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Abstract: This study shows that gross capital formation affects economic growth positively in 

Colombia during the period 1984-2017. Along with gross capital formation, we have 

considered trade variables (exports and imports). Estimations for long and short run, we 

have employed autoregressive distributed lag (ARDL). For directional causality, we have 

employed Granger-causality. Our findings, with error correction model, exhibit positive and 

significant gross capital formation with economic growth in Colombia in long and short run. 

Whereas, trade variables were found not significant in ARDL forlong run estimations. The 

findings of Granger-causality provide a bidirectional causality of gross capital formation 

and imports between economic growth, yet no causality has been found with exports. These 

results imply that for enhancing economic growth in Colombia, the country should increase 

gross capital formation. Moreover, it is important that countries in Latin America where 

gross capital formation is taking place very accurately, that they focus on increasing exports 

by improving their productivity. In addition, Colombia should imply trade policies within 

other countries, especially its trading partners for enhancing economic growth. 

Keywords: gross capital formation, international trade, ARDL, Granger-causality

I. Introduction 

Colombia has witnessed uncertain economic growth during last decades. Several policies 

have been supporting economic growthby evidencing monetary and fiscal policies; in 

addition,investment and government programs has been providing growth. However, several 

situations concerning security, infrastructures, inequality, old-aged poverty, may have been 

impedinga healthiereconomic growth in Colombia(OECD (Organisation for Economic Co-

operation and Development), 2015)
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Gross Domestic Product (GDP) in Colombia remained 6.8% in 2007, while increasing in 

2011 to 7.3%. Recent GDP has been found 1.9% in 2016. Uncertainty economic growth have 

been attributed to changes in main industries, such as oil and mining.  

During the decade of ninety‟s, Colombia implemented the plan “La RevoluciónPacífica” 

(Peaceful Revolution) by executing domestic market strategies and reconsidering previous 

trade policies based on import-substitution, which in theory may improve Colombia‟s main 

export industries based on oil, mining and coffee (Cárdenas, Ocampo and Thorp, 2000). 

However, external factors and changes in the price of certain industries and commodities 

affected internal market growth. 

Several studies demonstrated that Colombia‟s trade openness has a low performance on 

international markets (López, López Enciso and Montes, 2015). Hence, by focusing on poor 

economic policies that affect global market, recent studies (Jaramillo Correa, 2004; García et 

al., 2014; García, Collazos and Montes, 2015; López, López Enciso and Montes, 2015) find 

that poor infrastructures, inefficient institutions, and uncoordinated trade policies may be 

affecting Colombia‟s competitiveness in external markets.

By understanding the highly importance of capital formation and trade liberalization for 

improving economic growth,neo-classical theories indicating thateconomic growth starts 

from outside the country; however, other theories focuses on endogenous model (Krueger, 

1995).Exports can be one of the ways for growth, (Awokuse, 2008)expose in three statements 

the positive impact of exports on economic growth: 1) Direct effect of exports increasing 

output; 2) Indirect effect of exports on economies of scale (Helpman and Krugman, 1985); 

and 3) Stimulating output growth with increasing capital formation through intermediate 

goods (Balassa, 1978); (Esfahani, 1991). 

Gross capital formation refers to an incorporation of capital stocks in a country. A recent 

study by (Bal, Dash and Subhasish, 2016) found a positive effect of capital formation while 

considering several variables such as trade openness, exchange rate, and total factor 

productivity. Another study focused in Latin America employing measures of capital 

mobility, trade openness and democracy  found that trade openness has a positive association 

with education and social security(Avelino, Brown and Hunter, 2005). By focusing 

specifically in Colombia, a previous study find out that gross capital formation, 

manufacturing output and  government consumption affects positively economic growth in 

the country (Moreno, Liu and Mirza, 2019).  

Trade openness is considered another measured for capital formation. Although trade 

liberalization might bring potential economic growth; international trade is evidenced as one 
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of the main engines of economic growth. By focusing on the benefits of trade, several studies 

considered international trade as an engine for economic growth (Dollar, 1992; Krueger, 

1998; Awokuse and Christopoulos, 2009).

This study consists for estimating the economic growth by considering gross capital 

formation and international trade indicators such as exports and imports in Colombia. We 

employ an autoregressive distributive lag (ARDL) and Granger-causality in order to find the 

direction and causation of economic growth. 

We divide our study in six sections. In the first section we introduce the theoretical 

framework and empirical research. In the second section we present the methodology and 

data description. Section third show the results. Section fourth indicate the conclusion. 

Further sections are the appendix and references. 

II. Section 

2.1 Data Description 

We considered the following variables GDP per capita (GPC), gross capital formation (GCF), 

exports of goods and services (EXP), and imports of goods and services (IMP) for a period of 

1984 – 2017. All the variables are taken in constant 2010 US dollars from World 

Development Indicators. The data is harmonized with logarithm form. Table 1 explains the 

description of variables and in table 2 we present the standard deviation. 

Table A1: Description of variables 

Abbreviation Description Measure Source 

GCP GDP per capita (constant 

2010 US$) 

It is the value of gross domestic 

product divided by midyear 

population.  

WDI 

EXP Exports of goods and 

services (constant 2010 US$) 

Exports represent the value of all 

goods and services provided to 

the rest of the world.  

WDI 

IMP Imports of goods and 

services (constant 2010 US$) 

Imports represent the value of all 

goods and services received from 

the rest of the world. 

 

GCF Gross Capital Formation 

(constant 2010 US$) 

Formerly called domestic 

investment. Gross capital 

formation consists in all 

additional expenditures of a 

country in their fixed assets. 

Gross Capital Formation are those 

WDI 
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improvement in roads, buildings, 

hospitals, schools, offices, among 

others referred to fixed asset of a 

country.  

 

Table 2: Standard Deviation 

Variable Obs. Mean Std.Dev. Min Max 

GPC 34 0.019191 0.022748 -0.057756 0.060457 

GCF 34 0.050798 0.145873 -0.488249 0.357569 

EXP 34 0.051787 0.060318 -0.125938 0.188181 

IMP 34 0.06347 0.114728 -0.283434 0.346054 

 

2.2. Methodology 

We estimate our model by employing the autoregressive distributive lag (ARDL) bound 

testing of Pesaran et al. (2001). With this model, our study is able to estimate mixed 

stationary at I (0) and I (1) and the impact in short and long run on economic growth of 

international trade in Colombia.Furthermore, several steps are required for estimating ARDL.  

Firstly, we need to apply the cointegration of variables by accepting or rejecting the null 

hypothesis. Thus, the values must range upper the limits of f-statistics. In case values range 

between the upper and lower limits of f-statistics, we have inconclusive results. By following 

the critical values of Narayan (2005), we had a null and alternative hypothesis of: 

) and ( ) respectively.  

We estimate the ARDL while considering an unrestricted error correction model, the 

equation is as follow: 

For ∆ the first difference operator; ω, δ, ɸ are the coefficients for GCF, EXP and IMP;  is 

the error term; and f, g, h is the lag length selected by Akaike Information Criteria (AIC). In 

addition to our model, we run the Durbin Watson (DW) test and Lagrange Multiplier (LM) 

test both for autocorrelation, and white test for heteroskedasticity.  

We also employ a granger causality and considered a VEC model. With the Granger causality 

(Engle and Granger, 1987) we can observe the direction of variables. The model is: 
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For ∆ the first difference operator; ω, δ, ɸ are the coefficients for GCF, EXP and IMP;  is 

the error term; and q, r, s is the lag length selected by Akaike Information Criteria (AIC). 

Then, is the error correction term in consideration of long-run relationship. And, its 

coefficient is the speed adjustment to the long run equilibrium.  

III. Results 

3.1. Unit root analysis 

For estimating the ARDL, we fist employ the augmented Dickey–Fuller (ADF) test to 

calculate the variables level of stationarity in the long and short run. In case the variables 

reach to a second difference, the ARDL cannot be applied. In table 3, we show that ADF tests 

I (0) at level and I (1) at first difference are stationary. Further on, in table 4 we present the 

order of integration. The results are a mixed result of integration. The variables GPC, EXP, 

and IMP are found stationary at I (1). While GCF is found stationary at the first difference. 

The first step for estimating ARDL is completed. 

Table 3: ADF test 

        

Variable  I(0) At level     

I(1) At first 

Difference     

 

Without Trend With Trend Without Trend With Trend 

  Z-Value P-Value Z-Value P-Value Z-Value P-Value Z-Value P-Value 

GPC -3.041 0.031 -3.211 0.082 -5.805 0.000 -5.715 0.000 

GCF -3.434 0.010 -3.496 0.040 -5.353 0.000 -5.256 0.001 

EXP -2.056 0.263 -2.23 0.473 -4.296 0.001 -4.571 0.001 

IMP -3.131 0.024 -3.197 0.085 -5.416 0.000 -5.327 0.001 

 

Table 4:  

Variable  Integration 

GPC I(1) 

GCF I(0) 

EXP I(1) 

IMP I(1) 

 

3.2 Bound testing results 

By considering the cointegration of variables, to further apply ARDL estimation, we must 

estimate f-statistics values by employing bound testing. In table 5, the f-statistics is 13.822, a 

value above the critical values and confirming the existence of cointegration. The results are 

according to Pesaran et al. (2001) and (Narayan, 2005) upper and lower bound testing values. 

We can proceed to estimate ARDL.  
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Table 5: Bound test for Co-integration   

Test Statistics   Values 

F-Statistics 

 

13.822 

CV Bounds 

  

 

Significance I(0) Bound I(1) Bound 

 

10% 2.72 3.77 

 

5% 3.23 4.35 

 

2.50% 3.69 4.89 

  1% 4.29 5.61 

 

3.3. ARDL Estimation  

By estimating previous test and following anaffirmative result to proceed with ARDL 

approach. We estimate our model in long run and short run. The results are shown in table 6. 

We can observe that GCF corresponding to gross capital formation is the only variable 

showingpositive and significant effect in the long run on economic growth in Colombia. 

Whereas, in the short run, GCF increases its significance. These findings are in tune with 

previous study based on empirical research resulting in a positive gross capital formation and 

economic growth employing different variables (Moreno, Liu and Mirza, 2019).  

Although exporters only demonstrated to have a positive and significant impact in the short 

run, imports remain insignificant in both period (long and short run). According to these 

results, trade is unsuccessful to growth economically in Colombia. Moreover, in accordance 

with previous a recent study, by analyzing the impact and participation of Colombia in world 

trade, they found similar results of weak improvement in latest decades for international trade 

in Colombia (Cepeda-López et al., 2019). 

 

Table 6: ARDL estimation 

Dependent Variable: Economic Growth 

 

Coeff(SE) 

Long Run Analysis Lag length (1,0,1,1) 

  EXP 0.109 

(0.177) 

-0.354 

(0.238) 

0.570* 

(0.261) 

 IMP 

 GCF 

 
Short Run Analysis, Lag Length (1,0,1,1) 

  GPC (t-1) 0.463** 
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(0.125) 

0.223* 

(0.091) 

0.142** 

(0.046) 

-0.0361 

(0.040) 

-0.0712 

(0.035) 

-0.0629 

(0.045) 

-0.0484 

(0.025) 

0.179*** 

(0.034) 

-0.314* 

(0.120) 

0.00380 

(0.004) 

GPC (t-2) 

 EXP 

 EXP (t-1) 

 EXP (t-2) 

 IMP 

 IMP (t-1) 

 GCF 

 ECM 

 _cons 

 N 32 32 

R-sq. 0.888 0.877 

Diagnostic Tests Value Prob. 

DW-Statistics 2.29158 

 LM-Statistics (bgodfrey Prob.) 1.657 0.198 

Heteroscedasticity  32 0.4167 

Standard errors in parentheses 

  * p<0.05, ** p<0.01, *** p<0.001 

   

In table 6, we present the Granger-causality results. While considering VEC model, the 

results demonstrate that gross capital formation and imports has a bidirectional causal 

relationship with economic growth; though, no causality has been found with exports. 

Interestingly, gross capital formation has been found a bidirectional causation with imports, 

but not for exports.  

Accordance to previous literature, the deficient infrastructures and the long distance of 

production centers for reaching to ports are causing problems to exports and imports to 

growth in Colombia (Jaramillo Correa, 2004).  
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Table 6: VECM Granger-causality approach 

Variables ∆GPC ∆EXP ∆IMP ∆GCF 

∆GPC _ 9.3082 7.7154 12.557 

  

0.01 0.021 0.002 

∆EXP 2.2112 _ 1.3951 0.30005 

 

0.331 

 

0.498 0.861 

∆IMP 8.3709 10.644 _ 7.3706 

 
0.015 0.005 

 
0.025 

∆GCF 10.607 17.992 11.727 _ 

  0.005 0.000 0.003   

 

IV. Conclusion  

We conclude that gross capital formation is the main considered variable of our study 

affecting economic growth in Colombia during the period 1984-2017. Though, international 

trade variables were not able to provide importance toward economic growth. For our study, 

long run and short run estimations, we have considered ARDL. For understanding the 

direction causality between variables, we have considered Granger-causality. Our study 

shows that gross capital formation is affecting economic growth in long run estimations. 

Whereas, in Granger causality, the results show gross capital formation and imports have 

bidirectional causality between economic growth. Interestingly, international trade 

variableswere not able to provide sufficient support on economic growth in Colombia. These 

findings imply that Colombian government should increase gross capital formation in order 

to enhance economic growth. Moreover, trade policies, incentives onproductivity and 

improving exports within trading partners and countries in the region of Latin America 

should increase economic growth in Colombia.
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