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Empirical evidence regarding electricity consumption and urban economic growth
Thomas M. Fullerton Jr and Adam G. Walke

Department of Economics & Finance, University of Texas at El Paso, El Paso, TX, USA

ABSTRACT
Links between electricity consumption and economic growth are fairly well documented for
national economies, but less so for urban economies. The analysis of such relationships at the
sub-national level of aggregation can potentially offer a useful complement to national-level
research. This study examines the electricity-growth nexus in El Paso, Texas, while also consider-
ing the roles of capital stocks and employment. Testing suggests the presence of cointegrating
relationships and a vector error correction model is estimated. Granger causality tests reveal the
absence of causality between electricity consumption and personal income, implying that energy
conservation efforts will have a neutral effect on economic growth. Furthermore, the results
indicate that causality runs from the capital stock and employment to both personal income and
electricity consumption. This echoes previous research regarding the importance of accounting
for capital and labour factors of production in studies of aggregate electricity utilization and
economic performance. The methodology used in this analysis to develop a broad synthetic
measure of the urban capital stock, including various categories of public infrastructure, can also
be applied to other regions and urban economies.
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I. Introduction

The relationship between electricity consumption and
economic growth, sometimes called the electricity-
growth nexus, has been widely studied at the national
level. Research in this area has focused ondetermining
the direction of causality between electricity and
growth. The results are diverse, varying by region of
the world examined, stage of economic development,
and other factors (Ozturk 2010; Omri 2014). The
electricity-growth nexus at the regional or metropoli-
tan sub-national levels has, in contrast, received sub-
stantially less attention in the literature to date.

This study examines the energy-growth nexus for
El Paso, Texas, a mid-sized urban economy located
in the southwestern United States. The metropolitan
area is served by El Paso Electric, an investor-owned
company that provides electric energy for approxi-
mately 400,000 accounts. A majority of the com-
pany’s retail electricity sales in 2015 were to
customers located in the vicinity of El Paso, Texas,
with a smaller portion of sales to customers in
nearby Las Cruces, New Mexico (EPEC 2016). This
analysis focuses on electricity consumption in the
former area. One reason for focusing on the El Paso

urban area is the existence of consistent data span-
ning the period from 1976 to 2015 on local public
and private capital stocks. Prior research on energy-
growth causality indicates that it is important to
control for the capital stock as one of the key factors
mediating the interaction between energy usage and
output (Ghali and El-Sakka 2004; Hamdi, Sbia, and
Shahbaz 2014; He, Fullerton, and Walke 2017).

There are at least two important reasons to
examine the interactions between electricity con-
sumption and personal income growth at the
metropolitan scale. First, because income and elec-
tricity usage patterns vary substantially across
regions, metropolitan data sets may be less hetero-
geneous than national data samples (Gill and
Ellison 1976; Fullerton, Macias, and Walke 2016).
Along that same line of reasoning, results obtained
using data for individual urban economies may
also prove more reliable because those outcomes
are obtained with data that have not been aggre-
gated across multiple regions.

Second, local governments and businesses with
limited market areas have long had an interest in
regional-level economic analysis (Klein, 1969). This
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observation is perhaps especially pertinent to electri-
city markets. Electricity generation and distribution
are often handled by public or private entities within
well-defined regional service areas.Many of the deci-
sions regarding electricity rates and conservation
policies for those service areas are made at the regio-
nal level. Regional decision-making bodies also have
a role in formulating economic development strate-
gies. In the case of El Paso Electric, a metropolitan
scale analysis is appropriate because the company’s
service area is dominated by a single large urban area,
El Paso. In this context, urban electricity consump-
tion-income relationships are likely to have direct
bearing on the decisions of regional policymakers
and planners. For similar reasons, some previous
studies have examined electricity consumption
dynamics in single metropolitan economies (Al-
Shakarchi and Ghulaim 2000; Wangpattarapong
et al. 2008; Izquierdo et al. 2011; He, Fullerton, and
Walke 2017).

The next section provides a brief review of prior
research on the electricity-growth nexus, with atten-
tion primarily directed to the hypotheses analysed in
that branch of the literature. The subsequent section
describes the unit root, cointegration, and Granger
causality testing procedures employed for this ana-
lysis. Overall characteristics of the data utilized in
the 40-year sample assembled for the study are also
discussed. The steps followed largely replicate the
procedures used in He, Fullerton, and Walke (2017)
to examine the electricity-growth nexus in
Guangzhou, China. However, in contrast to that
earlier study, this analysis develops a multifaceted
capital stock series using multiple sources of infor-
mation. It also examines an urban economy in a
high-income, rather than middle-income, country.
The latter is pertinent because causal relationships
between energy and growth may vary across coun-
tries in different stages of economic development
(Huang, Hwang, and Yang 2008). Empirical results
are subsequently summarized, followed by conclud-
ing remarks and policy implications.

II. Literature review

The direction of causality between electricity utiliza-
tion and income growth has implications for envir-
onmental conservation policies and economic
development strategies. If electricity consumption

levels have neutral effects on economic growth, this
suggests that countries can implement conservation
policies without risking economic deceleration
(Kalimeris, Richardson, and Bithas 2014). On the
other hand, causality running from electricity con-
sumption to growth suggests that theremay be trade-
offs between economic development and conserva-
tion objectives. Because the direction of causality has
important practical implications, substantial atten-
tion has been devoted to this line of research. These
efforts typically examine four general hypotheses.

First, the growth hypothesis asserts that unidirec-
tional causality runs from electricity consumption to
GDP. Evidence for the growth hypothesis has been
documented for Turkey (Altinay and Karagol,
2005), Europe (Ciarreta and Zarraga 2010), former
Soviet republics (Bildirici and Kayıkçı 2012), China
(Cheng, Wong, and Wu, 2013), and Nigeria (Iyke
2015), in addition to many other areas of the world.
Yuan et al. (2007) report unidirectional causality
running from electricity consumption to real GDP
in the short run. These findings are consistent with
the argument that energy represents an important
factor of production (Stern 2000). Many production
processes require fuel and electricity inputs and
those processes, in turn, underlie aggregate eco-
nomic growth. Evidence for the growth hypothesis
would suggest that disruptions in the energy supply
have adverse impacts on economic performance.

Second, the conservation hypothesis holds that
causality runs fromGDP to electricity consumption.
Evidence in favour of this hypothesis has been
uncovered for India (Ghosh 2002), Turkey
(Halicioglu 2007), Bangladesh (Mozumder and
Marathe 2007), Taiwan (Pao 2009), and Pakistan
(Jamil and Ahmad 2010; Shahbaz and Feridun
2012), among other countries. In a study conducted
using data for Australia, Narayan and Smyth (2005)
find evidence of unidirectional causality running
from income to electricity consumption in the long
run and somewhat weaker evidence of a parallel line
of causality in the short run. Jumbe (2004) reports
that, in the short run, changes in Malawi’s GDP
cause changes in national electricity consumption,
as predicted by the conservation hypothesis.

Third, the feedback hypothesis posits bi-direc-
tional causality between electricity usage and eco-
nomic growth. Karanfil and Li (2015) find evidence
in support of the feedback hypothesis in many world
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regions. Some national-level studies reach the same
conclusion for countries such as Korea (Yoo 2005),
Burkina Faso (Ouédraogo 2010), Malaysia (Tang
and Tan 2013), Angola (Solarin and Shahbaz
2013), Portugal (Tang, Shahbaz, and Arouri 2013),
and Bahrain (Hamdi, Sbia, and Shahbaz 2014).
Cheng-Lang, Lin, and Chang (2010) find evidence
of bi-directional causality between total electricity
consumption and real GDP in Taiwan. In a study
using data for Central America, Apergis and Payne
(2012) report the existence of feedback relationships
between economic growth and both renewable and
non-renewable electricity consumption in the long
run. These studies suggest that economic growth
and aggregate electricity utilization, like other
macroeconomic variables, have complex, interde-
pendent relationships.

Fourth, the neutrality hypothesis posits that there
is no causal linkage between economic growth and
electricity consumption. The evidence in favour of
electricity-growth neutrality also encompasses a
wide variety of national data sets. In a study of
Middle Eastern and North African countries,
Ozturk and Acaravci (2011) document that, in
most cases, causal relationships between electricity
consumption and growth are absent. Furthermore, a
number of multi-country studies find evidence in
favour of the neutrality hypothesis for specific sub-
groups of countries (Chen, Kuo, and Chen 2007;

Narayan and Prasad 2008; Wolde-Rufael 2014;
Cowan et al. 2014). As with the conservation hypoth-
esis, the neutrality hypothesis implies that electricity
conservation efforts are not likely to stymie eco-
nomic growth.

The studies cited above analyse the linkages
between electricity consumption and economic
growth using aggregate data at the national level. A
much smaller body of research has explored similar
dynamics using data for sub-national geographic
regions. Saunoris and Sheridan (2013) examine the
electricity demand-growth nexus for the 48 contigu-
ous states of the United States. The conservation
hypothesis is confirmed in the long-run for the aggre-
gate data sample. However, the short-run results gen-
erally provide support for the growth hypothesis. At
the metropolitan level, He, Fullerton, and Walke
(2017) examine the relationship between electricity
consumption and economic growth in Guangzhou,
China, from 1950 to 2013. The growth hypothesis is
confirmed using first-differenced data and the results
suggest that a reliable electricity supply is critical to
economic growth in this metropolitan area.

In a review of previous research on the electricity-
growth nexus, Omri (2014) reports that 40 percent
of the studies analysed provide empirical evidence in
favour of the growth hypothesis, 33 percent support
the feedback hypothesis, and 27 percent are consis-
tent with the conservation hypothesis. Table 1

Table 1. Summary of electricity-growth nexus studies for national economies.
Source Country Period Causal linkages

Ghosh (2002) India 1951–1997 Y → E
Jumbe (2004) Malawi 1970–1999 Y → E (short run)

E ↔ Y (long run)
Altinay & Karagol (2005) Turkey 1950–2000 E → Y
Narayan and Smyth (2005) Australia 1966–1999 Y → E
Yoo (2005) South Korea 1970–2002 E ↔ Y
Halicioglu (2007) Turkey 1968–2005 Y → E
Mozumder and Marathe (2007) Bangladesh 1971–1999 Y → E
Yuan et al. (2007) China 1978–2004 E → Y (short run)

E ↔ Y (long run)
Pao (2009) Taiwan 1980–2007 Y → E
Cheng-Lang, Lin, and Chang (2010) Taiwan 1982–2008 E ↔ Y (aggregate)
Jamil and Ahmad (2010) Pakistan 1960–2008 Y → E (aggregate)
Ouédraogo (2010) Burkina Faso 1968–2003 E ↔ Y
Shahbaz and Feridun (2012) Pakistan 1971–2008 Y → E
Cheng, Wong, & Wu (2013) China 1953–2010 E → Y
Saunoris and Sheridan (2013) United States

(nationwide)
1970–2009 E → Y (short run)

Y → E (long run)
Solarin and Shahbaz (2013) Angola 1971–2009 E ↔ Y
Tang, Shahbaz, and Arouri (2013) Portugal 1974–2009 E ↔ Y
Tang and Tan (2013) Malaysia 1970–2009 E ↔ Y
Hamdi, Sbia, and Shahbaz (2014) Bahrain 1980–2010 E ↔ Y
Iyke (2015) Nigeria 1971–2011 E → Y

Note: Y is aggregate output, E is aggregate electricity consumption, and arrows represent the implied direction of causality.
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summarizes the findings of above-cited studies that
are specific to individual countries. The countries
and time periods examined are noted, along with the
major conclusions of each work. Nine of these stu-
dies are consistent with the conservation hypothesis
in either the short- or long-run. However, eleven
studies find that electricity consumption influences
economic growth, either in a unidirectional fashion
or as part of a bi-directional feedback relationship.
The latter results suggest that, in a majority of the
cases considered, there is a trade-off between attain-
ing conservation goals and reaching economic
growth objectives.

Subsequent sections of this study contribute to
this branch of the energy economics literature by
analysing the direction of causality between
metropolitan electricity consumption and income
for an urban area in the United States. In parti-
cular, these relationships will be analysed for a
mid-sized metropolitan economy, El Paso, Texas,
for the period from 1976 to 2015. Relatively few
prior studies have examined the electricity-growth
nexus at the metropolitan level. Another contribu-
tion of this research is that it takes into account
both private capital stocks and public infrastruc-
ture, including the following capital asset types:
streets, highways, waterworks, and an airport.
This analysis may help shed light on urban eco-
nomic performance, as well as provide evidence
that is useful for regional public policy debates
surrounding electricity supply, energy conserva-
tion, infrastructure, and sustainable economic
development strategies.

III. Data and methodology

Prior studies often control for variables that may
influence the relationship between energy consump-
tion and economic growth. In particular, a number
of studies use a Cobb-Douglas aggregate production
function including labour and capital inputs (Stern
2000; Lee, Chang, and Chen 2008; Shahbaz, Zeshan,
and Afza 2012; Hamdi, Sbia, and Shahbaz 2014).
This effort follows the same general approach. In a
review of previous work in this area, Ozturk (2010)
highlights the importance of including control vari-
ables such as factors of production in models used
for testing the direction of causality between energy
consumption and economic growth.

Some scholars have suggested that energy should
be included in aggregate production functions. Stern
(2000) finds that energy is a limiting factor to output
growth in the United States. Ghali and El-Sakka
(2004) obtain similar results for Canada. The argu-
ment advanced by these and other scholars is that
energy is essential to transforming labour and capital
inputs into output. However, other studies such as
Payne (2009) suggest that changes in energy con-
sumption have little or no effect on GDP. To assess
whether electric energy contributes to regional
income growth, the analysis takes as its starting
point the aggregate production function shown in
Equation (1).

Y ¼ AKβ1Lβ2Eβ3 (1)

In Equation (1), Y represents real income, A is a
technology index, K is the real capital stock, net of
depreciation, L is total employment, E is electricity
consumption, and the exponents are parameters.
Transforming both sides of Equation (1) using
natural logarithms yields Equation (2). The speci-
fication that underlies the empirical analysis below
is shown in Equation (3), where lower-case letters
represent variables that have been logarithmically
transformed and u is a random error term.

ln Yð Þ ¼ ln Að Þ þ β1 ln Kð Þ þ β2 ln Lð Þ
þ β3 ln Eð Þ (2)

y ¼ β0 þ β1kþ β2lþ β3eþ u (3)

Equation (3) provides a framework for determining
which variables to include in the analysis. However,
due to the nature of the research question at hand,
the direction of causality implicit in Equation (3)
cannot be assumed a priori but, instead, must be
determined by empirical testing. The procedure
employed for this purpose is a Granger causality test.

The initial step of the statistical analysis involves
testing the logarithmically transformed variables for
stationarity. Three unit root tests are employed for
this purpose: Augmented Dickey Fuller (ADF),
Phillips-Perron (PP), and Kwiatkowski-Phillips-
Schmidt-Shin (KPSS). However, in the presence of
structural breaks, standard unit root tests are biased
towards accepting the unit root hypothesis even if
the series is, in fact, stationary in the periods before
and after the breakpoint (Enders 2010). To accom-
modate the possibility of structural change in the
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data series, the analysis also employs the Perron
(1989) unit root test allowing for a one-time struc-
tural break. The Akaike Information Criterion
(AIC) is used to select lag orders for both tests and
for the subsequent tests described below.

If the data series have the same order of inte-
gration, further tests are conducted to determine
whether cointegrating relationships exist among
the variables. First, the Johansen (1991, 1995)
trace test and maximum eigenvalue test are used
to assess the cointegrating rank. Second, to allow
for the possibility of structural breaks in cointe-
grating relationships between variables, the
Gregory-Hansen (1996) test is also applied. The
latter test allows for changes in both the intercept
and slope of the cointegrating equations. This test
is used as a check on the Johansen cointegration
test results.

If cointegration is detected between the vari-
ables under analysis, a vector error correction
procedure is implemented. A number of previous
investigations of causal relationships between
electricity and growth employ vector error cor-
rection methodologies (e.g. Tang, Shahbaz, and
Arouri 2013; Hamdi, Sbia, and Shahbaz 2014;
Iyke 2015). The structure of the vector error
correction model is shown in Equations (4)
through (7). The α error correction coefficients
multiply the lagged residuals from the long-run
cointegrating equations, denoted vkt−1, where the
subscript k denotes the cointegrating vectors. The
number of cointegrating vectors is determined on
the basis of the Johansen and Gregory-Hansen
tests. All other variables appear in first-differ-
enced form, where Δ is the difference operator.
Lags are denoted by j and the optimal lag order is
selected for the system of equations on the basis
of AIC values.

Δyt ¼ μ1 þ
X

α1kvkt�1 þ
X

θ11jΔyt�j

þ
X

θ12jΔkt�j þ
X

θ13jΔlt�j

þ
X

θ14jΔet�j þ u1t

(4)

Δkt ¼ μ2 þ
X

α2kvkt�1 þ
X

θ21jΔyt�j

þ
X

θ22jΔkt�j þ
X

θ23jΔlt�j

þ
X

θ24jΔet�j þ u2t

(5)

Δlt ¼ μ3 þ
X

α3kvkt�1 þ
X

θ31jΔyt�j

þ
X

θ32jΔkt�j þ
X

θ33jΔlt�j

þ
X

θ34jΔet�j þ u3t

(6)

Δet ¼ μ4 þ
X

α4kvkt�1 þ
X

θ41jΔyt�j

þ
X

θ42jΔkt�j þ
X

θ43jΔlt�j

þ
X

θ44jΔet�j þ u4t

(7)

The final step in the analysis is Granger causality
testing. Both the t-statistics on the error correction
coefficients and Wald χ2 tests for the coefficients on
differenced variables can be used to assess the exis-
tence of causal relationships between variables in the
system. Wald tests help evaluate the null hypothesis
that Granger causality does not exist between a pair
of variables. Of particular importance is the null
hypothesis that that changes in electricity consump-
tion do not reliably lead changes in income, i.e. H0:
Σθ14j = 0, and the hypothesis that fluctuations in
income do not reliably precede variations in electri-
city consumption, i.e. H0: Σθ41j = 0. Also, the t-sta-
tistics for the lagged error correction terms provide
additional evidence regarding causality. Under the
null hypothesis of no-causality, the error correction
coefficients are statistically indistinguishable from
zero (Lütkepohl and Krätzig 2004). The results of
Granger causality tests help identify which of the
hypotheses articulated in the previous section are
substantiated for the El Paso metropolitan economy.

In order to test the hypotheses regarding electri-
city-growth relationships in this regional economy,
data are collected on income, capital stocks, employ-
ment, and electricity consumption. Table 2 provides
descriptions and units of measure for each of these
variables. Data on electricity sales, in megawatt
hours, are collected from El Paso Electric
Company. The El Paso Electric service area stretches
fromHatch, NM all the way to Van Horn, TX. From

Table 2. Mnemonics and variable definitions.
Variable Definition Units

Y Real personal income Thousands of 2009
dollars

K Stock of public, industrial, and
commercial capital

Thousands of 2009
dollars

L Total employment Thousands of Jobs
E El Paso Electric Co. billed electricity

sales in Texas
Megawatt hours

Note: Sample data period: 1976 – 2015.
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1980 to 2015, company data are disaggregated by
state and indicate that the Texas segment of the
service area generally accounts for approximately
80 percent of total system usage. Prior to 1980,
only total consumption data by customer category
are available for the full service area. The correlation
coefficient for Texas and area-wide electricity usage
is 0.9992. Given that, total kilowatt hour sales are
used to estimate Texas kilowatt hours for years prior
to 1980. Data from the El Paso Electric annual report
(EPEC 1981) are used to interpolate consumption in
each customer category individually from 1976 to
1979 (Friedman 1962; Fernandez 1981).

The private capital stock is approximated by the
appraised value of privately-owned commercial and
industrial structures. The private capital stock data
are acquired from the El Paso Central Appraisal
District. Data on public infrastructure are obtained
from financial reports and data provided by the City
of El Paso and from the Texas Department of
Transportation. Specifically, data are collected on
the value of investment in the following capital assets:
highways, city streets, water and sewer systems, and
El Paso International Airport. The initial-year capital
stocks for each of the latter are estimated using the
optimal consistency method of Albala-Bertrand
(2010). The subsequent evolution of the capital
stock series, K, is governed by the formula, Kt = Kt-1

(1-d) + It, where d is the rate of depreciation and I is
investment. Depreciation rates of 2.02 and 1.52 per-
cent are applied for streets and non-building govern-
ment structures respectively (USDC 2003). Because
only 40 observations are included in the sample, the
public and private capital stocks are aggregated into a
single variable to save degrees of freedom.

Similar to Saunoris and Sheridan (2013), real
personal income data are used to quantify economic

growth. Data on the GDP price deflator, El Paso
employment, and El Paso personal income are
obtained from the Bureau of Economic Analysis.
Data on income and the capital stock are expressed
in real terms using the GDP price deflator. The
sample size is constrained by the capital stock series,
which begins in 1976. A total of 40 years of data are
used for the analysis. Table 3 shows summary statis-
tics for all variables prior to transformation using
natural logarithms. Total aggregate electricity con-
sumption for the region more than doubled over the
course of the sample period, while real personal
income and the stock of commercial, industrial,
and public capital grew at substantially more rapid
rates.

IV. Empirical results

Table 4 reports the results of three types of unit root
tests. The ADF and PP tests evaluate the unit root
null hypothesis. The KPSS test, in contrast, posits a
null hypothesis of stationarity (Kwiatkowski et al.
1992). Regardless of the testing procedure utilized,
the results of the tests suggest that all four variables
are non-stationary in level form and stationary after
first-differencing. As a further check on these results,
modified Dickey-Fuller tests are conducted that
allow for the possibility of structural breaks in the
data (Perron 1989). The results of this latter test,

Table 3. Descriptive statistics.
Variable Y K L E

Mean 14,375,608 7,267,795 301,059 4,249,731
Standard Deviation 5,548,032 3,262,306 70,287 1,211,100
Maximum 24,862,875 14,525,137 423,596 6,146,814
Minimum 6,465,715 3,256,465 189,986 2,447,714
Observations 40 40 40 40

Note: Sample data period: 1976 – 2015.

Table 4. Unit root test results.
Augmented

Dickey-Fuller (ADF) Phillips-Peron (PP) Kwiatkowski-Phillips-Schmidt-Shin (KPSS)

H0: Unit root H0: Unit root H0: Stationarity

t-statistic 5% critical values
Adjusted

t-statistic 5% critical values LM-statistic 5% critical value

y −1.513876 −2.938987 −2.764315 −2.938987 0.778199* 0.463000
k 1.013450 −2.938987 1.086216 −2.938987 0.775233* 0.463000
l −1.560314 −2.938987 −1.749760 −2.938987 0.777812* 0.463000
e −1.793680 −2.938987 −1.168115 −2.938987 0.761002* 0.463000
Δy −7.328506* −2.941145 −7.360094* −2.941145 0.299104 0.463000
Δk −6.292524* −2.941145 −6.310753* −2.941145 0.201563 0.463000
Δl −5.293760* −2.941145 −5.242440* −2.941145 0.207553 0.463000
Δe −7.776965* −2.941145 −7.736697* −2.941145 0.248804 0.463000

Note: Asterisks indicate rejection of the null hypothesis using a 5-percent significance criterion.
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shown in Table 5, confirm the conclusion that all of
the variables are integrated of order one. The simi-
larity of these results suggests that structural changes
are of limited importance for conclusions regarding
stationarity in the data sample utilized for this study.

Given that the variables are integrated of the same
order, cointegration testing is conducted. The results
of the Johansen cointegration test are sensitive to the
vector autoregressive lag order. Computed AIC
values for a vector autoregressive model estimated
in levels reach aminimum at a lag order of five years.
That corresponds to a lag order of four years for data
expressed in first-differences. The lag lengths
selected on the basis of AIC values are used for
both the cointegration testing procedure and the
subsequent modelling exercise. The results of the
Johansen cointegration test are shown in Table 6.
Both the trace test and the maximum eigenvalue test
strongly suggest the existence of at most two coin-
tegrating vectors. The results shown allow for a
linear deterministic trend in the data but conclu-
sions regarding the number of cointegrating vectors
are the same regardless of the trend specification
employed.

To check the robustness of the cointegration
results obtained using the Johansen test, the
Gregory-Hansen cointegration test is also deployed.
The latter allows for the presence of structural breaks
in the long-run relationships between variables. The
results shown in Table 7 allow for regime shifts in
the cointegrating equations, consisting of changes in
both the intercept and the slope coefficients. When
electricity consumption is considered as the left-
hand-side variable, both the t-statistic and

Zt-statistic indicate the presence of cointegration at
the 5 percent significance level. Likewise, when
income is considered as the left-hand-side variable,
the same statistics indicate a cointegrating relation-
ship at the 10 percent level of significance, but not at
the 5 percent level. Although these results are some-
what less clear-cut than those from the Johansen
test, they are generally consistent with the conclu-
sion that cointegrating relationships are present
among the variables analysed.

Given the general agreement between the
Johansen and Gregory-Hansen procedures regard-
ing the presence of cointegration, a vector error
correction model is estimated. On the basis of the
AIC results described above, a lag order of four is
selected for the first-differenced variables in the
short-run equation. Two cointegrating vectors are
estimated based on the results above and are nor-
malized on electricity consumption and income.
The error correction terms from the estimated
equations are reported in Table 8, where α1 repre-
sents the coefficients on the lagged error terms
from the cointegrating equation for electricity
consumption and α2 represents the coefficients
on the lagged residuals for the long-run income
equation. Lagrange Multiplier tests for serial cor-
relation indicate that the residuals of the error
correction model are not autocorrelated.

Based on the coefficients in the estimated short-
run equation, Granger-causality tests are then con-
ducted. The results, which are shown in Table 9,
indicate unidirectional Granger causality flowing
from the capital stock and total employment to

Table 5. Perron modified ADF unit root test results.

Variables t-statistic
5% critical
values Variables t-statistic

5% critical
values

y −3.423413 −4.443649 Δy −8.437928 −4.443649
k −1.083995 −4.443649 Δk −8.545101 −4.443649
l −2.185993 −4.443649 Δl −6.284242 −4.443649
e −3.475386 −4.443649 Δe −9.371399 −4.443649

Table 6. Johansen cointegration test results.
Hypothesized number of
cointegrating equations None

At most
one

At most
two

At most
three

Trace statistic 115.1023 41.60216 7.769806 0.467469
5% critical value 47.85613 29.79707 15.49471 3.841466
p-value 0.0000 0.0014 0.4903 0.4942
Maximum eigenvalue stat. 73.50011 33.83235 7.302338 0.467469
5% critical value 27.58434 21.13162 14.26460 3.841466
p-value 0.0000 0.0005 0.4540 0.4942

Table 7. Gregory-Hansen cointegration test results.
Equation y = f(k, l, e) k = f(y, l, e) l = f(y, k, e) e = f(y, k, l)

ADF t-statistic −5.852073 −5.623936 −4.926832 −7.342620
Zt-statistic −5.928574 −5.697455 −4.062174 −7.528138
5% critical value −6.00 −6.00 −6.00 −6.00
Za-statistic −37.95322 −37.16812 −23.99572 −40.30386
5% critical value −68.94 −68.94 −68.94 −68.94

Note: Critical values are from Gregory and Hansen (1996).

Table 8. Error correction terms.
Left-hand-side variables

Δet Δy t Δkt Δlt
α1 −1.105515 −0.046076 −0.319931 −0.111838

(−3.31720) (−0.32187) (−1.05446) (−0.54563)
α2 −0.070130 −1.529253 0.460418 −0.330357

(−0.16796) (−8.52665) (1.21122) (−1.28643)

Note: The numbers in parentheses are t-statistics.
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both income and electricity consumption. However,
no causal linkages are detected between electricity
consumption and income. The latter is consistent
with the neutrality hypothesis and implies that
energy conservation efforts are not likely to inhibit
metropolitan economic growth. The results also
align with the finding of Huang, Hwang, and Yang
(2008), in a similar causality analysis for countries at
multiple stages of development, that conservation
efforts are unlikely to hamper growth in high-
income countries. The error correction coefficients
in Table 8 likewise corroborate the neutrality
hypothesis. Overall, these results suggest that there
is no causal relationship between electricity con-
sumption and personal income growth for this
metropolitan economy.

Several previous, national-level studies of the
energy-growth nexus in the United States have
found evidence in favour of the neutrality hypoth-
esis (Yu and Hwang 1984; Yu and Jin 1992;
Chiou-Wei, Chen, and Zhu 2008; Payne 2009).
The absence of causal linkages from electric
energy use to economic growth in the El Paso
metropolitan economy may reflect national-level

patterns. It may also be partially attributable to the
sectoral composition of the regional economy.
Retail, health services, and the public sector all
have location quotients above one in El Paso
(Orrenius 2016). Saunoris and Sheridan (2013)
find evidence that favours the conservation
hypothesis for the commercial and residential sec-
tors in the United States overall, while the growth
hypothesis is supported for the industrial sector in
the short-run. The large service sector in El Paso
may partially explain the lack of evidence for
electricity-propelled growth in this region.

Obtaining evidence in favour of the neutrality
hypothesis using data for El Paso is not completely
surprising. That is because, similar to the rest of the
United States and much of the global economy, El
Paso is becoming more energy efficient. Over the
course of the 40-year sample period employed for
this study, the ratio of kilowatt-hours consumed to
real personal income has declined substantially. In
1976, the value of that ratio is 0.385. By the end of
the sample period in 2015, the value of that ratio
declines to 0.247. As shown in Figure 1, that
decline has been fairly steady and is not a conse-
quence of possibly misleading short-term or tem-
porary data developments. On the basis of these
data and the results in Table 9, electric usage effi-
ciency and metropolitan economic growth do not
seem incompatible. In fact, the outcomes in Table 9
imply that policy attempts to encourage additional
efficiency gains will not place economic expansion
at risk in El Paso.

Beyond the electricity-growth results, Table 9
also sheds light on the roles of public and private

Table 9. Granger causality analysis.
Chi-squared statistics

Left-hand-side variables ΣΔyt-j ΣΔkt-j ΣΔlt-j ΣΔet-j
Δyt - 15.40762 50.17374 1.370019

- (0.0039) (0.0000) (0.8494)
Δkt 6.892876 - 2.009008 0.425615

(0.1417) - (0.7341) (0.9803)
Δlt 0.775112 3.218019 - 0.908192

(0.9418) (0.5220) - (0.9234)
Δet 5.181554 11.35827 8.744139 -

(0.2692) (0.0228) (0.0678) -

Note: The numbers in parentheses are p-values.

Figure 1. Electricity usage to real income ratio (kWh/Real Income, 2009 $).
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capital stock and employment variables in enhan-
cing regional income performance. Shifts in the
latter set of variables are found to precede changes
in personal income. This is consistent with prior
evidence compiled for this region. Fullerton,
Gonzalez-Monzon, and Walke (2013) find that
both public and private capital stocks, along with
the size of the workforce, contribute to long-run
growth in gross metropolitan product in El Paso.
The results are also consistent with the finding of
Lee, Chang, and Chen (2008) that the capital stock
has a more pronounced impact on output than
does energy utilization. Table 9 shows that private
capital and public infrastructure, as well as human
factors of production, are critical ingredients for
regional economic development.

The results in Table 9 also help identify the
causal factors affecting electricity consumption.
In particular, changes in the capital stock are
found to cause changes in metropolitan electricity
usage. This is similar to the results of residential
electricity demand studies that often consider the
stock of electricity-using equipment as an impor-
tant determinant of demand (Taylor 1975).
Holtedahl and Joutz (2004) use urbanization as
an indirect measure of the capital stock and find
that it has a positive and significant effect on
electricity consumption. The results in Table 9
reinforce the notion that the capital stock is a
key determinant of electricity consumption.

Furthermore, while changes in income are not
found to cause changes in electricity consumption,
there is some evidence that total employment exerts
a causal effect. The χ2 statistic for the latter relation-
ship surpasses the 10-percent critical value for the
relevant distribution but not the 5-percent critical
value. This is similar to the finding of Yu andHwang
(1984), in a national-level study for the United
States, of unidirectional causality running from
employment to energy consumption. Employment
fluctuations reflect business cycle movements and
changes in economic conditions which have been
shown in a number of studies to impact electricity
consumption (Espey and Espey 2004).

Figure 2 summarizes the relationships between
variables implied by the Granger causality results
reported in Table 9. Causal linkages that surpass
the 5-percent significance threshold are designated
by solid arrows while the linkage from employment

to electricity consumption, which is only significant
at the 10-percent level, is designated by a dashed
arrow. The general implication of Figure 2 is that
causality runs from the labour and capital factors of
production to both real personal income and elec-
tricity consumption.

V. Conclusions

A large number of prior studies provide information
about the relationship between electricity consump-
tion and economic growth at the national-level. This
effort contributes to the much smaller body of
research on regional level interactions. It takes
advantage of a dataset extending back forty years.
The dataset is unique in that that it incorporates an
urban capital stock measure that synthesizes infor-
mation on various types of public and private capi-
tal. Testing indicates that the logarithmically-
transformed variables are I(1) and cointegrated. A
vector error correction model is then developed and
Granger causality tests are conducted to investigate
which hypotheses regarding electricity-growth caus-
ality are upheld in the case of El Paso.

The results for this metropolitan economy, like
several previous national-level studies for the
United States as a whole, support the neutrality
hypothesis. This hypothesis indicates that greater
electricity consumption is not likely to boost eco-
nomic growth and, conversely, that energy con-
servation efforts do not impose binding
constraints on economic development. The local
economy can absorb reductions in electricity con-
sumption without sacrificing dynamism. The
main policy implication of this finding is that
regional authorities charged with the provision of
electricity and the promotion of economic devel-
opment, can confidently employ energy conserva-
tion strategies without fear of thwarting economic
growth.

Figure 2. Implied causal linkages between variables.
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The evidence in support of the neutrality hypoth-
esis contrasts with the finding of a previous electri-
city-growth study conducted at the metropolitan
level for Guangzhou, China (He, Fullerton, and
Walke 2017). That earlier study finds evidence in
favour of the growth hypothesis. This contrast high-
lights the importance of examining electricity-
growth relationships separately for different metro-
politan areas and regions. Future research might
usefully compare these results with those for urban
economies in low-income countries or withmultiple
urban economies within a single country.

The results also have implications for the effects
of capital stocks and labour inputs on regional
income performance and electricity demand. The
aggregate production function specified in
Equation (1) posits that capital stocks, employ-
ment, and electricity utilization all figure into the
aggregate production function. While the results
do not support this claim in the case of electricity
consumption, they do imply that changes in capi-
tal stocks and employment precede changes in
local economic growth. This is consistent with
prior evidence that public infrastructure, private
capital stocks, and total employment contribute to
local economic development. Evidence is also
found for causality running from capital stocks
and employment to electricity consumption. This
aligns with the findings of previous research on
electricity demand. Furthermore, the methodology
used to develop the capital stock variable for this
analysis could be applied in similar investigations
of other urban and regional economies.

Finally, as mentioned in the introduction, many
of the decisions affecting energy conservation and
development strategies emanate from regional pol-
icymaking bodies. Thus, additional research on
energy-growth relationships at the regional level
has the potential to inform consequential local pol-
icy debates on these matters. Future research at the
regional level could examine different types of
energy usage as well as economic growth in parti-
cular segments of regional economies such as the
industrial, commercial, and residential sectors.
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