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ABSTRACT

This research seeks to determine the effect of total factor productivity in agricultural sector during 1959 to 2007.
The purpose of this study is to determine the determinants of total factor productivity in Iran. The theoretical
framework was designed based on this assumption that production growth is divided into two factors, workforce
production and physical capital production. The data were collected from 1959 to 2007 and were analyzed using
growth accounting. The result of the analyses shows that there is significant relationship between determinants of
total factor productivity in agricultural sector. In relation to that, it is concluded that explanatory power is high for
the equation that shows that one percent change in human capital skilled rate lead to 30% in total factor
productivity and one percent change in physical capital rate lead to 55% in total factor productivity in agricultural
sector. Therefore, a physical capital is regarded as an important factor in total factor productivity in agricultural
sector.

Keywords: Total Factor Productivity, Agricultural Sect@rowth AccountingModel.

INTRODUCTION

One of the fundamental questions that arises ir@homies this is how much of their economic ghotat the
growth of the primary factors of production likeysital and human capital and how much it is dutadtors such

as technological changes and the foundatilthough about positive effects of physical andmiam capital on
economic growth there is consensus between ecotsorbig high economic growth most economists know
dependent to technological changes and the fowrdaissuming constant returns towards scale and cdtinpet
labor market can be achieved diversion rate of ein growth of total physical and human capitalvgio rate
This (TFP) deviation shows that technological cleaagd the foundation, called total factor produtivn last few
decades there have been numerous studies on agatudevelopment all over the county in variousdemic
disciplines. But most studies skip any pin-pointiedinition of agricultural development.

In Iran, agricultural sector is one of the sectatsch its value added share in non oil value addad changed
following changes in oil incomes such that durihg first oil shock (1974-1977), the share of thester has
decreased to 12.6 percent from 19.2 percent imoildBDP. The export of traditional and agricultupaibducts is as
one of the main pillars in non oil export so thatidg 1961-1965 agricultural export has climbedtaarously and
during 1973-1978 domestic demand has increasedgijralue to increasing oil incomes and the unpreotst
growth and in this period agricultural export hagative grown and from 505.1 million dollars in B¥¢ached to
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367.9 million dollars in 1978 yehrin during 1980-1988 agricultural export growthshaw because of terms of
revolution and war and various boycotts economite Export of traditional and agricultural produfism 770
million dollars in 1988 reached to 2516 million Bw$ in 1993 so that being included over 70 peroénbtal non
oil export and during third-year development pléms export of traditional and agricultural produfitsm 1463.2
million dollars in 2000 reached to 1892 million @os in 2004 due to favorable weather conditiongppsrtive
government policies and rising oil incomes. In dgril968-1977 export in services sector has clinthgdduring
1979-1988 has climbed down due to terms of revatuéind war and various boycotts economic and dur#p-
1998 has climbed to 2023 million dollars in 1998 amso during 2000-2006 has climbed from 2012.1lfiani
dollars in 2000 reached to 8554 million dollars 2606 due to rising oil price. Generally, from thgamic
Revolution to 1990 (except 1988) value added ity agriculture sector has had always uptrend, eafypan 1985-
1988 years agricultural sector has had an effeatble to prevent increasing economic recession evhibre
economic sectors have had negative growth becéese tvas war Problems and shortages of raw matearad
economic recession society. Share of services \alded sector have decreased during the period 1982 from
58.3% in 1982 to 50.9% in 1990 year. In 2004 sewicalue added sector has reached the highesthg(8vit%
growth) during these few years and has increaséd.@.

Table 1 - Average growth in the agricultural sectorof Iran's economy in the years 1342 to 1385

Share of total Share of Slr;z;)rgrof Factors Capital Labor Agricultural
"rowthn | magrcurural | Wi | productviy | SEEELEL | CERCE, | value added
. agricultural growth growth
agricultural sector value added value added al sector sector

-53.6 152.0 1.6 -3.3 10.3 0.24 3.9 1364-1342
-119.5 220.7 -1.2 -2.9 12.1 -0.42 54 1351-1347
-105.2 216.7 -11.5 -5.2 15.9 -2.09 5.4 1356-13p2
26.0 69.9 4.1 4.1 3.2 0.36 6.4 1372-1368
32.1 60.1 7.8 0.2 2.6 0.82 2.2 1378-1374
5.5 85.9 8.6 0.5 5.1 1.02 4.4 1383-1379
34.3 58.7 7.0 2.9 5.3 1.38 7.0 1385-1384
-92.8 196.5 -3.7 -3.8 12.8 -0.76 4.9 1356-1342
24.4 68.8 6.9 1.7 3.7 0.80 4.5 1385-1368
-92.7 194.9 -2.2 -4.7 13.2 -0.62 4.3 1356-1389
52.1 44.4 35 2.6 2.8 0.59 4.7 1367-1357
35.7 58.8 55 2.0 34 0.72 4.6 1385-1357

Source; shahabadi (2009) and Central Bank of Iran

According to table 1, average annual growth rataotdl| factor productivity agricultural sector dugi the third
programs fourth and fifth before the Islamic Revoln, respectively was3.3 ;2.9 , --5.2 percent while the average
during the revolution and war, programs first, sekothird and the first two years fourth Developm@&tan
respectively, has been 2.6, 4.11, 0.2, 0.5, 2.@emérin other words, average annual growth rate ofl tfatetor
productivity agricultural sector during the perio#il842-1356 and 1357-1385 respectively, has beerartl72
percent, that is the result of disproportion sigaifit growth in capital stock with value added gitown during
construction programs before the Islamic RevolutiBecause by doing land reform and lack of replaceme
efficient management instead lord and rural prasticdisproportion value added growth with the ghowf
production inputs caused and thus has led to neggtowth of total factor productivity in the agrltural sector
during period 1342-1356 [1].

The composition of the Iranian GDP after the retioluhas changed significantly. The agriculturadwth rates are
presented in Fig.1. During the pre-revolution per{h960-1978), the agricultural sector had an ayegrowth rate
of approximately 4.4 percent per annum. Duringtéreyears following the revolution, the agriculfusactor grew
by approximately 4.3 percent annually. This shdve although the Iranian economy as a whole wasctftl very
negatively by the war, the agricultural sector viass seriously affected than other sectors of tenemy.
Following the cease fire, the agricultural sectad lan annual growth rate of 6.4 percent over thgtkeof the first
Five-year Economic Development Plan (FYDP During thesecondFYDP (1995-1999), however, a serious and
dramatic reduction in the amount of rainfall caufesl average growth rate in the agricultural setddiall to 2.2
percent, far below its target of 4.3 percent groartd During the 3th FYDP (2000-2004), the agriaaltsector had

! These are Summary of balance sheets of centriaskzam economic reports in the years 1961 to 2006.
2 Iran's FYDP was initiated since the end of Iraamlwvar in 1988. High rates of economic growth foleaade is a
strategic approach as well as an outstanding issilre fourth five-year development plan of Irangiidh 2005-
2010).
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an annual growth rate of 4.4 percent (Central bainkan). The agricultural sector enjoyed an averagnual
growth rate of 4.3 percent during the whole perdtér the revolution, reaching a peak of 11 peraerif990. The
lowest rate of —7.3 percent have been occurre®99 Hue to a drought (See Fig. 1).

Fig.1. Annual Growth Rate of the Agriculture Sectorat Constant 1997 Price (1960-2007)
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Source of the data: Central Bank of Iran (2007b)

The present research explores from macro perspeativalternative way in which the Total Factor Ruativity in
agricultural sector could be explored employingetiseries data. Following Solow [2] and Hall ande¥®(8], the
production growth is divided into two factors, wiwkce production and physical capital productioor Ehat
purpose, we use the bounds testing (or ARDL) amréa co-integration proposed by Pesaran et alto[4¢st the
Total Factor Productivity in agricultural sector famework of Growth Accounting using data over theriod
1961-2007. The ARDL approach to co-integration $@mse econometric advantages which are outlinedipiie
the following section. Finally, we apply it takimg a benchmark Solow [2] and Hall and Jonesti3jly in order to
sort out whether the results reported there reflespurious correlation or a genuine relationshitall Factor
Productivity in agricultural sector and the vargblin question. This contributes to a new methagolm the
agricultural sector literature. Next section stastth discussing the model and the methodology.nTire next
Sectionwe describe the empirical results of unit rootgeite F test, ARDL co-integration analysis, Diagjiwand
stability tests and Dynamic forecasts for dependemtable and next Sectiosummarizes the results and
conclusions.

MATERIALS AND METHODS
Growth accounting framework: The first standard framework was introduced by #&olSolow knows production

growth due to two factors production labor and jpdajiscapital. Solow is considered production fuoctias user
and follows:

— 1-
Y(®) = k@] [AOL®O] 0
Y is the total economic productiand K accumulation physical capital economy, L Iltetarkforce and T is the

time index. Relative changes in production can Xmaéned using relative changes in capital, labat aFP. To
calculate the relative changes in production wévddrom equation (1) relative to T.

oY _dY oK 6Y oL OY 0A

oK ot aL ot oAat @
In equation (2) we have:
KO [AnK®)] 3
a[ O] LGING [K(t)] &)
(1 a)Y aY (1—a)Y @)

aL L(t) [A®)]
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oY _ aY oK, (-a)Y 6L+(1—a)Y6_A
¢ [K@] ot L] [A®)] "ot

For conversion equation (3,4,5) as growth rate axeh

©)

ay a Y oK (@-a)Y oL (@L-a)Y 0A

_ ko] et | [Lo] et [A(t)] at
Y Y

6Y 6

/ Xears +L-a) L%+ - a) V 6)
Tk [L(t)] [am]

Phrase left side of in equation (6) relative chanieproduction and two phrase first the right sidspectively

shows the relative changes save capital and lavoe f The third phrase on the right side showsSthilew residual,
that shows productivity share in GDP. Equationo@) be written as follows:

Y, =aK, + AL +3 7
So that:
oK, GL/ ap/ GV
K = Ktat.l;= Lta‘,as AahysTa‘ ®

Where, yt,kt, LI respectively show production growth rates, savesisiay capital and labor forced, Shows

growth rate TEP, Which is obtained of the remairéstjmates equation (2). Als@, A show respectively share of
workforce and capital of the production. The secstahdard framework has been suggested for analfygiowth
factors as generalized Solo model. This framewask been suggested, to two methods almost the sgme b
Mankiew and et al [5], other by Hall and Jones [B]generalized model new forms of the capital @ueulation

of human capital is located, as a factor impor@ntuction besides the accumulation of physicaitahpnd labor.
The model with regard human capital that consideseiankiew and et al [5] is as follows:

Y, = AKIHIL ©
So that H accumulation of human capital addShare of human capital in producti@ , also respectively show

share of workforce and capital of the productidrefficiency is fixed relative to scale we have: Galculate the
relative changes in production can be extracteddii@ving relationship for equation (3).

=ak + Al +h +34 (LO)
So that:
oK, oL, OH, 0A oy,
Ko ™" L H, oy,

Where, h[ Shows growth rate of human capital and TFP shopa, Which is achieved of the remaining estimate
equation (6). Hall and Jones for importing humapited, consider the following production function:

Y. =AF(K,H,) a2
So that H in this regard measures, save skilledkfoore that:
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H, =e"®L, a3

Where @(E) measures efficiency per unit of skilled workfosm that year's education E plays an essentialinole
this regard. The analytical framework they will d&®follows:

y, =a, +aK, +h @4

That in this regard i =1, + ®(E), where a,Athe shares factors of production are awg,k.,h are

respectively show production growth rates storeghigsical capital and save the skilled workforce aiso a,
shows TFP growth.

RESULTS AND DISCUSSION

In this paper, we investigate Total Factor Proditgti TFP) in agricultural sector by Solow [2] akthll and Jones
[3] during 1959-2007 in Iran. In this regards wedisurrent assumption of growth accounting basedamstant
efficiency to scale [5,2,6,7TTherefore, growth accounting model in agricultusattor is included total production
as depend variable and total workforce, physicaditah and human capital skilled in agricultural teecas
independent variables as following:

LYA is Logarithm of total production in agriculturaector in 1997 constant prices based on millioilads. LWA is
Logarithm of total workforce in agricultural sectbased on thousands. LKA is Logarithm of physicgpital in
agricultural sector in 1997 constant prices basedmillion dollars. LHA is Logarithm of human cagditan
agricultural sector based on thousands (the nuwfoemployed workforce with a university degree).

Unit Root Test: ADF test investigates the presence of unit rodinme series data. Strong negative numbers of unit

root reject the null hypothesis of unit root at solavel of confidence. ADF framework to check thatisnary of
time series has been given in following equation:

AX, ::31+:32t+gxt—1+zaiAxt—1+‘9t @5)
=

Where,g is white noise error term. Basically, this testetimines whether the estimatesfaire equal to zero or not.
The results of ADF test is displayed in Table 2.

Table 2 Results of unit root by ADF test

Variables Level T Differences integrated of order
LYA -1.31 -5.05*% I(1)
LWA -2.13 -6.19* 1(1)
LKA -3.04 -7.12* 1(0)
LHA -1.99 -5.39*% I(1)

Note: * denote statistical significance at 1%

The results reported in Table 2 show that null higpsis of ADF unit root is accepted in cas&dh, LWA andLHA
variables but rejected in first difference at 1%eleof significance. This unit root test indicatatL YA, LWA and
LHA variables considered in the present study arereiffce stationarly (1) while LKA variable is level stationary
1(0) as per ADF test. On the basis of this tes$ta@ been inferred thaYA, LWA andLHA variables are integrated of
order one | (1), whil& KA variable is integrated of order zero | (0).

Bound F test: In order to test the presence of long-run relatigmbetween. YA, LWA, LKA and LHA, ARDL
equation is estimated. A general to specific modekpproach guided by the short data span and $zlwa
Bayesian Criterion (SBC) respectively to select aximum lag order of 2 for the conditional ARDL-VECM
preferred because of annually frequency. The poesefi co-integration between the variables is aeckff F-
statistics reject the null at 95 per cent critisalind values generated by Narayan [8] for smallpbam
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Table 3: Bound Test for Co-integration

Dependent Variable SBC Lag | F-Statistic | Probability Qutcome
(Intercept and no trend)
Fiva (LYA] LWA, LKA, LHA) 1 5.5416* 0.002 Co-integration
Fuwa (LWA | LYA,LKA, LHA) 1 0.3545 0.546 No Co-integrain
Fika (LKA | LYA LWA,LHA) 1 0.2456 0.458 No Co-integratio
Funa (LHA | LYA,LWA, LKA) 1 1.3481 0.678 No Co-integriam

* Sgnificant at 1 per cent level.

The calculated F statistic presented for total potidn in agricultural sector as dependent variabl@able 3 is
5.5416 and is higher than the upper bound at 1% lefvsignificance. Thus, null hypothesis of noiotegration is
rejected, implying that there exists a long-rumtiehship among the variable¥A, LWA, LKA andLHA, when the
regression is normalized on logarithm of total pretébn in agricultural sectoLyA).

ARDL co integration analysis: The estimated coefficients of the long-run relagttip and Error Correction Mode
(ECM) are displayed in Table 4.

Table 4: Estimated Long-run and ECM Coefficients usig ARDL (1,0,0,0) Model

Estimated long-run coefficients Estimated ECM coefficients (LYA as dependent vdegph
Regressor| Coefficient | t-Ratio(prob) Regressor Coefficient t-Ratio(prob)
LWA 0.21 3.81[001] DLWA 0.19 4.34[000]
LKA 0.55 3.54[002] DLKA 0.53 4.15[001]
LHA 0.30 2.15[021] DLHA 0.27 3.32[017]
Cc 4.24 3.24[004] DC 2.14 4.17[002]
ECM(-1) -0.45 -7.08[000]

Note: The order of optimum lags is based on the specified ARDL model.

As we see in Table 4, ECM version of this modelvsitioat the error correction coefficient which detared speed
of adjustment, had expected and significant negagign. Bannerjeet al. [9] holds that a highly significant error
correction term is further proof of the existendeaostable long-term relationship. The results ¢atkd that
deviation from the long-term in inequality was @mted by approximately 45 percent over the follgvwrar or
each year. This means that the adjustment takes pédatively quickly, i.e. the speed of adjustmisntelatively
high.

CONCLUSION AND RECOMMENDATIONS

The goal of this paper was to test the existenderdf run relationship determinants of total fagtooductivity in
agricultural sector in Iran. This objective wasealdy the technique of Pesaran et al.gdproach to co-integration
which presents non-spurious estimates. Subsequentiyvork provides fresh evidence on the longmelationship
determinants of total factor productivity in agficmal sector. The results at relationship confittme studies of
Solow [2] and Hall and Jones [3] but our results more robust.

This study has attempted using the growth accogrtaamework and Solow [2] Hall and Jones [3] sttolyeview
TFP in agricultural sector in Iran. studies Resliks results studies Lucas [10] and Ganev [11]ved that
contrary to theoretical discussions, in terms ofmho capital growth model has been unable that autds
explanatory power Solow model, in decompositionrsesi of growth and TFP in agricultural sector ianirAlso
long-term TFP growth trends although it has beesitpe in mentioned course of but its rate has beay small
and intensity oscillatoryin addition results sensitivity analysis of TFR@th rate in agricultural sector compared to
changes in physical capital share of productiomshduring the period 1966 to 1979 and 2003 to 2f@wth rate
of K has been larger than growth rate of Fihdings study implies to the harsh reality thatssive government
investment and people in the field of human resesiin agricultural sector such as infrastructuneetigpment and
educational facilities, especially universities,daalso development of scientific and research csnteecause
nonoccurrence quantity and quality of labor marketds and supply of trained labor has not had rimaphact on
production levels and growtiBased on results obtained recommended that irr todereate a perceptible upward
trend in growth rate of TFP in agricultural secasrone of the most important stimulus economic gnpeffective
planning and accurate be designed with the appraeiieve the following goals

1. Coordination of educational structure with bessmenvironment and demand-driven

2. Use forces skilled and trained in occupatiotested to their specialty

3. Provide positive space investment and capi@lmalation in line policies principle 44
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4. Proportional and facilitate the business envitent as the field absorption efficient manpowemagmicultural
sector.

5. Effort to run packages to improve productivityorder achieving the goals vision document

6. Create coordination the growth rate of skilledbdr and specialist and growth rate of physicalitahpn
agricultural sector
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