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ABSTRACT : The present paper aims is to provide up to date information on agricultural
growth over the past three decades (1980-2012) for nine of the largest agricultural producers in the
Arab world. Namely are Algeria, Egypt, Iraq, Jordan, Morocco, Sudan, Syria, Tunisia and Yemen.
The analysis employs nonparametric, output-based Malmquist technique Data Envelopment
Analysis (DEA) to estimate TFP index numbers. It uses data drawn from FAO. In general, results
throughout the period 1980-2012 show that the average annual growth rate of agricultural
productivity reached 1.2%. Efficiency changes contributed by a mere 0.2% while the rest 1% was
provided by technical change. The country with the highest TFP growth is Jordan, with an
impressive 3.7% average annual growth in TFP. However, for Yemen and Algeria it reached about
3% each, Egypt (2%), Sudan (0.8%), Tunisia and Iraq (0.4%).
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1.INTRODUCTION

Agriculture has been and will continue to play vital role for humanity, because
human welfare depends on the amount and stability of agricultural production, as
determined by crop yield and cultivated area (Garibaldi et al., 2011).

Onjala (2002) argued that, the economic growth could be viewed as a
process involving the entire economy’s output performance; it mainly depends on
the productivity of the country. Productivity, on the other hand, is essentially a
microeconomic matter, focusing on how production units hire and use capital,
labor, and other resource inputs in their output of goods and services. The direct
link between productivity and economic growth is apparent in many ways. The
sources of productivity growth over time have nowadays emerged as a central of
growth and development.

As an objective of development policy, productivity growth has been difficult
to achieve in many countries. For this reason, studies on sources of growth are a
field of great importance to policy makers. The issue of productivity growth has
drawn considerable attention over the last few decades, as it is considered, the
major source of development for the agricultural sector, at a rate able to meet the
demands for food and raw materials arising out of steady population growth. A
country that falls short of achieving agricultural productivity growth may suffer
deterioration, either of the foreign exchange balance, or of the internal terms of
trade against industry, thereby also hindering industrial production (Hayami and
Ruttan, 1970; Coelli and Rao, 2003). In contrast, a country that best utilizes its
given resources within its agricultural sector may enjoy a significant comparative
advantage in exporting markets.

Several studies have focused on this matter, using either Partial Factor
Productivity (PFP) measures, most commonly labour productivity (e.g. Gutierrez ,

2000; McErlean and Wu, 2003) or Total Factor Productivity (TFP) measures. The
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latter are typically analysed using either i) a production function approach (e.g.
Hayami and Ruttan, 1970; Wiebe et al. 2000), ii) an index number approach,
usually Tornqgvist index (e.g. Mukherjee and Kuroda 2003), or iii) a Data
Envelopment Analysis (DEA) approach, the DEA- based Malmquist index (e.g.
Coelli and Rao, 2003; Ludena et al., 2005).

Nin and Yu (2008) argued that the least-squares econometric production
function models and total factor productivity indices are normally used with times
series data and assume that all production units are technically efficient. Whereas,
DEA approach can be applied to across-section of firms, farms, regions or
countries to compare their relative productivity. If panel data are available,
production functions, DEA and stochastic frontiers can be used to measure both
technical change and efficiency improvement.

The Malmquist index, pioneered by Caves et al. (1982) used on distance
functions, has become extensively used in the measure and analysis of
productivity after Fare et al. (1994) showed that the index can be estimated using a
non-parametric approach (Data Envelope Analysis). The nonparametric Malmquist
index (discussed later in detail) has been especially popular since it does not entalil
assumptions about economic behavior (profit maximization or cost minimization)
and therefore does not require prices for its estimation. Also important is its ability
to decompose productivity growth into two mutually exclusive and exhaustive
components: changes in technical efficiency over time (catching-up) and shifts in
technology over time (technical change).

The study will examine changes in agricultural productivity in the Arab
countries, in which their geographical locations are presented in Figure 1.
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Figure (1): The Arab World Map

Source: Google maps
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Figure 2 shows the share of agricultural Gross Domestic Production (GDP) in
Arab countries economies during the period 2008-2012 (on average). It depicts
that the agricultural sector plays an important role in Sudan that contributes about
32% to its gross GDP, followed by Syria (21%). Next come, Morocco, Egypt and
Yemen (about 14% each on average). Whereas, Algeria and Tunisia accounted
about 8% (each on average), Lebanon and Irag nearly 5% (each on average),
Jordan, Libya and Saudi Arabia 2.5% on average. Finally, Emirates and Oman
(0.9% each), Bahrain and Kuwait (0.3% each) and Qatar (0.1%).
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Figure (2): The Share of Agricultural GDP in Country’s GDP during the period
2008-2012 (on average)

Source: Compiled and calculated from Arab Agricultural Statistics Yearbook (several issues)

The analysis dropped from the sample either the very small countries with
negligible agriculture (such as Bahrain, Qatar, Kuwait, Oman and United Arab
Emirates), or countries with missing data (such as Mauritania, Libya, Djibouti,
Somalia, Comoros, Palestine, Lebanon and Saudi Arabia), in particular the study
covers a relatively long period. Indeed almost the majority of sampled countries of
this region continue to be extremely vulnerable to weather and commodity price
shocks due to their limited economic resource base. They are prone to high
volatility in economic activity, and therefore it is crucial to identify their sources of
growth. (Belloumi and Matoussi, 2009). Thus, countries considered in this study
are Algeria, Egypt, Iraq, Jordan, Morocco, Sudan, Syria, Tunisia and Yemen. The
selected sample is considered the largest producers and importers of food and
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feed grains in the Arab world and a major global market for agricultural and food
products, for example, Egypt is the largest wheat importer in the world.

The paper is structured as follows. The next section briefly discusses the aim
of the paper. Data collection is the subject of part three. The forth section is
devoted to give a background on DEA and Malmquist TFP index methodology. The
paper’s estimation process is the main topic for section five.The sixth section
discusses the estimated results. The seventh and last section is devoted to
conclusion.

2. AIM OF THE PAPER

The principle aim of this paper is to estimate and provide up to date
information on agricultural total factor productivity (TFP) growth over the past three
decades (1980-2012) for nine of the largest agricultural producers in the Arab
world. Using the Malmquist index methods described in Fare et al. (1994) and
Coelli et al. (1998, Ch. 10).

3. DATA

All data for the study period (2003-2012) are obtained from the World Bank,
FAO Statistics Division and Arab Organization for Agricultural Development
(AOAD)

4. DEA MODEL AND MALMQUIST TFP METHODOLOGY

In this section, the article provides a brief background and literature of DEA
method, in addition to, Malmquist TFP before going on to describe the Malmquist
TFP calculations.

4.1. Background

Technical efficiency (TE) is a component of economic efficiency (Farrell,
1957). It is defined as the ability of a firm to transform a given set of inputs into
maximum achievable output given the available technology (Bravo-Ureta et al.,
2007). When one considers productivity comparisons over time, an additional
source of possible productivity improvements is technical change. It measures the
extent to which the production frontier, representing the state of the technology in a
particular time period, shifts upwards over time. Such shifts represent technological
progress.

As cited from Rao et al. (2004), these two concepts are illustrated in Figure 3,
where Fo and F; represent the production frontiers for two periods 0 and 1 (in the
case of a simple one-input, one-output technology). Focusing on Fq, for a given
input level, the distance OB shows the level of output that could technically be
produced under period O technology. If the actual production is below the
technologically feasible level and it is given by level OA, then a measure of
technical efficiency of the country (or farm) is given by the ratio OA/OB, which
takes a value between zero and one, with one indicating technical efficiency. This
is an output-orientated technical efficiency measure.
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An input-orientated technical efficiency measure is given by OC/OA showing
the reduction input that is feasible, while maintaining the same output level.
Technical change is measured by the shift in the frontiers represented by F, and
Fi. The measure of technical change varies according to the input (or output) level
at which it measured. For example, in Figure 3 an output-orientated technical
change measure is calculated as 0B1/OB, where a value greater than one indicates
technical progress, Rao et al. (2004).
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Figure (3): Technical change and technical efficiency change
Source: Rao et al. (2004)

Different types of frontier models based on the early work of Farrell (1957)
have been developed for the measurement of technical efficiency. These models
could be classified into parametric and non-parametric frontiers. Parametric frontier
is further separated into two methods because they rely on a specific functional
form (Aigner et al, 1977). These two groups are deterministic model which
attributes any deviation to the inefficiency and the stochastic model which on the
other hand tolerates statistical noise (Amara, et al., 1999). Non-parametric models
are usually based on mathematical programming and also known as data
envelopment analysis (DEA) (Banker et al, 1984), (Thiam et al, 2001). However,
DEA only offers relative efficiencies relative to the data considered. It does not, and
cannot, offer absolute efficiencies.

As cited by (Galanopoulos, 2006), the DEA models are linear programming
(LP) methods that calculate the frontier production function of the decision- making
units (firms or countries). Those that operate on the frontier are technically efficient,
whereas the degree of technical inefficiency of the rest is calculated on the basis of
the Euclidian distance of their input /output ratio from the frontier (Coelli, 1998).
Applying DEA methodology, Fare et al., (1992) extended the work of Caves et al.
(1982) and developed Malmquist productivity measures, which can be used in
order to measure the productivity changes over time. Since then, the Malmquist
TFP index has been applied in various studies, both in the industrial as well as the
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agricultural sector. For instance, Grifell and Sintas (1995) measured TFP change in
the European textile industry, Fare et al (2001) calculated productivity growth in
Taiwan’s manufacturing industry, and Chen and Ali (2004) analyze the productivity
in the computer industry. In the agricultural sector, the Malmquist TFP indices
have become extensively used in the measure and analysis of productivity by
Bureau et al. (1995), Lusigi and Thirtle (1997), Fulginity and Perrin (1997, 1998
and 1999), Rao and Coelli (1998), Arnade (1998), Chavas (2001), Suhariyanto and
Thirtle (2001), Suhariyanto et al. (2001), Coelli and Rao (2003), Trueblood and
Coggins (2003), Nin et al. (2003a), Nin et al. (2003b) and Ludena et al. (2005 and
2007).

As mentioned earlier, DEA can be either input-orientated or output-orientated.
In the input-orientated case, the DEA method defines the frontier by seeking the
maximum possible proportional reduction in input usage, with output levels held
constant, for each country. While, in the output orientated case, the DEA method
seeks the maximum proportional increase in output production, with input levels
held fixed. The two measures provide the same technical efficiency scores when a
constant returns to scale (CRS) technology applies, but are unequal when variable
returns to scale (VRS) is assumed. It is worth mentioning that returns to scale
properties of the technology are very important in TFP measurement. It is
preferable to use a CRS technology in this study for two reasons. First, given that it
is using aggregate country-level data, it does not appear to be sensible to consider
a VRS technology. In addition to the above comment regarding the use of
aggregate data, a second argument for the use of a CRS technology is applicable
to both firm-level and aggregate data. Grifell-Tatjé and Lovell (1995) use a simple
one-input, one-output example to illustrate that a Malmquist TFP index may not
correctly measure TFP changes when VRS is assumed for the technology.

Hence, it is important that CRS be imposed upon any technology that is used
to estimate distance functions for the calculation of a Malmquist TFP index.
Otherwise, the resulting measures may not properly reflect the TFP gains or losses
resulting from scale effects.

The popularity of Malmquist TFP indices is notably due to certain attractive
features that: (1) It requires only data on quantities (of inputs and outputs) thus
avoiding the difficult problem of measurement for fixed factors. (2) It does not
require information on prices of inputs and outputs (as the Torngvist index), in
which, without this information, parametric approaches cannot be used. Both index
numbers and econometric methods require price information for the calculation of
costs, profits and other functions. (3) It does not require any assumptions to be
made about the optimizing behaviour of economic units (in contrast to traditional
index numbers). (4) It does not require econometric estimations to be made, but
can be implemented using a data envelopment technique. Moreover, Malmquist
TFP may not only be used in order to measure the productivity changes over time,
but it can be also be further decomposed into two meaningful components, one
measuring the technical change (TNCh) and the other the technical efficiency
change (TECh). On the other hand, this approach is susceptible to data noise
effects and to degrees of freedom problems when the sample is relatively small.
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Bushara and Mohayidin. (2009) argued that improvements in total factor
productivity could occur as a result of either improvement in technical efficiency
(moving closer to the production frontier) or improvements in technology (outwards
shifts of the production frontier). The use of the Malmquist productivity index
enabled the determination of what portion of a sector or firm productivity change
was due to each of these two factors Domazlicky and Weber (1997).

Distance functions offered by Malmquist index allow one to describe a multi-
input, multi-output production technology without the need to specify a behavioral
objective (such as cost minimization or profit maximization). One may define input
distance functions and output distance functions. An input distance function
characterizes the production technology by looking at a minimal proportional
contraction of the input vector, given an output vector. An output distance function
considers a maximal proportional expansion of the output vector, given an input
vector. However, an output distance function is only considered in detail in this
paper. Anyhow, input distance functions can be defined and used in a similar
manner.

4.2. Malmquist TFP Index (Output Oriented)

A production technology may be defined using the output set, P(x), which
represents the set of all output vectors, y, which can be produced using the input
vector, x. Thatis, P(x) ={y: x can produce y}

It assumes that the technology satisfies the axioms listed in Coelli et al.
(1998, Ch. 3). The output distance function is defined on the output set, P(x), as:

d, (X, y) =min[5: (y/5) € P(x)]

The distance function, d,(x, y) , will take a value which is less than or equal to

one if the output vector, y, is an element of the feasible production set, P(x).
Furthermore, the distance function will take a value of unity if y is located on the
outer boundary of the feasible production set, and will take a value greater than
one if y is located outside the feasible production set. This study uses DEA-like
methods to calculate the distance measures.

Owing to Mahadevan (2002), Coelli and Rao (2003), Sufian (2007), Belloumi
et al. (2009) and Shahabinejad and Akbari (2010), the Malmquist TFP index
measures the TFP change between two data points (e.g., those of a particular
country in two adjacent periods) by calculating the ratio of the distances of each
data point relative to a common technology. Following Fare et al (1994), the
Malmquist (output-orientated) TFP change index between period (s) (the base
period) and period (t) is given by:

1/2
dy(yox)  do(yex.)
da(ysi %) do(ys,Xs)

mo(ys,Xs,yt,Xt){

Where, the notation d;(x,,y,)represents the distance from the period (t)
observation to the period (s) technology, (y) represents output and (x) represents
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input. .A value of m, greater than one will indicate positive TFP growth from period

(s) to period (t) while a value less than one indicates a TFP decline. Note that
equation 1 is, in fact, the geometric mean of two TFP indices. The first is evaluated
with respect to period (s) technology and the second with respect to period (t)
technology. An equivalent way of writing this productivity index is:

1/2
da(yt,xt){dz(yt,xoXdz(ys,xs)
d5 (s, %) L5 (V1. %)  db (Y, X,)

| . _J

—

Efficiency change Technical Change
Where, the ratio outside the square brackets measures the change in the output-
oriented measure of Farrell technical efficiency between periods (s) and (t). That is,
the efficiency change is equivalent to the ratio of the Farrell technical efficiency of
period (t) to the technical efficiency in period (s). The efficiency change component
measures whether production is catching up with or falling behind the production
frontier and assumed that this component captures diffusion of technology related
to differences in knowledge and institutional setting (Rungsuriyawiboon and
Lissitsa, 2006). The remaining part of the index in equation (2) is a measure of
technical change, which is the geometric mean of the shift in technology between
the two periods, evaluated at xt and xs. In other words, TFP growth can be
rewritten as,

mO(ys'Xs’yt'Xt):

TFP Growth = Technical Efficiency Change X Technical Change............. 3)
(Catching up effect) (Frontier effect)

This decomposition can be illustrated as cited in Rao et al., (2004), using the
diagram in Figure 4 (after Coelli, et al., 1998), which depicts a constant returns-to-
scale technology involving a single input and a single output. The firm produces at
the points D and E in periods s and t respectively. In each period, the firm is
operating below the technology for that period.

Frontier in

/ period ¢

Frontier in
period s

Figure (4) : Malmquist productivity indices
Source: Rao et al. (2004)
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Hence, there is technical inefficiency in both periods. Using equations 1 and 2 we

obtain:
Yi y/ Ys %
Y. . /Ya

& Technical change =
ya yc b

According to Grifell-Tatj’e and Lovell (1995), the constant returns to scale (CRS)
technology must however be imposed to estimate the above distance functions for
the accurate calculation of a Malmquist TFP index. However, Fare et al. (1994)
decomposed the catching up effect (given by technical efficiency change under the
CRS technology) into ‘pure’ technical efficiency change and scale efficiency
change. Pure efficiency depicts the effect on the ability of a firm to be more efficient
due new technologies (Fare, et al., 1994). That,

Efficiency Change =

Technical Efficiency Change Index =
Pure Technical Efficiency Change Index X Scale Efficiency Change Index........ (4)

Following Fare et al. (1994) and given that suitable panel data are available, we
can calculate the required distance measures for the Malmquist TFP index using
DEA linear programm. For the i-th country, we must calculate four distance
functions to measure the TFP change between two periods, s and t. This requires
solving four linear-programming (LP) problems. Fare et al. (1994) assume a
constant returns-to-scale (CRS) technology in their analysis. The required LPs are

[d(t)(ytixt)]_l =max, , ¢ Subject to

-y, +Y 420,

X, — X420,

A2 0 e (5)

[dg(ys,xs)]_1 =max, , ¢ Subject to
—dy, +Y.A>0,
X, — X 120,

[y, x0)]" = max, , ¢ Subject to

-y, +Y, 420,

X — XA 20,

A2 0 L, (7)

and
[dg(yt : xt)]_1 =max, , ¢ Subject to
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-y +Y A 20,
Xi — XA 20,

A2 0 e, (8)

Vit IS @ Mx1 vector of output quantities for the i-th country in the t-th period;
Xitis @ Kx1 vector of input quantities for the i-th country in the t-th period;
Y¢is a NxM matrix of output quantities for all N countries in the t-th period;
Xt is a NxK matrix of input quantities for all N countries in the t-th period;14

A is a Nx1 vector of weights; and
¢ is a scalar.with 1< ¢ < oo ,¢—1 is the proportional increase in outputs that could be achieved
by the i-th unit, with input quantities held constant (Nkamleu, 2004).

Note that in LPs (7) and (8), where production points are compared with
technologies from different time periods, the ¢ parameter need not be greater than
or equal to one (as it must be when calculating standard output-orientated
technical efficiencies). The data point could lie above the production frontier. This
will most likely occur in LP (8) where a production point from period t is compared
to technology in an earlier period, s. If technical progress has occurred, then a
value of <1 is possible. Note that it could also possibly occur in LP (7) if technical
regress has occurred, but this is less likely. However, more detailed reviews of
DEA methodology could be reviewed in Seiford and Thrall (1990), Lovell (1993), Al
and Seiford (1993). Lovell (1994), Charnes et al. (1995) and Seiford (1996)

However, Total factor productivity (TFP) is the ratio of total output (crop and
livestock products) to total production inputs (land, labor, capital, and materials).
An increase in TFP implies that more output is being produced from a constant
amount of resources used in the production process.

In the long run, TFP is the main driver of growth in agriculture and can be
affected by policies and investment. Partial factor productivity (PFP) measures,
such as labor and land productivity, are often used to measure agricultural-
production performance because they are easy to estimate. These measures of
productivity normally show higher rates of growth than TFP because growth in land
and labor productivity could result from more intensive use of inputs, including
fertilizer and machinery, rather than TFP increase. If productivity increases without
the addition of more inputs, then the only source of growth is TFP.

5. ESTIMATION PROCESS

In line with Coelli and Rao (2003), Belloumi and Matoussi (2009),
Shahabinejad and Akbari (2010) and other studies, the study estimates the
Malmquist indexes of efficiency and total factor productivity employing a panel
data. The analysis uses two outputs (crops and livestock production) and six inputs
(land, tractors, labor, fertilizer consumption, animal livestock and irrigation).

5.1 Output Series

Agricultural output for crops and livestock is expressed as (constant 2004-2006)
“‘international dollars”.

5.2 Input Series

As mentioned earlier, the study considers only six input variables. Details of these
variables are given below:
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5.2.1 Land

This variable covers the number of hectares of arable and permanent cropland
5.2.2 Tractors

This variable is measured as total number of tractors used in agriculture (excluding

garden tractors).
5.2.3 Labor

This variable is measured as the total economically active agricultural population.
5.2.4 Fertilizer

Following other studies that applied DEA such as Hayami and Ruttan (1970),
Fulginiti and Perrin (1997), Shahabinejad and Akbari (2010), the study uses
consumption of Nitrogen (N), Potassium (K»O) and Phosphate (P.O;) in metric

tons.
5.2.5 Livestock

The livestock input variable is calculated by the animal-equivalent of five categories
of animals. The considered categories are buffaloes, cattle, sheep, goats, horses,
camels, chicken and ducks. Numbers of these animals are converted into animal
equivalents using conversion factors adopted by Coelli and Rao (2003), El-Kholei
et al. (2008) and Shahabinejad and Akbari (2010) as follows: 1.0 for buffalo and
cattle; 0.1 for sheep and goats, 1 for horses, 1.1 for camels, 0.01 for chickens and

ducks.
5.2.6 Irrigation

The study employs the area under irrigation as a proxy for the capital infrastructure
associated with the irrigation of farmlands.

After gathering the suitable panel data for the above-mentioned outputs and
inputs variables and assuming constant returns to scale (CRS) as mentioned
earlier, then the required distance measures for the Malmquist TFP index could be
calculated using DEA-like linear programs. However, a number of NX(3T-2) LP’s
would be solved. In this study N= nine countries and T = thirty-three periods
(1980-2012), this requires the solving of [9 X (3%X33 — 2)] = 873 LP’s.

6.RESULTS

Conceptually, a country can increase its agricultural productivity by two
different ways. One way is to improve efficiency change through the “best practice”
by increasing the diffusion of technology, and the other way is to promote technical
change, through importation and adaptation of new technology. Of course, a
combination of both also increases agricultural productivity.

There is massive computer output on efficiency scores for each country in
each year to illustrate. The results have measures of technical efficiency change;
technical change and TFP change for each country in each pair of adjacent years
(see Appendixes 1 to 5). However, the paper would be selective in what results to
present.

An output-orientated technical efficiency level shows the ratio of each
country’s actual output in relation to what is feasible (given the available
technology in that period). Technology in each period, identified using the DEA
technique, is a piece-wise linear envelopment of all the observed points in the multi
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output and multi-input Euclidean space. The countries that determine the
technology frontier are known as the “peers” or best-performing countries. Peer
countries have a technical efficiency score of one and usually there are several
peers in each year.

Results for technical efficiency scores and their averages in 1980s, 1990s
and 2000s are shown in Table 1. They reveal that, except for Morocco, Yemen and
Tunisia, all sampled countries are technically efficient all over the three periods.
However, 1980-2012 average score shows that Morocco and Iraq achieved the
highest level in mean technical efficiency reaching 1.008 and 1.004 respectively;
whereas, all other sampled countries achieved unity meaning that there was no
change in efficiency over those periods. (see Figure 5). In general, the results
depict that all of the sampled countries reached frontier technical efficiency
throughout the three successive periods. However, the sampled countries
achieved the highest level in mean technical efficiency (1.002) during the first and
second periods. Meanwhile, producing 99% during the second period of the output
that could be potentially produced using the observed input quantities.

Telleria and Hassan (2001) argued that Arnade (1998) gives a possible
explanation for this particular result. He argues that when there are no apparent
changes in efficiency levels (i.e., when Effch = 1), in the case of developing
countries in which extraordinarily low levels of inputs are used, then this may be
interpreted as either no change, or a slight improvement, in the use of outdated
technology.

Table (1): Technical Efficiency Change (Effch) for Sampled Arab Countries
during the period (1980-2012).

1980-1990 1991-2000 2001-2012 1980-2012
15 Period 2" Period 3" Period Average

Morocco 1.027 0.976 1.019 1.008
Iraq 1.002 1.011 1.000 1.004
Yemen 0.993 1.007 1.000 1.000
Algeria 1.000 1.000 1.000 1.000
Egypt 1.000 1.000 1.000 1.000
Jordan 1.000 1.000 1.000 1.000
Sudan 1.000 1.000 1.000 1.000
Syria 1.000 1.000 1.000 1.000
Tunisia 1.000 0.998 1.001 1.000
Average 1.002 0.999 1.002 Average

Source: Author calculation via DEA analysis results (all figures are geometric mean)
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Figure (5): Technical Efficiency Change during the period 1980-90, 1991-2000,
2001-2012 and 1980-2012 (on average)

Source: Appendix 1

As cited by Belloumi et al (2009), this average technical efficiency change
gives us information only on the “catch-up” part of the productivity (mentioned in
Equation 3). In fact, a country will have a positive efficiency change over time if it is
catching up. The degree of catching up or the efficiency change can be related to
institutional factors, as well as domestic and trade policies of specific countries.
TFP change can also appear in the form of technical change (or frontier-shift). In
other words, Movements in total factor productivity are measured using the
Malmquist productivity index. Using the output-oriented approach, the index
provides a measure of how much more can be produced using observed input data
— at the technologies observed at two different points of time. The Malmquist
productivity index can be decomposed into output increases due to efficiency
change and those due to shifts in frontier technology.

The Malmquist index measures year-to-year changes in productivity. These
indices as well as their associated efficiencies and technical change components
for considered countries in the analysis are presented in Appendixes 1, 2 and 3.

Some salient features of these findings are summarized in Table 2. It shows
the annual mean technical efficiency change, technical change and TFP change,
averaged throughtout the period 1980-2012. The average (across all countries)
growth in TFP is 1.2%, which is due to 0.2% growth in efficiency change and 1% in
technical change.

In general, except for Iraq (for some extent) and Syria, all the sampled
countries showed to be innovative and efficient at the same time. The country with
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the highest TFP growth is Jordan, with an impressive 3.7% average annual growth
in TFP, mainly attributable to technical change indicating the highest agricultural
productivity relative to the other countries considered in the study. Similar results
could be seen for Yemen and Algeria (about 3% each), Egypt (2%), Sudan (0.8%),
Tunisia and lIrag (0.4%). This may reflect improvements in the agricultural
extension services in those countries. Whereas, Morocco is the only Arab country
where its TFP growth (2.5%), is largely attributable to both efficiency change and
technical change accounting 0.8% and 1.6% respectively (see Table 2 and Figure
6).

Table (2): Technical Efficiency Change, Technical Change and Total Factor
Productivity for Sampled Arab Countries during the period (1980-

2012)
Efficiency Change Technical Change TFP Change
(Effch) (Techch) (TFPch)
Algeria 1.000 1.030 1.030
Egypt 1.000 1.020 1.020
Iraq 1.004 0.999 1.003
Jordan 1.000 1.037 1.037
Morocco 1.008 1.016 1.025
Sudan 1.000 1.008 1.008
Syria 1.000 0.951 0.951
Tunisia 1.000 1.004 1.004
Yemen 1.000 1.031 1.031
Geo.Mean 1.002 1.010 1.012

Source: Appendixes 1, 2 and 3

On the other hand, Irag’s TFP growth of 0.3% is mainly attributable to
efficiency change. Meanwhile, Syria showed the lowest TFP index (0.951) Techch
and TFP change are both negative (- 4.9% and - 4.9% respectively), this is
presumably due to political tension and uprising riots that resulted lack of
improvements as the annual average Techch fell from 1.005 during the period
1980-2007 to only 0.707 during the period 2008-2012 (on average).
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Figure (6): Effch, Techch and TFPch Results during the period (1980-2012)

Source: Appendixes 1, 2 and 3

In order to trace the development of TFP index results and its components,
the study disaggregated the study period 1980-2012 into Six successive periods
1980-85, 1986-90, 1991-95, 1996-2000, 2001-2005 and 2006-1012 shown in
Figures 7, 7A and 7B.

In general, except for Morocco and to a mere extent Egypt, all TFP results fell
in last period (2006-2012) compared to majority of previous periods with various
levels (see Figure 7) This decline is mirrored by the decline in technological
change for the same periods (see Figure 7A). Moreover, technical efficiency results
showed stagnation of unity all over the study period (1980-2012) in countries such
as Egypt, Jordan, Sudan and Syria, whereas, Morocco achieved a significant
increase throughout the last three periods (1996-2000), (2001-2005) and (2006-
2012) from 0.965 to 0.995 and further to 1.037 respectively (see Figure 7B).
Reporting stagnant technical change (as achieved by majority of sampled
countries) does not necessarily mean that no technical change has occurred at all.
It may have occurred but at very low rates compared with those occurring in the
best practice countries, considering that each country’s technical change
performance was measured only relative to the best countries in the sample.
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Figure (7B): Effch Results during the Disaggregated period (1980-2012)

Source: Appendix 3

However, it fell during the last two periods compared to previous decade in
countries such as Yemen, Tunisia and Iraq. These poor results for TFP and its
components during the last period, are presumably due to lack of agricultural
infrastructure investment, the political tension and riots engaged to what so called
“Arabian Spring”

As mentioned earlier, Morocco reached TFP growth rate of 2.5% during the
whole period 1980 - 2012. TFP growth estimates for the last three decades are,
3.5%, -0.5% and 4.1% respectively. Fortunately, the positive increase offsets the
earlier losses. Agriculture TFP growth in Morocco needs to be higher because
even agriculture accounts for about 14% of the country’s total GDP, it employs
nearly 36% of the local labor force and drives the country’s economic growth.
Morocco is probably the most volatile grain production country in the world.

Egypt shows a 2% average growth in TFP throughout the study period (1980-
2012), which is due to 2% growth in technical change. TFP growth in Egypt fell
from 3.6% in the 1980s to 1.4 % and further to 1.2% during the 1990s and 2000s
respectively. The same pattern could be seen for Jordan.

Sudan and Syria reached their highest TFP during the 1990s that estimated
at average growth 8.3% and 3.4% respectively; however, it fell during the 2000s to
nearly -4.2% and -3.7% respectively.

In short, the above findings allow the ranking of the more and less productive
countries, and have useful agricultural policy implications
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7. CONCLUSION

As argued by Telleria and Hassan (2011), there are two fundamental
approaches used to measure agricultural productivity, frequently known as
parametric and non-parametric approaches. In the past, the parametric approach
has widely used the Laspeyres Index (which uses base year prices and current
quantities, i.e., base-period weights) to measure agricultural productivity through
value added per unit of input. However, the Theil-Torngvist Index, which uses
prices from both the base period and the comparison period, is preferred to the
Laspeyres Index because it does not require the unrealistic assumption that all
inputs are perfect substitutes in production. However, the main problem with the
Theil-Torngvist Index is that it does not satisfy transitivity conditions, making it
inapplicable for comparisons involving a set of three or more countries. It is
observed that index numbers use local currencies (such as dollars) to aggregate
heterogeneous outputs and inputs, but such currencies are not adjusted to account
for changes in the value of the currency over time, thus limiting the understanding
of trends in agricultural productivity. Lately, The Malmquist Index uses the non-
parametric method, initiated as the Data Envelopment Analysis (DEA) by Charnes,
Cooper and Rhodes (1978), builds on the individual firm evaluations of Farrell
(1957) applying linear programming to estimate an empirical production technology
frontier for the first time.

This paper has investigated the level and growth pattern in agricultural
productivity in Arab countries whose agricultural sector plays a considerable role in
the economy. Nine contries have been included in the analysis namely are Algeria,
Egypt, Iraq, Jordan, Morocco, Sudan, Syria, Tunisia and Yemen. For this purpose,
the sequential Malmquist approach was employed in order to calculate TFP
indices. Results show that the most productive countries were Jordan, Yemen,
Algeria, Morocco, Egypt, Sudan, Tunisia and Irag. Finally, the agricultural sectors
of and Syria was, in comparison, the least productive.

Technical efficiency change has been the main source of achievement of high
levels of total factor productivity during the reference period. It is obvious that in all
countries technical change is more than efficiency change. In other words,
technical change is the main source of total factor productivity fluctuation over time,
because the technical change component has had more fluctuation, rather than
technical efficiency change. This average technical efficiency change gives us
information only on the “catch-up” part of the productivity issue. In fact, a country
will have a positive efficiency change over time if it is catching up. The degree of
catching up or the efficiency change can be related to institutional factors, domestic
and trade policies of specific countries.

The TFP results for Iraq and Syria (i.e., Techch smaller than Effch scores)
imply that policy actions should focus more on accelerating the rate of Techch
(agricultural innovation) than the rate of Effch (technology diffusion). The opposite
applies to the case of Algeria, Egypt, Jordan, Morocco, Sudan, Tunisia and Yemen
where Effch scores smaller than Techch scores, indicating the need for
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strengthening policy actions focusing on accelerating the rate of agricultural
services throughout the country.

It is a matter of serious concern that the overall contribution of technical
change is greater than that of efficiency change to overall productivity changes in
all the studied countries. This implies huge potential increase in production even
with existing technology. It is important to reverse efficiency stagnation that
appears in majority of countries and achieve a faster and large scale diffusion of
technical innovations across regions.

In line with Telleria and Hassan (2011), the fact that Techch has been the
main driving force of TPF indicates that investing in agricultural research is the
main lever to increase productivity. Yet it must be acknowledged that low values of
Effch usually indicate that long time lags between agricultural research investments
and productivity response exist. This indicates that spending on agricultural
research must be accompanied by agricultural extension programmes that not only
contribute to broaden the use of new technology, but to agricultural capital
formation as well.

Finally, government should take some necessary steps to focus on improving
crop productivity and to provide farmers timely and extensive services and support
so that crop farming can be made more efficient.
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APPENDIXES:
Appendix (1): Technical Efficiency Change Results during 1980-2012

Effch Algeria Egypt lraq Jordan Morocco Sudan Syria Tunisia Yemen Average
1981° 1.000 1.000 1.008 1.000 1.038 1.000 1.000 1.000 1.000 1.005
1982 1.000 1.000 1.135 1.000 1.254 1.000 1.000 0.823 1.000 1.018
1983 1.000 1.000 1.000 1.000 0.894 1.000 1.000 1.215 0.912 0.999
1984 1.000 1.000 0.830 1.000 1.107 1.000 1.000 1.000 1.097 1.001
1985 0923 1.000 1.139 1.000 0.923 1.000 1.000 1.000 0.896 0.985
1986 1.083 1.000 0.904 1.000 1.097 1.000 1.000 1.000 1.098 1.018
1987 1.000 1.000 1.009 1.000 0.999 1.000 1.000 1.000 1.017 1.003
1988 1.000 1.000 0.952 1.000 1.001 1.000 1.000 0.850 1.000 0.977
1989 1.000 1.000 1.218 1.000 1.000 1.000 1.000 1.176 1.000 1.041
1990 1.000 1.000 0.892 1.000 1.000 1.000 1.000 1.000 0.931 0.980
1991 1.000 1.000 1.121 1.000 1.000 1.000 1.000 1.000 0.898 1.001
1992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.193 1.020
1993 0.966 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.003 0.996
1994 1.004 1.000 1.000 1.000 0.997 1.000 1.000 0.878 1.000 0.986
1995 1.031 1.000 1.000 1.000 0.943 1.000 1.000 1.008 1.000 0.998
1996 1.000 1.000 1.000 1.000 1.064 1.000 1.000 1.130 1.000 1.021
1997 1.000 1.000 1.000 1.000 0.865 1.000 1.000 1.000 1.000 0.984
1998 0.993 1.000 1.000 1.000 1.128 1.000 1.000 1.000 1.000 1.013
1999 1.007 1.000 1.000 1.000 0.841 1.000 1.000 1.000 1.000 0.982
2000 1.000 1.000 1.000 1.000 0.960 1.000 1.000 0.980 1.000 0.993
2001 1.000 1.000 1.000 1.000 1.046 1.000 1.000 0.932 1.000 0.997
2002 1.000 1.000 1.000 1.000 1.038 1.000 1.000 0.924 1.000 0.995
2003 1.000 1.000 1.000 1.000 1.077 1.000 1.000 1.185 1.000 1.027
2004 1.000 1.000 1.000 1.000 1.087 1.000 1.000 1.000 1.000 1.009
2005 1.000 1.000 1.000 1.000 0.766 1.000 1.000 1.000 1.000 0.971
2006 0.869 1.000 1.000 1.000 0.964 1.000 1.000 0.992 1.000 0.980
2007 0.857 1.000 1.000 1.000 0.915 1.000 1.000 1.009 0.995 0.974
2008 1.344 1.000 1.000 1.000 1.313 1.000 1.000 1.000 1.005 1.066
2009 1.000 1.000 0.972 1.000 1.127 1.000 1.000 1.000 1.000 1.010
2010 1.000 1.000 1.029 1.000 1.000 1.000 1.000 0.943 1.000 0.997
2011 0.993 1.000 1.000 1.000 0.906 1.000 1.000 0.919 1.000 0.979
2012 1.007 1.000 1.000 1.000 1.094 1.000 1.000 1.146 1.000 1.026

Average 1.000 1.000 1.004 1.000 1.008 1.000 1.000 1.000 1.000  Average

"Note that 1981 refers to the change between 1980 and 1981.
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Appendix (2): Technical Change Results during 1980-2012

Techch  Algeria Egypt Irag Jordan Morocco Sudan Syria Tunisia Yemen Average
1981° 1.042 0986 1.076 1.203 1.004 1.123 0.998 0.848 0.968 1.023
1982 1.058 1.015 0.923 0.793 0.961 0.883 1.009 0.994 0.972 0.953
1983 1.002 1.005 0.881 1.098 0.962 1377 0935 1.083 0.906 1.019
1984 1.003 0989 0.909 1.168 0.945 0.633 0.906 0.846 0.836 0.904
1985 1.073 1035 1.056 1.050 1.032 1132 108 1.128 1.150 1.082
1986 0925 1.023 0.982 1.138 1.011 1199 1.027 0.904 1.167 1.037
1987 1.027 1.034 0.932 0.876 0.970 1182 0.852 1.077 1.179 1.008
1988 1.090 0985 1.104 0.818 1.178 0.791 1.206 0.869 0.818 0.972
1989 1.086 1.025 0.870 0.972 1.085 1132 0.812 1.045 1.058 1.004
1990 0974 1301 1.205 1.434 0.957 0.783 1.063 1.358 0.887 1.086
1991 1.093 1.019 1.061 0.998 1.077 1321 0989 1.161 1.085 1.085
1992 1.021 1.041 0916 1.155 0.989 1.049 1.035 0.830 1.207 1.021
1993 1.021 0908 1.096 0.961 0.996 0.966 1.050 1.109 1.126 1.023
1994 1.020 1.047 1.001 1.180 1.043 1100 0.991 0.933 0.939 1.026
1995 1201 0984 1.006 1.033 0.994 1.071 1.047 1.007 0.974 1.033
1996 1274 1100 1.111 0.985 1.108 0.835 1.097 1.261 1.188 1.099
1997 0.634 1.015 0916 0.941 0.935 1.106 0.961 0.730 0.760 0.877
1998 0995 0974 1.096 1.079 1.048 1508 1.152  1.207 1.185 1.129
1999 1.073 1.014 0.942 0.903 0.994 0.998 0.899 1.097 1.032 0.992
2000 1.052 1.053 0.941 1.210 1.018 1.014 1.142 0.850 1.077 1.035
2001 0.952 0948 1.098 0.907 0.975 0.764 1.088 0.891 1.030 0.956
2002 1.037 1.037 1244 1.075 1.016 1.092 1075 1.083 1.188 1.092
2003 1.609 0968 0.815 1.262 0.970 1105 0.932 1.324 1.488 1.136
2004 0.658 1.038 1.048 0.623 1.002 0.854 0.982 0.816 0.610 0.830
2005 1549 1.012 0920 1.761 1.158 1296 0975 1.013 1.966 1.249
2006 0929 1.154 0.950 1.068 1.138 0.985 0.993 1.128 0.747 1.002
2007 1.123 1.040 0.917 1.107 1.042 0.818 0.938 0.968 0.809 0.967
2008 0.905 0918 0.900 0.641 0.828 0.927 1.011 0.931 1.036 0.892
2009 1.026 1.089 1.045 0.885 1.123 0.850 1.331 0.922 1.162 1.039
2010 0.897 0911 1.159 1.466 1.043 0.908 0.135 1.031 0.784 0.806
2011 1.150 1.021 1.045 1.253 1.060 1493 0951 1.059 1.358 1.143
2012 0962 1.033 0.973 0.887 0.945 0.681 1.020 0.965 1.134 0.948

Average 1.030 1.020 0.999 1.037 1.016 1.008 0.951 1.004 1.031  Average

"Note that 1981 refers to the change between 1980 and 1981.
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Appendix (3): Total Factor Productivity Results during 1980-2012

tfpch Algeria Egypt Irag Jordan Morocco Sudan Syria Tunisia Yemen Average
1981 1.042 0986 1.085 1.203 1.042 1.123 0.998 0.848 0.968 1.028
1982 1.058 1.015 1.048 0.793 1.205 0.883 1.009 0.818 0.972 0.970
1983 1.002 1.005 0.881 1.098 0.860 1.377 0935 1316 0.826 1.018
1984 1.003 0989 0.754 1.168 1.046 0.633 0.906 0.846 0.917 0.905
1985 0990 1.035 1.203 1.050 0.953 1132 1085 1.128 1.030 1.065
1986 1.002 1.023 0.888 1.138 1.109 1.199 1.027 0.904 1.281 1.056
1987 1.027 1.034 0.940 0.876 0.969 1.182 0.852 1.077 1.199 1.011
1988 1.090 0985 1.051 0.818 1.179 0.791 1.206 0.739 0.818 0.950
1989 1.086 1.025 1.060 0.972 1.085 1.132 0812 1.229 1.058 1.045
1990 0974 1301 1075 1434 0.957 0.783 1.063 1.358 0.826 1.064
1991 1.093 1.019 1.189 0.998 1.077 1.321 0989 1.161 0.974 1.086
1992 1.021 1041 0916 1.155 0.989 1.049 1.035 0.830 1.440 1.042
1993 0.986 0908 1.096 0.961 0.996 0.966 1.050 1.109 1.129 1.020
1994 1.024  1.047 1.001 1.180 1.040 1.100 0.991 0.819 0.939 1.011
1995 1238 0984 1.006 1.033 0.937 1.071 1.047 1.015 0.974 1.031
1996 1.274 1100 1.111 0.985 1.179 0.835 1.097 1.425 1.188 1.121
1997 0.634 1.015 0.916 0.941 0.809 1.106 0.961 0.730 0.760 0.863
1998 0.988 0974 1.096 1.079 1.182 1508 1.152 1.207 1.185 1.143
1999 1.081 1.014 0.942 0.903 0.836 0.998 0.899 1.097 1.032 0.974
2000 1.052 1.053 0.941 1.210 0.977 1.014 1.142 0.833 1.077 1.028
2001 0.952 0948 1.098 0.907 1.020 0.764 1.088 0.830 1.030 0.954
2002 1.037 1.037 1244 1.075 1.055 1.092 1075 1.001 1.188 1.087
2003 1.609 0968 0.815 1.262 1.045 1.105 0.932 1.569 1.488 1.167
2004 0.658 1.038 1.048 0.623 1.089 0.854 0.982 0.816 0.610 0.838
2005 1549 1.012 0.920 1.761 0.887 1.296 0975 1.013 1.966 1.213
2006 0.807 1.154 0.950 1.068 1.097 0.985 0.993 1.119 0.747 0.982
2007 0962 1.040 0.917 1.107 0.953 0.818 0.938 0.977 0.805 0.942
2008 1.216 0918 0.900 0.641 1.087 0.927 1.011 0.931 1.041 0.951
2009 1.026 1.089 1.016 0.885 1.266 0.850 1.331 0.922 1.162 1.049
2010 0.897 0911 1.193 1.466 1.043 0.908 0.135 0.972 0.784 0.803
2011 1.142 1.021 1.045 1.253 0.960 1493 0951 0.973 1.358 1.119
2012 0969 1.033 0.973 0.887 1.034 0.681 1.020 1.106 1.134 0.972
Average 1.030 1.020 1.004 1.037 1.025 1.008 0.951 1.004 1.031  Average
"Note that 1981 refers to the change between 1980 and 1981.
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Appendix (4): Scale Efficiency Results during 1980-2012

Seff Algeria Egypt Iraq Jordan Morocco Sudan Syria Tunisia Yemen Average
1981 1.000 1.000 0.883 1.000 0.966 1.000 1.000 1.000 1.000 0.982
1982 1.000 1.000 1.135 1.000 1.048 1.000 1.000 0.958 1.000 1.015
1983 1.000 1.000 1.000 1.000 0.999 1.000 1.000 1.044 0.912 0.994
1984 1.000 1.000 0.892 1.000 1.001 1.000 1.000 1.000 1.097 0.998
1985 0.923 1.000 1.087 1.000 0.985 1.000 1.000 1.000 0.896 0.987
1986 1.083 1.000 0.913 1.000 1.018 1.000 1.000 1.000 1.098 1.011
1987 1.000 1.000 0.973 1.000 0.999 1.000 1.000 1.000 1.017 0.999
1988 1.000 1.000 0.952 1.000 1.001 1.000 1.000 0.935 1.000 0.987
1989 1.000 1.000 1.218 1.000 1.000 1.000 1.000 1.069 1.000 1.030
1990 1.000 1.000 0.892 1.000 1.000 1.000 1.000 1.000 0.931 0.980
1991 1.000 1.000 1.121 1.000 1.000 1.000 1.000 1.000 0.898 1.001
1992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.193 1.020
1993 0.966 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.003 0.996
1994 1.004 1.000 1.000 1.000 0.997 1.000 1.000 0.878 1.000 0.986
1995 1.031 1.000 1.000 1.000 0.943 1.000 1.000 1.008 1.000 0.998
1996 1.000 1.000 1.000 1.000 1.064 1.000 1.000 1.130 1.000 1.021
1997 1.000 1.000 1.000 1.000 0.871 1.000 1.000 1.000 1.000 0.985
1998 0.993 1.000 1.000 1.000 1.120 1.000 1.000 1.000 1.000 1.012
1999 1.007 1.000 1.000 1.000 0.911 1.000 1.000 1.000 1.000 0.990
2000 1.000 1.000 1.000 1.000 0.978 1.000 1.000 0.980 1.000 0.995
2001 1.000 1.000 1.000 1.000 1.003 1.000 1.000 0.932 1.000 0.993
2002 1.000 1.000 1.000 1.000 1.034 1.000 1.000 0.924 1.000 0.995
2003 1.000 1.000 1.000 1.000 1.110 1.000 1.000 1.185 1.000 1.031
2004 1.000 1.000 1.000 1.000 1.001 1.000 1.000 1.000 1.000 1.000
2005 1.000 1.000 1.000 1.000 0.850 1.000 1.000 1.000 1.000 0.982
2006 0.869 1.000 1.000 1.000 1.010 1.000 1.000 0.992 1.000 0.985
2007 0.857 1.000 1.000 1.000 0.957 1.000 1.000 1.009 0.995 0.979
2008 1.344 1.000 1.000 1.000 1.114 1.000 1.000 1.000 1.005 1.046
2009 1.000 1.000 0.972 1.000 1.091 1.000 1.000 1.000 1.000 1.007
2010 1.000 1.000 1.029 1.000 1.000 1.000 1.000 0.943 1.000 0.997
2011 0.993 1.000 1.000 1.000 0.906 1.000 1.000 0.919 1.000 0.979
2012 1.007 1.000 1.000 1.000 1.094 1.000 1.000 1.146 1.000 1.026

Average 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  Average

"Note that 1981 refers to the change between 1980 and 1981.
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Appendix (5): Pure Efficiency Results during 1980-2012

Peff Algeria Egypt Iraq Jordan Morocco Sudan Syria Tunisia Yemen Average
1981 1.000 1.000 1.142 1.000 1.074 1.000 1.000 1.000 1.000 1.023
1982 1.000 1.000 1.000 1.000 1.196 1.000 1.000 0.859 1.000 1.003
1983 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.164 1.000 1.005
1984 1.000 1.000 0.930 1.000 1.106 1.000 1.000 1.000 1.000 1.003
1985 1.000 1.000 1.048 1.000 0.937 1.000 1.000 1.000 1.000 0.998
1986 1.000 1.000 0.990 1.000 1.078 1.000 1.000 1.000 1.000 1.007
1987 1.000 1.000 1.037 1.000 1.000 1.000 1.000 1.000 1.000 1.004
1988 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.909 1.000 0.989
1989 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.100 1.000 1.011
1990 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1991 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1993 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1994 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1995 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1996 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1997 1.000 1.000 1.000 1.000 0.993 1.000 1.000 1.000 1.000 0.999
1998 1.000 1.000 1.000 1.000 1.007 1.000 1.000 1.000 1.000 1.001
1999 1.000 1.000 1.000 1.000 0.923 1.000 1.000 1.000 1.000 0.991
2000 1.000 1.000 1.000 1.000 0.982 1.000 1.000 1.000 1.000 0.998
2001 1.000 1.000 1.000 1.000 1.043 1.000 1.000 1.000 1.000 1.005
2002 1.000 1.000 1.000 1.000 1.004 1.000 1.000 1.000 1.000 1.000
2003 1.000 1.000 1.000 1.000 0.970 1.000 1.000 1.000 1.000 0.997
2004 1.000 1.000 1.000 1.000 1.086 1.000 1.000 1.000 1.000 1.009
2005 1.000 1.000 1.000 1.000 0.901 1.000 1.000 1.000 1.000 0.988
2006 1.000 1.000 1.000 1.000 0.954 1.000 1.000 1.000 1.000 0.995
2007 1.000 1.000 1.000 1.000 0.956 1.000 1.000 1.000 1.000 0.995
2008 1.000 1.000 1.000 1.000 1.179 1.000 1.000 1.000 1.000 1.018
2009 1.000 1.000 1.000 1.000 1.033 1.000 1.000 1.000 1.000 1.004
2010 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2011 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
2012 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Average 1.000 1.000 1.004 1.000 1.008 1.000 1.000 1.000 1.000  Average

"Note that 1981 refers to the change between 1980 and 1981.
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