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Assessment spatial distribution of the ecosystem services of nature reserves is necessary
to the protection of ecological environment, promote conservation and development and
land management. To that end, the present study aims to model the ecosystem services
of carbon storage, habitat quality and nutrient export using the INVEST software and
recreation software through the combination of several indicators in GIS software in the
protected area of Maneshet and Qalarang. In addition, the service provisioning hotspots,
was mapped for prioritize conservation measures, using Getis-ord Gix statistics. in order
to examine landscape pattern changes, landscape metrics were also used. The results
Indicated that the suitability of carbon storage, habitat quality and recreation in the
northern and eastern regions of the study area is more than the southern and western
regions, while the nutrient exports is higher in the central regions than other regions. The
highest carbon storage, habitat quality, and recreation were observed for the forest land.
Likewise, it was the highest nutrient in agricultural land. Also, the results of the spatial
distribution of all ecosystem services showed that hotspots are concentrated in areas with
forest cover, which play the greatest role in supply ecosystem services. The results of this
study, with information about the spatial distribution of services, provide the possibility
of identifying the areas with the greatest benefits of ecosystem services, which can be
useful in line with land use policies for sustainable development. Eventually, these results
can provide some reference for Manasht and Ghalarang protected area and other nature
areas to give consideration to both categories of environmental protection and
development.

Cite this article: Mohammadyari, F. (2024). Modeling the spatial distribution of multiple ecosystem service capacity in the
planning process Manasht and Ghalarang protected area. Journal of Natural Environment, 76 (Special Issue),
307-318. DOI: http//doi.org/10.22059/jne.2023.367544.2617

(3) 5

© The Author(s).
DOI: http//doi.org/10.22059/jne.2023.367544.2617

Publisher: University of Tehran Press.




Sl yd 3 Alss eS| Cload Cud b olad auje8 (g3l
S8 g Cuiclo b blos adlain (639 ydol

™ 5 k0w aobld

mohammadyari. fF@sKu.ac.ir :asbLl, .cylpl )3 s )5 s olKisly (o) pole g (anb alio 5aSKED iy jlams (it 09,5 ¢ Jghms ddiuns g3

oS Jlis LY
5 cbli> gy «SjglsS] Cumjlazee Jl cblis gy (b 2D (etugusST Gl laS @95 2L)) ingh Ui allis g

5 (o] Sloss sl Jio Gin b 5l dallas di ul 3 sl (5595 05 o 5 du

Lo oS5 Gb jl g8 cwad o INVEST l8le 5 5l ool b (gdie dlge 95 5 o) ot S \gv/uamy el 3 g,

VEeV/eaLeY 16,5050 )b
V¥[8 1y G0

ot &) 15 bl puizmod sl 005 plos] K5,M6 g catilo baslslis dilato )3 GIS Jljéle s 5 sl
s gyt ysliiods b (61 pdis Getis-Ord Gix ol § oslizal b ¢ tblin llad] saticuslsl (sl
S 8D unlis 45 3 (i s b e3liel (ypej s (Slowes rosmiun 1 35 ey Sloww 595
Pl ()8 g oy 3l jl i adllas 5)50 dilain (55 5 e ble ) )8 5 oSt CudS
9 o) CudeS (S 3D (pyidin ol Bblie Lo Sl i (635 0 BBl )3 (o e & Jb

VEYINNVY il g U

D9 (65y9liS lame; > sk Bdlo gy (p YL iy Cpeddy AS odalie S e sy )@ .,l,h:)"-\i
K e b ble g LI geod o8 ol (LS setupsS] Closs JS (olad 158 guls (ripen W) Jf)

b s 2590 93 SleMbl b adllan ol gl 5yl satupsS] latss Lo 3 |y L oy iy 45 ""’“"‘b“’ “‘b“
ey )3 Wl o 4 1S o walyh 1) saismaST Slods (sllie oyt b 3blie ploli Sl wloss «hoas A1 L ""f
dilaio gy (o0 Sl oo glS nl (Cale )3 298 @Bly Mo Sk daug sl (e S ooliinl slacusliw ot S
5L duassf g s flasee i Agie 39 10 4y 4295 5l b (Bolie b 5 (S5, 5 cutile saselslis L dl

(S5, g cuile Bascblis dilate (gj)aeby AnlE > ABry etuwsS] Glosd cud b Llad wje (gjlw]te (VFT) aabls ((gybseme 3l
FV=YVA (4ol 0315) VF ¢ b sy Laeo
DOI: http//doi.org/10.22059/jne.2023.367544.2617

OB N g © Ol o&usly ol il duwge 1yl




Y94 Solkazo /... 550 y0lip Wiy 38 40 lEdin oituccwsS] Slods Codpbs LS & g 5 il Juko

dotio
o5y g Cunpjlam (licble 5 w5 59 e 2lo 5 O Sl s 95 b Cuwd 1 ale Slea slasagg il
g9 b gl ey op )50 (S wlie ,> (Diaz etal., 2019; Hu et al., 2021) 5jlul oo jlasay 1) lusl zolgs>
oabebli> 3blo olgic b (iblio e 525k 5l pusST coodlo Lais g (gt jlasme (35, L loss 9 Y Bl g5
Gk il g Slods (ayyad pasuiie oldl s glalad )b as” s able wascble sble (Zhang et al., 2023) cul
g yo peessS] Slosi b olyan (gu Cnglagms 3] Gt (Vs Chlis 4 (Ghid sl 50 sloslp) b b sl
Sl s SLS Salibl s 55 st o5yl S lsisay gble ol (Zhao et al., 2023) Wad e o pte 5 ol
oo 5oLl dasgi g (i SlapianngS] g () 95 j Chlis 4 &S Wgd oo 48)S a5 G jlare )55 3)90 )
cblas (65400 5 Lol cusl blas )0 sla g5l yiwl jae piummwsST loss 4 (51 .(Zhang et al., 2020) suS' o SaS
otuwS| ] bargs 01580 ootumsS| whe Slods I (Sl 4 4295 (198 (b @lio olSiunj sladde g kS
Sy les 5 (Sinyd Gloss st (el lods Lol piwsS] @loss (LN et al., 2017) ol ods 38 joie anb
Hatan ) xS e ke 1) clods ol 31 6yl & pe sl clo)lid Lal33l b ol b sl Sl sl coodls 4 05,
g oo 55 bl Lawgs Lodly oanbs qulio oo lainlm o3Latdl a o dmwgi 5 6y5ld ¢ ple <yl b (et al., 2021
S| slodSlos yy (g ooty & 3980 A o) & 9y (Sl glaclled I 56 b 56555 whibe g A
blio ¢ sl clalolis ool 4 axg5 L (Wang et al., 2022) siluy o caml lusl o8y 4 395 gy 9 3,5 o 3l
S W oo dadeg o (1 Cuwd g (LB )8 S b & olapiunngST g adisS pglis gl orde bl
cblis o o)l sbnl sl I Bl55 o sotummsS] Slods 5| gl paiis il oyl 3 (Graves et al., 2019) s
Urbina-Cardona ) .8 S ol (60,8 50 Sl Olpuss o ctan g9 5l cblis o Gloyls > 4 5 05 coles
23,5 ilo e |y oascblis sblie ) otugwsS| Gloss (5iS 5l zyls 5 J5b o il ollls (et al., 2023
628 e 1 (Zarandian et al., 2017) cuid,ales 9 Vg slscblas ddlaie jd  etwwsS] Slods (55> paiss
eS| s (g5l e (Badamfirooz etal., 2021) JIS o ISis ooy 33 (955 cam g (gjwopudd p LSl
VB gosST 53 Sysmesi] Codd silo e 5 (Fadaei et al., 2020,) Lo yls sascblis dilaie 15 )8 oy
G Gl )b Cldlas I pooen s A3 llllas 440 ;I (Rezapour Andabili et al., 2022) Mo 3
dilaio )d 9y Cawy dwiie 9 byl (Valleciloetal., 2019) LSl sascdslis bl otumwsST Glodd Co e
Wlon ke > sddcdslis dilaie duw jl pivswsST ©lodd ol 5l )b paiis (Babbar et al., 2021) K b ISis
Zhang and) s o aub 185 s plocanl Jdos g 455 ¢ prawwsS| olesd 35,1 obj,l (Shakya et al., 2021)
5,5 0,5l (Kong et al., 2023) saseis cdb] Lo slocS )l (Ko b atnssST loss L o (Li, 2023

9 s g a5 i ol bl ily 5 8 O wlie 5l ()l0y65 0 e 5,06 g cuisle sasclilis dikaie
Ol el 03)5 ol )3 1y LaolSityg) 5 ol 5l (ogiie b cros slaoyd 5 Lacudd dajsalods dvoyses ol
J55S) soeats (ol 25 e 9> ol «g)la955 die Wy sz Ag) (sl ilo (eoante oS ot adlats
dlge 82 @l CuleS) le> 5 (podt 9 (3i0ol U35 (Bldialn «(583)5) (im0 s oo
S35 5l g cale gjlwosls (b ugsST cnl (5] o8 )ls 0300 &) glne Bble 5 (oo gelga 4 ) (sika
S (i g (pe (2L Ll (9396 (@ ye g o> o SOl pas (Sl (60 S gy JT bglad 392 cailaie
i) 3 pess] Slasd Lps o an Jlused dlex ) plie Chgu sly 550 B 5 gyl olens jbrens
blgs &8 05 o iy SEL Copie 5 dlaie ue (65 a00 p Ale MUl ddlaio (pl il 03,8 danlge JSio 1) dilais
BT il (ol dilaie ol )0 pieswsS] Glodd (gilwddids (plplo A8 o dgdxe |y ddxie eimmwsS] Closs &)
Sl g (Bli> Sgipasl ) ST Sloas jloslitul Cuslis ()b g cotugusST Slosd (55l (oges
&le s90 > & psblen (Cuwl (5y908 (loinbigalaiBl § SujelssT da)lSe il G lysa adate (b pie sl



IPoF ccdilis coni gblio dobio}s g &y las o yicis 5 Sl §)93 o stonds Corns j raro \AR

= .‘

N

|
T
B e
e
D il ghe o

F 3

012 4 6 8
T

'{ca :

& Wlas Ak Curdge —Y JSWo

ol 048 38 poie otmpwsS| Cwodd Sy ol cblas bl 2 eiwwsST Gload gba b5l siin g 0 sanlin
Closs ddje 2y o 2ldd Bl wblis 5 L) )8 29290 sladaly ) (et gS] Olosd e 3l (ol
Laosls o (32 e B piline (255l iz 298 (b))l 6 Fammg oG L 535 )5 (alulid )50 b A catosS]
5 AlBun etuwsS] Gloss 3.8 b pols ddllas o o cuwl AlBiis  otmwsST Glods dsye 5 3 SIS &35 390 40
Lol ) 3 ol 438,55 4255 350 IS g lats (VL Ay b Golia ol i glaion g szt
e oS 5 L (gdie dlge B3 g2 g 2 0lun) CueS () 83D (eS| Slosd (G5l Jae Ban b ol dalllas

ol 015 pls] IDRIST TerrSet 5 GIS (la,ljélp 5 ilisco ailss o INVEST

o9 by
ot gaien HSb ddlaie laisdy Jlo VW Caedy VWYA BITFY Jlo jl 5,06 5 cuisle dalais :aalllas 3 g0 dallain (B yro
o ©lgd VOF B)led digas (o (BLS (idg 5 iy Ol sl jslaids e 535 Cangjlame cblis plojle ]S
5> Y5 B aldd VY g as 0 Y8 Slblas Job (o ddlaie (pl 18,8 )18 Cunjlae jl cdblis lojlo &5 ks bl
5 Sbe 00515 (S0 8ymaS p> Jlad a8 FA 5 a2 > YV U aldd YV g v 3 VY oLl ji (1350 9 (S50 4S5 1)
dalllas pl j0 oddans Sl (68 Al @ ase byl JI\E el o gy o]yl s dw  Jblisciol bje e 53
SoouiS oyl ddlaie 5l ooy Y g (e o))l ddlaie jlaus )0 VYl (JSs (ide ]yl dilaio Colue | oo AF
() JS3) Wlools olaid] sesas 1) dilate e doyd S5l S S FAR L SoSime (8] picmads 2 o JuSulS
)’1).) C9> 9 d)|)> Aol by dol> c)ljuLB X dowi> cul))lf ubw Wy pd u9>4.l§ 9 )1).@ su]yl u|).w LSL&’L""’”
Bl ailaia 5y 3 Vs 5 gl Moy ol (slolig) 5 555 Jlos 3 (log85 s (slig, oJlos > (Sele
aS W5yl dgzg Sy plie K5 le g dJgBsd S jow dx (Blei )0 (ogadds sndbcblas ddhio 315 )0 picren ilodd
W31 s (631l 9 (610,955 g3 lEL «(55 )9S glacllad 4y 5 A oo 3V @S BbLe el el polateds by
P s 515 )8 ddlate duls )3 oS dites (64 bl dlox jladate ©pf Gsin )3 ler b 9 g 50 O el
dilaie Slelis)) g K5 ke VIS K5 e olst ) 0,5 5 logas 18 el Sl 2,8 o ons cblis B3gie 1 (ol @l
595 5l Y ale oladisS SO, g cuisle suscblas ddlaie )3 .AGS o (51 p0s00 (63)505S o (B 485 oolatwl sy
5 b Lol orizmen g lidiglo 5l 4 ded e il S lsly g (dS er le)d igy dogB oyl
g «Silig 8 slol dcgasme ¢ Jx gl Siw olBaly «Kiby OYb 4 (picred Miwd dog JB s xio

A dilaie JB1  Sim i Su,l 6]l Jselow! &l g Sy SUWSs



AR Sobdazmo /.. (531 y0liy dig[y5 y0 iz cotuwpwsS] Slous oyl lasd &1 joi (6l Jbo

Loyl Guogi g addllae opl )5 23wl 590 shaio sla o —Y Jgua

CA:UO o J.>‘5 Lm)L.zA

(Yang, 2021; Ahmadi Mirghaed and Souri, 2022) 5 yasuiie
1 bas) (ST Jes PD
Oy Slow
(Zarandian et al., 2017; Yang, 2021; Duan and Yu., 2022) Colus JS 2oy
2 iy Sloge o) LPI
&S on Sk
(Tavakoli and Mohammadyari, 2023) &9 S Jlail
(Li et al., 2023; Baude and Meyer, 2023) &9 bl
« wi))w Slox S MESH
Olseas 2550
5 1aSs 551l

dgub g0 b5 o

So39098T ol oy 53 (3L Cmnl 3l o sloss (595 puis o g 325 10ym0 oo (Slowms (591 (2L,
oS o adls yojyw Sloww rosiocuw (Shuangao et al., 2021) cul jlbys8 5 635681 5 Shas Ol s g Jlais
NS o g S 5 e 1y e e sl 5wz ate (6580 S jete ML gl oS s
293 3 03l b (o (lows (slo)line (3 yiotes 1 (B B 6 )8 4 Bas ) g cadlllae () 5 (Yang, 2021)
Zarandian et al., 2017; Yang, 2021; Duan and Yu, 2022; Ahmadi Mirghaed and Souri, 2022) sl
WSy ol lawasae il b o (Tavakoli and Mohammadyari, 2023; Li et al., 2023; Baude and Meyer, 2023
Jsis) €85 51,5 eslitul 3,90 MESH 4 (COHESION) oS  Siwge asls (LP1) aSJ o 55,3 aslis (PD) aSd
DA duoloee Fragstats l58ls 5 5l eolitwl b oo pw (sloww daw )0 o lso ()

S (ot gS | Slosd (65w e

055 Sl 03y (S 5o 5 (a0i ) 8395 (b B35 SB pite oz {25 058) (el Oloss
Sharp et al., 2020; Gong ) cul y; &)ygods Jio dule 8926 0 o3kl INVEST )8 Juo yolwlys )8 6,455
(et al., 2021; Ahmadi Mirghaed et al., 2022

Ci= Cat Cp+cg +Cs ()
0350 I Slgo 10 (o)) 8355 Cumss Cb e 305 8633 Ca e JuSy 2 )3 005 035 (M) ()8 jlaie :Cr 1l )5 &S
Ma) lodl jgpe (wlaly dslllas 590 dalaie )d (10)S 85D s (gl 5L D)90 (SO idan SleMbl .cwl SB xis :1Cs g
el Canddy Jle 5L 4 (et al., 2021

5 oSl ol i Jousliy ol A DMl (392 uyted 13 5 lin yoym 4 2 b Az ) (Kidyh Closs
IDRIST TerrSet 4 GIS sla)l3sle 5 )3 calisee plys 5 b ygiws oS 5 b g bl 2,85 Codd (gilo oS (sl (o yiand
Ow) Db oS 2 a4 O G b g Jowily pelil (9092 a3l Sl ool b el gl A (gjloacss
d9disn gy (CSlugladl) VB (Lamb) V5 LS by g ble g9y » sl 58T adls ol 3 a5 200
LS gy £65 g b £45 (gl £oi sl yad L 3.2l b Sl cylis el b (Mohammadyari et al., 2023)
alold 5JUT 5l ool b 45 K53g) (awyiwd oyl (sla 6399 (S9Sume blio ;I alold g laodly I alold yiran ol cavd &



IPoF ccdilis coni gblio dobio}s g &y las o yicis 5 Sl §)93 o stonds Corns j raro Y

Al Julog w0148 5l oolazul b 2,85 4V ans ¢l o yal,b 2359 (Chaharahy et al., 2022) w5us dwolxe gl

(Luoetal., 2023) A ol il e
Jolge ooy by s slaaY I edlatul b ol ) cuS i gdko dgo a8 ya 5 ol j CalS) (ulos Closd
=J3e INVEST Jl38le 53 )3 33405 glio 4 ol ) Gl g ol ) g5 ol 55 qulio dy (o yiwd o @lio il
5l ptaanwsST g SYL gladlate s jegs cel yipy oS cuaS Jae opl > (Duan and Yu, 2022) s ¢jle
(Tavakoli and Mohammadyari, 2023) sel caudas ¥ 5 ¥ (slaakal, jl edlatul b cuwss oyl .(Lei et al., 2022) 34 oo

zZ

Dy
Qq=Hj(1— o7 ) (v)
X Sy 90 ol 055 lise Dy X JuSy )0 olSianj (090 cawlio tHj X AL 50 oSt j cuasS :Qy fdl DS
ol ol glublaas (K g ol wlis :Z
DXJ = §=12 (ZR )ry lrxyﬁxs]x (Yl)

Cawl T SYRVERY d)g)lf L)’*”’?’ WLMQ :Sjx 9X Jw&» 2O (oW ywd c‘aw :bx

ol 00 b (cdie Slgo Jlinl 113 5 puto ) g ybpdiii gl INVVEST NDR o siia Slgo ¢l
Yang etal., ) sls )5 oslitl 350 s LS Lider (a5 loss byl el e |y cedio dlos olisd aje
(o oS 2 BLS iy a5l ged By JuSey Sy 2 o8 (i sloly o caad gl 358 Jie (] 0 (2019
o] lae Sy S 4 93909 (5aed b 0355%5) (sdke dlgo (sl ke peo L (sdie dlge el aigd e Jitio
dlge Banles olgicds 5exi Hlde poils imgh y (Linetal, 2017) 5ed 0 359l g o Jiiie (o JuSy 4 a5
(Sharp et al., 2020) wis dusls ¥ dlayly & jg0ds dde> S (gl (gd00 dlgo b Hlade il (gilw oS (gis0
X expi— Ioadsur, ixNDRsur,i‘l'IOadsub,ixNDRsub,i (\G)
).) o4 L;’L’X.ﬁlb- LS.:\M E.)L: )Lf )‘..\9.0 :Ioadsubyi 9 Ioadsur’i ¢| J.u.&.u ).) ()M l.’ u)?)“") (.5"\"‘0 .)‘9.0 )‘..\9.0 :Xexpi fui )J 45
i J.wi:; 3O L;l_i,o J|9o J;9.>o Cund ‘NDRsup i 9 NDRGsur.i 9 ‘_,’_><.‘aw)4) 9 u_xb.w L;Lmdl.g.)? Luuy TSWINEY “_}.wS.u 2
ol oad brle (pdawyj g (v sl bug i o
Slosd S5 wae bl Lad w5 psmmwsST lesd J5 (Cold SPOL) 5 s g (HOL SPOL) £ls bW olad as 599

5 oolatwl b ((gdae dlge a5 > 5 ol j S @5 ((1)S 8 pid) oo (sotumwsS| lodd pledl b ddlaio )> piuuwsS|]
owb polie g (E bla) YU polie olad claades sy )pl opl bud ollis GIS jley > Getis-ord Gix L]
wlad x5 .(Yohannes et al., 2021) i o SaS sblis Sloladl Coglol 4y 5 1S oo (650310 a3 1 (5 aw dlais)
Ol 3l 5 (wiwsST Glodd Cudyls 3 5YL) YU palie 5l olbdded ca 5y cotite satiumwsS| Slods 3 g ¢l LIS
z-score Ly bl o £l bl o8 P-value § YL z-score b sblio .aad o lis |y (pimmwsS] Glosd cud )b oy 1aS)
iy yai alisee (claaiod lgicds dyw LIE/ED bla aun glol a5 5 5y bla sumyjLis Sog8 P-value ¢ ool
J(Liang et al., 2021) 1S uSaio caliseo slag s 3l oolitnl b 1) cotuamwsST loss S 1o s coads U Wg o

.(Mohammadyari et al., 2016) 543 o duolxs 5 j &5Yoleo 3l o3lil L Getis-ord Gix Lol

Yje1 wijx;—X XL 1 wij

(6)Gi = -
ﬂnz;‘:lwﬁ—(z;‘:lwii) ]
S n-1
v _ le:l Xi
X==" (%)
_ j=1%] (V)2
s = JZ2L - (X)

ol yo)lee JS N g g0 as)le o S 59 Wi § as)le b5l Xj Z-sc0re jLl 9,5 Gi” 4



vy Sobdazmo /.. (531 y0liy dig[y5 y0 iz cotuwpwsS] Slous oyl lasd &1 joi (6l Jbo

- s - -~ aass [

s

e
.

|
L 3 : s
34 14 13

€ £

e s —e

Y
Ve
Veomm
Ve

e
Y

[

e

i Gigr B (o § i |3
n Wigh 002 . 3
Lew 0
ewe il -t Ll L iy

012 4 6 8
R — K
N

e soumptsST Gloss (g jlo e glrawids —Y IS

g3 sadl
C.‘a.w 30 doyd AY/YY 9 )LSJb /¥ Lv )gl)g uJ)SAJ LPI 9 PD )J.)Lo.p LY A 0 ULJ.A) Oya )y LgLo.w L;Lm.\m GLA

Al 5V ol ke dp 5a g amd e oLt 1) 3] (60l 0815 PD oaieis sl aalllas 390 dilate (yp0) s (gloses
ool il ) Sl 28l S5 Ve v 4y s i LPL oitas )liie (1503 Gyl 51 sl i cypo o (Slowes 55 i 455455
allls 3y90 dilaio > Stigs asls b COHESION s uizad 35 393g 45) Sy Lais (yajyes (slos JS 3 45
oS i35 BB LS 45 MESH i e coles 3 dmd o i |y aS) Yl xeo 5 Jlai! 45 cal 23/0 b
ol HIET] Dyg0 iaS peo) puo (Sloww (jaid aASTAST (il i 4> yb ozt (pl Hlade Ll e VIV ddlais jd oS
ool sl 005 0313 L5 ¥ S 3 (o Slga oy 5 olKiunr) CarhsS gy eirsS bysd LotummwgS] ol (cloa
@ 9 9 Bble | juin adllas 590 dilate (B35 g Jlod 3bolie > o) CudeS g 2 (25 838 cwlS @l
BeN OV iy 0595 @orS 9 (S 8y Canl blie pl 5l ji (655 5 Bblie 3 (19yis g3 & Jl )5
A5 35905 Lo 53 £, S okS ATV g Lo 5 p,51K6
T g o) CudsS o) 683 (e el (elulyy Cunl 023 BT Jgda )3 (ettunsusST Ol Stnod ol
ol S L g o8 St (St (3255 835 b (19588 g9y 50> B)b jl)ls 3929 /) v )3 Cute (St
@l oololp 2580 )8 9 o) CulsS (2ol el ()98 zo LRl &S e nd ) (ile (e 2)%
FA) FgSms blio o (LS )3 p)SIR6 FAAVINY) b US> 3 ey alaio )3 () 835 (a8 5 VLY Jo>
NS (o 3o 35 T g o) CudsS cotuwgS] Dlodd 3)50 )3 e pobody @lS ol b sdalie (LS 3 p SR
b slaplSe (5 28) (S Bblie 5 (sotupmgST ot 93 (] S5 (VL goowi b slag e (S 3bls &5 (5 )b



IPoF ccdilis coni gblio dobio}s g &y las o yicis 5 Sl §)93 o stonds Corns j raro vi¥

odaliie JSi> 5 (55)0liS slocs )l > w5 (o gas Sl g Sl Guimes s Slosd cpl 4 ye o pieS
Eh bli Jlod g 4525 5l eitunpuogS] losd BB polie (Uad @iy Olpmssd yine Jlod 9 4555 5 dualie jolatedy 0
)8 onscdslis Ailae 3y §) itk 5 s «Jlad clbcuond ;> Eld bl iy o S5 ool . o3lisl 3y bl
5 K b b (Rea ©jgod dilaie gz g Jlod )0 518 dilaie 08 g 55 je 3 dpe LIS &5 Jb )l
JUd 33 (659938 (Sl (o5 Jlown 203 (G139 (SgSume Bblo 8B balSe (ol canl (i e iy b adhate (50
CulligSS g )8 0l j CoeS ()5 8683 (cotunmogST Olasd &) sl S oty 8o (] (ppizmen sl i
VAL 2y blE Giidgy cod ddlate yile 298 o0 odalie ¥ JSb )3 z9d94) & joblon (IS jsboay itan (sdae lge

ik SN wiwsST Glods Bl) SglS 5 pho bla adlais jl sy YV g cuwl duo pd
b bl oo g 4595 | ipiuwgST Closs B aia polie (L8 @jgf Ol yiae Sl 5 4525 9 dulie jslaieds
B eadbcbles dalate 5y jl iou g Coin (Jled glawwd o £ bl juin & G ol y .o eolaiwl 5w blis 4
5 X Gy Gl (Ken ©jgod dibaio g g Jlod 0l )8 addate ye 5 350 53 3pw bl &S b 5 )
b 53 (650938 (Bl (o5 Jlemn 223 (Sl g (SgSme 3blio 286 LalSe (b anl (i e iy b adlate (50
CuBlRSS 5 8 ol § CandeS ¢35 883 (sotumuogS| Slosd B)) sla e oyt yplSe cpl (izmen sl Cgi
VAL oy blE by cou dilaie il 39 o0 odalie ¥ JS5 )0 b9t o5 jsblen (S jsbas aitun (sdie dlge

At BB oS Glods &)l 545 5 pae blas ddlais jl ao)d YY g Cunl to )y

S otumwsST Olodd (o gu e (S gl T Jogso
0390 T9 o e Rad oS 83
) oS Byid
) IENFE ol j oS

\ A n ekl - Na** [0
\ - Y —\AF* ofoyF* Oiers Toss

) )8 b 5l @l 5p 3 dilnia (euwsST Olosd 4 ye Gliae -V Jgar
(SF9ne & $5y9kiS S w2l ol sla s
(Sa) colue s oS | lods
A ¥a.¥ £\ v¥aso
A8 YYWYSD  ¥aNsn FRAYIN (p,S150) (35 0333
Y/ YV VAL \EYEY ol
YoFY . YYVEY ol CapeS

V¥ \FA \FO £ (PSS S) Llsrs 2o

S5 o g o
G ySg) ((tuw jobds dx ST ius sascbles sble ol (3 phe Jolos | AlBis giwsST Gloas Sl
plo &) oYL Jewsly bl opl Ll (Linetal., 2017) cul 58 0t o8t j CutsS (59, 2 By blis gjyael
Cwdd s doye (gilwadss 5 objyl 4 pols dalllas diwly cpl 0 )l (Kieyd g bl Cleld paadd Cleas
whl Oldles 5 gyl s .l adly,, IDRIST TerrSet-GIS-INVEST (sla)l38le 5 oS 5 5l oolaol b oM
o g 50 4 do g b Lled S KW Iy s gilwJde 5 obj)l yakaie 4 b yl58le 5wl b S5 0 INVEST l58le 5
Olyss oL, (Zarandian et al., 2023) cuol odds 4oy yeoj (08 Blaal plw 5 cuwjees | Cblas piusS]



Yo Sobdazmo /.. (531 y0liy dig[y5 y0 iz cotuwpwsS] Slous oyl lasd &1 joi (6l Jbo

IO
T

H 2
24 2
- 15
2 e
:'- B Cold Spor- 99% Confidence s _.’.
3 > g

[ Celd Spor- 95% Confidence
| Cald Spot - 90 Confidence
Not Sigafficaat

T BarSpec. 0% Coafidence 012 4 6 8

N Het Spac. 95% Confience Km
OO —
B et Spet- 9% Ceafidente

A0 a0 =

S Na odmpwsST Oload @141 gl Cgliie oylsob! gl b 2w g £ LI LaS 29595 -Y UK

LPI glosiomin gl 4 d2g5 b a5 2l (Ll (pejym Slogw o 3 oo slrosionin jloolitul b (o3l 60,18
odiomis ds ) sl oS S5 5 il subcbilin dilate ey (slasw 5> (kb &S54S5 EMS sCOHESION

b 4S54 bl oS gl o dp ym g 1)1 0)L3l (e Slogs > 10aAS) mar8 i g pght el 4 e
adlate > Lo g calo bcylled dnwg ©ygo ) PD ssioris e 4 d2g5 b ol 1 ogMe sl i (e (Slages
ol By Sy g 551 9 2l9e lbp S Blo ejpw loww (D ASTAST .y dald (e3gm0 L9y (D ATASS
4 yn cplplo (Mohammadyari et al., 2018) 595 o wiwmmwsS] Gloss g 3,Slas 13l does )3 g addaio ;> il
AMadi & ol yin ke dlgo zgy5 Lol 3108 7,85 5 ol CudsS o0y 833 bl yidar (0o Sloes ()15 4S54T
@yt oV sl 5] ISt sblie ol Gl s 05,5 0)L3l 415 1l 4y 395 dalllas 43 545 (Y+YY) o], Kan 5 Mirghaed

pianwsS T Slodd gaidiny jl a8 Eb bla pess Jore Cpuiored Gl Hldye3 y ddlaie 13 codiwsST Slodd Sl g a4
E95 4 dogi b adhaio )0 otmmwgS] losd Bl @dly 15 .05 odmlie wol)] (cy)l8 5 Ak (pl )3 ol ool cowday 80
15le Sl slacdle b cov Cokiie etumosS] loks Sk oyl p oMo anl Sglite bl (s )lS 565
B> adye cp Vbl odb &) adlate (55550 9 ()8 Jlod lais )3 gt «5)3ldS 9 (SileS 1 esjlwodl>
slacdld pas g e (S idg s adlate (pgin g (b e Jlad sl )3 o s )8 g o) CudS ()5
@ Jlod 5 08 (555 o slagisn (Jlhe 3wl (agr slaite 3 S Cllad g (Byd (Jled lagisn 3 Sl
5 2 0dS5 g o atlS dilaie > ISin g Codle ] ok el 4 sl Lnnbs Loy b ] slocdls bl o
() 53D Slass (ly g )l Comnl g (53] IS gy 2,5 )15 sl g Lo g (555ltS csiloorly by cod
T Slr ey ool opmen sl (G9SuneS(65ygliS @S I (o)l Jold o Sy o) CudS 5 )8
(5 By Il 5 ate (15 i 48 WS oo b gy (sl S S e 50 559l g0y (559 10
SS9 )8 ()5 By (otmgS| o (6)5gliS g (SoSume Slas )5 50> Bl I )l ol CudS g 58
Slyis 2 ) 68 gl b adlls cpl slaaibl Sgde (595 o Ll el g ials ) ol
Zarandian et al., 2017; Yang et al., 2019; Babbar) 5> callee cldllas (g5bun b a8 300 08T ot ST loss
b s bs (et al., 2021; Shakya et al., 2021; Lei et al., 2022; Nie et al., 2023; Zhang and Li, 2023
z9> gl @ ST cwVl Clos plo 4 Cond o) CudeS g (1) 5330 (sotumpmsS| Cwods 93 (g Sligpen
Slods e Aolio Bumd LS 45 )l 7,85 g ol § CordeS b (ko (Siusad g (125 (g3l 3D b (05 Slbgran (59555
Db b bl > ¢l blE geod oS dad e (Ui (etegwgST Closd ' oldd g8 gl (pivren ol pinsussS]



IPoF ccdilis coni gblio dobio}s g &y las o yicis 5 Sl §)93 o stonds Corns j raro \B\ld

Slosd Bl gly o5 cadyls gy 3y b ¢ Jlis 1o )5 1) ettaamsgST Slosd Bl 3 58 1 i o5 conl S
.l g (Plieninger et al., 2019; Tavakoli and Mohammadyari, 2022) cldles b a5 54 Cottin oS |
W1y 2] &5 5 S sty panuosS] loss s 25V 45 5,8 lolis |y bl (Juloss 5 525l gl IS ysboay
58T Slodd glacuoluw 45" w2 o (L pioad 4Bl pl Cowl Mbo piuwsST Glosd S o pte (gly &5 wiad 0
Olisaely ) jgiw 53 E> 3blie Sl cloliz 5 (o)l yusi 9 4ol drwgi | (35 gl &S AL (GlaigS @ L i
Bl Aad (K oTugessS] Shass 1) 15505 Gl 45 3 blES ga25 b olio )3 (eizpen 255 15 S ese 5
g cuiile adcblis dilate )3 1) e lyuss oal )5 gblie pl 39 b B ol )5 laine 1) cawlio 5590681 (ol el

Byl3 55 yo5 Cansabs 3| cbslin Pluwo  ondcdslin ghlio cladol s 1S o palyd oy & jglne 43 odbeblis gblia )

O 0,55 ¢ 6 3yl8 uani Ale oLy slou] .l sk o g (golaiBl Wy i (60 (ol S i aST Jbs yo
slacugsl pl 5l SO 5 cuiile Buscblis ddhio lawg o by wlisl g (gilwosls jslaiedy JKs L3 5 alS
Bble 3 sjyaaly (KB Sy sals adllas 390 ddaio 3 ol Jbo )3 &5 (5ysbay Ded oo (U Cglite (5240l
mdoly drwgi (gl otunmsST Slosd slapl > oS 5 (KB (pl 4 (i3byy gl e sadcblis sble o (gy0d
Dy 8 1) Glaknd plo g (oo el @bl 5 (SR> slads yo jl cbilis wSlo suxie sladix & Spomude slaisi)
45 250 0 bgye e )lS (alad [ill )50 )3 (Vs &y LI (ppef e Slogenal Al 4 da g5 bl ()90
@239 D50 > SNl L adlas () gls wudh salgd JLiday 1) (gotupusS] Gloss doye il L Lats ang oy
Slacaslis gy ) Slgi e & 3 o walyh |y omgosST losd blie cyin b bl Lokt (Kl wless i
Il el S3desT slol 5 cblis ol ol ol 2 258 &ly e jlub dawgi (sl e I o2lil
cov cblis g anwg o Ay 00,8 Kinlan 5 5,06 ¢ il sadcblis dilie > Lelansh oola] dnwg it

Do dpog (gladlaie luk dawgi S5l gl IS bl jl cbla> bl

References

Ahmadi Mirghaed, F., Souri, B., 2022. Effect of landscape fragmentation on soil quality and ecosystem
services in land use and landform types. Environmental Earth Sciences 81(12), 330.

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.

Badamfirooz, J., zarandian, A., mousazadeh, R., Azimi, S., 2019. Land use change impacts and cost
estimation of capacity loss of carbon storage and sequestration in the Hyrcanian forested landscape
using INVEST model, Forest Research and Development 5(2), 293-316. (In Persian)

Baude, M., Meyer, B. C., 2023. Changes in landscape structure and ecosystem services since 1850
analyzed using landscape metrics in two German municipalities. Ecological Indicators 152, 110365.

Chaharahy, Z., Pourebrahim, S., Pejmman, A.H., 2022. Spatial Analysis and Prioritization of Cultural
Ecosystem Services: Modeling the Suitability of Recreational Services. Town and Country Planning
14(1), 317-345. (In Persian)

Diaz, S., Settele, J., Brondizio, E.S., Ngo, H.T., Agard, J., Arneth, A., Balvanera, P., Brauman, K.A.,
Butchart, S.H., Chan, K.M. and Garibaldi, L.A., 2019. Pervasive human-driven decline of life on
Earth points to the need for transformative change. Science 366(6471), eaax3100.

Duan, H., Yu, X., 2022. Linking landscape characteristics to shorebird habitat quality changes in a key
stopover site along the East Asian—Australasian Flyway migratory route. Ecological Indicators
144:109490.

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. (In Persian)

Gong, J., Cao, E., Xie, Y., Xu, C., Li, H,, Yan, L., 2021. Integrating ecosystem services and landscape



¥V Sobdazmo /.. (531 y0liy dig[y5 y0 iz cotuwpwsS] Slous oyl lasd &1 joi (6l Jbo

ecological risk into adaptive management: insights from a western mountain-basin aream China.
Journal of Environmental Management 281: 111817

Graves, R.A., Williamson, M.A., Belote, R.T., Brandt, J.S., 2019. Quantifying the contribution of
conservation easements to large-landscape conservation. Biological Conservation 232, 83-96.

Hatan, S., Fleischer, A., Tchetchik, A., 2021. Economic valuation of cultural ecosystem services: The
case of landscape aesthetics in the agritourism market. Ecological Economics 184, 107005.

Hu, Y., Chen, Y. Wu, S.H., 2021. Synergy between the Convention on Biological Diversity and the
UNFCCC in China. Advances in Climate Change Research 12(2), 287-295.

Kong, 1., Sarmiento, F.O., Mu, L., 2023. Crowdsourced text analysis to characterize the US National
Parks based on cultural ecosystem services. Landscape and Urban Planning 233, 104692.

Lei, J., Chen, Y., Li, L., Chen, Z., Chen, X., Wu, T., Li, Y., 2022. Spatiotemporal change of habitat
quality in Hainan Island of China based on changes in land use. Ecological Indicators 145, 109707.

Li, B, Yang, Y., Jiao, L., Yang, M., Li, T., 2023. Selecting ecologically appropriate scales to assess
landscape ecological risk in megacity Beijing, China. Ecological Indicators 154, 110780.

Lin, Y.P., Lin, W.C., Wang, Y.C., Lien, W.Y ., Huang, T., Hsu, C.C., Schmeller, D.S., Crossman, N.D.,
2017. Systematically designating conservation areas for protecting habitat quality and multiple
ecosystem services. Environmental Modelling & Software 90, 126-146.

Liang, Y., Hashimoto, S., Liu, L., 2021. Integrated assessment of land-use/land-cover dynamics on
carbon storage services in the Loess Plateau of China from 1995 to 2050. Ecological Indicators 120,
106939.

Luo, Q., Bao, Y., Wang, Z., Chen, X., Wei, W., Fang, Z., 2023. Vulnerability assessment of urban
remnant mountain ecosystems based on ecological sensitivity and ecosystem services. Ecological
Indicators 151, 110314.

Ma, S., Wang, L.J., Zhu, D., Zhang, J., 2021. Spatiotemporal changes in ecosystem services in the
conservation priorities of the southern hill and mountain belt, China. Ecological Indicators 122,
107225.

Mohammadyari, F., Mirsanjari, M.M., Zarandian, A., 2018. Evaluating Ecological Networks of Urban
Landscape (Case Study: Karaj Metropolis), Town and Country Planning10(2), 225-247. (in Persian)

Mohammadyari, F., Zarandian, A., Mirsanjari, M.M., Suziedelyte Visockiene, J., Tumeliene, E., 2023.
Modelling Impact of Urban Expansion on Ecosystem Services: A Scenario-Based Approach in a
Mixed Natural/Urbanised Landscape. Land 12(2), 291.

Mohammadyari, F., Tvakoli, M., Aghdar, H. 2016. Assessment and zoning of groundwater quality in
agricultural areas of Mehran and Dehloran with geostatistical methods. Irrigation Sciences and
Engineering 39(4), 71-83. (in Persian)

Nie, Y., Zhang, X., Yang, Y., Liu, Z., He, C., Chen, X,, Lu, T., 2023. Assessing the impacts of historical
and future land-use/cover change on habitat quality in the urbanizing Lhasa River Basin on the
Tibetan Plateau. Ecological Indicators 148, 110147.

Plieninger, T., Torralba, M., Hartel, T. and Fagerholm, N., 2019. Perceived ecosystem services
synergies, trade-offs, and bundles in European high nature value farming landscapes. Landscape
Ecology 34, 1565-1581.

Rezapour Andabili, N., Mirsanjari, M.M., Zarandian, A., 2022. Aquaculture Services of Qarah Qeshlag
Wetland Ecosystem, Physical Geography Research Quarterly 54(3), 429-444. (in Persian)

Shakya, B., Uddin, K., Yi, S., Bhatta, L.D., Lodhi, M.S., Htun, N.Z., Yang, Y., 2021. Mapping of the
ecosystem services flow from three protected areas in the far-eastern Himalayan Landscape: An
impetus to regional cooperation. Ecosystem Services 47, 101222.

Sharp, R., Tallis, HT., Ricketts, T., Guerry, AD., Wood, SA., Chapin-Kramer. B., 2020. InVEST 3.8.0
user’s Guide. The Natural Capital Project, Stanford

Shuangao, W., Padmanaban, R., Mbanze, A.A., Silva, J.M.N., Shamsudeen, M., Cabral, P., Campos,
F.S., 2021. Using satellite image fusion to evaluate the impact of land use changes on ecosystem
services and their economic values. Remote Sensing 13(5), 851.

Tavakoli, M., Mohammadyari, F., 2023. Modeling the spatial distribution of multiple ecosystem
services in llam dam watershed, Western Iran: Identification of areas for spatial planning. Urban
Ecosystems 26(2), 459-478.

Urbina-Cardona, N., Cardona, V.O., Cuellar, S., 2023. Uncovering thematic biases in ecosystem
services mapping: Knowledge shortfalls and challenges for use in conservation. Biological



IPoF ccdilis coni gblio dobio}s g &y las o yicis 5 Sl §)93 o stonds Corns j raro YA

Conservation 283, 110086.
Vallecilo, S., La Notte, A., Ferrini, S., Maes, J. 2019. How ecosystem services are changing an
accounting application at the Eu level. Ecosystem Services 40, 1011-1018 .

Wang, Y.H., Ding, J.L., Li, X.H., Zhang, J.Y., Ma, G.L., 2022. Impact of LUCC on ecosystem services
values in the Yili River based on an intensity analysis model. Acta Ecologica Sinica 42(8), 3106-
3118.

Yang, Y., 2021. Evolution of habitat quality and association with land-use changes in mountainous
areas: A case study of the Taihang Mountains in Hebei Province, China. Ecological Indicators 129,
107967.

Yang, X., Ji, G., Wang, C., Zuo, J., Yang, H., Xu, J., Chen, R., 2019. Modeling nitrogen and phosphorus
export with INVEST model in Bosten Lake basin of Northwest China. PLoS One 14(7), e0220299.

Yohannes, H., Soromessa, T., Argaw, M., Warkineh, B., 2021. Spatio-temporal changes in ecosystem
service bundles and hotspots in Beressa watershed of the Ethiopian highlands: Implications for
landscape management. Environmental Challenges 5, 100324.

Zarandian, A., Baral, H., Stork, N.E., Ling, M.A., Yavari, A.R., Jafari, H.R., Amirnejad, H., 2017.
Modeling of ecosystem services informs spatial planning in lands adjacent to the Sarvelat and
Javaherdasht protected area in northern Iran. Land Use Policy 61, 487-500.

Zarandian, A., Mohammadyari, F., Mirsanjari, M.M., Visockiene, J.S., 2023. Scenario modeling to
predict changes in land use/cover using Land Change Modeler and INVEST model: a case study of
Karaj Metropolis, Iran. Environmental Monitoring and Assessment 195(2), 273.

Zhang, K., Gao, J., Zou, C., Lin, N., Yu, D., Cao, B., Wang, Y., 2020. Expansion of protected area
networks integrating ecosystem service and social-ecological coordination. Global Ecology and
Conservation 24, e01298.

Zhang, B., Li, L., 2023. Evaluation of ecosystem service value and vulnerability analysis of China
national nature reserves: A case study of Shennongjia Forest Region. Ecological Indicators 149,
110188.

Zhang, X., Liao, L., Huang, Y., Fang, Q., Lan, S., Chi, M., 2023. Conservation Outcome Assessment of
Wuyishan Protected Areas Based on INVEST and Propensity Score Matching. Global Ecology and
Conservation 45, e02516.

Zhao, Y., You, W., Lin, X., He, D., 2023. Assessing the supply and demand linkage of cultural
ecosystem services in a typical county-level city with protected areas in China. Ecological Indicators
147, 109992.



