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Abstract 
The main objectives of this study are to quantify the Total Factor Productivity (TFP) growth 
of the durum wheat sector in Tunisia and to identify its main determinants. The Malmquist 
index approach was applied for the calculation of TFP growth using one output (annual 
production) and four inputs (land, seeds, nitrogen, and phosphate fertilizers) for the period 
1980-2012. Variables used to identify the main determinants of the TFP growth include 
expenditures on agricultural research and extension, share of irrigated durum wheat area with 
respect to its total cultivated area, drought index, and infrastructure development in rural areas. 
Almon distributed lag model is used to assess the impact of the research expenditures variable. 
Empirical results show that TFP grew with 1.9% per year, in average, during the study period 
1980-2012. This average growth rate was highly variable: 5.9% for the period 1980-1991; -
2.2% for the period 1992-2002; and 2.07% for the, period 2003-2012. TFP growth was mainly 
generated from technical change during the first period (1980-1991), and from technical 
efficiency change during the last period 2003-2012. Results also show that changes in the TFP 
growth have been mainly related to the R&D expenditure lags, and drought. 
JEL Classification: Q1, O4 
Keywords: Total Factor Productivity, Wheat Sector, Tunisia 

 

 ملخص
 

 رحش���قط���اع القم���ح القاس���ي ف���ي ت���ونس ول) TFPقی���اس نم���و إجم���الي عام���ل الإنتاجی���ة ( ھ���يالأھ���داف الرئیس���یة لھ���ذه الدراس���ة 

اس���تخدام ن���اتج واح���د (الإنت���اج الس���نوي) وأربع���ة ب TFPمحددات���ھ الرئیس���یة. ت���م تطبی���ق نھ���ج مؤش���ر مالمكویس���ت لحس���اب النم���و 

. وتش�����مل المتغی�����رات المس�����تخدمة 2012-1980م�����دخلات (الأس�����مدة الأرض، والب�����ذور، والنیت�����روجین، والفوس�����فات) للفت�����رة 

مس���احة القم���ح القاس���ي لمروی���ة الإنف���اق عل���ى البح���وث والإرش���اد الزراع���ي، وحص���ة  TFPت الرئیس���یة للنم���و لتحدی���د المح���ددا

 نم����وذج س����تخدمنمجم���وع مس����احتھا المزروع���ة، مؤش����ر الجف���اف، وتط����ویر البنی���ة التحتی����ة ف���ي المن����اطق الریفی���ة. بفیم���ا یتعل����ق 

Almon ت����ائج التجریبی����ة أن نفق����ات البح����وث. تظھ����ر النعل����ى تقی����یم أث����ر المتغی����ر ل توزی����عللTFP  س����نویا، ف����ي  1.9نم����ا بنس����بة

 المائ��ھ ف��ي 5.9تص��ل ال��ى متغی��ر بدرج��ة كبی��رة: . وك��ان مع��دل النم��و ھ��ذا متوس��ط 2012-1980المتوس��ط، خ��لال فت��رة الدراس��ة 

إجم����الي نم����و  ھ����رظ. 2012-2003لفت����رة ل المائ����ھ ف����ي 2.07. و 2002-1992للفت����رة  المائ����ھ ف����ي 2.2-. 1991-1980للفت����رة 

الكف���اءة الفنی���ة خ���لال الفت���رة  س���ببب)، وتغی���ر 1991-1980رة الأول���ى (أساس���ا م���ن التغیی���ر الفن���ي خ���لال الفت��� عام���ل الإنتاجی���ة

البح���ث نفق���ات ب. تظھ���ر النت���ائج أیض���ا أن التغی���رات ف���ي نم���و الإنتاجی���ة الكلی���ة للعوام���ل ارتبط���ت أساس���ا 2012-2003الماض���یة 

 والجفاف. والتطویر
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1. Introduction 
Cereals are among the main crops in Tunisia. The sector plays an undeniable social and 
economic role. It provides major staple food commodities for most communities and 
households. Moreover, cereals occupy a considerable share of the arable land, and the majority 
of cereal growers are resource-poor smallholders. Currently, the sector covers about 1.5 million 
hectares or one third of the total arable land available in Tunisia. It also generates 13% of the 
total agricultural added value (MA, 2012). These cereal areas cover a wide range of soil types 
and are mainly grown under rainfed conditions. However, over the past few years, the use of 
supplemental irrigation has become widespread in this country.  
Among cereals, wheat is the most grown in Tunisia. It occupies more than 50% of the cereals 
area and contributes to more than 40% of the cereal production (MA, 2012). Wheat is grown 
in different locations in Tunisia; but the humid and semi-arid Northern regions are the most 
specialized in this crop. Average wheat yields are about 1.4 tons/ha, which is considered low 
compared to a world average of about 3.6 tons tons/ha (Laajimi et al., 2013). According to the 
same author, this low yield is explained by many production and environmental factors, 
including low and uncertain rainfall with frequent droughts, common diseases such as septoria, 
root rots- and insects, limited availability of inputs and high production costs, and the limited 
adoption of improved production packages. 
Tunisia is being faced with severe challenges in increasing wheat production in order to 
enhance the self-sufficiency ratio for wheat production. During the last three decades, durum1 
wheat imports in Tunisia have increased by 5.1% (FAO, 2014). Hence, the wheat sector is 
characterized by a large deficit between domestic needs and production. This gap keeps 
growing due to many factors, including urbanization and higher living standards, migration 
from rural to urban areas, population growth, limited land and water resources to extend the 
wheat areas, and the low increases in productivity rates. This growing gap has considerably led 
to increased reliance on imports. During the last decades, almost half of wheat consumption 
was imported every year. With the increase of wheat prices in the international market, the cost 
of wheat importation is becoming more expensive, which, in turn, increases the volume of 
government subsidies to the sector especially during the so-called international “food crisis” 
period (Laajimi et al., 2013). Thus, enhancing wheat productivity growth in Tunisia became a 
necessity for increasing the self-sufficiency ratio of wheat (Chebil et al., 2014).  
Productivity is a crucial aspect of economic performance; it affects both producers’ and 
consumers’ welfare. However, gains in output stemming from improvements in productivity 
are mostly important for farmers considering the opportunities this provides to increase rural 
income.  
Many existing studies in the literature have dealt with TFP calculation of single crops using 
time series data (Kumar, P. and Rosegrant, M.W., 1994; Mittal, S. and Lal, R.C, 2001; Liu, M. 
and Li., D., 2010, Ahmad M. and Ahmad A, 1998; Chieko U. et al., 2003). In Tunisia, many 
studies have been interested in quantifying the TFP growth of the agriculture sector as a whole 
(Lachaal et al., 2005; Dhehibi et al., 2014). However, to our knowledge, there are no studies 
that were interested in evaluating TFP growth of single strategic crops in Tunisia, like wheat, 
olive oil, dates, etc. As productivity is expected to be different across diverse subsectors, and 
cconsidering the social and economic importance of the wheat sub-sector in Tunisia, we believe 
that an investigation of TFP growth in the wheat sector will be highly valuable for impact 
assessment, policy making and development planning. Based on this, the objectives of our 
paper will be to calculate and decompose (into scale efficiency, pure technical efficiency and 
technological change) the TFP growth of the wheat sector (including soft and durum wheat) in 

1 Durum wheat is the most important wheat variety in Tunisia in terms of production and consumption. In average, more than 
85% of wheat production is durum wheat.  
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Tunisia between 1980 and 2012, and to assess the role of research and development 
investments on the productivity gains of this sector. 
The rest of this paper is organized as follows: the second section discusses data and the 
Malmquist TFP index methodology, the third section presents our empirical results and 
discussion, and the final section concludes. 

2. Methodology and Data 
2.1 Approaches to TFP measurements  
TFP change is defined as the ratio of change in weighted combination of output to change in 
weighted combination of input. It is a variable that accounts for effects in total output not caused 
by inputs. Technology Growth and Efficiency are regarded as two of the biggest sub-sections 
of TFP. In general, the TFP measurement methods that have been used in empirical 
productivity studies can be grouped into two main approaches: parametric and nonparametric 
methods. The nonparametric method does not impose a specific functional form, whereas the 
parametric method imposes a functional form and employs econometric techniques in 
estimating a production function, a cost function or a profit function. For a more detailed 
discussion about each approach and strengths and weaknesses of each approach, see Grosskopf, 
S.(1993) and Coelli, T.J. et al. (2005).  
For the purpose of this study, the measure of TFP is non-parametric (output oriented) 
Malmquist index as explained in Cave et al. (1982), popularized by Fare et al. (1994). The main 
advantage of the Malmquist approach is that it does not require prices, nor imposes a specific 
functional form, and is suitable to decompose change in factor productivity on the technological 
change (TC) component and the efficiency change (TE) component (pure and scale) .     

2.2 Malmquist TFP index  
The Malmquist index measures the TFP change between two data points by calculating the 
ratio of the distance of each data point relative to a common technological frontier. The 
Malmquist TFP index was first introduced by Caves et al. (1982). They defined an output-
based productivity index relative to a single technology t as: 
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Following Färe et al. (1994), the Malmquist index as the geometric mean of the two-period t 
and t + 1 is given by:  

 
2
1

1

1

11

11
1)1(

),(
),(

),(
),(),,,( 
























= +

+

++

++
++

ttt
o

ttt
o

ttt
o

ttt
otttt

o yxD
yxD

yxD
yxDyxyxM     (3) 

Färe et al (1994) has suggested using simple arithmetic manipulation, the equation (3) can be 
rewritten as: 
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Hence the Malmquist productivity index is simply the product of the change in relative 
efficiency that occurred between period t and t+1, and the change in technology that occurred 
between period t and t+1. 
This decomposition is illustrated in Figure 1 where we have depicted a CRS technology 
involving a single input and a single output. In terms of distances along the y axis, the index 
(6) becomes: 
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The ratios inside and outside the square bracket measure the technical change and efficiency 
change, respectively. Malmquist indexes greater than one indicate growth in productivity. 
Malmquist indexes less than one indicate decline in productivity. 

2.3 Determinants of TFP 
Based on the empirical studies, the explanatory variables include are: Expenditure on 
Agricultural research and extension, percentage of irrigated land respect to total cultivated land 
of wheat (%), drought (dummy variable derived from Standard Precipitation Index SPI2); 
infrastructure (Rural road length per 1000Km2 of agricultural land). Their expected signs are 
indicated in parenthesis. The econometric model is given by:  

),,,&( WIRIFDRfTFP =         (12) 

Where: 
TFP: total factor productivity index 
R&D (+): real public agricultural and extension expenditures 
IF (+): infrastructure (rural roads) 
IR (+): irrigation (share of irrigated durum wheat area with respect to its total cultivated area) 
D1 (-) and D2 (+): weather factor (dummy variables capturing the drought (D1): SPI <-1 and 
good years (D2): SPI>1).  Normal years (-1<SPI<1) is considered as reference variable. 
Concerning the R&D variable, we consider that there are long lags between R&D expenditures 
and agricultural productivity.  In order to properly include such variable in the model, Almon 
distributed lag model (polynomial distributed lag PDL) is used for this variable.  All 
quantitative variables used in the model are in natural logarithms.  

2.4 Data sources and variables construction 
To implement the above specified models, annual time series data from 1980 to 2012 was used 
for durum and soft wheat using two crops in the same subsector to construct frontier. Hence, 
this approach was used for the US Food and Kindred Products Industry (Fousekis, 2003). 
Disaggregated data of output and inputs for the two type of wheat was used for the empirical 
analysis. Wheat production (in tons) for each crop is used as output. Four other inputs were 

2 See  Khan et al. (2008) for SPI calculation 
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considered (land (in ha), seeds (in tons), nitrogen fertilizers (ammonium nitrate in tons), 
phosphate fertilizers (superphosphate 45% in tons) and included in the estimation of Malmquist 
TFP index.  Land refers to the cultivated areas for each year. Seeds refer to the amount of 
certified seeds and the fertilizers input refer to the quantity of applied nitrogen and phosphate. 
All of this data has been collected from national statistical sources, including the Ministry of 
Agriculture. Since durum wheat represents more than 85% of wheat production, our average 
weighted TFP as well as the results of the econometric regression will be particularly relevant 
and interpreted in relation to this subsector. 
The summary statistics of the data used for durum wheat in the modeling is presented in Table 
1. This table indicates large variations in the output as well as the input variables across time. 
Explanatory variables used as determinants of the TFP growth have been collected from 
different sources. The amount of annual expenditures on agricultural research and extension 
(R&D) and the annual share of irrigated durum wheat area with respect to its total cultivated 
area have been collected from yearly statistic books of the Ministry of Agriculture. Rainfall 
data, which have been used to calculate the drought index, were obtained from the ‘National 
Climate Institute of Tunisia;’ and finally, rural road density (expressed in Km/Km2) was 
collected from the database of the International Road Federation. All the variables which were 
expressed in current Tunisian National Dinar (TND) have been converted to constant values 
using the year 1980 as base year.  

3. Empirical Results  
3.1  Malmquist TPF index and its decomposition 
The calculation of the Malmquist TFP index for durum wheat sector in Tunisia was done using 
the DEAP 2.1 computer program written by Coelli (1996). Results are reported in Table 2. The 
calculation was done for the entire sample period and for different sub-periods 1980-1991, 
1992-2002, and 2003-2012. The empirical results show that TFP grew at 1.9% per year, on 
average, during the study period 1980-2012. This average growth rate was highly variable: 
5.9% for the period 1980-1991; -2.2% for the period 1992-2002; and 2.07% for the period 
2003-2012. TFP growth was mainly generated from technical change during the first period 
(1980-1991), and from technical efficiency change during the last period 2003-2012. 
Even though we cannot establish a direct link of causality, it is worth mentioning that the 70s 
and 80s periods correspond to periods when Tunisia invested in research, development, the 
promotion of new high yielding varieties, the intensification of mechanisation, and the use of 
chemical fertilizers. The TFP growth observed in the period 1980-1991 could be a normal result 
of these investments. Moreover, the period 1997-2000 corresponds to a period where several 
droughts happened in Tunisia, which may negatively affect the TFP growth of the period 1992-
2002. During the previous decade, Tunisian investments in R&D for the wheat sector have 
been mainly focusing on the promotion of the good use of the available technologies through 
enhanced agronomic practices, including crop rotations, irrigation and fertilizers scheduling, 
etc. That period also corresponds to the elimination of farms subsidies on production factors. 
Many studies showed that the elimination of subsidies improves technical efficiency of crops 
production (Lachaal., 1994, Fulginiti and Perrin, 1997). Our results also revealed that there was 
not change in scale efficiency during the 1980-2012 study period. The score of scale efficiency 
scale was found to be constant all over this period.  

3.2 Sources of TFP 
After calculating the productivity index and its components, we examined a set of potential 
explicative factors of the TFP, through the econometric regression described in section 2.3. 
Equation (12) was estimated using the E-views (version 5) software package. Results of the 
model estimation are presented in Table 3. 
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All of the estimated coefficients have plausible signs. The R2 has a quite high value (0.78), 
which indicates that 78% of the variation in TFP is explained by the regressed variables. F-
statistics also shows that the estimated model is statistically significant. The residual diagnostic 
tests of serial correlation (Breuch-Godfrey LM), normality (Jarque-Bera JBN), and 
heteroscedasticity (White) are satisfactory.  
Results indicate that the change in the TFP was mainly due to the R&D expenditure lags, and 
drought. The coefficient associated with R&D variable is positive and statistically significant 
at 5%. Expenditures for public agronomic research appear to be the major factor that is 
positively influencing wheat sector productivity in Tunisia. This positive and significant impact 
of public research on TFP is actually consistent with other theoretical and empirical findings 
from literature (Ruttan V, 2002, Thirtle et al., 2003, Ali, 2005).  Therefore, the significant 
coefficient of the current expenditures and some lag on R&D could be explained by the 
extension expenditures as well as by the fast track wheat variety development strategy that 
allowed for quickly releasing varieties in less than two seasons. 
Moreover, as expected, the dummy variable representing the drought index was found to be 
negatively affecting the wheat TFP. Its coefficient is also statistically significant at the 5% 
level. This result stresses the dependency of wheat sector performance on the variable climate 
conditions in Tunisia. Climate variability mainly affects wheat production in the North of the 
country where the share of irrigated wheat is lower.  
The infrastructure coefficients were found to be positively, but not significantly, correlated to 
the wheat TFP. The variable representing the share of irrigated wheat was also positive but not 
significant. The possible explanation of this latter result is that this share in most cases does 
not exceed 7.6%, which means that production from irrigated wheat in not significant compared 
to overall wheat production in the country. The lagged dependent variable is negative and 
significant at 5%, implying that TFP declined after an important increase of TFP in the previous 
period. 

4. Conclusion and Policy Implications 
This paper presented an empirical investigation of the Tunisian wheat sector TFP and its 
determinants in Tunisia. Both Malmquist index calculation and econometric regression were 
applied to annual data of the period 1980 to 2012. Results show that the TFP grew with 1.9% 
per year, in average, during the study period 1980-2012. This average growth rate was highly 
variable: 5.9% for the period 1980-1991; -2.2% for the period 1992-2002; and 2.07% for the, 
period 2003-2012. TFP growth was mainly generated from technical change during the first 
period (1980 -1991), and from technical efficiency change during the last period 2003-2012. 
Results also show that changes in the TFP have been mainly due to the R&D expenditure lags, 
and drought. The dummy variable representing the drought period has a negative impact on 
TFP meaning that decreasing productivity during severe drought periods is a major problem 
for the wheat sector. Based on this specific result, further efforts can be recommended to 
develop new heat and drought tolerant wheat varieties in Tunisia, and encourage their adoption 
by farmers. It is actually worth mentioning that Tunisia has been mainly focusing on 
developing high yielding varieties. With climate change and the expected extreme weather 
events, more efforts have to be undertaken in order to ensure the genetic performances of the 
current cultivated wheat varieties in the country.  
Finally, while this study constitutes a first attempt to analyse wheat TFP growth, disaggregated 
analysis at the level of regions could be considered for further future research; provided the 
existence of necessary data. In this case, the panel data model would be highly recommended. 
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Figure 1: The Malmquist Productivity Index 
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Table 1: Summary Statistics for Variables in Malmquist Index Analysis 
Variable Units Min Max Mean St. deviation 
Durum wheat production   Tons 167100 1705600 982082 399584 
Cultivated land Ha 596300 1109000 783056 108974 
Certified seeds Tons 77000 275000 128318 50647 
Nitrogen fertilizers Tons 27128 126526 77903 29603 
Phosphate fertilizers Tons 29149 125154 5539 15710 

 
 
 
Table 2: Annual Average Changes in TFP and its Components (%) 

Period Efficiency change Technical change TFP 
1980-1991 0 5.92 5.92 
1992-2002 0 -2.2 -2.2 
2003-2012 2.1 -0.03 2.07 
Average 1980-2012 0.7 12 1.9 

 
 
Table 3:  Estimation Results of TFP Sources (Determinants)    

Variables Coefficient T-value 
Constant 
IR 
IF(-1) 
TFP(-1) 
Dummy1 
Dummy2 
PDL01 
PDL02 
PDL03 

-1.612 
0.047 
0.066 
-0.297 
-0.989 
0.654 
-0.102 
-0.100 
0.056 

-0.399 
0.267 
0.425 

-2.964* 
-5.935* 
3.197* 
-1.045 

-2.783* 
2.408* 

Lag coefficients of R&D 
0 
1 
2 
3 
4 
5 
6 
Sum of lags 

 
0.708 
0.325 
0.054 
-0.102 
-0.147 
-0.078 
0.102 
0.863 

 
3.579* 
2.928* 
0.572 
-1.045 

-1.786* 
-0.944 
0.598 
1.870* 

R2 

Adjusted R2 

F-statistic 
Breuch-Godfrey LM (1) 
Breuch-Godfrey LM (2) 
Jarque-Bera (JBN) test 
White test 

0.815 
0.733 

9.992* (p=0.0003) 
2.385    (p=0.242) 
2.833     (p=0.122 
1.211     (p=0.545 
15.932    (p=0.317 

 
 
 

Notes: *: Significant at 5% level 
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Appendix: Linear Programming Problems of Malmquist TFP Index  
To construct the Malmquist TFP index four distance functions are to be calculated. This 
requires the solving of following four LP problems.  
[Dot+1(yt+1,xt+1)]-1 = max ф,λ   ф , 
s.t  - ф yi,t+1 + Yt+1 λ ≥  0 
xi,t+1 - Xt+1 λ ≥  0,   
λ ≥ 0.         LP1     (8) 
 
[Dot(yt, xt)]-1 = Max ф,λ   ф , 
s.t  - ф yit + Yt λ ≥  0    LP2    (9) 
xit – Xt λ ≥  0,   
λ ≥ 0.          
 
[Dot+1(yt, xt)]-1 = Max ф,λ   ф , 
s.t  - ф yit + Yt λ ≥  0 
xit - Xt+1 λ ≥  0,   
λ ≥ 0.         LP3     (10) 
 
[Dot(yt+1,xt+1)]-1 = Max ф,λ   ф , 
s.t  - ф yi,t+1 + Yt λ ≥  0 
   xi,t+1 – Xt λ ≥  0,   
    λ ≥ 0.         LP4     (11) 
 
Where λ is a Nx1 vector of constant and ф is a scalar with ф ≥1. The term (Ф-1) is the 
proportional increase in outputs that could be achieved by the i-th unit, with input quantities 
held constant. 
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