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Figurel- Adaptation of the border of the studied cities to the aquatic areas
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Table 1- The symbol for the variables used in the model

) presv s Slpogs
Row  Variable name Description
1 Yx* g ailate ok Jpame alss ol5ee
£ The amount of production k in region g
” yyx! g aihaie joy Jyame a5 e

The amount of production y in region g

3 Xk g adhis ;o k el)jolS cuiS 55 pdan
¢ The cultivated area of crop k in region g
4 xf, g aihie )3 (G Gisy a0l gkl (Llg (o) QLS wiS i mhe S
Total cultivated area of irrigated crops and orchard in traditional method in region g
5 txnf, g ailaie )3 (ng by, @ ot bl (Ll o5 Ok <t e S
Total cultivated area of irrigated crops and orchard in modern method in region g
6 ra g aikio ;o kol 0,05 003l uSileo

Mean irrigation application efficiency in region g
7 rhot g dikaio ,o g kol oosb JS Silee
Mean Whole irrigation efficiency in region g
g aihaie ;0 (65,5l ool jlonds 2l 5wl O e

8 w5

¢ The amount of water extracted from agriculture wells in region g

g adlaie )0 @598 9 JUl al>ye )3 (o)) 03l 4 ©f S9k e
9 dl, The amount of water penetration to aquifers in water conveyance and distribution step
in region g
10 2, gM)&drmdb)a)éwjﬁjdj&n@y‘éyﬁobﬁ
The amount of water penetration to aquifers in water application step in region g
1 def, g adlaie ;o gl gl l Lyl il (o 350 (6 S lime
The amount of aquifer deficit in scenario execution conditions in region g

12 tw! g dibie ;0 tole ,o Lwyiws ;o ol S l5me

¢ The amount of total water available in the month t in region g
13 w3l g ailaie ot ole jo by ailyy sl)ls slaolx 5l oads zl Sl O yl5ee

¢ The amount of water extracted from licensed wells in month t in region g
14 w32t g dilaio o tole o ciiloy algy e slool> 3l oo C‘)"“""l g_:T Oy

¢ The amount of water extracted from unauthorized wells in month t in region g

15 i g d..da.m otole o b OF glie 51 o yws )b-y] Q‘)'.:.A- -
The amount of available water from surface water resources in month t in region g

3 el adlsl b g cudls 4.3‘5].3 o9 oauid olwlis sbool> 5l oas CI)Z"""‘ s.;] u‘)..\.ﬁ

16 W4fg g adkhis ;o tolo y0 ailyy slyls slool>

The amount of water extracted from unauthorized wells unidentified or Extra water
extracted from licensed wells in month tin region g
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Table 1- The symbol for the variables used in the model

&9, ie ol Sldgs
Row  Variable name Description
17 tw3l, g adlaie ;o cudls p ailyy sl slool> 5l oads C‘)M‘ s_j J5 Ol
The amount of total water extracted from licensed wells in region g
18 w32, g ashio o cbley ailyn eay ool 5l ead zlsenl O JS ol
The amount of total water extracted from unauthorized wells in region g
19 tW4g g aglais L) 45‘3).; &5‘)“5 6L‘°°l.>,.
The amount of total water extracted from unauthorized wells unidentified or Extra water
extracted from licensed wells in region g
20 WpOOl‘z g adhio ,otole yo ol 0 >3 ol yiwl )5 0all 0,053 ol B
The amount of water stored in water pools in month t in region g
21 pol gAli.!a.‘ue)oL_,’_M:))J.o)s.o%)L;w)éo&gb‘»lgioﬁ.&bdh)ml)w
¢ The number of water pools constructed in the scenario under study in region g
29 yexEey 09 daie 40 dihis jl ol 7)Y Jgame lime
¢ The amount of production y exported from region g to region gg
23 yime 094 g dikaie jload o)lgy Jgaxe ol
¢ The amount of production y imported from region g to region gg
Total import of production y from outside of studied regions to inside of studied regions
25 texf, aihis 5l B 4 cwyp 0,90 ddhie S Iy Jgaxe Oljole S
Total export of production y from inside of studied regions to outside of studied regions
26 CXy G.»)J.:\))}nodsmt_gbd&.’am)iidkgA&m)lowt)byJM§Q|)@
¢ The amount of total production y exported from region g to other regions of study
97 ext? Slllhe osguss 5l z 5 a4y g adlais jlead z )5 Y Jeaxe IS ol5e
- The amount of total production y exported from region g to outside of studied regions
28 i e Oys0 03guone slaaihie Ko 5l g ddlaie 4 0al )l Y Jeame JS ol
- The amount of total production y imported to region g from other regions of study
29 imf! ey )50 03905l > Sl g ddlaie 400l 3)lg Y Jgaze JS lee
The amount of total production y imported to region g from outside of studied regions
30 ctotranc Loaihaie oo J& 5 Joz anj0 S5
Total cost of transportation between regions
31 tci Sl ane palls
Net cost of importation
32 obj Baa gl ol

The amount of the objective function
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Table 1- The symbol for the variables used in the model

@, oo pli Sl
Row  Variable name Description
t
33 needwater, g ailhio ot ole o lag bglalias 1w lio,ee O S ol5ee
The amount of total water requirements at the head of farms and gardens in month t in
region g
iS4 g gy 4 skel O JESH gl ,bSe [0 ead G pas (o xSl (655
34 powwf‘gVf g aikie oW oyl Joamo

Electricity consumed per hectare for transfer water to head farm of traditional irrigated
autumn crop w in region g

RS & (S gy 4 (5skal ST JU! (sl S 0 00l B pae (S 38U (55

35 powsf;f g dilie ;05 o)lgy Jgame
Electricity consumed per hectare for transfer water to head farm of traditional irrigated
spring crop w in region g

& ‘5)@.1 e sbabls b ‘5)l,,.;’| ;J Jsl gl LS j0 onis B pan ‘_,,_i:),&ﬂ 33
36 POWWTlf;/P g aibio oW o5l Jypame l5as

Electricity consumed per hectare for transfer water to head farm of modern irrigated
autumn crop w in region g

sS4 golol g slaaibole b Of JWsl gl ,lSe [0 oo G pas (o xSl (65,
37 powsnfy g dilaio ;08 o,ley Joao
Electricity consumed per hectare for transfer water to head farm of modern irrigated
spring crop w in region g
38 powerpool g adlaze ;o lal51aS 4y 0,053 glaSel 51T Jlasl gl oo B pae (S Sl 55530
¢ Electricity consumed for transfer water from pools to head farms in region g
adlate ;5 oy iy 0450 LS slalinas a4y OT Jlasl gl oo B ypae (S Sl 55,50 JS

39 totalpowerg‘g g
Total electricity consumed for transfer water to head farm of studied crops in region g

40 totalpowert Joe j0 gl 4 o JUl gl oads B pan (S Sl 65,50 JS

Total electricity consumed for transfer water to head farms in model

X g dihio oy Jame ,LSa 0 auie
41 cost,
Cost per hectare of production y in region g

42 wellcoef, g dilaio o tole ;o (g kol (sl 0uls oolazul ol> ol vusyo

The percentage of well water used for irrigation in month t in region g
43 XS, g aibio )30l plolS ctS 55 mhas

The cultivated area of spring crops in region g

m . g@)m;ﬁgdulﬁfmm@m

The cultivated area of autumn crops in region g
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Table 1- The symbol for the variables used in the model

@3, yexlo pb Slnsgs
Row  Variable name Description
45 f, gm)o&w&”yom@gidmgwm@
The cultivated area of traditional irrigated crops in region g
46 Xp g ailaio ;5 g 55kl by, 4 oad 5yl GlalS cuiS ;5 mlaw
¢ The cultivated area of modern irrigated crops in region g
g ailais o olile OTL et 1) mhaw (20l38l gl ol glagye; 5l eolatwl as o
47 coefland, The percentage of fallow land used for increasing the area under cultivation with

surplus water in region g

Source: Research data

Gtz glaosls e

Jowo 3o coliiwl 090 Grdazul 4 sloi (V) Jgu

Table 2- The symbol of the parameters used in the model

s, a3 ol g
Row Par:x;ers Description
Lo 0 st o Jpame o
¢ Price of production k in region g
9 cxt g dibhio oK Joame Ol auie 5l e 4 S v anie JS
€ Total cost per hectare of production k in region g except water cost
3 sdcxk QM)JKJM)U.{Q)Q 4o )L:M d‘;?u‘
i Standard deviation of cost per hectare of production k in region g
4 pw G 5l el SlglS o Ceod
¢ Electricity Price of one kilowatt hour
5 ctranc,®® 99 & Qailaie | Y Jsaxe axly o Jlauil a0
¢ The transfer cost per unit of production y from region g to region gg
The import cost per unit of production y to studied regions
7 ie, Slalllae odgame 5l z )3 4 Dlolo gly Y Jgame a1y jo salyo
The income per unit of production y for export to outside of studied regions
8 1, = oS culs gl g dilaie [0 392 g0 ey JS 0 S
Total available land in region g for crops
9 i Sgdb g0 CudS e b 5 LS o' e 5l g0y
¢ Percent of the land that can be cultivated only in winter
10 atk toh)éjgdba)ékokfé)gluajbjlﬁicbfc
g The amount of net irrigation needs of crop k in region g in month t
1 w31, g aibie o tole yo cudlop alyy lls slo ol 51 Jlasewl bB ST JS oyl

The amount of total available water from licensed wells in month tin region g
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Table 2- The symbol of the parameters used in the model

s, azwl,d ol oy
Parameters -~
Row Description
name
12 iw32; g adlaie ;0 tole yo cadls p alyy e sl ol 5 Jlasiwl BB OT JS ol

The amount of total available water from unauthorized wells in month t in region g
13 iri;l g«ﬁh;n.)otoln)o)oszkm&b) ERJCIRRIN ulJS - .
The amount of total available water from surface water resources in month t in region g
Shls laols 5l cils p adlal b g oo olulids aily, a8l slasls 5l oo cils p O S (yl5ee

14 iwd, g aikis 3 tole ;o ailyy
The amount of total water extracted from unauthorized wells unidentified or Extra water
extracted from licensed wells in month t in region g
15 watb! g ailate ot ole jo lagl ‘5)L:..g’| &y oals oolazul «_;T Oy
¢ The amount of water used for irrigation garden in month t in region g
¢ tole yo 90 dilaie o oly5 ool 5o (g,Ll (sl oo solitul OT e
16 wats, T . ) ’
The amount of water used for irrigation other crops in month t in region g
17 ! tolo ;0 90 ailate )0 il et kS o bl o oo
¢ Low irrigation coefficient of autumn crops in month t in region g
18 kst tou)ojg&m)ad)l@‘gwobg&)gjﬁwﬁ
¢ Low irrigation coefficient of spring crops in month t in region g
19 def, g ashis ;o S9i5 Jolw > jo 35w 6 S ol
The amount of aquifer deficit in the current equilibrium in region g
20 ext0, g adhis ;o G935 Cuxdg ;o (55,5l ol hawg sy slacl jl el Qs e
Net extraction from groundwater by agricultural wells in the current situation in region g
21 e g ailais o 6Ll O w8 5 Jsil oosl
¢ Conveyance and distribution irrigation water efficiency in region g
22 of g aibaie ;0 5,5 bl Ghy) s ely) o bl ol Bras oaily
¢ Irrigation application efficiency in traditional irrigated crops in region g
23 mf g adlio ,o L‘ﬁﬁjd)lﬁi&j))og.cl))‘)oé)gl ol Bras ol
¢ Irrigation application efficiency in modern irrigated crops in region g
24 K3 g aihaie ;5 @9 g JUl Al je 3 (s G3le 4 a3, jon Of 358 a0
Penetration coefficient of waste water to aquifer in conveyance and distribution step in region g
25 k4, g ailate )3 Bpae al> e ;5 (ej ) Gile & B, 08 O Sek c pd
Penetration coefficient of waste water to aquifer in irrigation application step in region g
26 xof. g ailate ;o (55 gkl LRy @ ol OLS Ko cuiS )

The cultivated area of other traditional irrigated crops in region g
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Table 2- The symbol of the parameters used in the model

s, azwl,d ol oy
Parameters -~
Row Description
name
27 xonf, g dihie )3 oy 6okl Gy & oy QLS Koo oS ) mhaw
¢ The cultivated area of other modern irrigated crops in region g
2 Xbf, g aibie 3 35 )l gy & £l OBLS S iS e
The cultivated area of other traditional irrigated orchards in region g
29 xbnf, g adhie ;5 oy lel o9y & S plalS Koo et 5l
The cultivated area of other modern irrigated orchards in region g
30 pOOlOg g adhis ;0 S9i5 Curdg 0 Ol 0,38 Sl poe
The volume of the reserve pool of water in the current situation in region g
31 blé g adhis ;o Kk elyjolS LS o 0 Slee
Yield per hectare of crop k in region g
32 b g aibie joy Jyams 4 (Spas 5L JS Gl
The total amount of consumption need to production y in region g
33 tydry’ g adhie )3 )1 S gy @Y Jyaze sy JS e
. The total amount of production y in region g by dry farming method
3 blandg g ashis oK Jgams slp oyl cuis 5 mhw JeiS Gl
N The farmerlslcurrent cultivated area of crop k in region g
35 b, g ashis o Gl mhw
The amount of fallow area
36 d WS Cwad plp 4 655 cwedd 38l o o
The coefficient of increasing the price of energy to r times of current price
37 abX g aikis o Kol JLSe o peiian Jil ol
¢ Direct employment per hectare of crop k in region g
g adlaie ;o g gkl Ghey 4 G5 Golal Loy 5l ol OlS iS5 e e s Gliee
38 addnf, The amount of permissible variation of cultivated area of crops from traditional irrigation
method to modern irrigation method in region g
g aihio ;0 (po okl gy 4 (S5 kel e, 5l (L plalS cusS 5 e e s (e
39 addbnf, The amount of permissible variation of cultivated area of orchards from traditional irrigation
method to modern irrigation method in region g
40 costpol S e 400 pz b gl Slasl ¥l a e
The annual cost of building a pool with a volume of 400 cubic meters
a1 b1oP g dailhio 08 oo b g)lal ue ralols jo kK olS LSy o ,Slos
Yield per hectare of modern irrigated crop k with coefficient e in region g
42 bg o g%)of?g)‘z Lg.t_;)L_,J L:esf ‘_'nga.;LAL»)g 6)L_H'|ATA|£;9),'A.<T oo)‘l.g. '
Irrigation application efficiency in modern irrigation systems with coefficient f in region g
43 B g adkhis o h oy b glul ol aje5 9 JWl ool

Conveyance and distribution irrigation water efficiency with coefficient h in region g
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Table 2- The symbol of the parameters used in the model

il 2 ol

s, Slpogs
Parameters L
Row Description
name
a4 totalblandp. Sed Cunsg 100 dilaie 10 pg g lal CutS 5 e JS 0 uS
8 Total modern irrigated cultivated area in current situation in region g
45 ca 9.1 03 il Cud,b
The capacity of a reserve pool of water
46 pow Sl S 1o 58 (sl oy g9 Sl Lagi (551 B pae e

The amount of energy consumed by the electro pump of well for each cubic meter of water

Ol caSo o o (sl 8 Soailols cany 528U Lags (651 B a5
47 pownf The amount of energy consumed by the electro pump of modern irrigation systems for each
cubic meter of water

Ol e 2o o (sl 05053 Sl Geay 955U lags (6551 B pae 5

48 powpool The amount of energy consumed by the electro pump of the reserve pool of water for each cubic
meter of water
49 n e 4 Sl QLS S gl s (i
The highest ratio of spring planting to autumn
The lowest ratio of spring planting to autumn
Source: Research data Gz sloodls taie

Do oo 0 )Ll lakayl) 5l gogase Lol 4 laisl Cole, sl p
oo IS 5 S i ghe g Glie loyeite Jolt o5 allice 39w @b Sl B) aba
bl B Cad g G die 5l a4 LS (0 dau e Jeae Cwed szl b g 5
Dyl oo diuion Jde slo Codguaze Cole, b b 4 dgu

Max: EZng(Png YXy)-

Z Z(Cng ng)— Z (PW_ Totalpowerg ) &)
g k g ) ¢

o5 Goll Ug,y o8 5 ogml Gl sl | (LS o SlsslS) 65, B ras i (aka,
A 3 55 el S 3 o LS sl aala ool siien s e ol
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powwnf g Z (kwgt a?p )(pow rtrg rfg wellcoeﬁ’g D)
S @)
+ z (kwgt agw) /(pownf  rtrg rnfg) v g,wp
t

A3 o U3 |y gy 2)90 Slalio e 5 Cilises (slaole 3 I3 pus Sl 350 O 30 (5) el
ra, needwater;= Z kwfg aé,WngvL Z ks; afgSXéf + Z kwé, aé,WXng + Z ks;
w s wp sp

s ySp t t
agXg +watsg+watbg Vgt

()

$hoads el Ol S 51 Gy ilome 5 5lme (65,5188 sloolz Sl onds glypeid ST S (i

(T alasl,y jo Loy 50 Ol Cadgama 5 (0) alal, 51 elid g doir ailsog, asle lio 550
el 00l @83 (g5lwo w33 b gam 0,90 4 ool Jlas! Kl abaly cpl jo el oo Lo
W= tw3l g+ tw32g+ twd, Vg 6)
needwaterfg+wpool;—wp001;]S twfg rirg Vg ¢ (7)

D) a5l B ras al> 50 50 5 (8) alal 51 Jlisl al> po 0 (e 5 f e 4 Ol 3985 e

el 00 515 (10) abasy 5l gy L gyl 5 Gy 3500 S Gliee s

dlg= k3, w3 (1-rtr,) vg ®)
d2g= k4, w5grtrg(1 -rag) vg (9>
def= e (w5l ext) v 10)

Olas 1y 4l 5l sy 5 sl o Slholo 5 Sy 5 Brae g o Jobes (1) allas
.J.(bo‘_s.o
yyx{g’—tng%—imgﬂmjg—exz,—exf;:O Vgy (I

ol (o 0590 Sloogs L
sy sl o Jols ax b O ced Liol58l call

G)L:-.’—‘ oo)‘l.g Q.,.»‘).Q‘ H
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slaanl 1T Gl T e 0t e 0,05 5 g5 eJEDl 055l Lol s el (lasilelis ;3 0330
ol 3 ly ST S 1 J) 003l coler wile (o e 5l oad glial Sl 1288 o o 2598
3y T 4 olS (2l 5l comd 5 trass o3k qusy slaanlnl shl Ol 4 glie 5 oS &
Solal bl 55 a5 0,5 003L 0,00 b JS 003L il G o Jol g 0015 005 ,15iS a4y o0
33 &I Le pao oy 5l ailgs oo (5 5kal 003k il Bl iy wlo (Sias Il (6 25 )50 Cu pae
SIS s 50 s)lal (g sloailels )3 (5 ISl p puizen 5 @55 5 JETl slaaal ]
g5 5 Wl e 4 azgi b o)l g sloailols j3 Bras 003l 025 ©j50 (Brae 003l (tal38!
O g (cwbe)sls alibl coblB so s 85 b 1 Sile job 4 09 oo Jlosl &5 (i poe
el JUEl oagl il 1 Lol a5 s salgs oy 2 go i 25 s Ll yo ol ol (1015
516,10 00 50 S pie dgupe b Brae 003b Silidl g of Jlaml Slawwl )0 5 I35 ke o b
5o oo sl gybes iy szl =2 iS5 e GRI 9 357 5e (ns slaailels
3o e J5 50 Cosgaze e kel g sleailele 4 i (glol Able b g5
aibate fily 9> U (s (35 slr @ (ng ol Slelo (03l 5 3l sl sl
et Gl b e 5l e slailals 45 LT 1 (0S5 s S il )
B o ggeme ;o S j3 5 Slae (lBIL oS 5 50 gyl 5 cnl T Se o 13wk ol e
Ol aals el oals (8 3) Jgaz o bagy b o5 o Thag o oy 2 500 2,k 05 44
Uyl Sglae cilise ylalS )0 45 009 a0 40 B 10 o e s kol slaailele jo o ,Slee
ol e Gloe; jo 8, Sles ialidl pwy ol ;o (1015 () Ken 5 cwbe)ionl oo
22)3 10t e cpl 0 Jae Gl g o i8S 513 10 00,0 20 (. Sils 5l @) nailals
st laaminl 3 51 5o ol 355 5 Jl o5l gl i ol 8 5has (T3l sy 40
27 O ygo a4 iz slaadal, OT S slagex ;0 Ol )0 a6l 0l o Jow
P9y (rl 5 wblos By rme Slaghy, 5l gy m s Ghg, o5 Sl sl slerin (Slwle
A din &5 Sl oo SO g ol G Ol oalds sl sl gl o O e @ il e

sloanl 1 51 O tis e s slp a5 Ll 5l ls Ss wwel 25 6 15 o S L
g iz Jleas SIS cnl plonil 5wl oo LU aen sl ciubejl Glag b bl 4 5L S
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5 ol Gl s 5l Job axly o JUIS 5 cais olie 05l lp 13 el 5 oo
A0 0,092 5 Sloww glaasis Jlsl oo3b a4l cpl 5ol eoladl 2006 )0l g5l
sloanll Job 5 £33 4 52 5555 558 5 JUS! 033l olimn 22) alad Sl o3liial b 5 .05 428,
e o)jTﬁ ol.‘> aal> 3136 6‘)" 609)5 (5’0 9 u] JLQ.;..)‘

K;
2 O (14 5g0mp) @2

alaly ol o

(o) Lj Jsb & (S anl T 5ol ol Ol (4 2 5d) (29,5 (2 Ole0 O

séL?' C\.Q‘).;‘ G‘M‘ 3o oL> u.:] <® u|)~o |J

(B sz Geb) 1 (S 28l L pnalesl 5k o anlpl 4 609,50 e N

Db o (SB cdb b cisleyl 2y yo anlpl 5l Ol otis oyl Ki
g Ay o &S gb,w s dbowles Gl 5l Lab slan! anie aulbwe ol
Dz 50 dgbee Soml JB 5 Jox 5 (2B D)8 rizren 5 0)9laS g sbagaiesg
w5k o eleizlange Glyie b o9 shie Djgo y0 5 lasatesse plsie b (o9 Cute
il o 65,5 ol ial33 Lol oo sely g eyl Slmnsls il Lol cgo ol a3 s
D Al 5z ph b yess (ol Al
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G SlaskS a Cad PW Gan ol (3] Dicalow (sl21 51 Gy 5 (i 59 piite (3]
TCl coyles] ol lys 2Jgo il COOWeonss Gbpan Gy S )30 TPOW 3 puas
oo sy p 3y90 Sladgaze JE 5 Jo anza CTRNC 5 laJgame lojly (55)] all>
et e 5l 39800 et S by bajiie 03 A1 5 00 Bosr Gr Seedd
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Table 3- Features of increasing irrigation efficiency scenarios

B3 ey
Oledil y il 33 S ) o
&5 s Jal i yean el (il 380 § Slee s il Bl Cast sleaonn
Increase Increasing the applying S R R okl 50 sk
transmission and efficiency Increasing yield coefficient Potential of .
dlSt_I’Il?utIOﬂ increasing the d
Ol o efficiency modern irrigated (Uesls)
City cultivated area  Transmission
I I I I i I I I i tube fength
Ol Ol Ol Ol Ol Ol Ol Ol Ol (Km)
R 3 e S R 3 . o P UL S
Current  Scenario  Current  Scenario  Scenario Current  Scenario  Scenario  Scenario crops orchard
amount amount amount amount  amount amount amount  amount  amount
H) (Hy) F) Fv) Fv) E EY) (Ev) (E)
plr o
Torbat-e- 0.73 0.95 0.666 0.75 0.85 1.2 1.1 1.3 14 8337 2277 3057
jam
oy
4 9> 0.78 0.95 0.666 0.75 0.85 1.2 1.1 1.3 14 5460 2664 2371
Torbat-e-
heidarieh
i 0.55 0.95 0.666 0.75 0.85 1.2 1.1 1.3 1.4 13332 2010 365
Sabzevar
& 0.68 0.95 0.666 0.75 0.85 1.2 11 13 14 13468 2071 939
Mashhad
ol 0.71 0.95 0.666 0.75 0.85 12 11 13 14 21802 642 582
Neyshabour

Source: Research data G glaodls taie
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Coy —oler B 09> 4 Blate (35te (6 S (i (55,9laS Ol Brae ;0 35d oo alixde &5
S5y9tiS ol sy 5l a0 T4 dga sl oo (55 )9liS (5w Bpan 5o, 33 i el
Shao;s 32 Gl el Gal 3 G35e (68 Ol 5 310 )8 plr b Gl el o 059> ol
Trd & ot S50 Slaceslon 16 ) @l el Gl gl al 5o 3y sleol S
el 3

(o8 Cowlow G-I

anip ool Cand Rl ly anS el el gl ange O Gl lisleS el 4 ax g b
e g ol )ods ploul (65 51 Caond el 38 b O caasd 2ol 1) 8,8 oy il Of el
od Q) JS5 ) e g8 225 (55 2 ot el 8 Gl 6 s (8008
Cood o3l re 42 530 45 (5,5b 0 Al o Las |y el o138l o po B8] jamme 04 oo
Blaie sbaglie 1o Gl Gl L osd oo alixde a5 jsblas el adgl Cuaid 2l g0 4
Gl L s 5 05 w2lss (252 s T Brae (2al5 (9535 Cod il an b 5o Jlis 5l a)
) iy sl ol cilsy 5l ad cute Gl (S935 Caad il slez 4 651 Cong
ID)s )l 1y (350 (5 5mS (nyeS g0ae 5hai 51 sy (nl il 05 ooy Ol s (ybias 00
S 0oy 13 155 1l 10 & e (0381 b 00 o s e )0 (eaSle e (ygale
S o Sate |y ol el 515 eadsl cend uly 18 a4y Ol caad (ol g 4l (2als (5
Ol sl e lo 1y (35t (6 (i ciSe e gakes 119 L a5 plar i b 0 o
Aoy 025 1) 55 6 5 9000 &) ddsl Cund pl 50 0 Cad SRl 50 (550 (S
ol el 5l o cute Sl adgl cond 1 22 & 11 5l ced 201581 b om0 ialS
4 e g y5lied Ol sged lp Oliee (nl sdioe pal Gl el Gl (s slacl |
NS o ailoles JStio i xSl el il 13 ke jsb 5 21244 59 i3
dod slp LSS e slr 4 cood jas Culew Jlosl poif 0o Gl g 098 o0 (attin
el S gt ot 50 o] sl 45 el naibara
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Table 4- the amount of water extraction and aquifer deficit in the studied basins Thousand cubic meters
S5 3 650laS it e
- 039> (37 GrS doyd Gl 4l e sl JS
Ol : . ool
Share of agricultural sector in the U5l o5 eSOl laelor WOl dogew
S aquifer deficit of basin SO S e 5 s5sas
i e els oyl 059> S5ogkss L
REON b 0j9> 5 e Sl Sibes Amount of Percentage Share of city o g O S5
City Basins Total Industry ~ Drinking Agriculture aquifer of aquifer from Total Share of
deficit o deficit from agricultural ota agricultural
o o) total water of basin- extraction of wells from
i i city aquifer
quantity percent extraction percent agricultural d?eficit
wells
039l 60271 1033 2665 56573 6260 5876 93.9 10
davarzan 11
s 208802 5396 26391 177015 40140 34029 84.8 19
Sabzevar 87.7
lo2 sl 107468 3066 1482 102921 13080 12527 95.8 12
297 Ataeiyeh 743
Sabzevar ' 249657 41347
asls-o S
# e 27461 47 2055 25358 3342 3086 92.3 12
Sangard-
ghale_meydan 43.3
57 512781 5309 11518 495954 151670 146693 96.7 30

jovein 0.1
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Table 4- the amount of water extraction and aquifer deficit in the studied basins Thousand cubic meters
o 107468 3066 1482 102921 13080 12527 95.8 12
Ataeiyeh 24.3
sl 674005 9266 34776 629964 144700 135245 935 21
Neyshabour 70.5
)fl-‘“-*-' .
Neyshabour o 175737 688 5186 169864 45290 43776 96.7 26 517113 107852
Rokh 18.9
ol & 847371 54835 268737 523800 95350 58940 61.8 11
Mashhad® Chenaran 0.1
N 17817 52 1128 16636 1340 1251 93.4 8
Yengejeh 94.6
o9 674005 9266 34776 629964 144700 135245 935 21
Neyshabour 9.6
HA o d’l
1331 1264 1 151 . 12
Agh darband 33 59 8 6 59 5 95.0 185
. @.L"”" . 136864 2632 3314 130918 16530 15812 95.7 12
RV Narimani 99.6
489931 63057
Mashhad e 847371 54835 268737 523800 95350 58940 61.8 1
Mashhad 55.6
S 238 7554 886 1236 5432 0 0 0 0
Kalat naderi 3.9
Sang bast 38013 1434 2165 34415 7875 7130 90.5 21

22.0
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Table 4- the amount of water extraction and aquifer deficit in the studied basins

332 0390 SB03e 10 (3o (§ S g T Cbld  liwe (F) Jgazr dslsl
Thousand cubic meters

EXCION|
S 1331 59 8 1264 159 151 95.0 12
Agh darband 68.6
o s ol caz-abl wlls
= = Saleh abad-Jannat 15813 73 1459 14281 1880 1698 90.3 12 372478 119771
Torbat-e-jam
abad 99.8
ol 515865 6078 25606 484181 170300 159840 939 33
Fariman- Torbat-e-jam 73.8
=4 37614 978 6782 29853 8130 6453 79.4 22
Azghand 8.1
s, 153487 1950 5885 145652 28580 27121 94.9 19
Roshtkhar 25.3
4,0 o 40> Soimegl;
Torbat-e- Zaveh - Torbat-e- 178785 4923 19646 154216 40490 34926 86.3 23 235727 55624
heidarieh heidarieh 18.6
o 175737 688 5186 169864 45290 43776 96.7 26
Rokh 78.4
T 674005 9266 34776 629964 144700 135245 93.5 21
Neyshabour 5.5
!
o 5475000 - - 4861909 1117600 992451.0499 8.88 20 - -
Province

Sl (635915 (350 (7S slalian #

— ko g 3ails 0,50l polie 4l Slalllas o e s90, bl > (ol dilate BT &8 15 e
Source: Khorasan Razavi regional water company-Management of water resources basic studies - Integration and balance sheet group ° The Amount of aquifer deficit is

estimate.
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Figure2- The effect of water price increase on reducing the deficit of underground reservoirs in the studied
cities
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S sdiedguw g a0 1A 0gd Caad o138l mile g 00,5 5 1) adgs als Mo ilolg 500 a5
5 oadg laasse ol sl Lol ol ,5las swl e rals wdss sl il Jels conliw oyl
dbos Ja g Joo sloainie poki g ()15 Sl Al i g (S ) e RS
Cood il 38l ol 150 09 o alamdo a5 ol ylad .ol 00 03,51 (5)Jga o Ll ol as
W10 o5 50 5 oy Pee (g S AL peud 004y oS (el slagaiedgw LralS i slel jo
2oy dwo 3l i A S o po 10 4 (6 y9b 4 0o 8b i il cpl col Cad al58l b Ll
Lol oS oo oo 1) Lo yliw ol (B )0 5 S ax ST13 (oo b cwd l58l .ol
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Table 5- The effect of increasing water prices on the net change in social benefits Percent

‘5°L‘°:f§‘ slaadlye Coefficient of water price increase
Economic component 4 5 9 10 13 15 18 20 22 24
OlogtsS” Salys s 49 25 .45 50 -63 71 -81  -87  -93  -08
Farmers Income change
(30,92 )1 O, a5 ss
Changing the cost of foreign 2 4 14 16 23 25 34 39 51 60
trade (percentages)
Changing the cost of 0.5 0.1 0.2 -2 -6 16 -3 -13 -8 -12
transportation
Slagaiedgw Lalls i
50 -55 -75 -86 -110 -132

el -4.7 -8.4 -29.2 -32

Changing the net social benefits

Source: Research finding

Sl b asylo yme S Jlo 58 caSe e gk 385 sgax

3 ol 4l (ggezme 5

aS 009 Jb, 5050 Sy o sl s ol @lie 3l cbla> anje ol B s 4l 13
3 ol ol b IS8T 0l 0 Canliws ol 10 i o oo l35liS |, o1 JU, 5020
u....'|)3| L oeols ULM.» pos (1016)(5..\.09‘ 9 SO ;.,@5‘ ey doms ( 6J5..\.‘>)w‘ Q\}”L‘ZS

bl 3] Gl el Gl on )bl g slaailels (sl aill o3l 5 ST oS (lojen
sl O Gpas J1als s s 23l g oad lyjalas welye aalidl el ool

Juyes 0525 SLOT 5l caS yio b 5l cdidlre 430 (6) Jgax
Table 6- The cost of protecting each cubic meter of groundwater Ten Rials
sl ailge O Caasd al3l b
olasl Coefficient of water price increase

Economic 4 5 9 10 13 15 18 20 22 24

component
el anse

-373 -459 -537 -567 -575 -598 -680 -780 -897 -923

Social cost

Oslisense 018 918 573 608 502 523  -500 543 521 -469

Farmers cost

Source: Research finding
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27 (5 @3,) 30,0 85 a4y Bras 005b il b g 058 oo lpz P 5SS 5l duoye 83
ool 2 s (B3 5 BE2) )LSa j05,See (ol 8l ] )0 000 0 ) (350 (55 ol a0 )0
Bl Fae Canlew (al solatdl
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Table 7- The effect of implementation of irrigation efficiency increase scenarios on Aquifer deficit

change percent
N sl S By > o plr oy g Lo 0,
Total Neyshabour Mashhad Sabzevar Torbat-e-heidarieh  Torbat-e-jam scenarios Row
0 0 0 0 0 0 HO FO EO 1
-83 -86 -159 -95 -44 -54 H1 FO EO 2
-13 -13 -17 -7 -14 -12 HO F1 EO 3
-94 -97 -172 -101 -58 -64 H1 F1 EO 4
-27 -27 -36 -15 -30 -25 HO F2 EO 5
-106 -109 -188 -108 -72 -76 H1 F2 EO 6
Source: Research finding G slaazily sae

OlislaS sl a5 plagaredgw 5 ania )oli5slaS w5l gl (ul golaidl bl A
00 03 5| ablite & g0 4 gy L Jga ol j0 .l o0 00,51 (8) Jgaz ;o (sl Lwgole
ssbolen sl oas azd )5 ks jo Jlal byl S Ayl anse S 0oy0 25 5 5LaS vpe 9
oy 20 g sloailbele o o Slae ioli8h) wb cll> jo 040 oo ala>do 8) Jgo> jo oS
mhs Gl g s (HL ) 4 S slaasl ol i) i 5 JUl ool 2l b 5 «Eo
# sl Jby 000 cloml sloanzn 5 Jb, 3000 o5 ples anje (Jgl hsy ) oS 5
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55 S 05 g 5 WISl (e 6y GRS 00 p0 TO BTy 5 e S s plr
A slezl anse g adly (lals 0o, 106 51 i 4 (e a5 oo 53 el 00t o5
Gl Las il 13 @ coad l8 gl po Leloeal JU, 100 T (52 4850 oo 1
odel s 4y Sl 5050 (35 (g8 Bio slaiz] ansn w00g: ol os o8 iS5l
3316 5:Siba jsb 4y g 00g Jlid o gkl 5l Foml G55 glaailels ;o Bras ool ol
15 ol 003k eSiles yob s g bbb 4y 5,5 (ol 58 oyl ol i il oo
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Table 8- Economic effect of increasing irrigation efficiency in condition of no change in cultivated

area

el (el 0250 o 3l g s (e P (SIS

O9eke1 0) l350La8 sl (oo e (y5kee) (297 o caSe yio 0 ere s r—";"s‘ ’
L The amount of Ub,1000] b, 10)ST s

> groundwater Level S Net social cost

Total cost (income) of ducti Farmers' cost (income) . .

olicy for farmers (10 reduction er cubic meter of (income) per cubic

P r'r)1/illion Rials) (million cubic We?ter saving (10 rials) meter of water saving
o meters) (10 Rials)
55

scenarios HO H1 HO H1 HO H1 HO H1
EO FO 0 -9519 0 -317 - -30 - =70
EO F1 710 7797 -49 -359 14 22 14 .13
EO F2 1391 8324 -104 -406 13 21 13 10
El FO  -17514 -10296 -3 -319 -6431 -32 -16834 -160
El F1L  -16814 -9758 -51 -361 -329 -27 .883 -140
El F2  -16143 -9238 -105 -407 -153 -23 423 123
E3 FO 17692 24945 0 -317 - 79 - 115
E3 F1 18403 25490 -49 -359 375 71 865 103
E3 F2 19084 26016 -104 -406 184 64 415 9
E4 FO 35385 42638 0 -317 - 135 - 243
E4 F1 36095 43182 -49 -359 735 120 1688 216
E4 F2 36776 43708 -104 -406 354 108 804 192

Source: Research finding Gz sloasl raie
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s S ol st 3 255 5] (S Lools S5 5 e il 5 mo s il
0 5 ggame 5 5 o5t 3o 4l 45 (EL 5 EO (6,Shes slolors siiod ) by o 2015
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wily plats] iS5 e il 4 snd gz 4byo slael wianl 039y 5zl 2ol L
5o 0l dalgs ) el s mhaw (il 00,032 B g bl ol iali8l b aS g sk 4 el
20,5 53 (e S 2l (i wBran 5w (Jl el Gl s Sl oy
25 b ) ek gl 033k iyl gl o &S oy (EAF2HL 5 E3F2H1)ag aslss
9 58 Uz o ol 5 olile (o 5 oo o 4 5 (S dadileles £55 5 ctS
Glpoads o9 4,0 ol 51 olyelaS eoliiw! 5 5 (B8088) ) SKen o alawlg e ks
L owools olis 55 (4044) o San g oolyde sl cwyp 00 aST 55 ciS 5 mhaw ol38l
2 e oo, 20 Gl g st sl a4 S syl sledlbls sow,s 100 03l

A sdnlie e oo cdl gals b oS 56 s

Skl (98 railobu 1o (5515 aslo s 9 5okl 003b (I3l gobaidl b s,li5 5T () Jguzr
Table 9- The economic effects of improving irrigation efficiency and investing in new irrigation

systems
( ..\AT)\))A.ZJ")..Q ( \.\AT)\))A.L‘[)'.Q
T 15 sl s , .
(alanis oz IP D O a Gl oligltS e sbeal a5
OiglsS ly Gl (a0 s o aSo o
L, ¢ 10y The amount of 10y 10V_
%) 05 groundwater Level (JL, 10 (Jb 10! o>
Total cost (income) of reduction Farmers' cost Net social cost
policy for farmers (10 (million cubic (income) per cubic (income) per cubic
million Rials) meters) meter of water saving meter of water
gy Lius (10 rials) saving (10 Rials)
scenarios H- H H- H H. Hy H. H
EO FO 5205 57302 0 32 * *
EO F1 29054 59770 18 -54 * 1106 * 6569
EO F2 55158 58174 11 -202 * 289 * 1671
E1 =) -10344 16755 -30 -36 -348 460 20265 24788
E1I A 2631 18038 -5 -120 575 150 201107 7541
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Table 9- The economic effects of improving irrigation efficiency and investing in new irrigation
systems

( Mi)o)d_;.ip
. S mels ol (2aly)a;e oz alls

‘(M:;)ﬁﬁ i S Osees) Fo 2l lndsS s e e

Ohogse Sln s R 297 48,0 aSh s> 4,0

(Jb) o3eds10) The amount of (Ju,10)1 (Ju, 10y

Total cost (income) groundwater Farmers' cost 2 | )

of policy for farmers Level reduction (income) per cubic '%?;Sgrﬂ:) cg?t
(20 million Rials) (mllllotn cubic meter of water saving ¢ bic meteﬁ of

meters) (10 rials) water saving

Lo gy Lins (10 Rials)

scenarios H- H H- H H- H H- H
E E2 20989 19259 6 -210 * 92 * 4320
E3 Fo 35008 95748  -10 -24 3482 3909 92793 39%
E3 F1 64118 97061 -21 -110 3037 882 45416 8908
E3 F2 95649 98311 -33 -202 2911 488 30140 4867
E4 Fo 74685 135884 -6 -24 11500 5548 14951 4166
E4 F1 104898 137198 -21 -110 4974 1247 47473 9287
E4 F2 136428 138447 -33 -202 4152 687 31429 5074

Source: Research finding Gaiod slaaidly ae
Gl 0013 &, y3n 6 g sl
glaw (2l by 4 (g sloailbs ctS ) mlaw Gl GGl Gl 0 a5 B) g5l 5 s
Oliwe (EOFOHO) jlos jo .l ool (10) Jga 10 g o pums s sloasloles S 5
Aoy o CuiS sl 7S ek Cumdg ;0 45 Jl o el o0 6 (35 (5 S alS
o 5 (caSa s ypelen 443 ) co 03 63 4 zalS ] (EOFOH1) g0 i (61,21 L s,
D5 575 (EOFZHL) 31l 1,2 s 8 iS5 s 555 gy oy 5 o5
S 2plS oo, 53 i ) e J5US ek Cardg ,o Ll ssls zals s ys 94 1,
St 5 el J5US g Cmdg 5o Lel 0gs anlss Ol olile jli 50 (izrad 05 e (35
s 08 Bl e il G35 g S 5l o0 88 o

*Increasing aquifer deficit has occurred
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Table 10- Technical and economic impacts of investment in new irrigation systems in the third sub

scenario

Al ( W JOLEER

(2 0)ais 50 pox S seels lre l5,9laS (ol ,0)an 50 S ye o solainl
SigsS Gl o (eSe e 0k e e e sl 10)LT g 4h,0

) The amount of T
(b, uif-Lr"l 0 groundwater Level Je,100-1 &7 (Jb,
Total cost (income) of reduction Farmers' cost (income) Net social cost

policy for farmers (10 (million cubic per cubic meter of water (income) per cubic

million Rials) meters) saving (10 rials) meter of water saving

(10 Rials)
logy L
. HO H1 HO H1 HO H1 HO H1
scenarios

EO FO 3330 39851 21 -243 155 164 2462 787
EO F1 14508 42193 -103 -304 141 139 1289 688
EO F2 33101 43067 -155 -366 213 118 1231 574
E1l FO -11641 12400 -9 -240 -1363 52 -9561 514
E1l F1 -1968 13119 -46 -286 -43 46 -539 434
El F2 7672 13808 -84 -337 91 41 484 371
E3 FO 26223 71315 -85 -251 307 284 1796 1100
E3 F1 49471 72339 -130 -317 380 228 1832 873
E3 F2 69785 72028 -190 -413 367 174 1504 670
E4 FO 65571 103499 -96 -282 684 367 2709 1278
E4 F1 89924 104655 -139 -357 645 293 2410 1012
E4 F2 108081 105461 -196 -431 553 245 1925 839
Source: Research finding GBS glaaily aie

Wadleiudey 9 (5545 oyl
ol mhw § ciS ol 5 Ol cwd o138l Glocinlaw 13U ol Glis cwyp pl @S
Loyl o 50 ol ls a5 ails 18 5l 55 5l o B4 caed aal58l aals jo o))
s Sloceerd sl 4 cansd Gt Jlac] s olpes b el o sl 1 w03s gli
sials cel Canlow pl Glal ol (S e Jee 0 o Gzl a5 wil leddlais 4en gl p
ysb 4 998 L 19 o o)l5,5LiS aelys g oal duo 0 duo b SV game i (6 )lews CiS ) o
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Abstract

In order to compare the effect of water pricing policy with increasing irrigation efficiency
and investment in water and sewage technology, on reducing the deficit of groundwater
reservoirs "DGR", production, net imports, net social benefits and income of farmers in
Khorasan Razavi province, Five cities including Mashhad, Sabzevar, Neyshabour, Torbat
Jam and Torbat Heydarieh were selected and the img)act of these policies was studied usin

a positive mathematical programming model SI?M _GME). The analysis of the effect o

rising water prices showed that although this policy has different results in different regions,
making it impossible to implement, farmers' income is reduced from 19 to 98 and an average
of 63 percent and increases social costs by 50 percent. So that the cost per cubic meter of
saved water will be 5750 Rials. By increasing the efficiency of water transmission and
distribution and without increasing the area under cultivation, the DGR is reduced by an
average of 83%. The farmer's cost will be 300 Rials and the social costs will be 700 Rials
per cubic meter. If the total irrigation efficiency is corrected to its potential, the DGR is
reduced by 106%. If the increase in efficiency is accompanied by lack of control over the
level of crops, although the production increases, but in conditions, the DGR are rising, but
on average they fall by 53%. Replacing new systems instead of old and increasing the
irrigation efficiency until to potential level without increasing the level of cultivation,
reduces the DGR by 94%. But without increasing water application efficiency, only 63% of
the DGE is corrected. It is therefore suggested, in place that the efficiency of transmission
and distribution of water has increased, government reduce the extraction of ground water,
proportional of increase in irrigation efficiency. Also, in critical areas, providing facilities
for new irrigation systems be conditional on reducing water harvesting.
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