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Abstract: Recent literature has shown that electricity demand elasticities may not be constant over
time and this has investigated using time-varying estimation methods. As accurate modeling of
electricity demand is very important in Azerbaijan, which is a transitional country facing significant
change in its economic outlook, we analyze whether the response of electricity demand to income
and price is varying over time in this economy. We employed the Time-Varying Coefficient
cointegration approach, a cutting-edge time-varying estimation method. We find evidence that
income elasticity demonstrates sizeable variation for the period of investigation ranging from 0.48%
to 0.56%. The study has some useful policy implications related to the income and price aspects of
the electricity consumption in Azerbaijan.
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1. Introduction

The response of electricity demand to economic variables has been widely investigated in the
literature, with numerous econometric techniques, parametric [1,2] and non-parametric [3] ranging
from aggregate national time series [4,5] country panels [6,7] to regional and household micro data [8,9].
Results have shown a variety of empirical quantifications for price and income elasticities, in the short
and in the long run (e.g., [1,10,11]).

Note that most of the existing empirical literature on electricity demand shows constant parameter
estimation, with few addressing the issue of parameter instability (e.g., [12] use Kalman filter; for a
recent survey of other methods see: [13]), despite the findings of a number of theoretical and empirical
studies, which indicate that structural breaks in relations and hence estimated parameters lead to
inconsistent inferences and thereby wrong policy decisions. For example, as [14] concluded that the
assumption of constant elasticities has to be questionable, they ended up that the income and price
elasticities may not be constant. Further, the study explains the differences in income elasticities with
the factors such as “... the efficiency of new appliances and the efficiency of the stock demands much
lower energy per dollar used to purchase energy consuming goods than many years ago” [14].
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Chang and Martinez-Chombo [15] put forward the idea that the model with constant elasticities
is debatable due to the changes occurring during the long period of time in the overall economy,
which affect the demand for electricity. As examples of the determinants for such changes, the study
gives specific factors such as the efficiency improvements in electrical equipment, the developmental
stage of the economy, and even the government energy policy and the habit persistence of
consumers [15]. The study further emphasizes that the factors listed above are not static, and have a
tendency to evolve slowly over time and, as a consequence, they persistently change the responses of
the aggregated electricity demand to variations in income and prices.

The common conclusion derived from studies such as [16–20] is that fixed coefficient models are
unstable to possible structural changes in the economy, consequently making estimates from such
models misleading if parameters change with time. Moreover, as [20] discussed, when the policy
regimes change individuals change their expectations too, which consequently changes estimated
decision rules and under these circumstances the model parameters are unlikely to be stable.

In this context, the aim of this research is to allow for the possibility of varying response
of electricity demand to income and price in Azerbaijan. We employ a Time-Varying Coefficient
cointegration (TVC) approach, which is the econometric method developed by [21] and detailed
and applied by [22] to model electricity demand in Azerbaijan. In our specification, we take price
elasticity as a constant, because the price of electricity is centrally regulated and subsidized rather than
market driven.

This exercise is especially important in developing and transitional countries, such as Azerbaijan,
since they face significant change in their economic outlook [23]. Therefore, modeling and forecasting
electricity consumption based on its main drivers can help energy producers to manage their profits,
policymakers to take appropriate measures, and government to manage efficiently limited resources
for sustainable development.

There are very limited studies investigating electricity demand in Azerbaijan. Hasanov et al. [23]
comprehensively reviewed these studies with their advantages and disadvantages. All the earlier
studies for Azerbaijan employ conventional econometric methods, where elasticities of electricity
consumption with respect to explanatory variables, for example income and price, are assumed to be
invariant over time. However, we argue in this paper that one can get suspicious about constancy of
the elasticities estimated by the earlier studies. The main reason for this suspect is that the Azerbaijani
economy had different and contrasting development stages since its independence in 1991 (see [24] inter
alia). Briefly note that the country was in a very deep recession during 1991–1995 with the declining
of real GDP per capita by 2.4% per annum, while it witnessed stable socio-economic development in
1996–2003 with the growth rate of real GDP per capita by 8% annually. It faced very rapid economic
growth over 2004–2010, and per annum growth rate of the real GDP per capita was 15.4%, which is
very huge. The real GDP per capita slowed down in 2011 and 2012 with the growth rates of −1.23%
and 0.85%, respectively, and recovered since then. Additionally, Azerbaijan has ranked first in the
world in terms of real GDP growth in 2005, 2006 and 2007, being about 26%, 35% and 25%, respectively,
according to the World Bank statistics [25].

In 2014, the real GDP growth significantly went down, mainly caused by the oil price drop and
related deteriorations in the Azerbaijani economy. The growth rates were 2.0%, 1.1% and−3.1% in 2014,
2015 and 2016, respectively according to the World Bank statistics [25]. Moreover, electricity price was
constant at 0.2 manat per kWh over 1990–2006 and then it has been increased by three times and kept
constant again as it is administratively adjusted by the government [26]. Thus, in such an environment
described above, it is quite reasonable for one to expect that different development regimes can cause
changes in the relationship among energy and macroeconomic indicators, which results in inconstancy
in estimated income and price elasticities of electricity consumption. Note that this issue has not been
addressed in the earlier electricity studies for Azerbaijan.

This study contributes to the existing literature in three ways. The main contribution is that we
first use the Time-Varying Coefficient cointegration model to explore electricity demand in Azerbaijan
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and we find and argue that income elasticity is time varying. There are some key advantages of the
TVC method in cointegration framework. For example, in cointegrated regressions, to allow for TVC
is much more important compared to the usual stationary regressions. The point is that if you have
TVC and ignore it, then you would still expect to have its average value possibly with some bias in a
stationary regression. However, this is not true in a cointegrated regression. It is very crucial to model
TVC properly in a cointegrated regression. Otherwise, the regression becomes spurious. Put differently,
if the true model is a cointegrated regression with TVC but it is estimated using a regression with
fixed coefficients, then the regression outcomes would be spurious and totally nonsensical. Second,
considering that there are limited studies on electricity consumption in Azerbaijan, we provide
additional evidence of the consumption pattern of this country. Third, as Azerbaijan is an example of
a resource-rich developing country in transition, we provide a benchmark of analysis, which can be
useful for similar countries, which are going through different economic stages.

We found that income elasticity of electricity demand in Azerbaijan demonstrates sizeable
variation for the period of investigation ranging from 0.48 to 0.56, which can be seen as an evidence
supporting the objective of the current study. The price elasticity is found to be economically significant
with an appropriate sign and size, while it is statistically insignificant.

The findings of the study have some policy implications. Policy decisions based on the forecasts or
analyses using invariant elasticity should be revised as we found that income elasticity is not constant
over time. Moreover, the decision makers in Azerbaijan should expect more electricity demand by
economic agents if income level will rise in the short to medium run. Furthermore, the future regulation
in electricity tariff would not have a significant impact on the electricity consumption as we believe
the findings showed that price elasticity of the electricity consumption is inelastic and insignificant.

The findings and derived policy implications of the study might be useful in similar countries
like Azerbaijan.

The paper is organized as follows. The next section reviews the related literature on Azerbaijan
electricity, while Section 3 describes the data used. The utilized econometric methodology and
employed functional specification are discussed in Section 4. Section 5 covers empirical estimations
and discussion. Finally, Section 6 concludes the research.

2. Literature Review

In this section, we review two kinds of studies analyzing electricity consumption: (a) the studies
devoted to Azerbaijan since the country is the focus of our paper here; (b) the studies employing
TVC approach.

2.1. Previous Studies Investigating Electricity Demand in Azerbaijan

It is noteworthy that as [23] states, there are very limited studies investigating electricity demand
in Azerbaijan. We review them below.

Hasanov et al. [23] modeled and forecasted total final electricity consumption in Azerbaijan over
the period 1995–2013, employing the demand-side modeling as a theoretical framework. They used
different cointegration and error correction methods, namely Johansen, Auto-Regressive Distributed
Lags Bounds Testing (ARDLBT), Engle–Granger (EG) with Fully Modified Ordinary Least Squares
(FMOLS), Dynamic Ordinary Least Squares (DOLS) and Canonical Cointegration Regression (CCR).
They reported that estimated long-run price and income elasticities changes from −0.8 to −1.0 and 0.1
to 0.2, respectively. While estimated short-run price and income elasticities vary from −0.3 to −0.4
and from 0.4 to 0.7, respectively. Furthermore, the study found speed of adjustment coefficients being
around negative unity.

Hasanov and Mikayilov [27] explored the residential electricity consumption in Azerbaijan for
the period 2000–2012. They used STIRPAT framework and thereby, examined the effects of population
age groups and income. STIRPAT is for Stochastic Impacts by Regression on Population, Affluence,
and Technology. Please refer to [28,29] for a detailed information. Results from the ARDLBT method
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showed that income has a negative association with the electricity. Precisely saying, the electricity
elasticities with respect to income were−1.33,−1.98 and−0.76 when the age groups of 0–14, 15–64 and
65–above are considered in the estimations, respectively. Finally, they found overcorrection implying
that it takes less than a year to adjust if there is disequilibrium in the long-run relationship of the
residential electricity consumption.

Bildirici and Kayikci [30] explored economic growth and electricity consumption nexus in
the Commonwealth of Independent States, where Azerbaijan is a member. They applied Pedroni
co-integration tests and Panel Fully Modified Ordinary Least Squares (FMOLS) and Auto-Regressive
Distributed Lag (ARDL) methods to the panel data over the period 1990–2009. The Granger causality
test showed that causality runs from GDP to electricity consumption in the short run. However, the
nature of causality is bidirectional in the long run. They estimate the income elasticities of the electricity
consumption to be 0.52 and 0.77 from the FMOLS and ARDL methods, respectively. They also found
that speed of adjustment coefficient is −0.41. The study suffered from some shortcomings. First, the
study only considered income (GDP) as a driver of the electricity consumption but other determinants
such as price, demographic indicators, and temperature were missed. Second, the study does not
analyze the significant changes in electricity system since it ends in 2009. Moreover, like any other
panel studies, it cannot capture specific features of the Azerbaijani electricity system.

Klytchnikova [31] analyzed welfare effect of reforms on the Azerbaijani electricity sector. She used
data obtained from the Azerbaijan Household Energy Survey, which was conducted by the World
Bank over the period 2003 December–2004 January. She concluded that the average price elasticity of
electricity demand with respect to electricity price is −0.69. The main shortcoming of the study is that
it does not include income measure in the empirical analysis and, therefore, electricity consumption
is just a function of its price. This can lead to biased estimation results due to the omission variable
bias issue and therefore mislead policy makers. In addition, the study is based on the very short
data. Moreover, it ends in the beginning of 2004 and hence does not reflect the recent changes in the
Azerbaijan electricity system.

Note that both negative and positive effects of the income elasticity are found in the previous
studies. It might be considered as evidence that that income elasticity is not stable and varies over time.

There are also some papers that only forecasted electricity demand in Azerbaijan: [32–36]. We do
not review these papers here because (a) they did not investigate impacts of the main drivers, such as
price and income on the electricity consumption and, therefore, did not show numerical relationships.
Moreover, all of them used only GDP but not any other explanatory variables to generate forecasted
values of the electricity; (b) also, they did not report the models/methods that they employed to
generate forecasts of the electricity consumption. Thus, the projected values were more likely biased,
since other main determinants such as price, population, temperature and others were not taken
into consideration.

2.2. Previous Studies Using Time-Varying Methods

As mentioned in the Introduction section, one of our constitutions in this study is about applying
TVC, a recently developed econometric method. In this regard, we review some studies below,
where TVC method is applied.

Chang et al. [22] modeled Korean residential, commercial and industrial electricity consumptions
using demand-side modeling framework, where income/output, price and temperature were the
drivers. This is the seminal study that leads to an extensive using of TVC approach by many other
works. They discussed the TVC approach that is developed by [21] in detail. They found that income
elasticity varies over time, reflecting rapid development of the Korean economy.

Chang and Chang and Martinez-Chombo [15] examined electricity consumption of Mexican
residential, commercial and industrial sectors using demand-side modeling framework. They applied
TVC method to the data over the 1985M01–2005M05 and found that income elasticity increases while
price elasticity is statistically insignificant over the analyzed period.
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Arisoy and Ozturk [12] investigated income and price effects of industrial and residential
electricity consumption in Turkey over the period 1960–2008. In order to account for time-varying
features of the income and price elasticities, the study employed the Kalman filter approach.
They found that the price and income elasticity of residential and industrial electricity demand
are generally stable over time.

Inglesi-Lotz [37], who also used the Kalman filter method, examined the impacts of GDP and
electricity price on aggregate electricity consumption in South Africa over the period 1980–2005.
The study found decreasing price elasticity and increasing income elasticity over the considered period.

Adom [38] investigated the impact of real per capita income, industry electricity intensity, and
economic structure on aggregate electricity consumption in Ghana over the period 1971–2008 within the
demand-side modeling framework. The study employed rolling regression to reveal how elasticities
vary over time. The results from the regression showed that electricity consumption elasticities with
respect to the mentioned explanatory variables vary over time. These variations mainly happened
in the periods in which policy regime changes. Although the study used demand-side modeling
framework as mentioned above, it did not include price, one of the key determinants of the framework,
in the analysis. Additionally, the study did not test for cointegration among the variables before
estimating their level relationship.

Chang and Hsing [39] tested appropriateness of conventional double-logarithm and linear form
methods in analyzing electricity demand in the U.S. over the period 1950–1987. They rejected relevancy
of the methods and, hence, adopted a special specification, in which time-varying features of the
coefficients could be accounted. The study found that electricity consumption elasticities with respect
to own-price, natural gas price and income vary, precisely speaking, was declining over the period.
One of the concerns on the reliability of the results derived from the study was that either unit root test
or cointegration test was not performed. As discussed in [40] among others, if there is no cointegration
among variables in interest, then the level regression is spurious. In addition, the specification that the
authors adopted was only able to test double logarithm and linear specifications.

3. Data

In line with the employed model specification, the utilized data is described below. All data
are annual for the period from 1990 to 2014. The period is considered based on the data availability.
We were not able to take data for earlier years than 1990 because Azerbaijan got its independence in
this year. Regarding the end date of our estimation period, electricity consumption data for Azerbaijan
sourced from the IEA was only available up to 2014 at the time of conducting this research.

E is per capita electricity consumption, which is equal to total final electricity consumption in
TWh divided by population in millions. The total final electricity consumption data are collected from
the International Energy Agency Database (IEA) in Mtoe and then converted to TWh in order to be
consistent with the electricity price [41]. Population data are taken from the World Bank Database [25].

P is the real electricity price. Nominal retail electricity prices (in Azerbaijani Manat (AZN))
are centrally administrated by the government (being the same for the industrial, residential, and
commercial sectors). These data are collected from the various Statistical Yearbooks of the State
Statistical Committee of the Republic of Azerbaijan [42]. The real electricity prices are in 2005 AZN,
found by deflating the nominal prices by the Consumer Price Index (CPI), 2005 = 100 collected
from [42].

GDP is real total GDP per capita in USD using Purchasing Power Parity. It is taken from the
International Energy Agency Database [41].

Note that, in the estimations, the small letters such as e, p and gdp represent the natural logarithmic
transformations of the corresponding capital letters. The graphs of the logarithmic transformations of
the variables and their growth rates are depicted in Figure 1.
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Figure 1. Graphs of the logarithmic forms of the variables and their growth rates. 

Note that the horizontal axes indicate years while the vertical axes shows the natural logarithm 
scale. 

4. Econometric Methodology 

4.1. Unit Root Tests 

Before conducting cointegration relationship among the variables, we tested the unit root 
properties of the variables employing Augmented Dickey–Fuller (ADF, [43]) and Phillips–Perron  
(PP, [44]) tests. Since there are widely employed unit root tests, we do not describe them here. 

4.2. Time-Varying Coefficient Cointegration Approach 

A typical residential electricity demand function (This Section Adapted from [22]) is a log-linear 
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disequilibrium error and τ is constant term. 
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possibility of a time-varying long-run elasticity that is a smooth function of time. A constant elasticity 
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linear combination of a polynomial and pairs of periodic functions. 
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Figure 1. Graphs of the logarithmic forms of the variables and their growth rates.

Note that the horizontal axes indicate years while the vertical axes shows the natural
logarithm scale.

4. Econometric Methodology

4.1. Unit Root Tests

Before conducting cointegration relationship among the variables, we tested the unit root
properties of the variables employing Augmented Dickey–Fuller (ADF, [43]) and Phillips–Perron
(PP, [44]) tests. Since there are widely employed unit root tests, we do not describe them here.

4.2. Time-Varying Coefficient Cointegration Approach

A typical residential electricity demand function (This Section Adapted from [22]) is a log-linear
function with fixed coefficients (FC), which relates demand of electricity and its main drivers such
as electricity price, income, etc. ([45] inter alia). In our study, we utilized the specification as did [12].
This model can be written as follows:

yt = τ + αxt + βpt + vt (1)

for t = 1, ..., T, where yt is electricity demand, xt is income, pt is electricity price (all three in logarithmic
form); α is the income elasticity of electricity demand, β is price elasticity of electricity demand, vt is
disequilibrium error and τ is constant term.

The idea behind TVC is that building on the benchmark FC model in Equation (1) allows for
the possibility of a time-varying long-run elasticity that is a smooth function of time. A constant
elasticity is nested as a special case that can be tested empirically. In this sense, the time is used
as a proxy for unobserved variables that affect the coefficient on xt. This function is approximated
semi-parametrically by the way of a Fourier Flexible Form (FFF), which decomposes the function into
a linear combination of a polynomial and pairs of periodic functions.

With a time-varying elasticity αt, the model in (1) becomes a TVC model given by

yt = τ + αtxt + βpt + vt (2)

where αt = α(t/T) and α is a function defined over the unit interval and admits an FFF. We used fixed
coefficient for price variable due to the centralized feature of price in Azerbaijan, as mentioned before.
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Also, note that we estimated the model with time-varying price coefficient as well, but the results were
insignificant. Namely, the following functional form is used:

αpq(r) = λ0 +
p

∑
j=1

λjrj +
q

∑
j=1

(λp+2j−1,λp+2j)φj(r), (3)

where φj(r) = (cos 2π jr, sin 2π jr)′ for r ∈ [0, 1], which approximates an FFF as p and q increase.

By defining λpq ≡
(
λ0, . . . , λp+2q

)′ and ϕpq(r) ≡
(

1, r, . . . , rp, ϕ′1(r), . . . , ϕ′q(r)
)′

, we may write

αpq
( t

T
)

xt as λ′pq ϕpq
( t

T
)

xt or further as λ′pqxpqt with xpqt ≡ ϕpq
( t

T
)
xt. In other words, the nonlinear

function may be approximated by a linear function of a new regressor vector xpqt. Using this
specification, the TVC model takes a form:

yt = τ + z′pqtθ + upqt, (4)

where zpqt ≡
(

x′pqt, pt

)′
, θ ≡

(
λ′pq, β

)′
, and upqt ≡ ut +

(
α
( t

T
)
− αpq

( t
T
))

xt includes the original
disequilibrium error as well as an approximation error from fixing p and q. The new regressor vector

zpqt ≡
(

x′pqt, pt

)′
contains the original regressors xt, and pt, and the elements of ϕpq

( t
T
)
xt beyond

simply xt. Obviously, the TVC model in (4) nests the FC model in (1) with common coefficients λ0 (= α

in the FC case) and β. That is, the TVC model reduces to the FC model when p, q = 0, or equivalently
when λ0, . . . , λp+2q = 0 for other values of p and q. Thus, a fixed coefficient null equates to a joint
hypothesis that all of these coefficients are zero, while the TVC alternative is that at least one of them
is not zero. The number of polynomials (p) and trigonometric pairs (q) in (3) are chosen based on
Bayesian Information Criteria (BIC).

One may use the Ordinary Least Squares (OLS) method to estimate Equation (4), but as is well
known, standard inferential procedures based on OLS might be invalid unless their respective error
terms are strictly exogenous. An omitted variable or misspecification errors might be the examples
for the violation of these features. Therefore, for conducting valid inferences on the parameters of
the model, we use the canonical cointegrating regression (CCR) method proposed by [46], which was
shown to be valid for a class of TVC models including (4) by [21]. We leave a more detailed discussion
of the estimation procedure to [22].

The cointegration relationship among the variables is tested using the variable addition test based
on [47] (see [22]).

5. Empirical Estimation and Discussion

5.1. Empirical Estimation

5.1.1. Unit Root Test Results

In line with the methodology outlined above, first we check variables for unit root properties.
The variables, namely logarithmic expressions of per capita electricity consumption (e), real electricity
price (p) and per capita gdp (gdp), are tested by using the Augmented Dickey–Fuller (ADF) and
Phillips–Perron (PP) tests. All three specifications (intercept, an intercept and trend, no intercept and
no trend) in ADF and PP tests are employed. The specifications are selected based on the significance
of the regressors. The results are reported in Table 1.
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Table 1. The Unit Root test results.

Variable
The ADF Test The PP Test

Test Value C t None k Test Value C t None

e −3.787 ** x 2 −2.446 x
p −7.794 *** x 1 −2.990 x

gdp −6.379 *** x 1 −2.736 x
∆e −3.846 *** x 0 −3.909 *** x
∆p −1.581 x 0 −1.644 * x

∆gdp −3.436 ** x 1 −1.567

Notes: ADF and PP denote the Augmented Dickey–Fuller and Phillips–Perron tests respectively. Maximum lag order
is set to two and optimal lag order (k) is selected based on Schwarz criterion in the tests; ***, ** and * indicate rejection
of the null hypotheses at the 1%, 5% and 10% significance levels, respectively; ∆ denotes the first difference operator;
The critical values for the tests are taken from [48]. None means that neither intercept nor trend is included in test
equation. Note again that final UR test equation can include one of the three options: intercept (C), intercept and
trend (t) and none of them (None). x indicates that the corresponding option is selected in the final UR test equation.

PP test obviously states the non-stationarity of e and p and stationarity of them in the differenced
form, while the ADF test results are not straightforward. The ADF test concludes e and p to be mean
reverting processes. Evidently, it can be seen from Figure 1 that neither e nor p is a mean reverting
process. Moreover, the PP test statistics are in favor of non-stationarity of e and p and stationarity of
them at the first differenced form. In other words, their integration order is one. For gdp variable,
the ADF test accepts stationarity in the differenced form, while the PP test result is inconclusive.
Based on the ADF test result and the visual inspection of the graph of the variable, we conclude for
stationarity in the first difference.

Considering the graphs of the variables, i.e., e, p and gdp, one might be suspicious if they have
structural breaks. For further inspection, we perform [49] unit root test for e, p and gdp with structural
breaks. The test concludes that the variables are I(1) processes. The test results are not reported here
but available from the authors upon request.

As a result, we can conclude from the Unit Root tests that e, p and gdp are integrated of order one,
i.e., they are I(1) variables. It is worth noting that our conclusion is the same as that of [23] who used
the same price and energy variables. Based on this conclusion, we can proceed to the next section, i.e.,
to investigate the long-run relationship among the variables of interest.

5.1.2. TVC Estimation Results

We choose p = 1 (number of polynomials) and q = 1 (number of trigonometric pairs) for our
TVC based on the BIC. The results of coefficients’ significance test and cointegration tests are given
in Table 2.

Table 2. Results of the test for joint significance of coefficients and cointegration test.

Test for Joint Significance of Time-Varying Coefficients Variable Addition Test

Test statistics 1% CV 5% CV 10% CV Test statistics 1% CV 5% CV 10%
CV

44.43 15.09 11.07 9.24 59.89 13.18 9.49 7.78

Notes: The left-hand side of the table demonstrates results of the joint significance test of time-varying coefficients,
namely λ1= λ2= λ3 = 0 in order to test whether or not the income elasticity is fixed or time-varying. The right-hand
side of the table shows the results of VAT cointegration test.

We tested the joint significance of time-varying coefficient using Wald test, and results rejected
the null of joint insignificance meaning that there is enough evidence to conclude that income
coefficient indeed is time-varying rather than fixed over time. For testing the existence of cointegration
relationship, we employed the Variable Addition Test (VAT) proposed by [47]. The test results rejected
the null of cointegration relationship. This may be due to the fact that we use large sample critical
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values though the size of our sample is very small. Note that, for further investigation, we employed
the Johansen cointegration test ([50,51]) and Autoregressive Distributed Lagged (ARDL, [52]) Bounds
testing approach to cointegration and the tests concluded existence of the cointegration, i.e., long-run
relationship among the variables. The results are not reported here but available from the authors
upon request.

Table 3 tabulates the results of the long-run estimation following the methodology given in
Section 4.2.

Table 3. Results of the Time-Varying Coefficient model.

Statistics Coefficient Parameters of the Time-Varying Income Coefficient

Heading τ β λ0 λ1: t
T λ2:cos(2π t

T ) λ3:sin(2π t
T )

estimates 3.088 −0.013 0.537 −0.065 −0.006 0.032
t-values 2.828 −0.457 4.224 −1.765 −0.590 2.587
p-values 0.011 0.653 0.000 0.096 0.563 0.019

Note: τ and β denote intercept and price elasticity, respectively.

5.2. Discussion of the Estimation Results

The signs of the estimated coefficients by and large are in line with the conventional theoretical
understanding. Positive and statistically significant intercept, which can be seen as the effect
of all unobservable factors, such as technology, institutional developments, innovations, etc.
is reasonable. Price elasticity is found to be statistically insignificant, while it is economically significant.
Small magnitude of price (−0.013) elasticity is expectable, because as mentioned earlier, electricity
price is centrally regulated and subsidized. Moreover, electricity is a necessary good and, hence,
demand was inelastic for the time of investigation.

Time-varying income elasticity is found to be positive across the entire time period ranging within
the interval [0.48; 0.56]. That is, a 1% change in the income level leads to from 0.48% to 0.56% change
in the electricity consumption in the long run. The TVC of income is depicted in Figure 2.
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Figure 2. Time-varying income elasticity.

As can be seen from Figure 2, income elasticity demonstrates considerable variation across the
time period. Income elasticity was increasing gradually until 1999. It can be explained by the fact that
the economy recovered from the recession since 1995 and income increased accordingly. Thus, more
income led to more electricity to consume. The coefficient kept decreasing more gradually since
1999 and demonstrated almost constant behavior towards the end of the period 2000–2011. It can be
explained by a number of reasons. First, starting in 2000, the government implemented a number
of measures, which resulted in an increase in energy, specifically electricity, efficiency and reduction
in losses. Second, the coverage area of metric system installation expanded significantly to prevent
unnecessary usage of electricity. Third, the electricity tariff was increased by three times in 2007 by the
government, which in turn led to less electricity consumption and/or reduction in unnecessary usage
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of it. Fourth, as the income level was increasing over the period, the sectors of electricity consumption,
such as residential and industry, tended to buy energy-efficient technology and appliances. All of the
above-mentioned measures are well discussed in [53], among others. Fifth, electricity is the commodity,
which consumption is upper bounded. Meaning that if the income level increases continuously it
does not necessitate a corresponding increase in the electricity consumption (see [27,31] inter alia).
The proliferation era of high technology and electronic devices occurred since 2006 in the advanced
economies [22]. It spilled over to Azerbaijan since 2012 due to the lagged catch-up and post financial
crisis recovery. The increase in the demand for electronic devices and high technology in all the
electricity consumption sectors such as residential, commercial and government services and industry
was followed by an increase in electricity consumption.

It is worth noting that the above-mentioned “behavior” of the income elasticity as well as
explanations are in line with the findings of [54].

6. Conclusions

The paper investigates the relationship between electricity demand and economic activity,
electricity price using the Time-Varying Coefficient cointegration approach in order to capture the
time-variant response of electricity demand to income level, which might be caused due to factors
such as rapid economic development, experiencing different economic developmental stages for the
period of investigation, shocks in the economy (for example, oil shocks), among others.

The empirical estimation of the income elasticity of electricity demand in Azerbaijan shows that
there is a considerable variation for the period of investigation, ranging from 0.48 to 0.56. The price
elasticity is found to be economically meaningful with an appropriate sign and size, while it is
statistically insignificant. The small magnitude (−0.013) of price elasticity can be explained with two
factors: electricity is a necessary good and the electricity price in Azerbaijan is centrally regulated.

The findings of the study have some policy implications. We found that income elasticity of the
electricity consumption is not constant over time. It implies that policy decisions based on the forecasts
or analyses using invariant elasticity should be revised. Another finding is that income elasticity
started to increase towards the end of the period. In this regard, decision makers in Azerbaijan should
expect more electricity demand by economic agents if income level will rise in the short to medium
run. We found that price elasticity of the electricity consumption is inelastic and insignificant. From a
policy perspective, it implies that future regulation in electricity tariff would not have a significant
impact on the electricity consumption.
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