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Abstract 

In this paper we analyze residential natural gas demand in twelve OECD countries using time series 
data from 1980 to 2008. We estimate long-run demand elasticities with regard to real disposable 
income and real residential price of natural gas using the autoregressive distributed lag (ARDL) 
bounds testing procedure (Pesaran and Shin, 1999). The robustness of the long-run estimates is 
checked by additionally considering the FMOLS and DOLS estimators. By employing an error 
correction framework we also obtain estimates for the speeds of adjustment to long-run equilibrium 
and short-run elasticities for the individual countries. The effect of weather conditions on natural gas 
demand in a given year is accounted for by including heating degree days as a control variable. On 
average, the long-run elasticities are 0.94 with regard to income, –0.51 with regard to price and 1.35 
with regard to weather. The short-run dynamics assessed by estimation of the error correction models 
indicate an average adjustment coefficient of –0.58, a short-run income elasticity of 0.45, a short-run 
price elasticity of –0.24, and a short-run weather elasticity of 0.72. Hence, on average, the short-run 
elasticities are approximately half in magnitude compared to their long-run counterparts.  

 

JEL classification: Q41; Q43 

 
Keywords: Natural gas demand; Elasticities; ARDL; Bounds testing; OECD countries; Residential  

 

 

 

__________________________________ 

* Tel.: +49 241 80 49 832; fax: +49 241 80 49 829; e-mail: RBernstein@eonerc.rwth-aachen.de (R. Bernstein); 
RMadlener@eonerc.rwth-aachen.de (R. Madlener) 



2 

 

1. Introduction 

In this paper we aim at estimating long- and short-run residential natural gas demand 

elasticities with regard to real disposable income and the real gas price. Our analysis is based 

on time series data for the period 1980 to 2008 for 12 OECD countries:1 Austria (AT), 

Finland (FI), France (FR), Germany (DE), Ireland (IE), Japan (JP), Luxembourg (LU), the 

Netherlands (NL), Spain (ES), Switzerland (CH), the UK and the US. We take account of the 

spurious regression problem associated with the common existence of stochastic trends in 

economic time series by applying the autoregressive distributed lag (ARDL) bounds testing 

procedure introduced in Pesaran and Shin (1999) and Pesaran et al. (2001). In contrast to 

other approaches to cointegration, this method has the advantage of rendering pre-stage unit 

root tests unnecessary, which are known to have very low power. 

Compared to other fossil fuels (i.e. coal and oil), natural gas currently has the smallest share 

in global primary energy demand. Nevertheless, its future relevance in the fuel mix is 

expected to increase. This is mainly due to the desirable environmental attributes of gas when 

compared to coal or oil. Moreover, in recent years, an increased transport and processing 

capacity for liquefied natural gas (LNG) and a surge in unconventional gas extraction in the 

US have led to a surplus in the global gas supply capacity. This trend is in favor of a 

development away from the traditional oil price indexation toward an independent price 

formation in the market for gas. 

Table 1 gives an overview of projections of future (2020 and 2035) world primary energy 

demand by fuel. These projections are dependent on three different scenarios developed in the 

IEA’s World Energy Outlook 2010 (WEO 2010): the ‘Current Policies Scenario’, the ‘New 

Policies Scenario’ and the ‘450 Scenario’.2 World demand for natural gas has increased by 

approximately 110% since 1980. This tendency of an increasing role of natural gas when 

compared to other fossil energy carriers continues in all three scenarios. In the ‘New Policies 

                                                            
1 The choice of the OECD countries considered was guided by data availability. 
2 The differences between them lie in the assumptions with regard to future governmental energy policies and 
their success in meeting the initial policy objectives aimed at security of energy supply and climate change. 
While the ‘Current Policies Scenario’ only considers policies which have already been adopted, the ‘New 
Policies Scenario’ makes cautious assumptions about further future policies which would be needed to fulfill 
individual national commitments with regard to the abatement of greenhouse gas emissions. Finally, the ‘450 
Scenario’ describes a development which is consistent with the target of restricting the global temperature 
increase of the atmosphere to 2° C. 
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Scenario’ and the ‘450 Scenario’ the growth in gas demand exceeds both that of oil and coal, 

while in the ‘Current Policies Scenario’ only coal demand experiences a slightly higher 

growth. 

Table 1 
World primary energy demand by fuel and scenario (demand for natural gas highlighted) 

Fuel types 

  Current Policies 
Scenario 

New Policies 
Scenario 

450 Scenario 

1980 2008 2020 2035 2020 2035 2020 2035 

Coal 
 

1 792 3 315 
84.99% 

4 307 
29.92% 

5 281 
59.31% 

3 966 
19.64% 

3 934 
18.57% 

3 743 
12.91% 

2 496 
–24.71% 

Oil 
 

3 107 4 059 
30.64% 

4 443 
9.46% 

5 026 
23.82% 

4 346 
7.07% 

4 662 
14.86% 

4 175 
2.86% 

3 816 
–5.99% 

Gas 
 

1 234 2 596 
110.37% 

3 166 
21.96% 

4 039 
55.59% 

3 132 
20.65% 

3 748 
44.38% 

2 960 
14.02% 

2 985 
14.98% 

Nuclear 
 

186 712 
282.80% 

915 
28.51% 

1 081 
51.83% 

968 
35.96% 

1 273 
78.79% 

1 003 
40.87% 

1 676 
135.39% 

Hydro 
 

148 276 
86.49% 

364 
31.88% 

439 
59. 06% 

376 
36.23% 

476 
72.46% 

383 
38.77% 

519 
88.04% 

Biomass & 
waste* 

749 1 225 
63.55% 

1 461 
19.27% 

1 715 
40.00% 

1 501 
22.53% 

1 957 
59.76% 

1 539 
25.63% 

2 316 
89.06% 

Other 
renewables 

12 89 
641.67% 

239 
168.54% 

468 
425.84% 

268 
201.12% 

699 
685.39% 

325 
265.17% 

1 112 
1 149.44% 

Total 
 

7 229 12 271 
69.75% 

14 896 
21.39% 

18 048 
47.08% 

14 556 
18.62% 

16 748 
36.48% 

14 127 
15.13% 

14 920 
21.59% 

Notes: * Includes traditional and modern use. Absolute figures are in Mtoe. Source: IEA (2011), own 
illustration. Percentages in the second column represent the change in demand from 1980 to 2008. Percentages in 
all other columns represent the selected change in demand from 2008 to 2020 and 2035, respectively. 

 

Table 2 presents a few descriptive statistics on natural gas consumption in 2008 for the 

countries considered in the following analysis. A glance at the statistics reveals a considerable 

extent of heterogeneity in consumption patterns across countries. First of all, total final gas 

consumption per capita (TFCGPC) is 0.63 tons of oil equivalent (toe) on average and varies 

substantially between 0.16 toe in Finland and 1.40 toe in Luxembourg. Second, the share of 

gas consumption in total final energy consumption (TFCSG) is 19.97% on average and ranges 

from a minimum of 3.39% in Finland to a maximum of 42.18% in the Netherlands. Third, the 

share of residential consumption in TFCG (TFCGSR) is 35.92% on average and varies between 

a minimum of 4.55% in Finland and a maximum of 60.42% in the UK. 

There are many studies on the econometric analysis of (residential) natural gas demand, but 

nearly all of these are from the 1960s to the 1980s. More recent studies, especially from the 

2000s, are very rare, and none known to us take the problems related to non-stationarity in the 
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data (especially the possibility of ‘spurious’ regressions) into account. Table 3 provides an 

overview of recent studies: Asche et al. (2008) analyze residential natural gas demand in 12 

EU member countries, using panel data for the time period 1978 to 2002. Their shrinkage 

estimator reveals an income elasticity of 3.32 in the long run and 0.81 in the short run. For the 

price elasticity the estimates are –0.10 and –0.03 for the long run and the short run, 

respectively.

Table 2 
Descriptive statistics for natural gas consumption of selected OECD countries in 2008 
Country TFCG TFCGPC TFCSG TFCGSR 

Austria 4 462 000 0.535 17.71% 26.33% 

Finland 836 000 0.157 3.39% 4.55% 

France 31 436 000 0.490 20.71% 44.53% 

Germany 56 860 000 0.692 26.89% 51.03% 

Ireland 1 655 000 0.373 13.53% 40.30% 

Japan 32 258 000 0.252 11.44% 28.11% 

Luxembourg 683 000 1.398 17.58% 39.68% 

Netherlands 19 577 000 1.191 42.18% 36.29% 

Spain 14 813 000 0.325 16.22% 24.57% 

Switzerland 2 570 000 0.333 12.59% 39.53% 

UK 46 518 000 0.758 34.77% 60.42% 

US 317 766 000 1.053 22.65% 35.70% 

MIN 683 000 0.157 3.39% 4.55% 

MEAN 44 119 500 0.630 19.97% 35.92% 

MAX 317 766 000 1.398 42.18% 60.42% 

Notes: TFCG: total final consumption of gas; TFCGPC: total final consumption of gas per capita; TFCSG: share of 
gas in total final energy consumption; TFCGSR: share of residential gas consumption in TFCG. All values refer to 
gas consumption for energy use only. Absolute figures (TFCG and TFCGPC) in toe. Source: IEA, statistics by 
country, energy balances; own illustration. 

 

Berkhout et al. (2004) use fixed effects to estimate residential natural gas demand elasticities 

in the Netherlands. The estimates are –0.27 (a counterintuitive value) for the long-run income 

and –0.19 (not significant) for the long-run price elasticity, respectively. Using the shrinkage 

estimator, Joutz et al. (2008) estimate elasticities for the US based on panel data. Their price 

elasticity estimates are –0.18 in the long run and –0.09 in the short run. Using an error-
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components and seemingly unrelated regression (SUR) approach, Lin et al. (1987) estimate 

elasticities for the US based on panel data from 1960 to 1983. Their estimates for the income 

elasticities are 0.57 in the long run and 0.11 in the short run, respectively. For the price 

elasticity, their estimates are –1.22 for the long run and –0.15 for the short run. 

Table 3 
Residential natural gas demand studies 

Study Country Method Data Elasticity estimates 

Income Price 

Asche et al. 
(2008) 

12 EU 
countries 

Shrinkage 
estimator* 

Panel data (annual), 
1978–2002 

L: 3.32 
S: 0.81 

L: –0.10 
S: –0.03 

Berkhout et al. 
(2004) 

Netherlands Fixed effects 
Panel data (annual), 
1992–1999 

L: –0.27 
 

L: –0.19 
 

Joutz et al. 
(2008) 

US 
Shrinkage 
estimator 

Panel data (monthly), 
1980–unclear 

– 
L: –0.18 
S: –0.09 

Lin et al.  
(1987) 

US 
Error-components 
& SUR 

Panel data (annual), 
1960–1983 

L: 0.57 
S: 0.11 

L: –1.22 
S: –0.15 

Notes: S and L denote estimates for the short and the long run, respectively. * Asche et al. (2008) also use fixed 
effects, random effects and OLS estimators, but the results appear to be rather implausible. Estimates printed in 
italics are not significantly different from zero. 

 

After this introduction on the aim, scope and original contribution of our study and an 

overview of the related literature our paper proceeds as follows. In Section 2, we provide the 

analytical framework for the econometric analysis undertaken. Section 3 gives a 

methodological overview of the applied estimation and testing procedures applied, while 

Section 4 discusses the data, the application of the model and the results obtained from the 

analysis. Section 5 concludes. 

 

2. Analytical framework 

Similarly to the residential electricity demand function from the last section, natural gas 

demand can generally be expressed as a function of several determinants: 

 , , ,t t t tG f Y P X
      (1) 
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where Gt is residential natural gas consumption per capita, Yt is real net disposable income, Pt 

is the real residential natural gas price and Xt stands for further control variables, all at time t. 

As most of the natural gas in the residential sector is used for heating purposes3, a variable 

which controls for the temperature is included as well (heating degree days, HDD). More 

specifically, for the long-run natural gas demand relationship in the residential sector we 

chose the following (constant elasticity) functional form: 

      32 4
0 1exp ,t t t tG t Y P HDD  

    (2) 

where HDDt are heating degree days and the βs are the coefficients to be estimated. Note that 

initially, following other studies, we also considered the price of electricity as a substitute for 

natural gas. But as the estimates of the respective cross-price elasticities were not significant, 

we omitted these in order to gain degrees of freedom. 

 

3. Methodology 

A well-known drawback of testing for nonstationarity in the data-generating process of time 

series is the very low power of unit root tests. With regard to this problem, a method which 

has received considerable attention over the past years is the autoregressive distributed lag 

(ARDL) bounds testing approach to cointegration developed by Pesaran and Shin (1999) and 

Pesaran et al. (2001). A major advantage of this approach is that information regarding the 

order of integration of the individual variables is not needed for testing on the existence of a 

long-run relationship between them.4 Hence, the pretesting for unit roots, which is required in 

other cointegration approaches, can be omitted. Instead, the significance of a long-run 

relationship is tested using critical value bounds, which are determined by the two extreme 

cases that all variables are I(0) (the lower bound) and that all variables are I(1) (the upper 

bound). 

Taking natural logarithms of Eq. (2) and adding an error term yields the most general 

econometric specification of the long-run residential natural gas demand function used: 

                                                            
3 A minor share of natural gas consumption is attributable to cooking. 
4 More precisely, it is not relevant whether the variables are I(0) or I(1). For I(2) variables this approach is not 
valid. But this case rarely occurs with the kind of data at hand. 
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0 1 2 3 4t t t t tg t y p hdd           ,    (3) 

where gt = ln(Gt); yt = ln(Yt); pt = ln(Pt); and hddt = ln(HDDt). The βs are the long-run 

coefficients and εt is a white noise error term. 

The first step of the bounds testing approach is to estimate the following unrestricted error 

correction model using OLS: 

1 1 2 1 3 1 4 1

1, 2, 3, 4,
1 1 1 1

,

t t t t t

k l m n

i t i i t i i t i i t i t
i i i i

g c dt g y p hdd

g y p hdd u

   

   

   

   
   

      

           
  (4) 

where the ϕ are the long-run multipliers, c is a drift term, φ are the short-run coefficients and 

ut is a white noise error term. Due to the fact that it is not clear a priori whether y, p and hdd 

are the long-run forcing variables for natural gas consumption, current values of ∆y, ∆p and 

∆hdd are excluded from Eq. (4). 

As a second step, an F-test on the joint hypothesis that the long-run multipliers of the lagged 

level variables are all equal to zero, against the alternative hypothesis that at least one long-

run multiplier is non-zero, is conducted, i.e.: 

H0: ϕ1 = ϕ2 = ϕ3 = ϕ4 = 0;  

H1: ϕ1 ≠ 0, or ϕ2 ≠ 0, or ϕ3 ≠ 0, or ϕ4 ≠ 0. 

Critical values are provided by Pesaran and Pesaran (2009, p.544). These depend on the 

number of regressors and the deterministic terms included. For each of the conventional 

significance levels, two sets of critical values are given, which constitute the lower and the 

upper bound. The lower bound represents the critical values for the case in which all included 

variables are assumed to be I(0), while the upper bound assumes all the variables to be I(1). 

Hence, all possible combinations of orders of integration for the single variables are covered. 

If the calculated F-statistic lies above the upper bound, the null hypothesis of no cointegration 

can be rejected, irrespective of the number of unit roots in the single variables. On the other 

hand, if it is below the lower bound, the null hypothesis is not rejected. Only if the F-statistic 

lies between the bounds, the result of the inference is inconclusive, given that the order of 

integration of the single variables is unknown. 
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If the existence of a significant cointegration relationship is identified by the bounds F-test, 

the next step is to select the optimal ARDL specification of Eq. (4). This process is guided by 

the Akaike Information Criterion (AIC) and the Schwarz Bayesian Criterion (SBC). 

Furthermore, the properties of the residuals are checked to ensure the absence of serial 

correlation. 

A representation of the ARDL(k,l,m,n) model in the general case is 

1, 2, 3, 4,
1 0 0 0

k l m n

t c d i t i i t i i t i i t i t
i i i i

g t g y p hdd w        
   

          ,  (5) 

where wt is an error term and k, l, m, and n are the lag lengths of the single variables.  

The long-run coefficients are constructed as non-linear functions of the parameter estimates of 

Eq. (4): 

 0

1,
1

1 ,

c
k

i
i







  
 


         (6) 

1

1,
1

and

1

d
k

i
i







  
 


        (7)  

,
0

1,
1

1

q

j i
i

j k

i
i











  
 




         (8) 

with j = {2, 3, 4} and q = {k, l, m, n}. β0 and β1 are the constant and the deterministic trend in 

the long-run model, Eq. (3), whereas the βj are the long-run slope coefficients. 

Finally, the (dynamic) short-run coefficients for the error correction representation are 

estimated according to 

1 1, 2, 3, 4,
1 1 1 1

k l m n

t c d ect t i t i i t i i t i i t i t
i i i i

g t ECT g y p hdd v          
   

                 , (9) 

where ECTt-1 is the error correction term resulting from the estimated long-run equilibrium 

relationship, Eq. (3), and θect is the coefficient reflecting the speed of adjustment to long-run 
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equilibrium, i.e. the percental annual correction of a deviation from the long-run equilibrium 

the year before. 

 

4. Empirical analysis 

4.1. Data 

For the following analysis we gathered data on residential natural gas consumption, net 

disposable income, residential natural gas price, CPI and heating degree days for as many 

OECD countries as possible. Residential natural gas consumption and nominal natural gas 

prices for the time period 1978 to 2008 were obtained from the IEA database ‘Energy 

Balances of OECD Countries’ and ‘Energy Prices & Taxes’, respectively, while net 

disposable income and total population are from the OECD database (http://stats.oecd.org). 

The nominal price and income data are deflated using the CPI, also provided by the OECD, 

while natural gas consumption and real disposable income are divided by total population in 

order to attain per capita values. Finally, the heating degree day indexes are taken from 

Eurostat (http://epp.eurostat.ec.europa.eu).5 Data (non-)availability leaves us with the 

following countries: Austria, Finland, France, Germany, Ireland, Japan, Luxembourg, the 

Netherlands, Spain, Switzerland, the UK and the US. For Japan and the US, unfortunately, 

heating degree days are not provided by Eurostat. 

Figures 1–4 display the time series of residential natural gas consumption (measured in tons 

of oil equivalent, toe), real disposable income (measured in constant 1000 €, base year 2000 = 

100), real residential natural gas price (measured in constant 1000 € / toe, base year 2000 = 

100) and heating degree days, respectively. 

Visual inspection of the single time series reveals the following trends: 

 Most countries reveal an overall upward trend in residential natural gas consumption. 

Exceptions are the Netherlands and the US. Most of the gas consumption series have a 

local peak in the year 1996, which coincides with a peak in the heating degree days 

due to a harsh winter at that time.  

                                                            
5 The heating degree days index is calculated as follows: HDD = (18 °C – TM) x D if TM is lower than or equal to 
a heating threshold of 15 °C and is zero if TM is greater than this threshold, where TM = (TMIN + TMAX)/2 is the 
mean outdoor temperature over a period of D days. 
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 All countries reveal an overall upward trend in real disposable income. In nearly all 

the series, the dampening effect on the economy of the financial crisis in 2008 can be 

seen. 

 Coinciding with the second oil price shock, real natural gas prices reach their highest 

levels at the beginning of the 1980s and, then, fall to relatively low levels during the 

late 1980s. Only since the year 2000 an overall upward trend for most of the series can 

be identified. 
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Fig. 1: Residential natural gas consumption per capita (in ktoe). 
Source: IEA statistical database, own illustration. 
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Fig. 2: Real net disposable income per capita (in 1000 €), 2000 = 100.  
Source: OECD statistical database, own illustration. 
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Fig. 3: Real residential natural gas prices (in 1000 €/toe), 2000 = 100.  
Source: IEA statistical database, own illustration. 
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Fig. 4: Heating degree days.  
Source: Eurostat statistical database, own illustration. 

 

4.2. Bounds tests for cointegration 

As a first step of the ARDL / bounds testing procedure we estimate Eq. (4) for each country 

using OLS. As our analysis is based on annual data, we consider lag lengths of one and two. 

A deterministic trend is included whenever significant. Next, we conduct an F-test on the 

joint significance of the lagged variables in levels. The results of the F-tests for all countries 

are given in Table 4, while the relevant critical value bounds are given in Table 5.6 Only for 

                                                            
6 In order to rule out the possibility of dealing with I(2) variables, which would invalidate the inference on the 
basis of these critical value bounds, we conduct the ERS (Elliott-Rothenberg-Stock, see Elliott et al., 1996) unit 
root test on the variables in first differences. The results are summarized in Table A.1 in the appendix. For all the 
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France and Spain the F-statistic indicates no joint significance. For all other countries the null 

hypothesis of no long-run relationship is rejected at least at the 10% level. 

Table 4  
Bounds F-tests for a cointegration relationship 
Country Lag length: 1 Lag length: 2 

Austria Fg(g | y, p, hdd) =  3.749** [0.022] Fg(g | y, p, hdd) =  5.013** [0.011] 

Finland Fg(g | y, p, hdd) =  4.779*** [0.008] Fg(g | y, p, hdd) =  5.231*** [0.010] 

France Fg(g | y, p, hdd) =  1.743 [0.182] Fg(g | y, p, hdd) =  1.882 [0.170] 

GermanyT Fg(g | y, p, hdd) =  2.915* [0.067] Fg(g | y, p, hdd) =  4.387** [0.043] 

Ireland Fg(g | y, p, hdd) =  3.935** [0.019] Fg(g | y, p, hdd) =  7.236*** [0.003] 

JapanT Fg(g | y, p) = 13.869*** [0.000] Fg(g | y, p) =  3.188** [0.050] 

Luxembourg Fg(g | y, p, hdd) =  4.134** [0.016] Fg(g | y, p, hdd) =  3.777** [0.033] 

NetherlandsT Fg(g | y, p, hdd) =  3.581** [0.027] Fg(g | y, p, hdd) =  4.060** [0.026] 

Spain Fg(g | y, p, hdd) =  1.160 [0.363] Fg(g | y, p, hdd) =  1.623 [0.232] 

SwitzerlandT Fg(g | y, p, hdd) =  6.114*** [0.003] Fg(g | y, p, hdd) =  4.198** [0.024] 

UK Fg(g | y, p, hdd) =  2.601* [0.067] Fg(g | y, p, hdd) =  2.832 [0.062] 

UST Fg(g | y, p, hdd) =  3.926*** [0.017] Fg(g | y, p) =  4.702*** [0.013] 

Notes: T indicates the inclusion of a deterministic trend. p-values are reported in brackets. ***, ** and * denote 
significance at the 1%, 5% and 10% level, respectively. 

 

Table 5 
Critical value bounds 

k 
90% level  95% level  99% level 

I(0)  
Lower Bound 

I(1)  
Upper Bound 

I(0)  
Lower Bound

I(1)  
Upper Bound

I(0)  
Lower Bound 

I(1)  
Upper Bound

Panel A: Critical values for models with intercept 

3 2.711 3.800  3.219 4.378  4.385 5.615 

Panel B: Critical values for models with intercept and trend 

2 4.205 5.109  4.903 5.872  6.520 7.584 

3 3.484 4.458  4.066 5.119  5.315 6.414 

Notes: k denotes the number of regressors. Critical values are taken from Table B.1 in Pesaran and Pesaran 
(2009, p.544). 

 

                                                                                                                                                                                          
series the null hypothesis of a unit root is rejected at the 10% level. Hence, the test results suggest that none of 
the variables is integrated of order two, I(2). 
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4.3. Long-run relationships and short-run dynamics 

According to the test results from the preceding section, we proceed to estimate the long-run 

elasticities and the corresponding error correction models for ten of the twelve initially 

considered countries, viz. Austria, Finland, Germany, Ireland, Japan, Luxembourg, the 

Netherlands, Switzerland, the UK, and the US. 

As described in Section 3, for each country a model is specified according to Eq. (5). The 

model selection is guided by the Akaike Information Criterion (AIC) and the Schwarz 

Bayesian Criterion (SBC). Furthermore, we make sure that the residuals are not serially 

correlated. The resulting parameter estimates are used to construct the long-run elasticities 

according to Eqs. (6)–(8). Finally, in order to obtain the short-run dynamics, the 

corresponding error correction models given in Eq. (9) are estimated using the lagged ECTs 

resulting from the long-run relationships estimated. 

Fig. 5 summarizes the estimated demand elasticities with regard to income (a), price (b) and 
weather (c).  

With more details, Tables 6–8 summarize the estimated long-run coefficients, the error 

correction estimation results and the diagnostic tests (for serial correlation, normality, and 

heteroscedasticity) of the underlying ARDL models for the individual countries, respectively.7 

The order of the individual country-specific ARDLs and the specification with regard to the 

deterministic term are given in Table 6, along with the estimated long-run coefficients and the 

corresponding p-values. As expected, the signs of the statistically significant income and price 

elasticities are positive and negative, respectively. The country estimates of long-run income 

elasticity range between 0.44 for Japan and 1.72 for Ireland, with a near-unity mean of 0.94. 

The estimates of long-run price elasticity range between –1.62 for Ireland and  

–0.14 for the Netherlands, with a mean of –0.51. The long-run elasticities with regard to 

heating degree days range between 0.95 for the Netherlands and 2.01 for Austria with a mean 

of 1.36. 

As a robustness check, we make use of two further well-established estimation methods for 

estimating the long-run relationship characterized by Eq. (2). These are the dynamic OLS 

  

                                                            
7 Tests on constancy of the cointegration space are delivered in Section 4.4. 
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Fig. 5: Elasticity estimates (Transparent bars indicate estimates not significant at conventional levels) 

(DOLS) from Saikkonen (1992) and Stock and Watson (1993), and the fully modified OLS 

(FMOLS) from Phillips and Hansen (1990). Both estimators incorporate corrections for 

endogeneity bias and serial correlation in a parametric and semi-parametric way, respectively. 

The results can be found in Table A.2 in the appendix. Comparing the long-run coefficient 

estimates from all three estimation procedures one finds agreement with regard to the signs of 

the coefficients whenever the estimates are significantly different from zero. The estimates for 

most countries are in the same range of magnitude, with only few exceptions. Overall, we can 

conclude that the results are fairly robust with regard to the estimation method employed. 
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The coefficient estimates of the error-correction models are presented in Table 10. The speeds 

of adjustment toward long-run equilibria range between an annual correction of 31% in the 

UK and 96% in the US. On average, 57% of any deviation from the long-run equilibrium is 

corrected every year. Hence, a near complete adjustment (of at least 95%) is achieved after 

 

Table 6 
Long-run coefficients for country-specific ARDLs 

Country 
Order of ARDL 

 Long-run coefficients 

        y         p       hdd      Trend     Constant 

Austria 
ARDL(1,2,2,0) 

 

    1.196** 
   [0.021] 

   –0.360** 
    [0.045] 

    2.007** 
   [0.014] 

         – 
   –18.259*** 
      [0.008] 

Finland 
ARDL(1,1,0,0) 

    0.797 
   [0.127] 

   –0.267 
    [0.214] 

    0.551 
   [0.742] 

         – 
   –12.250 
      [0.357] 

Germany 
ARDL(2,1,1,1) 

    0.080 
   [0.904] 

   –0.233** 
    [0.011] 

    1.047*** 
   [0.003] 

     0.043*** 
    [0.000] 

   –15.541*** 
      [0.000] 

Ireland 
ARDL(1,0,0,0) 

    1.715*** 
   [0.001] 

   –1.621** 
    [0.021] 

    1.945 
   [0.500] 

         – 
 

     –7.607 
      [0.700] 

Japan 
ARDL(1,0,0) 

    0.482** 
   [0.039] 

   –0.350 
    [0.110] 

     – 
 

     0.009*** 
    [0.001] 

     –5.551*** 
      [0.000] 

Luxembourg 
ARDL(1,1,1,0) 

    0.653*** 
   [0.000] 

     0.117 
    [0.228] 

    1.131** 
   [0.041] 

         – 
 

   –15.160*** 
      [0.001] 

Netherlands 
ARDL(1,0,1,0) 

    0.720*** 
   [0.005] 

   –0.144*** 
    [0.000] 

    0.950*** 
   [0.000] 

   –0.022*** 
    [0.000] 

   –10.941*** 
      [0.000] 

Switzerland 
ARDL(1,2,0,0) 

    1.121** 
   [0.012] 

   –0.804*** 
    [0.000] 

    1.129*** 
   [0.001] 

     0.026*** 
    [0.000] 

     –9.861*** 
      [0.000] 

UK 
ARDL(1,0,0,0) 

    0.711*** 
   [0.000] 

   –0.350** 
    [0.014] 

    1.897** 
   [0.028] 

         – 
 

   –18.048*** 
      [0.004] 

US 
ARDL(1,0,1,0) 

    0.031 
   [0.807] 

   –0.159*** 
    [0.000] 

    0.743*** 
   [0.000] 

   –0.006*** 
    [0.005] 

   –12.865*** 
      [0.000] 

MIN  0.44 –1.62 0.95   

MEAN  0.94 –0.51 1.36   

MAX  1.72 –0.14 2.01   

Notes: ***, ** and * denote significance at the 1%, 5% and 10% level, respectively. p-values are reported in 
brackets. MIN, MEAN and MAX values refer to significant estimates only. Moreover, Finland is not included on 
account of model deficiencies. 
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Table 7 
Error correction representations for the underlying ARDL models 

Country 
 Short-run dynamics 

ECTt-1 ∆gt-1 ∆yt ∆yt-1 ∆pt ∆pt-1 ∆hddt ∆Trend 

Austria  –0.358*** 
[0.004] 

– –0.864 
[0.241] 

–0.634 
[0.432] 

0.517 
[0.505] 

0.185 
[0.126] 

0.719*** 
[0.002] 

– 

Finland  –0.541*** 
[0.001] 

– –1.831** 
[0.047] 

– –0.145 
[0.216] 

– 0.298 
[0.742] 

– 

Germany  –0.593** 
[0.045] 

–0.050 
[0.672] 

–0.175 
[0.681] 

– –0.150** 
[0.043] 

– 0.786*** 
[0.000] 

0.025* 
[0.062] 

Ireland  –0.334** 
[0.030] 

–  0.572* 
[0.065] 

– –0.541*** 
[0.001] 

– 0.649 
[0.433] 

– 

Japan  –0.561*** 
[0.001] 

–  0.271* 
[0.073] 

– –0.196* 
[0.081] 

– – 0.005** 
[0.034] 

Luxembourg  –0.487*** 
[0.004] 

–  0.038 
[0.870] 

– –0.053 
[0.446] 

– 0.551*** 
[0.002] 

– 

Netherlands  –0.945*** 
[0.000] 

–  0.681*** 
[0.007] 

– 0.119* 
[0.079] 

– 0.898*** 
[0.000] 

–0.021*** 
[0.000] 

Switzerland  –0.644*** 
[0.000] 

–  –0.404 
[0.139] 

–0.635* 
[0.073] 

–0.518*** 
[0.000] 

– 0.727*** 
[0.000] 

0.017*** 
[0.001] 

UK  –0.312*** 
[0.004] 

–  0.222*** 
[0.001] 

– –0.109** 
[0.010] 

– 0.592*** 
[0.000] 

– 

US  –0.940*** 
[0.000] 

–   0.029 
[0.807] 

– –0.041 
[0.350] 

– 0.698*** 
[0.000] 

–0.005*** 
[0.007] 

MIN  –0.31  0.27  –0.54  0.55  

MEAN  –0.57  0.44  –0.23  0.71  

MAX   –0.96  0.68    0.12  0.90  

Notes: ***, ** and * denote significance at the 1%, 5% and 10% level, respectively. p-values are reported in brackets. MIN, MEAN and MAX values refer to significant 
estimates only. Moreover, Finland is not included on account of model deficiencies. 



17 

 

three to four years on average. The short-run elasticities with regard to income, price and 

heating degree days are generally lower in magnitude than their long-run counterparts. Short-

run income elasticities range between 0.27 for Japan and 0.68 for the Netherlands, with an 

average of 0.44. The short-run price elasticities range between –0.54 for Ireland and 0.12 for 

the Netherlands, with a mean of –0.23. Finally, the short-run coefficients for heating degree 

days range between 0.55 for Luxembourg and 0.90 for the Netherlands, with an average of 

0.71. Hence, on average, the short-run elasticities have approximately half the magnitude of 

their long-run counterparts. 

Comparing our results with the estimates from other studies on residential natural gas demand 

(given in Table 3), we find considerable differences, which to some extent are due to the 

respective time spans analyzed and econometric approaches used. Particularly, the disregard 

of problems related to the potential non-stationarity of the underlying time series casts doubts 

on the reliability of the results generated by the aforementioned studies.  

 For a group of 12 EU member countries Asche et al. (2008) find long-run elasticities of 

3.32 and –0.10 with regard to income and price. Our estimates, although not for exactly 

the same country group8, are much less extreme in magnitude. Our average income 

elasticity is 0.94, while the average price elasticity is –0.51. Regarding the short-run 

elasticities differences still remain, but are less pronounced: Asche et al. find 0.81 (–0.03), 

while we find 0.44 (–0.23) for income (price). 

 Berkhout et al. (2004) find elasticities of –0.27 with regard to income and –0.19 with 

regard to price (the latter not significant) for the Netherlands. A negative income elasticity 

is rather counterintuitive. Hence, our elasticity estimates, 0.72 for income and –0.14 for 

price, seem more sensible based on economic grounds. 

 The results from Joutz et al. (2008) and Lin et al. (1987) for long- and short-run 

elasticities with regard to price in the US are fairly contradictive. While Joutz et al. find a 

long-run elasticity of –0.18, which is close to our point estimate (–0.16), Lin et al. find a 

rather large (in magnitude) elasticity of –1.22. For the short run, the elasticities from both 

studies are rather small (–0.09 and –0.15, respectively), while ours is not significantly 

different from zero. 

                                                            
8 While our sample does not include Belgium, Denmark and Italy, their sample does not include Japan and the 
US. Moreover, our sample covers a longer time span: 1978 until 2008 instead of up to 2002. 
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Table 8 summarizes a set of diagnostic test statistics for the individual ARDL models. The 

tests indicate problems with the assumptions of no serial correlation, normality and 

homoscedasticity of the residuals in the model for Finland. Furthermore, the models for 

Ireland and the UK have deficiencies with regard to normality and homoscedasticity of the 

residuals, respectively. For all other models the tests show no deviations from theoretical 

model assumptions. 

Table 8 
Diagnostic tests for the underlying ARDL models 

Country 
 Lagrange multiplier statistics 

Serial correlation: 2 (1)SC  Normality: 2 (2)N  Heteroscedasticity: 2 (1)H  

Austria  0.149 
[0.699] 

1.094 
[0.579] 

3.315 
[0.069] 

Finland 3.410 
[0.065] 

21.215 
[0.000] 

3.963 
[0.047] 

Germany 1.941 
[0.164] 

1.880 
[0.391] 

0.208 
[0.649] 

Ireland 0.270 
[0.604] 

16.694 
[0.000] 

2.665 
[0.103] 

Japan 2.677 
[0.102] 

1.525 
[0.466] 

2.035 
[0.154] 

Luxembourg 0.252 
[0.616] 

1.716 
[0.424] 

0.000 
[0.993] 

Netherlands 0.139 
[0.709] 

0.494 
[0.781] 

2.141 
[0.143] 

Switzerland 0.006 
[0.938] 

0.211 
[0.900] 

5.665 
[0.017] 

UK 0.677 
[0.411] 

0.065 
[0.798] 

9.197 
[0.010] 

US 2.404 
[0.121] 

1.169 
[0.557] 

0.292 
[0.589] 

Notes: p-values are reported in brackets. 

 

4.4. Constancy of cointegration space 

In order to check for parameter constancy, we employ the CUSUM and the CUSUMSQ 

stability tests (see Brown et al., 1975) to the estimated ARDL model of each country. 

The CUSUM and CUSUMSQ plots for each model are shown in Figure 6, plots (a)–(j). As 

can be seen, the plots are within the 5% critical bounds in all the models, except for the case 

of Japan. Here the CUSUMSQ plot crosses the upper critical bound, indicating some 
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instability of the estimated coefficients in the years 1993 to 1997. For all other models the 

stability tests show an overall constancy of the cointegration space.  

 

5. Conclusions 

In this paper we have analyzed residential natural gas demand for twelve OECD countries 

using available time series data from 1980 to 2008. We estimate long-run demand elasticities 

with regard to real disposable income and real residential natural gas price using the 

autoregressive distributed lag (ARDL) bounds testing procedure developed by Pesaran and 

Shin (1999) and Pesaran et al. (2001). In contrast to other cointegration approaches, this 

procedure has the advantage of needing no pretesting on the time series properties of the 

single variables, and thereby circumventing the problem associated with the low power of unit 

root tests. By employing an error correction framework we also obtain estimates for the 

speeds of adjustment to long-run equilibrium and short-run elasticities for the individual 

countries. The effect of weather conditions on natural gas demand in a given year is 

accounted for by including heating degree days as a control variable. 

For ten of the twelve countries we find a significant long-run relationship. On average, the 

long-run elasticities are 0.94 with regard to income, –0.51 with regard to price and 1.36 with 

regard to heating degree days. For the individual countries, the long-run income elasticities 

range between 0.44 for Japan and 1.72 for Ireland, while the long-run price elasticities range 

between –1.62 for Ireland and –0.14 for the Netherlands. The long-run elasticities with regard 

to heating degree days are found to be between 0.95 for the Netherlands and 2.01 for Austria. 

The short-run dynamics assessed by estimation of the error correction models indicate an 

average adjustment coefficient of –0.57, a short-run income elasticity of 0.44, a short-run 

price elasticity of –0.23 and a short-run elasticity with regard to heating degree days of 0.71. 

Hence, on average, the short-run elasticities have approximately half the magnitude of their 

long-run counterparts. 
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Fig. 6: CUSUM and CUSUM of squares plots for the estimated ARDL models 
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Appendix 
 
Table A.1 
Unit root test (ERS) on first differences (∆) of individual variables 

Country ∆g ∆y ∆p ∆hdd 

Austria –2.764*** (1) –3.414*** (1) –2.311**   (2) –4.123*** (1) 

Finland –4.061*** (0) –2.774*** (0) –3.289*** (1) –7.323*** (0) 

Germany –5.621*** (0) –3.431*** (0) –3.996*** (0) –6.627*** (0) 

Ireland –2.154**   (2) –1.709*     (1) –3.500*** (2) –3.751*** (1) 

Japan –3.037*** (1) –2.345**   (0) –4.729*** (0)     ––––––– 

Luxembourg –2.873*** (1) –4.151*** (1) –4.430*** (0) –6.480*** (0) 

Netherlands –3.534*** (1) –4.135*** (0) –3.685*** (0) –6.362*** (0) 

Switzerland –2.301**   (1) –2.725*** (0) –3.135*** (0) –7.006*** (0) 

UK –4.171*** (0) –2.986*** (0) –1.750*     (1) –3.061*** (1) 

US –6.378*** (0) –2.845*** (0) –2.321**   (3) –6.127*** (0) 

Notes: Null hypothesis: ∆g has a unit root. Critical values are from MacKinnon (1996): 1% = –2.653;  
5% = –1.964; 10% = –1.610. Lag lengths are in parentheses. 
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Table A.2 
Comparison of long-run coefficients from different estimation methods 
Country 
 

Long-run coefficients 
y p hdd Trend Constant 

Austria                     
            ARDL     1.196**   [0.021]   –0.360**   [0.045]     2.007**   [0.014] – –18.259**   [0.008] 

            DOLS     1.646*** [0.004]   –0.231        [0.152]     0.946       [0.547] –   –8.701       [0.462] 

            FMOLS     1.836*** [0.000]   –0.488*** [0.000]     0.669*     [0.096] –   –4.207       [0.152] 

Germany                 
            ARDL     0.080       [0.904]   –0.233**   [0.011]     1.047*** [0.003]     0.043*** [0.000] –15.541*** [0.000] 

            DOLS     0.120       [0.795]   –0.201**   [0.023]     1.037*** [0.001]     0.041*** [0.000] –15.450*** [0.000] 

            FMOLS   –0.320       [0.310]   –0.199*** [0.000]     0.844*** [0.000]     0.045*** [0.000] –15.669*** [0.000] 

Ireland      
            ARDL     1.715*** [0.001]   –1.621**   [0.021]     1.945       [0.500] –   –7.607       [0.700] 

            DOLS     1.123*** [0.000]   –1.568*** [0.000] – –     4.931*** [0.001] 

            FMOLS     1.614*** [0.000]   –0.712*** [0.008]   –1.439       [0.312] –   12.923       [0.215] 

Japan      
            ARDL     0.482**   [0.039]   –0.350        [0.110] –     0.009*** [0.001]   –5.551*** [0.000] 

            DOLS     0.426**   [0.011]   –0.400**   [0.017] –     0.009*** [0.000]   –5.368*** [0.000] 

            FMOLS     0.411*** [0.006]   –0.344**   [0.016] –     0.009*** [0.000]   –5.750*** [0.000] 

Luxembourg      

            ARDL     0.653*** [0.000]     0.117       [0.228]     1.131**   [0.041] – –15.160*** [0.001] 

            DOLS     0.643*** [0.000]     0.113       [0.220]     0.776       [0.155] – –12.325*** [0.005] 

            FMOLS     0.613*** [0.000]   –0.038       [0.500]     0.556**   [0.021] –   –9.828*** [0.000] 

Netherlands      
            ARDL     0.720*** [0.005]   –0.144*** [0.000]     0.950*** [0.000]   –0.022*** [0.000] –10.941*** [0.000] 

            DOLS     1.079*** [0.000]   –0.191*** [0.000]     1.022*** [0.000]   –0.029*** [0.000]   –9.743*** [0.000] 

            FMOLS     1.226*** [0.000]   –0.158*** [0.001]     0.921*** [0.000]   –0.033*** [0.000]   –8.472*** [0.000] 

Switzerland         
            ARDL     1.121**   [0.012]   –0.804*** [0.000]     1.129*** [0.001]     0.026*** [0.000]   –9.861*** [0.000] 

            DOLS     0.956**   [0.014]   –0.760*** [0.000]     0.471       [0.267]     0.027*** [0.000]   –5.377*     [0.099] 

            FMOLS     0.252       [0.374]   –0.730*** [0.000]     0.443**   [0.045]     0.034*** [0.000]   –7.903*** [0.000] 

UK      
            ARDL     0.711*** [0.000]   –0.350**   [0.014]     1.897**   [0.028] – –18.048*** [0.004] 

            DOLS     0.569*** [0.000]   –0.311**   [0.019]     1.132*     [0.080] – –12.663*** [0.008] 

            FMOLS     0.500*** [0.000]   –0.303*** [0.000]     0.633*** [0.000] –   –9.020*** [0.000] 

US      
            ARDL     0.031       [0.807]   –0.159*** [0.000]    0.743*** [0.000]   –0.006*** [0.005] –12.865*** [0.000] 

            DOLS     0.194       [0.230]   –0.161*** [0.000]    0.785*** [0.000]   –0.008*** [0.003] –12.598*** [0.000] 

            FMOLS     0.103       [0.234]   –0.153*      [0.000]    0.736*** [0.000]   –0.007*** [0.000] –12.581*** [0.000] 

Notes: ***, ** and * denote significance at the 1%, 5% and 10% level, respectively. p-values are reported in brackets.  
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