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PP:34-51 favor of rice as more irrigated product on one hand and groundwater level
decline on the other hand, it is more important to study and identify the
factors affecting rice water demand.

Materials and Methods: In this study, the estimation of water demand
function in rice production was investigated using system estimation
methods and seemingly unrelated regressions (SUR). The required data
were collected through filling out 314 questionnaires by farmers. Sample
farmers were selected by stratified random sampling method in Gorgan in
2017-18.

Findings: The results showed that most of the coefficients were significant
at the 5% level and Allen's partial elasticity had the expected sign. This
indicates that there is a reverse relationship between price and quantity of
water demanded. The self-price elasticity of water demand indicates that
for a 1 percent increase in water price, water demand decreases by 0.19
percent.

Conclusion: The demand for water is inelastic, That is, with the increase in
water prices, water demand will not decrease significantly. Accordingly, it
is recommended to use complementary policies such as increasing
efficiency and using modern irrigation methods along with water pricing

policy.
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Extended Abstract
Introduction

Given that Iranian agriculture is highly
dependent on irrigation, if the role of water
in the development of the country is not
considered, the country's economic growth
and development as well as food security
will face serious problems (7). Water is one
of the resources that plays an important
role in the production of agricultural
products and if it is not managed properly,
it will create a lot of restrictions on drinking
water and agriculture. Currently, the
agricultural sector consumes 92% of the
country's total water, so it is necessary to
consider appropriate  scientific and
managerial solutions in order to properly
use the water institution. One of the
effective and important strategies is to
determine the real price and pricing of
agricultural water, which helps the optimal
distribute of this input between different
products (9). Rice plays an important role in
feeding half the world's population. This
product covers one third of the world's
grain cultivation area and more than 90% of
it is produced and consumed in Asia. Rice
farming in Asia is the main source of
employment and income in the agricultural
sector. Paddy irrigation is also one of the
most important operations to be done in
rice cultivation (2). With the increasing
population and changing consumption
patterns, the amount of water demand
increases, which due to this issue and the
limited water resources, the importance of
studying and recognizing the factors
affecting water demand becomes more
apparent. Accordingly, this study has
estimated the water demand function in
rice production in Golestan province.

Materials and Methods

Input demand functions can be derived
from two methods: deriving the profit
function in relation to the price of inputs
(Hotelling's Lemma) or deriving the cost
function in relation to the price of each
input (Shephard's Lemma). In the first
method, the direct demand function is
obtained and in the second method, the
indirect (conditional) demand functions for
the inputs are obtained. If the output
function has an incremental return to scale

(IRS) feature, the input demand function
should be estimated by minimizing the cost
function, but if the output function has a
decreasing return to scale (DRS) function by
maximizing the function Profit can be
obtained as a function of input demand
(26). Given that in the agricultural sector,
the farmer tries to minimize production
costs (Y) by choosing a specific combination
of production inputs (X). Accordingly, in
this research, following most of the basic
researches done in this field, an attempt is
made to estimate the water demand
function as one of the production inputs by
using the translog cost function and using
Shephard's Lemma, and through this,
Allen's partial elasticity of substitution, own
and cross elasticities of demand is
calculated (Uzawa, 1962). Based on, first a
production function and a cost function
were estimated, then by deriving the cost
function from the price of each input, the
demand functions were obtained. Due to the
relationship between cost function and
production function, systematic methods
and seemingly unrelated regressions (SUR)
were used against single-equation
estimation methods to be more efficient.

Findings

The results showed that the generalized
Leontief production function and the
translog cost function are the best forms of
production function and cost function. After
estimating the generalized Leontief
production function and the translog cost
function, the correlation coefficient between
the disturbance terms of the production
function and the cost function was
investigated, = which  indicated  the
correlation between them. Based on this,
the generalized Leontief production
function and the translog cost function were
simultaneously estimated by the seemingly
unrelated regression (SUR) method for rice
crop in Gorgan county of Golestan province
in the 2017-16 crop year. The results of
estimating Leontief production function by
seemingly unrelated regression (SUR)
method showed that most coefficients with
95% confidence interval are significant.
Nitrogen fertilizer and cultivated area have
a positive effect on rice production and
potash fertilizer, insecticide and fungicide
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have a negative effect on rice production.
The results of estimating the translog cost
function by seemingly unrelated regression
(SUR) method also showed that most
coefficients with 95% confidence interval
are significant. Labor cost, potash cost,
herbicide cost, insecticide cost have a
positive effect and nitrogen fertilizer cost,
fungicide cost has a negative effect on rice
production cost. The results of estimating
the share cost equation of input for Gorgan
rice crop also showed that most coefficients
of the input share equation are significant.
The share of water cost has a positive
relationship with nitrogen fertilizer price
and water price, but has a negative
relationship with seed price, labor price,
phosphate fertilizer price, toxin part and
production amount. As the price of nitrogen
fertilizer increases and the price of water
increases, the share of water in the total
cost of production increases, but as the
price of seeds increases, the price of labor,
the price of phosphate fertilizer, the
poisonous part and the production of the
relative share of water decrease. The results
of Allen's partial elasticity of substitution
for production inputs of Gorgan rice also
showed that all Allen's own partial elasticity
has the expected sign, negative, and this
indicates that there is an inverse
relationship between price and demand.

Discussion

The absolute value of most price
elasticities of input demand is higher than
one, and this indicates the elasticity of
inputs, and this indicates that a one percent
increase in the price of each input, reduces
the demand for that input by it is more than
one percent. The results of estimating the
water demand function also showed that
water input has a complementary
relationship with seed but has a
substitution relationship with labor,
nitrogen fertilizer, phosphate fertilizer and
toxin. It indicates that increasing the price
of each of these inputs reduces water
demand and prevents water wastage. The
complementarity of water with the
cultivated area indicates that with
increasing the cultivated area, the amount
of water consumed also increases.
Substitution of water with labor indicates

¥

that by increasing labor, irrigation can be
managed and less water consumed.
Consumption of chemical inputs can also
increase yield and reduce the need for
water consumption. The results obtained
from of Allen's partial elasticity of
substitution also show that water input has
a complementary relationship with seed but
has a substitution relationship with labor
input, nitrogen fertilizer, phosphate
fertilizer and toxin, this indicates the
greater use of these inputs in rice crop for
Save water.

Conclusion

According to the results of cross-price
elasticities of input demand, water is
complementary to seed but has a substitute
relationship with labor, nitrogen fertilizer,
phosphate fertilizer and toxin. This
indicates that an increase in the price of
each of the alternative inputs increases the
demand for water. The price elasticity of
water demand is less than one, so water
demand is not elastic. Accordingly, it is
suggested that in addition to water pricing
tools, complementary policies such as
increasing efficiency and using modern
irrigation methods, as well as cultivating
low-water crops to reduce water
consumption.

Ethical Considerations
Compliance with ethical guidelines
All subjects fulfill the informed consent.

Funding

This study was funded by Gorgan
University of Agricultural Sciences and
Natural Resources.

Authors' Contributions

Design and Conceptualization: Ali
Keramatzadeh, Soraya Ansari; Methodology
and data analysis: Ali Keramatzadeh, Soraya
Ansari, Aazam Rezaee and KHalil Ghorbani;
Supervision and final writing: Ali
Keramatzadeh, Soraya Ansari.

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



Y o o N F 0499 A Fe) ol 5339l Slaidl idg i oke aolikad

Ve AFEY il LLE YRYYF-VYFA 1 g oSl Ll

1B S Gl e )3 T Jgrasme Mg p3 O o3l (Lo U 391
(SUR) b pols jall a3 (o (ygum 55 ) 32,5

YUy I o Tl phiel Masly el S e oy, g bail by

OS5 (b @lie 9 (559l pole oSl (559l LBl 09,8 bl (ol S (ggmtsly -

5SS e e 5 gl ol s (65l oLl 055 ke Etn gt -

b i g 59l pole o8 O pusins 09)F ole i gas Y

LXVN YYAMY /YY) iedl > & ,U

5o i 4 g e o 8y IS ol S (o) s g S0 5 dastie Ve [N 1b 0l
Ble Copte dallae Coenl K03 Byl 5l (aej; Ol oy aw Bl g )b 5l g Ol Jgarme FF-0 Y :lxio o,lowd
S oo Olled eyl Gt ) Sl LS 2 ge Jelse cslis g G

sl 3l edlitl b @y Jpame 15 0 ol Lol @l gl 4 adllas ul o 1 hg) 9 310
JUs > i ol 4 barye slaodls s asly (SUR) Lyl palls 4 slaygmn )3, g ok
ol GhE IS ) 3ol b £y SWiges Lbs) 4 AbiLty TF a5 oy j) AYAS-AY
el Gy 55

ol 5 i bS5 s ben 2o O gl 53 calyd 51 85 3 ol Bl
abasly OF Lol Jlade g casd w4 Canl cpl oxims)lis a5 W) |y ke gm Hlas] 3550 coMe
Uialiel aoyd G el 4 a8 ams o lis (2 NA) O lols (355 b LS ) dgmg uSe
e il o)y <N Ol slolis ol cuadd

5 2015 T LA o b Gl g i il S o] (LS 26 e s 9 v
51 5 a5 sl o] oo 31 S 5 353 i oyl 3 281350 g
g o3kl 15 (6yll oo cla 3, 5 edliul g o],

ONiled o SKwl (519 395 21
S odli! W @ yge0 4 Wlio

DOLI:
10.30495/jae.2022.23722.2114

flS el
S Sobudly arjp o i My o
blite 95 oid S S S

o3l el e 1] ghumno Dy g3 3

Il 55 IS (b e 5 (550l e oISl (55 Sl 5 5 S
SOYFOFFOFA 18l

alikeramatzadeh@gau.ac.ir : Sug ySI| Con



(SUR) L jol jolls 4y (ygmms 55 Gy 3,535 55 (liaw soend 53 252 Jgpane g )3 Ol 030 Lol @ 391

ol By LS bl )0 g6 Jgasie AJgi jo

)Lo.m) Ol)f‘»‘ Jl.o.w dilais dLmOlIml )'I u&; Ow Qb’.w\
S egdie ilyese o (303 AF) o] caao o (ygilio YoA- &S
{VF) 290 Jlametaol s 5 ol i Sl o o 2o ppsilie
indS Gl (S 52) it Jpaine g sk 5 €S 1 o
e S 5 s Bl 5l 45 Ble 9SS 51 2oy F/5
(Y3) 3515 5158 poleg ool )3 3, Shos 5 s

pamo iz ol 5 55 el adllao ) 5 S5 @ 5
2 &goj ol g3 0ad plonl Sllllas )y & 39300 9l @2
ool b (ol adllan j> Logi o by yadS 5l gzl 9 J5b
Ol pAS Joae abja @l s & Sobudl s auia &b
By s gl el ond as by Byd bl kel ke
Josts S iy JoSa 1 e 5 iy Jon (plons 355
RS &S a3 oo (LS Lowd (590 ekl (RIS 3l g 39)
il Olodd By )k 5 (olesd 355 I oy Jelgs Cuns
2 05) i g o] o 558 (sinl 5 039 2 ) 55
@ byl ol 4 lagg)S) 5l edlitl b So> sl adllae
2l5 ol o0 4l S il S IS ol o
S e 05 9w (ke NI e & M L
@ Soed GBSl pgte I G dpeted il
oy Sy gy ) o3biial L S5 (ol adllan 3 (1Y) 3,035 e
My oolaidl gladdyo 5 Wy Lo Lo 4 kiyel el 4
S e ol @l cawl ol sl olpl w8
©dg CJ\”quo 9 )K da)u d‘); WB dlb.)l.e(v LS:LM».);
Olpl 2 aByiie W ol g Gl sl e o3l JoSe (g
b )Ses (sl dalllae 53 (V0) el polidio 4y s (g39m0 033 5,
uL.wl PJ.S Jya.’xn AJ}; Al i JJ?Q 4 L_??LWI)J é—’b )‘ odliiwl
Oee) oJLQ) &S ol OT )i.»b G’L‘" Wl oA d.;'&lb)g: OLL.:)){
g b amd e poladl 3 4 1) Wy duse il e oSk
95 ool o 4 il slagias I Jol @l 4
aon il il gy 5 b 38 b Ol 5 e LK
S e 11 g S j5SinsS Ll asd 295 (slo S
L% gl adllae 3 (YY) cl iiS o laodles den (gl Lol
&b ogly 4 byl jals 4 clags,S) by el
o) 4.~>|.)).s ..\.Q(.wo ul.m)).e(» u.:l..\.c él‘.uo u...'x: )2 u] dLoLo;
b itS g 0dgr (S o YIS Ol S ol i ol Lol
oS 5l Jols palie il (—0,0Y)) ho 4 Kodp o
b ol oo o wims o b Lowd (550 5 lgligl — I ity
o9yl eolatel b s (ol adllas j> (YY) )b JoSo alaly o

PS5 Jpamo SLolis @b 25l 4 Laspel jalb 4 (s S,

FA

dodbo

(bl 2yaS )3 508 (B8 )8 cle 4y gl 3 Of 28
2 Gl 0391 oS (edlatBl drwgs (ol Mo | (S 6)lg0n
CuaS Sl ol Jaill g ogill cud )b 4 by (slanylal ol
b S 0 iy B 55 g 03,08 o Sagl o 4 O
o ol Ll 5 450 oo Jobe sl ayhajly Leloe 5l e
P ade gbolfud )b g b mle (Olail GY e g 0
o9 ol & 4 &bo | cawlio g alaio (650 0500 )50
» slonl 5 oolaidl llasMo 5 (il 5l eolatwl &5 Cusl o
255 41y oo (2 O (Lol 5 aspe e g 53wl
ol (55,988 5% > 25 Jelge o ietes ) ol ams (ol
(o g $5ygliS ok (hpS g sbul lp pY byd g
(V) 48l (oo ailato o ) B ol qobio 352

19 Fote & Cwl s 4 S Skl
A3l il hyglaST el el 4 Jog g
sl 3 3 B > (23] )3 s & 5gliS SES cpize
o B 3,Slac 1S e il IS T 48 00 slndSass
@ ol 59l Sl 4 dog b0yl Lo yiS plo b dwslia )
3 598 dnwg p Ol i assls sl dtwly gyl 4 ol
Cotel izpp 5 )9aS (GOlall dnug g AD) 09l aB)S L
&l 0jgpel (Y) 2b algs dalge ga> Mo b y9iS 2lis
2L eoladl aby il by ) Ol cusal Il
by mew o amaw p wblosds oBT ounl 5 Jb oo
Capde S92 9 (alin) el 9 CSls 5 Bpo b liSele
1) sl o g 5 U] ity Capat] [l &8 358 o o aolio
O @ SMtnls 225 sl &5 35l o sl )3 oo 5
(B) 292

Pl ol Gpas sy AF (G0liS i (98T ea
o> olaidl sgs 4 yauiS (eolaidl s8UsS (sla yicu b awslis
Bl I wollae (65 oy Sliwly 3 &5l oY (plply
3 S b 4 S e ) culie (e g ele sla)Saly
)i 5 (g Cuadd e e 9 NIS,ET o iSal,
o3lyg ol poslas panass 4 o oy & g sl (55,8
ol (gulio J (S () a5 e S8 55UsS Y guame o
5 W Wl 1) oo B (5ygliS Vg Wy ) &5
2ol Cudgime 395 Cupde mme Oy 4wl
F s oled yglie s @isliS 5 b Ol Bpas
@ 298 plsl @y celyy 3 Wb & cul Qe (e
So Jgpaze cpl 3 Glaz p3ye 5l (o 445 3 |y e (8 35
2oy A5l G 39 e Joli |y Li> ©Me cutS ) e g
kel bl )3 @y cel)j ad o Bpao 5 1 Ll o
Ol L (V) 29500 ety (g55liS i 3 al)3 g Sl e
O Gl Jado y o3l Brae oS s g Caman (958l g,
Ol glie (9 d9um g £9o0 ol 4 dagi b &S 2500 03938
i i) ot T Lol ee Jalse cals g adllas ol

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



o')m 9 b.ﬁv.:‘j) ‘_g)l.oa.;'

u—l dl.ol.m é—’l’ .))91)4' dlo) O (AW Pl?u‘ Olallleo )

odidd Hlis Wl e o Csiesd yiuiS aS ol 3)31)% &SbeS
g 3 ol b S g O Glolis b oyl 4 adlls ol
OB el 3 eyl Joae S lyis 4 @p Jypare
S50 piY lacwlw Jlel coa b asdby bl bl jl
» o Oldlbe & Cons Lingh cpl gy 25 5 edlitul
DP9y 4 @y Jypae Soludly abie ol 2)5ly 4 o cusl )
wlby o5 hupd 3 (SUR) Lyl ol oy (slagyges S,
5 @5 s Gl el S Gl (rzer
Ty Jpaze &S0l 4 dgi b sl s (pusd Lol& aud abolite
)J)("ijﬂu)}.hfuo DJM‘UY?M)}L»MW&)}W A_)T)l
w8l Ll ooy jolaid] ags a4 bl o 0 1y oYL cuss

29 @) gy g sl ol i odlizl el

axdllo 3 40 adlaio

S 23be G5 Gyt hagly ool )3 adlllas 390 il
Cabgo (N JSi ) o)l 1,8 bwlS bl s jisu y
Be gand ¥ g Jlood (o,e 8B Ve g a3 Y0 o] oldlyis
Ol e ool 0 &Bly ll 338 Jlod 53 (B Jobo 4dd>
Ol Camer el g pe yiog LS VEVOIA cole (glyls 5,5
Lo VY a8 Wil e ,i FASDFY Ll VWAV Jlo 55 by
At S L (gliwsy 3blie 0 a0y YV g g0 bl )
Ol 8 g hlae 5 (6350 it 9 s OS5 (i o
ol ol s ol e 5 LS5 g 9 5Ll 0,
() sl A s s 5 05,5 ¢ s sl sl (sl i

A2d 0 uL.\.u JJ.A 3)51).3 )‘ J.wl> ("PLAJ L] 045 4\4}‘.})J uw
2355 9 CS pj g g (S g Slojla] I (598 Cued oS
Wy e g Of Cued oS b o ansly e 13U O 4 g
ol Lol ablite baiiS g 5y Ldie b Ol aije wow
Lol ol ol plo b g9 iy o odlps 45 amd o
S 5 e 5355 (AP 5 Sl S g sloosls
@ igke 0l sbols gle g ) il dal,
il S gl adlae )3 (1) o)l 68 b Ol ool ) il
3 08ledly oo g, 3l edlil b 1y gop cuiS 3 ol (ool
Loli) gin (oo Sl g (05 4ys) g50 4 o ol sl
ul“‘"’ @LJ Lol od 3)5Tﬁ KJMJ)AA} O ey (o.h..f
Ay s O o o (1)) 5:Sle o 4 &S amd
sk 4 @ Bras o o o ym 55 5 dggy /AT L el
Sladlhe j3 (Y0) Cusl oad 3yl dngy YN0 Jolae (5SSke
Lol b Ll & ygmnsSy (g S eskid b S0
0,bl50! ddlaie 3 JLd 5 ()8 a5 Y same Wy slaodlys
Aol (alB 3gu a5 Amd o LS oS owl 0 359 45 5
S 9 ol g 09 (KB sS I St Sl ln ead
oelal g 4 | g laange U5 5l aje wre cn YL
Sl dblite 5 (395 (biaS I Job @l 5 a3
s 03lgg sLolEs g iuiS oS 51 (S Hla cuiS (o ool
IS (58 S S Jo w0y Cudd Olps a
2 ) Mlbie cad Sl @ Cond odl gl piaS
P ol Cad b wyp 4 Wy @bl eslatel b S5 (o) adllas
oxmd i gl (Cusl oad aid by WIGL 15 gy Jpae Mg
ol adllas 53 (Y1) 2l @y Caid Ol Cad s 550
dawg 8UsS glacushd pae SU cow WM W)y
u] B o (559 0y wl)s\ el o sl J.Lc sl oaB03]>
l)&bw?@)ijébu)))f)gwbbﬁwlb.\m

¥Y) 3yl

andllae 5,90 allio bl pia CurBgo — Y JSW

4

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



(SUR) L jol jolls 4y (ygmms 55 Gy 3,535 55 (liaw soend 53 252 Jgpane g )3 Ol 030 Lol @ 391

s & sl o e ) 31 A5 gl S oo sly5 oolitol 3,90
ot ol e ) olsan o] cslopeite 5 ol JSb bl
L;;Saj‘.\il odes dL&yU@ 65]9 20 9 00y (Suw Sl 5 CJ)AQ)
el o5 sl (ol 038 (s 4 by sllad oS g5 L)
) Sl ooy (et 1 oS goge (sloyite (L3N B8
&b s g ab b IS8 cucnl Jds & adllas opl j»
W @l (-0 a2l Jold (b S5 gy auje
9 4Bl mrond pgd 4 yd Mgl b (Seluil i ader b (bl
W5 el sl ln () Jsi) adl peed igigd g ol
3 5y e bl cup b oolitel G55 e a5y Jpae
s g (R?) s capd 2 098l b 055U o S5
() 15 sl 55 JA 5 ] lo psesl 5B ime il
39 oy lp DW) pgusly omygd ogeil owizen
Orzeh g Jhe Ghjly psliie 4 oad s R? 5 R? (( Sinen
A sl o yuxiio 51 S 2wl s (o) sxe slp T o)LoT

g 0SS &l ages p ) oo

i

y
=a+t Zﬁixi
S
i J
y
e pgd 4 =Zﬁixi
i, L
S
i J

Bl o iy + ZZ&J (Inx;) (Inx;)

sads y=a ]—[xﬁ (exp (&)

Jidl s y=a foi

i (W) sl

;u‘vﬁfl:—uls My b

Mg 3 olsle bilgy plo > & g g il (S
M- 1wl ai8)3 1,8 oolatwl 5)50 H90 sloarsS

* Cobb-Douglas

£

o295 99,

N sns Guie gy 9 5 0ly o ) b o3les L @lys
Giieo L g ((Sibla o)) Lo odlys cood 4 s dgu mb6
gl (12)ad o) o3las y Cuad 4y Comd iz 2 5l (68
P9 9y 2 9 pediee LA @S Cusd (by) 3 4S5 5,5
el o iy e o3lag gl (byydo) ais it LB @l
odbde 4 s Ll il (Shy b Mg &b sl
35l 4 s A 1l (3900 Jilo ol 1l ity (IRSY
Jsp oojl s Mg b 1 Jg 55 pladl adles Lolis wbs
e S &l ()5 ik ol jl sl (DRSJ olido 4y o
o 3 &Sl b 4y b (YF) 39l Cawday 1y ool sloles ol
X) 35 sloosles I ool S5 bl b pslas (65,5l
plxl sl Clids St Sl som 4 plagh nl ) ool
aje @bl xSoe b U sgdie W el cnl 53 0dd
3 e s & O el Lolis b 5)las o 5l edlitl § Sslusls
5 siesd 35 Il sl ntS oy el 31 g 95 3,910 g5 (slaosles
9 3y @5 S il gy ol )3 9 dsele Lol abolite
dpsm ol ) S e Ly pup 090 pglp auje @l
(1) 0T (o oty Lol @l o oles 51 Sy o 4y s
g ot sl Jl Mg @l b abie b bl cle 4
29ln slogts) Jlie )3 (SUR) 2lagpeb jalb 4 slopyses S,
S 094 005 1 e 2l 5L el eolaiwl (lalole SO
(,80) lpme s dbaly iz 5l (S5 basyel alb @ s
Syl alaly o b g IS sl St ol 45 col
(1) aay U5 @ (SUR) Lasyels ol 4y sl ysom 55 (IS 08
{(VA) 23b o

Vi = Qg +ZaUX] +€l'

m
z; = fo + Zﬁinj +v;
=
915 09 Py oo G il 3929 pie Jd> 4
9 50 oyl (clboss) pess gyl Yol 3y9l, > OLS
@ slogm)S) Oyl pell crl g w3 Cuns 4 ) B55Lb
.)5»4@ odléswl (SUR) Ia.u).ab ).EUo
@y g duip g My lg & ere Pl I (S
b jiie o o2k dhly Glye 4 o8 sl (Wl S5 wile

' Hotelling's lemma

¥ Shephard's lemma

" Increasing Return to Scale

* Decreasing Return to Scale

5> Seemingly Unrelated Regression

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



o')m 9 b.ﬁv.:‘j) d)l.oa.;‘

ol Jol it S o el w900 byd 2 4y 1y IS5
oW 3 1y e sl dw g o)l cedle i Gl sudgise
(V1) 23
TS gkl 3y b

Ol ) bS5 Mg @b gl Shy (obs @b ol
Mg GliS g et SIS ol 9l NS (e
&b ool Jgl 3o A8 o i daodls Bra sl 4 den
Ay Solusly ol w500 ly 4 0)ls cwudle o 5l ogioe
g0l wanlis ol )3 Sld Mg g amd e i |y il asl
Slapsie Glapill p 9l Sshudly &bl e b
(A) 29550 259l 2 345 it Blite ol Lo
Ladlys slols b

wigsn ol 5l ool b adlias ol )3 03 oly &5 465 len
s 4 Ol el Lolis ol o)l o | 655 0 9 Soludly
bopto glolis IS p)p b )5l oy cleodlys J (S
W3 e SYdlao 0Ly &5 5)ad 4ndB 3k Mg el
il o Gy a2l o b o2l

_ PiXi _Pi, _Pi 9C_9dlnCc _

L ospx; ¢t ctap; dlnp
Si ol p» o v a; + Z?zl,/)’ijlnPj + yiylny

Cod Plady ajo S €= YPIXID ol ool ajo pges
S 2wl il o 5 lie Yl 0dles cad P epll o0l

(Tiz1Si = 1) Gnhaen 0oB (Shy b abjp (lapre
bt Mamnl 5l 4 e weew dslee N-1 ol ko sl
Vil gl olaw Yolee (Siuwods g8y cly cplpls sl )¢5
oo op S bl e 4 ol 265" dlales 48" il ialS £ 4
pheo SWoleo olwl (pl o Blo OYdlee i 1 4l ja

2 35l ) ©yge 4 4y claodles 1 S m ann

4 Translog

£

i (GBleSy (GSen (ygps Sluogas mlb pl Sl e
e R g e sphBRie (Segn
ol 1y odles 55 slaiiS LoMSl-lS b el zalyl
S isS dg ol 4 g o byl slacadsize I aad e
@b ol bl g a8 e cpas 5,8 oyl ] o laosles (cdgs
i o oolyg Chyume 55LsS pglans 5o L adles (sl LS
£y cnl coplp o938l )l Wodlys Bpuas jlide 4 (Joli)l 5 cusl
O 4 B g am3 o0 L5 03y (Sl ) g 4l S s
2 ooble 4 Cons 033l ¢z en Cuns Mg Ul 4l aw e
Tohow 48 el 9 298000 (e M o 4 425 (g @ )
238 plp 35 ol Getile (IS g (g2gm0 b g Jop b el b
(OF) ool S e
| RV JERW A 91

M-S b Sl gl sl i S5 Sy b
S o el ) b S5 g5 &b slo (Shy S & el
Sl @b)) S ooMBl-S b o bl il g3
o90)) el 1 ] o ot (3,5 Mbie b oS 35 00 Lo
sl S oyle walp (B @ @S p ] K ein
@ ks o ol e Jy s <ol pp cpld o o5 Mg
5590 wgllas Slusgas 5l oyl (S odlgd lod Bpas Hlide
S s <l ol 5 b 4 Cus 033l a5 cunl o &5
a4l aw pyd cpl oM )b losly Bpae Hlade 4 (S
degere (pl 4 drgi by (o L ) SN sy
Slp clie sl p)8 51 (S Gl 1) Jadly @b wlio
(VF) cansly day S48 Wy a5 bl sy gy oo
T8l prasd @93 4240 Wi QU

My @b b (Shy 4l 5 4l e ped> a2 2
0l 32 0o NS o el 1y gy byd 2 ]y b SeudS g5
@ (S 5 @l ol > g sl SaaS JBaly 2 asles
oMo Has 5l udgame o] Jgl 5o g 3,0 laodles LB puae lade
5@l cpl e e i 1y g Al dw 0 &bl o)ls
SSal 2555 5 5 35m Syl lnesls Wlie Ly lo il
(VF) 3980 ol 8 S0ie p bhosles Jlite S plojen (b))
Tl prond iligd \gi iU

Ol g b g e e W b o G b ol
2 i - b codgizme Ly S il WIS
D3 2051, Jpama 555 ol 5 (s Loolag €l S5
ped dapd &b o &S ) sy cad (g (ot Codgioe 84k
My ol Clogad (sl @b ool WS (e By ) 3924

! Transcendental
2 Generalized Quadratic
3 Generalized Leontief

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



(SUR) L jol jolls 4y (ygmms 55 Gy 3,535 55 (liaw soend 53 252 Jgpane g )3 Ol 030 Lol @ 391

PS PL PN
Ss = aS + Bss Log (P ) + P Log (PK) + Psn Log (P ) + Bspulog (
PP P
+ BspLog (PK) + Bsw Log ( ) +vsyLog Y
PS PL PN PPH
Sl=al + s Log (ﬁ) + BLLog (ﬁ) + By Log (ﬁ) + BLpulog (ﬁ)
PP PW
+ BLpLog (ﬁ) + BLw Log (W) +virlogY
PS PL PN
Sn = aN + Bys Log (P ) + pniLog (PK) + fyn Log (P ) + Bnpulog (

PW
+ Byw Log (

pp
+ Buplog (PK)

PS PL PN

Sph = aPH + Bpy s Log ( ) + BpuLLog (PK) + Bpu N Log( ) + Bpu pulog (
PP PW
+ Bpuplog (ﬁ) + Bpuw Log (ﬁ) +YpuylogY
PS PL PN

Sp = aP + Bps Log (ﬁ) + BpLLog (ﬁ) + Bpn Log (P ) + Bp PHLOg< PK
)+ Bow Log (G

PS PL PN
Sw =aW + Bys Log (ﬁ) + BwiLog (ﬁ) + Bwn Log (P ) + Bw pulog (

PP PW
+ BurLog () + Buw Log (5

PP
+ BpplLog (PK

wibn oy 93 (oS dlaly saimaplis (AES;; < 0)
(19)

Wodles SLOE ablite 5 (5355 (hond (s piutS
ol g 4 besly Lol 058 edd sla S
2l ol 355 Ceosd Sllugs 4y o3l Sy LA (s ol
o Sl Sy 5 LA blite (gred (25 a3k (o0
Cad O3 (258 b bl b o3l ol Cuad iy 4 Lolis
P Ui ol Lol ablite esd LS oMy (slmodles plo
Sed e 4,5 S0 ag sbosles e e 5 iils dlay,
2j ) cgo @ ol blite 5 @395 S I b 1S

il o Candy
sii=AESii* Si for i= ] (\\)
gij=AESi]'*S]' . EjiZAESji* Si for i= ] (\Y)

Ejj o LB (03985 (e iS Sy Ejj laly) cnl »
o iS 3yse > il e LolE sblite ted LiiS Gy
(& > 2l jio 5l 58,5 51 bosly Lol (9355 tasd
5SS S Jy endy (S ol i Lol LMol 0)
g pilipiis ol sy Lol b3Masl (& < 0)usl o
syl oles (sl Lol Mol 5> (Ej=1) 18k yao b il )
b iS cpl o Cunl (5y908 45 (nl 55 il (o0 a5y 2uiS
Ji gblize (228 L 1j gblite (2iS oS (glaisS &y caizn ()il
(A1) el oglita

Y

PPH)
PK
b "
PK
(¥)
PPH
PK ) #)
PPH
) (v)
w LogY
PK) +vYrpylog
PPH)
PK ")

oy A2z whe STy djn ores S8 Ly, ool o &8
SP «land 368 45n wtew SPR 09l 355 aisjn pa ST IS
ajp PL b aija PS 5 Ol i ja ot SW o 4o o
PP i 565 agsn PPH )4l 565 anse PN S (gq,0
At ol 365 ase PK Ol aijo PW o 450

N inile i3 510 i dple

oS (ly canlio gy ol il (S la S
9 & Wb o Mg o e o (oS b (it dlal
oAl S ol Ded e cyyai gblite 5 (355 b
b saiils alaly pns (gly a5 Conl 03led 93 (o (o yd Sl oS
(27) 595 0 03ll modlys o JoSo

_ (B + 5i5)) @)
AESij = TS])
AES,; = (Bii + 5;(251 —1)) ()

L
O blie S S AESi; Ly, ool
2 el ol @ bgye oy Bij (355 i raSAES);
@b ot S] g pll ooles aje e ST pll odles o dolee
ol Gl o S slagias b bl )3 asl oo plf ool
2 slolis o 1 il i b iiS ) gs ol oM ol )
Loaaly 13 0y S dbaly o] cod b a5 (YIS o YIS
(AES;j > 0) 1l jio ) 55,5 31 )l ablite S s
A3l yho | 5Se s STy odled 93 o (il alaly oaimyglis

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



o')m 9 b.ﬁv.:‘j) d)l.oa.;‘

9 Excel i=dl eyl Laoals e (gl asdllan 0] )
5 odlazwl EVIWSET 1531 o5 5l wlgs e cga

ol sl g5 Qb &S o Gl Sy p)8 bl @l
&b 5 45 &l fn glo pp lsie 4 Ssluily dje ol 5 8L,
&b 9 g b MBI slinl (e (Stasod G po Ssluil s aiso
&b bl ol 39 Wl (e Sl &5 08 (o) a3
g )5y Ghg) & Sshudly Al p @l g 4l eren iiSed Wy
Jgame (¢lp Solatumw 4685 & (SUR) gyl jals 4 ol
War-AY el o o plendS il 1 485 ol el jd gy
W 3)91)'3

2l & gy by b assd 1y @b ayly @b
S 88 sl ud ond @) (¥) s » (SUR) Lyl
cope b ocalpd Sutke el Wg plb ) 2sd e dase
2 aw oyl 365 5 Miwd b bme dop W0 YL luebl
o 9 OIS 0l s (s 395 9 @ Wi Cute Il CuiS
ool ol oolitul & o b ) i g g e ySb iSE B
e ialS s laodlys ol 51 LS m ialidl ctilaie 5 o3ly;
P9 o Mg

Er Jyae My dijn Jold Jiaghy cnl 5o 090 slaodls
b (6590, 5 WASAY ely5 o 5> Aal yiuwy ol 3l 45 b 0
Joase 5 Slas loodls 4 ol ¢ ol Tx Mo aoie ol iy
e 5 gy il sy ol e e 5 @
dLho.)LQj Caasd 9y J}@Dr.o Caoud 4@[.@*»; dLh)}{ ‘L;)..a.o
9 L;DLM Pyoww g )15 S99y dl.&a b.)LQ)' .\.wL»L;o Al 2 odlésiwl
o915 ygltS b alas ol Sl edles abje g Jpame Cuad
(ﬁl)’ o A.Q).a.o UL:’) IRV L)"L*" P u] DJLQH' A.B)m )‘.\mo KW
I JS iy My aup ab iy gll dnsls
ok Bl L3 lnd O g Luogy QA > &S 55 b e
b o3 5dses gy 3l adllas cpl o imgh Slaal elwl
JoSS slp W 2y50 dged > Cuwl ol oolatwl S3las
1wl o ookl (V) alaly 1 adgs dlja sladol iy
2 2
0= i=1Niaf /W, D
T N2 n N2 52
N=D + ¥i-,Ni o] (\Y)
BZ

I asoly JS oo N; ‘A_S,QJL:_;ona_lagl)o,gl)au

D cisle pll 4 gy Wi el el (il )ly 0y

03 Jolse a8 il 5yl iy (slbas Jlade B g ol s aial
ol o blod cuiS 5 daw (:0ke Aoy

WWAY ely5 JWo 33 5,5 ol e g 0 i) Wgi @b 3,491 gl Y Jous

toll  Prob.  ceys e toll Prob. ey Jres
XA eleeN VYA ool 365 3 0)gl 368 blize I VV/+F ofeeee A 035l 365
; >0yl 3 lao 31
BEY e py. PEReE MRS ey ool 365
cig .
365 4 lawd > & 3
NI LTI /N F oo M e e o S oyt s
ol
> Olawd > o 31
Y APV Y/ S ?{J" T VSA feees —YYSO/AY OIS 2
u&c)ls
Oladd 3 yoly > i 3
¥/ eeYAL -YVAF potes MBS s S ;o
sk
; > bt 3 i 3 368 3 b S blie (3l
SAY eeee s BEE RO Sy, TRk s
. .'.s b)al
5 aSale 5 3l P S bl Sl
WNe e avmy T ""s. e A S et at e
oldy p iSaale Lo 3] -5y 8 B Dlie 3l
/A Jooes YEV/YY » oS ,MJ)‘ R R e 2 Brae b ey
3 oS
> pSaale ito )3 Oladd 4y S8 S blie 31
DVRE e csapya SR OSSR MBS L e P brae yh Jli
CiS Sk
> yiS o o 3 3¢5, 5 blae 31
s e vy PO RS e #2 ad Je 5
oS Slawd
Y05 eleee AYNSISE w5 g8 e Blie S <05 cfeeee INA s 3 S e iz il
fr FE-OY (Y) VF ) . 55,008 slaidl iy — sole dolibuad



(SUR) L jol jolls 4y (ygmms 55 Gy 3,535 55 (liaw soend 53 252 Jgpane g )3 Ol 030 Lol @ 391

S

o ) oyl olds Jlize )
- S

—SIFY efeeee YYEOXYA

e 3 9y e 3l
oS B
395 3 0yl 395 Jlite 51
Slawsd

YIEN  ofeely YA

AUVY e e VY/OA

R2=./aa R™2-./aa

F=yv-Ao) DW=y/.s

Mo g o Cood lind 355 Cuoed S 59y Ceod )dy Lo
o G Ol ol o g5

355 Cuod b g 0l e dlasly yJo Cund by Alie g
Mo 5 Ol Cod o Cuod lind Cuod S (5905 Cand o]
Ao i s Caod Rl L 00 Gl 4 )l e dlayly 0
0y5) 355 s Gl L g e G ane S0
My hie 5 Ol Ced pw Cuod (land Cuoid S 590 Cuosd
Al (il ) 0l (o wie

A Cod g o 9] 355 Cad L S (9,5 A3 ot
9 Olawd Cuod gy Cund Ol G b g 0l oo dlal,
039 395 Canid GBI L K3 (lo 4 )l e bl g5 jlade
e GRIB! Ase IS5 S oy mhe Ol Cad g o Cad
e g Sland oo g9y S ol Cuodd LRIEIL s
e 018 S s 05 (s ot M

2l & se)Sy (hey b Sobudl s anse byl @l
S @5 olod ol oad &) () Jsas » (SUR) Lagyels
Moisine A0 (Vb lsebl cupd b calpd 5k 39 00 ala> Mo
i piSdile dpia (wly Aga O geys duie s
e 56 SIS B e oygl 395 Ausa g Cue U (S 0pds
2,1 gy Mg ause
B Jpae slp bodly die wpe dblas 200y s
S wplen ool 05 ) (F) Js 0 35 oSS olhaned
Dosze bodly wpuw ddlee culps  Flke g 0 dasMe
Ay Ol Cad goygl 055 s Hlaie b O Al s pp ALSL o
Wlawd 365 Cuosd )5 590 Caosd )y Caad b g )b Cue
oy9l 355 Cuaud Liul38l b 3yl Lae dlasly Wgd Jlade g puw Ceound
Ol b b e Gl g ase IS Ol pre f b

WAV (15 Jlw 13 B 5 Gl el g2 Sobusil 5 a3 @l 3,0 gl - Jgir

to)ll Prob. oo e

to,ll Prob. Cupd e

Jlize 31

N

A TARY o[eY —ofey S sgp
)80

Olawd

~Y/Y¥ ey ~¥/+2) le 5l Lo ys

Joliize 31

S

Y/.¥ o[ ¥EY ofee S o
o)

ol

off- Joeos VY.

Joléze I

iy

v/\Y oYYV —efeey S o
LU

Sy

—¥/A\ deens IV o) g S

iz 1

- lij
SIM eres R )

o
< 80,

Hliza
—5/y- feees —+[+0F rM,)Lil

JLITTI™

iy

=Y/¥) ofesey ANM




o')m 9 b.ﬁv.:‘j) ‘_g)l.oa.;'

AR

feee

.| -5¥

y/oy

<[V

WRY

Y/0N

eeod

<[+¥0

PSS

—¥/aA

R

YR

ofee¥R

PSS

AIYS

VY

g3 Y
J}.am

YIFY

RY

PSS

—/yY

Y

Mo e w8

R

Joren

Ay

9 Oy e

O/AY

[+¥4

9 oy e
0)51 ;«MB

~Y/vs

<[\

o/¥¥

9 Ul e
i Caod

IAM

R

ey

YIYA

e

9 oly 8,

-Y/VY

o585

—ofea¥

Jli g
ol ey
SHLY »
Jgae )]

VAR

AR

9 oy e

-Y/¥o

Jeuos

oA

Jolézo Sl
iy
).) OASUI.LC
iy

S

YEIVY

oY

9 oy e
Jyaze 15)]

—~YI5Y

AW

AR

olaze Sl
S
P pSale

PCRN)

YI¥Y

o[- 1¥a

9 oly 8,
Mg jlade

¥a

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



(SUR) L jol jolls 4y (ygmms 55 Gy 3,535 55 (liaw soend 53 252 Jgpane g )3 Ol 030 Lol @ 391

Sl
ST iy il 1
¥V ones dNE s Sale VAY JJ-500 deVs S s L
ISP JLRTIY
J}@.’XA
Jlize
S w5 e 1
Y/AD oot N L N Y/AV oo S A PR LA
i, & Olad
Sl
SN )8 e
—Y/f0 ofoes —efeeh Sy -v/¥s oVED IR ST
ool e, ool
Jya}m
Jlize il o e
5 15) pi) & lize 51
—v/ay R YRR e vy Jeery S RV
P S o
T _ oS cale
NI
Jlize il o e
e ) e
» ol pn)s _ .
—\Y/¥R oves —fevy - VA -[-050 oY L
ooyl e,
S0 pis
Jya.’xo
Jiw
i) p)8 iz 51
~¥/-A deen SV s ¥ivY fones deed Sy ks
Sox w8 Sl
B
Jlize
- P28 bles
Y/Y- AT VY s aJg e VI¥A ofeens dovh T .
) - ol )& )4
ISP
J}«a.’x.o
pi)8 iz 51
YR eeen S Sl
Jyame (b))
=./aaR? =./aaR 2 WYYNAYE= viayDW=

t5

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



o')m 9 b.ﬁv.:‘j) d)l.oa.;‘

WAV (oy5 Sl j3 (B 5 Gl s @2 95 )3 Bo3Le) oo dllao 39150 =¥ Jgur

Ypsq Bps pw Bps pp Bps pr Bps po Bps pL Bps ps a b oolgs
eed —ufey o]y o) —ufee¥ —ufees eed .oty s
(/) (¥N-) (-V/A0) (~-/v) (8) (VS (/v (-Y/Y¥)
YpLQ BpL pw BpL pp BpL p P BrL pn BrL pL BrL ps o
—ofeed ey s —.]\S RN ¢ —ofeny —ofeeA NARYN S5 gy
(-VIYA) (\/¥+) (v/a¥) (~+/-¥) (V/¥V) (CVAY) (YY) (F/5A)
Ypn @ Ben pw Ben pp Benppu  Bpnpn Ben pL Ben ps o
AR eas¥ eeed eeo¥ R RN BN [+.5 05l 355
(-1¥Y) (-13%) (V) (-¥/TY) (=+/-Y) (-1¥Y) (~-I5A) (V/5Y)
YepHo  Bepupw  Bepupp  Breuppn  Bepupn  BreupL  BppHps o
Jfese¥ —ofeeey fessy YRR VLY NN ifessS Y RV NV Slind 3¢5
(VYY) (=V/+¥) (VYY) (=+1v¥) (+/¥4) (Y/¥V) (=v/¥4) (+1¥)
Yppro Bep pw Bep pp Bep ppH Bep pn Bep pL Bpp ps o
RN 1 ofess¥ ey ey RN ¢ Zufeen¥ —ofeay AT Py
(+«/+%) (+/15%) (V) (+/5+) (+/+Y) (=+/vy) (=V/¥Y) (VYA)
Ypwq Bew pw Brw Pp Bew e Bpw pn Bpw pL Bpw ps o
—o[eNeY o[\NOF —ofes¥) T A ey —ofeN\Q —ofeNeY VAN ol
(~0/05) (")) (-V/¥Y) (-V/-0) (~-/¥A) (-\/A%) (-5/¥9) (Mav)

g0 Mo (I (9385 G S S s 2950 dlasde
5 Cnsd o 4 anl cpl 0dimd s ol g )l |y ke iiny Lz
b iiS Jube Glhe )35 )l dgry pSe dal; Lo ke
il oo Lodles (g LS b osiad oL (ol 9 0098 SO 51 5YL
S Cadd o o S Gl &S Cunl gme cpl @ (ol g
e 5l 5t de & edleg ] sl Lol zals el daoslys
253§ 5ot e 03lg 9355 (RS Gllas )8 ke 5 o
@ oo 00 (Lol Comlus o3 lo 4 adbe lodly
od sodles bl oo brodles )03 I Fite 363 Caed Sy
DR g locaglyl 3 0yl 355 5 Ol Gl (5,8 (Dl 558
ol 9 38l Sl ot bodles St o ablite (228l
abarly ) b ol ool bl o L laodles (g58 b)) ouima Lt
il daly g Oland 395 w05l 395 S g9 b g JoSo
sl ol 51 phS 1o Cad ial33l 48 el ol Sl ol 5 3510
JoSo g5 0 Ul €y jam 3l 65l 5 O Lol ials el
e S 5 s I3l b oS el o LSl i b Ol 36,
ol 58 b Ol o5 il il o S 55 (B O]
Copde ) Jpamo )l ol (oo S oy ORal331 L &5 S o
55 bosd $odls Gpan b ges Gpas 5505 ol g 038

Sb el ) Ol Gae 4 5l g 00l Lil3el ]y 5 Slae g5 0

v

Cuasd 09l 355" Cuoed 5 69305 Cunsd L 09l 3957 Ao o
by oo iie abaly 1055 Jho 5 o Cansd o Caosd ol 365
Dy Cuod Ll L oS0d ol 4 o)l (e dlal)y Hdy e
e g Ol Cuasd o o «lind 365 Cuaid oyl D95 Cad
Caosd SRl b bl Rl anze JS 51 oyl 068 e Mg
Al (Ll )9l 355" (oo o 5

@y9) 395 Cuod g9y Cood L Olhnd 38 dja g
355 Cuadd oy o b g 3> oo dlasly W ke g o o
Cuad (Rl L S5 plo ) e abaly O cad 5 lind
land 395" o Mg jlMe g o Caosd 09l 395 Cuod S (59
Slind 395" Cod )dy Cundd Rl b b o JljEl 4 ge JS
e Sl Slind 355 (s whes ol Codd g

Cuod (lind 395 Cuasd o)) 395 Cuod b s AL jp oy
Cuosd 9 4k Ceasd b 5 )1 e abaly W5 ke 5 Ol Cuasd qpm
@yl 365 Caaid a8l b S5 il 4 ) Ldie dbaly H 5oy
3 o e Mg e 5 Ol Cuod o Cuasd (lind 355 Cod
W95 Caned gy Cand LRl L b GRS anje S
b GRS o (o o

Jyae 15 slo o2l ol ntile S sl S @l
S G5 plen ol 01l W) (0) Jpir > 55 ol @

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



(SUR) L jol jolls 4y (ygmms 55 Gy 3,535 55 (liaw soend 53 252 Jgpane g )3 Ol 030 Lol @ 391

OB 5 Ol e 3 T2 W S UsS gl 03l (sl T Faile (S Sl -0 g

o o lind 398 05 395 S o Jxe baosles
~Y\¥ -o/va <J¥A ey .5 S ATAL o
¥/ VIV <Iya -Jas —\Y/54 JLoryw
Y/e¥ ~o/¥Y VY ~0/DAY 55l 355
-IVA VY —\EIYY lind 398
v/¥5 —$¥IEA o
—a/ay <!
losles (Lol (6355 o LiuiS 395 0 alan Mo &S 4565 Lo ool slolis gblite 5 (o395 b (sl iiS ls
b 1) e el 5y90 CoMe Cawl 0l Bl (F) oo 0 G55 Hliwyudd g6y Jeaxe Mg
OB 5 Ol st 53 T2 Wy s 0lkd (Lo gblie 9 (5395 (od S LIS —F Jgs
o o lad dg8 05 395 S o iy Wnosleg
s —ilA oy I oI-¥ —Iv¥ Jxe
o/-¥ -1\ -y ofee —+/AA S oy
.5 YRY |5 -/ o9l 355
of+N o[-y —-/ay Slaud 3o8
¥ -/ "
AL o

@i ol ) s & ams e ol dogl (R?) e s
O wtils Sl iS l adel vy ol Aitad 3,95
ol b (Jg oyl JoSo alaily 0 L o ol aS" w0 LS
Ol )l il daly pu § landdsS w)gl 395 G5 595 sl
By Jaazee cuiS j bodly cpl i eolaiwl snmd lis pre
) ol @l 4 aeg bl O Gpas 3 o y0 cea
ool b ool ool da edlyg Lol ol ged b yidss
9 Olawd .)95 ¢0)9| .)95 s)l§ dS)“’ L;LQ o.)l.ef' Lv L;g ©0dg JAS\A
Gl ol ) Sl e ol 4 3yl atmiil el o
b aad o Lilsel ‘_‘ﬂ Clol@ il sl o3l jl Sy Caayd
odlgg 5l SO 5l g8 O Lol ed LiutS bt 4 4oy
il abasly a9 09l 355 wlbmd 365 S g9y o3les b
@ a9 b chlbs (1) adlas ls b (iagh ool b )b
Sl ol Ol dijp mres g Gy S O Lol 4
oS5 elncaslias 1 O 638 st 3l S 15 395 cn Sladin
Oz 5 Sl Gpe slabyy Sl eslitl g el Ll sl

Db oaliiwl u] dﬂm umlf dl)) ui pg uYyaDu cuisS

A

395 oo 4 bge Lo (0355 (ed (RIS on e
by LSS (595 b S (2508 5 (+1AF) Jie L ol
Ol L &Sl ol oaimy ol oS b e (+VQ) Ol ool 4
oslys (sl Loldy Ol 5 lawd 355 sl 03l Cuosd o duo > S
Al e il dop N gAY L Ol g Olawd oS
o39) 35 Lk ol 4 bgpye LolE gblize (RIS Sk
L S (s 3l & by LIS cblize S8 S 5 (+1¥Y)
Caasd ol 38l b oS amd o LS ot ol Sl (4] +0) 0y5l 365
oy ofeed g IYY i 4 H gop0 g yh slol o9l 268
Ll e ials

W3 leiulens g (§ 5 Aot
My sy sroie o 4k mp Jpame S0l 4 @y L
ol g Ol Gl gse belss wpp g adlle )l
Mg &l (S s sl J0)8 5 ohg (ol I Jpame
b jol ol ay (yome)S) gy 4 Sshadly anje b g caigd
0092 YU izt g oyl Site (92 sl gae b olyen (SUR)

FE-OY H(Y) VE Fe) . 05008 SUadl idgs — ol doliluad



ol)‘s.o.& 9 OMQ) d,lw'

OBt 5 &8, Wkeo

widy) sylail b g ool cul)S e igiby onl 5 (b
e modly Julod g ool 29y (5LE s g 2le) plac]
LB S 5 als) plael oaidy) ilail L g o) S
odidy) g)bail b g o3l cual)S” ez oles (8IS 9 o)l

&l o)l
039 glio (o)l 4565 ym 86 Alis oyl Briny bl plo

References

1. Aliahmadi N, Moradi E, Hoseini SM.
Application of the cost-translog
technique for estimating the wheat
demand function of the Sistan region.
Journal of Water and Soil Conservation,
2018, Vol. 25(4), 2018.
https://www.sid.ir /fa/journal/ViewPa
per.aspx?ID=495881

2. Asadi MA, Shahin P, Ahmadi R
Introducing a new method of rice
irrigation in China. Extension Scientific
Quarterly of Drought and agricultural
drought, 2005, 17:13-21.
https://www.sid.ir /FileServer/]JF/6001
113983705.pdf

3. Atghaei  kordkolaei M, Kavoosi
Kelashemi M, F. Esmaili. Evaluating
Break Point of Paddy Farms through
Cost Function Approach (Case study:
Guilan province). Journal of Agricultural
Economics and Development. 2011,
25(2): 237-245.
https://www.sid.ir/fa/Journal /ViewPa
per.aspx?id=137617

4. Azizian A, Salami H. Selecting the
appropriate form of rice production
function in Iran. Fifth Biennial
Conference on Agricultural Economics
in Iran. 2005,

https://civilica.com/doc/49813/

5. Bouhia H. Water in the economy:
Integrating water resources into
national economic planning. Harvard
University ProQuest Dissertations
Publishing. 1988,
https://www.proquest.com/openview/
81a520fa6199f58635e1443e0d775849
/17pg-
origsite=gscholar&cbl=18750&diss=y

SBYET llin Mo

oARg5 BB Jeeo! 5 59
ol buwg abBT alb cols, clapp adllas cpl

A5 oS5 nioges]

S o

sl iy 1) o) Al bl J g ycie Alie
Lilgo S b @lio g (55)5liS pole olSitily )3 (55,9l
aige 12,8 oKt gl o Cgles 5l dlsuy (s &

6. Chambers RG. Applied production
analysis, A dual approach Cambridge
University Press. 1988,
https://assets.cambridge.org/9780521
3/14275/frontmatter/9780521314275
_frontmatter.pdf

7. Chizari AH, Sharzehi GA, Keramatzadeh
A. The Economic Value Determination of
Irrigation Water with Goal
Programming Approach (Case Study of
Shirvsn Barzo Dam). Journal of
Economic Research (Tahghighat-E-
Eghtesadi), 2005, 71:39-66.
https://www.sid.ir/fa/journal /ViewPa
per.aspx?id=38250

8. Christensen LR, Jorgenson DW, Lou LJ.
Conjugate and the transcendental
Logarithmic function, Econometrica,
1971, 39: 68-259.
https://msuweb.montclair.edu/~lebelp
/Christ]JorgTRLGPFREAS1973.pdf

9. Dashti Gh, Javadi A, Eshghi TA.
Estimating Economic Values of Land
and Family Labor in Producing Rice.
Journal of Economics and Agricultural
Development, 2010, 24(4): 433-439.
https://www.sid.ir/fa/journal/ViewPa
per.aspx?id=131539

10. Diewert W. EAn application of the
shepherd duality theorem, A
generalized Leontief production
function, Journal of Political Economics,
1971, 79: 481-507.
https://doi.org/10.1086/259764

11. Ehsani M, Dashti Gh, Hayati B,
Ghahramanzadeh M. Estimation of
economic value of water in Qazvin plain
irrigation network: application of dual
approach. Journal of Agricultural
Economics and Development. 2011,
25(2): 237-245.

Y¥-0) :(Y) YF F+) .‘55,51...5 Ll ‘sa&bs).’— ‘_;oJ.C aollad


https://www.sid.ir/fa/journal/ViewPaper.aspx?ID=495881
https://www.sid.ir/fa/journal/ViewPaper.aspx?ID=495881
https://www.sid.ir/FileServer/JF/6001113983705.pdf
https://www.sid.ir/FileServer/JF/6001113983705.pdf
https://www.sid.ir/fa/Journal/ViewPaper.aspx?id=137617
https://www.sid.ir/fa/Journal/ViewPaper.aspx?id=137617
https://civilica.com/doc/49813/
https://www.proquest.com/openview/81a520fa6199f58635e1443e0d775849/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/81a520fa6199f58635e1443e0d775849/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/81a520fa6199f58635e1443e0d775849/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/81a520fa6199f58635e1443e0d775849/1?pq-origsite=gscholar&cbl=18750&diss=y
https://assets.cambridge.org/97805213/14275/frontmatter/9780521314275_frontmatter.pdf
https://assets.cambridge.org/97805213/14275/frontmatter/9780521314275_frontmatter.pdf
https://assets.cambridge.org/97805213/14275/frontmatter/9780521314275_frontmatter.pdf
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=38250
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=38250
https://msuweb.montclair.edu/~lebelp/ChristJorgTRLGPFREAS1973.pdf
https://msuweb.montclair.edu/~lebelp/ChristJorgTRLGPFREAS1973.pdf
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=131539
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=131539
https://doi.org/10.1086/259764

(SUR) b5 5ol 2l & (ygmw 55 iy 32,15 305 )5 liaw et 13 @52 Jpamo g 53 0 03l Lol @l 3,512

12.

13.

14.

15.

16.

17.

18.

19.

https://www.sid.ir /fa/journal/ViewPa
per.aspx?id=233072

Golestan  Province Planning and
Management Organization. Deputy of
Statistics and Information. 2018,
https://www.golestanmporg.ir/

Griffin RC, Montgomery JM, Rister ME.
Selecting functional from in production
analysis, Western Journal of
Agricultural Economics, 1987, 12: 216-
227.
https://www.jstor.org/stable /4098787
2

Halter AN, Carter HO, Hocking JG. A note
on the transcendental production,
Journal of Economics, 1957, 39: 966-
974.
http://hdl.handle.net/10.2307 /123420
7

Hosseini S SH M, Dashti Gh, Hosseinzad
J, Ghahramanzadeh M. Analyzing the
Production Structure and Economies of
Scale in Iran’s Sugar Beet Production..
Journal of Agricultural Science and
Sustainable Production, 2014,23(3):
130-141.
https://sustainagriculture.tabrizu.ac.ir/
article_1560

Jahani M Asghari A. Wheat cost analysis
using  one-product translog cost
function Case study: Arasbaran region.
Journal of Economic Research, 2005, 70:
233-262.
http://ensani.ir/fa/article/82335
Keskin A, Tumer E, Dagdemir V.
Demand for inputs in milk production:
The case of Tokat province, Journal of
Business Management, 2010, 4(6):
1126-1130.
https://academicjournals.org/journal/
AJBM/article-full-text-
pdf/128B83724359/

Khalilian S, Shapoorabadi A. Use of
multi-product translog cost function in
simultaneous  estimation of cost
functions and demand of agricultural
inputs (Case Study: Zayandehrood of
Esfahan). Journal of Agricultural Science
and Technology, 2002, 16(2): 125-131.
https://www.sid.ir/fa/journal/ViewPa
per.aspx?ID=11303

Kuroda Y. The Production Structure and
Demand for Labor in Postwar Japanese
Agriculture, American Journal of

20.

21.

22.

23.

24.

25.

27.

Business Management, 1987, 4(6):
1126-1130.

https://doi.org/10.2307 /1242283
Michael A, Kuznetsov D, Mirau S.
Analysis of the irrigation water price in
rice production Tanzania., Applied and
Computational Mathematics, 2014, 3(4):
177-185.

doi: 10.11648/j.acm.20140304.19
Mansoori M, Ghiasi A. Estimating the full
cost price of agricultural water at the
under the reservoir dams with an
engineering economics approach Case
study: Bookan, Mahabad and Baroon
reservoir dams in West Azerbaijan.
Journal of Agricultural Economics and
Development, 2002, 31: 171-191.
https://www.sid.ir/en/Journal /ViewPa
per.aspx?ID=22168

Mohajeri M, Seifi A, Tahsili H.
Estimation of water demand function in
food industry sector of Mashhad
city.2015

Pourmokhtar E, Ghaderzadeh H.
Analysis of Wheat Crop Cost Structure
Using Translog Function A Case Of
Kurdistan Province.  Journal of
Development Economics and Planning,
2013,2(1): 85-104.
https://magiran.com/p1538281
Regional water Company of Golestan,
Statistics and Information Center. 2018,
WWW.ZSIw.ir

Renwick ME. Valuing water in a
multiple-use system-irrigated
agriculture and reservoir fisheries.

Irigation and Drainage Systems, 2001,
15(2): 149-171.
DOI: 10.1023/A:1012950912505

. Sadrzadeh Moghadam S, Sadeghi Z,

Ghods e Elahi A. Estimating the demand
function of energy and price elasticity
and substitution elasticity of inputs in
the industrial sector: Seemingly
Unrelated Regression (SUR). Journal of
Environmental Economics and Energy,
2013, 6:107-127.
https://www.sid.ir/en/Journal /ViewPa
per.aspx?ID=393369

Sorrell S. Energy-Capital Substitution
and the Rebound Effect, St. John’s
College, Oxford. 2008,

Y¥-0) :(T) YF F+) .,_55,51,,:‘;5 Ll ‘:ﬁ;‘\bsk— ‘_;oJ.C aollad


https://www.sid.ir/fa/journal/ViewPaper.aspx?id=233072
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=233072
https://www.golestanmporg.ir/
https://www.jstor.org/stable/40987872
https://www.jstor.org/stable/40987872
https://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fhdl.handle.net%2F10.2307%2F1234207;h=repec:oup:ajagec:v:39:y:1957:i:4:p:966-974.
https://econpapers.repec.org/scripts/redir.pf?u=http%3A%2F%2Fhdl.handle.net%2F10.2307%2F1234207;h=repec:oup:ajagec:v:39:y:1957:i:4:p:966-974.
https://sustainagriculture.tabrizu.ac.ir/article_1560.html
https://sustainagriculture.tabrizu.ac.ir/article_1560.html
http://ensani.ir/fa/article/82335
https://academicjournals.org/journal/AJBM/article-full-text-pdf/128B83724359/
https://academicjournals.org/journal/AJBM/article-full-text-pdf/128B83724359/
https://academicjournals.org/journal/AJBM/article-full-text-pdf/128B83724359/
https://www.sid.ir/fa/journal/ViewPaper.aspx?ID=11303
https://www.sid.ir/fa/journal/ViewPaper.aspx?ID=11303
https://doi.org/10.2307/1242283
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=22168
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=22168
https://magiran.com/p1538281
http://www.gsrw.ir/
http://dx.doi.org/10.1023/A:1012950912505
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=393369
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=393369

Gl)&o& 9 GMQ) d,lw'

28.

29.

30.

https://citeseerx.ist.psu.edu/viewdoc/d
ownload?doi=10.1.1.519.9159&rep=rep
1&type=pdf

Souri A. Econometrics 2 with Stata and
Eviews. Farhangshenasi Pub. 2014,
https://taaghche.com/book/103237
Statistical Center of Iran. Abstract
Results of Agriculture Survey. 2018,
https://www.amar.org.ir/news/ID/104
08

Uzawa H. Production Functions with
Constant Elasticity’s of Substitution,

31.

Review of Economic Studies, 1962, Vol.
29, PP.291-9.
https://doi.org/10.2307 /2296305
Zhang F, Tan Q, Zhang C, Guo S, Guo P. A
regional water optimal allocation model
based on the Cobb-Douglas production
function under multiple uncertainties.
Water, 2017, 9: 923-938.
https://doi.org/10.3390/w912092
3

Y¥-0) :(Y) YF F+) .,_55,51..,.5 Ll ‘:ﬁbs}ﬁ— ‘_;oJ.C aollad


https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.519.9159&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.519.9159&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.519.9159&rep=rep1&type=pdf
https://taaghche.com/book/103237
https://www.amar.org.ir/news/ID/10408
https://www.amar.org.ir/news/ID/10408
https://doi.org/10.2307/2296305
https://doi.org/10.3390/w9120923
https://doi.org/10.3390/w9120923

