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1- Stochastic Production Frontier
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1- Modified Stochastic Production Frontier Approach
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Table 1- Statistical description of variables

“‘.. & :‘ . »'9 “‘.- &~ :. . »'9
Variable Measurement unit Variable Measurement unit
Jyae bl iyl 3 ol 3 Slescdl /Y-
oo fra. s hdsla bl 5l (ol > Slos S o
roauc Tons — Hectare 100% Performance drops due to extreme Tons — Hectare
precipitation
. s ¥ LSl b > Sles cdl /YD ¥
4058 enp SRS J) 75% Performance drops due to extreme J’
Farm repair costs Rials precipitation Rials
. L5l )5l 5 b 5 Slescdl - /b _
el ol kS )3 )5 kS
(L i) . el 50% Performance drops due to extreme el
Seed, Seedlings Kg-Hectare precipitation Kg-Hectare
LSl 5L 5 Bl 5 Slescdl /Y0
kS )3 p)S ko 3 p,8
3_95_ S8 2 eSS 25% Performance drops due to extreme S5 2 055l
Fertilizer Kg-Hectare precipitation Kg-Hectare
tbord pyans NS )3 Sk 3 Sdaccdl (g, S )3 5ok
Chemical pesticides Kg-Hectare Without loss of performance Kg-Hectare
kS — i A ke — i
Mg IR 92 Jyame Glagy gloj o 2adisla i)l SR A%
Work force Day-Worker- Extreme rainfall during its growth Day-Worker-
Hectare Hectare
O silwolel 4ty s J, JIEC Jb
Cost of preparing land Rials Water EC Rials
de)je pde (o Jb 4>l Ju
Age of farm manager Year Area Year
alliel 4 (o gt =g )= a)ie pde Epas =g )=
Access to credits Yes=1,No=0 Farm Manager Education Yes=1,No=0
ac 50 0)b yd S Lo . oo e T .
Part)i/:i;;ti;n in )farm =g b S 25 b Ty ik
management Yes=1,No=0 Tomato planting training Yes=1,No=0
:b).’>u o= )..;> 9 \:41_,
Experience Yes=1,No=0

Dy a1y olS W) Al je )3 (6l 2 AB sl bags ol I g 4550 e (sl 4 Canl (s e S 3m —
* - Cost of restoration: This is the amount paid for post-traumatic field repair by severe spring rainfall at the plant growth stage.
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Table 3- Results of calculations of damages to the
product at flowering stage due to extreme rainfall

slodly caeio Sy o > &S Lo ¢ gel g Jlitel 4y g ysd
oielS 5 ds)je mreaio i gyl BBl )l a by
0)9> > RSyl jl (86 Chlud cle 4 Jgae 5 Shos
oSyl 31 (S0l slmoshs) b g pglaer s Jgmarmo 43
e slwosls (gly (33,5 431 gl (el
1S 18y |y el L aiwlgd (g9 b (Gl (Bamagealy

iy ddgl dls po 40 dc 30 a4 84ls O Jlud (Oluwlomo gl -Y Jous

i g b Jd> 4
Table 2- Results of calculation of damages to the field
at the initial stage of growth due to extreme
precipitation

- ., h . ‘. M J
Syl 202 &l w25° b Gl Pe??x;ta ; of
Percentage of damage Percentage of farms The amount of damages far mg
(45530 JolS u55) Jol @yl
100% 8 Full damage (complete destruction 10
of the farm)
(%)) 28) G ©)lus
73% 10 . 20
’ Partial damage (less than 30%)
olS ws)y 3 3l 5 ik ojlus
50% 11 Damage caused by delay in plant 14
growth
25% 19 Eold e -
0 52 No damage

Source: Investigator calculations sise clulxe raue
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Source: Investigator calculations gase cluslxe :aue
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Table 4- Correlation coefficients between inputs and rainfall

M . & J -
SS9 4830 oo 5 4y 52 2 bowd @g0w . stsl -
Labor force Farm repair costs chemical pesticide egrl 2 Seed
) 0993 53 Ml 0.32% 0.04 -0.41° 0.14°  0.46%

Heavy rains during flowering
Gl 2o )d 0 9 Y ke )3 ()b gime Kby i 4 g s o ingh (ol ixie
Source: Research findings, **, and *, respectively, indicate a significant level of 1% and 5% respectively
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Table 5- The results of testing hypothesis

o (MSPF) o3k 1L (SPF) ol A1 o9 o
Wans ,5 With the rain (MSPF) Without the rain (SPF) Critical level
Hypothesis LR Decision pueas LR Decision yye.as ;(501((1_”
Cal JolS ((S955b sl it (y9) oI 55
Model without rainfall variables is 25.34% . - - 16.8 (6)
complete Reject
(HD:..ll‘? = D) ")""" )"‘ Aﬁ"?)" *Md‘-‘hu")b 16.21# J.) _ _ 9.2 (2)
Rain has no effect on the production Reject
(Hp:8 = .D) ) 3)'?" 39?9: L.f"égﬁ')ls L 14.30% ) 20.30% ) 6.6 (1
. . @
There is no technical inefficiency Reject Reject
g5 50 ubdie 4 ol o33l 2524
(Hproy +a; +og @y +ag +itg = 1) R R
There are constant returns to scale in 54.23% N 37.63* ? 15.1 (5)
production Reject Reject
Sl @b » capde N )
By = G = o = Ban = 0O 29.20% 22.40% 21.7 (9
(Flo: 0, = G 010 = 0) Reject Reject ®)

Management do not effect on Efficiency

b sbasl ae
Source: Research findings
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Table 6- Mmaximum likelihood Estimates for the Parameters Cobb-Douglas Production Function

(SPF) (S5l sl o 391 (555 (MSPF) (S5l (sl yuiio by 59!
Model without rainfall variables (SPF) Model with rainfall variables (MSPF
L i Gl po SISl b\ le Coefficients ul s e SIS e
Variables Coefficients S.D S.D
) 1.32 0.87 0.128 0.870 0.680 0.20
Constant
0 092 2 rdslaghl - - - -0.082 0.026 0.0016
Heavy rains during flowering
O 6 Glaals mae S jo
The cost of restoration Damage caused - - - 0.011 0.070 0.10
by precipitation
& 0.174 0.076 0.022 0.31 0.11 0.005
Seed
J?f_ 0.040 0.024 0.090 0.02 0.011 0.07
Fertilizer
sl pyms 0.16 0.04 0.000 0.05 0.040 0.20
Chemical Pesticides
s .
e 0.24 0.07 0.001 0.36 0.013 0.007
Labor force
05 s fluodlel 4z 0.11 0.063 0.08 013 0.07 0.06
The cost of preparing land
o
gt -0.21 0.04 0.00 -0.22 0.06 0.003
DC Water
Parameter variance syl (yuil,ly
o= 6L +6) 0.35 0.18
'
§=—"— 0.79 0.89
oy + 0
wloicuwly @b o3, 5 553 B

Log-likelihood function

The function of technical inefficiencies 8 ,|,50 gl &b

b -0.12 110 0.90 0.567 0.98 0.60
Constant
il i Jgame o1 2 - - - 0.85 0.37 0.02
Loss of 100% of due to rain
a3 g oIV0 )0 - - - 0971 0.41 0.018
Loss of 75% of due to rain
dislepil 5 dpame <10 150 - - - 0.8 029 0.10
Loss of 50% of due to rain
b bl 3 Jpae <10 0 - - - 0.632 0.231 0.006
Loss of 25% of due to rain
o -0.31 0.22 0.16 -0.170 0.190 0.370
Age
o 0.42 0.17 0.014 0.35 0.18 0.05
Experience
Sy gl -0.19 015 0.20 011 0.08 0.18
Literacy
hlsel 4 (g 052 021 0.01 -0.41 0.17 0.016
Access to credits
[ ‘ l - -
e eflpesy 0.72 0.40 0.07 052 0.41 0.20
Participate in farm management
%5 y0dn o5 S b0l
"SJ)M?%S . oy . -0.67 0.31 0.028 -0.41 0.17 0.016
Tomato cultivation education
b -0.58 0.13 0.00 -0.54 0.08 0.00
Area

Source: Research findings Lyl glaal iaie



M ol 55 (K5,842 65 adgi (S h 2 «6slte daod Gl b 15T oo (6 3o 3101

e 335y 0l el (Suyk b pite (us a8l
colys g =+ /FV =0V 5 3 LS el lael 4 (w yrs”
CitS ale o9y Ly (Uil g aeie o)l > &880 e 9
Jois =V g =+ /¥Y 4 =+ [FY 5 =+ IVY | Cs 4 € (S0 ,84 65
2diS el Jole Sy fsgr elgs @ dagi pas S
Dedise @l (A8 g el (B2l

el o HSh Slol iy

L oacd ceel ol LS o wascla iyl il (3,5 s
L aolie 3 MSPE (6681 ) (32l (lee p581a> 5 (550Le
oMo @l Bk b als (Bl Bl o ]38l SPE
O a8l il awy 8 Sl lied mje8 53 0 S Ol s alog]
3l 33 Gy Ay e it ol 85 03l ()b sl e
Jelge S8 e (il (3 2L 095 00 430 (S8 )
sloasil Ly aS 59 0 oo (Bl 5380 205l 4 (s
OhbSen 5 gLl o (17) e 5 558 (7Y) Lol 5 (o)
Gl gusods (V)

&lze I ZAYIY MSPF 5o 1 i (6,500 isu b
2 aS by aian /N es B TA- (L Gl (S5bassS
39> oS 93 4y it atal ol )3 &)l30 ZAY SPF oSl
S w3 e L5 &S W 400 5| 1S 8 LS g l5e 5 Y
(Y Jgiz) S (o Jos VL [ =S 2 elie

Oﬁl_‘ioica_l&d_{o.\_&i)buap le@aws&wdlﬁ)#ila
Sbpaass aShl g adhte ) (8425 G (uib)ly 39
05— 5 SipsiS 3y9—e 3 ST w3 S s 55l
o (g5

5 25250 nseite 5 0396 (BS MSPF (5550
5! b J9_,.a.>m o) yo o ))_Ao) Silome slayuio {SPF
28 bl 5l (8L Jpame IV )50 cusdsla byl
Sl bl Jguamo /YD o cyidgla iyl 5l b6 Jgase +/0+
5 (S0l J (86 Jgmames <[V e v )5 g ma sl )l
3ol oS ie (gla i 4 Sxe g Cute s (Cunl oabadlS]
o by 8 LI SU g wa bsla il e cite 4 layl)
0lsS (595 Cgme L (2 ol Ce 4 o)l wadslal
N P u»,mlf ‘) LS"’BUZ':‘)K

Sl oS 93 )3 (Bl 2 f5e lapite culps aulio
sl yusie 518,5 onyol cle & SPF (4635l col s (09 Iy o8
2 SPF 46l 13 a0 pustio o b Jlolaicds .l (S50
WL iny sl =YD byl MSPF (sS)| j5 Jg—/¥Y |
€GBS 4028 8L s Sk slapite 005
=YD iS a5 el Al 03,8 uss =+ /YD 4 —+/FY
Fie @S = 38 6% e piie WS (g2) Cusl (8Bl e
d =+ /Y0 4 i8S e o Lol (4516 jouas Jae p> a8 aiil
O = /FY & s 1S e b Gl 505 sl

MSPF 4 SPF sl U £y150 o3 21,15 35970 gl -V Joua
Table 7- Estimates of technical efficiency of farms with SPF and MSPF Models

(wo,3) S8 1,15 aiold SPF (5¢NI MSPF (55!
Technical efficiency range (%) SPF Model MSPF Model
80-100 81 83.4
50-80 16 13.6
<50 1 3

Source: Research findings

EhlS 4y e dpbal (LS Lo iagh 5

Sodlal L (Bobuaiigjpeddy @ls gy L 45 (6559l g )l5
Olgsdn (e 9395 od pgan iy S (g9,5) Mg slaodles
@ 25 (o) (Slarbosladl sl Shy 5 Wy oS s
S0l iiS e Glpiedny (Chlsel ay (i Glise oy
ol el ailse 1 oS sadornlio wiul oxdoslizul b o),
oy (Ve 5 VO F) 55l 5Ll dcyio clably b la yimngs

Uhegh slaasl ixie

sy LN e e a g)lze (B8 ST @l Sl S pise b

= /AT Ve b= TNV dnaiysa 5 AV baodles B yan
UO=+/AE )TN Ve b= 70 Gl3e sy 0 g ialS
OhlSen 5 Y15 ol b gues goli ol (YA) b o Liul59l
bl 5 g gadg sloosles (i (558 (Siuen 148 sl (YY)
aS (W) glols g o) g 28L (ol ()b dlesjl Jamecon;



IFAA Ll oY oylods FY ol (5559l amwgi g obasdl 4y s VYo

oS ol Lo ol 0 oSl 93 )3 0 3590 8 8 5L5 coglis
i 5105595 (el gl (b e s 5

T 21 o e dlaly 25 L SPF (663Ul )5 oliard poons
ol s el oais s ime yuiio oyl oy MSPF (6631 )
My o Syl g a1 pgoss ad sy i)k 45 Casl ol Yss!
(A) ohbSen 5 (sl sloasdl L wlis 1 pise cnl 300 0
Gl gt

g Laodles o Joliite ataily gty (o o slaaidl, )
cel lpas Badgla bk 45 gygbd ol LA dsla jbL
5 Laodls s (a5 (ials el 4 098 0 4 )50 55
(MSPF o SPF) 55| 5 culyds dugliio by dlis () 95,5 o

Gl Zadsds

S S5k ede 4 3l b Jlo ) GLI S5 8425 i
o W Ub‘)ﬂ ol J;o?b.n LECI)) c.«w»T 9 RWJ) J.a.‘? FRIRERW
bulyd L ol adaly 5 (Bl (228 el b om0
@ Wlgi o GiagR ad .ty (SLSU sl SH)k Logad s>
Wgd (58205 (6)90 k2 dgake Eel & glacwlw Sk
A8 S8
oasly 3L
o] (53,5 04036 5 5350 (B ablS 5 g p (Sl sla e
L;Lmo.\;;f&"u.'i 9 o5 glaodlys wl).»p S )bu;'}”l’ el
P9 e (Bl
13 il Z0F baosles 51 canlio olizl b 1y (i3 oS oles oo
5 GRIBIZR (e 1) W o3l dgme b i
S JialS TAVE e & 1) Mg slaas s

s loiduy
CulS SIS &gty (S5 jpansS csor Jolge S8 ol
D gud

bylyis b )85k (5,845 65 (sladily glgil drwgs dinojyd Lidgl

blie 465 oyl olgmgc]
@ ol oSl g wlislgn lojls bawgs sgo Jaloe wiw

R S S el 81y ()59l

sl (b 53 a8 SluS ads 5l 5Ll o 1) Sl
39 g0 ySuiS LI (6, S ¢ Shie slajimgls o]

lyean s balpd b (58,5 0aal ol e S 4 ol s
Sl ol sl (B ahlS g 35 2 38,86 5 are Jole
e 1y 05 S (g bl b L (B 218 385 3,41,
s> bl b L cte adall) LS g9, 9995 ()3 By ae
poo—o L 0d gLl aasly a5 Jbsy> o5)ls (1056l 5)0)
2 ogMe 15 5 Lol Jow cla S, ol e A5 5 oloord
(O A Gl g 005 Olud dogie i |5 & deie o BT
a-dsla iyl a8y dg-die Ladl a1 g 3gS g pyos
5 s le daigie o0 carge Jpamme (23S 050 5 Loguad
Syt Lot ell jal bl e (ol & 0sd (alS ol
osalS 5 a g cladi e (ioliel el oylse pl das 58 ooldiu]
Jelse 4 (B2l (0 5> sl oYy Hgd e (B
Onl el 3-b) Jslse (il dn g pas 09d 4295 52
5 00d 2hLS g g b alpd ) (e sbml el (Lingh
S g ySpeal ) deyie pie U ad dalss cel 265 agiay ol
Ueas s dinge odlital mlio jl g okt olizdl e mlio amass
)5k

e BallS 5 35 o Jslse b seil
Ol o8 LA L LSy g b pusite (pl Hgd> (9 o1 (sl il
Sloss 5yl 63N s syt

Bl oSN 43 5,8 5| Il slma_bl 4lio
4 ol g slalesl oaSupl sz Mol o bslas ¢ ey
e Bl sl 50 sy slayiite (78,5 0l & Lixe 1y
g e 5390y slyally > Sy

Olhlud jopm el wadclb b @ls jl 6,5 isy Gb
Al g oy bl Ll A oas AVe s e b as e 4
Y (1Y) ol 5 ey celbazbly | s bl 5| Lisk ol
g (VA) ghilSen 5 (S5 (VV) ghlen 9 )l (V1) oSen 4
3390yt 4l 5 4658 @ p S (B2l 8 e Slillas )
(ol 0

sledl wlil gl ;) Jo Yo daasl 3 b aods jgba
23 3525 pABsla il | (S parsS LS 5 Mg sl

Ll Jol8 (gon (sl yuxio (ygdy 85I dns )8 0,

Lol Pl o ade g aad sla b)Y aus 8 o,

A5 @l ) "l bl e oy’ (D I3 e

AN Jeld 5o g Hler gyt calps (00 jblixe
2hl dolee p3 gl y5,b YD o VD Jb-

oLed (MSPF (55 5J) o501 &0 (g52 sl puiite (05 28LSI L,
AU Sl o) 45 238 o s (B LS 5 odles ol
W2 6058 )3 04300 &S Cuwl (69> (sl yuxio



VYV lominl 55 (K5,842 65 adgi (S8l 2 «6slte daod Gl b 18T (o (6 o 3101

&l

1-Abdollahi B., Rahelei H., Taghizadeh M., Kasrani M., and Najaflu B. 2010. Measurement of Technical Efficiency
and Its Effective Factors on Greenhouse Cucumber Production (Case Study of East Azarbaijan Province). Journal of
Crop Ecophysiology 2(14): 81-90. (In Persian)

2-Aigner D., Lovell C.A., and Schmidt P. 1977. Formulation and estimation of stochastic frontier production function
models. Journal of Economics 6: 21-37.

3-Alieu L., and Csaba F. 2015. The Effects of Climate Change on Cereals yield of Production and food security in
Gambia. APSTRACT 9(4): 83-92.

4-Arsalanbod M. R. 1384. Technical efficiency, allocative and economic tomato producers in Western Azerbaijan. Fifth
Iranian Agricultural Economics Conference, Faculty of Agriculture, Urmia University. (In Persian)

5-Arega S., and Molla A. 2017. Effect of climate variability on crop income and indigenous adaptation strategies of
households, International Journal of Climate Change Strategies and Management, Available at
https://doi.org/10.1108/1JCCSM-04-2016-0039.

6-Banjaw D., Tadesse M., Habtamu G., and Lemma D.T. 2017. Effect of Water Quality and Deficit Irrigation on
Tomatoes Yield and Quality: A Review. Advances in Crop Science and Technology 5(4): 1-4.

7-Battese G.E. and Coelli T. J. 1995. A model for technical inefficiency in a stochastic frontier production function for
panel data. Empirical Economics 20: 235-332.

8-Battese G.E., Nazli H., and Smale M. 2014. Productivity and Efficiency of Farmers Growing Four Popular Wheat
Varieties in Punjab, Pakistan; HarvestPlus Working Paper, Available at
www.harvestplus.org/sites/default/files/HarvestPlus_WorkingPaper15.pdf

9-Bradley W.K., Tatjana H., Ralph M., Charles E., Wilson J., and Lance S. 2014. Measurement of Technical,
Allocative, Economic, and Scale Efficiency of Rice Production in Arkansas Using Data Envelopment Analysis.
Journal of Agricultural and Applied Economics 46(1): 89-106.

10-Food and  Agriculture  Organization. 2017. Pulses and Climate Change. Available at
http://www.fao.org/resources/infographics/infographics-details/en/c/454530/

11-Hasan M.K., Miah M.A. and Rahman M.M. 2008. Influence of environmental and managerial of improved pulse
production in Bangladesh. Asia Pac. Journal of Rural Development 18: 123-136.

12-Hoang V.N. 2013. Analysis of productive performance of crop production systems: An integrated analytical
framework. Agricultural Systems 116: 16-24.

13-Justus O., Lilian K., and Mary M. 2016. Effects of climate variability and change on agricultural production: The
case of small scale farmers in Kenya. NJAS - Wageningen Journal of Life Sciences 77: 71-78.

14-Khai H.V., and Yabe M. 2011. Technical efficiency analysis of rice production in Vietnam. International Society for
Southeast Asian Agricultural Sciences (ISSAAS), 17: 135-146.

15-Kahil M.T., Connor J.D., and Albiac J. 2015. Efficient water management policies for irrigation adaptation to
climate change in Southern Europe. Ecologycal Economics 120: 226-233.

16-Khazaei J., Amani B., and Isfahani S.D.J. 2015. Study of Total Productivity Changes in Tomato Production Factors
in Iran Using Malmquist Index. Agricultural Economics Research 4(28): 83-98. (In Persian)

17-Krishna P., Pokharel A.M., Featherstone D., and Archer W. 2018. Estimating Economic Efficiency under Risk for
Agricultural Cooperatives. Southern Agricultural Economics Association’s 2018 Annual Meeting, Jacksonville,
Florida, February, 2-6: 1-24, Available at
http://ageconsearch.umn.edu/record/266729/files/Pokharel_EfficiencySAEA2018.pdf

18-Kyi T., and VonOppen M. 1999. Stochastic frontier production function and technical efficiency estimation: A case
study on irrigated rice in Myanmar. In Proceedings of the Deutscher Tropentag 1999 in Berlin Session: Sustainable
Technology Development in Crop Production, Berlin, Germany, 14-15 October 1999: 1-20, Available at
ftp://ftp.gwdg.de/pub/tropentag/proceedings/1999/.../STD_C6.pdf

19-Latt A.K., Hotta K., and Nanseki T. 2011. Analysis of technical efficiency of monsoon rain-fed sesame production
in Myanmar: A Stochastic Frontier Approach. Journal of the Faculty of Agriculture, Kyushu University 56: 177—
184.

20-Leake G., Weldegiorgis G., Kidu M., Hareg G.E., Gebremariam and Zenebe A.K. 2018. Resources use efficiency of
irrigated tomato production of small-scale farmers. International Journal of Vegetable Science, Available at
https://doi.org/10.1080/19315260.2018.1438552.

21-Mar S., Nomura H., Takahashi Y., Ogata K., and Yabe M. 2018. Impact of Erratic Rainfall from Climate Change on
Pulse Production Efficiency in Lower Myanmar. Sustainability 10(402): 1-16.

22-Mar S., Yabe M., and Ogata K. 2013. Technical Efficiency Analysis of Mango Production in Central Myanmar.
International Society for Southeast Asian Agricultural Sciences (ISSAAS) 19: 49-62.

23-Meeusen W., and VanDen B.J. 1977. Efficiency estimation from Cobb-Douglas production functions with
composed error. International Economic Review (Philadelphia) 18: 435-444.


https://www.emeraldinsight.com/author/Shumetie%2C+Arega
https://www.emeraldinsight.com/author/Alemayehu%2C+Molla
https://doi.org/10.1108/IJCCSM-04-2016-0039
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjL2On69PPZAhWmFZoKHY6dDQcQFggkMAA&url=https%3A%2F%2Flink.springer.com%2Fjournal%2F181&usg=AOvVaw0U-wmV2E-2abH98g2I1Pvs
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwigs__LlvPZAhUoCpoKHfYjAZwQFggrMAA&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Flabs%2Fjournals%2Fj-rural-dev%2F&usg=AOvVaw3uu3t7aer6Ao5OdaukC1Zb
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjhiei2k_PZAhVnGZoKHdu2Ag8QFggkMAA&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fagricultural-systems&usg=AOvVaw1a8XiWJNlPj5H3oh_KXYlE
https://www.sciencedirect.com/science/article/pii/S1573521416300057#!
https://www.sciencedirect.com/science/article/pii/S1573521416300057#!
https://www.sciencedirect.com/science/article/pii/S1573521416300057#!
https://www.sciencedirect.com/science/journal/15735214
https://www.sciencedirect.com/science/journal/15735214/77/supp/C
ftp://ftp.gwdg.de/pub/tropentag/proceedings/1999/.../STD_C6.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiA18jH9fPZAhWFNpoKHUkWA0IQFggmMAA&url=https%3A%2F%2Fwww.lib.kyushu-u.ac.jp%2Fen%2Fpublications_kyushu%2Fjagri&usg=AOvVaw15q9HFLbLqBT1WbdN8LNA2
https://www.tandfonline.com/author/Weldegiorgis%2C+Leake+Gebresilassie
https://www.tandfonline.com/author/Mezgebo%2C+Gidey+Kidu
https://www.tandfonline.com/author/Gebremariam%2C+Hareg+Gebre-egzabher
https://www.tandfonline.com/author/Kahsay%2C+Zenebe+Abraha
https://www.tandfonline.com/toc/wijv20/current
https://doi.org/10.1080/19315260.2018.1438552

WA liasli ¥ oo FY ol «(g 59l axwgi g Sbaidl g piii VYY

24- Melo-Becerra L.A., and Orozco-Gallo A.J. 2017. Technical efficiency for Colombian small crop and livestock
farmers: A stochastic metafrontier approach for different production systems. Journal of Productivity Analysis
47(1): 1-16.

25-Muhammad N., Shah A.U., Jan I., Ullah M.I., and Khan S. 2017. Allocative efficiency analysis of tomato growers in
Mohmand Agency, Pakistan. Sarhad Journal of Agriculture 33(3): 366-370.

26-Mukherjee A., Sarkar. S., and Sarkar A. 2018. Productivity and Profitability of Tomato Due to Irrigation Frequency
and Mulch. International Journal of Vegetable Science 24(1): 43-57.

27-Musa H., Ahmed L.Z., and Endrias G. 2015. Measuring technical, economic and allocative efficiency of maize
production in subsistence farming: evidence from the Central Rift Valley of Ethiopia. Applied Studies in
Agribusiness and Commerce 9(3): 63-74.

28- Obare G., Nyagaka D., Nguyo W., and Mwakubo S.M. 2010. Are Kenyan smallholders allocatively efficient?
Evidence from Irish potato producers in Nyandarua North district. Journal of Development and Agricultural
Economics 2: 78-85.

29-Ocholi A., and Ayinla V. 2018. Determinants of technical efficiency of small-scale Broiler production enterprises in
Benue state, Nigeria. International Journal of Agricultural and Veterinary Sciences (ijavs) 4(1): 4-17.

30-Ogada M.J., Muchai D., Mwabu G., and Mathenge M. 2014. Technical efficiency of Kenya’s smallholder food crop
farmers: Do environmental factors matter? Environment, Development and Sustainability 16: 1065-1076.

31-Rahman S., and Hasan M.K. 2008. Impact of environmental production conditions on productivity and efficiency: A
case study of wheat farmers in Bangladesh. Journal of Environmental Management 88: 1495-1504.

32-Rosenzweig C. and Liverman D. 1992. Predicted Effects of Climate Change on Agriculture: A Comparison of
Temperate and Tropical Regions. In Global Climate Change: Implications, Challenges, and Mitigation Measures,
USA: 342-361, Available at http://www.ciesin.columbia.edu/docs/004-145/004-145.html.

33-SadatMoezeni S. and Karbasi R. 2008. Measurement of Types of Efficiency Using Data Envelopment Analysis Case
Study of Pistachio producers in Zarand. Agricultural Economics and Development 16(61): 1-16. (In Persian)

34-Sahubar A., Bin M.N., Azizul B., and Razamin R. 2016. Technical, allocative, cost, profit and scale efficiencies in
kedah, Malaysia rice production: a data envelopment analysis. Journal of Agricultural and Biological Science 11(8):
322-335.

35-Sardana V., Sharma P., and Sheoran P. 2010. Growth and production of pulses. In Soils, Plant Growth and Crop
Production. Verheye, W.H., Ed., Eolss Publishers Co., Ltd.: Oxford, UK, 3: 378-416, Available at
http://www.eolss.net/sample-chapters/c10/e1-05a-44-00.pdf

36- Sarker M.A.R., Alam K., and Gow J. 2012. Exploring the relationship between climate change and rice yield in
Bangladesh: An analysis of time series data. Agricultural Systems 112: 11-16.

37-Sherlund S.M., Barrett C.B., and Adesina A.A. 2002. Smallholder technical efficiency controlling for environmental
production conditions. Journal of Development Economics 69: 85-101.

38-Silva J.V., Pytrik R., Alice G.L., and Van M. 2017. Explaining rice yields and yield gaps in Central Luzon,
Philippines: an application of stochastic frontier analysis and crop modelling. European Journal of Agronomy 82:
223-241.

39-Tuhamipour M., Saleh E., and Nemati M. 2014. Measuring and analyzing the growth of total factor productivity of
different varieties of rice in Iran. Journal of Applied Crop Research 27(103): 96-104. (In Persian)

40-USDA. Climate Change and Agriculture in the United States. 2013. Effects and Adaptation; United States
Department of Agriculture Technical Bulletin 1935; USDA: Washington, DC, USA: 186, Available at
https://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1000&context=ge_at_reports

41-Wang H. 2002. One-Step and Two-Step Estimation of the Effects of Exogenous Variables on Technical Efficiency
Levels. Journal of Productivity Analysis 18: 129-144.

42-Wilson P., Hadley D., and Asby C. 2001. The influence of management characteristics on the technical efficiency of
wheat farmers in Eastern England. Agricultural of Economics 24: 329-338.

43- www.basakco.com

44-Xin-Zhong L., Yu W., Robert G., Chambers Daniel L., Schmoldt WeiGao C.L., Yan-An L., Chao S., and Jennifer
AK. 2017. Determining climate effects on US total agricultural productivity, Available at
www.pnas.org/cgi/doi/10.1073/pnas.1615922114PNAS Published online March 6.


https://link.springer.com/journal/11123
https://www.tandfonline.com/author/Mukherjee%2C+Asis
https://www.tandfonline.com/author/Sarkar%2C+S
https://www.tandfonline.com/author/Sarkar%2C+A
https://www.tandfonline.com/toc/wijv20/current
https://www.tandfonline.com/toc/wijv20/24/1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiz74ut9vPZAhXIQpoKHQhlA9QQFggkMAA&url=http%3A%2F%2Fwww.academicjournals.org%2Fjournal%2FJDAE&usg=AOvVaw1Z-DrupVQyIn0Hg2fREbAy
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiz74ut9vPZAhXIQpoKHQhlA9QQFggkMAA&url=http%3A%2F%2Fwww.academicjournals.org%2Fjournal%2FJDAE&usg=AOvVaw1Z-DrupVQyIn0Hg2fREbAy
https://link.springer.com/journal/10668
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwj1zYiXpvPZAhULyqYKHXJGDgYQFggkMAA&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-environmental-management&usg=AOvVaw1H3qBmCw9yJ-xrP1xG0cNO
http://www.ciesin.columbia.edu/docs/004-145/004-145.html
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiTw-HUrPPZAhVEGZoKHb2NBukQFggkMAA&url=https%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-development-economics%2F&usg=AOvVaw21vXsiAFwqkqxTsI5Gmlwt
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0iLD69vPZAhWBxKYKHWiNBG8QFggkMAA&url=http%3A%2F%2Fwww.springer.com%2Feconomics%2Fmicroeconomics%2Fjournal%2F11123&usg=AOvVaw1Q89pcPEYj8g1KdZZ_3RvH
http://www.pnas.org/cgi/doi/10.1073/pnas.1615922114PNAS%20Published%20online%20March%206

Journal of Agricultural Economics & Development 329l drwgi g Sbadl 4y yi
Vol. 33, No. 2, Summer 2019, p. 109-124 A 1AIYE L o AYAA (s Y oyled FY al>

Measuring the Effect of Heavy Spring Rainfall on Technical Efficiency of
Tomato Production in Arsanjan

M. Hasanshahi*
Received: 15-04-2018
Accepted: 29-07-2019

Introduction: Agricultural performance depends not only on the availability of physical resources and
agricultural technologies, but also on the climate and environmental conditions prevailing on the farm. As the
Earth's temperature rises, precipitation has become an unpredictable variable and has led to phenomena such as
floods, droughts, etc. in addition, such phenomena have created a new sense of uncertainty for farmers with
increasing uncertainty about the prediction of the future climate, and have faced producers with new types of
climate problems. It is predicted that the frequency and severity of climate change will increase the challenges
facing risk management, as atmospheric conditions (sudden and heavy rains, hurricanes, severe changes in air
temperature and acid rain) affect the efficiency of production inputs (fertilizer, seed, pesticides, and so on). ...)
Influential. Severe climate change during the growing season can cause serious damage to agriculture and affect
farmers' decisions to allocate farm inputs and lead to reduced production and efficiency; Therefore, in analyzing
the efficiency and financial and physical performance of the farm, in addition to the production inputs, we should
also consider the climatic conditions in which the effect of spring rains on the technical efficiency of tomatoes is
investigated.

Materials and Methods: Data from the crop year of 1395-1396 and The model used is a Modified
Stochastic Production Frontier Approach (MSPF),with changes in the model so that in addition to the physical
inputs of production, heavy rainfall during tomato growth and farm restoration costs (partial re-planting, part of
the farm damaged by rainfall) Have been added to the the traditional model of Stochastic Production Frontier
Approach (SPF) to estimate their impact on technical performance (in conventional models due to the lack of
atmospheric variables, the estimated parameters are biased and the correlation between efficiency and bias is
neglected and the bias bias causes the farm manager to decide. Conflicts d Wrong resource attribute and failed to
make optimal use of resources). In addition, if the explanatory variables in the production function are correlated
with the variables affecting technical performance and this correlation is ignored in the estimation of the
production function parameters, it leads to biased estimates of the parameters thus avoiding this kind of
correlation, Betis and Coeli's one-step approach is used to determine the factors affecting production efficiency,
in which the technical efficiency of the fields is related to the socio-economic conditions of the farmers,
management skills and demographic characteristics, etc.Eventually the Modified Stochastic Production Frontier
Approach have been compared and the results have been compared with the traditional model of Stochastic
Production Frontier Approach.

Results: According to the results of the correlation coefficients estimated between production inputs and
rainfall and farm repair costs, there is a relatively strong correlation between heavy rainfall, seed rate and labor
force. Heavy rains increase the need for labor to compensate and repair the farm. Rainfall is also negatively
correlated with pesticides, since it is washed off by rainfall and instead of being absorbed by pesticides, it is
washed out and eliminated, and the farmer is aware of this problem and uses less pesticide during heavy rainfall.
Precipitation has a negative effect on pests. Rain is positively correlated with fertilizer as expected, as rainfall
can absorb fertilizer faster into the soil and root of the plant. Rain is positively associated with seed because
heavy rains destroy the transplants and the farmer must re-transplant. Although the relationship between repair
costs and rainfall was not positive but significant, it may be because some of the repair costs (more fertilizer,
manpower and seed consumption) were in the three inputs. To test the effect of atmospheric factors on
production and technical efficiency, the model parameters were estimated once without the presence of these
variables and once added to the model. Comparison of the results from the application of these two models
confirms that ignoring the atmospheric variables in the estimation of the technical efficiency leads to bias in the
estimation parameters. According to another part of the results: 1- Heavy rainfall caused 100% damage to the
farm resulting in technical efficiency reduction, 2- Adding atmospheric variables to the model (MSPF pattern),
all input coefficients and technical efficiency change This reflects the impact of atmospheric variables on
efficiency and production that were overlooked in previous studies. 3. The high technical efficiency difference
estimated in the two models means that in the rainless model, the technical efficiency estimates are more biased,
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4. Toxins Chemical in the SPF pattern has a significant relationship with production but in the MSPF model, the
coefficient of this variable is not significant because it is likely to wash away the heavy pesticide precipitation
and eliminate its effects. 5 - Interesting findings of this study Interaction between inputs And there is heavy
rainfall so that heavy rainfall not only damages the farm but also reduces the efficiency of other
inputssignificant.6- Proper use of inputs can increase technical efficiency by 14%, resulting in a 19% increase in
production and an 11.6% decrease in production costs

Conclusion: Atmospheric factors, especially severe and short-term rains, reduce the technical efficiency and
tomato production.

Keywords: Erratic rains, Modified Stochastic Production Frontier Approach, Technical efficiency, Tomato,
Torrential storms
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Table 1- Research questions

Research questions

G OYlgu

What are the variables which explain agricultural governance?
What importance and weight does each variable have in agricultural

governance?

Who are experts to determine the variables that explain agricultural

governance?

How does agricultural governance improve the country?
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Table 2- Coding of research studies
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Keulartz (2007)
Paulino (2014)
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Wang et al (2016)
von Braun et al (2016)
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The size and scale of agricultural land cultivation

Gehan et al (2014)
Moguesand Owusu-Baah (2014)
Paulino (2014)
Biermann (2007)
Cash et al (2006)
Deininger et al (2014)
Dryzek et al (2011)
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Operating expenses and taxes

Beckmann et al ( 2015)
Yu (2015)
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Group participation

Gera (2016)
Zhou (2016)

Soma et al (2016)
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Bitzer et al (2016)
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Water management and social justice

Bijman et al (2014)
Huo et al (2016)

Neal et al (2016)
Barnard (2007)
Huitema et al (2009)
Fish et al (2010)
Conrad et al (2016)
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Investing in agricultural research
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Agricultural employment

Tomiasi Paulino (2014)
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Mechanization and technology

Greiber and Schiele (2011)
Bernard and Rollin (2014)
Hartley et al (2016)
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Social justice and poverty

Ravnborg et al (2014)
Fuchs and Glaab (2011)
Elmenofi et al (2014)

$isS b
Agricultural sustainability

Sanwal (2004)
Fuchs and Glaab (2011)
Hart at al (2016)
Gaviglio et al (2014)
Fielke and Wilson (2016)

Governments policies

Giessen et al (2016)
Bitzer et al (2016)
Keulartz (2007)
Lawrence et al (2008)
Hanisch et al (2014)
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Table 3- Classification of Meta-Analysis findings
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Agricultural employment e e Y
Operating expense e A
Taxes bl sl
Marketing efficiency systems Al et S Marketing
Efficiency and production scale s e e 1S
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31> (AL a5 > (55yliS e 4
Development
Government policy _ g3 Canlw s g
The role of mar:1|§|<ti ﬁgayers in policy SISl )3 Jlil GYLS Domestic b
Monetary and credit system I5 9 el plus el o Politial
International policy Medl e Conslinw International
Reduce poverty and observance of
justice e cole 55 alS
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; i S o o]
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. - - 5390l gy (sl 0yglie (Lo pb oy o) Governmental
companies, public extension, il 7 Sl gl SRS D (S 5
education
Sustainability ek A9 orlsh
Water management o e Governmental laws
Protection of environment and e s Canj Lo cslis il o= Oled Cot b
resources i International laws Envirment
Observance of standards ) e
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Reference: Research Findings
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Table 5- Shannon Entropy Results and the Ranking Agricultural Governance Factors
T

POVALY Jolge Iny.. Uncertainty Importance Total
Concepts Factors Frequently [=1P” P Ei coefficient Wj  rank
Copde g Mg -0. 044
Production Mechanization and technology 3 -0.203 _0' 023 0.0323 9
and Agricultural employment 1 -0.105 0 '077 0.0169 11
Management Efficiency and production scale 14 -0.35 0 079 0.0566 3
b gl Agricultural land 11 -0.36 0.023 0.0580 2
Natural resources Operating expense 1 -0.105 0.0169 11
bt Taxes 1 -0.34 -0.075 0.0551 4
Marketing Market efficiency systems 3 -0.21 -0.046 0.0338 8
Institutional development, capital 2 0.075
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. . Government policy and the role )
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transfer.
P9 ol
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permitstand ' ' '
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Managerial 40
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Reference: Research findings
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Table 9- Coefficients and magnitude by row for the pairwise comparison Matrix in the economic area

Min V (Si>Si-1, Si-n, Si+Lye ..y Si+n) Sk= Efoy My; *[2TL, EFoy My;]!
Min (2.5, 2.5,1.6,2.3,1,1.2,15,0) $1=(6.14,11.52,8.72)*(0.009,0.1,.013)=(0.05,0.11,0.11)
Min (7.6,1,0.9,15,1, 1.1, 1.16,0.5) $2=(6.98,8.76,11.7) * (0.009,0.1,.013)=(0.06,.08,0.15)
Min (0.25,1, 0.9, 1.1, 0.6, 0.8,0.7,0.3) $3=(7.12,8.5,11.8) *(0.009,0.1,.013)=(0.06,.08,0.15)
Min (0.8,1.16,1.16,1.28,0.6,1.14,1.25,1.2) $4=(7.3,9.3,10.7)*(0.009,0.1,.013)=(0.06,.09,0.13)
Min (0.6, 0.8, 0.8,0.7, 0.5, 7, 4, 0.11) $5=(5.3,7.03,9.3) *(0.009,0.1,.013)=(0.04,.07,0.12)
Min (1,15, 1.5, 0.09,15,1.1,1.2,0.5) $6=(10.8,11.1,11.9) *(0.009,0.1,.013)=(0.09,0.11,0.15)
Min (0.09, 0.64,0.64, 1.1, 1.3,0.8, 1,0.4) §7=(6.6,10.8,11.8) *(0.009,0.1,.013)=(0.05,0.1,.15)
Min (1.06, 1.15, 1.15, 1.07, 1.2, 0.9,1, 0.6) $8=(9.5,10.7,16.5) *(0.009,0.1,.013)=(0.08,0.1,0.21)
Min (1.2,0.7,0.7,1.5,1.7,1.4, 1.3, 1.5) $9=(13.1,15.1,17.9) *(0.009,0.1,0.013)=(0.11,0.15,0.22)
Reference: Research findings Oigh bl :isle
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Table 10- Coefficients and magnitude by row of the pairwise comparison matrix in the political, social, and environmental

Areas

Min V (Si>Si-1, Si-n, Sit1ye.., Sitn) Sk= E};,_J’-f;l.j- * ELE}LL:JL-J.-]-l
Min (0.6, 0.17, -0.74, -0.88, -0.85,-0.75,-0.94,-0.84) $1=(1.36,1.48,1.6)*(0.01, 0.013, 0.017)=(0.013,0.019,0.02)
Min (1.5, 0.35, -0.021, -0.25, 0.56,-0.6,-0.58,-0.53) $2=(2.16,2.57,3.08) )*(0.01, 0.013, 0.017)=(0.02,0.03,0.05)
Min (2.1, 1.6,0.7, 0.42, 0.2, -0.65, -0.13,0.12) $3=(3.62,4.83,5.26) *(0.01, 0.013, 0.017)=(0.03,0.06,0.09)
Min (2.03, 1.7, 1.2,0.77, 0.55, -0.58, 0.21, 0.2) S4=(5.38,6.78,8.32) *(0.01, 0.013, 0.017)=(0.05,0.08,0.14)
Min (2.2, 1.92, 1.4, 1.25, 0.76, -0.55, 0.42,0.4) $5=(6.67,7.87,10.2) *(0.01, 0.013, 0.017)=(0.06,0.12,0.17)
Min (2,1.76, 1.46, 1.33, 1.18, 0.41, 0.71, 0.08) $6=(7.81,10.2,15.3) *(0.01, 0.013, 0.017)=(0.07,0.13,0.26)
Min (-0.19, -0.18, -0.17, 0.12, -0.15,-0.14,-0.12,0.12) S7=(8.4,11.2,15.1) *(0.01, 0.013, 0.017)= (0.65,1.4,0.25)
Min (2.56, 2.45, 2, 1.8, .85, 1.37,0.13, 0.95) $8=(11.3,14.7,17.7) *(0.01, 0.013,0 .017)=(0.11,0.19,0.33)
Min (2.58,2.3,1.93,1.8,1.77,1.38,-0.34,1.04) $9=(11.3,16.1,19.8) *(0.01, 0.013, 0.017)=(0.11,0.2,0.33)

Reference: Research findings Oidgh sl (s le
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Introduction: The role of governance is attracting much attention these days and is often considered as a
major reason why some countries have experienced faster economic growth than others. A typical definition of
governance is the process of making and implementing decisions that affect economic, political and social
institutions. Much of this idea of governance, or good governance, is related to the functioning of government
within a country, but the concept of governance involves more actors than just government. It includes
companies, political parties, the military, non-government organizations (both domestic and international) and
even influential individuals. All of these structures have an influence on how decisions are made within a
country.

Materials and Methods: The agricultural sector plays a major role in human life, but the share of this sector
has decreased in the economic development of Iran. So due to economic sanctions and numerous challenges,
attention should be paid to agriculture in Iran. In this study, we determine the factors of agricultural governance
which can be used to improve Iran’s agricultural sector. We first use the Meta-synthesis method to find the
important factors/variables that have been used in the literature to investigate agricultural governance worldwide.
Then we present these variables to two Iranian experts who rank the variables on a worldwide basis using the
Shannon Entropy method (which is explained later). The variables from the Meta-synthesis analysis are also
presented to a selected group of ten Iranian experts. They identify the important variables of agricultural
governance in Iran by modifying, adding, and deleting variables from the meta-synthesis. These experts weigh
the variables by a Binary Comparison Matrix (which is explained later). Experts are selected by Snowball
sampling and they complete their list (and ranking) through Delphi method. Finally, we compare the global
agricultural governance variables from the Shannon Entropy method with those from the pairwise comparison
matrix using the Fuzzy method.

Results and Discussion: The results from the pairwise comparison matrix in Iran are different from the
results of the Meta-synthesis method worldwide. The Meta-synthesis method shows that international policy,
group participation, and cooperative companies, and observance standards have the highest importance and rank.
However, for the fuzzy analysis the factors of agricultural employment, group participation and cooperative
companies have the highest weight in the political, social and environmental areas and the factors of increase
production, and financial and capital markets have the highest importance in the economic area.

The group participation and cooperative companies are common in both methods. Group participation and
cooperative companies provide a connection between people and government so that popular demands are easily
communicated to the government. Group participation refers to an approach toward building accountability that
relies on civil engagement — in which ordinary farmers or cooperative companies demand accountability. The
role of group participation is not to replace but to complement and enhance public accountability mechanisms. It
includes two categories including Formal social participation, which are social participation mechanisms that are
formally written in laws and Informal social participation, which are social participation mechanisms which are
not written in law. Easy access to financial resources is one of the requirements for investment and development
of the agricultural sector. However, due to the characteristics of the agricultural sector in Iran, and the lack of
developed agricultural financial markets, this sector faces investment constraints.

The agricultural sector can be one of the sectors which provides meaningful employment for the rural
population. This research suggests that increasing agricultural employment is important for improving
agricultural governance. Despite having such a large reduction in employment, the agricultural sector still
employs three times more than any other sector.

Agricultural production is vitally important to the world. Agriculture is the main source of livelihood for 2.5
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billion people in the world, yet the growth of agricultural productivity has stalled. Yields for major grains grow
by about 1 percent per year, which is lower than the population growth rate. Given that, expanding the cultivated
area is not possibility to meet future needs so increasing agricultural productivity is the only solution to feeding
the growing (urbanized) population (who has higher food demand). The use of modern communications methods
in extension services can foster adoption of new technologies and promote profitable cultivation among farmers.
Increasing productivity among smallholders in developing countries is a crucial instrument to guarantee food
security in the long-run (Dethier et al, 2011).

One of the most important worldwide variables of agricultural governance is international policy. The
international aspects of agriculture policy have an important role in pursuing the fundamental objectives of
governments. For instance, the Common Agricultural Policy of the European Union emphasizes agricultural
productivity, as a fair standard of living for farmers, ensuring reasonable prices for consumers, and promoting
stability in markets (in particular stabilizing imports and exports) as well as food security (Ciolos, 2012).
Another significant variable in agricultural governance worldwide is observance standards. Standards and
technical regulations have attracted increasing attention in ongoing regional and global trade policy dialogue as
tariff and quota issues seem to assume a declining dimension. With the reduction in the applicability of tariff
barriers, the adoption rate of standards as a trade restrictive strategy has increased significantly.

Conclusion: Group participation shows that the introduction of civic engagement into the entire process of
allocating, spending and monitoring public resources can help produce significant operational results (improved
performance, the introduction of corrective measures) and process outcomes (Institutional, behavioral and
relational changes). This can take the form of direct farmer participation in formulating public policy and
budgets in the agricultural sector. Participatory policy formulation has become an increasingly common trend,
particularly with the introduction of the poverty reduction strategies at the national and community levels driven
by development initiatives at the local level. Participatory budget formation usually occurs at the local level, but
at higher levels, representatives of the farming community can play an important role in expressing farmers'
preferences in setting up and financing budgets.

Keywords: Agricultural governance, Group participation, Fuzzy method, Meta synthesis
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1- Copeland and Taylor
2- Pollution haven hypothesis
3- Factor endowment hypothesis
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Table 1- Results of unit root test

e H - S0yl Jleis! (43,1 Al

Variable Dickey and Fuller statistic Probablity value  Result
Ln CO2 -1.355863ns 0.5870 1(1)
D(Ln CO2) -4.716462%** 0.0010 1(0)
Ln ENG 0.559538ns 0.9853 1(1)
D(Ln ENG) -6.553370*** 0.0000 1(0)
(Ln ENG)2 0.678336ns 0.9889 1(1)
D(Ln ENG)2 -6.465516*** 0.0000 1(0)
FIN 0.254415ns 0.9707 1(1)
D(FIN) -3.837686*** 0.0080 1(0)
TRD -1.984771ns 0.2910 1(1)
D(TRD) -3.508726** 0.0167 1(0)
Y -5.968048*** 0.0000 1(0)
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Source: Research findings (***level of significance at 1%, ** level of significance at 5%, * level of significance at 10%, ns for not
significant)
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Table 2- Results of dynamic model

ko oy t o, Jlosia! i3
Variable Coefficient t statistic  Probablity value
Ln CO2(-1) 0.341542 5.939525 0.0001
Ln ENG -11.53337 -4.604702 0.0010
Ln ENG(-1) 16.99549 6.478729 0.0001
(Ln ENG)? 1.719402 4.786041 0.0007
(Ln ENG)2(-1) -2.430188 -6.504335 0.0001
TRD 0.005581 2.832868 0.0178
TRD(-1) -0.005437 -2.347909 0.0408
TRD(-2) 0.006733 5.035976 0.0005
FIN 0.003506 1.423585 0.1850
FIN(-1) -0.008669 -4.174461 0.0019
FIN(-2) -0.004166 -1.331249 0.2127
Y 0.000641 1.464368 0.1738
T 0.018772 2.152560 0.0568
D7885 -0.117404 -7.763044 0.0000
0.97 R-square
Gubod slaasl sxie
Source: Research findings
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Table 3- Results of Bounds Test
F ol &lyou sgus ydlio
Critical bounds of F statistic
S ldesre ghns %10 %5 %1
Level of significance
onl Y0 ol Vi ol Yo
& g8 Lower Upper Lower Upper Lower Upper
Critical bounds bound bound bound bound bound bound
1.81 2.93 2.14 3.34 2.82 4.21
o yuxi0 :L\,.'.: 5 5 5
Number of variables
o sl F o Ll 8.862396

Computed F statistic

G200 cladidly txiie
Source: Research findings
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Table 4- Estimation results of long-run model

Variable Coefficient
Ln ENG 8.295328
(LnENG)2  -1.079471
FIN -0.014169
TRD 0.010443
Y 0.000973
T 0.028509
D7885 -0.0178302

t o, Jlia! a3,

t statistic Probablity value
25.151837" 0.0000
-13.799882""" 0.0000

-2.281167" 0.0457
2.304105™ 0.0439
1.434298" 0.1820
2.375481" 0.0389
-7.387554™" 0.0000

(o2 NS Ve g ) (gl dmottt i o )3 (g5 dime 3 L) g )3 (g1 meitit) ( 3uios (Lol 1pio
Source: Research findings (***level of significance at 1%, ** level of significance at 5%, * level of significance at 10%, ns for not
significant)
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Source: Research findings (***level of significance at 1%, ** level of significance at 5%, * level of significance at 10%, ns for not
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Table 5- Results of ECM estimation

goes W t o, Jlin! yi3,!
Variable  Coefficient  t statistic Probablity value
D(Ln ENG) -11.533367 -4.604702"" 0.0010
D(LENG)? 1.719402  4.786041™" 0.0007
D(TRD) 0.005581 2.832868™ 0.0178
D(TRD(-1))  -0.006733  -5.035976™" 0.0005
D(FIN) 0.003506 1.423585" 0.1850
D(FIN(-1))  0.004166 1.331249™ 0.2127
D(Y) 0.000641 1.464368" 0.1738
D(T) 0.018772 2.152560" 0.0568
D(D7885) -0.117404  -7.763044™" 0.0000
ECM -0.658458  -11.450775 0.0000
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Introduction: The concept of low-carbon economy postulates the consumption of less natural resources and
causing less environmental pollution, while gaining more economic efficiency. According to the concept of low-
carbon economy, low carbon agriculture is a specific model of agricultural production operations with both the
lowest greenhouse gas emissions and maximum economic benefits having which has three characteristics
including lower energy consumption, lower greenhouse gas emissions and lower pollution. Therefore, this
research studies the approaches to low-carbon agriculture in Iran

Materials and Methods: In this research, energy consumption and consequently economic growth, which is
expected to play a role in carbon emissions, other macroeconomic variables such as trade openness and financial
development have been used. The estimated model of the research is linear-logarithmic based on Shahzad et al
(2017). For this purpose, the ARDL and ECM patterns and the time series data of 1989-2014 have been used in
current study. The data related to carbon dioxide emissions and energy consumption have been collected from
the energy balance sheet of the Ministry of Energy, The data related to financial development have been
collected from World Bank, Value Added of agriculture section Growth Ratio and Trade Openness data have
been gathered from Central Bank of the Islamic Republic of Iran. Eviews9 software has been used to analyze the
results.

Results and Discussion: Statistically significant impact of energy consumption logarithm and energy
consumption logarithm square on carbon dioxide emissions at the level of 1% in the long run has been revealed
by the results. The positive amount of energy consumption and negative amount of the square of energy
consumption indicates a U-shaped inverted relationship between energy consumption and carbon dioxide
emissions. The energy consumption threshold in the agricultural sector is 46.98 million barrels of crude oil,
while the actual maximum energy consumption is 50.26 million barrels of crude oil. So the agricultural sector's
performance is now above the mentioned level, then it is expected to reduce carbon emissions by technological
improvements while increasing energy consumption. The coefficient of financial development variable in the
long run is -0.014169. The financial development efficiency index is considered as national development
variable which means each one percent of increase in bank credits allocated to the private sector will reduce
about 1.02 ton of carbon dioxide. The coefficient of trade openness variable is 0.010443 in long run. Whereas
the trade openness index is considered as the ratio of the total value of exports and imports to gross domestic
product, so every one percent increase in the volume of exchanges to gross domestic product leads to a 1.01 ton
increase in carbon dioxide and pollution which confirms the hypothesis. The growth rate of value added of
agriculture section in the long run does not have any effect on carbon dioxide emissions. In the short run, the
coefficient of trade openness is 0.00581. In other words, one percent increase in the ratio of international trade to
GDP will increase about one ton of carbon dioxide emissions. The growth rate of value added of agriculture
section, financial development, and the first lag of financial development in short run have no effect on carbon
dioxide emissions.

Conclusion: The results indicated a long-term U-shaped inverted relationship between carbon emissions and
energy consumption in this sector. The maximum energy consumption threshold was also equivalent to 46.98
billion barrels of crude oil. At present, performance of the sector is on downward, and carbon emissions are
expected to gradually decrease by the technological improvement as energy consumption increases. Higher level
of the energy consumption than the threshold level indicates that technology effect dominates the scale and
composition effects. The results shows that the growth rate of value added of agriculture section in long and
short run did not affect carbon emissions. Moreover, in the long run, financial development has negative effect
on carbon emissions while in the short run financial development has no effect on carbon emissions. But the
effect of trade openness index on carbon emissions in the long and short run is positive. According to the results

1 and 2- Associate Professor and M.Sc. Graduate of Agricultural Economics, Payame Noor University, Tehran,
Iran .P.0.Box:19395-4697
(*- Corresponding Author Email: anikoukar57@gmail.com)
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of the study, increasing the volume of credits to the private sector will help reduce carbon emissions. It is also
proposed to change the pattern of trade considering the environmental advantages and the use of green energy
programs to reduce carbon emissions.

Keywords: ARDL model, Carbon dioxide, Energy consumption, Iran, Low carbon agriculture
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world
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Source: Iran Chamber of Commerce and Mines and Iranian Customs
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Figure 2- Import of Brazilian vegetable seeds from the Netherlands after joining UPOV (Million USD)
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Table 4- The amount of vegetables seed imported from selected countries from the Netherlands (ton)
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Year Iran  Egypt Brazil China Columbia Malaysia Indonesia Peru Azerbaijan South Africa
2005 124.1 1245 254 43.2 2 0.5 1.25 0.03 5 43
2006 132.3 7.1 9.33 1205 8.4 1.3 3.2 104 2.6 20
2007 211.2 19.1 36.8 459 6.1 3.8 4 7 8.1 54.4
2008 2252 1350.13 334 90.1 111 0.6 7.5 1.3 54 46.7
2009 239.2 12794 52.2 95 5.6 14 10.3 6.8 4 86.9
2010 160.4 1050.3 30.6 147.6 7.7 11 2.2 3.3 5.7 46.5
2011 2685 5144 204 117.6 0.2 8.2 3 0.2 7.9 70
2012 2594  364.4 154 88.8 15 115 0.9 0.7 2.8 95.9
2013 271 8.26 16.7 845 0.08 16.8 74 11 11 48
2014 283 15.63 13.7 110.8 0.1 29.8 1.2 1.8 15 59.4
2015 289.6 16.52 13.6 115.6 1.5 28.3 4.5 2.8 25 65.2
2016 295.1 16.8 13 122.3 3.8 26.6 6.3 3.1 2.2 63.4
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F Limer Significant Test statistics
CRROS_SECTION F 0.01 11.05
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Table 6- The results of estimating the random effects pattern
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Ln Exchange rate
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Introduction: In today's world, there is not a country that can provide all the needs of its society without the
products and services of other countries. As a result, exchanging goods and services between countries is based
on the relative and absolute advantage. By increasing private sector investment and research on plants breeding
in developed countries, intellectual property rights have gained special importance in the seed sector. Regarding
Iran as a major country in importing seeds, especially the import of vegetable seeds, it is necessary to study the
Factors affecting Seed Import to Iran .The present study seeks to answer the following questions: What are the
factors affecting seed import to Iran? What is the implication of intellectual property treaties for Seed Import to
Iran? And whether joining to international intellectual property treaties, the aspects related to intellectual
property rights which is one of the conditions for joining to World Trade Organization or the acceptance of a
new plant protection treaty will increase the seed import to selected countries, including Iran? Data from 10
countries in the period from 2005 to 2016 have been used to answer this question. Selected countries, including
Iran and nine other countries with developmental level close to Iran, were able to access the data they needed.
These include Azerbaijan, Colombia, Egypt, China, Indonesia, Peru, South Africa, Malaysia, Brazil and Iran.

Materials and Methods: This study used the gravity regression model to investigate the effects of
membership in the law of intellectual and commercial law on the seeds of vegetables in Iran. Given the goal of
studying the bilateral trade of countries in different years in gravity pattern, using combined data, it is possible to
determine the specific trade effects of each pair of countries. But there is no such information about cross-
sectional data. In this way, the relationship between other variables at any given time can be measured in a
concrete way. In order to determine these factors, panel data including import variables, distance between
countries, GDP per capita, population of selected countries, cultivated area, and virtual variables of membership
or non-membership in any intellectual property treaties in Trade and conservation of new plant varieties from
2005 to 2016 have been used.

Results and Discussion: According to the results of the Hausman test, random effects method has been used
to estimate the model. In Brazil, after joining the new plant protection treaty, imports did not vary much and kept
their downward trend. Peru has experienced a significant increase over a short period after joining the new plant
protection treaty. Concerning the acceptance of the treaty, the aspects related to intellectual property rights for
both Egyptian and Indonesian countries were regarded as an example. In Egypt, the import of vegetable seeds
has been very short and temporary. Similarly, there is no significant change in the import of vegetable seeds for
Indonesia. The results showed that the distance has a negative and significant effect on seed imports. Gross
domestic product and population variables have a positive and significant effect on seed imports. Iran
membership in each of the international treaties has a positive and significant effect on the seed imports.

Conclusion: This study examined the factors affecting seed import by Iran and selected countries. The
results showed that, as expected, the distance variable with the negative coefficient was significant, which means
that by increasing in distance, the amount of seed imports will decrease. Population variable obtained positive
and significant coefficients. That denotes that by increase in population of Iran, the amount of seed imports into
Iran will increase. The other variables in this study are not significant. The membership variables in each of the
treaties, the new plant cultivar conservation treaty, and the aspects related to intellectual property rights treaty
are statistically significant with positive coefficient. That means membership in intellectual property treaties has
a positive effect on the amount of seed imports and the amount of increase in imports depends on the degree of
implementation of the commitments and adherence to the rules of these treaties. Therefore, with regard to the
positive effect of joining to international treaties on seed imports, it is suggested that before joining to
international treaties strengthening the infrastructure in seed industry and improving the competitiveness of this
industry against seed imports should have happened.

Keywords: Intellectual property rights, Pattern of Gravity, Seed, Trade
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Table 1- Statistical information of input and output variables

Ol Jlas Sl Slre Syl
Average Minimum Maximum Standard
deviation
o) daw 19.821 4.812 10303.5 7.521
Land surface
e O 140004.49 10532.43 10739588.59 201462.12
Consuming water
Slo 568 136.46 0.36 541.57 112.86
Manure
Sl 950 118.03 29.13 778.55 96.77
Manpower
YT sl 45.28 11.00 94.5 47.06
Machinery
lond 368 325.34 125.77 4339.38 340.52
Fertilizer
ST pgen 4.98 50.03 48.13 4.39
Pesticides
5,8kes 5576.147 1141 36253.6 4931.60
Evaluation
0BG dgu 940196802 557301318 3945731818 721630712
Gross profit
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Table 2- Average efficiency of date product during 2010-2017 via DEA window for Samar Nakhl Khozestan Producer
J55 el 08 Wi 0,55 2 (21, (eSSl
Ry 1389 1390 1391 1392 1393 1394 1395 1396 Average efficiency
O > ind
per window
? o7 0.88 0.92 0.89 0.896
Window 1
Y ° 0.89 0.95 1.00 0.946
Window 2
Y oy
. = 0.81 1.00 0.91 0.906
Window 3
T 100 090 082 0.906
Window 4
D ey 092 084 078 0.846
Windowb
e 089 079  0.75 0.810
Window 6
Jb 2 2l (Sl -
Average efficiency 0.880 0.905 0.883 1.000 0.910 0.850 0.785 0.750 0.885

per year
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Table 3- Average efficiency of date product during 2010-2017 via DEA window for Padideh Eatemad Sanat Producer
by DAL Mg 0,258 2 (21, (il
’ 1389 1390 1391 1392 1393 1394 1395 1396 Average efficiency
Sz dlois] :
per window
? °H 0.83 0.89 0.97 0.896
Window 1
T - 0.89 0.95 0.86 0.900
Window 2
"o 100 089 001 0.933
Window 3
"oy 088 100 072 0.866
Window 4
c_) - 0.90 0.70 0.68 0.760
Window 5
T e 072 068 061 0.670
Window 6
Jlo s @b (il 0.837
Average efficiency ~ 0.830  0.890 0973 0876 0936 0713 0.680 0.610
per year

CWodld windigr Julodi (wigy a YYAA-IYAT b Jlw (b 43 et 4o 84S Wgi boyd Jamamo (o215 (pSolo -€ Joua

Sloyy
Table 4- Average efficiency of date product during 2010-2017 via DEA window for Samar Hedieh Behbahan Producer
A 0.8 Mgd 0,258 2 (21, (il
1389 1390 1391 1392 1393 1394 1395 1396 Average efficiency
ok per window
? o7 0.94 0.92 1.00 0.953
Window 1
Yo 092 095 088 0.916
Window 2
\.ﬂ ° 1.00 0.89 0.90 0.930
Window 3
T 096 087 086 0.896
Window 4
d ey 096 084 068 0.826
Window 5
> o 080 068 065 0.710
Window 6
JWo o ol (1SSke
Average efficiency 0.940 0.920 0.983 0.910 0.910 0.833 0.680 0.650 0.871

per year
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Table 5- Average efficiency of date product during 2010-2017 via DEA window for Sagheh Zarin Arvand Producer

Slo sy

aBlu oS g 1389 1390 1391 1392 1393 1394 1395 1396 JES T NN L WS
gyl vy Average efficiency
per window
Yoy 093 082  0.89 0.880
Window 1
Y ooy 0.940 0.88 0.92 0.913
Window 2
Y oy 0.81 0.95 0.80 0.853
Window 3
¥ oy 0.96 0.86 0.82 0.890
Window 4
& e 092 084 072 0.826
Window 5
e 080 077 073 0.766
Window 6
Average efficiency ~ 0.930  0.880  0.860  0.943  0.870 0.745  0.730 0.854
per year
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Table 6- Average efficiency of date product during 2010-2017 via DEA window for Dardan Producer

13,15 0u%S wgs 1389 1390 1391 1392 1393 1394 1395 1396 JES TRV N NS WY
Average efficiency
per window
Y oy 0.92 0.90 0.95 0.923
Window 1
Y oy 0.99 1.00 0.89 0.960
Window 2
Y oy 0.97 0.89 0.88 0.913
Window 3
¥ oy 0.93 0.85 0.81 0.863
Window 4
O oy 0.88 0.81 0.70 0.796
Window 5
£ oy 0.79 0.79 0.74 0.773
Window 6
Jbo e ol 1 Sle 0920 0.945 0973 0903 0870 0.803 0.745 0.740 0.871

Average efficiency
per year
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Table 7- Average efficiency of date product during 2010-2017 via DEA window for Parsian Nakhl Producer
oy S8 1389 1390 1391 1392 1393 1394 1395 1396 5,50y o ) L8 onSibe
ol Average efficiency
o A4 .
per window
Y oy 0.86 0.91 0.90 0.890
Window 1
Y oy 0.89 0.99 0.84 0.906
Window 2
Y oy 1.00 0.81 0.90 0.903
Window 3
¥ oy 0.81 1.00 0.86 0.890
Window 4
O oy 0.90 0.82 0.74 0.820
Window 5
£ ooy 0.89 0.76 0.74 0.796
Window 6
Jo o ol Sle 0.860 0900 0963 0820 0933 0856 0.750 0.740 0.867
Average efficiency
per year
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Table 8- Average efficiency of date product during 2010-2017 via DEA window Golbang Mehr Producer

SOUS ouiiS w5 1389 1390 1391 1392 1393 1394 1395 1396 oy b 9,5 uSibe

Cpe o Average efficiency
o per window
Y 0oy 0.86 0.86 0.92 0.880
Window 1
Y oy 0.88 0.97 0.84 0.896
Window 2
Y oy 0.97 0.80 0.80 0.856
Window 3
¥ oy 0.83 0.86 0.74 0.810
Window 4
O oy 0.82 0.71 0.68 0.736
Window 5
£ oy 0.79 0.69 0.62 0.700
Window 6
Jl o ol Sile 0.860 0.870 0.953 0.823 0.826 0.746 0.685 0.620 0.813

Average efficiency
per year
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Table 9- Average efficiency of date product during 2010-2017 via DEA window Kazemian Producer

Obebls €8 i 1389 1390 1391 1392 1393 1394 1395 1396 5yo0y o o, pSSbe
Average efficiency
per window
Y oy 0.82 0.90 0.97 0.896
Window 1
Y oy 0.89 0.95 1.00 0.946
Window 2
Y oy 1.00 1.00 0.99 0.996
Window 3
¥ oy 1.00 0.95 0.86 0.936
Window 4
O oy 0.92 0.81 0.77 0.833
Window 5
£ oy 0.82 0.68 0.65 0.716
Window 6
Jl o ol 1 Sle 0.820 0.895 0.973 1.00 0.953 0.830 0.725 0.650 0.887
Average efficiency
per year

i alS o Ao 43 g 3 0 03)5 &b Sidiles wile g 0ol
P9-b s Jo—azme CpiS AblS g by (3o

Aol gl wl p B JLw g0 Jlasias K Jsle
4o 50 g Gl 5l ) (SN)L g als JLo
Sl 29 LRal L ol (o plg cadg)] asleng, O ials
i o oS5 )55 izman 5 ()8 lodw ey
ddlaie d)‘”LﬁS g )_:J.;l.» OI)':-'.’ olys aS el Ladiliag,
ol 03,8 3)lg byl dss ales 5l

99 993> d L jd o, S5lS S ag il Lo s S0
Jess e el o 2 Slo el oyl )l 5 Of xS ye
Sty S Luly 5 4y ynll IS Syl Lo
prSokS S a g - oVl o By il
(A) 2yl el ol 4 cy s —Sis ool

I3y 9 (6 35 Ao

0058 A g A ol Ll cpl g0 ol o pbsl b jes bl
)90 sloy oy (slaodly (odbgy Jlod b9, I s pSee b lo s
Loodly by Jdod sla Jao 0 .cé )5 )18 Lbjyl g o
daly SO 1 g e o (605 03] L) bl > oL ol
3y90 Ol Floj 0)93 S 53 5503 sasaly Ao b 085S e
oobsl y loyaty Jlow gy Jlle 530,28 (o0 )13 (L))
‘) 0‘)")‘§W“\>I9 ;gv ul).u.u ._\55) 9 .))5\1«0& ‘L{)M U‘iil.w
oo oS J«Jy u)l)lf MR )‘).9 ey D)9 ul.a) J9]o I

u_b NS J_Jy gL d‘o).?v.}g: u.;,l)lf u..i:lm )'I J@B ),{al.b'.,o
il s st ol bl g ol alie <2l 3050 009
235 o 58 o g i )80 aonisS lgi 5, Sles

b Laoa S w gyl plS wdol Casds b aag b
4)_§.{J 9w )‘ Ll 0l &: )l )«:S :L&"j LSAL” u_:‘)lf u»i}[m
LAY o 3 lobls 8,8 5 plijss 56 508 slaoisS Wy

My Jlw yo ol 5L 0dal Cwdy b gl p
=YY sl Sl b duslio [0 VWAY=IYAS Sloj 090 j0 baosiss’
09 Ui )‘.\Jbo L)")_‘Af 456)9.‘4) PV U‘““‘Q’K ..\35) YA
h ke Hlude b LebslS 008 udgr 4y by AYAV-1TAR
00 s AF Jlo 0 g .8V e Hlaie 4 Gt dleie] sy 0aiS
Lol

0399 b Jlo o (2Ll (ke e oyt 0> Sk
Slasel oy (gosisS dg HLas! jd +.AVY Hlade LIVAV-ITAR
Sl g ol il 039 Y Jo o HleblS 5 o) cnin
0y 048 Mg 4 bguye < AYF Jlade L AVAY-ITAS 590
ool QY Jlo > slezel

52 o=l b 3 @D 2L ey Sl s (g3 se Jolge
PSLS 908 day oly T o Jslse ol dlas jlain 0)90
sladizey 4 355 b )l 90,8 wlpd w0y § o)l bl liwjes bl
S5 5o S g IS pdaw p iile Y ol sl g Loy Sy



VAV lomin | 55 (5,942 65 adlgi (S8l 2«65l daond gl b 1T (o (6 o 3101

OhJES ile vy slue 2 g5 slagsbey ol -

Fodel sty mmlis 4 dagi b gy Jolss (3508 yiSTas —
Jde

Jid 5 s slabay 680 b ol b )t eolizl -
sl oS

(Sa9po pE Srdu i (905 JSla> —

szl g Laashl ol cdgs (les closs 5l 6000 =

Lo 0)93 ) ($39)9 Cuple (B0 L g pike (polide 4 035k 423
rb‘.&f T A 0 uL»J CJLA Lol 04 W WWAR-YYA s UCl))
shs AAr=YAs WA o Jlw b oS w)g
D a3 A Jlo 3 0aiS Mg 93 g B398 oS 8 IS
lossS W5 dan Jlo o oLl 1Siko ol azslsy )3 JolS b
sl o b duolio )0 (6508 jlows daw ;3 WWAY=IYAF 0)50 b
g LS Ggllasls Cundg ol sial Cauwds IFAI-IYAR

o gibio 395 ¢yl3p5lS SISl Cins s 4 bl (gl Sl 5o laosiss

Sl els g bS58 Sllas )3 (g gloony] gug s — Ol o g JuSid (S 555 ony (Gl S35 sl tjee]
9l il e dilaie claailisg,

&l

1- Abedpoor A.R., Asadabadi E., and Sha'banali Fami H. 2017. Analysis factors affecting Date production efficiency
in Bam country: with DEA approach. Iranian Journal of Agricultural Economics and Development Research
48(3): 507-518. (In Persian with English abstract)

2- Azizi J., and Yazdani S. 2007. Evaluating the earning sustainability of Iranian date export. Journal of Agricultural
Science 13(1): 1-19. (In Persian)

3- Banker R.D., Charnes A., and Cooper W.W. 1984. Some models for estimating technical and scale inefficiencies
in data envelopment analysis. Management Science 30: 1078-1092.

4- Charnes A., Clark C.T., Cooper W.W., and Golany B. 1985. A developmental study of data envelopment analysis
in measuring the efficiency of maintenance units in the U.S. Air Forces. Annals of Operations Research 2(1): 95—
112.

5- Charnes A., Cooper W.W., and Rhodes E. 1978. Measuring the efficiency of decision making units. European
Journal of Operational Research 2: 429-444,

6- Farrell M.J. 1957. The measurement of productive efficiency. Journal of the Royal Statistical Society, Series A,
General 120(3): 253-281.

7- Ganji N., Yazdani S., and Saleh I. 2018. Identifying factor affecting efficiency of water use in wheat production,
Alborz province (Data Envelopment Analysis Approach). Iranian Journal of Agricultural Economics and
Development Research 49(1): 13-22. (In Persian with English abstract)

8- Hosseini Y., Mohebi A., Pozesh Nezhad Shirazi M., Rejali F., Tehrani M.M., and Basirt M. 2016. Introduction to
conditions of date cultivation, Agricultural education publication, Tehran. (In Persian)

9- Karimi F., Pirasteh H., and Mehdi Zahedi K. 2008. Determination of Wheat Agriculture Efficiency Based on Two
Factors Time and Risk by Using Interval Data Envelopment Analysis and Window Data Envelopment Analysis.
Agricultural Economic and Development 64: 139-159. (In Persian)

10- Mehrabi Boshrabadi H., and Pakravan M. 2009. Calculation efficiency and returns to scale of sunflower producers
Khoy County. Journal of Economics and Agricultural Development 23(2): 95-102. (In Persian)

11- O'Neill S., and Matthews A. 2001. Technical change and efficiency in Irish agriculture, The Economic and Social
Review. Economic and Social Studies 32(3): 263-284.

12- Sengupta J.K. 1995. Dynamics of data envelopment analysis: Theory of systems efficiency. Boston: Kluwer
Academic Publishers, Dordrecht, London.

13- Sepehrdoust H., and Hamzeali Dastjerdi H. 2014. Efficiency Measurement of Agricultural Sub-Sector's Activities;
Using Window Analysis Method. Journal of Agricultural Science and Sustainable Production 23(4.1): 131-141.
(In Persian with English abstract)

14- Shahnavazi A. 2017. Determination the efficiency of arable crops in Iranian agriculture. Iranian Journal of
Agricultural Economics and Development Research 48(2): 227-240.(In Persian)

15- Shafieyan A. 2017. Date palm. Ministry of Agriculture Jahad, Department of Horticulture. (In Persian)

16-

Tomaa E., Dobrea C., Donaa I., and Cofasa E. 2015. DEA Applicability in Assessment of Agriculture Efficiency
on Areas with Similar Geographically Patterns. Agriculture and Agricultural Science Procedia 6: 704-711.


https://ideas.repec.org/s/eso/journl.html
https://ideas.repec.org/s/eso/journl.html

Journal of Agricultural Economics & Development 329U drwgi g SLaldl 4y pid
Vol. 33, No. 2, Summer 2019, p. 177-190 WA B WY1t o AFAA liansli ¥ olads FF il

Measuring the Efficiency of Date Crop by DEA (Data Envelopment Analysis)
Window (Case Study: Khuzestan Province)

D. Modhej'*
Received: 18-03-2019
Accepted: 20-07-2019

Introduction: Agriculture is the most important part of Iran economy. The agricultural sector always has an
important role in supplying the essential elements of life and human well-being, so utilizing its capabilities is
necessary to fulfill the development goals. Because of the growth population, the food supply is increasing and
due to resource constraints, existing resources should be used efficiently to maximize possible production.
Therefore, checking the efficiency of agricultural producers can be useful. Dates as one of the horticultural
products due to its nutritional properties, and preservation of the environment have a special status in Iranian
agriculture. Cultivating dates in Iran, especially in the southwestern regions (Abadan, Khoramshahr, Shadegan),
date back to 6,000 years ago. According to the official statistics of the Food and Agriculture Organization (FAQ)
of United Nations, Iran has the world's first position in terms of date’s cultivation. Iran is ranked in the second
place after Egypt in terms of production and exports with 16.5% of the world's exports. Khuzestan province with
37492 hectares of cultivation is one of the most important areas of production dates in the country. According to
the official statistics, Khuzestan province by producing 15.2% of one million ton of country's date has the
highest production in the country. Unfortunately, in recent years, salinity of water and dust adversely affected the
production and quality of dates in Khuzestan province. Evaluating the performance of this product in Khuzestan
province due to its importance in terms of cultivation, production and employment is so significant for the
economy of the country. The aim of this study is to determine the efficiency of 8 date’s producers in Khuzestan
province during the agricultural period 2010-2017.

Materials and Methods: Data Envelopment Analysis (DEA) is a management tool employed to estimate the
efficiency of number of decision making units (DMU’s). DEA can be used to calculate the efficiency measures,
and has a wide applicability in various service and industry sectors. The first model in DEA was presented in the
CCR paper (after Charnes, Cooper and Rhodes1978) to produce the efficiency of DMUs under constant returns
to scale (CRS) assumption. Subsequently, Banker et al. (1984) proposed a variable returns to scale version of the
CCR model which was named BCC model. Since in real situations, variable returns to scale is more flexible so

in this study BCC model is used. Suppose there is a set of n peer DMUs, {DMUJ- = (xj,yj) 1j=1,2,..,n}
T

each using m inputs to produce s outputs and also assume X: =(Xq: Xos, 0y X

’yj = (ylj’ y2j""’ ysj)T be the input and output vectors for DMUj, respectively, such that Xj >0, Xj #0and

yj >0, yj #0. The input-oriented and output-oriented BCC models evaluate the efficiency of DMU, by

solving the following linear programs respectively:

1- Assistant Professor, Departments of Mathematics, Sosangerd Branch, Islamic Azad University, Sosangerd, Iran
(*- Corresponding Author Email: modhej83@gmail.com)
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6*=min6

S.t. ka”_ex i=1...,m
Jélkjyrjzym, r=1...,s
o
szo, j=12,...,n

*

(P=maX(P

S.t. ZXXJ_X i=1...,m

Jél}“jyrj >0Yro, r=1...,S
n

A
szo, i=12,..,n

The choice of input- or output-oriented models depends upon the production process characterizing the firm
(i.e. minimize the use of inputs to produce a given level of output or maximize the level of output given levels of
the inputs). DEA window analysis is based on a dynamic perspective, regarding the same DMU in different
period of time as entirely different DMUs. The benefit of this method is to describe the dynamic change of the
efficiency of each DMU comprehensively, both horizontally and vertically. More importantly, the number of
DMU is increased in this method; hence, it enhances the discriminating power by increasing the number of

DMUs when a limited number of DMUs is available. Consider a set of N (n=12,...,N) DMUs in
T (t=1,2,...,T) period of time. Every DMU has m kinds of input and s kinds of output. Let DMU? denotes

the level of input or output for DMU n in t period of time, then input vector X? and output vector Ytn will be
n . n
Y =00Y,

n
resented as: X¢ = (Xq4,X
p t=0qp X
point of kK (L < k <t), and the window width isw (L <w < T —Kk), then input XkW and output YkW matrix
of each window Kk w will be presented as

n\T . . .
X ) y ..,yst) Consider the window starts at the time

1 2 N 2 N
X o X e xk y%( Yk yk
1 2 N 2 N
Xies1r Xjeag 1o Xk+1 y}ﬁl, Ykag yk+1
XkW: YkW
1 2 N 2 N
_Xk+W’Xk+W’“" Xk-I-W_ _y|1(+w,yk+w,---, yk+W_
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The input-oriented BCC model of DEA window problem for DMU't( is given by solving the following linear

program:
* -
0 =min0
n _
s.t. XMngext, t=1....,T
Vi 2yp t=1..T

er=1

e=(1L.. 0=y .

WA
Where NXW) .And the output-oriented BCC model is as follows:

*

¢ =maxo
n _
s.t. XMNKSXt, t=1...,T

Ve hzoyp, t=L..T
er=1

Discussion of Results and Conclusion: Land area (ha); Water consumption (cubic meters); Animal manure
(tons); Labor (person-days); Machinery (Hours); Fertilizer (kg) as well as pesticides (L) are used as indicators of
inputs. Meanwhile, Performance (kg) and Gross profit (Rials) are regarded as two output indicators. Since
beneficiaries have more control over the inputs than the outputs, the input-oriented DEA windows model is
applied to evaluate the efficiencies of 8 date producers in Khozestan province during 2010-2017. By solving 144
models, the average performance of each window and the average annual provide a basis for measuring and
comparing the performance of producers. Results showed that two producers were at full technical efficiency
level in 2013, moreover none of the producers during 2010-2012 and 2014-2017 were full technically efficient.
In period 2010-2012, efficiency of producers had small variation and the average annual efficiency of producers
was much higher in comparison with period 2014-2017. Several factors cause the huge difference in
performance over these two periods. Among these factors, one can mention dust in Khuzestan province, Dust
particles reduce the harvest and the quality of the product. Another reason is the drought of the last two years.
Reducing rivers water has made irreparable impacts on the agriculture of the region.

Keywords: Date, Data envelopment analysis, Efficiency, Khozestan, Window analysis
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4- Interval Data Envelopment Analysis
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2- Stochastic Data Envelopment Analysis
3- Robust Data Envelopment Analysis
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Table 1 - Statistical summary of inputs and outputs per hectare of date products

odliw adlys
(Output) (Input)
- P HPES W KPY)
scdl Yiomile ;0 P
5 Ggm o s s Cé 3 dluws o .
e S g o T s e sl
Yield Fertilizer | pestici = Machine - number of ~ The number of g
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Unit Kg Man-day Kg Liter Hour Hectare Person Number Cubic meter
S5l
ol 8424 39.2 312 8 3.7 106 118 52443
Average
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Sro 3l
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deviation
L.u)..o A..o)b
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Percentage 39.9 51.2 69 82 85 29.7 54 80
coefficient

of variation
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Table 2- Results of estimation of technical efficiency of the farmers at the level of uncertainty of 10% and probability levels of
100 and 10%

ol oeSbo Sl BEIRES Sbre A1yl ol O pdS ) o o 4D

Category  Average | Maximum Minimum Standard deviation = Frequency @ Percentage coefficient of variation
DEA( P=1)

0.6 s, 0.5 0.6 0.4 0.1 7 14.8

0.6-0.7 0.6 0.7 0.6 0.03 5 4.9

0.7-0.8 0.8 0.8 0.7 0.03 5 4.1

0.8-0.9 0.9 0.9 0.8 0.02 9 2.7

0.9-1 1 1 0.9 0.02 8 2.9

1 1 1 1 0 51 0
Esoe 0.9 1 0.4 0.2 85 167
(Sum)
RDEA (P=0.1)

0.6 jasy 0.5 0.6 0.3 0.1 12 14.7

0.6-0.7 0.7 0.7 0.6 0.03 8 4.9

0.7-0.8 0.7 0.8 0.7 0.02 10 35

0.8-0.9 0.8 0.9 0.8 0.03 6 4.1

0.9-1 1 1 0.9 0.02 13 25

1 1 1 1 0 36 0
Eoeme 0.9 1 0.3 0.2 85 226
(Sum)
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Source: Research findings
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Introduction: Date is one of the strategic and economic horticultural products in Iran due to its important

role in gross domestic product, employment and export. Therefore, investigating the efficiency of date producers
and trying to improve their efficiency through optimum use of resources have special importance. Several
techniques are used to evaluate efficiency of decision making units (DMUs). Data Envelopment Analysis (DEA)
is recognized as a methodology, widely used to evaluate the relative efficiency of a set of DMUs. Although,
DEA is a powerful tool for measuring efficiency, there are some restrictions to be considered. One of the
important restrictions involves the sensitivity of DEA to uncertainty of the data in analysis. In this research, the
linear robust optimization framework of Bertsimas and Sim (2004) was applied in DEA with uncertain data.

Materials and Methods: Data envelopment analysis (DEA) traditionally assumes that input and output data
of different DMUs are measured with precision. However, in many real applications, inputs and outputs are often
imprecise. This paper applied a robust data envelopment analysis (RDEA) model using imprecise data
represented by uncertain set in estimating the efficiency of date producers. The method is based on the robust
optimization approach of Bertsimas and Sim (2004) to seek maximization of efficiency under uncertainty (as
does the original DEA model). In this approach, it is possible to alter the degree of conservatism to let decision
maker know the trade-off between constraint’s protection and its efficiency. The method incorporates the degree
of conservatism in maximum probability bound for constraint violation. 85 date producers were selected by
simple random sampling and necessary data were collected by completing a questionnaire.

Results and Discussion: In this section, the results of evaluating date producers are presented which consists
of eight inputs and one output. For denoting input and output data uncertainty, ten given maximums of
constraint’s violation probability were considered with respect to nominal values: 10%, 20%,...100% (i.e. we
used I' = 0.10, 0.20,...1.00). The results revealed that Gamma value decreases as the probability of constraint
violation increases. The RDEA model result showed how efficiency declines as the level of conservatism of
solution increases or as the constraint violation probability decreases. According to the method, if all Gammas
equal 0, then robust and original DEA models are the same. The most difference between mean of optimal and
actual amount of inputs is related to four inputs including machinery, fertilizer, pesticide, and irrigation water in
both DEA and RDEA models. In this regard, the government and other relevant authorities should provide
producers with extension services to help them optimize inputs. The average technical efficiency for this
category of producers is estimated at 90%, and this result indicates a relatively high level of technical knowledge
of farmers in using current technologies. In simulating violation probabilities ranging from 0.1 to 1.0 (at a
constant the level of €), percentages of average conformity are quite high.

Conclusion: Evaluating the performance of many activities by a traditional DEA approach requires precise
input and output data. However, input and output data in real-world are often imprecise or vague. To deal with
imprecise data, this study used a robust optimization approach as a way to quantify imprecise data in DEA
models. It is shown that the Bertsimas and Sim (2004) approach can be a useful tool in DEA models without
introducing additional complexity into the problem (we called robust data envelopment analysis (RDEA)). A
case study of Ahvaz county date producer is presented to illustrate reliability and flexibility of the model. The
problem was solved for a range of given uncertainty and constraint violation probability levels using the GAMS
software. This case suggests that our approach identifies the tradeoff between levels of conservatism and
efficiency. As a result, efficiency decreases as the constraint violation probability increases. Additionally the
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RDEA approach provides both a deterministic guarantee about the efficiency level of the model, as well as a
probabilistic guarantee that is valid for all symmetric distributions.

Keywords: Date product, Monte Carlo simulation, Robust data envelopment analysis, Uncertainty
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2- Monte carlo simulation
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Table 1- The long-run average of the net profit and the net present value in the shares of payment (million tomans)

Al 15 o oo 51 CA13 oo

(Share of payments)

0% 20% 40% 60% 70% 80% 90% 100%

] s (Barley) & 5.18 5.286 5.728 6.058 6.438 4.091 6.706 6.706

Irrigation (Wheat) p.:5 4.324 3.943 5.425 5.753 6.209 5.282 6.727 6.727
network  (NPV) jalls Jb 350 989115 903955 1360239 1481449 1637933 1686103 1770128 1856817

. (Barley) o 6.486 6.506 6.821 6.963 5.027 7.046 7.048 7.048

PT;; (Wheat) ps 6.295 6.335 7.294 7.333 7.38 7.393 7.397 7.397
(NPV) jalls s 55 6967262 7056635 6843285 7194289 7347868 7645382 7977560 8320445

suios claazily : sl
Source: Research findings
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Table 2- The optimal crops land (hectare) and the irrigation water per hectare (cubic meter) in the network and the plain

area in the shares of payment

asl Cudd &bl aslus
Area Plain Irrigation network
Jgpazeo S Jgazeo S »
Crop Wheat Crop Wheat Barley
albolw o s Co Sl S s S s
Sl ’w Surfac ’w oW ’w Surfac ’w Surfac
Syste  Sprinkle e Sprinkle System Sprinkle e Sprinkle e
m r r r r
0% 0 190923 0 81824 0 47600 0 20400
R 20% 0 190923 0 81824 0 47600 0 20400
Sy e
. 3 40% 190923 0 0 81824 0 47600 0 20400
i & JiSalepe 60% 190923 0 38108 43716 0 47600 0 20400
Crops  (Shareof ~ 70% 190923 0 80238 1586 0 47600 0 20400
land payments  80% 190923 0 81824 0 18491 29109 6778 13622
) 90% 190923 0 81824 0 47600 0 20400 0
100% 190923 0 81824 0 47600 0 20400 0
0% 0 1912.2 0 2582.7 0 5174 0 4627.3
. el 20% 0 1423 0 2712.1 0 5262.7 0 4673.5
Erae ol S ek
< 3 40% 0 3534.6 0 3307.1 4247.9 0 0 5526.3
J p)
0,
ITigatio e )iSeleyes 60% 0 4097.9 0 3816.3 4397.5 0 3058.9 6112.5
nwater  (Shareof 0% 0 49925 0 4524 4634.2 0 33508  2862.8
per payments 80% 384.4 5067.7 968.2 4455.2 4735 0 3407.9 0
hectare 90%  3120.8 0 2585.1 0 4782.7 0 3422.6 0
100% 3120.8 0 2585.1 0 4782.7 0 3422.6 0

30 sboasil, s dsle
Source: Research findings
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Table 3- Total used water and saved water separated areas and source of water supply in shares of payment (million cubic

meters)
asl Sl 4
area irrigation network Codd 03gu0 JS Oyl
adgl g 8l puo 5l CAID gy piew JUS Juejm; &S JS Plain Overall area  Aquifer
(Share of payments) Canal Well Total
0% 12254 2117 14371  1366.9 1510.61 1388.07
20% 12254 052 123.06 1387.77 1510.83 1388.29
40% 12254 11318 23571 1263.01 1498.72 1376.18
ol Gymo ol JS 60% 12254 150.38  272.91 122451 1497.43 1374.89
(Used water) 70% 12254  207.4 32994 1164.52 1494.45 1371.92
80% 110.62 186.99 297.61 1182.82 1480.42 1369.8
Jol o9 ylw 90% 29.11 17218 20129 1190.49 1391.77 1362.66
First scenario 100% 29.11 172.18 201.29 1190.49 1391.77 1362.66
20% 0 20.65 2065  -20.87 -0.22 -0.22
40% 0 -92 -92 103.89 11.89 11.89
i by S 60% 0 21292 -129.2 14238 13.18 13.18
By 70% 0 -186.23 -186.23  202.38 16.15 16.15
(Saved water) 80% 1192 -16581 -1539  184.08 30.18 18.26
90% 93.43 -151 5758  176.41 118.83 25.41
100% 93.43 -151 5758  176.41 118.83 25.41
0% 12254  11.16 133.7  1055.12 1188.81 1066.28
20% 12254 052 123.06  1065.75 1188.81 1066.28
40% 122.54 4.9 127.44  1061.38 1188.81 1066.28
ol Gyma ol JS 60% 12254 588 181.34  1007.48 1188.81 1066.28
(Used water) 70% 12254 5153 17407 1014.74 1188.81 1066.28
80% 10647 5551  161.98 1010.77 1172.75 1066.28
P> So2 )l 90% 10647 53.89  160.36  1012.39 1172.75 1066.28
Second scenario 100% 106.47 53.89 160.36  1012.39 1172.75 1066.28
20% 0 10.64 1064  -10.64 0 0
40% 0 6.26 6.26 -6.26 0 0
i by S 60% 0 4764 4764 4764 0 0
SN 70% 0 -40.37  -40.37  40.37 0 0
(Saved water) 80% 1607 -4435 2828 4435 16.07 0
90% 16.07  -4273  -26.66  42.73 16.07 0
100% 16.07 -4273  -26.66  42.73 16.07 0

gaios gbvaidl : isle

Source: Research findings
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Table 4- Total water seepage from agriculture and the factors of variation at the aquifer volume in the shares of payment
(heights: meter and volume: million cubic meters)

gl g5 A lo pw 31 CEID 9 piew

(Share of payments)
0% 20% 40% 60% 70% 80% 90%  100%
L (Network) Lol ass 56.68 4864 9279 107.48 129.86 97.23  29.72  29.72
gf::p ;;: (Plain) cuss 54652 554.78 30255 25056 177.31 177.44 1791  179.1
(Total area) o>gaxe S 603.2 60342 39534 358.04 307.17 27466 208.82 208.82
(Net seepage) jslis So Ll -784.42 -784.27 -981.03 -10155 -1064.4 -1095.1 -11565 -1156.5
(Net other inflows) lacdgy9 plo (a6 62651 62651 62651 62651 626,51 62651 62651 62651
( Aql:'::'v“;: ::n " ::r:t on) -157.91 -157.76 -35452 -389.03 -437.91 -468.67 -530.03 -530.03
(Saturate thickness) S gLl Y cwls  76.02 7603 5861 5555  51.22 485 43.06  43.06
(Aquifer volume) sl (c3s> 50 18027 18030 13898 13173 12147 11501 10212 10212

3uios sboaisl, sl
Source: Research findings
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Table 5- The cost-Effectiveness criteria of saving water and groundwater conservation for grant policy for under pressure

irrigation system

el oo T 2 TP Cadgaze Shos (b Cod b

SN ko pus legal limitation of pumping Natural capacity of pumping
sy Slodiasd jloe chpy il 5 wterdme OIS S-dis lee cags calsy JS ol Js

(Share of Sy Government L XWY Sy Government B (29248 o

payments) CEA payments Saved water CEA payments Saved water
40% 0 0 0 243.510 878455.4 213.913
60% 0 0 0 167.785 1561491.3 261.995
70% 0 0 0 139.540 2179543.4 304.133
80% 115.871 2773071 321.3196 212.569 2773070.6 589.470
90% 91.087 3527577 321.3196 665.084 3527576.5 2346.13
100% 81.979 3919530 321.3196 598.576 3919529.5 2346.13

Almdiaze e gy cdlyy JS gl 055 Almdiz e gy sy JS gl 053
- Government . iy Government .
CEA payments Aquifer volume CEA payments Aquifer volume
40% 0 0 -1211.44 -0.0088 878455.46 -7727.8819
60% 0 0 -4912.87 -0.00541 1561491.3 -8452.4632
70% 0 0 -5101.12 -0.00435 2179543.4 -9479.0623
80% -0.0021 2773071 -5823.76 -0.00365 2773070.6 -10124.901
90% -0.00165 3527577 -5823.76 -0.00324 3527576.5 -11413.48
100% -0.00149 3919530 -5823.76 -0.00291 3919529.5 -11413.48
Guios claadl : Lo
Source: Research findings
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Introduction: Today, governments have to adopt different policies to offset water scarcity and balance
groundwater resources. Among the policies that have been emphasized in this regard, are subsidies and incentive
payments to use modern irrigation technology. In Iran, the policy of grants for under pressure irrigation systems
is mentioned in the budget law of the country. It is generally believed that the implementation of this policy can
save water and would lead to the conservation of groundwater resources. But, in practice this issue has not yet
been proven. It is generally believed that the implementation of this policy can save water and lead to the
conservation of groundwater resources. But, in practice this issue has not yet been proven. So, the Qazvin plain
as one of the biggest and the depleting aquifers in Iran is selected as case study.

Materials and Methods: Since, the irrigation water is supplied through the canal in the modern irrigation
network area and the agricultural wells in the traditional cultivations, the objective function of the dynamic
programming model is considered to maximize the net present value of cultivating in the irrigation network area
and the land of Qazvin plain area. The crop yield in the objective function of the model is the functional of the
quantity of water available for plant, which is expressed in the quadratic form. The groundwater pumping costs
were considered as a function of pump lift. By pumping groundwater, the saturated thickness would decrease in
two area. Therefore, the equation of the groundwater balance was formed to allow changes in aquifer stock from
one period to another. The components of this equation were considered as the difference in the inflow to the
aquifer from the outflow of the aquifer. The maximum groundwater extraction in the model is limited to the
natural capacity of pumping from wells and access to the canal water is confined by the long-term average canal
water. It is named the first scenario. The upper limit of access to canal water that supplied from combined wells
and artificial recharge was simulated according to rainfall variations and then its average long-term value was
calculated. For this purpose, the probability of occurrence of dry, normal and wet years was calculated by the
standard precipitation index (SPI) using monthly data of 60 years.

Results and Discussion: This paper presents an analytic model of the effectiveness of groundwater
conservation policies on irrigated agriculture in Qazvin plain such as grant for under pressure irrigation systems.
The results indicated that by increase in the share of grant, the groundwater used per hectare in the modern
irrigation system is lower than the flood irrigation system and gradually the modern system is chosen instead of
the flood system. With increasing share of grant the yield and net profit will be increased for each crop until the
yield reaches saturation. The results showed that in the whole area, by increasing the share of grant, total water
consumption and total groundwater are decreasing and so water will be saved. On the other hand, by increasing
the share of grant, the deep percolation into the depth decreases. Investigating the groundwater balance showed
that in the normal conditions, the increase in the share of grant cause to increase aquifer stock deficit and reduce
the groundwater head and saturated thickness. The empirical findings in Qazvin plain showed that the long term
average of the aquifer's reservoir volume is decreasing with increasing the share of grants. In the final, the cost
effectiveness analysis (CEA) was calculated for total saved water and the aquifer stock to the total amount of
government payments.

Conclusion: A review of the effect of grant policy for investing in the modern irrigation systems on the
water use was considered efficient on saving water. It means that with increasing the share of grant the overall
water saving in the area will increase. But, the implementation of this policy does not conserve groundwater
resources. So, for each a million tomans payment, 665 and 598 cubic meters of water are saved, respectively.
However, this policy is not effective for the conserve of groundwater resources because in the share of 100% for
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each a million tomans payment, the aquifer stock is reduced to 2912 cubic meters. As a final remark, it is
suggested that grant policy be accompanied by a limitation on groundwater pumping and crop pattern.

Keywords: Cost-effectiveness, Dynamic programming, Grant policy, Qazvin plain, Under pressure irrigation
systems
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