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ABSTRACT

Oilseeds are the most important agricultural commodities in the world. Most of the
Ethiopian economy depends on agriculture, especially oilseeds. This study was employed to
model the production, export, and domestic price of oilseeds from the period of January 2002 to
December 2016 monthly data obtained from CSA and NBE by using reviews software. The paper
analysis used the Multivariate Time Series VAR model Analysis on the Production, Domestic,
and Export Price of Oilseeds in Ethiopia. After the estimation of the VAR (P), normality,
Granger Causality, Impulse response function, cross-correlation, and Forecast error
decomposition are tested. There is a strong correlation among production, domestic, and export
prices of oilseeds which gives good evidence to use the VAR model and there is a long-run
relationship among them. The export price of Ethiopia's oilseeds is affected by its lags, GDP, lag
of production of this crop, exchange rate, and price of fuel oil. Exchange rate, lag of the export
price, and production of oilseeds and its lags affect the domestic price of oilseeds. Production of
oilseeds affected by its own first two lags and GDP. The Granger causality test implies that the
production of oilseeds provides important information to forecast the future value of the
domestic price of oilseeds. From Impulse Response Function, one positive shock to production,
export, and domestic price of oilseeds leads to a negative or positive response from production,
export, and domestic price of oilseeds in lower lags but converge to zero in higher lags. While
the shock of product from its production oilseeds continuous positive responses in lower and
higher lags of the time horizons. The variance of production, domestic, and export price of
oilseeds accounts for almost all fluctuation of its own in the short and long run. Thus, the
concerned bodies should give attention to the factors that affect the domestic price, export of
rice, and production of oilseeds in Ethiopia during policy formulation.
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NBE: the National Bank of Ethiopia CSA central statistical agency
ARCH: Autoregressive Conditional Heteroskedasticity

ARIMA: Autoregressive Integrated Moving Average

GARCH: Generalized Autoregressive Conditional Heteroskedasticity
GED: General Error Distribution
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BACKGROUND

Oilseeds are the most important agricultural commodities in the world. From 1998 to 2002,
the average world oilseed production was 312 million metric tons per year. Oilseeds
Consumption was found to be the most elastic to both price and production (Mattson et al.,
2004). About 60% of the world's sesame production was from Myanmar, India, China, Ethiopia,
and Nigeria during 2011 and Ethiopia is among the top 5 world's producers of a sesame seed,
linseed, and Niger seed (Ayana, 2015). The country produces different types of oilseeds varieties
such as sesame seed, linseed, Niger seed, sunflower seed, soybeans, cottonseed, and rapeseed.
From these, sesame seed, linseed, and Niger seed are the major export crops (Yifru, 2015).

The Ethiopian oilseed sector has several strengths like a large diversity of high-value
oilseeds crops, significant world production in sesame seed, linseed, and noug. However, it has a
weak side like lacking sufficient international market orientation, high transaction costs due to a
large number of chain actors, and weak farm production (Wijnands et al., 2009).

Ethiopia's oilseed sector plays a very important economic role in generating foreign
exchange earnings and income for the country. One-fifth of Ethiopia's total export earnings are
generated from oilseeds exports, with sesame being the second-largest export revenue after
coffee. The higher prices at several markets are indeed challenging. As Ethiopia is the 5™ world
producer of linseed, export opportunities should be further explored. Niger seed exports account
for a third of Ethiopia's American exports (Wijnands et al., 2007). The study of (Kefyalew, 2012)
was focused on the production-related problem of this crop, but they couldn’t see the export and
domestic price of the crop. Also (Sebsib & Emmanuel, 2018) studies export price volatility of
Sesame only, ignoring domestic price and production of oilseeds. But, the interdependence
among the production, domestic price, and export price of oilseeds was not yet investigated.

Generally, this study explores the relationship between production, domestic price, and
export price of oilseeds in Ethiopia from January 2002 to December 2016 by using vector
autoregressive time series analysis. More specifically to fit appropriate multivariate time series
model, to examine the extent of their relation, to identify the factors that have a significant effect.

METHODS
Data for the Study

In this study, we have considered secondary data on annual production, monthly domestic
and export price of oilseeds, monthly Exchange rate, monthly inflation rate, monthly fuel oil
price, and annual GDP in Ethiopia. All these data were from CSA and the National Bank of
Ethiopia (NBE) over the period from January 2002 to December 2016. The data we get for
production and GDP are annual but in this study, it converts to monthly data by using views
software.

Variables Considered in the Study

In this study export price, domestic price, and production of oilseeds are considered as
dependent variables or endogenous variables.
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Y; = Export price of oilseeds;
Endogenous variables are§ Y, = Domestic price of oilseeds;
Y; = Production of oilseeds.

The Lag of endogenous variables can also be independent variables like export price,
domestic price, and production of oilseeds, and all the exogenous variables such as inflation rate,
exchange rate, price of fuel oil, and GDP are considered as independent variables. An inflation
rate is a rate at which prices increase over time and resulting in a fall in the purchasing value of
money, a higher inflation rate is not good for the economy. Also, the exchange rate is defined as
the conversion of one currency to another, in this study exchange rate is the conversion of the US
dollar to ETB. The total value of everything produced by all the companies and people in the
country is measured by GDP.

Data Analysis

In this, the study multivariate time series model is appropriate to analyze the
interdependence between production, domestic price, and export price of oilseeds. VAR model is
a specific subset of multivariate modeling.

Vector Autoregressive (VAR) Models

VAR model was introduced by (Sims, 1980) as a technique that could be used by macro-
economists to characterize the joint dynamic behavior of a collection of variables without
requiring strong restrictions of the kind needed to identify underlying structural parameters.
Since this paper concerns the relationship between the production of oilseeds, domestic and
export price of oilseeds multivariate time series is appropriate instead of univariate time series.

The VAR model is particularly important since viewed as a system of reduced-form
equations in which each of the endogenous variables is regressed on its own lagged values and
the lagged values of all other variables in the system (Gujarati, 2004).

VAR model consists of a set of 7 variables from which 3 variables are endogenous and the
remaining 4 are exogenous variables. Y; = (Y, Y5, Y5;:)' be 3-dimensional endogenous variables
and (X;, X,, X3, X,)' be exogenous variables, observed at time t = 1,2,3,...,T months and
defined with order p as shown in Equation 1.

4 q
Yt =w+ ZAL Yt—i+ Zﬁ]Xt‘l'Ut (1)
i=1 j=1

Wherew = (wq, w5, ws, ..., wg)', is a 3-dimensional constant vector, the A; and B; are
3 x 3 and 3x4 coefficient matrices respectively fori =1, 2,3, ...,p. X;is4x1 matrices and Y; is
3x1 dimensional Gaussian process with E(u;) =0 and time-invariant positive definite
covariance matrix E(usu;) = Y u (Tsay,2013). In this case Y; indicates export price of oil
seeds, domestic price of oil seeds and production of oil seeds, observed from 2002 to 2016 and
i indicates the order of integration up to p.

In the VAR process, each of the time-series data under study should be stationary. That is,
there is a need to test for stationary of the series, which is also called the unit root test. An
information criterion is used to find the model that fits the data well from a group of models.
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Three criteria functions are commonly used to determine VAR order. Under the normality
assumption, these three criteria for a VAR(l) model are: AIC, the Akaike information criterion
proposed by (Akaike, 1981), BIC stands for Bayesian information criterion (Schwarz, 1978) and
HQ(1) is proposed by (Hannan & Quinn, 1979).

The additional test of after the estimation of the VAR(P), Granger Causality, cross
correlation, normality and Heteroskedasticity is checked.

In forecasting the estimated VAR model, an impulse response function was used to see the
effect of a one-time shock to one of the innovations on current and future values of the
endogenous variables through the dynamic lag structure of the VAR model estimation. Also, the
variance decomposition method was applied to measure the percentage of the forecast error
variances at various forecast horizons that are attributable to each of the individual shocks.

Co-Integration Test

After testing the stationary of the variables and selection of the VAR order it is important
to know the order of integration before discussing the existence of a relationship among variables
either in the short or long term. The likelihood ratio (LR) test and the trace test are the best-
known approaches to co-integration tests for VAR models (Johansen, 1991). Consider the
extended Gaussian VAR (p) model with a trend component in Equation 2 given by

p—1

Yi = we + BY—y + Z d’j AY—jy + & (2)
j=1

Wherew; = wy + wq; IS a deterministic term and g is the matrix that plays the most
important role in the co-integration study.

A Vector Autoregression (VAR) model expresses each variable as a linear function of its
past values, the past values of all other variables that are considered in the study, and a serially
uncorrelated error term.

Granger Causality Test

In multivariate time series analysis, it is important to know which variable causes another
variable by using a causality test. Granger causality is a technique for determining whether one
series is useful in forecasting another. A variable Y is causal for another variable X if knowledge
of the history of Y is useful for predicting the future state of X over and above the knowledge of
the past history of X itself (Grange, 1969).

The model checking plays an important role in model building to ensure that the fitted
model is adequate or not. After a VAR model has been estimated, we must check for the absence
of serial correlation and Heteroskedasticity. Also, it is important to check if the error process
does not violate the distributional assumption, multivariate normality. For testing the lack of
serial correlation in the residuals of a VAR (p)-model, a Portmanteau test and the Lagrange
multiplier (LM) test are used (Breusch, 1978; Godfrey, 1978).
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Forecasting

After a VAR model has been estimated and passes the diagnostic tests, it is suitable to be
used for forecasting. Future observations are recursively forecasted using the VAR (p) model for
time horizon h > 1 according to (Box et al., 2008) and (Pfaff, 2008) as shown in Equation 3

p
Yrinr = Z AjYrin—jir (3
=1

In addition to Granger causality, there is another approach to explore the relationship
between variables is called impulse response functions.

Forecast Error Variance Decompositions

Forecast error variance decompositions (FEVD) show the portion of the variance in the
forecast error for each variable due to innovations to all variables in the system (Enders, 1995).
The main objective of FEVD is to achieve information about the forecast ability. That means
even a perfect model involves ambiguity about the realization of Y; .., due to uncertainty in the
associated error terms. The FEVD answers the type of question: what portion of the variance of
the forecast error in predicting Y; ;,p, is due to the structural shock? Using the orthogonal shocks
n¢ In equation 4 the h-step ahead forecast error vector, with known VAR coefficients, may be
expressed as shown in Equation 4.

h

Yron = Yronr = 2 8j NT+h—j (4)
=0

In particular for Y; ., this forecast error has the form expressed as shown in Equation 5
Y: —Y: = 2’}_1 e + + Zf.l_l e. (5)
i,T+h — YiT+h|T j=0 ©ij N1,T+h—1 T - j=0 ©i,j Nk, T+h—-1-

The variance of the h-step forecast of the orthogonal structural error is expressed as shown in
Equation 6

VaT(Yi,T+h - Yi,T+h|T) = 0'1%1 ?;01(951)2 + ..+ Urfk ?;ol(eik)z (6)
Wherearfj = var(n;) Pfaff (2011); Tsay (2005).
The portion of var(Y; 744 — Yir4nyr) due to shock n;is then

2 vh-1,.5 \2
quzj=o(9i,j)

2 h—1,.5 2 2 h—1,.5 2’
o, Yico (671)%+ R Yico (ei‘k)

fori,j =1,2,..,k (7

In a VAR with k variables, there would be k*FEVD;;(h) values. The FEVD in Equation 7
depends on the recursive causal ordering used to identify the structural shocks n, and is not
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unique. We must understand that different causal orderings would produce different FEVD
values.

RESULTS

Data

The data sets in this study consist of the monthly export price of oilseeds (in ETB per kg),
monthly domestic price of oilseeds (in ETB per kg), monthly production of oilseeds (in quintal),
monthly inflation rate, monthly exchange rate (in ETB against US dollar), monthly GDP (in
millions of birr) and monthly price of fuel oil (in ETB per metric ton) in Ethiopia from January
2002 to December 2016. The average domestic price of oilseeds is 20.79 birr per kg. The
observed data also shows that the average monthly export price and product of oilseeds was
23.29 birr per kg and 6089498 quintals, respectively in Table 1.

Table 1
DESCRIPTIVE STATISTICS FOR ALL ENDOGENOUS AND EXOGENOUS VARIABLES
Exppric | Domstpric | Product | Infn rate | Exng rate | Price fo Gdp
Mean 23.29 20.79 6089498 14.05 14.08 47586.96 | 386086.5
Median 20.86 20.01 6465667 10.09 10.34 7337.07 | 274481
Maximum 48.98 59.50 8728241 64.16 23.72 756873 989736
Minimum 2.12 3.98 1919969 -7.34 8.47 171.04 | 61117.45
Skewness -0.02 0.35 -0.94 1.62 0.44 3.43 0.63
Kurtosis 1.64 244 3.16 5.93 1.48 14.59 1.83
Jarque-Bera 13.83 5.98 26.70 143.51 23.13 1360.87 22.07
Probability | 0.000994 | 0.040346 | 0.000002 | 0.000000 | 0.000009 | 0.000000 | 0.000016

Test of Stationarity of the Data

The time plot of the graph shows that the export price, domestic price, and production of
oilseeds continuously increase or have an upward trend which means time series data is non-
stationary we can see from Figure 1.

Table 2
UNIT ROOT TEST OF STATIONARITY WITHOUT TREND AT 5% LEVEL OF SIGNIFICANCE
Variables | ADF | PP | Status
Stationarity at Level
Exp. price -4.009463(0.0100) -8.570773(0.0000) 1(0)
Domst. price -7.309728(0.0000) -6.991585(0.0000) 1(0)
Product -3.190976(0.0896) -2.495193(0.3302) 1(0)
In flation rate -4.105656(0.0074) -2.914140(0.1606) 1(0)
Exchange rate -2.534466(0.3113) -4.860969(0.0005) 1(0)
Fuel oil price -2.773414(0.2092) -4.927592(0.0004) 1(0)
GDP -2.325253(0.4178) -2.089794(0.5476) 1(0)
Stationarity at first difference of the log transformed
Product -4.087296(0.0079) -9.354244(0.0000) 1(1)
Infl ation rate -7.179599(0.0000) -7.388115(0.0000) 1(1)
Exchange rate -15.71552(0.0000) -42.37011(0.0001) 1(1)
Fuel oil price -15.49176(0.0000) -20.41256(0.0000) 1(1)
GDP -13.22273(0.0000) -13.22273(0.0000) 1(1)
t-Statistic (P-value)
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Also, the time plots of all the exogenous variables are non-stationary in Figure 2. In
addition to this checking Stationery without trend at the level by using ADF and PP tests
indicates almost all the variables are non-stationary indicated in Table 2. So, it is necessary to
look for possible transformations that might bring stationary. The transformation of the data
using the logarithmic and differencing method. After the first difference of logarithm, the
variables of each series become stationary at a 5% level of significance which means each series
is integrated of order one? The macroeconomic time series variables are regarded stationary at
first difference, integrated of order one, i.e. I(1) we can found in Table 3.

Table 3
UNIT ROOT TEST OF STATIONARITY WITH TREND AT 5% LEVEL OF SIGNIFICANCE
Variables | ADF | PP | Status
at Level of Log Transformed
Log exp. price -3.710645(0.0047) -2.345953(0.1589) 1(0)
Log domst. price -1.281076(0.6380) -1.476499(0.5434) 1(0)
Log product -2.139601(0.2296) -2.007857(0.2833) 1(0)
Infl ation rate -4.138961(0.0011) -2.984399(0.0383) 1(0)
Exchange rate -0.099081(0.9467) -0.541448(0.8789) 1(0)
Fuel oil price -2.704836(0.0752) -4.848559(0.0001) 1(0)
at First Difference of Log Transformed
d1Logexp. Price -15.42561(0.0000) -31.83188(0.0001) 1(1)
d1Logdomst. Price -10.33063(0.0000) -39.49648(0.0001) 1(1)
d1Logproduct -3.709309(0.0047) -8.771263(0.0000) 1(1)
d1 exchange rate -15.70563(0.0000) -37.68364(0.0001) 1(1)
d1fuil oil price -15.53220(0.0000) -20.46762(0.0000) 1(1)
d1GDP -13.23617(0.0000) -13.23617(0.0000) 1(1)
t-Statistic (P-value)
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FIGURE 1
TIME PLOT OF EXPORT PRICE, DOMESTIC PRICE AND PRODUCT OF OILSEEDS
OF TRANSFORMED DATA INDICATED LEFT SIDE, RIGHT SIDE AND LOWER
SIDE RESPECTIVELY
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FIGURE 2
THE TIME PLOT OF ALL EXOGENOUS VARIABLES OF RAW DATA

Tests for Autocorrelation

The correlation between the endogenous variables is at a 5% level of significance all the
correlation coefficients are an approach to 1 which means a strong correlation between the
endogenous variables. Since the endogenous variables are highly correlated multivariate time
series analysis is quite reasonable instead of univariate time series model we can see Table 4.

Table 4
CORRELATION MATRIX FOR ALL ENDOGENOUS VARIABLES
Correlation coefficient (probability) Export price Domestic price Product
Export price 1.000000 0.879142(0.0000) | 0.876321(0.0000)
Domestic price 0.879142(0.0000) 1.000000 0.866361(0.0000)
Product 0.876321(0.0000) | 0.866361(0.0000) 1.000000

Order Selections of VAR Model

An information criterion is used to find the model that fits the data well. The results show that
Schwarz Bayesian information Criterion is minimum at lag 2, and the Akaike information
criterion and Hannan-Quinn information criterion are minimum at lag 4. Thus the SBIC criteria
select a VAR (2) while AIC and HQ criteria select a VAR (4) model, but we take the joint
optimum lag length of order two VAR (2) we can see in Table 5.

Table5
VAR ORDER SELECTION BY DIFFERENT SELECTION CRITERIA
Lag AIC SBIC HQ
0 -0.534607 -0.259023 -0.422787
1 -6.224538 -5.783603 -6.045625
2 -6.463471 -5.857185* -6.217466
3 -6.583921 -5.812285 -6.270824
4 -6.687682* -5.750695 -6.307492*
5 -6.682023 -5.579685 -6.234741
6 -6.684610 -5.416921 -6.170236
7 -6.618183 -5.185143 -6.036716
8 -6.615103 -5.016713 -5.966544
8 1533-3604-23-S2-004

Citation Information: Mognihod, S.M., & Wudu, T.K. (2022). Statistical analysis on production, domestic and export price of
oilseeds in Ethiopia: Application of multivariate time series model. Journal of Economics and Economic
Education Research, 23(S2), 1-17.



Journal of Economics and Economic Education Research Volume 23, Special Issue 2, 2022

Co-Integration Test

These methods allow us to test the existence of a long-term relationship between the
dependent and the explanatory variables in a multivariate framework. The null hypothesis claims
no co-integration is rejected at the conventional level of significance, since the trace test statistic
and rank test (maximum Eigenvalue) is greater than the critical value at all co-integrating
vectors, or we have a significant probability value to both trace test and maximum Eigenvalue
that is 0.0130 and 0.0413, respectively. That is, both the trace statistic and the maximum
Eigenvalue indicates the existence of at least one co-integrating vector (r < 1) at a 5% level of
significance. Thus, there is one co-integrated vector in the system. So, we have enough evidence
to conclude that there exists a long-run relationship among the variables. This is equivalent to
say among dllog export price, d1log domestic price, and d1log production of oilseeds, there is
one long-run relationship in Table 6.

Table 6
RESULT OF JOHANSEN CO-INTEGRATION TEST
Null hypothesis | Alternative hypothesis | Eigen value | Statistic | 5% critical value | Prob.
Trace test(A¢rqce)
r=20 r>1 0.115473 34.58372 29.79707 0.0130
r<l1 r>2 0.062098 12.86546 15.49471 0.1198
r<2 r=>3 0.008540 1.518075 3.841466 0.2179
Maximum Eigen value test(4,,4,)
r=20 r>1 0.115473 21.71826 21.13162 0.0413
r<i1 r>2 0.062098 11.34738 14.26460 0.1377
r<2 r=>3 0.008540 1.518075 3.841466 0.2179

Estimation of VAR Model

After determining the variable's co-integration and long-run relationship between the
variables, we are going to estimate a VAR model. The main target of this study is to assess the
dependency of current values of the first difference of the log-transformed endogenous variables
(production, domestic, and export price of oilseed) own past values, on the past values of other
variables, and the exogenous variables.

Table 7
RESULTS OF PARAMETER ESTIMATES OF FITTED VAR (2) MODEL
Lags of variables dllogexport price | dllogdomestic price dllogproduct

c 0.011447 (0.6113) | 0.023573 (0.2445) | 0.004518(0.0342)
dllogexport price(-1) | -0.600831 (0.0000) | 0.120717 (0.0463) | 0.000895(0.8960)
dllogexport price(-2) | -0.313998 (0.0000) | -0.121892 (0.0611) | 0.006084(0.3733)
dllogdomestic price(-1) | 0.092884 (0.2495) | -0.302888(0.0000) | -0.006872(0.3673)
dllogdomestic price(-2) | 0.027001(0.7384) | -0.217402 (0.0029) | 0.008034 (0.2935)
dllogproduct(-1) -0.047098 (0.9513) | -2.096101 (0.0026) | 0.360170 (0.0000)
dllogproduct(-2) 1.533272 (0.0467) | 2.425636 (0.0005) | 0.280015 (0.0001)
Inflation rate 0.000265 (0.8088) | -0.000380 (0.6990) | -0.000112(0.2806)
d1 exchange rate 0.024496 (0.0245) | 0.011271 (0.0253) | 0.000208 (0.8421)
d1fuil oil price 1.41x107(0.0379) | 1.11x107(0.4393) | 9.21x10°(0.5421)
d1gdp -3.28x10°(0.0035) | 4.59x10°(0.6481) | 2.16x10°(0.0419)

R-squared 0.534575 0.414001 0.459029

Adj. R-squared 0.494489 0.366651 0.420416

F-statistic 8.346446 4519613 9.298200

9 1533-3604-23-S2-004

Citation Information: Mognihod, S.M., & Wudu, T.K. (2022). Statistical analysis on production, domestic and export price of
oilseeds in Ethiopia: Application of multivariate time series model. Journal of Economics and Economic
Education Research, 23(S2), 1-17.



Journal of Economics and Economic Education Research Volume 23, Special Issue 2, 2022

As we see from Table 7 d1log export price of oilseeds is negatively related to its own first
and second lags, first lag of d1llog production of oilseeds, dlexchange rate, d1 fuel oil price, and
d1 GDP but positively related to both first and second lag of d1log domestic price of oilseeds,
second lag of d1log production of oilseeds and d1 inflation rate. Also, d1log Domestic price of
oilseeds is positively related to the second lag of d1log production of oilseeds, d1 exchange rate,
d1 fuel oil price, d1 GDP and negatively related to the first two lags of dllog export price of
oilseeds, its own first two lags, the first lag of d1log production of oilseeds and d1 inflation rate.
The dllog Production of oilseeds is related with the first two lags of dllog export price of
oilseeds, the second lag of d1log domestic price of oilseeds, its own first two lags, d1 exchange
rate, d1 fuel oil price, and d1 GDP positively and it is negatively related with the first lag of
d1log domestic price and d1 inflation rate.

VAR (2) model is fitted with the variables whose lag coefficients are significant. From the
results of the fitted model in Table 7. When we consider the d1log export price of oilseeds, d1log
domestic price of oilseeds, and dllog production of oilseeds as the dependent (endogenous)
variable the equation of the fitted model in Equations 8-10, respectively becomes

d, log export price
= —0.6008d, log export price(—1) — 0.3140d, log export price(—2)
+ 1.5333d, logproduct(—2) + 0.024496d, exchange rate
+ 1.41x1077d; fuel oil price - 3.28x1075d, GDP; (8)

d, log domestic price
= 0.120717d, log export price(—1) — 0.3029d, log domestic price(—1)
— 0.2174d, log domestic price(—2) — 2.0961d, log product(—1)

+ 2.4256d, log product(—2) + 0.011271d, xchange rate, 9
d, log product
= 0.0045 + 0.3602d, log product(—1) + 0.2800d, log product(—2)
+ 2.16x107%d, GDP (10)

About 49.45%, 36.67%, and 42.04% of the variation of d1log export price, d1log domestic
price, and dllog product of Ethiopian oilseeds are explained by the given explanatory variables
respectively.

Similarly one month last of the d1log export price of oilseeds, two months last of oilseeds
dllog product and d1 exchange rate affect d1log domestic price of oilseeds positively. Adjusted
R square indicates that 36.66% variation of Ethiopian d1log domestic price of oilseeds expressed
by the variables included in this study. Also, the dllog production of oilseeds is affected by
positively its one-month and two-month lags and gross domestic product in Ethiopia and about
42.04% variation is explained by the variables included in this study. The other variables
included in this study have no effects on the production of oilseeds in Ethiopia.

Granger Causality Test

The Granger causality test is a useful technique for determining whether one series is good
for forecasting the other. From Table 8 results of multivariate Granger causality tests, we observe
that dllog production of oilseeds granger causes to dllog domestic price of oilseeds (F-test
statistic of 6.9306 and p-value of 0.0013) and this indicates a unidirectional causality from d1log
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production to d1log domestic price of oilseeds. This implies that the change in d1log production
of oilseeds leads to a change in the d1log domestic price of oilseeds. That is, d1log production of
oilseeds provides important information to forecast the future value of the d1log domestic price
of oilseeds. Reject the null hypothesis that one variable does not Granger-cause to the other
variable. For example, dllog export price of oilseeds does not Granger-cause of dllog
production of oilseeds, and also d1log domestic price of oilseeds does not Granger-cause dllog
production of oilseeds and d1log export price of oilseeds in Ethiopia.

Table 8

GRANGER CAUSALITY TEST FOR FITTED VAR (2) MODEL
Null Hypothesis Obs | F-Statistic | Prob.
d1ldomestic price doesn't Granger Cause d1lexport price | 177 | 0.39703 | 0.6729
dllexport price doesn't Granger Cause d1ldomestic price | 177 | 1.81085 | 0.1666
d1lproduct doesn't Granger Cause d1lexport price 177 | 2.19463 | 0.1145
dllexport price doesn't Granger Cause d1llproduct 177 | 0.89075 | 0.4122
d1lproduct doesn't Granger Cause d1ldomestic price 177 | 6.93060 | 0.0013
d1ldomestic price doesn't Granger Cause d1lproduct 177 | 1.41248 | 0.2463

The diagnostic test of the model to check the assumed model may not be a good
approximation to reality. So, the fitted model is adequate and has the desired econometric
properties that are it has correct functional form since the residuals are serially uncorrelated,
homoscedastic, and multivariate normal shown in Table 9.

Table 9
DIAGNOSTIC TEST FOR FITTED VAR (2) MODEL
Test Q-Stat | df | Prob.
Portmanteau(serial autocorrelation) 11.6646 | 18 | 0.8583
JarqueBera-VAR(Multivariate normality) | 3.5043 | 180 | 0.1734
VAR Residual Heteroskedasticity Tests | 1.67319 | 6 | 0.9472

Forecasting

In Figure 3 when we look at forecasting of in sample d1log export price of oilseeds, at the
beginning it changes slowly, but between 2011 and 2013 there was a high fluctuation and after
2013 it varies slowly. While the d1log domestic price of oilseeds had a high variation at the
beginning, that is, between 2002 and 2007 and after this time the variation is small. The bottom
figure indicates the forecasted value of dllog production of oilseeds, it shows that there was a
sudden fluctuation between 2002 and 2012 but after 2012 almost it becomes a small variation.

Impulse Response Functions of Fitted VAR (2) Model

In this study, the VAR model permits to study of the impulse response of endogenous
variables (export price, domestic price, and production of oilseeds) to the one-time shock of
other variables in the model. In Figure 4 from the left 3 Figures, we observe that one positive
shock to dllog export price of oilseeds leads to a positive response from its own, positive
response from d1llog domestic price and stable from dllog product of oilseeds in the lower lags
until period 1, 1 and 2 respectively; but after this period as d1log export price changes by one
positive shock the response from its own, d1llog domestic price and dllog product of oilseeds is
negative, negative and positive until period 3, 3 and 4 respectively and after this period these are
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changed to positive, positive and almost stable response in the lower lags. In the higher lags as
dllogexport price of oilseeds changes by one-time shock, it leads stable response from all
variables.

D1LEXPORTPRICE (VARSCEN)

o I B B B e L s e e e
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
D1LDOMSTICPRICE (VARSCEN)

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
D1LPRODUCT (VARSCEN)
.08

.06 |

.04 |

.02 |

.00 |

-.02 |

-.04

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
FIGURE 3
IN-SAMPLE FORECAST OF THE FIRST DIFFERENCE OF LOG TRANSFORMED
OF EXPORT PRICE, DOMESTIC PRICE AND PRODUCT OF OILSEEDS IN
ETHIOPIA

12 1533-3604-23-S2-004

Citation Information: Mognihod, S.M., & Wudu, T.K. (2022). Statistical analysis on production, domestic and export price of
oilseeds in Ethiopia: Application of multivariate time series model. Journal of Economics and Economic
Education Research, 23(S2), 1-17.



Journal of Economics and Economic Education Research Volume 23, Special Issue 2, 2022

Response to Cholesky One S.D. (d.f. adjusted) Innov ations + 2 S.E.
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FIGURE 4
IMF OF D1LOGEXPORT PRICE OF OILSEEDS, D1LOGDOMESTIC PRICE OF
OILSEEDS, D1LOGPRODUCT OF OILSEEDS INDICATED IN THE TOP, MIDDLE
AND BOTTOM ROWS RESPECTIVELY TO ORTHOGONAL INNOVATIONS FOR A
FITTED VAR (2) MODEL

In Figure 4 from the middle 3 figures we observe that one positive shock to dllog
domestic price of oilseeds leads to positive, positive, and negative response from dllogexport
price, its own and dllog product of oilseeds in the lower lags until period 2, 1, and 2
respectively; but after this period these changed to a negative, negative and positive response
from d1logexport price, its own and d1log product of oilseeds until period 4, 3 and 4 respectively
and after this period dllogproduct of oilseeds become stable and the response from dllogexport
price and d1llogdomestic price of oilseeds changed to positive response until a certain period then
both converge to stable in the higher period.

In the right 3 Figures in Figure 4, we observe that one positive shock to the d1log product
of oilseeds leads to a positive response for all in the lower and higher period from its own. The
response from dllogexport price and dllogdomestic price of oilseeds are stable and negative in
the lower lags until period 2 respectively and then both are returns to positive until period 4 after
this period both converge to 0 as d1logproduct of oilseeds changes by one-time shock.
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Forecast Error Variance Decomposition of Fitted VAR (2) Model

Variance Decomposition using Cholesky (d.f. adjusted) Factors
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FIGURE 5
PLOTS OF FEVD FOR A FITTED VAR (2) MODEL OF D1LOGEXPORT PRICE,
DILOGDOMSTIC PRICE AND D1LOGPRODUCT OF OILSEEDS TO MONTHLY
SERIES

After forecasting the error variance it is important to know the contribution of each type of
shock to forecast error variance. The variance decomposition error of the VAR (2) model is
shown graphically as in Figure 5 from the graph the top row of the left graph and the right-side
graph indicates that the variance decomposition of d1log export price and d1llog domestic price
of oilseeds, respectively and the bottom graph indicates that the variance decomposition of d1log
product of oilseeds. As we understand from Figure 5 most of the dllog export price, dllog
domestic price and d1log product of oilseeds respond significantly to their shocks through time.
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DISCUSSION

The increasing trend of the export price of oilseeds is consistent with the finding of (Yifru,
2015; Sebsib & Emmanuel, 2018) and also the increasing trend of the domestic price of oilseeds
is consistent with findings. The production of oilseeds in Ethiopia from year to year was
increased in the study period and it is consistent with the findings.

The current month dllog export price of oilseeds was affected by its own one month and
two months lagged and it is consistent with a finding of (Sebsib & Emmanuel, 2018). Two
months last of d1log product of oilseeds positively affect d1log export price of oilseeds and it is
consistent with the finding of (Wijnands et al., 2009). Both lags of the domestic price of oilseeds
have no significant effect on the export price of oilseeds but it is inconsistent with the finding of
(Kelbore, 2013), which states the domestic price of oilseeds influences export performance of
oilseeds, and as domestic price increase export performance enhanced. The effect of d1 exchange
rate on d1log export price is consistent with the finding of (Allaro, 2011; Karim & Elfadil, 2015;
Mehare & Edriss, 2012), But contradicts with the finding of (Mehare & Edriss, 2012), that states
exchange rate has a negative relationship with the export price of oilseeds, and (Nguse et al.,
2021), that states that the exchange rate found negatively significantly affects export price in
short-run but it affects positively and insignificantly in long run. But the effect of the d1exchange
rate on d1log export price is inconsistent with the finding of (Sebsib & Emmanuel, 2018), that
states exchange rate had no significant effect on the export price of oilseeds like sesame.

The price of fuel oil has also a positive effect on the export price of oilseeds. But this result
is inconsistent with the finding of (Sebsib & Emmanuel, 2018), which states the price of fuel oil
had no significant effect on the export price of oilseeds. The first difference of GDP is significant
and affected negatively on the d1llog export price of oilseeds; this is consistent with the finding
of (Nguse et al., 2021) both state that GDP has a positive effect on the export price of oilseeds.
But inconsistent with the finding of (Mehare & Edriss, 2012) that states that GDP is not
significant on the export price of oilseeds. The inflation rate has no significant effect on the
export price of oilseeds and it is inconsistent with the finding of (Nguse et al., 2021) that states
inflation rate has a positive and significant effect on the export price of oilseeds in both long and
short term estimation.

One month last and two months last of the d1log product of oilseeds affect d1log domestic
price of oilseeds significantly and it is consistent with the finding of (Peter Mgeni et al., 2019),
that establishes as the domestic production of oilseeds increases domestic price of oilseed
decrease. GDP has no significant effect on the domestic price of oilseeds and it is inconsistent
with the finding of (Ambachew et al., 2012), which states GDP has a significant effect on the
domestic price of food (oilseed).

Fuel oil price is not significant in the production of oilseeds, but it is inconsistent with
findings of (Stebbins, 2008) that state it affects oilseed products. Also, the domestic price has no
a significant effect on the production of oilseeds and it is inconsistent with the finding of
(Kelbore, 2013), that state domestic price affects product of oilseeds positively and inconsistent
with the finding of (Commission, USITC Publication 3576 February 2003), that states both
export and domestic price of oilseeds affect the production of oilseeds. The exchange rate is also
not significant on the production of oilseeds but inconsistent with the finding of (Commission,
USITC Publication 3576 February 2003) that states it is a factor of production of oilseeds.
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CONCLUSION

The empirical results of the fitted VAR (2) models infer that the current export price of
Ethiopia's oilseeds is significantly affected by the exchange rate, price of fuel oil, GDP, two-
month lag of production of oilseeds, and its own one month and two-month lag. The domestic
price of Ethiopia's oilseeds is affected by one month lag of export price of oilseeds, the first two
lags of its own, and production of oilseeds and exchange rate. But the production of Ethiopia's
oilseeds was affected by only its one-month and two-month lags and GDP.

From the Granger causality tests, one can see as there is a unidirectional relation, production
of oilseeds Granger causes for the domestic price of oilseeds that is the change in the production
of oilseeds leads to change in the domestic price of oilseeds. Therefore, the production of
oilseeds in Ethiopia has enough information to forecast the future value of the domestic price of
Ethiopia's oilseeds.

The result of the in-sample forecast shows that the fluctuation was high from 2002 to 2011
but after 2011 it becomes small in Ethiopia’s oilseeds production, domestic and price of oilseeds.
One positive shock to the export price of oilseeds leads to a positive/negative response in lower
lags from export price, domestic price, or production of oilseeds and after a few time horizons, it
converges to zero in a higher lag. The variance of production, domestic price, and export price of
oilseeds account for almost all fluctuation on its own both in the short and long time horizon.
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