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2 Shuttle Radar Topography Mission
3 Collinearity and Over-fitting
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I Artificial Neural Network: ANN

2 Gradient Boosting Machine: GBM

3 Classification Tree Analysis: CTA

4 Multivariate Adaptive Regression Spline: MARS
5 Maximum Entropy: Maxent



Sils duslie fyge3] aloul b b Jow (ol,I5 duslie
sl o slz! jbos 3l Jol> AUC polie o (S8
2 e (2535 5l ey 093] ! 285 &g e
Cdr (e I e Dol () 4 (il g 525
OS] i sl Gl Jlade s5lsp oo b Sk
.;ng\‘_,’_o Cawdds (V) dlasly 51 o SSleo

MSE
a,(a f)\[——
i )

MSE (colil a0 f Lo slaaia o] o aS
4555 g3l 40 soal Cwdy las Sl e (1SSl
55 Slaanalin plai sl (S5 5] wlios il )ls

o Hgmax lae an ]y T Jae g o)l 092y Joe 5o
Lol 09 0 000 Jow ;o Laid a5 s polae b S o
30 4S (5 polhe € g o oud ABlg slis jo Mas
9 b polis 0ed ged 0ass Jaw jo Lol 5ls 599 condly
5 95 g0 00uS Cundly (0 A5 9 0,0 099 Joo 0 43 AT
(VF) aiS o b jgam pae e a1y o] Jow

P9y 3l aseS Homa il oy el Sy il ol
Al Lol oolatnl s, (IS 4y o o oy sloz]
e Joo @y 5l ol 251 gloadds (S35 (Sl
Aid o el Caway 4l gloxl 4z AUC ull 4
g 4S5 w3 oo Ol ao plp JuSy )l ele!
ol lyie | gl ol sl slagis, 5| S
= ol S vae a0 S gl et cenlio
Ol b ol gladae GlacS oSS oled a5 ams
..\J)..f‘so ).'a.» Be 4.........:[....4 9 wl...o am) ulj...c

Y Jeiio) STy sleosls

Y exis) UWSUJ Slosls |( (X ) Ghm J.al}.c & Jay).n slaosls

Dby~ g g oLl slaosls S 52 slaosls iy ~ bk 5 eax
(Lo o S, (65 )] e ) 'y
l
1
L 1
9! ogo)l 1
Yy=-f«(xy ... :
R I3l 50
ANN, GBM, CTA, MARS, Maxent <
@ ez b oo (e Bl 5 oo (o) 4l 5 e s
elox! Jow ol ¢ orwciore ol o
Y
ped8l yoss G g8 STy (VoVe g Vo) pl8l s slog jliw

o9 el ol o slod wig, Y ISl



Yo

... Artemisia sieberi Besser &5 iiS1y  om i

Wil ol 5l S 5 giledie Glie slas S,
GilwJde lizes sy )65l o s Coo A5
ool o (T ) ol Sgline Lulul olys o
o dme slodos oo ((Iriwioe slo L
O3S 5 sl Jacs (T 51 Gy g 48L et Siosy
Else Ay A 4 el o8ig) s sl
eslie Gblio (esd )3 (5508 sl Lot cnl ;N0
e SEBIS 4595 j5a (6l (corlll cenlial
s Comd e sbol (i 50 (reions o lre
L it eSles ilodoe lizme slap )58l plos
oo 8l glax] Jow &dly o woly plaisl o 4
@li b aS ad (o) 2 9550 slaoe 2L Gl H
0 sl iegh (A XF) o)l callas Sldlas &
ot e ]y elexl Joe Slosla il 55
i a8l s gyl o laigS 251
asllas jo clox! Joo jleolaiul JJs (0 YY) wols
Slacpaki pie ol 5 ks & i el ol
3 U155 se2g L Joe o 1 el oo e sla e
S i b 5y S gl w0yl 4 g8 bl
A5 el diing o gl b, S 42l en
YU Coro g s 5l ol s ais) IS 4 sl Jow eles
Joe o b D90 cnl 8 0 sz el Jlo 95

(0) 598 oo Lo Jow plo 2L el Gl wrge

=

30
5 W
S0
3
)
) 15
3
—~ 10
9)
<
5 W
0
£ BN D Q Q D D & Q
B AR QR Sl S &
N ks el /.b' & e ko] o el

e Min e Mean =l Max

(mm) YL Tl

oy (ol Glags sl il s’ (3L o
loslawl L ool jo abe8 sonl iiS1p Candg
LS5 5,05 L NorESMI-ME 3 CCSM4 sla Joe
"S5 eyl 5l a5 @pe yeghST SO S
Cgae dlo gl )3 92 (segee (B35 sl (n 5
= IPCC Galizes (545 5lem 90 coni 5 (YY) wigd o0
YeR1Ye5e ola o asbe aS Y0+ sla o
TPV -YeAe sla o ile Hlain Yo Ve g ail oo
g lod (nSlw g iSTas ( Plas Ol s ol s
B39 slog b g Lo Jae L leaal liwl jo (5L
N Sl ol g Jby a4 cos
oSy a @i a gy 5l ey adloaid ools ylas ¥ S
oy OS] aaldl gl Joe g Lo i ]
@bml ez g sl s Sl o slexl glaasss
ad b aS iy cnl ol 4S5 o 43S ol
L ol deslio g pol> Jb gl Joo slazs s 005
Simee TV 50 slale §l ol Joo s 5
i 5 ol Dl i S aalllan 550 055 (520,50

(7 J58) 0 (o) Sl Bble Cang o

Com gl @
loani s S aS e o ol yol> asdllas gbs
g 039 Dyliie oo Ly (L) 13 51 (g5l Joe alises
sloa STy ) i slamio 4 2 Wil o0
dslio gl gomled aomilinr wig b glassS

450

400
350
300

250
200 )K—_)K\X/)K_.__ )K‘/X ‘'-~---.)K——)K---..._._._)K
150
100

I s B e B i N B

el

={F=Min ==X==Mean -=—l=—Max

o8l aliso glag: )law 9 L Juw 53 (Sl 9 )l 4250 Gl pitio ot (G Sonin T S



£A B YA Oloxio VAN Gl g ,5log VY 85lowd oyl Co e (oaigiy — ool dy ol

!

Artemisia sieberi Besser 8o S|y cwjp 10 B oo mwiomo polio (mfilw ) Jous

Joe Al Gl g Sy uiaib LT Sy orae oS

=l T o pridosiz 5 wWhprasi  Fguao
o] 3l Jitne lxs
<13y -2 <12\ -IN¥ -1aY -IAS AUC
wlin] & ataly sloylne

ASIY Af/14 v/ /¥y AY/AY /YA Sensitivity
a-/ar VENE Al Vel VE/F SAIS Specificity

“IA- IS A ial 15+ <A - I5Y TSS

sl sls Jooe (o295 50 Cobes Ll bl &L
V Jgaz yo eabeols (Bl sladae 51 Sy e sl
Glize laJos 1o b st Coel oS 50l 518
cale 0 0,Lil B a8 w5eSiles 5 il oo HleS
o2 £95 5 aadllas 0l 5o colainl 050 slo Jow
3 ot e 0009) s Sl i il oo
A aS elye gy e LS @ A jpa> slaglSe
"o (e 438 STy (o p )0 s Jelge Olgie
595 Jodao g e alal; 4555 joa> L Lol g
il 1) Jome st s a5 aites Lelse 8,0
.MOGA
WYL (S0l ggame i Lo Jucs colos o
aeys STy o Ll s sasS s i (BIOT2)

Lol 0090 agi |y Ol posd ao )0 OF g0 Slad &

il 5T Jas a5 0ls las (SS9 se3] gl
"o e g fghan omac 40D Jae b (550
Sy (el g5y Bl end Sty sl
e S K0S Ly (gl 2 Tas g 0 ke
S s LaJoce calos L celiom! Jote ol
(F US5) 053 (p<0.01) s sixs

sl oo any slaiel ay by e ogilly by ISt
Sl o) (Sl (i b Ol e |, AUC
S 4 OleSy S b oy SG 0 9 ke 455 S
8 sleagh 0 as ol o bl ails, lade
L sle e Bis g iy o9 2L Jow anslio
adoz 5l 5 Joo 00,5 0903 51 8 Yl (San
Al o olazel pas pl rals jglaie 4y a3V Sleludl
2 oley ol aw cpl 55 0l (gm0 a5 (YY)

4 6,8h e b 5ledoe aT o coliiul 5,00

1.00 a
b
~ b
0.85 b
c
0.90 -
= ¢
=
0.85 4 E
0.80
0.75 4
T T T T T T
ANN GEM CTA MARS Maxsnt  Ensemblz
Model

ool 380 o AUC polio (il duwlin g lawzs Hlogei F &



A%

... Artemisia sieberi Besser &5 iiS1y  om i

4 cud 48 Jeall &Ko g Ladis L 31w
GLE ot b dae bl Jeume glapiie Gufes
il ol o K301 Gilay diels 9 dige Sldde 9 i
Sl 9 QYL a9 o dhold aiS GiSly e o
S Glidps Ol b ails (Jama b golidpgs blis
3929 diue b wslbs u> G G 93 ) O a9de sl
@bls Ble 4 b 3Slee Gafe @bl of 5 4 oS syl
4 bgye slade plea 4S il Glohd L gedy Sl (i
JodlpSe slo s alis JeallwSe Gmie
bl e lapiie (o ege A S 45T
390 4Bl et Sistwg (S 2Ll i b Jow
aayd 495 gl (gmie (B JSD) w8 S 18 )
aS glaisS 4y ol o Hloadsz Ogo gl )l a4y o
Fo Yoo e i)l o ol jean Jlaiol aicty
w0dgazme (b 31 VL g 06l o cdalin Lo maw
Slelas )| )0 a5 Glaigs 4 b ge RalS 455 jgax
D) jgam AgS (Gye Yee e Sl iy g Ve e 5l S
s cllas o Sas 5 o @l b laazsl o
wayd g58y Jloiml cnytic 5 lesh o (V0)
S el e VA=YV e el ] Lol e sde
Slyie ol ST 5wyl el 31 e T, s e
(YY) sl 03,5

et Jos sl obs (o slod Jolax e
re—esd Siziwgy Lo e (Sl cad (Eyian (oas
“o M 9 () ol Jlod g 4 il
Ose ) Sl obe (S ln SNk Eseme 5 ool
5 951 18 Coeal (amy azys )0 0 paie iz (Al
= A 5 455 5 Shos 00lS ol vhe Sl s |
WYL S0yl yaiio 5 ey il o o] oS,
ST 58 1y 5805 oy L) 5k (sl it
O 3l liSee Oldllas ool by Juw ooled jo 458
s a1y L s 51 i) ke (1,5 5058 ot
STy 2 e Jalse o yiages S dilaie o8l 5 ST
£V ) wlals 448
Artemisia sieberi Besser o3l J3g, b &0
0ol ¥ Jgaz ;o aalllas 5,90 dihis slocaisST jo
a5 (45 S Bl e (Jeux (nl 4 4z bl
ol 45 )0 (a8 (Sl 5l g 0 s gles 5
oS claelSiyg, a5 Ld Slalllas claazily b gas0
1555 ol gl ilin 3blie loic 4 |, it g glis)|
s (Fe XY OB AN ol eillae wiles,S 5 me
Sys— assS e (pl 5l )5 (bl jo Conl (S
ol 5o o a0l Lyl U glite gl o allne

b Hpax Jgax

Artemisia sieberi Besser 505w oSy s Jow jo (Jauzxo o o (€8 3Lk duo)0) (o Camodd| Y Jgu

ol Ao eda g ,S) guaiaib LT g (omas 4l

e e ol ool S ablpmoni Sy

FIY vio “IA UA AR AIVY £lis |

o¥ BVITE BOIYY OY/YY s \alls SV S5l ggazme
s 8/-0 Y\ /oy Y o NEY ole il S5,k ggemme
YIT YA -Io¥ Y/eF Y/¥ Y/Fy S b Ol
Y VE Vel Vo VeI STy silla gl pasls
Y/¥s Y/A¥ YA YIFA VAY VIsY oo ol &l yuis
AIYD YTy \IFY &/ A YIFo YAIYA ole (5 o (slad J3la
oy VYIFY ALY WYY VEIVO - IOY "




e sodls &by Artemisia sieberi Besser couddlgn & pous ¥ Jouz

o Byl eSile alpdey 4k (4>1g a5) puiia
YVIv \ldAs Yoy YA (°C BIOI) a¥lo slos 1Kl
Ml VOIY VEI¥ VEN CC BIO2) 4il35, slos amels Kiloo
/Ay \id AR Ty (BIO3) (BIO2/BIO7%100) idb yig ! yoslis
ARTAY VA Y-y AYN/E (BIO4) (SD*100) Lo Lad &l yuuss
Yo YA/ VY ¥\/5 CC BIOS) ols 'y o )5 slos iSlam
YV/¥ vy o V. (CC BIO6) oo (53 50y sod Jélos
! ARVAS Yy YAQ (°C BIOT) Les a¥los &l pss asals
YA #1a VEIY -1 CC BIO8) s 5,k Lawsie sles
YY)V YV/A ¥A/A Yer CC BIO9) s 5,k o5 Lawgie sles
Yef YA ¥A/A N CC BIO10) Jas o a5 Lawsgio slos
YEIY ¥/f AD -vI$ CC BIOL1) s 3 55 oo Lawgio slos
Y0 VoY VaA Y (mm BIO12) $¥Ylw Sui)b & 5000
A Y¥ 00 3 (mm BIO13) olo o3 5 oyl S05b & goo
mm BIO14) ole 5 45,b o5 S,b ggame
¥/ A A4 54 (BIO15) &l yusdi gy ¢ S0k Jlad ol s
YY/¥ iz A ) m BIOL6) Jab o5 3)lp S5,k gyemne
VY VT ¥ m BIO17) Jab o5 5,k oS S,k ggae
VY VIAA 5 mm BIOI8) Jad oy 5 i yie,T S,k £gorme
YYIY OFNY VYA Yo m BIO19) Jab (s 5 o 39 s (S,b Eaa

il e (Siaod 7JUT 51 ey Joe 0 00isS &8 10 slagl ol Sodbla slagl

Vol Gl e o aiboo g Jloiod (n it
Cod )0 g Wb Sty ialS 455 jpax do )
Foe delos 5 (o )0 3,005 D929 9o 0 T el e
S bl 0gSity @il e (oing) Sloces ST
Jalge 1506 cos  otis dieyo iaiSTyy a8 conl il o
30 4S slassS an oyl (1,8 S cdl g o gla )l
Sl oy pr gy YEo o LYY e elis )] oogime
il ($9 b 5 (F) 0,10 (28 s Ui
slgieghn Ll p LS Mg LSl 4 olasl
el [y s la 5l (S mbitalS - bl

STl fgamme 4 (S0 Ao Jedl WS s

Sk 0 il s el Ohee 4 (BIO12) wYL
Bl 465 jga> Jlaol acion pondie Voo B YL
Al Giels cepw g Jlais! o] 5 e il o
S,000 jeam asgS tewke Yoo 5l i 3L 0 g
e YEYY oy (BIO3) il sl a3l a5l
Ol oy (Sl S)lee 4 b 4555 jpa> il
smo @ YAl i o YV 5l jaS )0 aSy jsbay boe

Lo 45T (0,0 0-V0 ol buse 0 0w o



¥4

... Artemisia sieberi Besser &5 iiS1y  om i

30 e dinyd bawgy ool JLil Colus wo o
oas ols il sla Jaw jo Swls Gl olalb
—as 4 b Juw g o Swli b aab colus
Colwn (p iy (=50 gunaib 36T Eean
Alosls olaisl ogs 1) YU Swls L anb
w5l s 0 YOIAY g0 055 jumghy jo i
adib o Seiwad e )55 Ghsy b Olekal el
Sl osls JI, 8 458 pl jgam gl +/VO-) Sl
s> Colus ol b clox] Jow Gulal 5 (YA)
Gy (ST (b0 ate)s adbioe @ pesteslS
adlie J5 5l ao,0 £YI0 o] GlaolKing, o ls cawg
b 4 LH.W g Qlosls plasl ogs 4 | adllas 5,90
'M B 4_:; L)_" Lg}!b gfi..m)Lw L: Lngali..m.:)
0uSTy 8,5 5 ol Sl 0w § Sl dad o,
I |) 4_:; Q—l‘ 9> Q‘BJGA (bl ol yo ailoads
soalice baisS plu b bsle Lan 5 Ll auls> LB
hls as ashin oot g o6 sl idu o Lol wgel

B, Hgax e i SWyb g gla)

SLaaisS (oo e L ol - s any”
i &S W30,S ,S3 Stipa spp. ¢ Artemisia sieberi
e 3 1y LB oS slbet 5 laogS b it )
P E R S R CO PR POW] e oW B S R W 3
aeyd islaig Slosw b "d- (L0 a0 Sllaaes
Anabasis  gloaisS L ol jon 5§ 4 Sbo
Zygophyllum 4 haussknechtii Bunge ex Boiss.
odalive S50 g el oS ool yo atriplicoides L.
O V)ogd

5 S o g d oiel Cwd 4 Copgllas dais
S o ey S b o 1 ol Coslins dn Jo
Jooizl Gyt sl S s Lol (0 7065 6l jao
sladieb Loz aadi (ST e S0 sl il
Jomliy €YD giny Jimliy (35 L ol Jolis
g [0 VO L wos Jumusls o /YO-+/0 L lagio
03,91 O JSi j0 aS ol ags o+ /VO b YU Jewsly
el 0ds

J—ol> bl anpes g glox! ST 5l onlnl
s 2l Jlo o &5 25T, i o Jas ol
3 S5 Gl L oKy Sl sloasss o
oo SLacSsni f53] o o0 mrisis 585 ot
S8) 55 0 b (5 s Sgrad Ll sin Sglits
(F

Q (= 3o (o3 e

« © L) )

o i (<) o 7

© | © _ © © |

(=] o o (=}

X X< < g

(=] (=} o o

N N N N ]

o =) o o

Qe Qe = Qe ]

S} mu.uﬁ_ (=) WT o S AN ) 1[ 1 I 1 Il 1 [} _FII’JIIUHIHLIT;'_L

0 1000 2000 3000 4000 0 100 200 300 400 32 34 36 38 40 0 20 40 60 80
*w ¥ é.,. - i o s s

S L 0 (S sy Mo (§0908 5970 t ISy 50 L il o et 43 Capnd 498" Joall e sl S B S
B oo i [y o piio e (31 Hgzxo 5 4398 STy Jlosol b ol )



(&)

0 75 150 Km 0 75 150 Km

0 7 150 Km 0 7 150 Km
S E— S E—

Legend

Jo-02s5
0 75 150 Km = gis- ;)072 0 75 150 Km
I o75-1

~&oz 3l shgy @ 50 ol Ayl s Juw . pile Jlo byl i 50 jeas sools wlul g aieS ol j (Sl JisS1y F STl
(5 <0 yuin Wz uwdai yaumw 35 ) (7 (£ gman (mas aSil (@ il puori Sousiwgs (.59 )8 Jols 1421 )L Ve o
(Lol Jro (o0 1519 0T aniions( ¢ (S35 Guivaliads LT

ou 0318 il p g S jo (S L calisee Wlilb ;0 g lawgi cud Jlidl ol wuo o .F Jgu

AR I IYO-+10 —+/Y0 Jow

FF/-0 V040 VoY Ya/ef s s 4D
Yoy a/f4 At fo/-Y il sl Kingy
FV/0) AOY VoA YYIVE S5 sonail LT
Yriof YA/FY /sy YOS o peianiz el grn S
VIAY ALY YA/PY fa/FY T Aty

ARTAl \RVAte YYNY Yooy slez Joo




£

... Artemisia sieberi Besser &5 iiS1y  om i

F 50 gl Jsiz) Sod dmlo ,ol> b lagme
i b oilesdly coslie locolus do ooz ol 4o
i sl ol U eailesdly canlial 5 st
&l s oan] jo a8 b jpax 5l ol jlamle
sl joas b Ole 5l colaw g 0,0 conlis 43S
00 lin Corle .l cwliol 4565 gl oo
Sl w8l s Lo @ a8 sl SleolKiy g, colue
00,5 o 2l Plle an yoie g 00l cwlis &35S
o5 sl e bolSiyg, colis b casliol Corluns
e g ooly Cwd 3l 0e5 el o8l s Lo 4
SLaolitng) el Holate 4y Wigh oo (2l5lLe 4
5 asS STy atE o il 5 odd canslio
S o s Sy ell s 00T g ol Lyl
99 4 wilu, oo ain 4 AUC ulal p 1) Jow coxo
dolio po by ganaib cwlal 5 conlio anlo
Egoma a5 oan] Sloj 5 j0 jga> sloceluw .o
3o ol colun 5w ouds cawlin 5l jga>
bl 5 lnl ol goeme (S oal Sloj o8
iloas (S8 Jgaz ;0 5 ool

Ol 2S5 (it CCSMA o o
» RCP.S Ll g )liw cood o b a4 ol
&, V0 Jw oRCP2.6 595, g V- V- Jlw
S92yl 30,2 Gt o8l Jaw (pl jo 0l wales
Jlo i i Y00 Jla o Lol s Lt
e sl g Bl 5 35 aals e YoV
Jlw ;o RCP2.6 (543 Ls &5 NorESMI1 o3l
Sols 4t cwlio Gloolling,  (o2alidl SIV-0-
P 3 Sype 0 655 ol Ytz ke 4 sl
@yl 4 YU oleli)] o 9250 slaaiss L o3,
—alS G310 lse plu o aSl> )5 00,5 walys SWS
Eo—ire y0 .o dlgs cdalin olPlly axas o g
Yoo Jlwan cad Yo Ve Jlo jo Jow 90 o S
ol sles Lonlr (g dan ()l 4 asS oS,
iy 8Lt sogame BhLie 3 V00 Jlo 3 e
45 (SHge )0 g ey &gS g9y datas pie (3blie
NI P JURNIC I JREEURATIC 2R W
IWIRVEY e PO

i ol s g STy gy

3 SS e lp eads eole il S¥olee l eolaiul b
g Vol Slay ablie ;o asss ST, acd da Jow
RCP8.5 § RCP2.6 slag b ol , 59 Y-V
o5 Stz 9 Ol b Ayd o5 sl Jue
Jo slozl Gloasdi SaS a4y wiss oKty olnl>
loa o ool (Y JSCb) o fpns ool g 0l
Ll ilizes gla Joe g3 bl 5l osliel by slox!
21l o polesel LB g ools idg |, Ll cans
k)3 4355 ol o5 4 Gly 5 S STy S
g LaJoe ;0 a5s8 Jil mhaw oS o o2l,8 oo
S il wlgmn glais Dolss alisee slogs Liw
LVeee asss (ad jpam oogusme gl )| diin
o adeS Sl (o Ll Bl oo o YO
et |y ool Sl o St o5 ailan sl
oS T e0gasme a8 ol (pl 5l (S aiS o sim
Slelds )l o a0 Ol dx o oIl e gl S
A deles Lol

3haslaoas Ll g )liw g aS Cuwl malg 5
loolloing) (im0l (Smld b sladdil Zoany
Sy o g (F JS0) adanales awlS ool cunlio
ot cnsliels (sloolSiyg) b o8 Sl L sloainl
dali asg, ol 9, Dyamo j0 4S5 Wl wales 00438
ey <l g enly i s 45 bl G133
5 sladlae 5 oo (ol )3 Sl (S oaldl s 4
=5 Sl p 2l OlSs Glte slaassS sl
ol yo okdlS gladaie ulde o aS wisly ylis
L SmsS oliio o Lol ols aalgs &) conlio oo
Glaallae o (F)) Col Sgliie SlS s ¢ e
2 (S dkays oS eSS 3T o)
Joe aw ;0 AlB jLasl sg lew cos lpasl oLl
o8l oBlagy jo SRl (i oS ols lis (oo Bl
CCSM3 sla Jo o o by as a8 el
a5 polie (YA) 0l saalie CGCM3 4 HadCM3
s Sloj ol g0 0 aigS Sl (ST, eoguse o
sleJos s RCP8.5  RCP2.6 o ldl slags L
byli b awslis ;0 NorESMI1 § CCSM4 o L8l 55



a) CC 2.6- 2050

0 75 150 Km

0 75 150 Km 0 75 150 Km

Legend
CJo-025

0 75 150 Km - 025 _ 05 0 75 150 Km
B 05-0.75
B 075-1

(e-h) Y+¥-+ g



£y ... Artemisia sieberi Besser &5 iiS1y  om i

ol Joo (slags low o axlllan 890 (Siloj ablio jd 4igF ST Cardg 0 ki saidd (LIS oS b Jgua

CCSM4

Y-¥+ JWRCP8.5 Y.V. JLuRCP2.6 Y-b+ JLoRCP8.5 Y4+ JlwRCP2.6

SYAVY ed g

YA VY Sled ol

DEVYAIV 8- FY/) BV Y 0330V /Y suilodl couli
YOASFIV Yo-£5If FEIYV/D FYYay silogdly el
¥Y LAY \ZREIIN YaF1/0 SYA- o0 canlin
VWYYV Y JCRVNL V-ESYIY A IY oo anslial
HIAFA SY-FANY 5 FFAUA FEVYN Y oai] g
Y-y Fravay F£090/Y Fo¥ATIY IR IS
VY BIAY AR /Ay (1) oo canlin salKiys,
VFIOY VY VoI VYA (1) o0 ol slealiys,
VA -VIvY AR SVIAY (1) @55 SlplKius, s

o8l Joo (Glags low il (s 2 3590 (Sloj @blio j0 &igF (S Camdg )0 el Sudd (LIS oS F Jgua

NorESM1

Ye¥e JLuRCP8.5  Y+¥+ JUWRCP2.6 Y+8: JLoRCP8.5 Y+A+ Jlw RCP2.6

FYAVY Slad g

Y- vy Sled ols

BFYOAIA BAFANY OAR-Y DAFYY/A soilosdly ceslio
YOTSEIY FOYAY/\ ¥O-AY/ ForVEY silogdly el
YAV YYAY/4 Yaa./4 AVOAIY oo canlie
VYA AFYY/A q.y- AYAAIY o canslial
FAYEVIO FYYAAN FYARY/A SAFYYIO oaiy] jg
FEEVVIO FYVOF/A FFIOY/ YASIY/O san] Clé
BIvY NG BIAY VYA (1) o camlin sgalKiys,
VIO \Y/¥8 VYTE VYT (1) oo ol sy,
SVAIYY -#IAR VIV <104 (1) %55 slplKius, &l peis

o 9 48l et Sty Jow i sl Jow oy SrSax i
SRR COR VeI SUPCONRCEN FOU ™ SOPVOMIK Pl RSN L )| o e sla paite o 5l ol Gregh jo
ol By, et )0 ) Gt (FTee o o 5 Sl g nl pasll Vln (Sas)b gsame

Gowa il | dos a i Joe ol &l aigS (sl 51 a5l 46T ol s, canslis o 1 il oy s



Dyad d azgi pogdle a5 50,5 o Sleiiny g, LIS
(sloy Jaiws sloools jloolaiwl L candllas S8
sLatiss a5l Sy 3,5 o5 |y Joe slosianin
Conntl Ll 25Ty 1 ol Jole 1 aallas 5 ae,s
b gl oo, Copae 5 iyaebn 4o oL
slagi,abn lr Oleee Ghagn ol @bs 5l
bl Geizren 5 &5l (nl Co e g Lad> gl 00,8
Loy, 4515 oot pledol ol 55 il (s3bsl 5
o8l Jolge adox 5l (ae Jale 5 LS (e
Slo oy p 4 sl gy 48 Canl iy B g oozmy lamn
Lo jljane,s ylien (o 0500 5L o5 5 Sae ($Yob
PR Shasedinys else (o g 5988 LIS Lo o
e 09 go Sleidiy &1y (nl OlOLS ST o
“aeliy g e o pase (@l (nl Cuenl 4 4z L
S92 Plble Gols cuz 3ble (nl )0 00l 53,
Copde 3l adle I us aloladl cpl 5l (S o]
L clite iz iy 9 S Cu o o 2LS L
9 S )0 (b Slydi gals jelate 4 ad e byl
RSy 4o 10 5 SIS 5 (2lS dgy colS
L egblos 2l 5o (Gl g5ome 53 (2l 5bly axwss
e 3 3 pdye] polis 5 alilln ub & 4z g

by Ol Copae el ganaglsl 4 gl

H References

L Jlsmne BB 50 5 LI (S shils (250
Dg (Fehae gras 4l e bl 4 by o Lo
lrzme sl Joms an o (ol Jos (pizmon
L og o955y como e —aleS il
e Sl piie 4 4568 Jaall S piie 4y ax g3
VerroYeo gl b bl a5 0b sakie e
S eS g peekee Ve Ve g0 (Sl e
s Lo 1) aigS jea> (gl collae Lyl )l ao )0 VO
o8 s b gyl o8 (sloolin 5 4555 (] ggozee 5o
o3z 99 ;2 )0 (oelll Jus 95 ;2 j0 w00 0 ez S
Sl gl 4 barye plml> lade (p S« Glej
Otyies 3 Vo 0+ Jlw ,o NorESM1 Jus RCP2.6

CCSM4 Ja_o RCPS.5 szl (g5l 2 bgs o ]
VeVe Jlw 0 Gp—izmod 05— dales Ve Ve Jlu jo
G Olie d 4565 o2, Vo0 Jlo a4y s
Gblio (57l czge ol (ol 5 28 Galys als
Sus aSplail o aalys (bl ghae o Sl
(slassS Sl il Joe Slalllae I 6 ke Lol
b e Gl 5 iS55 el ks 5l i
" o 9 Bl L (ad (laisS la ST 3ged
ooy (oaldl slogy s s oaiy] sloiiSTy i
b lp sl laoe mbs cul 13 ST bl
o bl slaasly goncaglsl 5 (o poe slooie

1. Abolmaali, S. M. R., Tarkesh, M. & Bashari, H. (2018). MaxEnt modeling for predicting suitable
habitats and identifying the effects of climate change on a threatened species, Daphne mucronata, in
central Iran. Ecological Informatics, 43, 116-123.

2. Akbari, S., Azhdari, A. & Sharifzadeh, G. R. (2017). Study on effect of Artemisia sieberi hydro-
alcoholic extract on the survival of Lactobacillus acidophilus and Bifidobacterium lactis in probiotic
yoghurt. Birjand University of Medical Science, 24(1), 50-61 (in Farsi).

3. Allouche, O., Tsoar, A. & Kadmon, R. (2006). Assessing the accuracy of species distribution
models: prevalence, kappa, and the true skill statistics (TSS). Journal of Applied Ecology, 43(6),
1223-1232.

4. Amiri, M. J., and S. Eslamian. (2010). Investigation of climate change in Iran. Journal of
Environmental Science and Technology, 3, 208-216.

5. Aranjo, M. B. & New, M. (2007). Ensemble forecasting of species distributions. Trends in Ecological
Evolution, 22(1), 42-46.



g0 ... Artemisia sieberi Besser &5 iiS1y  om i

6. Azarnivand, H. & Zare-chahoki, M. A. (2011). Rangeland ecology. Iran: Tehran University Press
(in Farsi).

7. Bentsen, M., 1. Bethke, J. B. Debernard, T. Iversen, A. Kirkeveg, III. Seland, H. Drange, C.
Roelandt, I. A. Seierstad, C. Hoose, & J. E. Kristjansson. (2013). The Norwegian Earth System
Model, NorESM1-M - Part 1: Description and basic evaluation of the physical climate. Geoscience
Model Development, 6, 687-720.

8. Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

9. Crimmins, S. M., Dobrowski, S. Z., & Mynsberge, A. R. (2013). Evaluating ensemble forecasts of
plant species distributions under climate change. Ecological Modelling, 266, 126-130.

10.Dobrowski, S. Z., Thorne, J. H., Greenberg, J. A., Saffort, H. D., Mynsberge, A. R., Crimmins, S.
M., & Swanson, A. K. (2011). Modeling plant ranges over 75 years of climate change in California,
USA: temporal transferability and species traits. Ecological Monographs, 81, 241-257.

11.Feizi, M. T., & Shirani, K. (2017). Preparation of vegetation maps based on ecological-botanical
studies (Case study: Isfahan province). Iranian Journal of Applied ecology, 6(2), 83-96 (in Farsi).

12.Friedman, J. H. (1991). Multivariate adaptive regression splines. Annals of Statistics, 19, 1-141.
13.Gurney, K. (1997). An introduction to neural networks. London: Taylor & Francis. 248 p.

14 . Hijmans, R. J., Cameron, S. E., Parra, J. L., Jones, P. G., & Jarvis, A. (2005). Very high resolution
interpolated climate surfaces for global land areas. International Journal of Climatology, 25, 1965-
1978.

15.Hosseini, S. Z., Kappas, M., Zare Chahouki, M. A., Gerold, G., Erasmi, S., & Rafei Emam, A.

(2013). Modelling potential habitats for Artemisia sieberi and Artemisia aucheri in Poshtkouh area,
central Iran using the maximum entropy model and geostatistics. Ecological Informatics, 18, 61-68.

16.IPCC. (2013). Climate change. The Physical Science Basis. Contribution of Working Group I to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Stocker TF, Qin D,
Plattner GK, Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex V, Midgley PM. (Eds.).
Cambridge: Cambridge University Press.

17.Isfahan Agricultural and Natural Resources Center. (2017). 1:250000 vegetation map of Isfahan
province (in Farsi).

18.Jafari, R., Bashari, H., & Tarkesh, M. (2017). Discriminating and monitoring rangeland condition
classes with MODIS NDVI and EVI indices in Iranian arid and semi-arid lands. Arid Land Research
Management, 31, 94-110.

19.Khanum, R., Mumtaz, A. S. & Kumar, S. (2013). Predicting impacts of climate change on
medicinal asclepiads of Pakistan using Maxent modeling. Acta Oecologica, 49, 23-31.

20.Kumar, S., Spaulding, S. A., Stohlgren, T. J., Herman, K. A., Schmidt, T. S., & Bahls L. L. (2009).
Potential habitat distribution for the freshwater diatum Didymosphenia geminata in the continental
US. Frontiers in Ecology and Environment, 7(8), 415-420.

21.Lobo, J. M., Jimiinez-Valverdel, A, & Real, R. (2008). AUC: A misleading measure of the
performance of predictive distribution models. Global Ecology and Biogeography, 17(2), 145-151.



22 Mohammadi, E., Yazdanpanah, H. & Mohammadi, F. (2014). Investigation the climate change
event and its effect on cultivation time and length of growing period of wheat (rainfed), case study:
Sararoud station of Kermanshah. Natural Geography Research, 46(2), 231-246 (in Farsi).

23.Mohtashamnia, S. (2001). Study the most important environmental factors affecting the
distribution of Artemisia in Fars province (Case study: steppe rangelands of Fars). Natural
Ecosystems of Iran, 3, 75-86 (in Farsi).

24 Molaei Shamasbi, M., Ghorbani, A., Sefidi, K., Bahrami, B., & Hashemi Majd, K. (2017).
Ecological factors affecting the distrinution of Artemisia sieberi Boiss. in southeast slopes of
Sabalan. Rangeland, 11(2), 139-151 (in Farsi).

25.Nasirpour, M., Yavarmanesh, M., Mohammadi Sani, A. & Mohamadzade Moghadam, M. (2014).
Antibacterial effect of aqueous extract of Artemisia aucheri, Artemisia sieberi and Hyssopus officinalis
L. on the food borne pathogenic bacteria. Food Science and Technology, 46(12), 73-84 (in Farsi).

26.Natekin, A. & Knoll, A. (2013). Gradient Boosting Machines, A Tutorial. Frontiers in
Neurorobotics, 7, 1-21.

27.Pal, J. S. & Eltahir, E. A. B. (2015). Future temperature in southwest Asia projected to exceed a
threshold for human adaptability. Nature Climate Change, 6, 197-200.

28.Pezhhan, E. (2013). Climate change effects on spatial distribution of Artemisia sieberi in Isfahan

province using predictive species distribution models. M.Sc, Isfahan University of Technology:
Isfahan (in Farsi).

29.Phillips, S. J., Anderson, R. P. & Schapire, R. E. (2006). Maximum entropy modelling of species
geographic distributions. Ecological Modelling, 190, 231-259.

30.Pliscoff, P., Luebert, F., Hilger, H. & Guisan, A. (2014). Effects of alternative sets of climatic
predictors on species distribution models and associated estimates of extinction risk: A test with
plants in an arid environment. Ecological Modelling, 288, 166-177.

31.Priti, H., Aravind, N. A., Shaanjer, R. U., & Ravikanth, G. (2016). Modeling impacts of future
climate on the distribution of Myristicaceae species in the Western Ghats, India. Ecological
Engineering, 89, 14-23.

32.Rapacciuolo, G., Roy, D. B., Gillings, S., Fox, R., Walker, K., & Purvis, A. (2012). Climatic
associations of British species distributions show good transferability in time but low predictive
accuracy for range change. PLoS ONE 7, e40212.

33.Reyer, C. P. O., Leuzinger, S., Rammig, A., Wolf, A., Bartholomeus, R. P., Bonfante, A., de
Lorenzi, F., Dury, M., Gloning, P., Abou Jaoudé, R., Klein, T., Kuster, T. M., Martins, M.,
Niedrist, G., Riccardi, M., Wohlfahrt, G., de Angelis, P., de Dato, G., Francois, L., Menzel, A., &
Pereira, M. (2013). A plant’s perspective of extremes: terrestrial plant responses to changing climatic
variability. Global Change Biology, 19, 75-89.

34.Stohlgren, T. J., Ma, P., Kumar, S., Rocca, M., Morisette, J. T., Jarnevich, C., & Benson, N.
(2010). Ensemble habitat mapping of invasive plant species. Risk Analysis, 30(2), 224-235.

35.Tarkesh, M. & Jetschke, G. (2016). Investigation of current and future potential distribution of
Astragalus gossypinus in Central Iran using species distribution modelling. Arabian Journal of
Geosciences, 9(1), 1-11.



£y ... Artemisia sieberi Besser &5 iiS1y  om i

36.Tsoar, A., Ahhouche, O., Steinitz, O., Rotem, D. & Kadmon, R. (2007). A comparative evaluation
of presence-only methods for modeling species distribution. Diversity and Distributions, 73(4), 397-
405.

37.Wilson, C. D., Roberts, D. & Reid, N. (2011). Applying species distribution modelling to identify
areas of high conservation value for endangered species: a case study using Margaritifera
margaritifera (L.). Biological Conservation, 144, 821-829.

38.Xu, X., Zhang, H., Yue, J., Xie, T., Xu, Y. & Tian, Y. (2018). Predicting shifts in the suitable
climatic distribution of Walnut (Juglans regia L.) in China: maximum entropy model paves way to
forest management. Forests, 9(103), 1-15.

39.Y1, Y. J., Cheng, X., Yang, Z. F., & Zhang, S. H. (2016). MaxEnt modelling for predicting the
potential distribution of endangered medicinal plant (H. riparia Lour) in Yunnan, China. Ecological
Engineering, 92, 260-2609.

40.Zare Chahuki M. A. (2001). The study of relationships between some plant species with some soil
properties in pastures of Poshtkuh Yazd. Msc, Tehran University (in Farsi).



No. 13, Spring & Summer, 2019, pp 29-48

Desert Management

\ ] i -
www.isadmc.ir

Iranian Scientific Association of Desert
Management and Control

Predicting the Distribution of Artemisia Sieberi Besser under Climate Change in
the Steppe and Semi-Steppe of Iran-Touranian Region

M. Amiri!*, M. Tarkesh?, R. Jafari?

1. Ph.D. Student of Rangeland Science, Department of Natural Resources, Isfahan University of
Technology, Isfahan, Iran.

2. Assistant Professor, Department of Natural Resources, Isfahan University of Technolog,
Isfahan, Iran.

3. Associated Professor, Department of Natural Resources, Isfahan University of Technology,
Isfahan, Iran.

* Corresponding Author: mohaddeseh.amiri@na.iut.ac.ir

Received date: 23/08/2018 Accepted date: 25/01/2019

Abstract

Understanding the effect of climate change on distribution of plant species is essential for
sustainable management and conservation of rangelands, especially in arid and semi-arid
ecosystems which are vulnerable to desertification, because of their sensitivity and
frangibility to climate change. Due to the complexity of natural systems and phenomenon
of climate change, species distribution models are used to understand the impact of climate
change on potential niche of species. In this study, five modeling algorithms including
artificial neural network, generalized boosting method, classification tree analysis,
multivariate adaptive regression splines and maximum entropy were used to predict
current and future distribution of Artemisia sieberi Besser in Central Iran. First, the
ensemble model as the average predicted probability of single models’ occurrence was
created. Next, pessimistic (RCP 8.5) and optimistic (RCP 2.6) scenarios of CCSM4 and
NorESM1-ME climate models for the years of 2050 and 2070 were evaluated to assess the
trend in spatio-temporal variations of distribution. For this purpose, layers of
environmental factors including six bioclimatic and two physiographic variables were used
as inputs of species distribution models. Among the environmental variables, altitude,
annual precipitation, isothermality, and slope had the most impact on the habitat
suitability. Modeling evaluation indicated that the generalized boosting model had better
predictions of climatic habitats than other models, and ensemble model than single
models. Maximum probability of species presence was determined in plains and low slope
areas at altitude of 1000-2000 m and annual precipitation of 100-200 mm. Analysis of the
climate change scenarios showed that, the species habitat would be decreased in 2070 more
than 2050, leading to the expansion of desert areas. The results can be used for planning to
combat desertification in the habitat of Artemisia sieberi, as well as its restoration and
rehabilitation in the vast regions of Iran.

Keywords: Desertification; Ecological niche modeling; diffusion scenario; habitat
suitability; ensemble model
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