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Abstract
This study investigates the impact of energy consumption and financial development on economic growth using
neo-classical production function in the case of US. The ARDL (Autoregressive distributed lag) bounds testing
approach with additional variables (energy consumption and financial development) is used to investigate
cointegration during the period of 1967-2012 in US. The ARDL reveals a cointegration relationship among
energy consumption, financial development, capital and economic growth. Energy consumption and financial
development reveal short term impacts but no long-term impacts on economic development. Capital has short and
long impacts on economic development. Therefore, energy conservation policies can be implemented since
energy consumption only has short term effects on economic growth but not long term effects. The result also
implies that the US government should encourage the financial sector to develop a new financial policy or system
to boost up the process of capitalization to keep going economic growth.

JEL: C5; Q43
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1. Introduction
The impact of energy consumption and financial development on economic growth in the US was explored by
using the neo-classical production function. Developed countries such as the US have been asked to take
responsibility for environmental protection. The US may be one of world having higher technology to use energy
efficiently and has economic growth in the same time. Energy consumption (environment protection) has been a
hot issue in recent years. Since 1970’s the relationship between energy consumption and economic growth have
been discussed (Kraft and Kraft, 1978). Since then, many studies have discussed the relationship between energy
consumption and economic growth, but their results have been inconclusive. Conclusions differ because studies
have been performed in different countries, different time period, different models, and different countries’
uniqueness (Ozturk, 2010; Payne, 2010).
Four causal relationships between economic growth and energy consumption have been proposed. The growth
hypothesis is that energy Granger causes output, the conservation hypothesis is that output Granger causes
energy, the feedback hypothesis is that energy and output Granger cause each other, and the neutrality hypothesis
is that energy and output do not Granger cause each other (Payne, 2010). The four hypotheses can be divided into
two views: one is that energy consumption affects economic growth, and the other one is that energy consumption
does not affect economic growth. If energy consumption does not affect economic growth, energy conservation
policy can be used since it may not hurt economic growth. The next question is the size of the effect and the
duration of the effect. Sari et al.(2008) applied the ARDL(autoregressive distributed lag) bounds testing approach
(proposed by Pesaran et al.(2001)) to find the amount of the effect. The ARDL also can estimate the short run and
long run effect. The final question is whether an important variable such as financial development has been
excluded.
Financial development has been discussed about affecting economic growth (King & Levine, 1993; Odedokun,
1996; Ang, 2008; Wolde-Rufael, 2009; Shahbaz, et.al, 2013). The reason to put the financial development in the
production is that it lets people easy to get loan (cheaper cost) in some items, for example household appliances,
mobiles, house, et al. Therefore, it may have a positive effect on economic growth (Mehrara, and Musai 2012).
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Therefore, the study adds the important variables (financial development and energy consumption) in neoclassical production function in the research. The study also concern about the utilization of input (capital), since
the utilization rate of capital may not be full in every year in the real world (Klein and Su, 1979). To the best of
my knowledge, this study is the first empirical study that uses the variables (economic growth, capital, energy
consumption, and financial development) with the advanced and the popular model ARDL bounds testing
approach (Pesaran et al., 2001)) and the utilization rate of capital to investigate cointegration relationship among
these variables in US to find the long run and short run effect.
The research revealed a cointegration relationship among energy consumption, financial development, capital and
economic growth. Energy consumption and financial development revealed short term impacts but no long-term
impacts on economic development. The capital has short and long impacts on economic development. This
implies that energy conservation policies should be implemented because energy conservation policies only have
short term effects on economic growth but no long-term effects. Therefore, the US government may continue to
promote more investments on energy efficiency research to keep going economic growth.
This paper is organized as follows: Section 1 is introduction, Sections 2 is literature review, Section 3 is data and
methodology, and Section 4 is empirical results. The last section is conclusion and policy implications.

2. Literature Review
Many researches examine the relationship between energy consumption and economic growth. According to the
literature survey paper of Payne (2010), there are more than one hundred empirical papers doing the research of
the relationship between energy consumption and economic growth alone up until 2008 (by publication date).
These studies have obtained very different results. That is because they may use the different econometric
models, time periods, and countries (Payne, 2010)). The financial development has been focus on having the
relationship with economic growth in the recent year (King & Levine, 1993;Odedokun, 1996; Ang, 2008; WoldeRufael, 2009; Shahbaz, et.al, 2013). Therefore, this literature review focuses on two major findings of these past
studies. One is energy consumption- economic growth nexus and the other one is financial developmenteconomic growth nexus.
2.1 Energy Consumption- Economic Growth Nexus
In the early 1970s, Kraft and Kraft (1978) performed the original study of the energy-growth relationship. They
reported a unidirectional causality relationship running from GNP （ Gross National Product ） to energy
consumption but not vice versa. Eden& Hwang (1984) apply Sims’ technique and use the updated data US (1947–
1979) to reexamine the relationship between energy consumption and GNP. They find that there is no relationship
between energy consumption and GNP. Both of these studies used bivariate models, which may lose important
variable(s) and obtain biased results.
Stern (1993) uses multivariate VAR model by adding capital and employment variable for 1947-90 data for the
USA. He finds that energy consumption Granger causes GDP. Ewing et al. (2007) uses the generalized variance
decomposition approach to disaggregate energy consumption. They find that natural gas, coal, and fossil fuel do
affect output. Lee& Chien, (2010) use an aggregate production function to examine the dynamic relationship
among energy consumption, capital stock, and output in G-7 counties. Variance decompositions also revealed that
the effect of energy consumption on output is overestimated when the utilization rate of capital in the US ignored.
Therefore, this study also applies the utilization rate of capital in this research.
The drawback of the standard Granger test is that it needs a differencing to variables that are non-stationary. The
differencing may remove some important long-run information that is very important for policy makers; the
drawback has been solved by cointegration model. Yu &Jin (1992) employ cointegration model and find there is
no long run relationship between energy consumption and economic growth in US case. However, bivariate
analysis may cause bias because it excludes important variable(s). Stern (2000) use cointegration analysis to
extend his previous study (multivariate VAR model; Stern, 1993) in US. He finds that the results are similar to his
previous results (energy Granger causes output) and there is a long run relationship between energy and output.
In Oh & Lee, (2004), a vector error correction model (VECM) revealed no short term causal relationship between
output and energy but identified a long-run causal relationship between output and energy in Korea. A limitation
of the VECM model is that all the variables in the VECM model needs to be the same order of integration.
Another drawback of the VECM model is that variables must be assigned the same lag-lengths. The ARDL model
can avoid these two drawbacks of the VECM model (Umer, 2014).
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2.2 Financial Development-Economic Growth nexus
Recent studies have revealed a relationship between financial development and economic growth (King &
Levine, 1993; Odedokun, 1996; Ang, 2008; Wolde-Rufael, 2009; Shahbaz, et.al, 2013). King & Levine (1993)
argued that, as financial systems improve, innovation and economic growth improve. Odedokun (1996) use the
conventional neo-classical production function (adding the financial development variable) model in LDCs (least
developed countries) by using annual data for 71 countries. Financial development had a positive effect on
economic growth in approximately 85% of these counties. Ang (2008) use the ARDL bounds approach to find
that financial development has positive effect on output in Malaysia. In Wolde-Rufael (2009), the Granger
causality model (Toda and Yamamoto (1995) procedure) revealed that financial development Granger causes
economic growth in Kenya. Shahbaz et.al (2013) use ARDL bounds testing approach and find financial
development have positive effect on economic growth in China. Granger causality analysis further revealed a
two-way (bidirectional) causal relationship between financial development and economic growth.
Although many studies have investigated the energy consumption- economic growth nexus and the financial
development-economic growth nexus, very few studies have examined the relationship among energy
consumption, financial development, and economic growth with production function. Therefore, this study
performed an in-depth analysis of the impact (both in short run and long run impact) of energy consumption and
financial development on economic growth with production function and an advanced methodology-ARDL
bound testing procedure for the empirical study of US.

3. Data and Methodology
Recent studies have argued that energy is an important production input (Stern, 1993, 2000; Ghali and El-Sakka,
2004; Lee and Chang, 2008; Lean and Smyth, 2014). Financial development is also considered an important input
(Odedokun, 1996; Anwar and Nguyen, 2011; Shahbaz, et.al,, 2013; Shahbaz, et.al, 2014). According to the
existing literature, the impact of energy consumption and financial development on economic growth is
empirically examined by the following model:

ln yt   0  1 ln kut   2 ln ect   3 ln fdt  t

(1)

where y is GDP per capita at constant price(constant 2005 US$) (a proxy for economic growth), ku is capital per
capita (Gross fixed capital formation (constant 2005 US$) ),which is with full utilization rate, ec is energy
consumption in kg of oil equivalent per capita, fd is financial development proxies by real domestic credit to
private sector per capita (using Domestic credit to private sector (% of GDP) to multiple by GDP current price,
divide by CPI price index and divide by population),  t is a stationary error term. All variables are took logarithm
(written by ln). All data were obtained from World Development Indicators (WDI, by the World Bank) with the
exception of utilization rate of capital, which was obtained from the Board of Governors of the Federal Reserve
System (https://research.stlouisfed.org/fred2/). Most empirical studies have focused on the full utilization of
capital. However, the calculation for the utilization rate of capital must assume that capital may not be fully
utilized every year (Klein and Su, 1979; Lee& Chien, 2010)). Therefore, this study modifies Eq. (1) of the
aggregate production function to be as follows:

ln yt   0  1 ln kt   2 ln ect   3 ln fdt  t
Where kt =  * kut and
 Is the rate of capacity utilization?

(2)

The autoregressive distributed lag model (ARDL) was used to test for cointegration and to estimate long-run and
short-run dynamics. The ARDL model has an advantage to handle the variables (the variables may include a
mixture of stationary and non-stationary time-series, for example, integrated of order (1) or (0)). Another
advantage of the model is that it is easy to implement and interpret since it involves only a single-equation
arrangement. Another advantage is that different variables of the model can be assigned different lag-lengths
(Pesaran and Shin 1999; Pesaran et al. 2001). In order to find the long run and short run relationship, the dynamic
error correction model has been used, which derived by ARDL model. The model is presented as follows:
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i0

(3)

1 ln yt 1  2 ln kt 1  3 ln ect 1  4 ln fdt 1   t
Where  ,φ,γ and η are short run parameters and λ1toλ4 are long run parameters. To test cointegration, the null
hypothesis is set to H0: λ1=λ2=λ3=λ4=0 against the alternative hypothesis H0 is not true. A rejection of the null
hypothesis implies that the model has a long-run (cointegration) relationship. Pesaran et al. (2001) provides the
upper bounds and lower bounds on different numbers of variables to be the critical values. The upper bound (UB)
is based on the assumption that all variables are I(1) and the lower bound (LB) applies if the series are I(0). An Fstatistic above the UB indicates that it has cointegration. An F-statistic below the LB indicates that there is no
cointegration. If the F-statistic falls between the UB and LB, the test is inconclusive.
The Akaike Information Criterion (AIC) was used to select the orders of the lags for the specification in the
ARDL model. AIC is one of popular model selection criterion. Even though it has a risk of over-fitting the model
but I would not under-fit the model. The lag length that minimizes AIC is then selected. After the suitable lag
structure for Eq. (3) has been selected, Eq. (3) must be tested to ensure that its error term is serially independent.
Then, the bounds test is used to test the model for whether there is a long run relationship between these variables.
If a long run (cointergration) relationship is observed, we can estimate the long run model (levels model) and the
short run model (conventional error-correction model). If a long run (cointegration) relationship among these
variables is identified, all of the first differences of the variables in the Eq. (3) are equal to zero, for example,

 ln yt =  ln kt =  ln ect =  ln fdt = 0. And the long run model can be formulated as the following form:
ln yt  1  2 ln kt  3 ln ect  4 ln fdt  1t …………………………………………………………...(4)
Where, the long run coefficients 1 =-  0 /λ1 ; 2 = -λ2/λ1 ; 3 = -λ3/λ1 ; 4 = -λ4/λ1 , and  1t is the random error. To
estimate the short run relationship, the conventional error correction model version model from the ARDL model
in Eq. (3) is used as follows:
n1

n2

n3

n4

 ln yt   2  2i  ln yt i  2i  ln kt i    2i  ln ect i  2i  ln fdt i ECMt 1   2t ……… (5)
i1

i0

i 0

i0

The coefficient of the error correction term (ECMt-1) in Eq. (5) is the speed of adjustment from the short-run to
the long-run, which is expected to be negative and statistically significant. The model has been tested by the
diagnostic tests that are serial correlation LM test for serial correlation, normality test for normality,
autoregressive conditional heteroskedasticity test and white heteroskedasticity test for heteroskedasticity , and
Ramsey RESET test for the functional form. Stability tests (cumulative sum of recursive residuals (CUSUM)
and cumulative sum of squares of recursive residuals (CUSUMSQ)) are also used to test the goodness of fit of
the ARDL model.

4. Empirical Results
The ARDL model used for empirical analysis was constructed using Eviews 9 econometric software. Since the
ARDL model only can be used in the variables are integrated of I(0) or I(1) (Pesaran et al. 2001), unit root tests
have to be used to make sure all the variables are no integrated of I(2) or higher. The study used two popular
unit root tests, the augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1979) and Phillips–Perron (PP)
(Phillips and Perron, 1988) tests. Table 1 shows the unit root tests results. All variables in the levels are not
stationary but all variables in integrated of order 1 or I(1), first difference, are stationary.
The bound test was used to evaluate cointegration. And the result of bound test is shown in Table 2. In the Table 2,
the value of k (the number of all variables are k+1) is 3 in the model that the research used. The F-statistics is 7.14
and higher than upper critical bound 5.61(1% significance level), which indicates a long term relationship among
economic growth, energy consumption, financial development, and capital during 1967-2012 in US.
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Table 1: Unit Root Tests

Variable
ln y
ln k
ln ec
ln fd

ADF test
(t-Statistic)
Level
Constant Without
Trend
-1.43
-1.36
-2.24
-0.47
First Difference
-5.02*
-6.08*
-4.59 *
-5.01 *

PP test
(adjusted
Constant With
Trend
-2.33
-2.9
-2.49
-2.43

t-Statistic)

Constant
Without Trend
-1.62
-1.08
-2.43
-0.51

-5.05*
-4.86 *
ln y
-6.01*
-6.06*
ln k
-4.91*
-4.49 *
ln ec
-4.95*
-0.51 *
ln fd
Notes: * denotes significance at the 5% level.
Table 2: Results of Bounds Test
F-statistics
7.14

k
3

Significance Level
1%
5%
10%

Bound Critical values
I(0)
4.29
3.23
2.72

Constant With
Trend
-1.44
-2.77
-2.41
-1.89
-4.93*
-10.87*
-4.80*
-4.97*

I(1)
5.61
4.35
3.77

The ARDL (5, 1, 1, 5) model is selected by Akaike info criterion (AIC). The model can estimate the coefficients
of the long-run relations and the short run relations. Table 3 presents the estimated long run coefficients and the
short run coefficients.
The long run coefficient of energy consumption is -0.28 and is not significant (p value is 0.2 which is greater than
5%), all else being constant, which means that conservative energy policy will not affect US economic growth in
the long run. The coefficient of financial development is 0.10 and is insignificant (p value is 0.24 which is greater
than 5%) in the long run. This indicates that financial development does not affect long term economic growth.
The coefficient of capital is 0.57 and is significant (p values is close to 0 which is less than 5%). That is, a 1 per
cent increase in capital increases economic growth by approximately 0.57 percent. Table 3 shows the results
obtained when the conventional error correction model is used to estimate the short run relationship. The result
suggests that the energy consumption has short run impact on economic growth because the coefficient of lag one
is positive and significant (p value 0.03 is less than 5%). The coefficient of capital is 0.16, positive and
statistically significant. That is, capital positively affects economic growth. The coefficient of financial
development also has the expected positive sign and significance at 5%. The coefficient of ECM (-0.15) is
negative and very significant, which suggests that nearly 15% of any deviation from the long-run equilibrium is
corrected within one year.
Diagnostic tests of the model are performed to evaluate serial correlation (serial correlation LM), normality
(normality test), heteroskedasticity (autoregressive conditional heteroskedasticity and white heteroskedasticity),
and functional form (Ramsey RESET Test) in Table 3. The diagnostic test results suggest that there is no serial
correlation, autoregressive conditional heteroskedasticity and white heteroskedasticity at the 5% significance
level. The diagnostic test results also reveal normal residual terms. The Ramsey reset test suggests that the model
appears well specified.
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Table 3: Statistical output for long run、 short run model and diagnostic tests
Regressor
constant
ln k
ln ec
ln fd
Regressor
∆ln k
∆ln ec
∆ln ec(-1)
∆ln fd
ECM
Diagnostic tests (p-value)
Serial Correlation LM ( 0.09)
Normality Test ( 0.66)
ARCH Test ( 0.18)
Heteroscedisticity Test (0.08)
Ramsey RESET Test ( 0.1)

Long run model coefficients
Coefficient
7.14
0.57
-0.28
0.1
Short run model coefficients
Coefficient
0.16
0.07
0.2
0.06
-0.15

p-value
＜0.01*
＜0.01*
0.20
0.24
p-value
＜0.01*
0.32
0.03*
0.01*
＜0.01*

Notes: * denotes significance at the 5% level.
The stability of the estimated model was tested by calculating the cumulative sum of recursive residuals
(CUSUM) and cumulative sum of squares of recursive residuals (CUSUMSQ). Both these plots in Figs. 1 and 2
are in the critical bounds at 5% significance level, which indicates that the estimated model is stable in the
research period.
Plot of Cumulative Sum of Recursive Residuals

The straight lines represent critical bounds at 5% significance level
Figure 1: CUSUM Plots for Stability Tests
Plot of Cumulative Sum of Squares of Recursive Residuals

The straight lines represent critical bounds at 5% significance level.
Figure 2: CUSUMSQ Plots for Stability Test

5. Conclusions and policy implications
This study examined the impact of energy consumption, financial development, and capital on US economic
growth during 1967-2012.
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The ARDL bounds testing model was used in neoclassical production function to identify short-term and longterm relationships among these variables. The production function revealed a large difference from previous
research. That is, the important variable “capital” has been concerned about that capital is not fully utilized each
year. The novel contribution of the study is the empirical analysis of the impact of energy consumption and
financial development on US economic growth with the utilization of capital in production function by ARDL
bounds testing model.
The analysis revealed a cointegration relationship among energy consumption, financial development, capital,
and economic growth. The test suggests that there is a positive impact of energy consumption on economic
growth only in short run but not in the long run. In the long run, it follows the neutrality hypothesis (Payne, 2010)
in the US empirical study. This implies that energy conservation policy will not have long-term negative effects
on U.S. economic growth. The US may continue to develop the energy efficiency technologies to maintain the
economic growth of US in the long run. Financial development positively affects economic growth in the short
term but not in the long term. Therefore, the US government should encourage the financial sector to develop a
new financial policy or system to boost up the process of capitalization and to produce a sound energy
infrastructure. Financial development would then have both long-term and short-term positive effects on
economic growth. Capital positively affects economic growth and is a very important input of economic growth
both in short run and in long run. The capital has a respected result and follows the production theory. This
implies that the US government should encourage people to invest more in the capital to maintain the US
economic growth.
Further studies are needed to compare cross sectional data. Time series data are also needed for policy analyses
of a single country. This study used time series data (annual data) for analysis of U.S. policy. However, because
of the degree of freedom, time series data cannot include all important variables (for example, export, government
spending, and tourism and so on) which may affect the economic development (Smyth & Narayan, 2014)). To
increase the number of important variables, future studies may use high frequency data if all the data are
available. For example, industrial production index monthly data may be used as an alternative to GDP.
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