A
/o’
e

WA Hleasl oF o Lo (i 0,98 ¢ s pole aolilad

YYV-Yof

Syl oyl oS 50 dauzxo s Jole 3l ool b Juniperus excelsa 4595 Joowily 23395 53w S0

" oisilyy cpeg 9 TS (hlaan ) gou> ) dozmo ' Iyl 3T (cabold Cilobus | e
U‘)”‘ cul.era..a‘ ‘ul.era..a‘ W oKisls eGsL....Io GL».A oaSislos sd)‘d)ou‘ 9 GJA os)fv

Ol 85,5188 sy g Shisel «Dlinkos lojlo )9S @0 5 laJSiz Dlagiod dusge Sz Slinhos isy'

VWAAN /48t ndy g, VYAA OV il o 2o b

oolitl b Juniperus excelsa g8 Jomilio @595 s3lo o VAR . Giduilyy .0 9 (S 35 .0 . ooud y . e S yl95 33T cabld
FEV-YOF ((VNA s pole anlila 5l b 1o lame sl le

2 Sl S Slp g Sl UL e 5 4595 G e Lally; S Sl @) (B 11855 @i siledoe 1 Bue g Al
48,5 plowl o Joe ol oluslp Lo Gilisre slaadlate )3 (glos S (glo 3eiond 1055 oo I8 ooliiil 3550 (ame Sl i b plRen 22565
Ll QbS53 (St 5 Olnl GladSir (5550 GladisT (nyiage 51 (Su g i ais 4 o)l 435S Loy ajsf aalllae (> o

e 3,5 5 ey S50 " Send g T s DOMAIN 5laisT ayjs sl Jove 5l oslinal b lame ol YA 5l ooliu

L oply siobas Gl 5 oads &dls ol Jlai o oS ol 50l GliwasS 51 ol sy Jolds alllas 5550 adlais (B 0gy 9 Slgo
00,5 oolaiul ooy (gamadds Bolai s, 5l (s o paises slaculn i (sl pols Gadod jo bl o @ e esh S VEFOSN T
Iolre inleS) asli Ve wlide jo Joexcelsa aisS (ja> pas Colw 1O+ g jeia> colu Y0 ol coll YA+ olaws Colys 0 s
OIS b yeie Olpiedr (ame Sl YA olaad (izmen 285 )5 dalllas 090 Joo (699)9 (lsieds (askS VX fioglS')

<885 18 lae Logistic Regression ¢ Domain Jas 3o sl,>1 sy

9 Kappa=0.730 AAUC= 0.97 L J. excelsa oKiss, cuwim $lp oYU 2,5 Domain Jae a5 ols olid gols i g g ls
Jeilis oo yioglS 0F20/20 J. excelsa jga> Jouil oy oS b slaailaie sl Cavsds gulis (ulol el ls TSS=0.91
o sty 5 gyoriashS YVIEY sl oy sy iaghS T VEITA 1ogs Joilly pn 2aghS YTV laussie
O AFIYY a5 cnl )] (6bgS Setzd (g )5, oo 51y 5l ool sty gulis .alesls olaisl 845 & |, ablaie phaw 5 AVV/YA
5 o5 ooty VEV Y gt osliy e sieskS YOPATD whond Jouiliy a8 aslins 550 ailaie S| gyo siashs
Ll 5 013 i3 gl iz ol 43,5 15 o onsliy o505k FOVVITY 5 s s oty 0 205ks V1 - AT
a0 W B0 o AVl &)l axyo JBlas g iSlas sl a8 el pledilis o J. excelsa 4S5 alKing, walls
Bl e Ae e =TV e s a1l to oo PO - £+l b 53 s il e5n sheo PF - e b 5l o5 il
L) alols (508 oS (pladdlaie )0 4ig8 jpd> Jletol (uizes ol 0oy Vo = Ve ol (350 5 350 09 wwpix oLl
*Corresponding Author. Email Address: samirafatemi86@gmail.com




Juniperus excelsa 555 Jowiliy g595 &l Joe

a8 a5 aahais 5l ol isn 10 (yuiored b co Eal38l Sieelse &m]s&&aiﬂ}l koo (55,5 35500 anlpl g by s
Domain Joe a5 ols ylas da Jow o,Slee b, ol auled co s VY B +/YA 0 NDVI aseiss w05 o0 0anlin J. excelsa
Al oo asdllas 050 dilaie ;o Siizd g )5, Joe 4 Cad Joexcelsa ae5 Callas olKing, (S i 0 YL S lls

L sledilaie oged o 1) olling, caliee o jidu (gl p canlio e aolp olg5 o 1465 2585 Jow (6,5 50 L g puS asmudis
Lgl.bd.a.]am olw adlais Jin) )l )J))J.)m" ladslaio U"‘ )d me 9 [OUIWN- 4.:; G Oliaaa)j) Ja.o.:.n )9.104) ‘u.:.r.,o JML,.J
L_sl.o'sdmyj&)&lio Ls‘).l A O g».lal.a:-d.da...nb‘_glioolfo)..}o u)}»am w).n.\.a sMLuO JLCBUB—”)LMM J.».w;l.ul.l
roling, s i Ca> Goxie by, Kl e S oo eolitul jgax slaesls I s asST 849 L Domian Jae a5 ols Lis
ey ehls Jeud 8 o b slaiss aje5 (sloJow a5 dgad LBl e o cnlpls il 5,01 liwasS o J. excelsa 455 gl

g\.o)j )‘)5 solazw! Sy90 ULAW ‘la.w53 ‘5».191.9.’ LsLQ)lSdb‘) L)L"’ e 5\.».!‘9.0(5‘: 9 ails 44; u...S\).- 0)3114 Be

Sz ga S ) e glaosls Domain « Jlye5 5 ol ) slo K i guadS golg

WS oo (St e bl (85 i o L) agS doddo
(Do VA ans Llgl o (Duan et al., 2014)

Pl | s1aisS @95 3l (g5lanns 0 (3850 Ferrier (1934) bl 5 o0s (IR slagtawsst al (Lo
Verner et al. 5l S g Las! @ladl ol b oylojen 9 ams LS Comes ailanlie il o oYL sbli> 5
oS g5 slb s, Syt 4 Austin (1991) 5 (1986) (il alS (o pSade jsbay ;5] ans aix Jsb o
&9 Siledse waz slaghy) (hyeS L plejes )8 Sogotr Ghad s s Glsie Lol s a8 el
Wi Jeol> 5 Lol g aibl) pole 10 (5lge sl Jg5 ((slaigS Yu) o 5oz (555w0i5] g 0 5l Gian sl o ols; JK
Ly olal s oo cw; » V40 ans blsl o ol plo o poe (Pritietal., 2016) o8l Ol yo55 detal., 2014
g <8l jlacsl g sl Austin (1998) 5 Franklin (1995) oher whiadyyl mlie ol Lad> 4 4290 oS 9zl
g Yo Jlo 5l J3 U o plonil Slalllas ol 59 SIS mis Siladae 05 s S glaolSo 33
3,5 sanlice Guisan and Zimmermann (2000) §.éxs ;o GBS S b aly, Sy sl ey Ly, S T(SDM)
Richards «Guisan and Thuiller (2005) Stauffer (2002) 255 5o Dleds o s gl g el il bl lae g
&9 s Jae (5,9, Schroder (2008) g et al. (2007) 3,8 o0 3 eolaiul 0y50 ae Ol L sSes
O 5 2isls plnil 650 5 S 08 gl o (sladsS a8 il e eyl 6 Il daJow ol (Wilson, 2011)
Elith and) o 5° Cl> a; Q.il 4o ‘s,t;S Franklin (2009) Slodwe] KVRY Shgls g plals 259 sl S &y
Gawd 90 4 (glisS m3e8 sle Juws (Leathwick, 2009 &y o5 Koz y5bas g (Elith and Leathwick, 2009)
s 8 Ld9 5 (oo g oy )5 oo pleie slaoe Sy oz 5l Gl 5955 s bare o S o
sya> sbeodls wieils sanSplete slaJas gl o Copde g E55 (2l daaist Slles slajls
O bl g (SKvcon e g ditun jga> pac g o8l gl ot 4 s ks (55l e g Sl 155
2 &y Sogen | Slbls)l al 5wl oo b st sl Jae (Duan et al., 2014) &5 oo 1,8 solitul 5,90
Sed g S5 7en alasty) &5 W i slooe s Zlides Gledl glaJoe lsied (slisS @565
S Joe sile Sl agseS, s QR sloosls loslinally 5 g gn it i ol e
s (CART) (35 300y 5 "(GAM) aily rnns g8y il 350 slaailaie wisT S 5> Ll 5 Jape

VPR sl oY o,lads VA 058 ¢ o psle anlilad
YYA



o5 s3] ol

Gyleo 0 Oyl Sad L ast dﬁ‘ Ol Oyl o
Loy 31 3T sy (glo yos 45’ 35900 5 el ailin iy 31
Al ol o Sl codled il oo Fasad ailyioe 4l
Loy Jodo a0 (S0 Jad 90 50 &)l ol (logs Loy
Sae Jsb Jdods 6,50 ¢ 0w ad dadl g laisy g
{(Sabeti, 2008) 55,5 o ABgin ol Jad o Sis
5 Sl a5 salye a1y |yl )l Zohary (1973)
QT Saols a5 dilaie o s K= &9 0 S 5l oasladl
2 0329‘ ..))L} odule 9‘ ‘J.SL)GQ [ ed..w.Sr) u‘)" )‘ C)b a
SliwrgS sladalaie jiulu 8 g coldl bl i o Sludl Jole
Pourmajidian .cuul 00gs 50 o Sz (pl &5 40 5
Momeni Mogad- « 5938 Ll )0 |, Juniperus excelsa
5 e )] g s ot slayial b 3T am et al. (2012)
obelym Ll jo Juniperus excelsa , 1, S g1 o zdan
axJlae 4 Ravanbakhsh er al. (2016) g %55,S o)y
S s3libes 9 (2l welsr aesd 5 A
ool il Gae s (655 e 5l o Juniperus excelsa
Logistic Re- 4 Domain Jow g3 8 Slac ow)y dsllas
oSS L wisS ol Cgllae olKiny, (im0 «gression
S plgreds jall GlansS g Col (oorlSl (sla ke 4 03
0392 Sl (SIS Lo ()l pl )92 50 W65 (ol os oKt
9 blax sl el Sz Mg oo B0 (nl @l

.o;)lﬁoauwle)y‘@m@ﬁmduwdé;

gy 9 Slgo

axjlloo 5 g0 adbivo

SonsS 3 oo ot adlhe 390 il
s N'52°36_"31°35 Lélir sye s Jsb b o)
s ol oKy, SliwmsS sl 5 E'26 °55_"31°52
ollivg, (nyie 3l 5 00l &ly plpl Jlods jo Sy
Cod 500 sladilaie jleS a5 Coul (g 5l o)
G mimen ol 4b 5 15 Sl slacdles LG
oSty il oo m e yieskS VESOPNF L ol ol
5> slaed l olnl 635 e O ples Jlys5 5 o]
S g yf Ceend jo o )ST5 slaals B Lo yo 50!

hid fdgp sladoe Jy gt oo ganail b os o
L Glass @ig S i wga> slaoslsy Gululy
BioClim & ;g5 0 05,5 (pl oo 5l s so plxl
obed] ale Jds 9 (GARP) o,65! 25§ Domain
Tarkesh and Jetschke,) 5,5 o,Lil “(ENFA) 5Liies
5 Domain Jae g0 3l eolaiwl b ,ol> adlas ,o (2012
Juniperus excelsa 4555 L8 3 & 595 S Gges S
5 Olnl oz o &dly 5l GlaansS I alais o
Zare Chahouki et al. el 428 5 )| )3 axlllas 5,50 g3
e sl Jole L oS slodisS 52 4l (2007)
O3Sy g Sl eolaial b o lial ogSiisy slags ye o1,
olXiuy, Sakief al. (2013).ails | 3 aslllas 5,50 Sz
5 Stz g yS 5 Joo 0olitul L1y 055 165 osdlls
sy Ja W ol Sy il o oS aallas
2055 085 WS ST Al adg o (25 St
«Gauston and Garcia-Vifias (2011) .ol oo lore wldo
sl ) MAXENT 5 Sictwnd (955 Joe 99 @l
dlio K00S0 b (55,0 485V (oldli @598 (o2
b o S s o 45 8l 0 L i 5
xilsn 15 o5051 el (6 ,VL 5 Shas 5 ls MAXENT Jose
Piri Sahragard 4SJl> o il oo Sgamee adigad slows a5
(OEE e sdisS a5 o)y 4o @nd Ajorlo (2018)
M. aliS 355 w08 3551 Ly |y Jae 90 52 0 Shae
sassS 5l Juniper sgac pb b Juniprus excelsa .Bieb
$ligS a5 coul e 9 ol ! siag, el Slelis )| o5 0
5 SlawpsS Sz gladilhie sl Ko sle 5 aied))|
Sagheb-Talebi ef) col ool izl Jlods g Lol
S 5 o SIL il Soae 3,0 5l 45eS ol maSTy (al, 2014
o)l alez ol STy g (LeasldIL ol sloliva S
odgazme )3 Glpl (635 70 M SliwnsS slaJSi )
Ly bwgie mhaw 51 YL e YAee B VYo cla)
Ravan-) &l ,Licsl (a8 o olelas)| o e YF- )
o509 $Ysb 9 Swib lads o5 (bakhsh et al., 2013
S 3l Gl g Olnl b Jsene jsbay Sis fas

wal by ol o Sl ples WS s plete Koo 2l

IPRA sl oY oyl VA 055 ¢ e psle anlilad

yya



Juniperus excelsa 555 Jowiliy g595 &l Joe

VE 5L SYL B VY ) adlaie VL bawgie &)l a0
03guze CaxBge ) S Lol ST ol 5 il ax o

Ao o iled |y (g 0550

OB B
spa> bl 5,91 zoar 0gs

P95 10 paiged Sl (s sl pl BidS )
Steh-) <é 5 1,3 colatul 8 50 c0nls (guanl JSolas
Junipe- oSy edgae lail ¢ jslate oy (man, 1996
55, 565 slo,lgale sl psgar 5l solaul Lrus excelsa

O Bl demg) 5 GBSl lnl slagye b aid S
S,08 aalsl loul 31 50iS B o8 Jled oo y0 g a8,
SR PSNEEEN PR POWNTIE NERE SR
335 o0 s GlaSlz 5 SliwnsS i3 g0 4 4l
> e slaasgs 5| (Sagheb-Talebi et al., 2014)
Juniperus ex- & g oo S5 9 ol pl SawasS i
Pistacia 3 Amygdalus spp. Cotoneaster spp. «celsa
Astragalus & )y oo ool I slaaisS 5l g spp.
3,5 o,Lisl Onobrychis cornuta o Artemisia spp. spp.
&l s aals ¢pizxen (Ravanbakhsh et al., 2016)
5 099 o YAPYN U AFF 5l caalllas 0,90 ddlaie olas )|

2l s s 2 55
al
i . .
L & .,-’ b 2
e e e e
0% -
o’
# ol 2
aﬁw -
i e A Legemd e
1 * Abicod sles
4 Presence sals
—— — . B8 4 £
N ) w " L
8 i E ] &

agS olus, vyl g axdllan 590 ddilaivo Cuxdgo —) S
Fig. 1- Location of the study area and species occurrence sites

s i §) ooliial 5 e Slles b e
2 G pdises ool (GPS) Sz oL Cusdse
@bz 2o 9 Jsb by b (de) (o) olo ol >

23,5 (gilwoslsl o a0 99,9 Cap o astine

Juniperus ex- 355 &3 355y A5 S psie YA slass dacyl jo
69955 Sl yuxie ool jo o (V Jgaz) sl ol celsa
S5 Lg /A YL gy (Sead loslainl b o o
58y 5o Judes ploxil g (Priti et al., 2016) (-+/A
@ Sy Cuenl bl s IBM SPSS ver23 (s Ll

(o s 51 eS| g s Sz e l5e0) (1,5 52508
ol Cgots 5 wad S e oSes 3blie
3§ Ol (Ko Slads (5 (64ls paigad slacsle
s S, 80 nlin Lol )05 S, g a8 o]
Db iged o3lail (gl oaisS ot e 3l U 0
aalllas pl o ¢ (Miller, 2010) 5,5 1,3 solatwl 0,40
oML (St e Olgredy ansne Sl TA slass
olas, Colw YA+ slass w8 )5 1,8 Laioe Jow sl>! sl
Juniperus 455 (ol colw YO+ 5 o> Colu YT)
X yiagh SV Jolro roleS) adl Vo ulide ,o excelsa
Glacols como anl sl 0,8 Gl GieskS )

VPR sl oY o,lads VA 058 ¢ o psle anlilad

¥



o5 s3] ol

Jlo ol VY (sl ArcGIS10.2 1381 6 5 o lyst Extention
20,5 g

Silwdae
Domian Jue—
LCarpenter et al. (1993) lawg ,b sl glp Jow oyl

555 90 Ll 9395 Carpenter et al. (1993) .0l Lo
Aepyprymnus rufescens ‘Gray’ Bettongia tropica
g Boxcar Jow aw 3l eolexwl b Wl wl jo | Wakefield
s wsls 1,8 ow)y 8,50 DOMAIN 4 Convex hull
WS o g il aass DOMAIN Jos oS ols jlis
b by ol aslis giwsy basee byl il b as
I, dges o3lasl I Hernandez et al. (2006) .cl |15 5L
5 DOMAIN GARP BIOCLIM Juas )= 5,Skes 5
s Gols 8 ) 0 50 4555 &u5e5 ;0 MAXENT
MAXENT Jow 3 5Ules (o8 diged pze j0 a8 ol las

BIOCLIM oo 3 GARP § DOMAIN . 5l s s
4o Tsoar et al. (2007) .cuslylo 1) o Slae o anns
BIOCLIM laisS 395 Jdo Lind o Slos (slasillae
DOMAIN Mahalanobis distance (MD) HABITAT
oolatul jeax sleosls I s a5 |; GARP 4 ENFA
Loas ol olas bl aisls 18 aulie o)90 S o0
sl anls 5o bae alimdle LB slacslis o9
A gzl NS oyt s a5l g5l Joe
ool plaizl by ahdi 4y akads alis 5l DOMAIN g,
ool sanled Cole SO @ oals ganaib 3l SO
ond cud slacle Koo @ o] e Ll (Soo3
aS ol ool 5 (588 g, S DOMAIN .05 oo ool
o3liinl 3 )50 (5,5 5 (AL 95 99 2 i sl
S ol aliio sla By &1 S ol e 05 00 )3
S Sy 99z olasi g jax slacols jleslaiul b as
oolal (Carpenter et al., 1993) 595 oo 12! ¢ (SG 5a860
ial38 15T o pdycllans! colil ¢ Jow ool o alis &b
A g cblax 5 50 00ga0me glulils ;0 a5 (5 sbay wols
3 aollae 2L @)y 5 500 slaaiss Jonsily slaaiis
B s A ahi g alold 6,.505ll sl Gower (1971)

05 oy 5 dolas

u:_y)l_f “... ABLAQ "~.. \\ O‘M .wle‘ . . "~.. \v
oL 5l el Yo SIS <ds L (Hijmans et al., 2005)

290,85 &l s (WorldClim, 2016) WorldClim glosls
VA = Veee0)98 (b 5o (ool Sy (slapiite (]
wlazsl glasl o)L bl g albble &)l > a5
loonS jobas 5 035 e LaisS dngi 5 05 sl g

(Gra- 05,5 o 51,8 ooliil 5,50 LaisS @565 (o) 2 5l
ham et al., 2008; Elith and Leathwick, 2009; Warren

Gaid o col8l Consy slrools 4y 938l (et al, 2013
alold 5 ol Sz el JDEM) (olis )| agd) Joe
2 J%e 6359 6l (B2 Sl wiie lyieas 4zl |l
Se B b ela)l egd, Jowo aldi aiul a8 5 L
oolazwl b ¢ il 0 (USGS, 2016) USGS oL 5l e Q-
S o3lsl 4y Nearest neighbour resampling <SS |
Slallas jo 0l wlbide 55 (oghS G dgu) agli Y-
g o5 2 olase (eend Sl T NDVI amis (S5 550551
QLS Zb jimgd colld pliee rizren 5 4yl LAl
L oleddol NDVI yizran 0,5 o 1,8 oolazul 090
Ol Ly s al)] Wlgs oo GlaLS 6380528 0)bys (oB5))
OlpdS 4 50 (AL by (18 Cews I L A
Prates-Clark et al.,) 3,5 - |3 35U cov 50 Jad
NDVI dis (yuuns S asdllas ool o ol (2008
45 45 MODI3A3 Jsze i " MODIS Product 5l ;|
https:// colw 3l el oas agy alble oglS ) ulids
olo o Yoo = VeV Jloj 0,90 !y Ipdaac.usgs.gov
Gy S Sl 5l czen sl 0ol solaul (4]
Khan et al.,) sauis,s5 il o (Ahmed et al., 2006)
4w ¢«(Ravanbakhsh et al., 2013) bl o) (2012
Juniperus excel- 455 iSly, 5 A5 S s yelll
pobal « Byl sl alold s o gy e il o sa
o e B0 eliiie 19 5 035, A &304 45 MODI0A2
By olo 90 (gl s 5 oo angs (Nside, 2016) oL
3,50 095850 cwlidlgn slaollins! slaosls 5l oo fyss
Vorr =Yo7 Gloy oy90 (b (4,98 5 4gily) adlllas
AL olidiney bl sln 285 18 osliiul 5
SR eoliiul 9550 558 pwlidiiney Glojl ViV e v
Solar Ana-lawgs (goud o5 ol 4l puen (85

IPRA sl oY oyl VA 055 ¢ e psle anlilad

¥y



Juniperus excelsa 555 Jowiliy g595 &l Joe

axdlao 50 ooliwl 8590 Jawzmo s o - Jgu
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3 Species distribution models
* Discrimination

5 Profile
% Generalized Additive Models

7 Classification and Regression Trees

8 Genetic Algorithm for Rule -Set Prediction
?Ecological Niche Factor Analysis

10 Global Positioning System
1 Digital Elevation Model

12 Normalized Difference of Vegetation Index

'3 Moderate Resolution Imaging Spectroradiometeter
14 Reciver Operating Characteristic

15 True Skill Statistic

16 Cohen’s Kappa Statistic

17 Area Under the Curve

'8 ate proterozoic - early Cambrian undifferentialed rocks

19 thick bedded grey o’olitic limestone thin - platy,
yellow to pinkish shaly limestone with worm tracks
and well to thick - bedded dolomite and dolomitic
limestone (ELIKAH FM)

20 Realize niche

Accadia, C., Mariani, S., Casaioli, M., Lavaqnini, A.
and Speranza, A., 2005. Verification of precipitation
forecasts from two limited-area models over Italy and
comparison with ECMWEF forecasts using a resampling
technique. Weather and Forecasting. 20, 276—300.

Ahmed, M., Husain, T., Sheikh, A.H., Hussain, S.S. and
Siddiqui, M.F., 2006. Phytosociology and structure of
Himalayan forests from different climatic zones of Pa-
kistan. Pakistan Journal of Botany. 38(2), 361.

Allouche, O., Tsoar, A. and Kadmon, R., 2006. Assess-
ing the accuracy of species distribution models: preva-
lence, kappa and the true skill statistic (TSS). Journal of
Applied Ecology. 43(6), 1223-1232.

Austin, M.P. and Meyers, J.A., 1996. Current approach-
es to modelling the environmental niche of eucalypts:
implication for management of forest biodiversity. For-
est Ecology and Management. 85(1-3), 95-106.

@S (izren 358 wald S cpl jl cblis coz Y
Sy sloools I la s aSSl o925 L Domian Juwe aS ol -l
SO ST She b9y Wi se Ll S oo oolin
OliwrsS (o Juniperus excelsa 4555 Callao glaolSing,
ol Sl W (0 ,Shoe b Ja ol 2k ol 5540
alis gloyially (28,5 5l o L) aisS wb) slag S
s NDVI (3, bas 5l alold ¢ 31,5555 ol oiile Jaixs
Srydaliy SO e o 1y laase Wy go g azils |y ..
455 a8 Sl 5lasles )b 565 (gl o SYsb ibsla>
4>b j5 90,5 JLEICUN 30,8 concd (o Juniperus excelsa
ol 529y 635 s 5 Sl (sloamsl b (g 5 !
a1 et 5 4355l sl S e (Bl e b

S5 SrSelz s (oyae 3L g des 9)90 Ll S

Lb .- :.95‘5{.
! Juniperus excelsa

2 Logistic Regression

&lw

Carpenter, G., Gillison, A.N. and Winter, J., 1993. DO-
MAIN: a flexible modelling procedure for mapping po-
tential distributions of plants and animals. Biodiversity
and Conservation. 2(6), 667-680.

CAWRC -The Centre for Australian Weather and Cli-
mate Research, 2015. Forecast verification: issues,
methods and FAQ. Read 13. 5. 2015. Available online

at: http://www.cawcr.gov. au/projects/verification/.

Cohen, J., 1960. A coefficient of agreement of nominal
scales. Educational and Psychological Measurement.
20, 37— 46.

Duan, R.Y., Kong, X.Q., Huang, M.Y., Fan, W.Y. and
Wang, Z.G., 2014. The predictive performance and
stability of six species distribution models. PloS One.
9(11), e112764.

Elith, J. and Leathwick, J.R., 2009. Species distribution

models: ecological explanation and prediction across

IPRA sl oY oyl VA 055 ¢ e psle anlilad

¥



Juniperus excelsa 555 Jowiliy g595 &l Joe

space and time. Annual Review of Ecology, Evolution,
and Systematics. 40, 677—697.

Franklin, J., 2009. Mapping Species Distributions: Spa-
tial Inference and Prediction. Cambridge University.

Press, Cambridge, UK. In press

Garsia, C.I., 2013. Predicted effects of climate change
on the distribution of the invasive grass dichanthium an-
nulatum. MSc. Thesis. University of Texas-Pan Ameri-
can, USA.

Gaston, A. and Garcia-Vinas, J.1., 2011. Modelling spe-
cies distributions with penalized logistic regressions: a
comparison with maximum entropy models. Ecological
Modelling. 222(13), 2037-2041.

Graham, C.H., Elith, J., Hijmans, R.J., Guisan, A.,
Townsend Peterson, A., Loiselle, B.A. and NCEAS
Predicting Species Distributions Working Group.,
2008. The influence of spatial errors in species occur-

rence data used in distribution models. Journal of Ap-
plied Ecology. 45, 239-247.

Green, R.E., Osborne, P.E. and Sears, E.J., 1994. The
distribution of passerine birds in hedgerows during
the breeding season in relation to characteristics of the
hedgerow and adjacent farmland. Journal of Applied
Ecology. 31, 677-692.

Guisan, A. and Thuiller W., 2005. Predicting species
distribution: offering more than simple habitat models.
Ecology Letters. 8, 993—1009.

Guisan, A. and Zimmermann, N.E., 2000. Predictive
habitat distribution models in ecology. Ecological Mod-
elling. 135, 147-186.

Hernandez, P.A., Graham, C., Master, L.L. and Albert,
D.L., 2006. The effect of sample size and species char-
acteristics on performance of different species distribu-
tion modeling methods. Ecography. 29(5), 773-785.

Hijmans, R.J, Cameron, S.E., Parra, J.L., Jones, P.G.
and Jarvis, A., 2005. Very high resolution interpolated

climate surfaces for global land areas. International
Journal of Climatology. 25(15), 1965-1978.

Jafarian Jeloudar, Z., 2008. Spatial modeling of Range-
land vegetation using ecological indicators and satellite
data. Ph.D. Thesis. Faculty of Natural Resources, Uni-

versity of Tehran, Iran.

Kaky, E. and Gilbert, F., 2016. Using species distribu-
tion models to assess the importance of Egypt’s pro-
tected areas for the conservation of medicinal plants.
Journal of Arid Environments. 135, 140-146.

Khan, M., Khan, A.U. and Gilani, A.H., 2012. Pharma-
cological explanation for the medicinal use of Juniperus
excelsa in hyperactive gastrointestinal and respiratory
disorders. Journal of Natural Medicines. 66(2), 292-
301.

Khan, S.W. and Khatoon, S., 2007. Ethno botanical
studies on useful trees and shrubs of Haramosh and Bu-
grote valleys in Gilgit Notheren areas of Pakistan. Paki-
stan Journal of Botany. 39(3), 699-710.

Landis, J.R. and Koch, G.G., 1977. The measurement
of observer agreement for categorical data. Biometric.
33, 159-174.

Matevski, V., Carni, A., Kostadinovski, M., Marin3ek,
A., Mucina, L., Pausi¢, A. and Silc, U., 2010. Notes
on phytosociology of Juniperus excelsa in Macedonia
(southern Balkan Peninsula). Hacquetia. 9(1), 161-165.

McCullagh, P. and Nelder, J.A., 1989. Generalized Lin-
ear Models (Monographs on statistics and applied prob-
ability 37). Chapman Hall, London.

Miller, J., 2010. Species Distribution Modeling. Geog-
raphy Compass. 4(6), 490-509.

Momeni Moghadam, T., Sagheb —Talebi, K., Akbarinia,
M., Akhavan, R. and Hosseini, S.M., 2012. Impact of
some physiographic and edaphic factors on quantitative
and qualitative characteristics of Juniper forest (case

study: Layen Region-Khorasan). Iranian Journal of For-

VPR sl oY o,lads VA 055 ¢ o psle anlilad

Yo-



o5 s3] ol

est. 4(2),143-156.

Péknicova, J. and Berchova-Bimova, K., 2016. Appli-
cation of species distribution models for protected areas
threatened by invasive plants. Journal for Nature Con-

servation. 34, 1-7.

Sahragard, H.P. and Ajorlo, M., 2018. A comparison of
logistic regression and maximum entropy for distribu-
tion modeling of range plant species (a case study in
rangelands of western Taftan, southeastern Iran). Turk-
ish Journal of Botany. 42(1), 28-37.

Park, S., Hamm, S.Y., Jeon, H.T. and Kim, J., 2017.
Evaluation of logistic regression and multivariate adap-
tive regression spline models for groundwater potential
mapping using R and GIS. Sustainability. 9(7), 1157.

Pourmajidian, M.R. and Moradi, M., 2009. Investiga-
tion on the site and silvicultural properties of Juniperus
excelsa in natural forests of Ilan in Qazvin province.
Iranian Journal of Forest and Poplar Research. 17(3),
475-487.

Prates-Clark, C.D.C., Saatchi, S.S. and Agosti, D., 2008.
Predicting geographical distribution models of high-
value timber trees in the Amazon Basin using remotely
sensed data. Ecological Modelling. 211(3), 309-323.

Priti, H., Aravind, N.A., Shaanker, R.U. and Ravikanth,
G., 2016. Modeling impacts of future climate on the dis-
tribution of Myristicaceae species in the Western Ghats,
India. Ecological Engineering. 89, 14-23.

Ravanbakhsh, H. and Moshki, A., 2016. The influence
of environmental variables on distribution patterns of
Irano-Turanian forests in Alborz Mountains, Iran. Jour-
nal of Mountain Science. 13(8), 1375-1386.

Ravanbakhsh, H., Hamzehe, B., Etemad, V., Marvie
Mohadjer, M.R. and Assadi, M., 2016. Phytosociology
of Juniperus excelsa M. Bieb. forests in Alborz moun-
tain range in the north of Iran. Plant Biosystems-An
International Journal Dealing with all Aspects of Plant
Biology. 150(5), 987-1000.

Ravanbakhsh, H., Marvi Mohajer, M.R., Asadi, M.,
Zobeiri, M. and Etemad, V., 2013. Classification of
Juniperus excelsa M. Bieb forests vegetation and its
analysis of relationship with environmental variables.
Forest and Wood Product (Iranian Journal of Natural
Resources). 66(3), 277-292.

Razanamahandry, L.C., Andrianisa, H.A., Karoui, H.,
Podgorski, J. and Yacouba, H., 2018. Prediction model
for cyanide soil pollution in artisanal gold mining area

by using logistic regression. Catena. 162, 40-50.

Sabeti, H., 2008. Forests, trees and shrubs of Iran. Fifth

ed. Yazd University Press, Iran.

Sagheb-Talebi, K., Pourhashemi, M. and Sajedi, T.,
2014. Forests of Iran: A Treasure from the Past, a Hope
for the Future. Springer, Germany.

Saki, M., Tarkesh, M., Bassiri, M. and Vahabii, M.R.,
2013. Application of logistic regression tree model in
determining habitat distribution of Astragalus verus.
Ljae. 1(2), 27-38.

Sarangzai, A.M., Ahmed, M., Ahmed, A., Tareen, L.
and Jan, S.U., 2012. The ecology and dynamics of Ju-
niperus excelsa forest in Balochistan-Pakistan. Pakistan
Journal of Botany. 44(5), 1617-1625.

Sass-Klaassen, U., Leuschner, H.H., Buerkert, A. and
Helle, G., 2007. Tree-ring analysis of Juniperus excelsa
from the northern Oman Mountains. TRACE Den-
drosymposium, 3%-6" May, Riga, Latvia.

Stampoulidis, A. and Milios, E., 2010. Height structure
analysis of pure Juniperus excelsa M. bieb. stands in
Prespa national park in Greece. Forestry. 16(2), 239-
244,

Stehman, S., 1996. Estimating the kappa coefficient
and its variance under stratified random sampling. Pho-
togrammetric Engineering and Remote Sensing. 62(4),
401-407.

Swets, J.A., 1988. Measuring the accuracy of diagnostic

IPRA sl oY oyl VA 055 ¢ e psle anlilad

Yo



Juniperus excelsa 555 Jowiliy g595 &l Joe

systems. Science. 240(4857), 1285-1293.

Tarkesh, M. and Jetschke, G., 2012. Comparison of six
correlative models in predictive vegetation mapping on

a local scale. Environmental Ecology. 19(3), 437-457.

Tobena, M., Prieto, R., Machete, M. and Silva, M.,
2016. Modeling the potential distribution and richness
of Cetaceans in the Azores from fisheries observer pro-

gram data. Frontiers in Marine Science. 3, 1-19.

Tsoar, A., Allouche, O., Steinitz, O., Rotem, D. and
Kadmon, R., 2007. A comparative evaluation of pres-
ence-only methods for modelling species distribution.
Diversity and Distributions. 13(4), 397-405.

Ward, D.F., 2007. Modelling the potential geographic
distribution of invasive ant species in New Zealand.
Biological Invasions. 9(6), 723-735.

Warren, R., VanDerWal, J., Price, J., Welbergen, J.A.,
Atkinson, I. and Ramirez-Villegas, J., 2013. Quantify-
ing the benefit of early climate change mitigation in
avoiding biodiversity loss. Nature Climate Change.
3(7), 678-82.

Wilson, P.D., 2011. Distance-based methods for the
analysis of maps produced by species distribution mod-
els. Methods in Ecology and Evolution. 2(6), 623-633.

Yu, J., Wang, C., Wan, J., Han, S., Wang, Q. and Nie, S.,
2014. A model-based method to evaluate the ability of
nature reserves to protect endangered tree species in the
context of climate change. Forest Ecology and Manage-
ment. 327, 48-54.

Zare Chahouki, M., Abbasi, M. and Azarnivand, H.,
2014. Spatial distribution modeling for Agropyron in-
termedium and Stipa barbata species habitat using bina-
ry logistic regression (case study: rangeland of Taleghan
miany). PEC. 2(4), 47-60.

Zare Chahouki, M.A., Jafari, M., Azarnivand, H.,
Moghaddam, M.R., Farahpour, M. and Shafizadeh
NasrAbadi, M., 2007. Application of logistic regression
to study the relationship between presence of plant spe-
cies and environmental factors. Pajouhesh & Sazandegi
Journal. 20, 136-143.

Zohary, M., 1973. Geobotanical Foundations of the
Middle East. Gustav Fisher Verlag, Stuttgart, Germany.

)

D

Wy aaad

VPR sl oY o,lads VA 055 ¢ o psle anlilad

Yoy



)

D
.

/

o

Ly

J

Environmental Sciences Vol. 18/ No. 2/ Summer 2020

237-254

Modeling the potential distribution of Juniperus excelsa using environmental factors in
Alborz Mountains

Samira Sadat Fatemi,'”" Mohammad Rahimi,' Mostafa Tarkesh? and Hooman Ravanbakhsh?
! Department of Combat Desertification, Faculty of desert studies, Semnan University, Semnan, Iran
2 Department of Range & Watershead Management, Faculty of Natural Resources, Isfahan University of Tech-
nology, Isfahan, Iran
3 Department of Forest Researches, Research Institute of Forests and Rangelands, Agricultural Research, Educa-
tion and Extension Organization (AREEO), Tehran, Iran

Received: 2019.08.02  Accepted: 2019.12.30

Sadat Fatemi, S., Rahimi, M., Tarkesh, M. and Ravanbakhsh, H., 2020. Modeling the potential distribution

of Juniperus excelsa using environmental factors in Alborz Mountains. Environmental Sciences. 18(2): 237-254.

Introduction: Species distribution modeling is a common method for understanding the relationships between a
species and its environment and is used to predict the changes in distribution due to environmental changes. A lot
of research has been done around the world based on these models. In this study, the optimal habitat of Juniperus
excelsa, an indicator species, and the most important tree species in Irano-Turanian forests in the Alborz Moun-

tains have been investigated using 38 environmental parameters and domain and logistic regression models.

Material and methods: The study area consists of parts of the Alborz Mountains located in the north of Iran with
an area of 14656 km?. In the present study, a stratified random sampling method was used to determine the sam-
pling sites. Finally, 390 occurrence sites (240 presence sites and 150 absentee sites) of J. excelsa at a 30-second
scale (approximately 1 kmx1 km) as the input model was studied. Also, 38 environmental parameters were con-

sidered as predictive variables for implementing two models of the domain and logistic regression.

Results and discussion: The results showed that the domain model had a high performance for predicting the
habitat of J. excelsa with AUC =0.97, Kappa =0.730, and TSS = 0.91. Based on the results, the areas with the
lowest potential for the presence of J. excelsa were 5665.95 km?, the moderate potential was 2033.1 km?, the good
potential was 3076.38 km?, the very good potential was 3063.42 km?, and the high potential was 817.29 km?. The

results obtained from the implementation of the logistic regression model indicated that 5084.37 km? of the studied
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Juniperus excelsa 555 Jowiliy g595 &l Joe

area was in the class of least potential, 2539.35 km? had moderate potential, 1410.21 km? had good potential, 1104.
84 km? had very good potential, and 4517.37 km? had high potential. Also, the results showed that the suitable
habitats for J. excelsa were regions with a mean diurnal range of 13 °C and 15.5 °C, annual precipitation of 120-
220 mm, precipitation of 64-90 mm, precipitation of coldest quarter of 35-60 mm, the altitude from the sea level
of 3100-1800 m, and a slope of 30-10% in the southern, southeast, and east directions. Also, the probability of
species occurrence was more in areas near the snow and water line as well as on calcic rocks. Also, in the habitat
of J. excelsa the NDVI index varied between 0.38 and 0.20. The results of the performance evaluation of the mod-
els showed that the domain model had higher performance in predicting the suitable habitat of J. excelsa than the

logistic regression model in the study area.

Conclusion: Species distribution models can provide a suitable management plan for different parts of the habitat.
Areas with low potential of suitable habitat are usually partial habitats and populations in these areas are more
vulnerable than the others, whereas areas with very good potential are excellent for a protected area. Areas with
good to the excellent potential that do not have significant tree cover are suitable for forestry and native ecosystem
restoration. The present study showed that the domain model, despite using only presence data, can be a useful
method for predicting the suitable habitat of J. excelsa in the Alborz Mountains. Therefore, it can be stated that
species distribution models, with acceptable accuracy, have enough performance in the evaluation of species dis-

tribution and can be used to execute conservation strategies.

Keywords: Domain model, Environmental data, Irano-Turanian forests, Logistic regression.
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