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Table (1) The results of Generalized Maximum Likelihood test
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3.84 131 technical efficiency is constant
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over the time (eta = 0)
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Table (2) The results of estimating the TRP-SPF model with and
without climatic variables
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Table (2) The results of estimating the TRP-SPF model with and
without climatic variables
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Table (3) The results of calculating the technical efficiency of rainfed
wheat producers by province according to the TRP-SPF model
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Table (4) CATFP productivity index for rainfed wheat production
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Table (4) CATFP productivity index for rainfed wheat production

1397 1396 1395 1394 1393 1392 1391 1390 1389 1388 !
008 01 025 01 036 031 023 014 019 007 Bushehr s,
004 007 004 004 004 016 008 008 001 003 Tehran e
AS)L.?';’A‘-!SJL’“)LQ?:
053  0.56 049 054 054 053 043 039 05 052 Chaharmahal and
Bakhtiari
005 003 002 002 004 016 008 007 004 012 wrrbels
Khorasan Razavi
036 022 052 052 027 032 058 062 059 094 sy2,0lel>
SouthKhorasan
e
047 047 109 068 075 049 054 039 077 085 Sesoll>
North Khorasan
072 065 099 033 081 059 053 045 084 036 Khuzestan o5
175  1.06 134 115 123 143 147 148 148 185 Zanjan os;
027 017 027 012 013 025 016 019 017 022 Semnan ;e
025 056 061 048 076 048 043 035 05 072 Fars . é
076 055 075 053 06 057 047 062 053 044 QazViN 58
285 272 225 205 221 172 189 164 187 105 Kurdistan s 5
222 2.09 263 16 18 171 16 179 19 208 KermanshahsLzste s
RUC PSR Viy
025 074 083 06 08 069 066 045 08 077 Kohgiluyeh and
Boyer-Ahmad
259 224 302 235 224 229 197 215 219 239 Golestan ..
05 0.6 033 024 02 015 012 02 029 015 GilansLs
164 16 21 133 15 119 141 242 218 164 Lorestan .. )
076 059 08 079 117 103 1 124 067 098 Mazandaran ., ;L
115 09 085 095 11 115 113 116 049 13 Markazi.ss -
205 136 164 108 16 125 144 143 137 171 Hamedan ./s.s

Source: Research findings

OYM L Jlo o Jedyl oz o bisl)  Budod sloaidly sanie



100. yuiS 36 sy
ot 00w paiS CATEP (50,00 ol glacs pdy s Wiy, saimoplis ¥ Jgor
Sle Sl @2 o Gl & Sansd 090 Jobo 10 Jpazme (nl oS oy me slag b
oS s e lii |y plaplus s glaglivl ;5 CATFP (5040 als daasily
oaiSadsd e slaplinl (G )5 G902 AFLE Sl pdy et Sloline SIS KL
ool g0 paiS
- bl el 3 VYAV B AYAA 6,55 b pus poiF CATFP (550 00 ails vl s Ly
2 Sasore AL GRlBl Ce s ams o plis Glugs boolrer (lBl (o) 2 0550 sl
5 Olbed ((Lwd S sl e 2p8 Olml,ST (B0 olmbydl (liws S woliile S sl
0,90 40 odd ol ald .l ooy yinn oal oL 0,90 4o baliwl ple 4 cad S
olzile,S (lws S los «opf olmlbdl (Brd lul,dT Glaglinl jo gy 950
el gl S 5l i golsliae jeb 4 plaes g 35 e ol ) pldS
5 ooz @bl lapbisl 0w puiS CATEP (0,00 (a3ls slags oy s
s Jlod Gl (b (g )b Oliom cp9iz OlalS redier (ledal ()l
Old 9 Gl e (ke 1635 10 el 5294 keSS (LS (s w592, lul>
A2 o HLid YWAASIYAY 6,08 b 1) log b ol yon audle dul33l s,
@5 ol 5 ol slaglivl sl oad aalxe CATFP (6550500 (a3ls (55l
o oAzl (oS lade iy el mas paiS caiiSadgs laplial K00 5l eS L
Al yieS sl QLS il 4 bgrye (g 9550 0550 Jsb 0 CATFP 6
- oo 0daline VYAV Jlo o o] jlade op ytdon 9 WYY Jlo yo el olsl 0 CATFP
=8 2Ll Sl s a5 cul slagbinl alex 5l e Gliwl a5 sls olas mls oed
G900 als oS cwl Jb o pl sl asye Vel i 0 pasS BasS oy
pasS sauSadys slagbinl ;Koo 5 eS oles obiwl 4o YWAA-VYAY 6,58 o CATFP
sl ole «gy50500 aFLi 50 s Sl ol 55 1 Jge slale alox 5l sl o
3 e a5 oollae slac 385 olse 5 T slaglug U]l Canl oS
ol g ol adg 5 osllacl slas a5 50 aVle lsa sbeo iulidl (Jls laie a4y ol
- oo bpbiul 5o 0dss 650 5 bl s 4o Dolis e ciliie slaclisl o et



PE-YIF oslodl 1Y W/ 8509 Slasdl 105
n_\J‘BJGA GM A.Z.nbj.w ol.:f G’T )L..) u...ol.» 6‘).: aS ).’9.&)...9 LgLQu,u)l.: J‘A}) u.am ég.w

0 pusS dulgi sy Jole IS (5590 5 3 yg0 B Jole b (ot

2 1) ooldl las )l 51 5 el 2T)IS s yolid cdring (B 2l e O Jgo
256 Kle cplpls g 0og by Jele Koo 5l s aS ool Cawd a4 duo o YA sga (slasl glis
u,..faL\.A U] )‘ o el CATFP 590 52 UDLM: 6u6fw)~x ) J.ALC U"‘ ).A.AAAA.’
590 48 ua.‘>-LM4 » )‘Af);‘ ‘59.) oli.sl? )é as w‘ Y\‘/V l.’).a‘); GQ..JB‘ (_gLQLg)L\f)J‘ ua.’>L..u
als Glag pdy s do o YO dg0 a5 el o] cpwe 4 ol 0)ls 1,3 CATFP
S pdy s Jole 5 wlide SIS 005 0 p (el8l slas s s 4 (5 500
ol 0395 VWAR-AY 0,90 ;0 CATFP (6 50 00 Laslis slas pds yuuss doys Y 0g0>
oyt el Gl pd yad jo 1) B (p eS 00 T sga e b (8 2L

el Al ) O399 0,90 49 (59

29 o8l slas 138 1 5 (wledto (2T ((559b8 b oy (S 1315 oo (B) S
2025 CATFP (slo g 308y yunis
Table (&) Contribution of technical efficiency, technological progress,
scale efficiency and climate effects in cumulative CATFP changes

oo mole 1397 1396 1395 1394 1393 1392 1391 1390 1389

technical

2270 2311 2230 2571 2350 2423 1954 2081 2022 2484 ol NECH
2473 2497 2474 2265 2524 2502 2518 2580 2573 2327 ‘;'#2;‘5 el
2829 2886 2970 2753 2919 27.99 2882 2861 2758 26.32 tecg‘rr;‘;'r'g'sca' & yslid iy
24.28 23.06 2327 2411 2207 2276 2647 2478 2648 2556 scale olie 2,
efficiency
Source: Research findings Gebos sloadl i
Lol 9 Gz

mole ST 9000 slaplog 50 (condBl Glads p s yesS e (e SRR o ol (IS Bon
sobie 4 e lul o Jeame (pl caiiSady oo saplnl o o rsq.:f g sl



VOV s 536 gy g

2 (5L 5 Lo Glagsll slo (6 23y 5esd) mell Slos 2y eets )05 550 (SsSr 2L)

g 0b 0yl Jyame onl adsi p alse g ol Glagasls Sl s paiS 900 5 35

s asbe (CATFP) ol ons Jaws lajele JS oy50p0 (asls s

IS 90 Jalos g dmalne (slp oud 0yl (Bolai (50 adg slaJoe slaazial b
i ooliiasl (CATFP) osldl clo uiie Lausgs ooty Jyas clo ole

Gl &1 e ool b5 13851 saslos sl iie Ll L TRP-SPF Jow 5,515 s
oo jedome dsa Slos «(5yslid L iy (S )y prlan U (9500 e ) (Sl piite oS
e S 20 palS oy mhae  jloliee 36 e (SWk jgdome 5 ge Sk dse
ailes dons cpl a5 sl oole lis 0 pasS adg mhaw p loloe g Cade H3U (g )5L8
Lachaud et al. (2015) 4 Lachaud and Bravo-Ureta (2020)  iag5 slaassl
Sk bl )ls mus pasS 0dgi 5 (e 73U 19a slos (S0le (33 el ply wdlioe

ls lolias g e 53U @2 pasS adgs 1 Jge Sk Hsdome g lse (sled Hedoe  Sge

lg o‘).o..ﬁa GM.AJ‘)s‘ A35) L)"""’ w.:é ‘QAS A...ls.v Lng‘_J.aLc JS 6)50]@.3 ua.‘>l....4 ML?LA CJLu
(5 kB g Jre,lez o) Ko laplivl 4 cons (LS ¢ loes (L ST fos)|
obelyp It plaliz lwjsr (g (o) Ol (o9 QLS rbs Ol
2 O 5 Ol plase haijle (535 s ezl yg9ar sl KeS (S (Ol w92,
3,90 0,99 J}Jo ) CATFP 590 52 ua?Lw )‘«.X?LA L,.)).MM...: o] 00 ).&AM W) .>L3 0,90
@5z Ol g s slaplunl 4 5o Hlade o yieS g GldS Gliul 4 barye ow)p

Syl gl

Slos pdy pss 56 v odee yob 4 CATFP a3l slaglug g slags pdy s
s 3 1y ot (eS8 50500 13 el slas s ks T 51 e g sl glid
Po 095 30 9 039 el Ssd A Suop 55 whde LS LSl S0l (5550540 aLS
Bl 16 2 s g (A Lo Az (pl ol )8 CATFP el p 6,135 5
L Joe oyl mls awlie Hrizmen sl () n 990 055 Jsb 0 (59000 a0 50



VFY/F o loi/ VY W/ (5359Las™ Slaidl 1 0A
SRS a5 5 IS eSiln din) 3 orlSl slo e 90 Jao b ol (slo e
sl u;‘“b‘ Gl ysie ol ,3U a5 cnl g0 (! o (gao,0 YA Sols Sl oo ra..\.;f
9 ol S a5 sy o0 S a4 Ly cnl o ams oo (LiS pulS GBS w8 oS
(miomen 3,08 Glotrg Camedl muldl Ll b T sl g (6,85l Caa 48 canlio slaplas]
-Jyazme adgi anld o eolinul sl o 5lwe 33 5 555105 5 (Ll o caslie o e
}.3.3;;Jgosz_ésdll.n;’;\.’"bt;u‘)dl)o45@|Aﬂfl394.'.>93&l§ﬁ&foji9@Mosu

Ll ()90

H.¥ FoW)

Altinsoy, H., Kurt, C., and Kurnaz, M. L. (2013). Analysis of the Effect of
Climate Change on the Yield of Crops in Turkey Using a Statistical
Approach. In C. G. Helmis and P. T. Nastos (Eds.), Advances in
Meteorology, Climatology and Atmospheric Physics SE, 53: 379-384.

Aigner, DJ., Lovell, C.AK., and Schmidt, P. (1977). Formulation and
estimation of stochastic frontier production function models, Journal of
Econometrics, 6(1): 21 - 37.

Battese, G.E. and Coelli, T.J. (1992). Frontier production functions,
technical efficiency and panel data: with application to paddy farmers in
India. Journal of Productivity Analysis, 3: 153-169.

Baldos, U.L.C., and Hertel, T.W. (2014). Global food security in 2050: the
role of agricultural productivity and climate change, Australian Journal
of Agricultural and Resource Economics, 58: 554-570.

Barani, N., and Karami, A. (2019). The impacts of climate change on total
agronomical production in tenfold agro-ecological zones of Iran. Journal
of Agricultural Economics and Development, 33(1): 95-107. doi:
10.22067/jead2.v0i0.79259. (In Farsi)

Bruckner, M., and Ciccone, A. (2011). Rain and the democratic window of
opportunity. Econometrica, 79 (3): 923-47.

Calzadilla, A., zZhu, T., Rehdanz, K., Tol, R.S. and Ringler, C. (2013).
Economy-wide impacts of climate change on agriculture in Sub-Saharan
Africa. Ecological Economics, 93: 150-165.

1 Mitigation
2 Adaptation



10 g®5 g6 w9

Chambers, R.G. and Pieralli, S. (2020). The sources of measured US
agricultural productivity growth: weather, technological change, and
adaptation. American Journal of Agricultural Economics, 102(4): 1198—
1226. https://doi.org/10.1002/ajae.12090

Coelli, T.J. (1994). A guide to FRONTIER version 4.1: a computer program
for stochastic frontier production and cost function estimation, CEPA
Working Paper 96/7, Department of Econometrics, University of New
England, Armidale NSW Australia.

Dell M., Jones B. F., and Olken B. A. (2012). Temperature shocks and
economic growth: Evidence from the last half-century. American
Economic Journal Macroeconomics 4(3): 66-95.

Ghorbani, M. and Hosseini, S.S. (2005). Growth of total productivity of
biological production factors, technical progress, and efficiency change
in rainfed wheat production. The 5th Conference of Iran Agricultural
Economics.

Kavoosi, M., and Khaligh Khiyavi, P. (2016). Analysis of total factors
productivity growth in lIran's agronomy sub-sector. Agricultural
Economics Research, 8(30): 157-172. (In Farsi)

Khaleghi, S., Bazazan F., and Madani Sh. (2015). The effects of climate
change on agricultural production and the Iranian economy. Agricultural
Economics Research, 7(25): 113-135. (In Farsi)

Kiani Harchgani, Z., Kiani Rad, A. and Mohammadinejad, A. (2014).
Measuring changes in total factors productivity of Iran's crops using the
Malmaquist index. The 6th International Conference on Data Envelopment
Analysis, Lahijan, https://civilica.com/doc/351706.

Koocheki, A., & Kamali, G. (2010). Climate change and rainfed wheat
production in Iran. Iranian Journal of Field Crops Research, 8(3): 508-
520. doi: 10.22067/gsc.v8i3.7770.

Lachaud, M.A., and Bravo-Ureta, B.E. (2020). Agricultural productivity
growth in Latin America and the Caribbean: an analysis of climatic
effects, catch-up, and convergence. Australian Journal of Agricultural
and Resource Economics, 65: 143-170.

Lachaud, M.A., Bravo-Ureta, B.E., and Ludena, C.E. (2015). Agricultural
productivity growth in LAC and other world regions: an analysis of
climatic effects, convergence, and catch-up. Inter-American
Development Bank Working Paper No. 607 (IDB-WP-607), Washington
DC.



https://doi.org/10.1002/ajae.12090
https://civilica.com/doc/351706

VI o3k 1Y Ao/ (6 59is” Slaidl 15+

Maccini, S., and Yang, D. (2009). Under the weather: health, schooling, and
economic consequences of early-life rainfall. The American Economic
Review, 99(3): 1006-1026.

Malakootikhah, Z., and Farajzadeh, Z. (2020). Climate change impact on
agriculture value added. Agricultural Economics and Development,
28(3): 1-30. doi: 10.30490/aead.2020.305725.1093. (In Farsi)

Misra, A. K. (2014). Climate change and challenges of water and food
security. International Journal of Sustainable Built Environment, 3(1):
153-165.

Mozafari, S., Rezaee, A., Shirani, F., & Eshraghi, F. (2023). Analysis of
total factors productivity growth of agricultural sector in selected member
countries of the Organization of the Islamic Conference. Economic
Growth and Development Research, (paper accepted for publication),
doi: 10.30473/egdr.2023.65931.6618. (In Farsi)

Meeusen, W., and Van Den Broek, J. (1977), Efficiency estimation from
Cobb-Douglas production function with composed error, International
Economic Review, 18: 437-444.

Reilly, J. (1999). What does climate change mean for agriculture in
developing countries? A comment on Mendelsohn and Dinar. The World
Bank Research Observer, 14(2): 295-305.

Shirani Bidabadi, F., Ahmadi, S., and Amin Ravan, M. (2015). Application
of the Malmquist index to investigate the total factor productivity of
wheat in the Northern area of Iran. Agricultural Economics
Research, 7(25), 137-155. (In Farsi)

Shokouhi, M., Sanaei-Nejad, S. H., & Bannayan Aval, M. (2019). The
Effect of Climate Change on Main Areas of Rainfed Wheat Production in
Iran. Iranian Journal of Soil and Water Research, 50(6), 1293-1305. (In
Persian) doi: 10.22059/ijswr.2019.269808.668060

Wang, J., Huang, J. and Yan, T. (2013). Impacts of Climate Change on
Water and Agricultural Production in Ten Large River Basins in China.
Journal of Integrative Agriculture, 12(7): 1267-1278 .

Xu J, Wang Y, Zhao X, Etuah S, Liu Z and Zhu H (2023) Can agricultural
trade improve total factor productivity? Empirical evidence from G20
countries.  Front.  Sustain. Food  Syst.  7:1100038.  doi:
10.3389/fsufs.2023.1100038

Zanganeh, M., and Rafee, H. (2019). Survey on convergence in the growth
of total factor ityproductiv in the agricultural sector of Iran: A case study



V2 o g®S 36wy 9
of corn farming. Agricultural Economics Research, 11(43): 111-126. (In
Farsi)

Zarea Feizabadi, A., Koocheki, A., & Nasiri mahalati, M. (2006). Trend
analysis of yield, production and cultivated area of cereal in Iran during
the last 50 years and prediction of future situation. Iranian Journal of
Field Crops Research, 4(1): 49-70. doi: 10.22067/gsc.v4i1.1318. (In
Farsi)



Doi: 10.22034/1AES.2023.1995906.1990

Agricultural Economics/Volume 17/Issue 4/1402 & IAES /)
N

AL 6

'y,

Investigating the Impact of Climate Change on Fluctuations
of Total Factor Productivity of Rainfed Wheat Production in

Important Producing Provinces in Iran

Elham Barikani, AfshinAmjadi, Seyed Mohammad Jafar Esfahani’
Received: 26 April.2023 Accepted:26 Nov.2023

Extended Abstract

Introduction

This study was conducted to investigate the effective components in the
fluctuations of the total factor productivity of rainfed wheat production with
emphasizing the role of climate change in the important provinces that
produce rainfed wheat in Iran.

Materials and Methods

For this purpose, a True Random Parameter Stochastic Production Frontier
(TRP-SPF) Model was estimated using panel data and the obtained
coefficients were used for calculating the proposed productivity index .

Results and Discussion

The results of estimation of True Random Parameter Stochastic Production
Frontier (TRP-SPF) Model show that the variables of seed, pesticides, labor
force, cultivated area, technological progress, square of air temperature,
effective rainfall and square of effective rainfall have a significant and
positive effect on the production of rainfed wheat while the air temperature
has a negative and significant effect on the production of rainfed wheat. The
results of calculating CATFP index of rainfed wheat show the existence of
fluctuations in it. The analysis of the contribution of factors affecting
changing the CATFP index showed that this index is mainly influenced by
technological changes and then climate changes. After that, scale efficiency
and technical efficiency are in the third and fourth places of influencing the
CATFP index.

Suggestion

Based on the results, the technical efficiency gap is 38% as a result of the
influence of climatic variables. Therefore, the development of appropriate
measures to adapt and mitigation to climate change is particularly important.
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Also, the proper management of rainwater and its storage for use in the
production process of rainfed wheat, can be suggested, and in this regard,
the financial and technical support of the government will be inevitable.
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