EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m ‘591& Oldlae

bad 1y U151 g damo Cudgasme Cod jauS O gl awooluns j (2,
£ . Y., af . \ e . Y., . .
S (500 S ¢ (1 58] ey o158 0y ol Lo T (34 59595 oo
Oyl et ol g i ol ¢ slaidl g o yio 0.l ¢ 55y9liS” dlail 04,5 1SS (goomaisly —VF
ul))l ‘ul)'ef J.>l9 )93 ‘PLJ ol&uisly L;o.l.c ul.\.m 944@ (e -y
Al gling a3y Ml Sl olKizsls Jodl s (i), (S55b o e 1)l owlis, S ais el yzils =Y
Oyl et ol g bt ol ¢ sbaidl § o o 035D ¢ 5jysliS dlail 09,5 jLoliw! ¥
norozianali@yah00.com : Jgzus sxiuwg Juool*

Ve N0 G Gl Ve /N[ s il gl
S
2 ol S ooy clois ol DS s o @lie 29008 andls 198y oLl amgi 5 05 (5 0ke 31 (S ol 4 W5 e O

DS cadlllas () > el 04338 il )3 (e Cnnj Mo 5 e ) ol lie L Sl Gl (s ope s el )5S s
As a4 ,S b s | relaxation o o (Slack-based) sews e Juo 5l ol 2bs) sl g 598 S 5 of mlie aecans
PGl ¥ 3 WAV 093 55 (oludd aidliras (glaygliniS (g 3,8 L (ol by B Joe 0,0, b gy gl 53 e
S 5 YL (s BB psbay Jol abye (IS S @l 8,5 )8 oy 3590 solal (NS slaasls O pibio gl il glaslisl
e Gy IS DS 015 08 pgd o po (IS g el pgo Ao jo (S 4 S35 (IS (S5 el g0 Ay 3 Ol i gl e
SAR (b it lai sl calss & 5, ol K55 33 5 52 ol agir ol (Jlod pluls cgliow ol pladl laglind
ol Olognads | S (g jlagme a5l )] oLl in cuxdgo a8 alin] oy pd o ilie ()8 0l L5 &S ol </VFY Cy s ol
wlas LS el sl bl OF wbio 51 syl o e L bl sl jgbxe slalinl 3l LBl g p lad ype sl olls wul
irio L g 08 5L s (10 O B pns etinn i 5 et SIS 0,1 )13 (Siluan 3blio ,5b cow blie JS IS 5 ol
=h 90 yshateds 35 (6 blie 15l Lo S Lo 5 J3b O Gpae olas Ol .cus ol ol @lie IS SL 51 Iskes 35 Jolss
3l s 5 (310 G Brme )3 (pgradyo ((Sog (il asle ool 595 g2l lioghiS 5 olig e o> ol abio 51 ()l 0 e
w2 ) A L 6)slid g 4y slaylis Lo (ol dgm0 pslaie 4 yiaS (LU (Sleglinl )3 &S 398 0 Sledidiy IS S yeS (Slaio
ols8 sl L cdgy 48 008 o oty 35 9 89l (5, 04T 5 ope slagyglid sl 4 o llo b )5l (slas gl 51 s
235 )38 Ol Bpmo IS 90 5 U558 9o 158 o e b g 3 4S5

N VIR PCI AL LI N DL OP RN JCAN

e by 1y (SisSe S lulyd 3 gblie ol (65lis doude -
ored b Ol glio Cdgime 0 4295 L (1YA0 (i) ol 3281 ol laglin g Canl pler Jdne 00555 O 90eS 0305l
4l ) OF dilises GBylae (sl Lolis (958039, (I3l 9 59 5 OBl T 3 0 ey ST e o mlie dgeS
O glie  oslizul o 5y 4 iy 4By g ol slaas y bcdgs & (6956 4 sl ludl o) 5 Cuodls cannj Laceo

5 Srae JpuS ls LolE e o84S 0 Ol pdy oo ST gy 58,5 5 wlie ol b 3y0 0 (60556 3 i 4 )l

2 0o 09158 el el el s B 28 )13 O bt e 5 ol oled ) ohlsyone xSy lp oS lie Cypie
13,8 2bul Ol (ol g B pmo (e Jolod sl g Lo ] an g 15) cusl 03,5 Conj Lo 5 ol Cupte sl psla
J byed Sl Al IS b 5 sese ol gl S olpe P i) o CuiS oMSte 5 Ol dgraS (bl b (YANY

O g e oyt g Lo o e mpeual il (glaoged Han 5 bisys) cwl aBl Il ol 3 sl cban
s9dise il ol Capte 3 3)lse (90§ o S B Jelse Ol 1y Ol dgame (wyiand ol olie paiame e @ojgi (VF -
) 28 Slllas 3l Gl (W (o )Sen 5 g La) wlye tailams 5 (5351 L ol O mle yols Jl 53w e
Ui o > ol B Al 5o Jelge gy b alaly o Sy dnwgs Sy 9>y 0jgpel (WAY () 1en 5 3,5) Cusl o

Sl olasl oo Sldlbs )3 (Sibay & ere sloyito | S oSt O el 3 D slapianwss] & Byl o8 Sis

5 bystS aladlin coye 5 Lad um wad aag o 4 el O B3 5l gy catlyyy 5 b JlocSiis g8y by ol
o o ol I ohlen g (bigyg) cusl Bble 25y ol @lie Codgime sl ablo g9y S glme Llyi b,
bbdye (2,8 g (31 (o8 Sldlas (ke I gl Sy oS Canl oA cue i Mg A W s Cumed auye
Sl B pae ool (liie ) (5 ks 2950 03] Lingh Egds0 Sy Lol Ul oS G pan la ity plo b Cos (gjsliS
i bl dlazl il gl bey by ol g ige Jelss 5 ol Uit bl pete ool WSl Al Gpas ol

YA-A


mailto:norozianali@yahoo.com

EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m P,LC Ollhe

boiye Sluwo (398 Gaiod 3 20 Wy Jelse (559000 32 Sl
CdS 1By pdyge cilisie slaold 5l Ol e (gyg0y00 4
o wlio 90 50 yeiS Jb y3 ad Sabul Glillas liwbio
i o) (2l Mlite b 5 (65)9la8 Sl nld 50 b peae
a3l s adlllas joiS A e JS ey ol 8
ol 45,55 plowl il g ames ccsdlaidl (gl puito o lSe
e238 GLSe sloue (5 slaingh 0 & cul ol sy
2 50 @olie | Jitus |y dilate o (il «sy90 %0 9 5pslid
@ G by Jsl (il 9B elel p 1 ed)s e
O B 5CS05 o do &S ol S g Cunl duly (o> (SIS
Slaal )3 ) RKoden 9 Sl & Cos |y b
=25 sgileJie o Lad ww blad pae 55 oxuwdladil
el bl pliizal o weso ellas 4y yoxie o oeiosbail 5 o)Ll
oy g0 > o5 e (WP 55y (e g i) D950
2 e o) lapiie Golol 2 Ol glie il e 93 )
JF b cplple & conl 48,55 ploxil gllasl (293 ()2 ol
alie 31 odliel (590,00 (b 012135 Slyb )y cadlllno
4 o) sl @l (eriodladl Jas 1 eslil b (gladlaie ]
Jlss 5 ST Brae spg00e b Sl osnlio g ilaio gl
b > ol Qb ¥ (sl (2lad > Bl ) 5 O 2 e
P Gl a8 T3 Llodad g 350 IVAY=IYAL Sloj )90
Ol 92 58 el Hlat o ]y slad il gl as sgnge Clalllas b dnnlis
29 b ol ol mlie e Canj 2L 5 S50 Jalse (imgk
4 S jlate ol &S canl oadadlyy by (LS o) Il 4
ol @y did Fplogl (A3 Cldllas
Galod @lodl (ydg, -¥
Jso 51 o3lizal b il ] bt b8 1and 5 Langs ol 5
9> Obgy 3l odlitel b e 5 el 0sd 3,51,(SBM)
2 sl Bpan g olatil S50 Jelse 156 (SDM) - plsd
sl e i Sl 4B8)5)118 cw)3)50 Al glag stz
sl 5 o ey Al 4 Mge oyl okl Ol glie
iV USE 3 45 psbiled gb meds (slaori¥T slay
wad oo s |y ol mlie glals yogd i V JSS ol oddodly
(S mmas S8 2ls) DMU (255 5 (3909 aul8 o L
oxlis oS5 5 X (93909 Jgl al>po cgomoj 99 JSiize
9 Bl gy dbpe g Foglhsl (295 5 Y jhainyse
H (2558 5 R (o395 F ogllacl

colodi 25 & 25 L bl oy a1 JS

Xl=,l8yy
’ Yz Jsla lslialy

X% )it H1=C0Dbus i s

H2= ANowd o
= J ke s i B> foka

Ve i g
H=xdy —
R= Moli gt ey ool gz 8 538 glayu
F=il ..

¥A-

SrSoisd Joo o (DEA)s iy, bosguss « ks
oyt g iy o g ogllasl Jao < (SBM)sgiaS juito yr itne
ol S (VW e 5 gl5) wleals B o 390
bl 3 1y o Brae gy90 00 omd b Bllae J35)] o ingsy
ol gle s Jols 1y ol 2 S Jelos 5 wloj o5 498
drg o B Gty i Bl «f Gyas sl
oledly gadge (Jlaopll blosls 1,3 a8 3590 1y 00 g (solaidl
5 e 3blio ) S50 Joloe g Cusl oszmy y9iS 50 ol by
wbad Jols 5l @yiay (L8 Oldlas .cusl Ciglite dawsys Jolye
crl 251 el 039y o952 1356 Jelse g ol pae (sy90 0
» Sl S ool 1) (olad) lilps 5 S ol cldls
e Cusl pSae pols il S > Ol Bpmo (690 00 i
owper &b (ol ) e g olatbl-slata] ol b
Al ash bl lues gla sl ol Gyas £y90y%e b
255 515 1l ot Glued Glinl bug ol (Ses (ol g ogMe

Wl ) gy & Caol 4By £9b5e oyl 4 48T Sl Slalllas )
9 bl 1) sred G g 2l pgerre (V0)0) e 5 5,
by Jod Jho (bl 0287 qwyp yeiSg g Py gl
Iy @Ml (V4VF) lKen 9 Lo (puizmen g )5 odlgs b Waodly
Js p ol bo jloolatwl LS B 5,8 8yme sanYl Olgiedy
S B 5 3 bR eSS (e )9S Gl T 3 ) addate
g Olo g 4B Splxl AalBl (293 b bhosly (hdgy Jlod (b,
2 hom S b gl b cany 2L (YY) G
gy bl Ol glie (8 2L 5wl (g pSojlul il ¥
oo & adlas 53 (YA) (S 5 M558 duglie ilisee
Lo i o o el U5 S a5 5 oo
w8 wlby ogllhsl 595 L DEA-SBM s i,
Ol e () Wl adllaes ge slayis yuda O Gl
Sl o Cato 3 G @D b)) o oS W 15)05
2 b S odlitl e Lirio e o glie §) g0 5]

(Y 0V) ohlSon 5 15 220,80 (sajej o Bpae (524850
5l Cadgiome o8 gl e JameCin; @D (2 4
L DEA-SBM Juo 5l &5 sisslsy cpn 3 olad SlSL ol gl
b ol gl o Wby ejny ol plie ogllael (295
5 las SLSL sl (b O glie Sl obopope IS 2L
23 5 (Solad Gblio 5 dilaio 93 o b oo bl LS
5 o b dey (B Ol Gras wdtusyd o paes 5]
Sl il gz 3 o glie b 5 S5e Jelge (inio 3L
D) gblize b smuo jdle 5 B Ol Gpas lad
G gl osp 4 Sladlae 3 (W) )Sen 5 (Yo
Sy 6 g psliS SV garme jmemodles ameCuns
& olp) S5lS it Sagene M) 2 @S Sl g (55l
Oy Sl sl b pslaie sy 908 slaliel S8
5 2hHlS Sl bl wundsS o Jdo g ooy iy Juloo
oddgwyy WAVIIWAY (Jloj 0)93 )3 (5yg0p Mdy p (5y9ld
e il gygoume My g 2l Sl ob ol ol .l
Ay s asl, pived (ol Sl (655l Ol phew 5 il

wlopw Clyos g 039 Cute (5y90000 My ) 9y Sy ]



EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m ‘591& Oldlae

1 oSt &S]
1— i i
E —mi m+p(éxi0 éRioj
, = Min
1 (s’ & s
1+ ( LD o J
S+ g i=1 Y|O i=1 HiO
v)
st Xo= XA+ Y,=YA-¢
Fy>F22 Fy2FX
R, =RA +s'
Hyp=HA* —s" A>0,22>0

s*>0,sY >0,s">0,s">0

&S ol (V) aolro »

B s*>0,sY>0,s">0,5s">0,5" >0

@ prie o Cwsl Jolie nl 33 (295 5 (53909 9008 Syt
olbiw—oald Juo b dunlie ;0 gd o b 9y 9 o gdg)s (b
a8 4 (nonradial slack) ol (¢ pSojlsl Jie sy
I»; 42012 McCrystal Avkiran) )b w5t 8y g
295 3 S99 (S18CK) 358 lajen ssbots adlie ol 53 Jos
255 9 3ole Ablae sl okl L plgice 1y (V) Jio 1355 0 55 )5,
&3 S e g Coge DS b (RS Jle So 4NV
LAY L e g)lre g osd Cpo T eate sae K 3 (V) Joo i
bl y oo dgdote Laglys 4y Iy Aslee T jluke mulais b g 1S oo ]

(VWY hen s 13 )l ) 20 4

B m Sr p S_r
E,=mint— + 3 T
° m+p(gxi0 éRiOJ
lEE)
S.t: = Yio ‘ZlHiO
tX, = XA" +s* tY, =YA' -5’
1 2
tF,>FA" tF,>FA o)
tR, = RA? +s" tH, = HA® —s"
A'>0,A’>0
$*>0,5Y>0,S">0,S">0
S.h :tsh Al _tﬂal A2 _t/lz
¢ ! ! S =W - bl &S
X _ $aX r _ 4afl Y _ toV
e Ly o Si=ts) S =ts) §7 =t

J ol gt 5 A 5 Ly sl e S adles
AR Cawd ) pj S o5k

YA -

2L DMUJ (j=1,...,N)o,b 392 DMUs « Nuis 53

UL") uL*-“’ ) Y:(Yl.]a’YS_])T )‘BJJ)?" w9 J“‘J9"
F= (F1j,...,Fd)Togael largs DMU s walic

P 3939 9 F osllash clagzgp o0 g 5l A8 0 Wy
wslas sla2g G L pp> dbye & RS(RIj,....RP)T
acgerme S 0 mbs |, H=(HIj,.. . Hg)T s
5 W85 0 pSpmeal sasly bl ¢l |, DMUo
2 ool B2 pgd doya g Elo Jyl aboyo (S 3yl e
b il 2o 4 Syide bl loges IS Cuslus g Ayl
Wy op )l ) S cslhel oy g Wb S odled
295 S S b a1 b Wy ol b))
odlaiwl Bua lgisdy Collae g5 bkey Sl o Callasl
83939 Sline 4 yido Hlaid)ge (295 (HBly Mg ARl ) 8

YV e g 9l3) Conl 6yt ogllaols sla g)s gyt

03jb 5 wallaol 03jl covi (glals pogd g Sl cadllas oyl yo

0 G5 Sy ole w0 28

1 1

onx/I, o) Y, >YA -
1 2

F, > FA - F,>FA o (1) doge catpios
2 2

R, > RA - H,>HA 5

2>0,2>0

Ao g3 odimd L 129 j“145 @l 3 (V) ojles dblee
Mg (25 d93e (lp Wlgie (1) 5 () Lo plpl s Juo
s yo (33,5 390 slp Gl 1y (F) 9 (F) ool b g Sl 4l e
o) <398 eublB | dasgazme (wlal p S odlitwl aJg5 pod
a3 Djbpie Al yegd plusw 2L (pyn 4 adlas
pgd 4l po (63909 (izpa 9 wgllacl (298 gl F bl yuie
Frabuly e (Jgl doyo sadg S b)) plia o
Jo ol cwl gSae Jol dlsje ogllacl (298 lpisa
Iy sl jo53 (295 5 939y 5 adlllae (] 3L LiSL SBM

>0 _ . .
¢ ET-23 u51.]a.ab .391.95 L;Lb).uwo 9 b.))f W.Ja.u
s¥>0s">0s">0

SIACK-) 39uaS poite 5 Judl) b pSoslsl Juo bl
ol s (2003 TONE) buwg oS wglkasl 9,5 (Dased
ol 0a5aB)S a5 1 b polde 4 s (33 adlas (pl
Je Gl 3 (295 ool lalsyegd Mg s Jae
bl acgeme ¢ (SIACK-DASE) 5508 e (6 Sojlul

(VY hlSan 5 9l5) cosl 25



EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m P,LC Ollhe

f2 h* rr

S macd M el S 55 w0k
sllasl (255 > 41 pg> al e (639)9 SIACK yite saima Lty
ety Oollacl 3,5 31 SIACK e 3 )b 5l sl Jol dls yo
3,8 Glo |y o g3 o 45 el Lgllaal (sla >gy5 dlass ¢ 63955

-
ST ek s o ol xSelsl el el gy

§f? s

@b () Jae 3 gllasl (255 5 (V) Jwe 2 5

5 513) 298y nj grb 4 pgd Ao Ol @lio Sl sl

VWY o)
s‘fz* Sir*
RiO

p
e
o

1-—

b

1
d+p

9 oh”

S
1+ —
iz Hi

Q|-

(%)

: E’
ol pgd Al ye Ol glie Jl il pee 2l ¢
E2<1
0 ST g ob anles

K

» ui é.:Lm )‘ d)b)%")@d u;])lgb ¢
2

0 u,\.ul)Bl L ;Jb&glb REL uL‘“
b mlgs ity Jol alo e > Ol glie Sl ol 0 0

u)])l{ ¢ Ps.} 41})40

S e JS 0 1) bosiliw 5 sy b S IS <l o
JSie g o 2gp ¢ ol I alye jp cpizmen 9 2,500
Slgge I 2Ll w25 a5 3 1) dawly 3908 (sl piie
sV s* p
¢ 3 .)9;45)] L;).So)l,\)l u»l.m‘).:.)y» w):u).:) C)mt\:
X f2" h* f1°
o g bl S, S

S
f2r h* r
GO s () V) ke » S 5SS

r*

s¥ s

3 3

f1
S
Db o Lyl pj Oypods S Ol wlie (g1 po

b

i=1

b

i=1

*

d S-fl
2
i=1 F 0

1
m+d+p

1
s+d+g

s
X i0

d
2
i=1

p
2
i-1

s’
i Rio

9 S-h‘
+ ]

(%)

GE, = X .

l:iO

s)
YiO

1+

Ll ds e 93 o 5l IS Sl g isu il Gy 4 rgi b
b 63959 (Sl puiio dad )3 (£39s0S piito &S Sloj U g ] cowd 4
ol ye 93 51 (S a0l g )05 dg2g davly g b 29>
e b awlie p cwl isul jl 85 & bl Y by
5 0 )lows oaboloiiiy csllyagd (slaodls gy Jelooge o
adlas il > Jie (VO )San 5 515) 5 (YO0 oyen
davly sloyiie 5 (295 9 5299 A yo 93 s Cond Wl 0
2 Bsdgyy NS opSoilul Collach (295 ()5 e L,
5 oy ol plie Of @lie Sl gl e 51 Jgl o yo
g Bb Bl Wy bagp S by wie S5 oy
i8] Gloli) W5 Lol eV sl sla gt

AN

d S-fl
MaxZ'—
it Fio

(*)

op Xo=XZ 48" Yo=YZ-s”

Fo=FAF+s™ s">0,4>0

* *

y X
Wit (V) 0ads Jao b dgeaS sloyine S 5 S a5 s

f1l
sl Jgl Al po Cgllasl g5 diaS ssimd gl S

2 o9 ST gl alse Cgllasl (293 3908 (4503l

;oo

(V) Jie )3 (2o 5 83939 329905 S 5 S lsbma ol
f1°

e 5l slpone 2 A) Jbeo 3 sllach 29 ST

P9 s Gy nj gps 4 gl dlsye 3 O

4J5l 4.1>)A » u’l é.:L.n )l d)l)xb).ea U"‘)L{ ¢ 0 )fl

: 1
Ak gl dspe OF gl S obpesee 2L 0 S
1

0 Ll b Jogl
1

0 Sy dgupy

Jsl 4.1},0 » ui é;l....o )l LS)‘-D)-?")-Q{. ¢

2 L:)] égL‘m 5| Sy by (hiu Sl oxiad s
(V1) Joo ccunl (o wollach (295 4 4295 L el Jol als yo
Gl glie Sl iyt s 33 1) (205 (295 9 @909 &S
2 1y oxdosliul bodls (Sogll ol g ans )3 dngidyge
s (1) Jae G 3 a5 dope (IS b5 555 o o3k IS
s 2D 2 B8 B9 Jale 51 5e pSojlul S
Jdossio (glp 1) (Bh (lidle piams Cuwl p3Y G
O lio Sl )by 00 0 355 o po Ol lio 51 gl 2
V) Jse Sl ggss bl o 0,8 ooy 0T oy sialé

gl
d S_f2
MaxZ'_
7 Fo (")
op Fo=FA+s” Ry =RZ-s"
Hy=HA +s" s">01>0



EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m ‘59.'& Oldlae

oo Gly ohge gil e 0B 25l (i rioslatd
L)’Sl)9b LM;D)LJ u»lwl »9 .)9») Jujl) LSJ'““JL’ u.:l.aﬁ ul)Jl u.\w
SAR) b _ocslas] gl e ol 5 (V++7) oSen
Sl Ll jd g 290 bl age Je (SAC SDM SEM
(VN0 e yordl g gdla) 295 3590y (152 ) o) puios o 5 atitns
ssbaieds adlae pul > Dsd e polee Jglite lab (gla s
Jae adlae opl > g0 polee (Jolite olab ol Sen o)y
(VY lSan g 9515) 3950 oy 25 (SDM) (ol (90

V-
L=

ol + WT, + BIRCWAT, + F2PWAT + B3LaVONR,+ i)
B4CAT. + SLn TP, + Bolntech, + f7indegr, + BBLnWat G, +

S9mWAT C. + B10Ln Tveafer, + +B11LnT.DE 8+ +y, fu,

Ln VGNP InPWAT Jdn CWAT . Yi (Vf) dail, s o
T . WATC WATG Degr .Tech .TP .LnCAT
il o 3 O Bpae )8 syl ciy & T 5 Water
35 )8 ol Bpas (6500 w2 il O lio o280
Wcdlog; 1 S alops IS w8 @l b Ll
b 2> iyl (598 bty o)) iy Ale Jpuainn oIS
Sran i)l sl o bt w8 il o slaidl (g,
1l 53 ol bod 03,8 g Ol S G yume o )5 cailjgy ooy
S 298 gy G5 8] ) (ldd (Shrendgd 2929 il
card 0553l 5 e Slp xS e Sage Al lagsesl b
diles slaoylol ) g o] sloiine 5 ldd (Stasendss
Slllas 53 905 odlitsl *uiS 5 A8 Fihse oyl Gan
il plab (Stuangs oo 53 yge ool lagas 020
S0y 31 B 0ad 35l e )3 (WYAY (L3 5 (b)) 29500
Sy g lad (Suly cwl oY olad JL e
ol sl 28 )18 seil 3y MBI ez (Stiamag
S99 5 b g il oyse opseil s LM gl I pslato
Sygo LM ejl buwg clialie fle olad  Stuwendgs
2V L) 5 ) sl o alaly Cjaody &S 5,5 oo

X DRI [Xi —sz(x] - Xj
Zi"_l(xi - x]

Moran's | =

n n

i=] e i W;

12 Maximum Likelihood
7 Moran|

8 Geary

3 Getis

(Va)

YAVY

A3 1) (@Ml )3 (AN) Slosel 5955 5 (COD) (olosd
J§ dl}bbbl.} )‘ J.J‘U)L.G J5| 41>)A 99 LSLQQ»L‘" J:)SL;G
39S Ol lie (glaodly g lpl Hlel 3850 51 AV =V (iS¢ Lol
255 9 Ol el psren Sl 5y @ )lig 1 ARV BATAL )
5 S OMSb (2953 5 iaio ML > COD gl do o
ped Aoy slagrgyy &S Moyl jodS i slac]
Mol adai glaofyy S blops slp B> (IS4
41>)A dLmu_’>9)> L] 0145 JAK uMaolB Ls)lAft\JLo).w 9 (Sxmo
o 5| pg3 d o uwl(AN) ol s COD Gls Jlude pgd
Cou L &Sl oA;.i\Ji C)L")') 4\1>)o u_.;l é.gl.:.a )'I d)h){oﬂg
Sl ISl 4 b &S Sloj wanl blsyl 3 laoanl
I sl 908 Jyl abye gllash (295 L dblie (sl 0ary
i by g AN 5 COD gl abyo )5 il ok
9 3 yieS WS Lged ojlul lgicds Wigs Bls ol e

3l ) sloasls

' olad suwalaidl gl e
whad al il &S cul suuwslaidl jl gadls olad  ocuwsladl
&S Cond Jolge 5l dtwdgd olad @l il 1 jslate 3,8 0 Y5 3 )
cov |y bl Glgie 5 Spdie oy Byt il (e 4

2lad Slueal 5 (oldd (Stuensgh b (olad (Stuly cpglie
Sy 3l omwdlaidl I adls pl b musy plad Hkdle b
oslatdl Sglis Ll ol ol Lol g olilin LT L lacalus
ol Hlol b oslasdl cgls asle canys by b olad o
Uad gm)S, 35 slagSll (IS eba (Elhorst, 2013)
bt 58 J(SAC) (lid (g ) 35 ogee 55 Jols
Stasond @ b Soma)S) 355 5550 ((SAR)plg (gm0 5) 355
(SDM)® (y90 (s 55801 5 (SEM)TUMS] dlox )5 ol
2 Py Jolse dygly poliatoa (VWA (asi g (D) il o
b oxtoslasil il 5 oyl ol » o glie LS
wlid gmSy 3 slaie cubel o)y el okBoolitl
oS (ages (alad Jae g (ldd gy Jhe (olad slas
O Slp sl oaB OBl (alog die Ao Coledyd g 0adod;
Sl g 48,515 lue (aLad (9> Jde ey b malione yué 51
el 038 3yl Gl glagliol ) Ol Brae LD ke o5
¥ et 15 o,ldl &S jgblen b oxiwslasdl (gla Jus
i le Il sadodly b jlaidla & Cwl gud
it 5lSel (SEM) ol glas o o ol otuosluail
090 Jde (YO cawyordl o 85) o)l 1y (gladlaio 530 il
ol s 1y (lad) sy Sl @l (egee Jio g (LS
Joe il s glp (WAY «ygaie g 3155 5l)5) dims o
sladie laggm)S) 1l )3 98 (b Jolye cpl &5 cul oY

1 Spatial Lag Model
2 Spatial Regression common model
3 Mixed autoregressive-regressive model

4 Spatial Error Model
> Spatial Durbin Model



EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m P,LC Ollhe

g2 olail g 5L dspd =V (VS ) Kan o L) Bb 2B
(SygtS pae O A hly 4 lpplo (i) e =gl
(¥ ohlSor 5 (ljgsg) JS (Bras ol 5 oy (Brae o -4
Wy ogde Jals |y 43S el YV ais ) cslal dncls
O gl dod) e g (galaBl (slayiito S| ALl 2 S5e Jeloe
GBI GaBL adg lis) Cpb Ol Gpas «5jysliS o il
C by o gmwo Bl clin] o dlasBl g 5L depd @l
039 b (ol o 3> OT S By g (gjgliS” s @5
5 owliblad lojlw g5y0liS dlea < yliy 51 VYAV B VYR Sl
ol o odlizl lib b Jae B o (glaidaia T plesls
Sygo bygly STATA 16 Jblay 5l eoliwal b e

ow o.\.wﬁhﬁ)f

=Wy
Sa9 00 JSIVAY BWWA Jlo jlamd o Lt (V) Jgio o gl
s S sl ol 50 ol ) (ol it Ol e
S0yt o Jb> ol Ly g plpl sl (L3S @jg 5 09 gliie
(o Gl B cpliows oy cpladual slaglinl apee s
Adly Cueldg & ) (b N9y 33 9 S98)y GlelB (e Ll
F b ae cans St Gl 51 S ble 1503 &5 >
o Ve o lis (V) Jado wilaily yials K4y dn 9 ials
(10 ¥+) bwgio s 5l 2a8 o Bras (659050 2S5l Lol
gl i 5 Cunjlaces (iso gl )1 () 23y90 0)93 Jobo 5
L wilgy go &8 a0 L 1y s 5 ySlas by bl (S 0 ]
o Gl g (oladl ((aee Lulpd S99 guone oy
H9 2,5 &8y o 5)) dgme 9 Ol disge Bras g (5 ysltS” 2T
Llodj) o gl L g ok @by 3905 b cins ] ] o Jls o
L (YY) ohlSen 5 o305 alio addllas 3o (039381085, 5 (38)
BAYR o slas sl las (V) Jedo gl .l ddlbdggs (s394
soboass ol ) (lailate T @lie 5l edlizul ()90 00 JS YAV
sl sl 039 plpb sl SlSe @95 9 0 Oslite (25 LB
ol (Jlod ol 3 liows (lo)S sl gl (Lol ¢ Jlie
Bblin ol Ldlate Lol ccnl o Tawd 332 5 (5355 ol s
3 oo rte Jooll dmae ol o plodily )3 435 4y 9, 2
Sl LS 55 (Ho3 gy pliwjs 5 pladol elinal § olues
O s 31 6ys0pt2 o)l po ATAY B IYR- L 5 m oo 5
obwlp pliow (leyS Jleglgicdan ans oo Ui |y Jg3 %59,
Oleol clina sl 5 Gl 552 QoS (a9 Lol (Jlad
oSy 98 il laglul .l al Jl 55 Gluojes 5
S DS ) Ll slas 5 LS @i b by
JLu 51 )i o inlad @y dlsye o SIS 5 O wolie I ool
Jol ads e 33 Ol wlie jl oaliil (659 05g0 YAV Jlo b VYA
LS eSSl .l atily dolj8l 4 gy L) &S Dl L
g /YA IV yoly iy an Jlo x> Jobo 3 LS (slalenl
Ot (e g Sl (o 9 08 (Ol g 9 i) /YO
sae 95 opl olds .ol (S sl 4 by e a5 cunl <45 LIS
POl plie By ne gl bl gl ol e (gosimd s

YAV

T EMaz o (2l (Stuandss 3529 (58 yge 095l
240 0 dmole (VF)dlasl) g0ty g amd 00 )18 () 23550 )

I = ( )Z W”(xj j

Oms ly 5 bl il pasuts sbggell oy ) A
(Zhao et al. 2017) 5,5 g0 4t Jio

(V%)

o905l bl SEM g SAC oni 354l o3l 45 dunlio —
P Seed 0y o cupe e byt )l e
0905l 9 ol » SAR 4 SEM (65 aulio — s & Mes
»lo L SDM (o3l awslie — LM (error) s LM (lag)

(W )en g oldlb) oI oy yige ool = oSl

Y sodly gl 2lad G39 ow il gzl Sl 090 —
yguiS yluw!

pae olad  orwdlasdl (gilwsSl p CMSbe (S, il SO
Cal (S S5 cp e 4 (2lad (i Slam ple (pmess (Sl
odlaiwl ydey by 90 I Oldllae o (AVAF ) Ken 4 oLILL)
Aol polul (6503 5 pglme (e gy (o Dsdise
o his glad Clgl wyglre (og))0. Db iy a K
8 jponn blE lilis blodjl & Liblie) dluan bl
Sy iyt bl b jbliie paie (o) cpl 53 Wgd e dgaoe (1231
oo 3 bl gl e ad)S Jlas 3 jao oLas (Sjg il
&S Nod o A Blmed oo b K6 plod ega dols p e
5 o) ool osi odliel ilSe alols by, j) adlae ol

¥ K

i 55 Jolgs
4 e s Sl o2l 45 o wlie IS Ll b
sl W55 oo O @lie DS 1 50 Jolss adlllas g il oo sl
2 5o Jelse e W)l 1) calisee sblio )3 (oobaidl jlub drwg
a5 M}l)w L§l>|‘> ualbb A.Jy 443‘)’9) u).w uT d)Am ‘L;)”wa
Oide ailgls iy o Hlsle (el slail g iU
o sl asl bl bl o o S5 Gyas g jy5lis
l{ u_\n.x.b 9 u.).aob}f 5 u—l é.:Lua dl)lf 2 )J;o JA|9§ axlllas
9 W L;vLaB L_)I)J‘ 4 4>9) b) L;JLaB Ox)90 JJA )l oo liwl
WS Ojgob Cusl LB JdoSan 5 3)90 (wabiune st
G sy te cwl (B gpb 4 piagh byt
=01 alie Jl byt G =Y (S Cumen [ ol JS gl
SIS qlogu JS-F YWY )Ken g 85l5) Cuxer / BBb alBL
=i gme jal) el gbohb il
OHSen 5 b)) IS Curer [ b sl olb gyl ab e
HF I ppoed dagi g oS (b)) SCépdn g Bui F



EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m ‘591& Oldlae

YAVY

Leodlys gt U panass (gams)d o Cosl 2y (gilodinde
o il glas godimdylis dluel () Coles ccawl a8 )F & jgu0
ol 3 el Ol esles Cyume Llod 4 wlie (sdingy (amass 5
Sl ced aras sl (3 )13 L Wlgie g 350
donty Gt 5 Mgl coles 4 L lalinl 3 o edlgs
SHLS 5 03,5 K8 cladhaio slaidl 3 O L yae 03938l 55
Ol (V) Jgiz s Gl 81 sie sl il )3 f o
3 a8 O B pme gyg0 0 (2S5l bl woy> Ve s 0
A gl 1 () 3590 0393 Jgbo 53 (303 ¥+) Lawgie s>
) (i 3,8bos Laplid (B )3 (o i Laios 5 G lae
e blpd S99 oo Co e L Wl o0 & amd e (LS
5 ol ity Bymao g (5558 (2T s al531 5 (ol
d9a> L e ol il Lo o (g 93,5 o8y Ol (35 dgme
Gk (039331585 9 (8) LLodil ol wlio (a)lS 5 0 )
ol a28bdgms (63935 U (V4VY) o)) Ken 5 oil5 aolive aslllao
Grgorte JS ATAY VYR Jlu 51 a8 oy b (V) ol gl
Solite (gl jgbas olnl 5> (sladlaie Of i ) oliz
adgl plossly (Jlo sl sl 0392 plpl jlos Gl @ 9 29
ool g gl cJled pluld pliows (oo )3 (slag i
2y 2 gy gy Bolie o) Llate Ll el o Tan 53 5 (555,
5 i 31 900t WSl s e ot O o] o
ol G ablS 5> (95 asgy gl g Gleduol i sh
Ol plin 3l (900 Jol adspo AYAY LAY o 1 s oo
obelid o olo)S” Jlsglyiear ans o L 1) Jg35 0,
Qliarsl § Ol (5555 Gl B sz Gl (Jlod
298 iz (sla il .l (Ll Jlo 55 e g Gledee]
A3l alblyie (slad o GlSe wajgi b s e o Sy
oinles 4o als oy OIS o O wlie i oslizul JS° T8

518 .



EAYY—EA+A axio N E0 ) Il cylimli Joad (093 8 ,lowd ok 8593 commn 5 s ools Colallne

(SBM) 53005 it (g1l yogd 21,15 Juto 31 a3liswl b oyl ol sl ¥Y 45 ol ailio 1 a3ttt ool 5 Y Jgon

1390 -1391 1392 1394 1396 ol
Jgl a5 dlyo = dlyo dlyo = dlye al>yo &b al>yo al>yo = S e
P9 K Js! P9 K Js! P9 K Js! Py
0.70 0.28 0.40 0.76 0.30 0.43 0.73 0.29 0.42 0.74 0.30 0.42 By oloubydl
0.58 0.23 0.33 0.6 0.2 0.33 0.62 0.25 0.35 0.68 0.27 0.39 it eyl
0.63 0.25 0.36 0.65 0.26 0.37 0.67 0.27 0.38 0.70 0.28 0.40 S|
0.34 0.14 0.25 0.38 0.15 0.26 0.30 0.12 0.24 0.28 0.11 0.23 Sleo!
0.81 0.54 0.51 0.85 0.65 0.57 0.88 0. 68 0.60 0.89 0.7 0.62 5l
0.94 0.38 0.55 0.98 0.39 0.58 0.97 0.39 0.58 1.00 0.40 0.60 S
0.30 0.12 0.24 0.30 0.12 0.24 0.36 0.14 0.25 0.39 0.16 0.26 -
0.50 0.20 0.30 0.52 0.21 031 0.50 0.20 0.30 0.59 0.24 0.34 s
0.83 0.33 0.48 0.81 0.32 0.46 0.84 0.34 0.48 0.85 0.34 0.49 ok 9 Jbre o>
0.34 0.14 0.25 0.33 0.13 024 0.37 0.15 0.26 0.39 0.16 0.25 o s
0.29 0.12 0.23 0.24 0.10 0.22 0.32 0.13 0.24 0.34 0.14 0.23 S95) oLl
0.32 0.13 0.24 0.31 0.12 0.24 0.38 0.15 0.26 0.31 0.12 0.24 S ol 3
0.56 0.22 0.33 0.54 0.22 0.32 0.52 0.21 0.31 0.50 0.20 0.30 oo
0.82 0.33 0.47 0.84 0.33 0.48 0.85 0.34 0.49 0.84 0.34 0.48 s
0.25 0.13 0.23 0.27 0.11 0.23 0.29 0.12 0.23 0.28 0.11 0.23 Oliows
0.27 0.11 0.23 0.24 0.10 0.22 0.26 0.11 0.23 0.27 0.11 0.22 gl g s
0.81 0.32 0.46 0.74 0.30 0.42 0.65 0.26 0.37 0.73 0.29 0.41 ol
0.70 0.28 0.39 0.68 0.27 0.39 0.60 0.24 0.34 0.66 0.27 0.38 oo
0.28 0.11 0.23 0.25 0.10 0.23 0.25 0.10 0.23 0.36 0.14 0.25 o8
0.80 0.32 0.46 0.75 0.30 0.42 0.86 0.34 0.49 0.86 0.34 0.50 Olws,S
0.29 0.12 0.23 0.26 0.10 0.23 0.25 0.10 0.22 0.28 0.11 0.21 He)S
0.90 0.36 0.52 0.85 0.34 0.49 0.80 0.32 0.46 1.00 0.40 0.60 olzsle,s
0.97 0.39 0.59 0.94 0.38 0.56 1.00 0.40 0.60 1.00 0.40 0.60 Jenlyg g 49l eS
0.83 0.33 0.48 0.80 0.32 0.46 0.84 0.34 0.48 0.87 0.35 0.50 Shls
0.98 0.39 0.58 0.92 0.37 0.54 1.00 0.40 0.60 0.91 0.36 0.53 oS
0.77 0.31 0.44 0.80 0.32 0.45 0.73 0.29 0.41 0.69 0.28 0.39 Oy
0.76 0.31 0.43 0.75 0.30 0.43 0.79 0.32 0.45 0.81 0.32 0.46 RUSSIS
0.51 0.20 0.30 0.54 0.22 0.32 0.53 0.21 0.31 0.54 0.22 0.32 3%
0.31 0.12 0.24 0.33 0.13 0.24 0.35 0.14 0.25 0.36 0.14 0.28 Siepn
0.76 0.30 0.43 0.74 0.29 0.42 0.77 0.31 0.44 0.73 0.29 0.41 Shen
0.35 0.14 0.25 0.36 0.15 0.25 0.37 0.15 0.25 0.39 0.16 0.24 5
0.59 0.23 0.36 0.56 0.22 0.35 0.58 0.23 0.36 0.61 0.24 0.37 Jbo S oSibe
G sl Bl

YAV




EAYY—EA+A axiio VE0 ) Jlw cylimli Juad 093 ,lawd ok 8593 ciawms § aaco ools Cilalllao

2 V) Jgizr slasl 1 0038 (w0590 Sl o 1 (5 0000
08¢ wollas 033l b olyge el ST g3l (S
O WAV B YR Jlo 5 ol s bl ¥Y 5 st Ol b 6y
23,5 W 3590 (yge el (LdS (Stuer (ald dlows
Ol el oslil (659 0000 IS 10 1) olyge el addllae oyl
Soslinal ()9 002 JS 53 (hge LaSLE A8 Al ¥ o> 3
aS col e o ol el e oy (b > o lie
U cldlw o ol glewl ¥ 5 o alie IS (5590540
¢SAR Jse 9051 yhuo dus bt olad mess <l gyl

2Lad sl Jao b 135,50 Jelse
adlllan g Cal o sl Hlky (elaidl w1y Of @lia SIS
Jacl dng Cliw 1l5 o o i 2hLS 2 S50 Jelss
S wiza gl o S yabbay e W)l ) calisee gblie o (golaidl
lbdis §) Ul o shibaie ol glio j1 6yl ymo e Joolse
il O glis o i)l 13,5 )18 (o 090 e
L g e e e e
iy 4yl €8y gmio s lo il o slal (3 5L
s dng Lad asby boll 5 bad plo g gjy5lis
imwdaBl Jas jl oolitul b dalllae cpl )0 dodld &y g yiwd
= Foe Joolse Jdodigan o ay oldd il cag b ol

2bad Ji g lals 1093 Of il (5,15 0542 Jbo (5132 ()l y30 (madeds SB(yg031 -F Jgua

SARJs | Moran Geary LR Lmerr Lmlag Lmerror - Lmlag- robust
or robust
. SIVEY - Iv$A \0/0\ ¥¥/vY ¥/¥Y /v BIvY
ofees A o[ VA o/+Y¥ of ooy o[\ RALY
140 - IAYY \O/YERY YV/a0Y Y/ V\SS YNE
AN R ooy RS -I¥va -IVEY R AT
A[EYY -13-0 VY/VEY YE/ETY YIYY Y/SEY ¥/\A
Y A[-¥Y A R -IY¥D Y ooy ooy

P ‘L“_'g')?—")i Cﬁl )n.o M)_g 3)5 Oy u_,w < .
i Ay 3y 4 dag bl M) (il o plad Saly
bl gy 5l g e oldd (Siuwly pie 1 e
S o @yl S amde ol (1) Jgi )5 el ol
)13 293 e 3 (abols ¢ o)

Gaiod glaaidly
N olgice (oldd (Suly pas pr (dun jho 40053, & d2g L
Sz Sl wls 2,8 eolaiwl olad s olasdl b,
ldd 9> Jse
2h o9 YU ) (pise & aa3T o0 LS (2L28 (yge S35
QLB L] (2% (u”bm ‘.g‘ )AL@‘.B )Jl d.Ia.wls LY uLu.ol 2 u‘ cJLuO

Gy jhlire g e Hlade il o

aset slaTpgel Gl (2lad il Jae 53 sladygly o ]

(ahold g (loj) S yiuio SIS w2 S Gg05 =Y Jgi>

Juz! o LI)_? JEEPWER S e il
ofeee VO/NED 36 355 lad S nie il gl wlas ol alyl
[++¥\& ) ) ) )

ofeee B 3l dgng (sloj S yiiie il 3l sloj el il il

2 22 550 Jolae (515 (oI (a8 1 Juols (LS (52 pow) wallione yu 9 dlione 151 - € J a3 (secdly
g (2Lad omw S5 395 (5N Siloy i S8 &y (o @lhe (JamoCons

Js ol oiains g Ol 451 onlinno 1451

(Jlo>l) s (Jlo) oy (Jlo) oy hol i
— XAV (-] ¥R) e — XYY (+]-0)% NE (o-55) " T

e oXO (o] ) FH TR S CR R fees® (oo r)Ee CWAT
— V¥ (+[VY) — VY (+/-30) % AY¥ (+/VV) VGNP Short
Jevey (s]N0)% Jevey (+]vD)*® Jee N (\1A) PWAT Term

— YA (+1Y) —e[¥a (-/YVY) — AV (+/-1Y)* CAT effects
—o[--YF (-/\2A) —efe ¥ (+/¥YY) —ef+-Y0 (-/¥9) TP

ooy (+/509) Y (-/aVY) o[ SY (+10Y) Tech

<INYA (+]+30)* /\aﬁ( ofeyY) = /WYY (+/\Y) Degr




EAYY—EA+A axiio V E0 ) Jlw cylimli Juad 093 5 ,lawd ok 8593 ciawms § aaeo @gle lalllaa

NN (+]¥) [+ V¥ (-]\oY) e X (o] e o) B WATG
—e[e N (] A) B —efe NS (] e0) " —[ee o) (+/AN) WATC
—+feeeeq (+/AVY) [+++0 (+/2%) —ofeeeq (+/1Y) TWAT
—efe e AW (o] ey) B —efe N (e N )P ooy (+/¥Y) swater
A AN CARRY) —[¥AY (+/-a¥) %= of+¥ (+/0) T
fe VY (] eR) B oo (<)) JeeaN (+]eeY)*eE CWAT
—+[AAY (+/\50) =V/+0VY (-\YY) <[+Y¥A (+/S¥A) VGNP Long
R N (./.va)“* ofees¥ (./.‘\c\)%* ofeeasy (./\"\*/\) PWAT Term
—[D0Y (-/$) —/VE (+/0%) — XY (- 1) %= CAT effects
—of ¥ (+IV55) — o ¥ (1Y) ——efeeed (+FAY) TP
o[ee ¥ (+/5MA) of+e ¥ (-10V) —efeee\ (-/¥0Y) Tech
<IYA (+]-55) %= oI5 (+]-AY)** —+/\YA (-/¥v2) Degr
[ND (+]5) " e[+ +M (+/Y20) SRR N CYRRS R WATG
—ofo o VY (+/oVY) == — o[ e XY (+]2VF) P o[ee ¥ (+/AVD) WATC
—+feee) (+IADY) e[eves (+[AVY) —ofeeee) (+/¥YF) TWAT
_./...\/\(./.\\)**** —ofeeny (./..\‘) weE ofeveny (./vw) swater
VIYS ose;hausman -IYYE R?
325 b gl cnl )3 om0 43,5 L 3 1, relaxation Vo o )0 (e S 4T ) Jlegdy (slaaidly rpiie
Bl e (sl yolidS gy 3,)LS L dslas sbigy b Joe VGNP PWAT .CWAT . TYi  (opdaop

lymel glabiwl Bl kol YV 50 WYAY=1YA. 000 )3 L
bS8y dyge (o3baml M lansli ol plbe
&9 oyt JS VAV LYl jl oS 5g o] 5 Sk b
95 B b 4 ol oS elapliasl 5 gl ddlato LT plie
a9 0 «Jo nl b gy 2ol Jlew (2ldd @ g 390 glite
5 852y bl g Glold (Jload plulip (o (oS5l
pgd aloyo 5> o golio sl alisl ame Cunsj (59 oy ARV
Jls o g acib p bl sl Jlo ;0 ud) 4 ) 1) &5 ol oL
o ang b ol alspo 93 g sl ) ool b sl o LialS
P g sl adspe 93 adally Lo g 45 cogllasl (295
pgd dlsyo a5 amd o b adllae oyl )3 @b 9 O (sl oY
o 3 s IS LS T g Baes T (Sogll @b
oo yS ool Jdo 4y yeiS > Ol lou uils Jls o )8
ol el ouds O lie cudyls vl iy Canlgd o 4y e O
Anlgd Con oo (gl gi Sl ()l 0 555!
|y T 51 ooliz slagSI ol Lo a3 )i Lyl b cadls
IS g o GRIB! sl 28 s ) O ) clblis 5ol s
€83l s 2 B jsb & b j5iSilagiugs ool » O
ol A e slaa0])8 0 1y OISl aa e solatwl g
ly imino BB ddnd Co pie &S Sl p3Y (pl o ogMe.dad
Siim ko E8 58 pyjl g )las & Cunl (6)950 08 Cuss
Cogh ol adss (elas bl an ol ¢y 1) (Sogl W
Caillas (YoVV) oS g ol aalllas b g}y opl gols 23,5
wibaio JS 5 ol adlaie Ol mlin (653, 0y (59 050 2y
YL (69 0rte iblio sl drg b5 S (slo cglis ()
YL ogo e nl (o Jled 9 )9S Jlod slel ) Lies

YAVY

TWater WATC WATG Degr .Tech .TP .CAT
dLed o, & ‘OL‘:...:I JEPN ;.;’I B yns ug")lf iy A swater 5
W5 w8 ol Gpan (sy90 00 08 il O lio 0218
dacdlsyj ;o liSaleyw |5 v, il b I
PN 3T I ROCSE NI LY [PE DL RESPERLY
il 65,5 ol glie i)l il o oLl 05, Sy
ran Ol g ol S yae o) LSS iy oy Ol By
..\_b.)L;c ULA.\AJ u.\_o.\a.b 9 Q.\AOU9§ )2 l) (U.JLAB &Lm):)m)Jf
)LP Q.\.,oob}f )0 Cs] O—il U.JLA_% 209 &5§J1 ol.ol &S

DAL g Ol Byane (69040 il Ol wlie dod puiie
5 5298 Cdpiy il y3 ()5 elop JS el J51>
osiune yo& S gbline Ojgod il o slaiBl (35 b a2

layie lpliy 2yl 5988 o e (Jamo Can S
il yo dlail 3 b s> ¢ il (LB (alBL g Led
SaeolisS 3 Ol JS e g oliwl po slasdl g 5L as )y

ol 3 ol glio @ISy e g > ine b cp it

u] é’L_w cul.a._.w‘ P slazdl Y )L 4> ¢ u—‘ «_9)..44 (590 %
CHgody Cavo u.‘))..a.o uT 9 ddl)'g) Oy u] d)..aa ‘LS))BL‘S
.J)l.) )9_m§ ‘_nguL_wl Lrj é;Lm U_vl)lf » M )Jl ‘)].)Ll:w
WU S ams e lis o wlie (69000 ial38l 3] dulio
Ol e 35l b Ol e Bpao g ] prliens
Lol

lolghudny 9 (6505 doii €

LS‘)’. 9 )9“5 Jf » u] CJLA u.\a.«?upu..g) Lf’l)L{ caalllas ()"‘ Bel
= e (SlACK-based) 548, iie Jao 5l LIS L))



EAYY-EAT A e N £ Jw c‘:’MU ‘J.aaﬁ (993 b)w ‘w.'a'.é.ib 0593 ¢ Jag?m ‘59.'& Oldlae

oyt o iS5t Lol Jole g conl dog B iyl
ol Bymn il p Il ail o 588 0 Ol gle S (519
alyslasasg boh aee BB ol gre il o L
sl abbie plos )3 o rme (3l (Lih ouiitns i g paiitns
il b Cato (o Lo L 5l GRS it o 4
R g e - R e
S35 5k 4 bl ko dswgl sl b Cuslis 9355 515
Sl 29 (e dloiniti AL baye O b ool i b
W ok o cgllasl (298 4 a2g b S e )b L))
5 51 @S L)l o ol 4 Ay (o Jae ol a8 (o
A8 oLl 3590 s (JS DS (b5 PR )5 wlie ol
4 a8 LS L Gloglinl )3 oS 098 0 Slaidey (pimen 55
S5 A b pslid g 2y sbajlis b (oL dgme yslaie
sl & el e b5l el yglid i 4 52
335 (o0 ey 55 9 K5l 59y 03] 5 oy e sl sl
ol qobto Lain s 5 4S5 oylss elpal U ey 4S

23,5 158 Ol B S d9i00 9 S5 9o 598

B8 3 Seetie (60 oy Ol SLOlE Gl 3yl 5 Bpan Copde (yp (MWAF) o (35958 9 & (bbb LI Sliug o s)lall

Lo copo Lo islan ol (s5)iS Gise 3 ol lio Jluly cupte 15 535 51 Jelse ol o Jilos VYR ol e, a8

4o jbs adlate ya aBl (o (2)F O 9 59dS Bpd A Cuns
s A bohog b byl b (bl s ol ddhie (6)Kon
5 eVl 4 e (ol ddlate O bt (59 0 30
uLM.u ‘Ol)—.’.l L;ld\_b'.la.;ogi @L;n )'I d)b)—é 02 d‘.n.\}l) .bs)f
Jalos ol jd olas Il 5 ot (lad puiiane p30 odimd
Db aibaie o cpdstue ool 1 e Jolos cpuiils @l il
Sl o bl g 35l |y (oo bl e (gla Canslins
bl ;o jliS 13U Jolse ¢ gldilaio sladlaidl drwg b .08
L gladlais gblio LS wils (o o @lie (59 000 gl
el dewgi (ol s il el ]y oLas LS iyl
LBM5LQUL.»A‘)]QTDJM‘ 519 )% B &S cawl ‘5)9).\0
S )l ol dalate (59095 g (golasdl WYDLe gk 5l
ujdﬂmbwm)#dlmﬂamujetﬁé{d)soﬂ‘;
cibaio SLaidl 1i 5L a9 gyl » GDP (S5

FaL)

AYY=AYA (V) b dewgs g Ol (8 cuslaal) V¥V
WWW.CDIIT (MWAA) ol oMol (yp00 (5550 SSb -

inlen o1y B 03 ¢ len ¢ gi)gliS i 3 o digy ruas 9,55,

Sildde Cladns doldiad  glad o )S) oyl o (Lo i Lo dlaiBl 3 I8 g9y S lie NYAY o SL)E 5 0 (b xd)

dh}iﬂ ));‘)L; ‘u‘)}l 3D G Jya}u Brl LJT [SEAV VI V) J‘c‘}c 9 J/S\Lo.c S Lot L.Su.i) =S Avay P e T ;L;oM‘w
cobad glba (o5l claodly cdla iyauiS gla ] (65 B pas ad (asld p 550 Jelos IS L 09l (65 (giues oy Al

(olad (rwladl célay ] b linl 3 (Sue Cwdd Sl olad jlisl Jdoo YA b il yo 5 0O csdeze 1y ol

A o les ¢ gLzl

ADAAYD (04 )F (ool Slidos «Sogo (gilo)lgon
(WAY =AY ) yoiS IS wlidlen flojls -
[YAAYAY) L g5 0liS sles (s )lol asldl -

\‘b)Lo.w 46))5“ 4&»9.: 9 Sl d.lm ‘u;l..a_@ W)f)y‘

VoY=V (OV) WY 565l alasBl Clalllas doliliad

FE o0 yladds comian Jw o golaidl doliings dolilad

WAY lanl; e oybine b 5 b ol ¢ gjyalisS slasdl syl awlids )8 dols

Ot il Bl 5 5901 b ol b (Suwwslaidl Sle IYAY Ly« Jpal g . pp coiomio
I 163590 adllas) (65y9LiS Y guame jgme—odls  dasecim; (ohlS dy9lp AT £ v o g .0y eyd (g)las p (oY g0

WWW.IFICA.GOV.IT (\WAA) ol oMl (50003 S 305

WWW.amar.org.ir (\aA) olpl bl S, -

AVY=VOYAY) VY (g5 yoliS slaidl imgh (sole dloe g0y Mg Jasrecu

e Cun pole dloxa . 508 G Ay asee Cans S gy YA (S s swge 5 ep )bkl ip o s p o Objsyg

uSLJb)) LJI)" dl.e(v'.u»l » u‘)lfl)lf u.la...?:.a Couw u.)])lf » ))9;7 JAI?Q AY.. ‘fa.\ﬁn uu).)].) 9 d ‘LS)"fl P PS> P ‘L)l))?)?’

U

(P cs5y0liS slasl lains ibgi— (ole dolilad (SIS (oxiuw sl


http://www.cbi.ir/
http://www.amar.org.ir/مرکز

EAYY—EA+A axiio V E0 ) Jlw cylimli Juad 093 5 ,lawd ok 8593 ciawms § aaeo @gle lalllaa

(WAA) ladhaio T Liso ops )iy -
An, Q., Chen, H., Wu, J., et al., 2015. Measuring slacks-based efficiency for commercial banks in
China by using a two-stage DEA model with undesirable output. Ann. Oper. Res. 235 (1), 13e35.
Anselin, L., 1995. Local indicators of spatial association-LISA. Geogr. Anal. 27 (2), 93e116.
Avkiran, N.K., McCrystal, A., 2012. Sensitivity analysis of network DEA: NSBM versus NRAM.
Appl. Math. Comput. 218 (22), 11226e11239.
Byrnes, J., Crase, L., Dollery, B., Villano, R., 2010. The relative economic efficiency of urban
utilities in regional New South Wales and Victoria. Resour. Energy Econ. 32, 439e455.
Elhorst P. 2013. Spatial Panel Data Models. Handbook of applied spatial analysis. Edited by Fish-
er, M.M.
Halleck V' S, Elhorst J P, 2015. The SLX models. Journal of Regional Science, 55(3): 339-363
Karacuka, M., and Catik, N. A. 2011. A Spatial Approach to Measure Productivity Spillovers of
Foreign Affiliated Firms in Turkish Manufacturing Industries, Disseldorf Institute for Competi-
tion Economics (DICE) Discussion Papers, No. 21.
Karamouz, M., Nazif, S., Sherafat, M.A., Zahmatkesh, Z., 2014. Development of an Optimal Res-
ervoir Operation Scheme Using Extended Evolutionary Computing Algorithms Based on Conflict
Resolution Approach: A Case Study, Water Resources Management, Vol 28, pp. 3539-54,
Ma, H.L., Shi, C.L., Chou, N.T. 2016. China's water utilization efficiency: an analysis with envi-
ronmental considerations. Sustainability 8 (6), 516-531.
Tone, K., 2003. Dealing with Undesirable Outputs in DEA: a Slacks-based Measure (SBM) Ap-
proach. GRIPS Research Report Series, 2003.
Sun, C.Z. Zhao, L.S. and Zou, W. 2014. The interprovincial water resources global environmental
technology efficiency measurement in China and its spatial effect. J. Nat. Resour. 4 (29), 553-563.
Vega, S. H., and Elhorst, J. P. 2013. On spatial econometric models, spillover effects, and W, Pa-
per presented at the 53rd ERSA Congress, Palermo, Italy.
Xilong, Y. Wei, F. Xiaoling, Z. Wenxi, W. Chentao, Z. and Shaqiu, Y. 2018. Measurement and
decomposition of industrial green total factor water efficiency in China, Journal of Cleaner Pro-
duction,(198):144-1156.
Zhao, L. Sun, C and Liu, F. 2017. Interprovincial two-stage water resource utilization efficiency
under environmental constraint and spatial spillover effects in China, Journal of Cleaner Produc-
tion, 164:715-725

YA



EAYY—EA+A axiio VE0 ) Jlw cylimli Juad 093 ,lawd ok 8593 ciawms § aaco ools Cilalllao

Environmental efficiency of the country's water resources under

environmental constraints and increasing spatial effects in Iran
Mohammad Norouzian'®, Hassan Aama Bandeh gharaee?, Hassan Mehrafarin 2, seyed
mahdi Hosseini*
*1- Ph.D. student in the Department of Agricultural Economics, Faculty of Management and Econom-
ics, University of Sistan and Baluchistan, Iran.
2- Assistant Professor, Faculty Member, Payame Noor University, Kashmar Branch, Iran.
3- Graduate of International Management, Islamic Azad University, Neishabour Branch, Iran
4- Assistant Professor of Agricultural Economics, Faculty of Environmental Sciences and Agriculture,
Sistan and Baluchestan University, Iran
*Email Address : norozianali@yahoo.com

Abstract

Water can be considered as one of the most important factors of growth and economic development of
each country. The lack of water resources and low efficiency of methods of operation in the country
has made the country to use excessive groundwater resources and have environmental problems in
Iran. In this study, environmental efficiency of water resources across the country in order to evaluate
the efficiency of the variable - based model (slack - based) model on relaxation was considered. Then,
in this study, using the dynamic panel model with the application of the generalized moments of space
in 2011 - 2018 in 31 provinces, the effect of threshold extraction of water resources was studied. The
results of the overall efficiency of the first stage were significantly higher than the performance of
water resources in the second stage and the overall efficiency was close to the effectiveness of the
second stage and the efficiency of the second stage determined the overall effectiveness of the envi-
ronmental efficiency of Isfahan, Kerman, Semnan, North Khorasan, South Khorasan, Razavi Khora-
san, and Yazd. The SAR space variable had a coefficient 0.142, which indicated that the efficiency of
water resources across the provinces, where the geography location was independent of political divi-
sions, had spatial effects on the real GDP of the neighboring provinces. overall efficiency of water
resources had sudden spatial effects and the overall efficiency of regions was affected by neighbor-
hood regions. Direct and indirect effects of internal water consumption, opening degree and industrial
structure had meaningful effect on the overall efficiency of water resources in Iran. The spatial effects
of internal water consumption and industrial structure had a significant effect. In order to improve the
efficiency of water resources, the government, citizens and farmers should focus on solutions such as
reducing pollution, saving domestic water and converting industrial structures. It was suggested that
in the lower - efficiency oblasts with less efficiency in order to improve efficiency, production struc-
tures and technologies with the use of more efficient water resources rather than destructive and pol-
luting technologies, the government controled and improved the efficiency of the country 's water
consumption by implementing strict laws to protect the country 's water resources.

Introduction

Today, water shortages are the biggest problem in the world, and the crises caused by the lack of
freshwater resources pose a serious threat to sustainable development, the environment, health and
well - being of human beings, so that it forces governments to change how to deal with these re-
sources and include collaborative management practices in all stages and levels of water and envi-
ronmental management (Zhao et al., 2017). However, water shortages and water quality problems
have increased in Iran in recent decades (Norouzian, et al 2021) The indirect distribution of water re-
sources reduces limited access to water. Iran 's water resources are currently facing pollution and en-
vironmental (Kurd 2018). Nowadays, humans face many problems in the development process to
supply water. This situation in arid climates, where ecosystems involved in water supply is more frag-
ile and makes critical problems with drought and excessive removal of water reservoirs with more
critical conditions. The limitations of water resources, rapid population growth and the need for more
production have caused the agricultural sector to demand more for consumption, so the most im-
portant challenges of the agricultural sector in these regions are less likely to produce more food than
water (Saghafi, 2016). Considering the limitations of water resources available in the country and in-
creasing demand for different water consumption in all its aspects and thus reaching the critical
boundary using water resources, renewable water resources are required to provide water security,
codified rules on this basis for balancing water consumption and water supply. managers ' knowledge
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of available water resources and generally all the relevant categories of different methods of demand
management decisions and especially the determination and estimation of effective factors are consid-
ered as the most essential items in water management (Ansari et al., 2017).

Method

in this study, the efficiency of the water resources of the provinces is estimated using the model
(SBM) and then has been examined using the Spatial Durbin model (SDM) the effect of effective
economic factors and water consumption in different sectors. Based on the non - linear measurement
model and the deficit variable (slack - based), the undesirable output proposed by (Tone, 2003) is
considered to be efficient compared to fixed - scale. Undesired production system model is based on a
lack of slack - based measurements and production facilities (Zhao et al., 2017).

Spatial Econometric Models

The spatia econometric is the branch of the econometric that considers the spatial effects. The spatial
effects are more than that of the factors related to the location of the variables and can be explained in
terms of spatial dependence, spatial correlation, spatial differentiation, or spatial structure. It is similar
to econometric with geographic statistics and spatial statistics, but the spatial econometric difference
with them is just the same as the econometric difference (Anslin, 1995). in general, the spatial model
of the spatial regression consists of the general pattern of the spatial regression (SAC), the spatial pat-
tern of the regression (SAR), the regression model with spatial autocorrelation, such as the disturb-
ances (SEM) and the Spatial Durbin model (SDM), (Salami and Nemati ,2012). To estimate the effec-
tive factors on water resources efficiency in Iranian provinces, the spatial econometric approach has
been used. on this basis, the models of spatial regression, spatial error, spatial camera model and the
general spatial model are estimated and finally the final optimal model is selected. In order to deter-
mine the indirect effects of the spillway, the spatial camera model has been studied and the effects of
the variable spillway efficiency are estimated in the provinces of Iran. The spatial econometric mod-
els, as indicated, are included 4 kinds, that are briefly described. Among the spatial econometric mod-
els, the spatial error model (SEM) is not possible to measure the effects of the regional spillover (Ve-
ga and Alorest, 2013; Carachoca and Catic 2011). The spatial camera model and the general model
show the results of the effects of the spillway effects (spatial)strain (Zaranejad and Mansuri, 2015). In
order to determine the most appropriate model, it is necessary to take these steps. At first the regres-
sions of the estimated spatial econometric models are estimated, then the Moran 's test to determine
the spatial effects must be confirmed and Based on LM statistics (Florax et al 2003) from the spatial
econometric models (SAR, SEM, SDM, SAC) the optimum model is chosen. At the end the direct and
indirect effects (spillover) are estimated. According to literature, spatial models are considered as fol-
lows (Alorest, 2015).

Conclusion

in this study, environmental efficiency of water resources across the country in order to evaluate the
efficiency of the variable - based model (slack - based) model on relaxation was considered. Then, in
this study, using the dynamic dynamic panel model with the application of the generalized moments
of space in 2011 - 2018 in 31 provinces, the effect of threshold extraction of water resources was stud-
ied. The results showed that from 2011 to 2018 the total energy efficiency of regional water resources
in the provinces of Iran was significantly different and spatial distribution was very unequal. Howev-
er, the efficiency of Kerman, Semnan, Northern Khorasan, South khorasan, Khorasan, and Yazd is
deteriorating. From 2011 to 2018 the environmental productivity of water resources in the second
stage showed that the growing trend in recent years was declining. Using the two - step production
process with respect to the undesirable output, the two - stage relationship analysis between produc-
tion of water pollutants and disposal in this study showed that the second stage of disposal of water
pollution affects the overall efficiency of the system. Currently, the water crisis in the country has re-
sulted in excessive demand for water resources due to widespread use of water. This pattern of exploi-
tation will have serious effects on the environment. The implementation of environmental regulations
must change the patterns of water use and strengthen protection of water. To increase the total water
efficiency in these systems, the country has to significantly facilitate recycling and reuse of sewage in
production processes. Moreover, it is necessary to strengthen the management of industrial
wastewater treatment. It is essential to strengthen oversight and inspection of large - scale pollution
production companies to meet water depletion standards. The results of this study correspond to the
study by Zhao et al (2017). The efficiency of regional water resources in the whole region has signifi-
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cant spatial differences: higher productivity regions mainly along the North and North West of Iran
are higher productivity than East and Southwest of Iran. Each region needs regional co - operation and

communication with its own conditions to gradually change the efficiency of regional water resources
from the lowest to the highest.
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