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1- Analytical Hierarchy Process



WY

gl piagh @l 238 bj) joelese o bl
Sl Sl bl sl ) S5 O ol
2 yead Jed e ials Glal 4 ooy gly S
6 3 Sug) cnl S5 Gizmen sl b 0y90 09>
S gadst Glal sios » (oolatdl QLS 6oy sute
sloodls plesl plsie b (i 4 (V1) gmge 5 S
ojp> Copde Sl Cap elanbolabl 5 (So5don
o2l selys ol eolatwl )50 (slaodly sl y ol
Fr ool S g e (g laely LalB Ll ) ((g5,9LES
S b 0o Jb Curer 5 Cumar AS) E5 s
Ol 5 Lbsren 3| g 53 Sl (Sosbse cloaY
obl sleadl wb gl (Ked slaasly daosls )
s SSS da Sy 5 lolpl 2g5g L &S 0 ol
2 ol Lelazsl byld S 5 el Wlgioo ciliseo
2 () oo s lswlysl 355 33l gylsl slag )b
Mol (iludie oobaBl 3 Sa9) 2 6r9y0 (R0
bl gl sl (gylsz5ul g S Copde (om0
Auih g dgw obj)l ar oS adllas Vel adllas A oS 54y oyl
cbls L g Kis copio a5 Wdb lis Xog aidlyy
Shssul Sless &S ol oolaidl jge Kol K S
O (VW) hlSen 5 codw djlu o wrlyp 1) dodgw
5 ooliznl b byl copie jelaie 4 ajusol (caucogl
wlogl ) ool o)lene Mz (§pSpaeal 350
)bz dat Oyl ggomme byl A3y guoyd g 39,55 )5
Jols dae ol 0 9 00,8 Al |y lacdls plos po
el glacady sl 4 5 5ol e elel e
IUCN 55, 95 duslio 4 () o)) SKen 5 ol (ol g
el byl » @byl g @l do S olesbe 9
odlatwl b oyl sl cbay =l 0595 10 550l 0je
sl o ki) sy bl 36l Guyle |l
Sl w28 asie |y sl 0 (50l Cumsg
53 ;b 5 o) (5,:50jlul 5 lbyiie 5 b Lasls do s
b b 5l Slallhe ojg> oS s doxis cnl 4 (o)
Glscugl 4 (W) gaeze )b HE buwgie s>
S oslizl L (gylajml sloefsy slinl polato 4 ooje 5
iy Ol 3150l 0395 13 o)lmndizy (628 ranas (slosg,)
5 Lialoyd Jold Lol celalns 315y o) ol
IRATY) L;c-lo.ol daLa.I.'él 9 u-’i wf ¢J.:w i;w ‘g )
bojline dix (S ol Slasdy) Sl (LS BudoS @l
b oo 5 olsal > (lid)lS jlai (e slagsby) b
Ak JSelite gull (hyld lawgie Cuxdg

adlke 2,90 adlio

gejs> 1A Jul gl eje ol Gimgh
S e YV dgds cnlue b i 38 s ju50l
29 g b Byd Jlad g lled)S bl )3 &l
4ol VY adBy ¥F a0 ¥F Sldlse Olaise (godgime
T aspdp V0 g (B Job 4l V0 4B 0 a0 Y5 1
e Jlows o,e 4l OY dddd YV a0 YO U agl 0% adds
S5zl sloojan | slasgezes (V) 13 a5 ai

WA e g wb TV ojlass [pmdjl Jlo jusul 05 o pte doliiimngy

I Sa o (230 5 G Sbml Bkl anlie
dlie s Jol aw p by cnl (VY) cwl Jelgs
SIH lgie a1y (V0) casl lgl jiw 5 lacsliad
S b @lie ) odzg Sl ) a8
Caa (Y A e Y AY) cwl a8 S )5 eolatwl 390
5 bilre a5l el o5 oaomy (spSmeeal Jluo >
ol 2,8 o)l Jae opl )15 dslie LB e claodls
Gl aej 53 oad plxil Clilllae (ogad )3V Y)
bail Sl gz 4 (VF) O3 (608 5 LB 5l
ojg> > SB il b dlaly > o lopl slacalla
g Camsd 52855 o) ol MBIy gaiie GBS sl
Ol YIVY oss ool (gylajse] Slilos (sl ) i &
Mbo pee Gloj e j0 &S WS duslre g ABD o
4 gy caSo st FAYYRe 39)5 51 (5 0550] (slmojls
9 i) Dgde xSl SIS e e JED
5,5, matue (gdlazBl 55l aygly 4 (YY) o)
i e e » e A5 i S il
b S cblis (55 gelate cpl 4 a3y 399 j0]
Job @l 03,8 dnule | dgle (gy90 00 (Al g,
ol sdimy)lis 5y BN iSa AFAYA/S (6138 55, 5
2 Juy Ve AY Polee dsle (g0 02 (2217 (135)] &5 35
4 byye SB bl Jo)l i A5 3yl iSe
@ bgye (b))l nseS 9 Jby 3kke Vo/AF (Slite 55
ol 035 JUy 3,Le VYV oS5 oS 550

)l laBl byl 4 () GhlKes 5 g
Ohlz glagw j5ul ojg oad o )55 &le )3 (204
bopie G050 gy 9wl 5l gl sl
ool wdle adls o ax STob lis pls 0,8 eolatuwl
520l ddlllas )50 ddlaie 25 405 58,18 ool
SWLle Ol?;@ d)i;h)f BTy 4»1.3)4 S5 d‘)?‘ b bl cul
5 0,5 dbwl el daw ddlaie d JUy skl YR 250
byl (ame Cumj siloKimyd aile (50 bl
» bl gy Gl g 0l Culire (el Jlid]
byl a4 &S (6,500 adllas ol Sliws JB 50 ddlaie
(VF) ohlen § JSekiw 39 aslyyy O plie (ool
23y O (eolasdl dwlne lgie b aimgh 4 a5 K09
sl @Sl Glassly 5, 2 e
oolitul )b 5l ol mlie Cu e 5 arvwgs 5,40l
Ol Lol S oo S50 Cusbn gLy
Copda 36 g 03,8 pasude |y (i3 2 3 O olad]
Ol &l e Spae 5 olail a3y 1) O panass
sl

Copde Silodine & Giagh > (V7) ohlSen 5 &
2 odlaiBl 035b 5 Ol cuas o ol sbul glp e
L byl sy, glagl bl Jloi 5> Erie asb,> oje
5 an e 4 baye slaodly g S g O byl 5l eolazul
dwg g M (ol OVgpaxe Mgl ol 29w
21y olalojl 5 jiud Jals Syuie Sl g ped
sboged shal 9 (LSl )5 st Slyess L dal,



WY

o 2l 38 9 cblix b plys 65554 5 (8lyke Sujolsn
o YO LS Ve rAY coluo L A2-3 0je ) 50 Cul
A3 0je> 5 50 ol o did b CaSo o VAN - Y o2 b
Ollee iSa YYV/Y dgas )i YYVYYY colus L

el 0 2] ) Jlod 9 6580 L plys gl 3

ol.; 9 S’ <u] C.:Lm » )..:L: ul)..n u.:l.»:] » d)b)..‘xj dLﬁo}s): dJLaJ‘ (5"”“"9]5‘

4 Caol 0ad Lyal oo pl )3 WAL B VYAD oo Jlo (o
SB ol glie g9y s oy il shuglio jsliie
gyl 5 (So Byo o8 ojg cpl Jl alaojer ) wlS
28 0ad |l (Sillegn 5 (Soiolsm (Sl (slaofyy
A2-T A3 0j> i dw «oli 3 9 48,5 515 (qwy 350
b A7 ojenp; () JS) wus bl A2-3
Ollee kS YAF/VE sp S FOP/A colue

i | Z e Y _ by,
Iy ™ s, T
§ - e R0
)
i LY
i |2
A=
i >
o
i |2
i
i Kilometers
’ [ v
= y #°0.'E ' E
= 1

(V) sl sl 0 05 el )3 o Capmgo caalllas 390 036> =) S
Figure 1. Study basin, its location in Iran, selected sub-watersheds
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Table 1. The pairwise comparison matrix of watershed projects
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Table 2. Prioritization of projects based on AHP
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Figure 2. Sensitivity Analysis of watershed prioritization results in analytical hierarchy process
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Table 3. Amount of water stored by watershed projects
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Table 4. Erosion and sedimentation of basins before and after implementation of watershed projects
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Table 5. Watershed vegetation changes before and after watershed projects
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Table 6. The amount of stored water, retained soil and vegetation generated annually from watershed projects
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Table 7. Evaluation of resources accordance with the approval of the Cabinet of Ministers

WA Jlo 0ad jo, 4 Jby 55

(per m) WY Jls &y Jby 55l

(per Kg) WAy Jls 4l b, 55

VIFYSR 2
Veoo _

- Sk
IV e iy

b 5 G a5l ol dgw b delyy da] jlade 1> wbe
oo basgio (38,5 55 )3 L g 0nd 3yl oS S
4 205 o Ao S Sl (g )bisul slaojgy e
L b%)‘" )g'.)l.ao Lol 04 4\5])‘ A D)LQJ:J J9.\> )0 CJLA
5 b ple J5 o)bl Gl bejan il slaaija
&S obsl 1,8 cdbyy gl bl gl
L )J.)Lo.c éu.lg S 0 ])>1 (_;Olo?u LSLEJL» 2 L(bbjé)g:
20l S dpuslmo b ugus 123,5 Sloyjop VWA Lo
ojey (golaidl J/Slg.'c Olise isu 0 duje

ol 00l A oylas Jgao 10 &5 A yasuine

i b 1l aly pa (Jby (35 s sl

Jo 0 )5 edlatwl Jladlas oje> 0 39350 ol W]
b aMid a5 a0l w5l oI Jlasl # b VaY
5 GMIB L ) (55gliS g b Ol 2918 (el Bun
Jsl b ol s pladl ) e )3 50 ool e
Sz bl b caSe e Y0 Jliml cudils gl
Codybs @ dang b cplply bl o JUy 25ldes TIVY 2g0s
J ol caSoyio S anje ol ¥l 35,0 ¢ Jls)
WA Jlo 5o Gij)l cpl 0e swles Jby YEVAL 250
§ sl gm by (il ot b e JLy YY-¥ ol

oS (Sl iz aw 3 gyl sul (claosgp Jlo (sladygly —A Jgi>
Table 8. Financial estimates of watershed projects in three sections: water, soil, plant

4izp & 2ol)d o (Jby rselse) 4250 (b osele) 221, oo £ 259> 25
vIY YA-/0 AV ESw A2-7
A% VYA/YY yav/ay ui:alfw A2-3
-IA SEYIVY DR-/YA SlSoge A3

bgye pudins gladizjo ) Cosl ©jlie VI 0 plod (slag
e pl 8 S by odd a9 Y W 4
s adly o 9 YU adgs )3 (Span dlge dinja Jold
ol b (F) adliee o g ) odlatnl )90 ) (595
Slasls o cond plod (sloo b Cuasd duwlore &y pladl oy yai
e b 5 5 g 055l slaoon elgl 51 Sy 5 bie
ol Cuwdy 04 plod Cuosd muio jp olae p S gala
Codgl gl dunlio b plgioe cusl 0sal A Jgix 5> ol
O 1y ol s S “J zle Wy g oy (gly ejep
@ Loy osd (alogyl bojon (ulul (pen 8
olS 5 ol dy90 10 Caud eSS b duslde AHP I Lol

4 bay SB 350 0 5 (SNiden Slles 4 by
ol (Sl Slles

o 2 dald wlep A ojled Jpix 5l &S psbplen
Sl Slles L ojo I it (Sl Olles L A2-3
sy s9) 5 pae 5 e o5 Yl b & L col
5 Sl a8 0jn i cnl )3 aizje 4 bl Cus alS
5 Sl (Sllegn 9 Sujlom Sllas b ojon I a8
1y coolazdl 5 Slas o g VL VY Connd b Kool Oldas
LA 0555105 3)50 )0 (pidrod Cawl 03 olaid 355 4
Com (550 ol yd oS g oo 0B lie (SlSese Clles
dy50 3 (o D,Sles Lo & Lol oy  SolSe (slaofey 4
2013 G S5l Slbos & G YL alze 9 S
sl 005 G 5l 1S ol e 4
&le 5 Sy 2 5o plod Cund



v

WA e 9wl TV ojlass [pmajl Jlo jusul 05 o pte doliiimngy

s h33al e (slaofay )3 (JU)) lie 51 oly o 00 plos Cod -4 o
Table 9. The cost of each unit of resources (IRR) in different watershed projects
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Abstract

In natural resources, economic evaluation is poor in terms of study due to the uncertainty of
non-consuming value of resources. In the present study, the evaluation of water, soil and plant
resources in watershed management projects and expert questioning was done to enable the
projects to be evaluated and prioritized economically. Three sub-watersheds were selected from
the Parcel A watershed of Gheshlagh Dam basin in Sanandaj, that the mechanical, biological
and biomechanical operations in each of them was executed. The amount of water, soil and
plant resources of each project according to the guidelines of Forests, Rangeland and Watershed
Management Organization was estimated. The ratio of income to cost and the cost of each unit
of resources were obtained by calculating the value of each unit of resources and calculating
revenues and costs in each project. Then, water, soil and plant economics as criteria and
watershed projects as sub criteria were determined with paired comparison matrix
questionnaires. A project has priority that protects more resources at a lower cost than another.
Questionnaires were distributed among experts and data were analyzed by Analytical Hierarchy
Process. The results of the expert questionnaire and the valuation of the sources were compared.
The results showed that, the cost per cubic meter of water in the mechanical project is higher
than biological projects, although experts prioritize mechanical methods economically but
biological with an income-to-cost ratio of 2.2 is the top priority .The cost of water in the
mechanical, biological projects was respectively 1.4, 1.2 times the price per cubic meter of
water in the area. Soil and plant prices were also calculated and the biological project became
the top economic priority. Therefore, priority should be given to biological projects that have
less cost and more impact on resources, contrary to watershed experts and detailed-executive
studies. As well as the mechanical projects should be limited to areas in critical flood situations,
provided that operate biological projects in upstream.

Keywords: Analytical Hierarchy Process, Cost of Water, Expert Questionnaire, Gheshlagh
Dam Basin Of Sanandaj, Project Priority



