoja@yah00.com .l ys <)l 5 ol&isly bl yin 208l ¢ anbs (sLdlyin 09,5 -V

suuSs Al eV
oyl 1 Iy 9 e o oSl (28 033 Cud )b Sl (gl ) e g5
(singiy Ao

lalad b odyuid Sleid b ol o (o8l dasuiino b dreg)l 09 0 59514
Dedise paude b (Sl sbalxe o 3blie 3 jogasy odiSly juw
43,5 pll INVSE (4 153lp 5 a3 35250 (35 0,85 Jao L gy
FS )8 03 Cud )b Slalllas 6dgame duo )3 AV I i &S ol LS s

5 gL & a5 2 US43 (5 ¥e (Vb edguome o3 | S g 5 Y el d 6

b SB p)S 03D g oo dgiome sla juud ailidg, duils (glaylis ) VELY[+¥ /0
oVl 5 VETIEY b (oYl 035 s 3 e (2t o YYFF/F oSkt
. . VEY/e LY

5 ddllasdyge odgiome [ pyS 0ydd Jlde Lyl 1) S 68 polde A
. . ool &)U

9 LEL & Blaio ()8 080 e (e Bl e Jlo o o5 YA/ YR TYRY)
5 ol Cuwd 4y ST (LS s bl o sam 45) 3 9 W55 il &0
AR VRN TAY.

Qg SB ludgy 386 5 (S sbageid) b (2lS Sidg ogh Oleli)]
I Ly cnS 03d (e VL eSTte (U )3 5 (LS it (S 08
Bl 3 ol p3Y sl Juad poss | b T 03D e ST s 0 Lol

- 1S 41551
bolyd b bl ()5l plime 9 (BUS 055 4 (6000 jrw slaldd dswgs 5 e
deogy
9 3bu) cusl i a3 35 dogi deg)l (50 slalad gy (o8] otesesT Slots
Caglyl 2 oIS 5 (Sojed Anag b Llyon (G v (SlaldS sy e
) SN SR
8l dng)l (60 dag gladeliy gl Jia

500 mall L vl ) 00 0335 Cd )b pline dplne (V101 o glbnd 5 STl g pad ad) (2xdsh (s Ll 25U
0PN V) Vol 108 alo dag)l ol sy 5 306 13)90 aalllae SliwnsS
http://doi.org/10.22034/jsc.2024.434150.1758

Olnl s s34y g Ldlyia (yeonil 2 padl OBty ©



VLY oyl oY B lowd oV 290 ¢yl s dlomo £

Aodlo
bl jaed g Sam (o) sl 002 3 5k SIS Cwd (52503 518 (635 JSb o 355 (1938059 A48 b (et oed
Py Pl S0 5 dwiin pud ( Sladlo 5 U368 sbyime) oy SRl (e Gido 6 )8 0358 s
il 5 (Siw o Slo (sloodg 2o | o g g o a3l Ol 482 (g8 g s (6551 M 3 s | dons
oY1 slojl5 A (0 (6065 S i S| et Sl ol 1 ()5 Mg ot e 55 lslE o b
g b (la)S )b o) (e sl 3 il e (BalS” (Lol slalSal) 163 S (e @0 5 sl (laldS L
A S0 GBSy (375 5 dnngi 29 0 gmims (lgo slod g g2 )8 Sl 3ig) oas) Sl g (19 (S
b s )5 Camdg o)l Sl (518l pilins g9d90 (pl ful wre Sl ()5 0253 5 S lp ogaS e

A3leo Y )5 033 b sl sy e i 5 il (S 0D Cadils ie b o5

D5 o s e g (olol 0358 Sl Sbul s o) S8 9| S g 4d drwg g Ay
$509US (slacymes ialS el olwg (ol (orb (slalia ol Jals |y @lpsb el (V+VY) e o' e
Slocllo & (6065 drwg ol plty 1038 ol O oS il g anb (sloiSa; 2 58 ¢ 2l Slse 5 ol
oI5l Byl 51y e weldl potnnnsST 50 o ] (b 4S54T a2l g 0392 I8 13T psangS 5y iz
s yogp i) Ll i duo 1538 o oalsiS sl €02 L] 3 5ot Al 31148 nnad] (SRS (a8 5w ialS
o 32 (5 033 9 Mg L) o2 () (e welalS Adelsg (&0 9 o Siz) 0lS 5 S glie (LY 5 boanly >
S 030 b caload Pl pas 5 (15 )l Sladl laclld gy ()8 W5 (0l BLAIL &S o 5090 )l
)l o 003l @il g )0 0 4S5 Joleto 5 wekais |y 52 CO2 psassST () lalS 5 Ol S @355y ell
b o slopllss 1 (5 s &Sl ol 51 31,8 255500 CO2 Gilj31 51 (3L Slar 5 (loxe (85 p5 o0y 9 )l
slopllss )3 WSS (0 0385 Jlo ya 1) cp)S Slile jlde loj Job )3 ST 5 GlalS )5 ()8 cadlil o]
4 15 o (05 608 5 Slbsy i) (BLS idey i g Gl g b bl (g il Bl 50 b
9 ke 3l p)S 0p3d 9 cuwy J(Canadell & Raupach, 2008) >4i y>e C02 (s3bj polie L]
4 Sl oML (e 03 sla e )3 ldl @ilats 32l 1 48 Canl g (ool Sloss o Jordas i
hHSen 5" Slge (WA (o), o (o116 Pagiola, 2008) dei o o (oaldl Clyuss oy JoisS g ialS
53,8 dgsloxe ;Y3 DIVA 1) (30)S o5 b Lausgio Cuagd oaoiac W] (308 3l )3 ()8 08D dumslo b (Y21Y)
s dsa slod s ¢ 2 )85 (glalad ool b jew (slalad dnwg) 3m0y (Bl ()5 03D alis (pl 9
IS (glajl5 jLaml il S o 53 gy clled oyen 56T s (sl (I (Sogll s g 1o ool
S8 g by 3 Slusl slacdled I b Ol s S canl 0dly lis (0L sla gy cCunl (g0 (slalad ;o
5 aw (55 Ajle 53 S phnadl ) )8 2pnSli6d L] Bk ) corldl iyt 05 cage Sl oo (110
S 3y bolyen a5 ey ()l Lo Sl (ol Lol ilj8l L .(Poudyal et al., 2017) s95 O 45 >
Bleary et al., ) cosl ool 3029 4 o 9090 (! (sl (Slobalp Sliios 38505 sl (amb (Slappiuwss]
(2010

1Martinez
2Nowak



£y e (g5 9 3 s Bl 1 (6 e 93 (325 03055 Cud )b (a0 oo | K0 9 (293 (gl

b Ui (Y1) (e 5 milagd 5 (V+IV) (o an 5 lags (Y1) 1l on 5 Ly (slasimgsy mls
365 45 oad (o S S S 035 0 e B el 4 e s pd o 4 b SN s
OLSen 5 opdly sz yp 33,5 (o &y g litade (53 4l sl jad )3 g2 & () Ao Ll s 4y o
daly 3 otupsSl Oloss Je Sloj slaaliy 9 Syoe Jolo |y (a8 g0 (VVY) () 9 5 (V+17)
SLdgr9e 99y 2 S e Sl Sl Sl (Y1F) (lSan 5T S35 oo ()5 Al 035 L
el 4 e (WSl s p)lS )3 25290 ClyeS plad ggeome 3 oS Wl (Lt 5 W3S (pwyp | SBcp)S
el ilsdl olile 4 US> g (6505l o) ot 5 S S (3990 <l 05 S ) (505390 413 sina
S Sndi el (VN0 92 5 (b Lo sl 03,81y (2alS (65)5liS 4 SR 9 yl3ale s I L
s 0)93 Sy p> gh S > S )8 clale o5 3 (L5 b S S 0 ST S 5290 o
Jos 008 B Sa e gm0 S )b SB lpley sl 0l aw Ly YT B YooY L
Tao ) Y+3) U YAAS 0y 10 Cawdd o)lgale yolad (gpw b (ool) (idey Olynts Lol b ola yidghy aseis S
»lie bld L (Zhao at al., 2013) 4 (Hazem et al., 2022) Y-¥) 4 Y+ \Y ¥+ +) sl Lo 4 (et al.,, 2015
b e slagsidsy gaw 95l ) (2,5 939290 (58I (oS HNVESE Juo )3 39290 (3)5 slaed9290 9 ologe:
2 (VVY) hlSen 57 B e ol 035 550l (55 g 5 i 29y s> 0 (b dmwg b 38l
sosls 5l odlisal b cyliuys Ll )3 (Y-¥Y) Slo g Y (gm0 5 (YoVV) 5Ll g (Vo7 )' SISy ¢olias e
sibedre IVEST Jao b piewsS] Gloss 5l jadls G plgisd |y (nj g 9 SB () 0335 Sl
S g oS oy M wess 4 (Slbss b Lbey b g Slite (5,85 Sy b (Vo YY)S sl Lls 15,8
iy oanl g lab ool 93 50 aed walll o ol talS
Jae b Ll oadcblis ailaie ) (LS by Sl Gl b g (W) o)Sen 5 (S paebis )il
ol oy 5 bl (sbsS gl sl Yo¥S Lo b 3 05D eS| ot byl & INVEST
Ol 3 w5 S0l s Sl 5)50 53 1505 ladllan )3 35 4o )3 Vo U (328 003D ol )3 5 (Spe 5 S
gy Ko S 03D olime 45 Lol oLt (WWAS) (oylSan 5 Lol o) odbcbslio athaie 3 38 0pd
(¥ ) hlen 5 (oobrw Cuol @iy oy 1) Jby 5)ldee OVV/AY oleo (glaissa yialS cpl g 3)l aialS
SIS 1) &5 A jpl sloase pj 0 1y S 033D 4 bape salupmsS] Coodd (0 1) (slassly
hSan g ol1d 1 Cdlnladl (6lih 5 anb slos )l 1 o I b5 5 (setumsS] Slods IS5 3,8
Oload Glyuss Mgy j0 1) byl gypes Ay 51 (VY Ko 5 (g)lles coles jo g aidly ploal AYAR
Yoor ol o byl cmlST iuboy 4 51 o3zl L L) 50l )15 ooy 290 S 038D 5 sty sompusS]
G55 5 sl yd 33 Sl g ltd iy INVEST 38 0yd g csjlwoysd Jio 5l oslizul b g Yo¥+ g
B IVRVE XY e Jlo B Yr e Jlo 5 oS 0yd g5 ccsilo e claslone bl 52 55,8 g5 |y o8 (soluasil

1Tolessa
2Novara
3Delphin

4Deng

5Bae, & Ryu
6Lyndré Nel
JPiyathilake
8Kamarajugedda



VLY oyl oY B lowd oV 290 ¢yl s dlomo £A

ol 0395 (65,9US (oo ialsdl T W a8 ol anily i3l
A o )3 (28 (s3lwepdd 385 b Wlead has oS il ly 2P LB plie 4 o 45 sl
b s slomo) anogi ol g 5 S ed Comon GRIFEIL plpalee b Ko lsisds dnog) o el 5lin g
Slods (lie g2 () Livbey Sy 9 b My Sl sl (alpl sl dxlge (08T g (S5 (1938059, )
ooy oinmmsS] lads )l ol 5 6 yd 659951 <53 3gntg sl lods ol (615 b3l 5 salemwsS]
o) Gidy Cundy 4298 b dpog)l dag> 5 10 (325 (Sl D Cdib (e dpmloe ol adlllae ua ol
aliene )93 53 31,5 (Blo a3 jho j wlale (slaled (Sleo b 2w olll (g 4 d2gi b Jlo ilieo Jouad 5
o3 palie > e (Lab Ll Sl piclis ol g b logas g 0)90 b (oadddl 3blie (0] ailos
lasMe 1l (codldl adlate (pl (2L Glagids g jaw SaLAS () 08D Cudils dnulone )3 )0)08 0 ()8
425090 CdooligS 9 S5 (LS udey b b (g 9 (S slaigeisy b el slaaials )33 (6 pdy ol o

sl
ORR9H N9,

A cwordd o)lgal gl 5l 4 39 (LULC) (pnj Gidgn] 6 )l8 4l @ 390000 (simngly (nl 53 jlijge (slaodls
D) glate (19)S 08> Cud b (NHPI//WWW.USYS.QOV) M ags yio Yox¥e olad zads L Y+VY Jlo (ly
S Olgisds comes (iudorl (6 p)87 (s yiny A dog)l joeb 039450 (SJad jlaie )3 (S 0333 polie dvwlxe (gl
sl )90 Cusgil Jde (63955 (V Jgi) kol (sloodl>

oMol dpogyl o dog> g e (sl oSanmlne (LCZ) (oo 0uldl (slingygj 4t 5l jlaisyge LULC anes sl
ol o VY Jols (onnb Lo 5 calopluil glalad (o]l (6 )57 idsy gll cumale s> by cnl -3)S
2 pdd5) o g 5 (5 5 aleisl 6815 5 ) Jio) (o )il (cla Sy slol » Baes o8
2 RS 03D (835390 4 bgye slaodld yizen (Stwart et al., 2014) 55,5 o (sandibs (345 by Jldo
5 gl ol (IPCC, 2006) malil 15 93 cyme cslysid 53 dgg0 ledbol 51 ¢l o35 s

©loas xSy (65138 55))) INVEST Jao LULC clib jl S jo 55 (0)8 0033 ol Jebodiga o sl
INVEST- 4,8 053 g camoyd Jdo .85 513 oolatuwldyge dygaiinl ol lawes aaisddl)l (Yolo 5 s
1S Mo 5 5500 w36 |y ey (g 5 oddbopsd 0, eb o &S sl lSe gl Jto Il S, CSS)
Silwoydd 2 ome) Sy S SIS b)) sl 0358 jebas 5 A5 e S 351 lej sk 53 1) oo s
U 2 S 2eSlied (e 3 031 s CSS Jaa (VA (ollSen 5 (J) 395000 56 oo Jobo 3 cnS
2 P jbds Wle o aS Sliw 9,5 o Gl o 1) Sl glacld b sadsbul sla LULC % 5
oz 3 oxboyd 0y (Sapdgn Jade bl Jho cpl 2% b Ciliss (SlagtasmsS] 13 ()8 Ol g 08D
ol (aoi 05 03] 0395 Cums e s SV 05 T dlge pla Jolis (05 59y 055 0395Cums)) 1) e
4 by Jlosgs sgls 03y0 N olge 5 e 298 N il ol SB JI 8 ol a5 T olge ples
LULC 4 Sy )5 81055 o o2 oyl bawgs 00385]) LULC (gloads bl 1 1 (0350 455 g 4505 o5 5

lIntegrated Valuation of Environmental Services and Tradeoffs- Carbon storage and sequestration



£ e S 338 el 5 e 9 (455 083 b o duslons | 500 3 s (5 o]

UiSu ol (Taoetal., 2015) 155 0 (e loj Jgbo 50 1y cpyS 83y sl 3,90 @l pusss ( Jdo S &3l o]
a3 bk B3l 390 3 (BLST slvedls Sl osliiul b (e caosd G plisdr | oadondd ()8 jlade e ]
S o (NS 5 35 855 g o VLo i 25 S sl

iz )3 odlatuldyse (slaodls Y Joua

o obie Sy plbe  gpgldS iy, e 3] pU o
\VARER: YV d)liaub 4.3.99)1‘5)‘3)@ d)‘.))_j/u_’xlaw uu..f:y/d):)ls A5
O)

AR YA &5y Je PXvE sl SSag
Yo Yox¥s Yeyy &5y http://www.usgs.gov) A cusd ol9alo ysglas
- 2006 - ol o (o> po b Excell o990 sbaodld
(IPCC) oS opdd

— Yeyy &6yl Google Earth byl o ()b pdiges slaodls

— — &y s i) (g g ke ol GleMb

S aadd 4 drg b oad S5 (i )3 oo ndd () polie @easi b ]y (28 0383 Jlade (Juo nlplu
55 5 o b Sapen e daul (Aitali et al., 2022) kS o (s, Soiul w95 oo Pl alsya 55 55 4 ue
anguogS| Loy 0318l ol 4y N (38 ke iny 008 08D Jao 9300 |2 ke (38 ()b g (0j Sl
S 53 (55 e ]y (Lmme 0)93 o sk 53 92 )3 o pliie b oA i () £53) (S 0x3d b (o5 4 )
55 ) 1y WaiansgS] by 010,33 (358 (53] o Canl byl Jo o Jols > s po e (a5
S (oo O (s )T ygbds (e 0)93 4y (0B Sd (S alls
L g 39800 dmloe (o) g/ 68 ab » sl JS colus LULC (gt saaids sl jlisl o b
Cawd 4y dlaly Gillas 4l o ) oo D (p)S pdlie JS LULC oS ja )3 oddio pid op)S jlade clis
{(Li et al. 2022) 4]
Ci = Ci—above * Cibelow F Cimsoil T Ciz dead

m
Ciotal = Z C; X A;
i=1

9 SB 508 ey onsS «omes $9y OvyS I iy 4 Ci dead 9 Civ soil Ci— below Ci— above &3] > 45
Coluo A;.cwl LULC £y O,.,aﬁ d‘)—.’ u.,)f ‘_;lli> )‘:..JCL- S LULC &9 O,,oli LS])'f 030 Ls&))?J?.»J u,:)f

sl o) oplS Elsil S slas M 5 sm o bt |y LULC g5 el



\Z’VQMU£Ygb)lom‘v;b)sbql.\g‘b)wd#‘m O«

(Yo¥Y) ool 552,5] gy auids anps

R 2

Pty & (o5 (633,51 gy Ml Jy S

h 2
STy Cowgial 51 (652,87 piign Juows (031> JUESI
e 2
Sy 2 Slp o35 g ()5 085 ol Jlos!
R 2
S 0D Cuodd (5,135 505 ,] Jo (g1pal g Cuwgnal 15810 5 40 Laodls (305
R 2
JS 0533+ 50 £ oydd Sl pw) Ojpods S Glaag 8l

2
Arc/GIS-ArcMap ;5 JS 6 g 35w £ (92)5 0 pdd (S ans

- 2
syl g s

i s el b LoDl 5 Waosls (513,5 als yo 31 il plowl clos Wg) Y JSud

G\JJUaob)’o 8940

455 9 ol Gipe Clelyl iy slaogS (sl 5> (Byd VYV Jobo g (Jloud oS YYOUY' jlae 13 4ol jocs
03950 Cnlune ol 43,5 )15 dnog)l dbyd Cyé (s yregkS VA alold 5 g ol3T (cla] 5 51 (o yme WYY glis)l )
5 oseecSy 3 JUNF e Jlo )3 (lnl el 350 oy (gt ilae o] Camax g @y ytoshS VO Ll 0
&l po bl o S FOe g @b cnlue )0 SHL Ve ol g (g s ddlaie ¥ gl bl 0y ja5 50 V4R
lizme NolS” Juad 93 (6528 IS oo oyl yg 2 (sl )3 e Slolius Cpmbo sl g0 MWIV o (L
Jolis o dog> (slaosS o] 03)9] dog |y (6590 (couldl oyl cdiine gl oy 4 (S5 5 (6500 Olelas)l
2byd Om deg)l @ly > sl pleal (o098 g (o oty (o ole (plired Jog dadgea i e (slaogS
lo> jpalle 2 (5y950 b ditud (28 Sk po 32 (oten Elo &S 0dBly (il 08 (laogS 5l (G40 )0 5 syl
O3 il an 3 VY lod bawgio jl a5 g ysbds ciwl puSauia (o)l 9 Lod ad ol jusi cdpng,l bdo oK) 4oL o
YA ) Sen g (Sho) WS o o5 (60 0lo pd 31,5 8l dojd =V/Y (glod lawgio b ol o olo

oo coeldl bl 8T Cow oo y95 42l )d wagd lyiods 48 Gl dnog | )3 it o i cp ke
el anwg 5l U uesp; o]l cuily il dsbys 4 gie cbailBdg, p iledw el
oS Sloss 1@ (VFer) ohlSen 5 (5650 adllan o Lyl Jol8 pas Siis s 3 (2l g (gjysliS
Slblas ) gl a2bys Ao O (039)9 IS (liae INVEST Jao b dwegyl a2l s jusul asgs p3 Ol Wy
uj £99)9 px> Loy ¥ )I L)"“" ) “.AXSA)AA .))L.L.AV ul);«o L)’l )l as 0dg k.ASS.O)J«O .))Um \EI¥ ){]ﬁ WA+

ol dgog)l dnlyyd jusol asgs 1> Ol Wi Caodd phuw ddgs )



09 e (SS9 3 s a8l b (G500 53 (525 0785 Cudyb (liae dpwlone | oS0 g (2055 (5L

sl
(Plodlo ol sl Sho b ol el V(¥ JS5) dneg)l geliar (o2l 5 e (o8l)] gy 4 & 4zl b
Oy (Slllle dilaie &) i b ol 0Adpasule SSE 4 (S (laggeid) g pb (o) e b (2
Cgnehds (§)lg5 ) &5 23l oo (Siw g (SB slaggeid) b (hdg gk o) 4 baye (o)) cobus (5
b b (Jlod dog> 5 gl oo Cusl 03,5 dblol 1) dnog)l 8 (Mo ©jgot 02 Jlod U 58 i |
b celo ezl 5 5L 5 03, lezslo ol dasuie b o o3 45 Jlod Sl o yasedo ehyj sl cyo;
PIXO L o] loaing )l 4 bgaye ol deg> 5 03900 )3 Colus (im0 D9dien o> bawgie ¢ldS)
4 gplia g 4t Gledlo (608 JolS ot 0ed (635 e bl Adl oo JS§ Colus o)y /7 Ladb 4 1S

Dgdige 03938l (ks (slaigeid) 9 b ((£h) (= slacs )l Colus p b dog> o

LCZ (59 s dwog)l dos> g b (o3ly) (s )87 gy 4 Y S

o

(HlSe) dhag)l dage g o ) Lol)) Hidgy Colue T Jgu

5 colue jl o) Colus O Dby )

WYIEA FARY/AN 03 laislo )

A¥ TYEV/0R b slesle Y
YY/5F a0-4/+v &l ¥
\iias VELO/FF S5 9 Eb ¥
Ve, 04 FoA8 5 ouiSTy Bl Jide s
AL Vo¥aN s b o 5
Y AD FAOVAS S oyl v

Yoo FABAD/AA o>




\Z’VOMUJ’gb)lom‘v;bjsb&)l.\g‘b)wd#‘w oy

4 bgye laadds gl Jao jloslitel b 6 2 wiupwsST loss (WS35 5 (oSl] )5 4 4 a2 L

005 035 D JS5) ST 0308 035 (F JS3) 0050 (1 dlge 032 035 (¥ JS5) (2L 035y (1S 0y
oS & 31 51 ey A a5 adlllad 9o dilaie (7 JSS) ()5 S 03633 Egemme oo 53 9 () 0395k )
J ol idio dlge 5 Lliy S joboc 2395 (Syne paiSie jolody 0395Cuun ) porite Cunl p5Y 0395 Cuum )y 0353 (ljee
Silony 9 Lly Jio 0595 0 oo 0355 T dlgo (sla S alod aly )3 il o 035y 1y 0355 g g
sl &5 2loaild) (555l Wy sladily Jols 0dgicns ) pre glio Ll 5 (0l Gladilony llg> 5 lalS
Sela (S bl (5,9l ladils osila Bl (Ngd o0 Mg cutS JBps slage) )3 () CEgw Mg
03y ()5 03D A gy b sl 1505 o g (686 (sloblony a5 o 12T 8 (SLlEs ¢ 09,500 SL:
Slllas 03500t JS' )3 a5 gy5bar )l () 0230 Yl cwpd 3 Jawgie Lulyd b 1S 5e (1 JS5) (VL
R 9y yrwe Jlio )3 5131y () 0383 plle cp Simly e (b g (E Sladag > (i (i9eid, b (3
bl & cunl ondjazide (2l lagide bolen 3,5 U 3pd Jlad @ ()8 0gin (egee w2 b
@ Yb 0395Cunnj () 0383 (lise Sl (igalym Camm 4 el (LS )3 5 B0 B ¥ () ()5 0035 olie (0 5V
9o )3 (Susly Cuow F JSB) Conl 0 aalS by (g slage) 9 (S slaygeidy (oges Jlate > &
86 il 53 )3 o o3gae 9 20 (35 03633 sl (il )b (YL 03 e b duglie p3 0350 (J Slge

(o O JS8) ol 1S > (5 Y B /Y o 0wl 0035 Ol b g () 033 Ol

dog)l 4o 9 503 13 () 0350 T dlge (5 0285 (i (Casly) (2VL 03550 S 033D (lie ¥ SIS

o255 033 ol 28l ela e o> VY ol 4 ST el o] 3 oYL o3t qie 1 )5 03D b cud b
S o 5 Ve YL p)S 0,30 Cud b adgaze o yd £l e Ladd g o 0000 Jdbs Cundg pl g ddls)
(7 J952) 39 290t (slo b W39 il (slojljis )3 g gl & a5 )



oy e (SS9 3 s a8l b (G500 53 (525 0785 Cudyb (liae dpwlone | oS0 g (2055 (5L

(S 13 () aegyl dog> 5 30 y> (Vb 0355Cuunj (S 035 polie .V Jgua
oS opddcud b S i S ol lanyy IS 4 colue  ()S 008 ylie

oles yY/NY AQ-/.

YYoVY/« v/ <A YYoYY/o V=Y
VASYY[D AR INRAVES Y/V-0
Ao/ OIAY YYYa/- YN0

AYASYE/D Voo YADAD/AA

gl 2 035 l3> Sy g eld im ol 0300 (1 dlse 5 395005 alS 2Vl 035 41 dgume ()5 03

bple Gl S 03> byl Slalllas 03gu0te 303 PV 3935 3)90 (nl )3 it (S 023D Cudyls )b 3
Qo> Vol G Gl 5 YOVD» dgas 3blio cpl 30 (1S 030 o gaeome 0 &S Wyls LS o o Y B 4/
o> Callh 03,88 ezl (glogs )l s U515 15 5 Sias cslboylucs b g ol (slb e duasiedio b ogiono

(¥ Jgi2) 5,051, 03,0 Jslge aute 5l 8

(LS 53 () dpog)l dos> 5 2 3 03,0 (S dlgo 325 085 i £ Jgu
oS opddcud b IS i S colue jlanyy Se & colwe S 0D polie i,

eles Yo /¥¥ VYYo/ - . \
YOVa- £EIVD YOVD./+ ATY Y
MY Y/AY VAT Y/5-\0 I}
YYeey Voo YAOAD/AA o>

B je szmen 2o Shy b SB e () 0033 pre 5w (LS by 5 Ol oher 4 S

Cabyb 5 YYFF L SB aog)l (0 dos> 9 4 3 2950 Sl (e 9 I Jlse (50 9 Gos dasdl
VB V/B (o bawgio (28 033 Gline b e 039850 5l (2 VL o> o (3235 023D @ike ( Siwen (15 03>
JS5) Wl o 5 b slalad b o515 o8 Slailo sladigy 4 bgiye &5 (0 Jgin) conl 0idjamniin 1S > o
Sl (255 0553 g5 BB ol g ()8 ald > S by ek (S slaojludy b SlensS (g5 (uly ¥
b () 03> ol b Jasl oSS 5 Siges S s 4 bwgio 5 Vb (LS (idg o515 b slredgioee 4

Sloddsduloe

duogyl dog> g e 3 (G2) () 035 Cum) (1) 0330 g (Cunl)) SB S 08D e £ JSWS



V€% OMU Y E)lom s ;5)5.3 9'.\,{‘;% Alqm

0g

dpog)l dag> 5 0l ) S ()8 035 polie .0 Jgua

oS opdd et b S lade S colun lasy LS @ colue (S 008D polie i),
eles WS SEYY /- \
WY/ Y/¥Fo WY/ AT Y
YA/ YV/IvY Naregl AZAEA ¥
O¥Y-Y/- YY/0) ASAY/ AR ¥
OASOY /- WIAY ovYY/. YIE-\0 I
YOAVD/ - Y/ AR VO/N-Y 5
AArZR YIAY Vedofe Ye/N-0- \4
YYFFFY/- Voo YAOAD/AA 2o

2l b cppj 0395Cummj 03D (liee (i At (35 035 Sl (otee (150 QLS 9 U3 Ak 4

5 039; e (Byd dog> 5> Logas &S Cul (sl ob 39y ywe 5155 )0 g gl &y bgype HlSa j3 o5 Yo (oYL

R 039850 (5 Joaz) 2blio e 08 LS (9] 53 () mesm e Sl S 03 (g 8B sy e
sl oAbl () ueger @te Sl ()5 0D (b bbb b (S sba,

dag)l dags 9 b D Cp s O3giCuum cp)S 0y plie T Jgua

(9) oS edd byl JS Jlde IS colus jlav)y S a colus () 0pdd polie a3,
ofes YY/N AdaY/. \
Y508 YY/AN \YEOF/ - AT Y
HOYAY VY VOAYY/ - Y/V-0 Y
FYFA- Y/AN RN Ye/N-0- \4
AR Voo YAOAD/AA o>

@ Cud )b ol a5 LB asul .ol oddedls iales (B) JSKib 40 0ni)S3 wlie plod ggexe 5l op)S 03D polio
053 (b 0195 b b (2 b 5> (brodgion I pfas Cand (25 0333 )3 gyl (s y0ed (sLad VL s
B slalad g3 (cbsS sl sdddiwlbre JiSa ;0 (5 Ve UVD o 038D olei b yed 3l o0l Colue (op)S

o.}.a]w)d.& YL} 0l y0 L;] .)‘9./3 9 U")") cLsJYL’ bbyw) Sl Egomo )‘ u.’)f o)...>) 019" aS ol LSMLJ?)‘) e 9
Qo> ¥Vl i b S 0 i VID GO o cp)S 038 e b Sledllas 03game o yidiy JS 50 (0 JSKS5) ol
e (st gt ot 45 3l g0 (VAo a3 (5 55 pgena Y Jyia) ol adllans g lin S

Al e cund 4 S o5 Vel L lae S



00 e (SS9 3 s a8l b (G500 53 (525 0785 Cudyb (liae dpwlone | oS0 g (2055 (5L

dog> g demg)l 30 1) JS 03D 4l .0 S

(S )3 () dmg)l de> 5 0 3 (1S U5 0635 ki ¥ Jga
(c¥) cnsS opdd cud )b IS jlde S colus jlacy  JiSe 4 colue ()8 0,3 polke @,

ofes WS £EVN - . \
WY/ oo Y/¥0 WY /oo AT A
AYYY/o - I AY4 YYYA <+ ATAR Y
YYAMA/ ARVRYS VYAAY /.o AR ¥
QDO+ YY/0) APAY] -+« YI5=\0 b
Voo /e VW/AY OYY¥/e - VO/N-Y 5
Qovve ININS YYQ«/e Ye/N-0- v
ARV VRN Voo YAOAQ/AA o>

Cwds | 5y a3l E8 )l oy g Colus g 03D line olpen 4 oo y)lS 5l a1 o (odae ol

b O oy i &S dad 0 (asude Jedo polie Juoo b .l oas 03)91 (A) Jgd 53 (325 033 coltupunsS|

Dy 5 YVEYY Loospe I dlge 1y ol 58 9 0 YYFFEY L SK 1) )8 0,8d otmwsS] Caodd p inte

P VO L s s g (b slame; 0 i 4 (S ya 55 (5) gdaw a5y )3 () 03> e oy i

HSa )3 (5 Ve XY L oST5 o alS ibe b slagme) e 9,68 ja 0 (5 VWY ol)5 oo LS
W I



\2~Y'¢,MU‘Y E)MNE”Q‘)L\,QDMM 01

(S ) 5) G35 sla 12 6l o () 08D Blise Colue g aop Y Jgua

0,33 Mo yd > 0,53 0y Lo Slgo 053 SBoopdd 5 039k 0pu3d Y 0dgicum ) 0D Colue 2.8
YD i) P s ) b Gy GED G S 0 ) e 06 [ gy
s 2y Fo cele ()epd () () () (e EnlS
Colue
b ooy f/¥s \YISA -I¥D £/ oo oo FALY/S0 el
c.!)..i‘.é
Y5y Yo Voy-a/y N¥ YENEY ARYY/EY Yvv/ay SYE[-\ YYFYV/04 WS s‘,l‘,;;lw
oSy
YoA-. VFIVY VFeov/e YY¥/5¥ arso/av SYYVEIA- avoo/ys OYYYSIYS ab-4/-vY L;"‘)j
¥
Yv,-q yo/ha 08Ny Y/5¥ \YeRy/-Y Y& VY. YFIFA/AY YYFVY/AY V¥ 0/FF )\)';3)3 3 &L
\'S
YY,0A NYS NAEYIY YV/\a VoYOA/-¥ Aarzati g YWY/ AR TRY V-¥ay /s ),‘L dh”c}.‘:"}
ol o/ AY/AD oee e e e FALV/AS 90
s
Ve AY Vo/YY FYV/0A Ve/od Y+AY/AA VFYY-/a ARVRI AAATA7A%S AV Uiy
A c
ARE ¥a-.£4,) Noofos YEYo s VEVFYD INART Y MY-5Y0 YAOAD/AN &o>
3 )

€55 58y Cowd Jl 2ol 5 waldl i b ablie 1) (93L) dagh G red e salAS g b K> 3l glaJle
5 o JUS daosls dabls el 5 Syl dagl ,5 ks 3) copd celn Sin gdly 15 lod,S (i 365 &) s
ot s GBI (0p)S Ol g Eoite (atumwgST Sload Bl L (s g9 bais g 0d Sy g 938l (ot
&S 2 oyl I S sl Lisg wls (Dadhich et al., 2023) 1S’ o Wl o (08 by (955 dga0xe 4
O 0 9 el oo Vb o395 Cun; (il 9 ST (p)S 4 Blaite adlllass jge ddlate )3 (S 03D polie diuin
bonS 0> olgs eVl gea liile @iy qeSlite ()0 Jold jow (slaldd 55 (o) p3y90 slo LULC
a0l b (Vo) o) olylen 'S 9> 10l o guuod Cpaiiies ;50 lawgs oddplol iliidos b ol opl ol o)Lis
by & e S & u.i\.wj] Lgl.moliﬁsg.w 5 u;)f ox}b 75 4 153ly ULM; u;)f L;)‘L»o),}:) 5 Sk o Ll
fo.\;,) 5 (Yor0) oy Sen 915\5 Do oo 03 Cund b laidle 4 70 5 dlj 9 ol fore AR ARy
WS 0y33 1) S () palhe Sl o (S 0ed laper 9 Sl ST &S Ky xS (ul 4 35 (V4V4) oS
Sy (Jlod S IR 5 (65y5liS gl o2 Elye 53 0o 3 (0)S Glie (R P B pobds ol (Se &S
o5 0Ly (25w etuwsS] s W )3 (gypd e LA adlas L (VY1) hlSen 5 )8 il
9 5 by o8 VIV TY) SB 4 Glato o 4 e joed 2 025 o g (Siloyedd omslly ey
Mbuo (u; VV\) Lm;?).,;’s\f 9 (u; A\“AY’) u.a.l.c IS g) ‘(u; "VYF?) dlw?"’ SH
oSl 5185 VF sgie Sl clacdled 1 o5l 8 denSlied (S YT At 06 Lo loly 5 o azls s
Lo 45 505 1, Bl g 0381 (£ peSatiy €55 S (£ 0ed (35 0565 45 i3 o Lt Wad gl yy aiyles e )

1Churkina
2Kaye
3Lindén
4Russo



ov e (g5 9 3 s Bl 1 (6 e 93 (325 03055 Cud )b (a0 oo | K0 9 (293 (gl

@l Blle Ll pen 53 (Vo) (ohlSan 9 LS )yg) ask analy 38 1) plea (e S 03 ggezme 1700+
salS g dlnse Jole syad bl dawg a5 (YoVF) L) Ken 5 puilagl b (Yo IV) (o)) Ka2 " Jbdgs Lidgl
‘_;bu U»L&o B ‘_;owlﬁ] u‘).u..u J\JMW?OJ; D)A.>.> ul).m u.u!blfw l) w.lﬁ'd.o.bm OT)Jwbduwy
dog> O BLS g W ase j0 g SB Lide 9l slao o b Olela) dagi b dregyl j3 b o (50 g
Oomed Dgd e Sy (p)S 0y Gl Gl cow jaw sbalad aseg b b (slad dswg pd
Sy o)l dame (3,5 3 sk 3l by ol (i) sladalpd (giljl ol (Ui g (VHVY)T (Sl oSl
ol 4 425 bl il COZ ale jl = ()8 qojw 852 13 39250 (p)S liee (0Ll coles gl P50 (o)

Gl Caodl Pl jlows y31 and D (ogadd dwgyl aalyy (Sid 83 s o | aliees

& 5 4o
@59 2 ol b a0 5 dog)l 10 53 ()5 03D satugugS] Coid (g3l e I ol Slslre ol
S oy)8 gloil lawg iSa > )8 5 Ve lawgio b Sldllas 6dgize (U YOA JS 10 5 YR+ D90 39350
Sl s B)l3s o b red jow socdlup ) pel jow sbalad )5 mew Jlde cpl j133)5 (o0 035 S92
03> Sl slage S g nhlded golaw & (hdg b b 03game canl Jlade (p Fitn b dog (b

Sy d YL Sladlo ST L sladins 3559 b deog)l 1o cComd Cunlio drog)l 1o (19,5 0,48 degazne )0 g S
oy I USS Mo )l 53 sl gl sl SB g (LS Adgy gt Sl (28 038 (e &5 b (2)8 &g
G VB0 (g 085 wlie plod jl lawgio yobods 931> (98 Cumdy o ()5 0335 Cud)b e Jlod g 558 &
CuoSl (LS by SeSIite 9 £95 (192 Vb g aihate Jogbo e muldl 3929 L)l 0055 (o5 )i sl )3 ()8
2 gl G Gials son )3 g (5 )3 (g5esB Collad g o (Kipjr (NS o Sl 3300 0093 13 50 lon
Db QLS Juin (odug) 0)93 b p)S Bble b duslie 3 lga (p)S 055

5 oShe o5 )3 ]y )3 &l (sl 12 O oy 4 29000 ol @llo drogl o (4o g o 03500
by (S deag)l poed ditns (p Fars rizmen )5 (S 0383 Gly (BN Slaizgs Sl g sadelial wlel
S 0> Cudyl rld (Suid b adl e oo b dage (S 0383 (5 (ks (e & Canl day)]
ol il lsp 13 5 5 JLe93)S dsp (Sogll wiile (pailil bl a3 )3 e ke g asily2alS adlai
2 5 e galad ol ol s 3 ol Colus (IG5 (35205 po3) 5 ol slaaly Cuenl oaimd i aliws
» ol Sl Ui g 6l opl cuerl L a8 wlools Lolasdl g3 a1y 0033 polie 5o 5w e
Coglgl 53 s Salad dung 5 (D18 Canlie L (n ke S S Olpisar g 4l 033 e ]38
Lo b > 039900 53 (315 033D alie g b A8l (potugusST Sloss (69050 tal8l 5 sl
e oy 5L deoe ol Ty S 51 8oy BY a8 3l 55 ¥e B AD cymr o0S oD ol s cnlus 3l sy FA
Dy edgame pl )0 ([0S 05D s 0dgame IS 5l o )0 Bl S a8 cunl LSy g B BT 050

05 3 @Y polie 085 bl & As (530108 5 nhe e I 0dgiCun ) Elgil ASLT 4 g L onlple

1Paudyal
2Skwierawski



\Z’VOMUJ’gb)lom‘v;bjsb&)l.\g‘b)wd#‘w oA

QLS 5 (LS )3 0395 0 Sas dng)l o )3 3948 bl (6 puden ploial jod (o2 Lulyd ulali g 92 ()5 oA
#2050 Olie b QLS s 395 9 1550 Sy ol L S psbas el Gl 5lad 3pu slaole 3
Gy Ced )l (il g ln (L ded (SSgly i wle by Shag b 3w 0)93 45 Jlyd bl oo B ity
s SBCSloyj dnng Gimgy ol pasule dlediy calpl Cusl o)t syt (Sag Bl S
(Ko 35155 o0 (305 03D b s (1A ¢l bty 1By o Jrsdibads S5, 5 waldl b )5l (cloaisS L (6,0
oo jl i g wlgn olpde Bl SIe Cilises (sby ol )3 baptugsS| jitg Co e sl (9llas
b (1)S 038 catuawsS| Glosd el col diliiodign 5 cunlio Cojde b g didld dawgs 5 Cudld y ccblas

o (ol
el 0s plosl 5753k gy gty ol oSS (sibosteh 5 (s hoss 235Kl o calon b ings, o]

OAR9R 5> (B Mg e

ASIde dogl (298 381 a0y F) Juo slinl sl e (g 5> (5B gLl 4y i Btk 03,5 0 20l
(22> ¥4) baJelod (Jaa (g2l )3 glond 05l6 g (10,3 Yo ) Loyl Gl g Jlojl 3l g Jelod oo il )3 g ommad
Slazsls &S Lo

P W Y]
5,05 dlio ol Laml b g Sty b abaly 5 edlio 3L gn 45 3515 o pMe] S ss

P g a8

ol plosl 1y Ve cuas objsyl )5 4 SluS opsds bl (o)l o ay Lighs cpl pldil jo aS" SluSden | Baiw e

Woled oo JI0ya8 o S5

&be

SBp)S camy g ol Gl a8 8l (MYRD) cogin (iiorlnl 5 cyare o SUS sl (S e oSl
YRV (VPP ) psio o K> clidos

Cuasd Gloj o Sl sl 2 (62 dmogs SIS (VF21) . pmbie (9300 5 e s (39 BLES sl tiagle (s 8l
N5 (F) Y eSBo] cy o 5 (il Jto INVESE Jl531e 5 b olie jats jusol 09> )3 ()5 0553 otunwsS ]

D0i:10.22098/MMWS.2022.11069.1097

b Ml s 5 1935 izmion ()5 b 2] Sloojg> o 163,90 dllas) ()8 085 LsotuuwsS| Cans
D0i:10.30495/GIRS.2021.677995 .YV=Y+ () IV ¢ 2l molio 40
0L 3l )3 s Srlel ugd (£03) 05 (o Sl (g ey J 0 dmsgt 8 sl 53 (00 0335



o4 e (a9 3 por ol b (6300 )3 (125 0285 Cadyb (a0 drmwlons | (K0 9 (2058 (5Ll

L . opyS w3 oiiamm oS | Ceodd &3y 50 (600 Jauw (gLid CulblE (VF e o) sl ) Willae g oyl polS i Lid o o o4&
D0i:10.22126/GES.2021.6574.2406 .A+~F\ (¥))) oo (g)lul 5

5 ey Clud g bl edumaewsST Glods (il Jao (V1) dlgadeste (ol g ldypo0 e ¢ 6yt a0 ] ¢ lAd
0355 (saluuguogS| Ceass raallland yg0) loi oy oadcbilis ddlais ) INVEST J58le 5 (655,54 b ooy Slogws s
Do0i:10.22059/JTCP.2020.294342.67005LA\YY=VOY «(V) 1F ¢ o j e ool (025

NENAY QWY frpew) (2 lbiis le Mb] dolilas apng)) 1o 150590 adlllan (g y0ib
https://doi.org/10.22131/sepehr.2018.31488

References

Abu-hashim, M., Elsayed, M., & Belal, A.E. (2016). Effect of land-use changes and site variables
on surface soil organic carbon pool at Mediterranean Region. Journal of African Earth
Sciences, 114, 78-84. doi.org/10.1016/j.jafrearsci.2015.11.020

Aitali, R., Snoussi, M., Kolker, A.S., Oujidi, B., & Mhammdi, N. (2022). Effects of land use/land
cover changes on carbon storage in North African Coastal Wetlands. Journal of Marine
Science and Engineering, 10(3), 364. https://doi.org/10.3390/jmse10030364

Babbar, D., Areendran, G., Sahana, M., Sarma, K., Raj, K., & Sivadas, A. (2021). Assessment
and prediction of carbon sequestration using Markov chain and InVEST model in Sariska

Tiger  Reserve, India. Journal of Cleaner Production, 278, 123333.
doi.org/10.1016/j.jclepro.2020.123333

Bae, J., & Ryu, Y. (2015). Land use and land cover changes explain spatial and temporal
variations of the soil organic carbon stocks in a constructed urban park. Landscape and Urban
Planning, 136, 57-67. https://doi.org/10.1016/j.landurbplan.2014.11.015

Bélair, C., Ichikawa, K., Wong, B., & Mulongoy, K. (2010). Sustainable use of biological
diversity in socio- ecological production landscapes. Background to the Satoyama initiative
for the benefit of biodiversity and human wellbeing. Journal of Secretariat of the Convention
on Biological Diversity, 22(3), 617-634.

Canadell, J. G., & Raupach, M. R. (2008). Managing forests for climate change mitigation.
science, 320(5882), 1456-1457. doi/10.1126/science.1155458

Churkina, G., Brown, D. G., & Keoleian, G. (2010). Carbon stored in human settlements: the

conterminous United States. Global Change Biology, 16(1), 135-143. doi/abs/10.1111/j.1365-
2486.2009.02002.X

Dadbhich, P., Malav, A., & Jaiswal, P. (2023). Carbon Sequestration Potential of Trees in Urban
Vegetation Islands: A Case Study. International Journal of Environment and Climate Change,
13(11), 2362-2371. DOI: 10.9734/IJECC/2023/v13i113401

Delphin, S., Escobedo, F. J., Abd-Elrahman, A., & Cropper, W. P. (2016). Urbanization as a land

use change driver of forest ecosystem services. Land Use Policy, 54, 188-199.
https://doi.org/10.1016/j.landusepol.2016.02.006

Deng, L., Zhu, G. Y., Tang, Z. S., & Shangguan, Z. P. (2016). Global patterns of the effects of
land-use changes on soil carbon stocks. Global Ecology and Conservation, 5, 127-138.
https://doi.org/10.1016/j.gecco0.2015.12.004

Eskandari Shahraki, A., Kiani, B., & Iranmanesh, Y. (2016). Effects of different landuse types on
soil organic carbon storage. Iranian Journal of Forest and Poplar Research, 24(3), 389-379.
doi: 10.22092/ijfpr.2016.107354. [In Persian]

Fadaei, E., Mirsanjari, M. M., & Amiri, M. J. (2020). Modeling of Ecosystem Services based on
Land Cover Change and Land Use Using INVEST Software in Jahannama Conservation Area
(Case: Carbon Sequestration Ecosystem Service). Town and Country Planning, 12(1), 153-
173. Doi:10.22059/JTCP.2020.294342.670051 [In Persian].

Gharibi, S., Shayesteh, K., & Attaiean, B. (2021). The Capability of Urban Green Spaces in
providing Carbon Sequestration Ecosystem Services. Geography and Environmental



\Z~VQMU‘YE)M‘V‘aﬁ:‘)l.\gb,w&q“ T

Sustainability, 11(3), 61-80. doi: 10.22126/ges.2021.6574.2406. [In Persian].

Hazem, A.H., Hafiz, T., M.A. (2022). Modeling of carbon sequestration with land use and land
cover in the northeastern part of the Nile Delta, Egypt. Arabian Journal of Geosciences, 15,
1267. D0i:10.1007/512517-022-10462-2

IPCC. (2021). Guidelines for National Greenhouse Gas Inventories. (Volume 4: Agriculture,
Forestry and Other Land Use; No. Part 2). http://mwww.ipce-nggip.iges.or.jp/public/2006gl/index.htm

Jahandari, J., Hejazi, R., Jozi, S. A., & Moradi, A. (2022). Impacts of urban expansion on spatio-
temporal patterns of carbon storage ecosystem service in Bandar Abbas Watershed using
INVEST software. Water and Soil Management and Modelling, 2(4), 91-106. doi:
10.22098/mmws.2022.11069.1097. [In Persian]

Kamarajugedda, S. A., Johnson, J. A., McDonald, R., & Hamel, P. (2023). Carbon storage and
sequestration in Southeast Asian urban clusters under future land cover change scenarios

(2015-2050). Frontiers in Environmental Science, 11, 1105759.
https://doi.org/10.3389/fenvs.2023.1105759

Kaye, J. P., McCulley, R. L., & Burke, I. C. (2005). Carbon fluxes, nitrogen cycling, and soil
microbial communities in adjacent urban, native and agricultural ecosystems. Global Change
Biology, 11(4), 575-587. https://doi.org/10.1111/j.1365-2486.2005.00921.x

Keller, A. A., Fournier, E., & Fox, J. (2015). Minimizing impacts of land use change on ecosystem
services using multi-criteria heuristic analysis. Journal of Environmental Management, 156,
23-30. https://doi.org/10.1016/j.jenvman.2015.03.017

Li, X., Huang, C., Jin, H., Han, Y., Kang, S., Liu, J., ... & Sun, L. (2022). Spatio-temporal patterns
of carbon storage derived using the INVEST model in Heilongjiang Province, Northeast China.
Frontiers in Earth Science, 10, 846456. https://doi.org/10.3389/feart.2022.846456

Li, Y., Liu, W., Feng, Q., Zhu, M., Zhang, J., Yang, L., & Yin, X. (2022). Spatiotemporal
Dynamics and Driving Factors of Ecosystem Services Value in the Hexi Regions, Northwest
China. Sustainability, 14(21), 14164. nttps://doi.org/10.3390/su142114164

Li, Y., Qiu, J,, Li, Z., & Li, Y. (2018). Assessment of blue carbon storage loss in coastal wetlands
under rapid reclamation. Sustainability, 10(8), 2818. DoI: 10.3390/5u10082818

Lindén, L., Riikonen, A., Setéld, H., & Yli-Pelkonen, V. (2020). Quantifying carbon stocks in

urban parks under cold climate conditions. Urban Forestry & Urban Greening, 49, 126633.
https://doi.org/10.1016/j.ufug.2020.126633

Maleki, S., Shojaian A., and Farhamand, Q. (2018). Evaluation of spatio-temporal variability of
thermal islands in relation to urban uses, a case study: Urmia city. Quarterly of Geographical
Information (Sephehr), 27(5). 183-196. https://doi.org/10.22131/sepehr.2018.31488

Mallick, J., Almesfer, M. K., Alsubih, M., Ahmed, M., & Ben Kahla, N. (2022). Estimating
Carbon Stocks and Sequestration with Their Valuation under a Changing Land Use Scenario:
A Multi-Temporal Research in Abha City, Saudi Arabia. Frontiers in Ecology and Evolution,
10, 905799. https://doi.org/10.3389/fev0.2022.905799

Martinez-Tilleria, K., Nufiez-Avila, M., Leon, C. A., Pliscoff, P., Squeo, F. A., & Armesto, J. J.
(2017). A framework for the classification Chilean terrestrial ecosystems as a tool for

achieving global conservation targets. Biodiversity and Conservation, 26, 2857-2876.
D0i:10.1007/510531-017-1393-x

Nel, L., Boeni, A. F., Prohaszka, V. J., Szilagyi, A., Tormané Kovacs, E., Pasztor, L., & Centeri,
C. (2022). InVEST Soil Carbon Stock Modelling of Agricultural Landscapes as an Ecosystem
Service Indicator. Sustainability, 14(16), 9808. https://doi.org/10.3390/5u14169808

Novara, A., Gristina, L., Sala, G., Galati, A., Crescimanno, M., Cerda, A., ... & La Mantia, T.
(2017). Agricultural land abandonment in Mediterranean environment provides ecosystem

services via soil carbon sequestration. Science of the Total Environment, 576, 420-429.
https://doi.org/10.1016/j.scitotenv.2016.10.123

Nowak, D. J., Greenfield, E. J., Hoehn, R. E., & Lapoint, E. (2013). Carbon storage and
sequestration by trees in urban and community areas of the United States. Environmental
pollution, 178, 229-236. https://doi.org/10.1016/j.envpol.2013.03.019

Pagiola, S. (2008). Payments for environmental services in Costa Rica. Ecological economics,
65(4), 712-724. nitps://doi.org/10.1016/j.ecolecon.2007.07.033



R e (a9 3 por ol b (6300 )3 (125 0285 Cadyb (a0 drmwlons | (K0 9 (2058 (5Ll

Paudyal, K., Baral, H., Putzel, L., Bhandari, S., & Keenan, R. J. (2017). Change in land use and
ecosystem services delivery from community-based forest landscape restoration in the Phewa

Lake watershed, Nepal. International  Forestry  Review, 19(4), 88-101.
https://doi.org/10.1505/146554817822330524

Piyathilake, I. D. U. H., Udayakumara, E. P. N., Ranaweera, L. V., & Gunatilake, S. K. (2022).
Modeling predictive assessment of carbon storage using INVEST model in Uva province, Sri
Lanka. Modeling Earth Systems and Environment, 8(2), 2213-2223. Doi:10.1007/540808-021-01207-3

Russo, A., Escobedo, F. J., Timilsina, N., & Zerbe, S. (2015). Transportation carbon dioxide
emission offsets by public urban trees: A case study in Bolzano, Italy. Urban Forestry &
Urban Greening, 14(2), 398-403. https://doi.org/10.1016/j.ufug.2015.04.002

Sajjadi Ghaemmaghami, S. A., Sayahnia, R., Mobarghei Dinan, N., & Makhdoum Farkhondeh,
M. (2021). Evaluating the implications of urban growth on carbon fixation ecosystem services
(Case study: Karaj Subcatchments). Journal of Applied Rs and Gis Techniques in Natural
Resource Science), 12 (1), 37-20. doi:10.30495/GIRS.2021.677995 [In Persian].

Shahi, E., Karimi, S., & Jafari, H. (2016). Assessing the Impacts of Land Use Change on
Ecosystem Services (Carbon Sequestration and Storage) towards Achieving Sustainable Land
Development. The Secound National Conference on New Approaches to Spatical Planning in
Iran. [In Persian]

Skwierawski, A. (2022). Carbon sequestration potential in the restoration of highly eutrophic
shallow lakes. International Journal of Environmental Research and Public Health, 19(10),
6308. https://doi.org/10.3390/ijerph19106308

Stewart, I. D., Oke, T. R., & Krayenhoff, E. S. (2014). Evaluation of the ‘local climate
zone’scheme using temperature observations and model simulations. International journal of
climatology, 34(4), 1062-1080. https://doi.org/10.1002/joc.3746

Tao, Y., Li, F.,, Wang, R., & Zhao, D. (2015). Effects of land use and cover change on terrestrial
carbon stocks in urbanized areas: a study from Changzhou, China. Journal of Cleaner
Production, 103, 651-657. https://doi.org/10.1016/j.jclepro.2014.07.055

Tolessa, T., Senbeta, F., & Kidane, M. (2017). The impact of land use/land cover change on
ecosystem services in the central highlands of Ethiopia. Ecosystem services, 23, 47-54.
https://doi.org/10.1016/j.ecoser.2016.11.010

Zhao, S., Liu, S., Sohl, T., Young, C., & Werner, J. (2013). Land use and carbon dynamics in the

southeastern United States from 1992 to 2050. Environmental Research Letters, 8(4), 044022.
DOI: 10.1088/1748-9326/8/4/044022



