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Abstract. Agricultural sector can impact positively the nation’s development in terms
of job creation and food security which promote good nutrition and boost well-being
of every individual. However, in South Africa a developing country with a growing
economy, the agricultural sector is still a traditional one with limited productivity and
developments. Therefore, this study aims to analyses the impact of macroeconomic
variables towards agricultural productivity in South Africa. The study used three var-
iations of equations to acquire variety of conclusions to assist in determining which
set of macroeconomic variables have strong impact on agricultural productivity. Nine
variables were used to make the analyses of the three sets of equations and agricultural
productivity as a dependent variable appeared in all the three equations. The results
indicated that there is a long run equilibrium existing among the variables in all esti-
mated equations. Overall results demonstrate that GDP and capital formation play a
positive significant role in stimulating agricultural productivity. Furthermore, the
results suggest that there is an evidence of causality between macroeconomic variables
and agricultural productivity. In conclusion, the results suggest that for South Africa,
in order to increase agricultural productivity, policy makers should give adequate
financial support to the agricultural sector by ways of providing development skills and
funding the improvement of agricultural infrastructure. In addition, the results provide
guidance to the farmers on how various macroeconomic variables may impact produc-
tivity whether it is positive or negative.

Keywords: agricultural productivity, macroeconomic variables, VECM, South Africa.
JEL codes: B22, E23, Q1

1. INTRODUCTION

Studies carried out by a variety of neo-classical and classical scholars
revealed that agricultural sector plays a crucial role in an economy. The agri-
cultural sector’s position can therefore be shown in terms of maximizing pro-
ductivity and minimizing production costs within the sector. The sector can
thus impact positively the nation’s progression, social welfare, job creation,
and food security. Most prominently, as South Africa is a developing country

Italian Review of Agricultural Economics Vol. 74, n. 2: 3-15, 2019
ISSN 0035-6190 (print) | ISSN 2281-1559 (online) | DOI: 10.13128/rea-10849



with a growing economy, its agricultural sector needs to
be improved. DAFF! (2015) states that developing nations
across the world can focus on the sector to increase job
creation and improve economic development. This may
result from the readily available food and earnings from
foreign exchange. However, agricultural sector has cer-
tainly not been the pillar of South African economy.
Thus, this has been the reason behind the misfortunes of
this sector.

According to Cristea, Marcu, Meghisan (2015) the
poor governance and policy implementation inconsisten-
cy play a leading role to the lack of development for agri-
cultural sector. In the 21% century, the shift of agricul-
ture and agricultural productivity structure continued to
indicate an ongoing decline on agricultural productivity
by 0.19% in South Africa according to BFAP? (2011). The
slowdown of the sector’s productivity was due to the low
productivity, particularly in output of field crops which
were surpassed by development in the agricultural sec-
tor. The reality is that agricultural sector has contributed
less than 4% to the South African economy since 2004,
from its highest contribution of 21% in 1910, as stated by
the DAFF (2017).

The BFAP? (2011) states that the South African agri-
cultural growth continued to decline further in 2010
due to the slow recovery of the economy and stagnant
commodity of prices. In 2015, the agricultural produc-
tivity’s total gross value in Rand was estimated at R233
million, compared to R220 million of 2014, marking
an increase of 5.5%. The increase was mostly ascrib-
able to the growth in the value of animal products. In
2016/2017, according to DAFF (2017), agricultural pro-
ductivity registered an increase of 12.5% when com-
pared to the prior year of 2014/2015, this was ascribable
to an increase of field crops and animal products and
its share to the GDP was approximately R80 million in
2016. According to Ramali, Mahlangu and Tuit (2015),
70% of agricultural products are used as intermediate
products by other sectors of the economy. Those prod-
ucts are often partly processed, those include products
such as vegetable oils, wheat flour and soybean meal
among others. The agricultural sector is an imperative
sector and one of the engines that improves the growth
of the economy. Nonetheless, to argue that the sector is
more important than its share to the economy is under-
standable, as the sector utilized 79.8% of total land
available in the year 2014 and used almost 60% of the
water available for irrigation. According to World Bank
(2017) the sector also generated R243 million in income
and R225 million in expenditure. The sector created
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job opportunities directly and indirectly for more than
700 000 people in 2015, this was in line with the gov-
ernment New Growth Path plan to generate 5 million
vacancies not later than 2020, as indicated by Dewbre
and Cervantes-Godoy (2010). This makes agricultural
sector be one of the biggest employers among other sec-
tors of the economy.

Limited studies have been conducted relating to
this kind of study and previous empirical evidence
does not give thorough analysis on the impact of mac-
roeconomic variables on agricultural productivity in
South Africa. It is on this basis that this study fills the
gap of the previous empirical literature by adding other
key macroeconomic variables that were not included
before. Rather than focusing on environmental factors,
most of which among the limited studies in South Afri-
ca have focused on, the current study focuses on mac-
roeconomic variables. Moreover, the study attempts to
carry on an investigation by using three variations of
equations. The essence of such approach is to achieve
a robust feedback on the analysis of macroeconomic
variables to agricultural productivity. The key objec-
tive of the study is to investigate the impact of macro-
economic variables towards agricultural productivity in
South Africa. This study attempts to identify what are
macroeconomic variables determining agricultural pro-
ductivity. Therefore, this study is structured as follows:
next section examines the theoretical and empirical
literature underpinning the subject; Section 3 presents
the methodology applied in the study. Empirical find-
ings of the study are reported and discussed in section
4 while section 5 presents conclusion and policy rec-
ommendation.

2. REVIEW OF RELATED LITERATURE

The study is underpinned by several theoretical lit-
eratures. According to Solow (1956), growth account-
ing framework of neo-classical indicates that the out-
put of growth model is the sum of growth in labour
and capital accumulation growth, technological pro-
gress and productivity growth. On the other hand,
Schultz (1964) and Mellor (1966) focused on agricul-
tural development models whereby each theorist indi-
cated the types of agriculture, whether that agriculture
is traditional or technologically dynamic agriculture.
Mellor (1966) agrees with Schultz (1964) on those
development models but, comparatively, his approach
is more pragmatic and extensive in nature. Mellor
(1966) explains systematically the evolution of agricul-
ture from primitive technology to modern agricultural
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technology, whereas Schultz focused on explaining tra-
ditional agriculture.

In addition, several studies have been carried out
to investigate the impact of macroeconomic variables
towards agricultural productivity. However, contradict-
ing findings were reached based on econometric tech-
niques, data and period of study along with countries
that were studied. Many studies carried out by various
authors, i.e. Oyetade, Applanaidu, Abdul-Razak (2015),
Browson, Vincent, Emmanuel, Etim (2012), Kadir, Tung-
gal (2015), Enu, Atta-Obeng (2013) and Abba, Barro,
Mosca (2015), Bhide, Rajeev, Vani (2005), Huffman,
Evenson (2001), Wang, Heisey, Schimmelpfennig, Ball
(2015), Gil, Kaabia (2000), Dritsakis (2003), Awokuse
(2009) and Awan, Alam (2015) focused on macroeco-
nomic variables and their influence on agricultural pro-
ductivity. These studies have led to different conclusions,
mainly due to several variables utilized. Most studies
included variables such as inflation, whereby in most
studies the variable resulted to having negative impact
in relation to agriculture and its productivity in the long
run. Variables such as agricultural exports, exchange
rates, interest rates, human capital, money supply, GDP
and external debt dominated in most studies above men-
tioned. Thus, the study at hand will continue to fill the
gap of the above empirical literature by adding other key
macroeconomic variables that were not included.

In the South African context, there are nonethe-
less studies by Letsoalo and Kirsten (2003) and Kargbo
(2007) that were not mainly focused on macroeconom-
ics variables and their impact on agricultural productiv-
ity. Conversely, the work of Letsoalo and Kistern (2003)
focused on analysing macroeconomic importance of
trade policies on the South African agricultural sector.
Kargbo (2007), on the other hand, focused on the effect
of macroeconomic factors on the South African agricul-
ture. Therefore, it is necessary that this study takes place,
as there is insufficient empirical literature for South
Africa that focuses on the topic at hand. Furthermore,
this study employs a variation of equations unlike the
previous studies. The study does confirm the importance
to refocus on agricultural productivity since this sector
affects every individual and other economic sectors in
different ways. The empirical literature shows that mac-
roeconomic variables can have either negative or positive
relationship towards agricultural productivity depending
on estimation approach of each study. The literature that
was reviewed has also pointed out that agricultural pro-
ductivity mostly increases in developed countries com-
pared to developing countries, as stated by Ramabali et
al., (2011). The following section discusses the methodol-
ogy of this study.

3. RESEARCH METHODOLOGY
3.1. Model specification

The study modifies and adopts the model by Kadir
and Tunggal (2015) by using three variations of equa-
tions. Agricultural productivity is a function of selected
macroeconomic variables among the three equations. It
also takes into consideration the study by Bentivoglio,
Finco and Bucci (2018), Eita and Jordaan (2013) who
applied similar econometric technique (Johansen coin-
tegration and granger causality). These studies indicate
that the Johansen approach is more powerful than the
Engle-Granger. Therefore, the following equations are
presented:

AGRI, = By+B,GDP +f3,GE+B;GCF+B,RINT+y, 1)
AGRI, = By+B,GDP +3,GE+B;GCF+B,REER+B;AX+y, (2)
AGRI, = By+B,GDP+3,GE+B;M2+B,REER+B:AX+y,  (3)

Where S, is the intercept and f,,5,,8:405 are
explanatory variables coefficients and y, is the error
term. AGRI: Agricultural productivity, GDP: Gross
Domestic Product, GE: Government Expenditure, GCF:
Gross Capital Formation, M2: Money Supply, RINT:
Real Interest Rate, REER: Real Effective Exchange
Rate, CPI: Consumer Price Index and AX: Agricultural
exports. Certain variables are therefore converted into
logarithms to obtain the elasticity of coefficients and
remove the outlier effect. In terms of log linear form, the
functions are as follows:

LAGRI, = 3+, LGDP+,GE+fB;LGCF+f,RINT+y, 1)

LAGRI, = By+,LGDP,+3,GE+B,LGCF+p,REER+
BsLAX+u, )

LAGRI, = By+B,LGDP,+B,GE+B,LM2+B,REER+
BsLAX+p, 3)

Where LGDP is log of gross domestic product,
LGCEF is log of gross capital formation, LAX is log of
agricultural exports, LAGRI log of agricultural produc-
tivity and LM2 is log of money supply.

3.2. Study area and data source
The study used annual time series data for the peri-

od 1975 t02016 in order to analyses the impact of mac-
roeconomic variables towards agricultural productiv-
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Variables Indicator name Measurement Source of dataset
AGRI Agricultural productivity % of GDP World Bank & DAFF
AX Agricultural exports Rand value WTO

REER Real effective exchange rate Rand currency Quantec

GCF Gross capital formation % of GDP Quantec

GDP Gross domestic product % of GDP Quantec

GE Government expenditure % of GDP Quantec

INT Real interest rate Annual % World Bank

CPI Consumer price index Annual % World Bank

M2 Money supply Rand value Quantec

ity in South Africa. The data used was online sourced
from Quantec, World Trade Organization, World Bank
and Department of Forestry and Fisheries. The data
covered a variety of macroeconomic variables such
as gross domestic product, government expenditure,
gross capital formation, consumer price index, agricul-
tural exports, real effective exchange rate, real interest
and money supply along with agricultural productivity.
Table 1 summaries the description of the variables used
in the study.

The data is firstly tested for stationarity based on
the test of Dickey and Fuller (1979) and Phillips-Perron
(1986). In order to test for cointegration, the Johansen
(1991-1995) cointegration technique is applied using two
statistics tests. These are the value of likelihood ratio test
based on the trace value of the stochastic matrix and
maximum Eigen-value. The likelihood ratio is used to
test Johansen cointegration. Up to (r-1) co-integrating
relationships may exist between a set of r variables. The
Johansen statistic is also adopted to resolve the issue of
endogeneity of explanatory variables by allowing error
correction model with lag restrictions. It is chosen as it
can test multiple cointegration vectors (Bentivoglio et
al., 2018). The VECM is used to determine the long run
and short run determinants of the dependent variable in
the model. The Johansen technique envisages therefore
the following steps: Firstly, all variables have to be inte-
grated in the same order before moving to the cointegra-
tion test. Secondly, the correct lag length of the model
has to be determined. Furthermore, this step envisages
the estimation of the model and the determination of
the rank of II. Lastly, after ascertaining the existence of
co-integrating relationship, the vector error correction
model is estimated to test dynamics of the short run.
The Johansen approach considers the starting point of
VAR of order P by the following:

Y, =AY+ ALY Bt @)

Therefore, to apply the Johansen test, VAR needs to
be transformed into VECM model and be written as:

p,
AY, =T1Y,,+ )" [iAY,_ +PBx, +e€, ®)
Where
P
_ - NP .
H—ZAz land I'i 2, i+14j )

i=1

If the coefficient matrix IT has reduced rank r < k
then there exists k x matrices a and P each with rank r
such that 7=af’ and 'Y, is I(0). R is the number of coin-
tegrating relationships, the elements of a are known as
the adjustment parameters in the vector error correction
model and each column of B is a cointegrating vector.
It can be shown that for a given r, the maximum likeli-
hood estimator of p defines the combination of Y, that
yields the r largest canonical correlations of AY, with Y,
after correcting for lagged differences and deterministic
variables when present. The above process determines
the number of co-integrating vectors. Thereafter causal-
ity test on the VECM is applied to identify a structural
model and determine whether the estimated model is
reasonable. Diagnostic tests were conducted afterwards
to test the stochastic properties of the models, and all
the models pass the basic tests. Lastly the granger cau-
sality test was employed.

4. EMPIRICAL RESULTS

Table 2 presents the descriptive statistics for the var-
iables employed in the study. The results show that, on
average, the variables of the study are AGRI 1.38, AX
21.78, REER 4.68, GCF 3.04, GDP 37.62, GE 2.87, RINT
3.74, CPI 54.34 and M2 26.14. Overall GE is the variable
with the lowest mean value.
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Tab. 2. Descriptive statistics for variables under study.

AGRI AX REER GCF GDP GE RINT CPI M2
Mean 1.387 21.787 4.682 3.045 37.620 2.872 3.746 54.346 26.141
Median 1.373 21.634 4.672 3.000 37.707 2921 3.848 45.366 26.319
Maximum 2.035 23.155 5.128 3.530 38.275 3.030 13.012 138.90 28.312
Minimum 0.844 18.643 4.241 2.719 32.976 2.555 -12.315 3.427 23.103
Std.Dev. 0.350 0.833 0.236 0.210 0.892 0.143 4.345 44.067 1.709
Skewness 0.055 -0.817 0.135 0.717 -3.987 -1.119 -0.895 0.520 -0.295
Kurtosis 1.871 6.292 2.171 2.598 20.092 2.934 6.571 1.979 1.793
Jarque-Bera 2.249 23.080 1.330 3.883 622.54 8.778 26.590 3.716 3.159
Probability 0.325 0.000 0.514 0.144 0.000 0.012 0.000 0.156 0.206
Sum 58.20 893.30 196.6 127.9 1580.0 120.64 149.85 2282.5 1097.9
Sum Sq.Dev 5.02 27.75 2.28 1.81 32.63 0.84 736.34 7967.4 119.71
Observation 42 42 42 42 42 42 42 42 42

4.1. Unit root test results

Often macroeconomics time series data are gener-
ally characterized by a stochastic trend which can be
eliminated by differencing the series. Firstly, in Johansen
procedure, time series data are tested for stationarity of
all variables. Hence this part of the study examines the
order of integration by applying two formal tests namely
Augmented Dickey Fuller and Phillips-Perron. Table 3
and 4 disclose the results of ADF and PP unit root tests.

Johansen cointegration requires a preliminary test to
be done to ensure that variables are integrated in the same
order. The unit root test for all variables used was applied
and the results are shown in Table 3 above which includes
Augmented Dickey Fuller and table 4 which consists of
Phillips-Perron test. The analysis from the ADF indicates
that in levels majority of the variables were not stationary
however after first difference all the variables became sta-
tionary. Similar goes to the PP test whereby in levels the
variables were non stationary and, after having firstly dif-
ferencing them, the variables became stationary. Overall it
can be concluded that orders of integration for all series
in ADF and PP are in mixed order as they are integrated
of order zero and order one.

4.2. Lag length criterion

After determining that most of the variables are
integrated of order one, it is part of the process to deter-
mine whether there is existence of long run relationship
among agricultural productivity and macroeconomic
variables. Before carrying out the cointegration test, the
Johansen procedure requires that lag length is deter-
mined. Therefore, the Table 5 shows different criterions
to determine the lag length.

Table 5 confirms the criteria selected for equation (4)
which chooses lag length 2 and for equation (5) the lag
length selected is 1 and lastly lag length 2 is selected for
equation (6). Thus, the Johansen cointegration test is con-
ducted using the lag length selected for each equation.

4.3. Long run cointegration results

The second step of the analysis is to identify the
presence of cointegration among variables using the
Johansen (1991) cointegration technique after the series
has been integrated. The purpose of performing this
cointegration test in the study is to determine existence
of the long run relationship between macroeconomic
variables and agricultural productivity. Table 6 shows
the results of Johansen cointegration test.

The results of both trace and maximum eigenvalue
statistics tests are reported in Table 6 for all equations.
Equation (4) includes variables such as LAGRI, LGDP,
LGCF, GE and RINT. The trace and maximum eigen-
value statistics results of equation (4) highlight that
there is at least one co-integrating vector that exists at
5% level of significant. The null hypothesis of no coin-
tegrating vectors is rejected since the trace statistics
of 93.444 is greater than 5% critical value of 88.803.
Equation (5) is represented by LAGRI, LAX, REER,
LGCF, GE and LGDP and RINT as variables, in both
trace and maximum eigenvalue statistics tests it indi-
cated two cointegrating vectors. The results show that
they are significant at 5% level. LAGRI, CPI, LGDP,
GE, REER and LM2 for equation (6) shows that trace
test reflects to be having two cointegrating vectors at
5% level of significant similar to equation (5), how-
ever equation (4) indicated 1 cointegrating vector for
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Tab. 3. Unit root results for Augmented Dickey Fuller test.

ADF
Variables Formula
Levels 5% Critical value 1°t difference 5% Critical value
AGRI Intercept -1.312 -2.935 -5.368** -2.943
Trend & intercept -5.079** -3.533 -5.293** -3.524
AX Intercept 4451+ 2,937 -14.923** -2.939
Trend & intercept -7.008** -3.527 -14.364** -3.530
REER Intercept -1.191 -2.935 -5.431% -2.937
Trend & intercept -3.823** -3.527 -5.364** -3.527
GCE Intercept -2.383 -2.935 -6.447%* -2.937
Trend & intercept -2.085 -3.524 -6.520%* -3.527
GDP Intercept -5.173% -2.935 7.315% -2.939
Trend & intercept -6.845%* -3.524 -7.219%* -3.530
GE Intercept -1.875 -2.935 -6.905** -2.937
Trend & intercept -2.026 -3.524 -6.937%* -3.527
RINT Intercept -3.324** -2.939 -6.698** -2.943
Trend & intercept -3.466 -3.530 -6.621** -3.537
CPI Intercept -4.926** -2.935 -3.528** -2.937
Trend & intercept 0.120 -3.524 -5.291%* -3.527
M2 Intercept -2.521 -2.937 -2.906 -2.937
Trend & intercept 0.996 -3.530 -3.968** -3.527
Notes: Reported values under levels and first difference are ADF t-statistics values.
* Statistically significant at 1% level.
** Statistically significant at 5% level.
*** Statistically significant at 10% level.
Tab. 4. Unit root for Phillips- Perron test.
PP
Variable Formula
Levels 5% Critical value 1°t difference 5% Critical value
AGRI Intercept 1.275 -2.935 -11.006** -2.937
Trend & intercept -3.746** -3.524 -10.740** -3.527
AX Intercept -3.993** -2.937 -15.064** -2.939
Trend & intercept -6.096** -3.527 -14.364** -3.530
REER Intercept -0.973 -2.935 -5.905** -2.939
Trend & intercept -3.059 -3.524 -5.735%* -3.527
GCF Intercept -2.371 -2.935 -6.551** -2.937
Trend & intercept -2.025 -3.524 -7.520%* -3.527
GDP Intercept -5.177** -2.935 -24.180** -2.937
Trend & intercept -6.918** -3.524 -25.654** -3.527
GE Intercept -1.911 -2.935 -6.905** -2.937
Trend & intercept -1.996 -3.524 -7.018** -3.527
RINT Intercept -3.322%* -2.939 -8.599** -2.941
Trend & intercept -3.496 -3.530 -8.513** -3.533
CPI Intercept -4.346** -2.935 -3.444** -2.937
Trend & intercept 0.038 -3.524 -5.266** -3.527
M2 Intercept -2.919 -2.935 -2.864 -2.937
Trend & intercept 1.956 -3.524 -3.701** -3.527

Notes: Reported values under levels and first difference are ADF t-statistics values.
* Statistically significant at 1% level.

** Statistically significant at 5% level.

*** Statistically significant at 10% level.
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Tab. 5. Lag length criterion.

Equation Lag LogL LR FPE AIC SC HQ

1 20.934 NA 8.64e-07* 0.220% 2.883 1.473

4 2 36.945 23.368 1.49¢-06 0.706 1.308* 0.603*
3 54.318 20.660 2.69e-06 1.118 4.383 2.269
1 25.925 NA 6.96e-08* 0.530% 2.082% 1.082*

5 2 51.868 35.501 1.33e-07 1.060 4.162 2.164
3 81.102 30.773 2.72e-07 1.416 6.070 3.072
1 87.667 NA 2.89e-09 -2.650 -1.140* -2.099*

6 2 132.349 61.867* 2.06e-09* -3.095* -0.024 -1.992
3 165.607 35.817 3.30e-09 -2.954 1.653 -1.301

Notes: * indicates lag order selected by the criterion; LR: sequential modified LR test statistic (each test at 5% level); FPE: Final prediction
error; AIC: Akaike information criterion; SC: Schwarz information criterion; HQ: Hannan-Quinn information criterion.

Tab. 6. Unrestricted cointegration rank tests results.

Trace Statistics Maximum statistics Eigenvalue

Equation Hypothesis Eigenvalue . .

Number of CE Tr.ac<.e 0.05 critical value Max1mum. el.genvalue 0.05 critical value

Statistics Statistics

None 0.647 93.445%* 88.804 38.517** 38.331

At most 1 0.390 54.927 63.876 18.319 32.118
4 At most 2 0.361 36.608 42915 16.568 25.823

At most 3 0.268 20.041 25.872 11.555 19.387

At most 4 0.205 8.486 12.518 8.486 12,518

Trace test indicates 1 cointegrating equation(s) at the 0.05 level.
Max-eigenvalue test indicates 1 cointegrating equation(s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level.

None 0.684 137.736** 117.708 44.902%* 44.497
At most 1 0.644 92.833** 88.804 40.279** 38.331
5 At most 2 0.440 52.554 63.876 22.641 32.118
At most 3 0.309 29.912 42.915 14.419 25.823
At most 4 0.205 16.493 25.872 8.938 19.387
At most 5 0.155 6.555 12.518 6.555 12.518
Trace test indicates 2 cointegrating equation(s) at the 0.05 level.
Max-eigenvalue test indicates 2 cointegrating equation(s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level.
None 0.832 161.428** 117.708 69.560** 44.497
At most 1 0.578 91.868** 88.804 33.602 38.331
6 At most 2 0.523 58.266 63.876 28.885 32.118
At most 3 0.307 29.380 42.915 14.322 25.823
At most 4 0.234 15.058 25.872 10.419 19.387
At most 5 0.112 4.638 12.518 4.638 12.518

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level.
Max-eigenvalue test indicates 1 cointegrating equation(s) at the 0.05 level.
* denotes rejection of the hypothesis at the 0.05 level.

trace test. This kind of results for equation (6) has long run relationship between agricultural productivity
been influenced by CPI and LM2 whereas in equation = and macroeconomic variables.

(4) and equation (5) those two variables do not exist.

Therefore, the study concludes that there is significant
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4.4. Vector Error Correction Model

In this study the dynamics of agricultural produc-
tivity in the short run are investigated and their adjust-
ment speed parameter. Also, how agricultural produc-
tivity responds to long-run equilibrium after random
shock using the Vector Error Correction Model. Table 7
includes the long run parameters while Table 8 includes
short run parameters.

Table 7 represents long run parameters; those esti-
mated parameters do determine whether there is positive
or negative relationship existing between macroeconomic
variables and agricultural productivity. For equation (4),
it shows that in a long run 1% increase in LGDP leads to
0.084 increase in agricultural productivity. In terms of
GE a 1% increase will lead to a 1.212 increase in agricul-
tural productivity. Also, an increase of 1% in LGCF will
lead to a 0.475 increase in agricultural productivity. Last-
ly, a 1% increase in RINT will lead to 0.004 increase in
agricultural productivity. In the long run all the variables
of this model show a positive relationship with agricul-
tural productivity. A 1% increase in LGDP for equation
(5) will lead to -0.029 decrease in agricultural productiv-
ity. Also 1% increase in GCF will lead to -0.147 decrease

Tab. 7. Long run parameter results.

Equation 4 Equation 5 Equation 6
ORDER Coeflicient Coeflicient Coeflicient
CONSTANT 5.92 2.034 37.81
0.038 0.031 0.059
TREND (11.352)* (6.676)* (3.887)*
VARIABLES
0.084 -0.029 0.386
LGDP (2.258)* (-1.547) (7.996)*
GE 1.212 0.134 3.364
(3.326)* (0.613) (6.598)*
0.475 -0.147
GCF (2.621)* (-1.127) )
0.004
RINT (0.862) i i
0.835
LM2 i i (4.168)*
-0.004
LREER - - (-2.798)*
-1.452
CPI ) i (-5.880)*
0.055
Lax ) (0.921) )

Notes: Values in brackets are t-statistics.
* Statistically significant at 1% level.

** Statistically significant at 5% level.
% Statistically significant at 10% level.
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in agricultural productivity. This indicates that LGDP
and LGCF have a negative relationship with agricultural
productivity in the long run. Whilst, on the other hand,
1% increase in GE will lead to a 0.134 increase in agri-
cultural productivity. Furthermore, a 1% increase in LAX
will lead to 0.055 increase in agricultural productivity.

In equation (5), since there was existence of more
than one cointegrating vectors, it is not rational to take
those unrestricted estimates of the vectors directly, as
they are for long run parameter estimates. Thus, it is
important that restrictions are imposed on the two vec-
tors to obtain structural relationship among the vari-
ables. Therefore, the two cointegrating vectors that were
established are shown in the following equation:

[ o, 0, | [ rAGRI_, |
o, 0 | | REER,
a, 0 108, B, By B, LAX,,
Oz, | @, 0, 018, B, B, B, LGCE_, | (10)
o O, LGDP,_,
o 0, | | GE,
Constant

In the first cointegrating vector, long run zero
restriction was imposed on real effective exchange rate
as it is a dependent variable in the second cointegrating
vector. Also, zero restriction were imposing on agricul-
tural productivity as it is dependent variable in the first
cointegrating vector. The restrictions imposed do indi-
cate that real effective exchange rate does not play an
important role in determining agricultural productiv-
ity in South Africa. This implies that the study can have
agricultural productivity equation without real effec-
tive exchange rate. In second equation we can have real
effective exchange rate equation without agricultural
productivity. The first long-run cointegration vector
equation can be written as:

LAGRI= 0.649LAX+3.065 LGCF+1.469LGDP+
4.890GE-99.873 (11)
In the long run a 1% increase in LAX increases
agricultural productivity by 0.649. An increase of 1% in
LGCF will lead to an increase of agricultural productiv-
ity by 3.065% and an increase by 1% in LGDP will lead
to an increase of 1.469 towards agricultural productiv-
ity. Lastly, a 1% increase in GE will lead to an increase of
4.890 of agricultural productivity. Second long run coin-
tegrating vector is presented by the equation below:

REER=2.708LAX-0.825LGCF+0.970LGDP+

10.445GE-73.228 (12)
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The results of the second cointegration show that a 1%
increase in LAX will lead to 2.708 increase in real effective
exchange rate. LGCF has a negative impact on real effec-
tive exchange rate by -0.825. The 1% increase in GDP will
lead to an increase of 0.970 towards real effective exchange
rate. Lastly a 1% increase in GE will lead to increase of
10.445 of real effective exchange rate. However, it should
be noted that the second cointegrating vector interpreta-
tion is not the interest of the study but was interpreted on
the basis of econometrics purpose. Nonetheless, the first
cointegrating equation results are of interest of this study.

Finally, equation (6) indicates that a 1% increase in
LGDP will lead to 0.386 increase in agricultural produc-
tivity. Moreover a 1% increase in GE will lead to 3.364
increase in agricultural productivity in the long run. An
increase of 1% in LM2 indicates an increase in 0.835 in
agricultural productivity. However, with 1% increase in
REER, agricultural productivity decreases by approxi-
mately -0.004, despite that, it resulted to be statistically
significant. The equation reflects that CPI has a nega-
tive long run relationship with agricultural productiv-
ity. Consequently, the results suggest that a 1% increase
in CPI decreases agricultural productivity by -1.452. The
CPI indicates that it is statistically significant along with
LGDP, GE and LM2.

Tab. 8. Short run parameters results.

owm el s S
ECT (osotr  Caasy (2508
VARIABLES

DA.GDP) @2y aser ety
D(GE) <1313§§> (g:ggg) (?:(1)(5)2)
D(GCF) azer  (osld :
D(RINT) (g:ggg) - -
D(LM2) : : (8322)
D(REER) ) (Zi%?* (117..278681)
D(CP - - Cos0n
DLAX) : Co210) :

Notes: Values in brackets are t-statistics.
* Statistically significant at 1% level.

** Statistically significant at 5% level.
% Statistically significant at 10% level.

VECM results in Table 8 are presented to capture
the short run dynamics in agricultural productivity
equation and to determine the speed of adjustment. The
results for equation (4) point out that the speed adjust-
ment is approximately 46.6%. This implies that, if there
is any deviation from equilibrium, only 46.6% of agri-
cultural productivity is corrected in a single year as the
variable moves towards restoring equilibrium. Equation
(5) shows that the speed of adjustment is 88.3% whereas
only that percentage can be corrected in one year. The
ECT is also statistically significant at 1% level. Further-
more equation (5) imposed restrictions also in the short
run since there was existence of two cointegrating vec-
tors. Therefore, the exogeneity test results are presented
in the table below which shows speed adjustment in long
run equilibrium.

In Table 9, the exogeneity shows LR of 0.474 and
probability of 0.490 which indicate that the equations
are well specified. The error correction term of first coin-
tegrating equation is negative with coefficient of -0.030
and t-statistics of -2.652 which is statistically signifi-
cant. This implies that 3.0% of gap between agricultural
productivity and equilibrium is eliminated every year.
In the second cointegrating equation the error correc-
tion term in 0.032 and its t-statistics is 2.996, implying
that 3.2% is adjusted in one year. The restrictions are
imposed on real effective exchange rate and agricultur-
al exports in cointegrating equation (10). This indicates
that the study of agricultural productivity can func-
tion without those two variables. The coefficient of error
term in equation (6) is found to be negative but statis-
tically significant at 1% level. Approximately 24.3% of
long-run disequilibrium is adjusted from lagged period

Tab. 9. Exogeneity test for Equation 10.

Cointegrating Cointegrating
equation 1 equation 2

ECT 26 5%
DLREER 6196 o)

DAY 0659 o)

s
D(LGDP) (459 (6019)
D(GE) o478 (0270)

LR test for binding restrictions (rank=2): X? = 0.474.
Probability = 0.490.
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Tab. 10. Granger causality results.

Christinah Setshedi, Teboho Jeremiah Mosikari

Equation Null hypothesis Obs Chi-Sq Prob
4 Dlog_GDP does not granger cause Dlog_AGRI 37 5.374 0.068
Dlog_AGRI does not granger cause Dlog GDP 37 7.734 0.021**
Dlog_GCF does not granger cause Dlog_ AGRI 37 5.055 0.082
Dlog_AGRI does not granger cause Dlog_GCF 37 2.091 0.352
Dlog_GE does not granger cause Dlog AGRI 37 13.323 0.001**
Dlog_AGRI does not granger cause Dlog_GE 37 0.539 0.764
Dlog_RINT does not granger cause Dlog_ AGRI 37 5.048 0.080
Dlog_AGRI does not granger cause Dlog RINT 37 0.615 0.735
5 Dlog_REER does not granger cause Dlog_AGRI 39 0.119 0.730
Dlog_AGRI does not granger cause Dlog _REER 39 0.647 0.421
Dlog_AX does not granger cause Dlog _ AGRI 39 2.901 0.089
Dlog_AGRI does not granger cause Dlog AX 39 0.899 0.343
Dlog_GCF does not granger cause Dlog _AGRI 39 0.177 0.674
Dlog_AGRI does not granger cause Dlog _ GCF 39 1.070 0.301
Dlog_GDP does not granger cause Dlog _AGRI 39 0.116 0.733
Dlog_AGRI does not granger cause Dlog _GDP 39 1.070 0.301
Dlog_GE does not granger cause Dlog _AGRI 39 4.289 0.038**
Dlog_REER does not granger cause Dlog _GE 39 0.096 0.757
6 Dlog_CPI does not granger cause Dlog_AGRI 39 7.138 0.028**
Dlog_AGRI does not granger cause Dlog_CPI 39 0.006 0.998
Dlog_GDP does not granger cause Dlog_AGRI 39 9.755 0.008**
Dlog_AGRI does not granger cause Dlog GDP 39 5.703 0.058
Dlog_GE does not granger cause Dlog_AGRI 39 18.103 0.000%*
Dlog_AGRI does not granger cause Dlog_GE 39 1.118 0.572
Dlog_M2 does not granger cause Dlog_AGRI 39 1.398 0.497
Dlog_AGRI does not granger cause Dlog_M2 39 5.663 0.059
Dlog_REER does not granger cause Dlog_AGRI 39 2.078 0.354
Dlog_AGRI does not granger cause Dlog REER 39 1.961 0.375

Notes: Granger cause if P< 0.05.

* Statistically significant at 1% level.

** Statistically significant at 5% level.
*** Statistically significant at 10% level.

error shock. The diagnostic checks for the study were
performed to the agricultural productivity models to
validate the evaluation of parameter outcomes achieved
by the three equations. In most of the checks the mod-
els have satisfied all the assumptions of linear model-
ling. Thus, after validating the parameters outcomes
for the equations granger causality test is determined.
According to Granger (1969) the test gives direction of
casual association among the variables and it establishes
directional causality between the two variables. Table 10
below gives an indication of causality results among the
variables from equation (4), (5) and (6).

As stated by Erjavec and Cota (2003), if common
trend exists between two variables then causality should
exist in, at least, one direction. Therefore, after conduct-

ing the granger causality test in all three equations, the
results show that government expenditure in all esti-
mations granger causing agricultural productivity. It
indicates that it is the most influential macroeconomic
variable towards agricultural productivity. Following is
gross domestic product in equation (4) and equation (6)
whereas in equation (4) agricultural productivity granger
causes gross domestic product and equation (6) is vice
versa, where gross domestic product granger causes agri-
cultural productivity. In equation (6) consumer price
index granger causes agricultural productivity however
the remaining variables do not have any casual relation
with agricultural productivity. Overall, granger causal-
ity test results indicate that there is significant impact of
macroeconomics variables towards agricultural produc-
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tivity and vice versa. In summary, some of causalities
in this study are similar to those of Kadir and Tunggal
(2015).

5. CONCLUSION AND RECOMMENDATIONS

The purpose of this study was to investigate the
impact of macroeconomic variables towards agricul-
tural productivity in South Africa. On the estimation
technique, the study employed VECM procedures for
the period covering 1975 to 2016 using annual data. The
results of Johansen cointegration show that there is long
run relationship existing among variables within the
three equations estimated. Furthermore, results from
VECM indicated a positive relationship between most of
macroeconomic variables and agricultural productivity,
thus showing that an increase in GE, LGCF, LAX, LGDP
and LM2 will lead to a certain increase of agricultural
productivity.

The study has also determined the speed of adjust-
ment for each estimated model, showing the correct
expected signs. The equation (4) revealed a 46.6% con-
vergence towards equilibrium in the long run compared
to equation (5) of 88.3% and equation (5) of 24.3%. This
concluded that equation (6) has the lowest speed of
adjustment compared to other equations. Furthermore,
the study applied granger causality and it was found that
there is causality existing between macroeconomic vari-
ables and agricultural productivity in South Africa. It is
on this base that the study recommends that government
spend more on agricultural sector so that the sector can
be able to acquire advanced machineries to increase its
productivity. Also, policy makers should encourage the
use of those machineries for the sector to maximize
their production. As per estimation of results, the more
productivity of the agricultural sector the more prod-
ucts can be exported to other countries, leading to an
increase of foreign earnings. Moreover, increased capital
formation through investment on labor, land and other
agricultural machineries will tend to increase productiv-
ity, as it will enable farmers to use resources efficiently.
Policy makers should also ensure sufficient financial
support from both private and public sector as it can
guarantee maximum productivity and development of
the agricultural sector. This study could not focus on
all aspects impacting agricultural productivity in South
Africa. For example, it investigated only certain key
macroeconomic variables, rather than the environmen-
tal factors such as land, climate, soil and water which
also have an impact on the productivity of agriculture.
Due to the lack of sufficient and consistent available data

some of the macroeconomic variables were not includ-
ed in the study, however for future studies, when data
become available some environmental variables which
were left out in the study may be incorporated.
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