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Abstract: Gross Domestic Product (GDP) is one of the significant economic indicators for 

countries. The correct methods for predicting the volume of GDP must be taken into 

consideration which specifies the effect in terms of its procrastination. Conceptually, the 

modern analysis approach for time series and causal study (Granger approach) based on 

Vector auto regression (VAR) toward the formation of E-views programs and models. This 

paper displays a novel approach of using a VAR model to prove and improve the relationship 

between GDP and Gross Agricultural Capital Formation (GACF) in Yemen. Consequently, it 

reflects a country's gross production such as services or commodities in the year, which 

demonstrate the country's general economic condition. Multiple data resources which are 

collected from; ingredient critical resource is the Central Statistics Authority.

Keywords: VAR, Model, GACF, Prediction, GDP. 

Introduction 

Gross Domestic Product (GDP) is one of the significant economic indicators for countries. It 

reflects the total production of commodities and final services for the country'seconomic 

activities and its economic performance within a year which reflects the country's general 

economic situation [1]. The gross domestic product was developed at the beginning by Simon 

Smith Kuznets to prepare a report for American Congress in 1934 [2]. 

On the other hand, the gross domestic product is characterized by its interrelationship with 

capital investments volume and GACF which is one of the best investments that generates 

profits and has both economic and social benefits in developing and developed countries. 

Consequently, in the agriculture sector, it contributesthe investment to support increasing 
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economic, political, and social development. The domestic gross product is affected by 

investment volume because the more the investment, the higher the GDP [3].  

Human beings can be ignored in the role of investment in increasing productivity due to the 

role they play in increasing the savings. As like any technical or technological development 

requires an investment which means increasing the economic income and economic welfare 

[4]. At the same time, the gross domestic product has an impact on investments’ volumes 

because the size of investment is a significant part of the gross domestic product whether it is 

calculated based on national calculations inputs or outputs method [5]. 

In addition, there is a particularity for investments' impact on a gross domestic product where 

such impact does not appear in the same year but it extends for several years based on the 

speed of introducing new projects with investments [6]. 

To improve the mentioned title, it requires reformatting novel standard to analyze economic 

indicators through VAR and ARIMA models. The standard models aim to prove success 

measuring and prediction of economic indicators. In addition, the competent authorities can 

determine the problems they are facing and predict for its future situation [7]. Many countries 

have preceded it for modern measurements. Achieve the accurate goals within time series 

used as the most important goals for analyzing [8].  

 

Literature Review  

Simon Smith Kuznets warned against using welfare as an indicator for GDP. After the 

Bretton Woods Conference in 1944, the gross domestic product became the main tool for 

measuring countries' economic performance, operation level, living standards, exports and 

imports and capital accumulation [9].The data were obtained from the Central Statistics 

Authority for the period (1990 – 2013) [10]. 

The Augmented Dickey-Fuller test ADF and Philips-Perron test to recognize how variables 

are static and showing that the two series are not stationary in the level and they have one 

root. The two series were static after taking the first difference. Johansen test was taken to 

know the integration of variables and it was found that the variables are integrated into the 

long-term; and by using Ordinary Least Squares (OLS) method the equation was evaluated 

where the Adjusted R Square reached (0.85) which indicates that there is a causal relationship 

from GACF to GDP and it was concluded into a model to be used in Gross Domestic Product 

(GDP) in Yemen [11]. 
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 The total GACF as its volume was predicted on 2030 which forms a scientific rule for 

drawing up economic and social plans. The study recommended that the model shall be used 

in predicting gross domestic product and gross agricultural capital formation [12].  The 

significance of the study lies in the conclusion of the standard model for predicting gross 

domestic product and gross agricultural capital formation in Yemen by using 

Analysis of time-series data, Vectorial Auto Regressive (VAR) based on the accumulation of 

agricultural investment till 2030. In addition, it is going to be a measurement and a model for 

researchers in the future [13]. 

This study aims to use modern methods in measuring gross domestic product, gross 

agricultural capital formation and the significant relationship among all variables in general 

which can be achieved as follows:  

 Identifying a VAR model in analyzing time series and its ability in predicting 

gross domestic product. 

 Revealing the non-present causal relationship between gross domestic product 

and gross agricultural capital formation. 

 Concluding into a standard model for predicting gross domestic product and 

gross agricultural capital formation and studying the long-term relationship 

among those variables. 

 Predicting the size of the gross domestic product and gross agricultural capital 

formation for the year 2030. 

 Assisting the Yemeni decision makers in measuring the volume of gross 

domestic product using modern methods. 

 

VectorialAutoRegressive (VAR) 

This model was suggested by Sims in 1981, as he sees that the traditional method in building 

the present standard models depends on interpretation of viewpoints which consist of 

untested theories. This excludes some variables from equations to reach an acceptable 

diagnosis for the model and the selection of external variables and the distribution way of 

periods of time delay[14]. Sims has suggested in his models that all variables shall be dealt 

with in the same way without any preconditions and entering them into the equation at the 

same time delays.  

The vectorial auto Regressive model is one of the most flexible models used in analyzing 

multiple variables time series and it’s an extension to univariate time series [15]. The VAR 

model is used to describe the movement behavior for economic and financial time series and 
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predicting them as it outranked Univariate time series because VAR is consisting of a system 

of equations [16].   

Each equation is an internal variable with a relationship with time flips of the internal 

variable as well as other external variables (time flips of the internal variables) in the 

equations system in a symmetrical shape. The model can be written as follow: 

 

Where: : Polynomial Matrix with time dilation factor B, written as follows: 

 

Where:  n: mononomical matrix of the rank  

. 

:  white noise context with distance n, matrix its changes are Ω  this context interprets 

innovation for random context Yt  which assumes the non-correlation of its value and that it is 

being distributed fairly, its average is zero and its difference (1x n).    

The models can be written in a group of equations as follow: 

 

 

It is indicated that each equation is a regressive equation for the factor Yt on its past, there is a 

type of statistical organization in inserting the variables through taking the interrelated 

dynamic effects among variables into consideration.  

When analyzing the time series by analysis, through analyzing the time series of Auto-

Regressive which requires [17]: 

i. Unit root test. 

ii. Determining the time gap which depends on selection the lag length.  

iii. Co-integration test.  

iv. Causality test.  

Unit Root Test 
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Studying the balance relation on long-term faces the problem non-stationary of time series 

and the stationary of time series which requires the random fluctuation of time series views 

on fixed variance and average.  

As mentioned, the variance and average of time series do not depend on time.The non-

stationary of time series leadto false regression on economic variables [18]. 

For example, Granger and New bold, 1974 have generated random series and conducted 

regression analysis on two series; they reached the rejection of the null hypothesis of the 

estimated landmarks. There is another positive autocorrelation for residuals (error) which 

indicates the availability of strong relationships between variables; however, there might be a 

false relation [19].  

Table 1 Real gross domestic product and GACF in Yemen within the period 1990 – 2013 at 

the fixed prices of 2000 

Year GDP GACF Year GDP GACF 

1990 1100646 2024 2002 1955144 48429 

1991 1150449 2814 2003 2067701 58439 

1992 1146431 5124 2004 2163551 63449 

1993 1190847 5591 2005 2274736 59609 

1994 1310021 7825 2006 2380299 74705 

1995 1372965 14266 2007 2463015 106288 

1996 1395664 21222 2008 2561890 109777 

1997 1455320 25280 2009 2667820 141580 

1998 1527943 26125 2010 2756324 173030 

1999 1617914 28129 2011 2340439 147906 

2000 1756999 43949 2012 2391614 171504 

2001 1861247 49229 2013 2477473 154295 

Source: Statistical group in Yemen Years: 1995-2015.  

ADF developed a test of the time series as on Table 2 indicates that the studied variables are 

non-stationary at the level, the calculated T-statistic of ADF is less than Table T-statistic 

value at significance level of 5%. DW and F values are not at the statistical required level, the 

time series of GDP & GACF are a stationary static level of first difference. The calculated T-

statistic value of ADF test is larger than table T-statistic values at significance level 5%. F 

and DW are all statistically accepted; and as the variables are stationary at first difference, 

this means that they are co-integrated of the first degree (1).   
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Table 2: ADF test for the two series 

Variable  

Level first difference 
Decisio

n  Intercept 
Trend & 

intercept 
None Intercept 

Trend & 

intercept 
None  

GDP 0.994011 1.260889 0.173410 
4.26843

1 
3.710910 2.195288 

Static 

at (1)1 

GACF 0.111249 0,025337 0.423546 
4.24615

2 
4.430097 4.018855 

Static 

at (1)1 

Critic

al 

Value 

1% 3.752946 4.416345 2.669359 
3.76959

7 
4.440739 2.674290  

5% 2.998064 3.622033 1.956406 
3.00486

1 
3.632896 1.957204  

10% 2.638752 3.248592 1.608495 
2.64224

2 
3.254671 1.608175  

Resource: Prepared by the researcher depending on the calculations of the Eviews7. 

Through Table 2, we noted that the time series of the study variables are non-stationary at the 

level as indicated on the figure Number (1) and figure number (2). It is stationary at the first 

difference which means that it is un-integrated from the first degree (1) as indicated on the 

figure Number (3) and figure No. (4).    
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Figure (A) shows the instability of Non-stationary gross domestic product between 1990-

2013 where (B) is the Instability of gross agricultural capital formation at the same level 

between 1995 – 2013. In Figure (C) the stability of the time series of the gross domestic 

product after taking the first differences has depicted while the stability of time series of 

gross agricultural capital formation after taking the second differences depicted in (D). 

 

Determining the time gap which depends on selection the lag length  

 Lag length selection:  

The selection process of the lag length is one of the most important stages as it basically 

affects the results of the evaluations, on the other hand, it’s preferred to determine the lag 

length to its minimum in the case of small samples. The selection of the length at the 

minimum value for Akaike (AIC) measurement, Schwarz(SC). 
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Akaike and Schwarz measurements are most commonly used for such tests especially when 

the sample is small, therefore, the study has depended on those measurements which indicate 

the necessity of taking a time gap for Schwarz standard and three gaps for Akaike standard. ( 

as indicated in table 3: 

Table No. 3: The standards forSelecting the lag length. 

SC AIC Lag 

48.10298* 48.00341 0 

48.40542 48.10670 1 

48.29436 47.79649 2 

48.26784 47.57083* 3 

 

VAR (3) 

Through the previous table, we note the opposite value for lag period of the first degree is 

less than the value opposite of the lag length of the second and third degree according to 

Schwarz standard, AIC standard confirms the opposite [20].   

The value opposite lag length of the third degree is less than the value opposite the lag period 

of the first and second degree. Through comparing the results using one gap and three gaps, 

the researcher has found that the best results were at the three gaps according to AIC 

standard. We conclude that the model is with three lag lengths VAR (3). 

 

Co-integration Test: 

In conformity with modern trends in analyzing time series which have a prominent role in 

making the economic relations - based on times series- measurable can be quantitatively 

measured. We used untraditional analyzing methods without small squares tests, basically, 

we used Johansen Co-integration test a vector error correction model and Causality Granger 

test to analyze the relation trend between (gross domestic product – Gross Agricultural 

Capital Formation) [21].  

 

Johansen ، JuseliusTest [22]: 

As we have mentioned before, in case the variables which indicated as integrated variables 

with a first degree then the small square method becomes an inappropriate method for testing 

the relation in long terms between the variables. Because such tests of variables are non-

stationary and lead to afalse relation.  
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Engle and Granger, 1987 indicate that the variables are non-stationary at the level (static at 

the first difference), there might be an integration relation which means that there are a linear 

static and long term relation. That's why the co-integration test is used. The non-availability 

of relations among the variables on the long term indicates that the variables will move in 

different directions and there will be no balance among them. 

Johansen, 1998 integration test surpassed the other tests such as Granger and Angel tests, 

Durbin–Watson test especially when the samples are small. When there are more than two 

variables, one of the most features of Johansen test is its ability to determine whether there is 

a unique co-integration, i.e. co-integration is the result of the endogenous variable vector on 

the independent variable. 

By overviewing the table’s data, it is indicated that there is co-integration among variables, 

thus it is indicated from the results of impact and maximum eigenvalue tests the rejection of 

null value ( r=0) against the alternative hypothesis (r=1) on the non-existence of co-

integration  among variables at materialistic levels 5%, the calculated values for selecting the 

impact which is equal (25.38902) is larger than scheduled values which is equal to 

(15.49471) at significant levels 5%.. 

Therefore the ( ) test the impact between the rejection of null hypothesis which states 

the non-availability of co-integration vector at significant level 5%, we accept the alternative 

hypothesis which states that there is at least one joint vector for the relation between the 

variables. 

The study also indicates that the calculated values for testing the ( ) maximum 

eigenvalue ( ) which is equal to 22.97198 and larger than table value (15.49471) at 

significance level 5%, therefore zero theory is rejected which indicates the availability of one 

vector for co-integration at significance level of 5% and we accept the alternative theory 

which states the availability of more than one vector for co-integration.  

Table 4: the results of Gohansen tests:

Table 4: Critical Values and Theories result 

Eigenvalue p-value 
Critical 

Value   
Theories  

  
0.701520 0.0013 15.49471 22.97198 25.38902 R=1 R=0 

0.112595 0.1319 3.841466 2.269621 2.269621 R=2 R≤1 

The results of Table 4 indicate the availability of one equation or vector for co-integration 

between GDP and GACF at significance level 5% using trace test and λ max. Test, this 

means that it’s possible that there might be a long-term static linear combination between 

GDP and GACF. 
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Granger Causality Test [23]:  

Freedman (1997) indicated that the Regression analysis provides useful methods in 

summarizing data and prediction; however, it’s unable to discover the causal relationship 

between GDP and GACF.

Granger demonstrates the co-integration among two variables (the availability of one casual 

relation at least) and the availability of one causality relation of time series (GACF) to time 

series (GDP) means GACF contains information by which expectations can be improved 

regarding the serial GDP. In other words, GACF causes GDP variable lag’s length of GACF 

which has predictability more than the predictability of the variable lag’s length of the 

variable GDP. This is being tested by inserting the value of the endogenous variable and the 

interpreted variable for several time gaps, through considering that the reason precedes the 

result in time.

As there is a co-integration between the integrated variables of the same degree (1), the 

causality test is done by VEC Granger Causality/Block Exogeneity Wald Tests). By testing 

the null hypothesis which states that there is no causal relationship between the variables, on 

the other hand, the alternative hypothesis states that there is a causal relationship between the 

variables at least in one vector (direction). 

By comparing the value of Chi-square and critical value or P. value at significance level 5%, 

we note the P-Values is equal to (0.0000) which is lower than 0.05 at significance level 5 %. 

Therefore, we reject the null hypothesis which states that there is no causal relation from the 

variable GACF to the variable and we accept the alternative hypothesis which states there is a 

causal relation from GACF to GDP.In table (5); the following notes:  

The variable DGACF causes the variable DGDP with three-time gaps at significance level 5 

%, we reject the null hypothesis and accept the alternative hypothesis. 

The DGDP variable does not cause the variable DGACF with three-time gaps at significance 

level 5%, we accept the null hypothesis and reject the alternative hypothesis. 

Table 5: the results of  causality tests according to Granger for GDP and GACF: 

p-value 
Chi-sq 

test  

Hypotheses  

  

0.0000 35.50553 
DGACF Granger Cause 

DDGDP 

DGACF does not Granger Cause 

DDGDP 

0.1424 5.437976 
DGDP Granger Cause 

DDGACF 

DGDP does not Granger Cause 

DDGACF 
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VECM) Vector Error  Correction Model) [24]:  

The availability of co-integration among variables means the possibility of designing vector 

autoregressive model VAR in the form of the first differences of the variable and adding time 

lag , therefore, the study has used vector error correction model VECM as one of the modern 

statistical techniques in analyzing adaptability and variables adaptation over time. 

The vector errors correction model VECM assumes that there are two types of 

relations between GDP and GACF. 

Long-term balance relation, it can be measured by models variables levels measurement.  

Short term relationship which represents a current and or direction relation appears between 

GDP and GACF in every period being measured by variables.  

The vector error correction model contains two variables, the GDP as endogenous variable 

and GACF as independent variable; therefore we have two equations so every variable will 

appear as an endogenous variable in which its value will be determined by the same variable 

value in the previous periods in addition to lag values and vector of error correction. From 

table no. 5, we note: 

The value of R square equals 0.85 which indicates that GACF interprets 85% of the variable 

GDP which also interprets the quality of models reconciliation.  

The statistical significance of the model is significant through noting the F-statistic value 

which is equal to (15.97511) if p=0.000060, which is a probability that is less than 5% which 

make us reject the null hypothesis which states the interpreted variables do not interpret the 

models in a good way; we accept the alternative hypothesis which indicates that the 

interpreted variables collectively interpret the model in a good way.  

We note that the estimated error limit is negative and statistically significant, which means 

that there is a balanced relationship in the model onthe long term. The value (s) of error limit 

value is nearly (-0.09) that the GDP can be adjusted to its balance value in every period, a 

percentage of imbalance of the previous period (equivalent to 9%).  

In other words, the Gross Domestic Product is being corrected by imbalance of its balance 

value from previous periods 9%, it can be interpreted that when the GDP is deviated - within 

the short period- in the previous period from its balance value at long-term, 9% of the 

deviation is being corrected within the current period.  
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Table No. 6 VAR Model report 

Dependent Variable: D(DGDP)   

Method: Least Squares   

Date: 14/03/18   Time: 08:24   

Sample (adjusted): 1995 2013   

Included observations: 19 after adjustments  

                             (1) 

 Coefficient Std. Error t-Statistic Prob.   

C(1) -0.092320 0.018466 -4.999439 0.0004 

C(2) -1.027505 0.203698 -5.044265 0.0004 

C(3) -1.040664 0.252548 -4.120666 0.0017 

C(4) -0.886138 0.465161 -1.905015 0.0832 

C(5) 15.74644 3.584858 4.392485 0.0011 

C(6) 9.527250 3.070772 3.102558 0.0101 

C(7) 11.46281 2.463419 4.653214 0.0007 

C(8) -46052.68 16233.20 -2.836943 0.0162 

     

R-squared 0.910442     Mean dependent var -1753.421 

Adjusted R-squared 0.853451     S.D. dependent var 164329.9 

S.E. of regression 62908.34     Akaike info criterion 25.23231 

Sum squared resid 4.35E+10     Schwarz criterion 25.62997 

Log-likelihood -231.7069     Hannan-Quinn criteria. 25.29961 

F-statistic 15.97511     Durbin-Watson stat 1.642680 

Prob(F-statistic) 0.000060    

The results in table 6 can be simplified in the form of an equation as follows: 

(2) 

(3) 

The highlighted part indicates the relationship between the variables (GDP & GACF) in long-

term, and non-highlighted part indicated the relationship in short-term.  

Prediction 
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The good planning and prediction of future events, which are likely to occur,  prepare for 

them before they occur, depends on what has happened in the past and is happening in the 

present. The correct method, rely on the scientific bases and the mathematical and statistical 

methods [25]. 

A statistical study of the time series including the analysis of changes in the studied 

phenomenon, and using them in the preparation of estimates in future periods in order to be 

prepared to face them. 

The methods of time series analysis have not had any development recently despite 

development in technology which has led to ease of carrying out long and complex 

calculations,  

In addition,it can’tbe performed manually. The VAR models are important and useful models 

in the study and prediction of economic phenomena. To test the quality of the model and its 

prediction validity we will test the residuals. Prediction procedure interpreted as follow 

 

Testing the residuals:

To achieve the validity of estimated model correction, we have to make sure of residuals for 

distribution and that they are auto-correlated.  

 

Residual Probability distribution  

Jarque-Bera test, which states residuals are normally distributed, is going to be used. We test 

the null hypothesis correctness against the alternative hypothesis which states that residuals 

do not subject to normal distribution. The test in table No. 7 shows non-rejection for the 

residual null hypothesis in terms of the first equation, i.e. not rejecting the normal distribution 

hypothesis of residuals at significance level 5% with a probability of 0.7374.  

 

Table 7: Jarque-Bera test, Residuals normal distribution 

VAR Residual Normality Tests 

Prob Df Jarque-Bera Component 

0.7374 2 0.609176 1 

0.0039 2 11.10374 2 

0.0196 4 11.71292 Joint 

 

Autocorrelation test for residuals:
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Ljung-Box states that residuals are not auto-correlated. Testing the null test against the 

alternative hypothesis which states that the residuals are auto-correlated at significance level 

5%, the test indicates the non-availability of the null hypothesis (table No. 8). 

Table 8: Autocorrelation test Ljung-box. 

VAR Residual Portmanteau Tests for Autocorrelations 

Null Hypothesis: no residual autocorrelations up to lag h 

Date:  14 /03/18   Time: 05:25 

Sample: 1990 2013Included observations: 20 

Lags Q-Stat Prob. Adj Q-Stat Prob. df 

1  1.132278 NA*  1.195182 NA* NA* 

2  2.948434 NA*  3.225004 NA* NA* 

3  4.332870 NA*  4.869021 NA* NA* 

4  5.676240  0.4604  6.570623  0.3624 6 

5  7.603666  0.6675  9.186416  0.5145 10 

6  9.387375  0.8055  11.79338  0.6229 14 

7  18.50557  0.4228  26.23051  0.0946 18 

8  20.78425  0.5341  30.16642  0.1145 22 

9  21.38902  0.7216  31.31549  0.2167 26 

10  21.79894  0.8613  32.18087  0.3592 30 

11  24.10225  0.8959  37.65124  0.3057 34 

12  25.25321  0.9439  40.77526  0.3494 38 

*The test is valid only for lags larger than the VAR lag order. 

df is degrees of freedom for (approximate) chi-square distribution 

 

Prediction by restricted VAR (3) 

By using this model estimated by vectorialautoregressive VAR, we will predict till 2030 as 

indicated at the table (9). 

Table 9: prediction values GDP and GACF till 2030 using VECM. 

Years  GDP GACF Years GDP GACF 

2014 2046604 127387.1 2023 1065424 64455.13 

2015 1967342 126461.3 2024 960747.1 52154.06 

2016 1874066 123646.7 2025 866923.4 39599.55 

20`7 1770292 119402.6 2026 787579.1 27198.11 

2018 1659166 113526 2027 724938.7 15133.27 

2019 1540851 106009.4 2028 680636.1 3757.24 

2020 1419534 97273.23 2029 657080.5 6569.68 

2021 1298396 87270.22 2030 655297.2 15645.84 

2022 1178950 76191.59    
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Results and Recommendations:  

Through the practical side for analyzing the causal relation between gross domestic product 

and gross agricultural capital formation using VAR model, it was concluded into the 

following results and recommendations:  

 

Results: 

The time series of GDP and GACF form a non-stationary rapid context, ADF tests have 

indicated the availability of unit root and that the series are non-stationary at the normal level 

and they are stationary when taking the first differences.  

Through determining time lag lengths number in agricultural investment effect on the gross 

domestic product, it can be proved that on the extent of introducing the new projects in 

agricultural investment.  

The statistical results of the co-integration using Johansen method have indicated the 

rejection of the hypothesis which indicates that there is no co-integration vector and 

accepting the hypothesis which indicates that there is at least one vector for co-integration. 

This means that the structure of GDP in Yemeni economy is co-integrated within the study 

period.  

The study shows the ability of VAR to disclose the casual relationship between investments 

and total GDP, as there is a correlation being moved from GACF to GDP.  

Through representing the relation between the study variables in short and long-term using 

VAR, the results have shown: 

The endogenous variable factor for three significant periods is at a significantlevel of 5%, 

which confirms the availability of the error correction mechanism at the model. 

The availability of a significant and positive effect for GACF in both the short and long 

terms, this is what can indicate the correlation between GDP and investment-oriented sizes 

inthe agricultural sector. 

Predicting the gross domestic product and gross agricultural capital formation till 2030.  

 

Recommendations:

The following recommendations were reached to:  

Using a VAR model to predict GDP and GACF by the competent authorities and approving 

such predictions in future plans.  

Conducting similar studies and researches which take into consideration the relationship 

between GDP and GACF.  
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