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ESTIMATING WELFARE ASPECTS OF CHANGES IN ENERGY PRICES
FROM PREFERENCE HETEROGENEITY

P. Pashardes, N. Pashourtidou and Th. Zachariadis

Abstract

The European Union's energy and climate policy package will cause an increase in end-user prices
of electricity and fuels. This paper assesses the distributional effects of these price increases in
Cyprus by specitying and estimating a household energy demand system with price heterogeneity
between households. This novel method allows obtaining robust parameter estimates even when
household expenditure surveys are limited. The empirical analysis is conducted both conditional on
energy-related household characteristics and unconditionally. We then use the estimated demand
system to conduct welfare analysis. We find that the rise in energy prices results in welfare losses
(in 2009 prices) of EUR 31 and FUR 101 per household for 2013 and 2020 respectively, or a
nationwide welfare loss of more than EUR’2009 33 million in 2020. Price increases will be
regressive and will affect small and urban households more strongly than the rest of the population.
Furthermore, we find that the largest proportion of welfare loss is due to loss of household’s
income purchasing power caused by higher energy prices, while the changes in relative prices
induce deadweight loss which is a small part of welfare loss because of the limited substitutability

of energy with other goods.
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EKTIMHXH TQN ANAAIANEMHTIKQON EIIITTOXEQN TON TIMON ENEPTEIAY

I Taocwpdng, N. Iacovptidou ko O. Zoyopddng

[NEPIAHYH

H vopoBeoia yia tqv evépyela Kot TNV KAPATIK aAAayn, Touv vioBemBnke to 2009 amé v
EvpwTmaikn 'Evworn, amookomel 0T onUavTiKy HE(won TwV EKTOUT®OV aepiwv Tov Beppoknmiov
£w¢ 1o 2020 ota kpatn-péAn ¢ EE. Ot moAttikég autés Ba odnynoouvv og avinon TV TIUWV TOU
NAEKTPLOHOV KAl TWV KAUCIHWY YIX TOUG TEALKOUG XPTOTEG. ZTNV TApovoa epyacia eEETACAUE TIG
ETIMITWOEL AUTWV TWV AUENCEWY TWV TIHWV TNG EVEPYELNG OTA KUTIPLAKA VOIKOKUPLA, HECW TOU
TPOCGSLOPLOUOY KL TNG EKTIUNOTNG EVOG CUCTHUATOG {11 TNOTG OTIOU ELCAYETAL ETEPOYEVELX OTIG TLUESG
uetafl volkokuplwy. Me aut) T pébodo umopovv va efaxBoUv oELOTIOTEG EKTIUNOELS TNG
EVEPYELAKNG {NTNONG, aKOUX KAl OF TEPLTTWOELS OTOV 0 aplduds twv Epeuvov OKoyevEIAK®V
[IpoUTOAOYIGUWY TIOV XPNOLUOTIOLOVVTAL EIVAL TIEPLOPLOUEVOG, OTIWG 0TV TEPITTWOoN TS KiTpou
OAAQ KOl TOAAWV GAAWV €VPWTATK®OV Ywpwv. H eumelpkn) avaivon £ywve pe Kol xwpig
oLUTEP AN XUPAKTNPLOTIKOV TWV VOLKOKUPLWV TIOU GXETIOVTAL UE TNV KATAVAAWGY] EVEPYELAG,
£TOL (OOTE Ol EKTIUNUEVEG TIAPAUETPOL KOl KAT EMEKTAON OL EAACTIKOTNTEG VO AVTOVAKAOUV
BpoyxuxpodvieS KAl LaKpoxXPOVIEG ETMIOPATELS avTioTOLY .

ZTN OUVEXELX, Ol EKTIUNUEVEG TIKPAUETPOL TOU CUCTNHHATOG {TNONG XPNoLHoTomOnkayv yux va
Sie€ayOel avdivon eunuepiag. Ta amotedéopata Selxvouv OTL 1] V&GO OTIS TILES TNG EVEPYELOG
odnyel oe amwlewar sunuepiag (oe twég 2009) ¢ tadgng twv 31 evpw kat 101 egvpw, ava
VOLKOKUPLO, Y Ta £t1 2013 kot 2020 avtiotolxa, v 1| GUVOALKT ATTWAELX EVTHEPLOG VIO OAX TA
volkokvupld g KOmpou avapévetat va Eemepdoel Ta 33 ek. eupw (o€ Tipeg 2009) yia to 2020. Ot
avénoels twv THWv Ba elval avtiotpo@a TPoodeuTikeg (regressive) Kal QAVOUEVETAL va
EMMNPEACOUV TA VOLKOKUPLA HE WIKPO OplOUd HEAWMV KAl VOIKOKUPLA OF OOTIKEG TEPLOXES
TEPLOCOTEPO AT O,TL TOV UTIOAOLTTO TTANOUoNO. Emimpoobeta, 1 avaAvon €5eie 4TL TO pHeYaAUTEPO
TOCO0TO ATWAELNG EUNUEPIAG TPOKVUTITEL aTMO TN MElwON TNG AyopacTIKNG SUvaung Tou
VOLKOKUPLOU AdYw YNAGTEPWV TIUWV EVEPYELAG, EVW OL XAAAYEG OTIS OXETIKEG TLUEG TIPOKAAOUV
QAVATIOTEAECUATIKOTNTA YVWOTH w¢ «deadweight loss», TOU amoTeAEl OUWG HOVO HIKPO HEPOG TNG
amwAglag eunuepiag, e€altiag Twv TEPLOPLOUEVWY SUVATOTHTWY VUTIOKATACTAONG HETAEY EVEPYELAG
Kol GAA WV ayabwv.
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1. INTRODUCTION

In 2009 the European Union (EU) adopted a legislative package on energy and climate change,
which involves several legally binding measures that aim at reducing greenhouse gas (GHG)
emissions in the EU by the year 2020. This group of measures will substantially affect the economies
of EU countries - households, firms and the public sector. Most importantly, they will lead to an
increase in end-user prices of electricity and automotive fuels. Up to now, the overall economic
impact has been studied in detail with the use of partial or general equilibrium models at
international and national level - e.g. Capros et al. (2011) presented the economy-wide analysis
carried out for the European Commission (the EU’s executive body); and Boéhringer et al. (2009)
conducted an independent comparative analysis of these costs with three different computable
general equilibrium models. However, since policy discussions were primarily focused on the cost-
effectiveness of the policy targets, the distributional aspect of these measures has largely been
overlooked. As Fullerton (2011) notes, although there is a rich public economics literature on the
distributional effects of taxes, work on the distributional aspects of energy and environmental

policies is limited.

Household demand for energy and the subsequent distributional effect of energy efficiency or
carbon pricing schemes has been analyzed in several countries, with some examples being those of
Brannlund and Nordstrom (2004) for Sweden, Ekins and Dresner (2006) for the United Kingdom,
Kerkhof et al. (2008) for the Netherlands, Labandeira et al. (2006) for Spain, Rehdanz (2005) for
Germany, and Wier et al. (2005) for Denmark!. These studies rely, inter alia, on data from household
expenditure surveys conducted annually by national statistical agencies; this enables the empirical
estimation of detailed income and substitution patterns. However, in several countries household
expenditure surveys are conducted less frequently, e.g. according to the European Statistical Service,
Cyprus, Greece, France, Ireland, Malta, Austria, Portugal, Finland and Sweden conduct household
budget surveys with a frequency of about five years (Eurostat 2005). This poses serious problems to
performing empirical demand analysis, as price variation over time is limited. To overcome this
problem, some of the above-mentioned studies have used supplementary data from other sources

such as aggregate national data, input-output data or other household related micro surveys.

1 See also the detailed review of Callan et al. (2009). For the United States, see the review of Fullerton (2009).



In this paper we consider distributional aspects of price increases induced by the EU’s energy and
climate package, constructing a national household energy demand model for Cyprus, a small island
state in the Eastern Mediterranean with a population of about 800 thousand, which became an EU
member in 2004. Faced with the same problem mentioned above, i.e. the limited availability of
household micro data, we propose an approach that is based on the fact that price changes differ
across goods, therefore their effect can vary between households due to preference heterogeneity.
For example, vegetarians are not affected by changes in the price of meat; therefore, when the only
item in the food basket that increases in price is meat, only meat eaters face an increase in the unit
cost of food. Differences in unit cost changes due to preference heterogeneity are true for most (if
not all) composite goods used in empirical demand analysis. In the case of energy, the unit cost is
made from the prices of items such as electricity, petrol, gas, heating oil, solid fuels and renewable
sources. To the extent that these items do not increase proportionately in price and their shares in
consumption vary across households due to preference heterogeneity, then the unit cost of energy

also varies across households.

We thus propose an approach to construct a consumer theory based measure of the unit cost of
composite goods commonly used for empirical demand analysis, and use the variation in this cost
across households to estimate a demand system from a limited (minimum two) household
expenditure surveys. We apply the proposed method to estimate the price elasticity of household
demand for energy in the context of an integrable complete demand system using data drawn from
three household expenditure surveys conducted in Cyprus in 1996, 2003 and 2009. We then take
advantage of the integrability of the estimated model (i.e. its property to compute indirect utility
from the consumer demand parameters) to simulate the welfare effects of price increases
anticipated from the adoption of EU’s energy and climate policies on households grouped by income,

location and demographic characteristics.

Our work adds to knowledge in several ways. On the theoretical side we propose a two-stage
budgeting model that allows theoretically consistent aggregation of commodities over which
consumer expenditure is allocated at each stage. The literature on devising aggregation procedures
to cope with this problem dates back to Hicks (1946) and its main concern has been the presence of
substitution effects making ‘fixed’ price indices of the Laspeyres and Paasche type inappropriate
(Deaton and Muellbauer 1980, Diewert 1993). Here we focus on a different aggregation problem
arising from preference heterogeneity across households - as described above - and propose an

analytical framework for exploiting this heterogeneity. On the empirical front, the method we



propose allows one to obtain robust energy demand estimates in cases where the available data
from consumer/household expenditure surveys are limited, as is the case with the several European
countries mentioned above which do not conduct surveys on an annual basis. These estimates
enable simulations of the distributional effects from energy price changes and can be used for the
formulation of energy and environmental policies that can properly account for trade-offs between
efficiency and equity. Compared to earlier empirical work in the energy field, ours is probably the

first one to address preference heterogeneity with the novel theoretical treatment mentioned above.

Section 2 outlines the theoretical model, while Section 3 describes the data, the empirical strategy

and the estimation results. Welfare effects are reported in Section 4, and Section 5 concludes.

2. MODELLING CONSUMER DEMAND FOR COMPOSITE GOODS

The composite commodities used in empirical demand analysis most often consist of individual
goods grouped together because they satisfy broadly similar consumer needs, such as food, shelter,
transportation etc. Therefore, one needs to somehow aggregate the prices of the individual goods in
each group to an index reflecting the cost of the composite commodity. The standard solution to this
problem is to employ a statistical formula, typically the Laspeyers (or Divisia) form p;; =
>N Siko %, where s;; is the average - over households - share of good k in category i; and 1y, Tiko
the price of this good in the current and base periods, respectively. This formula, however, is an
appropriate measure of the ‘true’ cost of living for the composite commodity only under restrictive

assumptions about consumer preferences that are required for the shares of goods in the consumer

budget to be constant over prices and income (Deaton and Muellbauer 1980).

In the analysis below we allow the unit cost of the composite commodity to be estimated as a true
cost of living index, where the budget shares can vary with relative prices and the level of
consumer’s budget. In doing so the unit cost of the composite commodity not only is constructed in a
way consistent with the fundamentals of consumer theory but, also, varies among households,
thereby providing information to estimate the price elasticity of the composite good in situations
where household expenditure surveys are not conducted frequently enough for this estimation to

rely on time-series price variation alone.

Our modelling of consumer demand for composite goods is based on two-stage budgeting: first the

total budget is optimally allocated among the G commodity groups; then, the amount corresponding
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to each commodity group i is optimally allocated among its N items in the group. Preferences over
the G composite commodities are assumed to be implicitly separable and given by the Quadratic

Logarithmic (Lewbel 1990) for household h,

_ _bn@un_
In C(P, uh) = ah(p) + 1-ep(P)up’ (1)

where a; (p), by, (p) and e; (p) are homogeneous of degree zero. Moreover, it is assumed that a;, (p)

has the translog functional form
an(p) = aop + Xiey ajp Inp; + 0.5X%, X9, y;jlnp; Inp;, 2
and by, (p) and ey, (p) are log linear:
br(p) = Bor + Xi=1 Bin In Dy, 3)
en(p) =X emnp;. 4
The system of share equations for the G composite commodities is given by

Bi

ih Ein
br(p)

br(p)

Wip = Qjp + Z]G'=1 YijInp; + [Iny, —ap(P)] + Iny, —an®)]? i=12,..,G 5)

where y;, is the budget of household. The parameters of the share equations fulfil the adding-up
Cieiam =1 X Bin =0, Xieq i = 0, Xy ¥ij = 0), homogeneity (2?:1 Yij = 0) and symmetry

(yi]. = }/ji) restrictions.

The demand system specified by equations (1)-(5) is the same as the Quadratic Almost Ideal
Demand System (QUAIDS) of Banks et al. (1997), except for the b, (p) function which we specify as a
log-linear (for analytical convenience) rather than as a Cobb-Douglas function. Nevertheless, as in
the case of the QUAIDS model the demand system specified here belongs to the Rank-3 family, the
most general specification of consumer preferences satisfying integrability, i.e. the ability to
compute the cost function from the estimated parameters of the demand system.2 This property of
the demand system is particularly important in the context of our analysis, in the sense that the
parameter estimates obtained from the empirical demand system in the next section are

subsequently used for the analysis of the welfare effects of changes in energy prices.

? See Lyssiotou et al. (2002) for a comparison of alternative empirical specifications of Rank-3 demand systems.
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The price p; for the composite commodity i is defined as a household-specific true cost of living
index, ¢, (1, up)/cp (i, up), where 14,15, ..., 7y and #y, 75, ..., iy are the prices of the N components in
the composite commodity i in the current and base period respectively. The functional form of p;
depends on consumer preferences at the lower budgeting stage, which determine the allocation of

expenditure among the components of composite commodity i.

In particular, preferences at the lower budgeting stage are assumed to be linear logarithmic:

Incp(ry, up) = Ap(13) + u(rup (6)
where
M (1)) = Aion + Tkl=1 Aikn In Ty + 0.5 XR_ 1 Xffi—1 Eikem In Ty I 135, (7)
and

u(r) = o + D=1 Ha In 7y . 3

The share (Hicksian) of component k in the composite commodity i is given by 3

Sikn = Aiken + Zm=1 §ikm IN Tin + iU, - 9)
Equation (6) can be expressed as a function of the share

In ¢y (13, un) = dion + Mot + Tik=1 Sikn N Tyt — 0.5 XR_y Xfi=1 Sitem InTyge I 74y (10)

after multiplying equation (9) by Inr;;, and summing over the N components of the composite
commodity. The true cost of living for the composite commodity i with the prices of its N

components at the base period 74,73, ..., 'y set to one is given by
— = — VN N
Inpy =Incy(ry, un)/cn (7o, un) = =1 Sikn In 7 — 0.5 Y=y (i — s53) In 7y,

= Yh=1(Sikn — Su)In 1 + 0.5 X 01 (Sie + S53) Ine (11)

% The parameters of the share equations at the lower budgeting stage fulfil the adding-up

(ER=1Aikn = 1, Ti=1 Sikm = 0, X=q e = 0,), homogeneity (X3,—; $ixm = 0) and symmetry (§gny = Sixm) restrictions.
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where s;;, and s}, are the average (market) shares of component k in composite commodity i at the
current and base period respectively.* The term 0.5 Y¥_,(s;x + s5;) In7, is a Tornqvist index (Caves
et al. 1982) which takes into account the substitution effects within the composite commodity. The

first term captures differences in preferences between households.

In the empirical analysis that follows we estimate the system of budget share equations for the
composite commodities given in (5), where the prices of composite commodities are constructed as
the true cost of living indices (11) and vary not only over time but also across consumers. Notably,
the statistical sub-index often used as the unit cost of the composite commodity p; = Y¥_; S Tix is a

special case of the true cost of living index given in (11).

3. EMPIRICAL ANALYSIS AND RESULTS

3.1 Data

We use data drawn from the Cyprus Household Expenditure Survey (HES) for the years 1996, 2003
and 2009. The HES in Cyprus is carried out every 6-7 years, and surveys prior to 1996 are not
comparable in terms of expenditure categories. The sample includes households with head younger
than 60 years of age, consisting of two or more adults and at most four children. This sample
selection helps towards reducing the number of parameters in the demand system (without
introducing bias) and results in 4494 observations. Table 1 presents some descriptive statistics of

the variables used in the analysis.

The price index for the two composite commodities is constructed according to equation (11) and
the component prices are the price sub-indices of the published Consumer Price Index. The price
indices for the components of energy (base year 1996) are constructed from individual price indices
of electricity, heating fuels, automotive petrol and automotive diesel, all based on unpublished

information kindly provided to us by the Cyprus Statistical Service.

4 By taking the average of equation (9) over the H households (h = 1,2,...,H) at current and base period prices, the
average shares are given by sy = i + XN 1 Em INTiy + e and s}, = Ay + pyeu, where Ay = (1/H) XH_1 A,
u= (1/H) ¥H_, u;, and it follows that sy — 57 = 2N _ & IN T

13



Table 1: Descriptive statistics of the sample

. Standard . .
Variable Mean . Minimum Maximum
deviation

Shares in household budget

Energy 0.1409 0.0630 0.0000 0.5851
Other commodities 0.8591 0.0630 0.4149 1.0000
Household-specific prices and budget (log)
Energy 0.2967 0.2593 0.0000 1.0472
Other commodities 0.1666 0.1447 -0.0068 0.5584
Total household budget (log) 9.6721 0.5352 8.3105 10.884
Household characteristics
Age of household head 43578 9.0729 20.000 59.000
Number of children 1.3222 1.1404 0.0000 4.0000
Number of adults 2.5162 0.7358 2.0000 4.0000
Age of head squared 1981.3 782.61 400.00 3481.0
Number of children squared 3.0485 3.7872 0.0000 16.000
Number of adults squared 6.8727 4.2846 4.0000 16.000
Female household head 0.0478 0.2135 0.0000 1.0000
Located in urban areas 0.6778 0.4674 0.0000 1.0000
Number of cars 1.7695 0.7623 0.0000 6.0000
Number of cars squared 3.7121 3.0752 0.0000 36.000
House size in square metres 161.43 64.335 20.000 800.00
Heating or cooling system 0.6938 0.4610 0.0000 1.0000
Detached house 0.5532 0.4972 0.0000 1.0000
Duplex 0.2118 0.4087 0.0000 1.0000
Terraced house 0.0527 0.2235 0.0000 1.0000
Flat 0.1395 0.3465 0.0000 1.0000
Other house type 0.0427 0.2023 0.0000 1.0000
Survey year
1996 0.3522 0.4777 0.0000 1.0000
2003 0.3689 0.4826 0.0000 1.0000
2009 0.2788 0.4485 0.0000 1.0000

Note: The descriptive statistics refer to the three Surveys 1996, 2003 and 2009 and the number of observations is 4494.

3.2 Empirical specification

The estimated demand system consists of two composite commodities: energy and other non-
durable goods/services. Household expenditure on energy is comprised of expenditure on
electricity, petrol and diesel, and other fuel; whereas, households expenditure on other

goods/services is comprised of expenditure on food, beverage, clothing, footwear, water and sewage
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services, communications, transport, recreation goods and services, restaurants and hotels, and

miscellaneous goods and services.5

The demand system is empirically specified as the budget share equations

Win = Qi + Xio1 vij Inpjn +— > (p) —[Iny, — ap(p)] + [ln yn—an(®)]? i =12 (12)
where

an(p) = aon + Xicq A NPy + 0.5 X7, X5, vijInpip Inpjp, (13)

bp(p) = Bo + Xi=1 B In i, (14)

en(p) = Xioq &in Inpip, (15)

Qi = a; + TRo1 QiZin, (16)

and zyp, Zap, ---, Zgn are household characteristics or dummy variables relating to the survey year
given in Table 1. The parameter ay is a fixed linear function of the number of children and adults in
the household.¢ The price indices Inp;, (i = 1,2) are constructed according to equation (11); the
components of the two composite commodities are as described above and their respective shares

are computed from the data.

By differentiating (12) with respect to In y;, and In pj;, respectively, we obtain

_ aWih _
dih 6lnyh b (p) : + ZSIYh) (17)
ow; 1 Bij(BiteYp)Y
01 = Sinp = Y0 Ty oy 9Bt 2] (18)

bp(p)

where Y, = Iny, — a,(p) and x; = aj, + Zil Yij Inpip -

5 Transport expenditure does not include the cost of transportation fuels of the household. The cost of transportation fuels
is classified under energy expenditure.

®In particular, we define ag, = ag + ag1 (1 + 0.324, + 0.7(z3, — 1)) where z;;, and z,j, is the number of children and the
number of adults in the household respectively; a, is fixed to the level of the (log) total household budget that corresponds
to the lowest 1% of households in the sample, ay; is set to one and this restriction is tested. Thus, fixed cost ag, is allowed
to vary with the demographic composition of the household; fixed cost increases by 70% for each adult in addition to the
household head and by 30% for each child. The parameter a, can be viewed as the subsistence log cost at base prices for a
household with two adults only.
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The budget elasticity is defined as
din
ein =, - +1; (19)

the own and cross price elasticities are given by(see e.g. Banks et al. 1997)

eiin = i:ll: —1and e, = 35: (20)
The demand system given in (12) is estimated using a generalised method of moments (GMM)
procedure which allows for the endogeneity of total expenditure and household-specific prices,
heteroscedasticity and non-normality in the errors of the share equations, as well as for
measurement errors (see e.g. Greene 2003, chapter 15). The estimation of the nonlinear system uses
as initial values for the parameters the two-stage least squares estimates.” Possible effects of
dynamics in the system are treated by conditioning on dummy variables relating to the survey year
and the ownership of a number of durable goods such as the number of cars, house size and type
(Blundell et al. 1993). Following the estimation of the parameters in (12), the budget and price

elasticities for each household can be estimated using equations (19)-(20).

The system of share equations is estimated under two alternative specifications regarding the
household characteristics included in a;; by conditioning on: (i) demographic characteristics, as
well as on household characteristics and durables affecting the consumption of energy; and (ii)
demographic characteristics only. The elasticities obtained from the first empirical specification can
be thought to reflect short-run responses, in the sense that durable goods complementing or
substituting energy consumption (heating system, number of cars, house type and size etc) do not
change. The second specification of the estimated demand system can be thought to produce long-

run elasticities, insofar as demand for energy is not constrained by the stock of household durables.8

3.3 Estimation results

Table 2 presents the parameter estimates and statistics of the demand system for the two

alternative specifications, namely a model conditional on energy-related household characteristics

" The following restrictions are imposed on the parameters during estimation: adding-up (X%, a; =1, Y%, a; = 0, all k
1B =0,X7 & =0, X%, v; = 0), homogeneity (X_, y;; = 0) and symmetry (y;; = y;;). Moreover, B, = 1.

8 In the second specification (unconditional) only variables that relate to demographic and socio-economic characteristics
of the households, which are not likely to change in the long run, are used as instruments in the GMM estimation.
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and an unconditional model. As expected the price effects in absolute terms are larger in the
conditional model, which relates to the short run, rather than in the unconditional empirical

specification; the opposite is true for real expenditure (budget) effects.

Own prices of energy and of other goods/services influence positively the corresponding shares, and
therefore (due to the parameter properties of the demand system) cross prices affect shares in the
opposite direction. The parameters f; and ¢; capture the effects of household budget net of any price
changes, i.e. the effect of real household expenditure. The share of energy decreases as real
household expenditure increases, with the negative impact being larger at higher real expenditure
levels; the opposite holds for the share of other goods and services. In the conditional model,
however, the significance of the higher order effects of real expenditure (quadratic log expenditure
term) is rather weak. These estimates suggest that in the two-share demand system under

consideration, energy is the necessity and other goods/services the luxury composite commodity.

The characteristics a;;, are interpreted as demographic substitution effects (Pashardes 1998), in the
sense that they show the effect of the demographic composition of the household (number and age
of family members) at a given level of utility. In our empirical results these parameters appear to be
negative, indicating that at equivalent expenditure and by comparison with otherwise similar
households, a household with fewer members favours energy at the expense of other
goods/services. Notably, this effect weakens for both the conditional and unconditional demand for
energy in the case of adults, and for the conditional demand in the case children; the children effect

appears to be insignificant in the unconditional model.

The age of household head has a weak effect on conditional and almost no effect on unconditional
energy demand; whereas his/her gender impacts more strongly on unconditional demand. As
expected, the ownership of durables complementing the consumption of energy, such as the number
of cars and the presence of heating or cooling systems, are associated with higher household
demand for energy. In comparison with those in detached houses, residents of all other house types
tend to prefer other goods/services over energy. Households in urban areas also spend a smaller

share of their budget on energy than those in rural areas.
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Table 2: Parameter estimates and statistics

Conditional! Unconditional!
Energy Other Energy Other
Estimate  t-ratio Estimate  t-ratio Estimate  t-ratio Estimate  t-ratio

Constant (a;) 0.1604 6.01 0.8397 31.44 0.1693 5.95 0.8311 29.19
Log price energy (y1;) 0.0869 3.03 -0.0870 -3.03  0.0526 0.85 -0.0547 -0.89
Log price other (y;) -0.0870 -3.03  0.0869 3.03 -0.0547 -0.89  0.0526 0.85
Log expenditure (5;) -0.0942 -3.94  0.0943 3.94 -0.1085 -3.91 0.1093 3.93
Log expenditure squared (g;) -0.0162 -1.76  0.0162 1.77 -0.0278 -2.69  0.0281 2.71
Household characteristics (a;)

Age of household head -0.0018 -1.84 0.0018 1.84 -0.0010 -0.93 0.0010 0.92

Number of children -0.0095 -3.21 0.0095 3.21 -0.0049 -1.52 0.0050 1.54

Number of adults -0.0656 -4.32 0.0656 4.32 -0.0619 -3.78 0.0620 3.78

Age of head squared 0.0000 1.59 0.0000 -1.59 0.0000 0.71 0.0000 -0.69

Number of children squared -0.0015 -1.95 0.0015 195 -0.0010 -1.17 0.0010 1.15

Number of adults squared 0.0060 2.14 -0.0060 -2.14  0.0080 2.70  -0.0080 -2.70

Female household head -0.0075 -1.75 0.0075 1.75 -0.0127 -2.80 0.0127 2.78

Located in urban areas -0.0058 -2.50 0.0058 2.50

Number of cars 0.0380 7.97 -0.0381 -7.97

Number of cars squared -0.0060 -5.04  0.0060 5.04

House size in square metres 0.0000 0.72 0.0000 -0.72

Heating or cooling system 0.0141 5.30 -0.0141 -5.30

Duplex? -0.0030 -1.36  0.0030 1.36

Terraced house -0.0067 -1.73  0.0067 1.73

Flat -0.0072 -2.27 0.0072 2.27

Other house type -0.0096 -2.24  0.0095 2.24

Survey year 20032 0.0175 3.79 -0.0175 -3.79 0.0245 2.64 -0.0234 -2.51

Survey year 2009 -0.0032 -0.42  0.0032 041  0.0122 0.74  -0.0102 -0.62
Number of observations (A) 4492 4492
Objective function * H 58.51 78.82

Root mean squared error
Symmetry test3

Over-identifying restrictions test*

Energy: 0.0592

Other: 0.0592

Wald statistic = 0.55, P-value=0.46
Chi-squared statistic = 58.51,
P-value=0.95

Energy: 0.0613
Wald statistic = 2.39, P-value=0.12

Chi-squared statistic = 78.82
P-value=0.02

Other: 0.0613

Notes:

1 The test for ag; = 1 (see footnote 8) results in P-value equal to 0.64 and 0.79 for the conditional and unconditional

model respectively.

2 Estimates for the parameters relating to house types are interpreted with reference to the detached house. Estimates

for the parameters relating to survey years are interpreted with reference to 1996.

3In a two-share system non-rejection of the symmetry restriction implies non-rejection of the homogeneity restrictions
and vice versa due to the adding up of the shares.

4 The null hypothesis that the over-identifying restrictions of the models are valid is not rejected at 1% level of
significance (see e.g. Hansen 1982). The test statistic is given by the value of the objective function times the number of
observations. The degrees of freedom are given by the difference between the number of instruments times two (i.e. the
number of equations) and the number of estimated parameters. The degrees of freedom for the conditional and
unconditional model equal 78 and 56 respectively.
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Using the parameter estimates reported in Table 2 in (19) - (20) we obtain budget and price
elasticities for each household in the sample; we then construct average elasticities by weighting the
individual household elasticities with the share of the household in total expenditure for the
relevant commodity. Furthermore, using expression (11) for the household-specific price of the
composite commodity we compute demand elasticities with respect to the price of each energy
component; namely, electricity, petrol and diesel, and other fuel. Table 3 presents the budget and

price elasticities obtained from the conditional and unconditional empirical specifications.

Table 3: Estimated budget and price elasticities?

Conditional Unconditional
Energy Other Energy Other

Budget 0.595 (0.047) 1.063 (0.008) 0.720 (0.040) 1.045 (0.006)

Price?

Energy3 -0.260 (0.025) -0.114 (0.032) -0.521 (0.032) -0.077 (0.072)
Electricity -0.071 (0.008) -0.034 (0.011) -0.140 (0.011) -0.016 (0.010)
Petrol & diesel -0.143 (0.012) -0.059 (0.016) -0.297 (0.016) -0.028 (0.015)
Other fuel -0.046 (0.004) -0.020 (0.005) -0.084 (0.005) -0.009 (0.005)

Other -0.335 (0.195) -0.949 (0.032) -0.241 (0.430) -0.970 (0.070)

Notes:

1 Approximate standard errors in parentheses.
2 Uncompensated price elasticities (see e.g. Banks et al. 1997).

3 By construction the price elasticities with respect to energy components add up to the demand elasticity (of energy or
other) with respect to the energy price index and their relative magnitudes are determined by the component share in the
energy composite commodity. The average share of electricity, petrol and diesel and other fuel in energy expenditure is
0.33,0.50 and 0.17 respectively.

The estimated budget elasticity of demand for energy is less than unity, implying that, on average,
households view energy as a necessity and other goods/services as luxury. When energy-related
household characteristics are included in the model, demand for energy appears less sensitive to
budget changes compared to energy demand from the unconditional model. The change in demand
for other goods and services in response to income changes is about the same in the conditional and

unconditional model.

As regards price elasticities our estimates suggest that demand for energy conditional on various
characteristics relating to durables, is inelastic to changes in its own price. Although more elastic
compared to the conditional model (due to the greater substitution possibilities), unconditional

energy demand continues to be more inelastic than the demand for other goods/services. Cross
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price elasticities are negative indicating that energy and other goods/services are complements. In
the unconditional model cross price elasticities in absolute terms are lower than their counterparts
obtained from the conditional model, indicating that demand becomes more responsive to relative

price changes.

Recall that the household-specific price for energy is constructed as linear function of the prices of
electricity, petrol and diesel and other fuel - as depicted by equation (11). Using this feature of our
model we can compute price elasticities of energy demand (and of the demand for other goods and
services) with respect to prices of energy components. The resulting elasticities shown in Table 3
add up to the demand elasticity (of energy or other) with respect to the energy price index, and their
relative magnitudes are determined by the component share in the energy composite commodity.
Consequently, both demand for energy and demand for other goods/services is more responsive to
changes in petrol and diesel prices than to price changes of either electricity or other fuels, since
petrol and diesel expenditure forms the largest part of energy spending and changes in the price of

the former affect more household-specific energy prices.

Overall, the empirical analysis shows that energy is a necessity, while the composite commodity
consisting of other goods and services is a luxury, both conditional on energy-related household
characteristics and unconditionally. The degree of responsiveness of energy demand to changes in
energy prices is much smaller than that of the demand for other goods and services to own price
changes. Conditioning on a number of household energy-related characteristics leads to more
income and price inelastic energy demand than the demand estimated from a model that does not

control for these characteristics.

Keeping in mind that our empirical specification includes only one non-energy good, our estimation
results are comparable to those found by other empirical studies in European countries that have
employed similar demand systems. Tiezzi (2005), using an Almost Ideal Demand System, estimated
similar income elasticities but relatively higher own price and cross price elasticities for Italian
households. Brannlund and Nordstrom (2004), using a QUAIDS model and a combination of
household microdata and aggregate macrodata, found higher own price elasticities compared to our
results but low cross price elasticities, similarly with our estimates. Labandeira et al. (2006)
combined two surveys of micro level data for several years and used a QUAIDS to arrive at income
elasticities for energy goods that are slightly higher than our results; their own price elasticities are

similar to those of our study with the exception of a higher elasticity for electricity.
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4, WELFARE ANALYSIS

As explained earlier, the demand system estimated in this paper belongs to the Rank-3 family and
satisfies integrability, thereby enabling us to use the results of the empirical analysis in the previous
section to compute the welfare effects of changes in energy prices. More specifically, the parameter
estimates of the demand system are used here to quantify, in money terms, the loss in welfare that
households might undergo under alternative scenarios about the future evolution of energy prices

induced by various policies.

The money metric of welfare loss evaluated at minimum expenditure (i.e. uy = 0) is defined as the

cost required by households to maintain a given utility level under alternative price regimes,

% = Y7 apInpipe +0.5X7, X3, vijInpine Inpjne (22)
where p, are the reference prices and p; the alternative prices regimes under consideration. Thus, it
is interpreted as the compensation required by household h to remain at the initial utility level when
prices change from p, to p;. The difference in the cost functions in (22) is known as compensating
variation and measures the total cost or benefit of a policy to the consumer. The total cost of a policy
is comprised of the change in household’s income purchasing power (first term) and the deadweight
loss induced by substitution effect (second term) as a result of the change in relative prices due to

the policy intervention.

Zachariadis and Shoukri (2011) have conducted a preliminary review of the direct effects of the EU
energy and climate package on energy prices in Cyprus, which was based on consultation with

public authorities and local experts. According to their analysis, there will be an increase in prices of
Q) electricity by 4.7% and 12.6% in 2013 and 2020 respectively; and
(ii) petrol and diesel by 1.5% and 7.0% % in 2013 and 2020, respectively.

These price increases induce an increase in the household specific price index for the energy

composite commodity of 2.4% and 7.6%, on average, for 2013 and 2020 respectively.

Using the prices in 1996 as reference (unity) we compute (22) sequentially by replacing p, with the
prices in the last year in the dataset (i.e. 2009) prices in 2013 and in 2020 under the scenarios (i)
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and (ii) above. This gives the percentage change in the household true cost of living due to the
change in energy prices in 2013 and 2020 compared to 2009. For instance, when this change is
positive, the corresponding amount is a money metric of the welfare loss incurred by households.
The welfare loss from the future changes in energy prices is computed for different household
characteristics such as total expenditure group, area of residence and household composition. The
results are shown in Table 4 to 6 below.1® Moreover, the cost from energy price changes considered

is decomposed into the loss of household’s income purchasing power and deadweight loss.

Table 4 shows that the assumed changes in energy prices in 2013 and 2020 lead to an increase in
total household cost of 0.14% and 0.44% respectively. The welfare loss, in 2009 prices, from the rise
in prices amounts to EUR 31 and EUR 101 for 2013 and 2020 respectively. The largest part of
welfare loss is associated with the loss of income’s purchasing power, while deadweight loss
accounts for about a quarter of cost increase. Deadweight loss appears to be a small proportion of
welfare loss because of the limited substitution possibilities of energy with other goods as estimated
by the second order price effects shown in Table 2; in fact, the estimated cross price elasticities in

Table 3 indicate that energy and other goods/services are complements.

Table 4: Welfare loss from increase in energy prices, by total expenditure group

. 2009 2013 2020
Deciles of
total Cost Change Loss EUR (2009) Change Loss EUR (2009)
expenditure EUR incost  Welfare Purchasing  Dead- incost  Welfare Purchasing Dead-
(2009) (%) (total) power weight (%) (total) power weight
Ist 9441 0.18 17 14 3 0.56 53 42 11
2nd 14499 0.15 22 17 5 0.48 69 52 17
3rd 17337 0.14 24 18 6 0.44 77 57 20
4th 19882 0.13 27 20 7 0.43 86 64 23
5th 22477 0.13 30 23 7 0.43 97 73 24
6th 25430 0.12 32 24 7 0.42 106 79 26
7th 28589 0.12 36 26 9 0.41 117 86 31
8th 32195 0.13 41 31 10 0.42 134 100 34
9th 37001 0.12 44 33 11 0.39 145 105 39
10th 45390 0.12 54 39 14 0.39 176 127 49
All households 23016 0.14 31 24 7 0.44 101 75 25

® Here we use the parameter estimates of the unconditional model to conduct welfare analysis, as the price changes which
are considered correspond to long run-demand for energy. Also, it should be noted that the money metric may not be ‘base
independent’ (IB), obscuring the interpretation of the results (Lewbel 1989). For base independence the restrictions
Y2 Bilnpp: = 0and ¥4, g Inpyp, = 0, are necessary (but not sufficient).

'° The percentage change in cost is rounded to two decimals and monetary values are shown to the nearest euro thus
differences are due to rounding.
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According to the results of Table 4, the energy and climate policy measures are projected to be

regressive: the percentage change in cost experienced by low expenditure (i.e. low income)

households is larger, although the welfare loss, and consequently income’s purchasing power and

deadweight loss, induced by higher energy prices increases with total expenditure. The rise in

electricity prices will be mainly responsible for this result because electricity expenditures are

particularly regressive in Cypriot households. These results are in line with most findings from the

international literature, which also find energy and carbon taxes to be regressive (Speck 1999;

Callan et al. 2009).

Table 5: Welfare loss from increase in energy prices, by area of residence

2009 2013 2020
Are,f‘i"f Cost Change Loss EUR (2009) Change Loss EUR (2009)
residence EUR incost  Welfare Purchasing  Dead- | incost  Welfare Purchasing Dead-
(2009) (%) (total) power weight (%) (total) power weight
Urban 23304 0.14 33 25 8 0.45 104 78 26
Rural 22422 0.13 29 22 7 0.42 94 70 24

Moreover, as shown in Table 5, households in urban areas are expected to face a higher percentage

change in their total cost and to incur greater loss in welfare from the assumed increases in energy

prices than those in rural areas. For both urban and rural households the cost increase is mainly due

to the income effect, namely the decrease in real household income arising from the higher energy

prices, and to a smaller degree to the substitution effect induced by the change in relative prices.

Table 6: Welfare loss from increase in energy prices, by household composition type

2009 2013 2020
= Loss EUR (2009) Loss EUR (2009)
B g Cost Change Change
é % (ZE(?OP;) in(oc/o)st Welfare  Purchasing  Dead- in(oc/o)st Welfare  Purchasing Dead-
© ’ (total) power weight ’ (total) power weight
2 16792 0.18 30 25 5 0.57 96 79 17
2 1 21309 0.17 36 28 7 0.54 116 90 25
2 2-4 24468 0.14 34 25 8 0.44 108 80 28
3-4 0 24731 0.11 28 21 8 0.37 92 66 26
3-4 1 26901 0.11 29 21 9 0.35 94 64 30
3-4 2-4 26523 0.09 24 14 10 0.29 76 44 32
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As regards household size, Table 6 illustrates that two-adult households, with or without children,
experience larger percentage change in their total cost and greater welfare loss compared to similar
households in terms of child composition but with more adults. Given the number of adults in the
household, the welfare loss in money terms peaks when there is only one child in the household,
while it takes its smallest value in the case of households with the largest size. As the number of
household members increases the proportion of welfare loss attributed to deadweight loss rises,

reaching as high as 40%.

In aggregate terms, the welfare loss from the energy price increases resulting from the
implementation of the EU energy and climate package is estimated to approach 10 million Euros (at

2009 prices) in year 2013 and rise gradually up to more than 33 million Euros’2009 in 2020.11

5. CONCLUSION

The European Union's energy and climate policy package will cause an increase in end-user prices of
electricity and automotive fuels, and possibly of other energy products as well. In this paper we tried
to assess the distributional effects of these price increases on the population of Cyprus. We specified
and estimated econometrically a household energy demand system with price heterogeneity
between households. This method allows one to obtain robust parameter estimates in cases where
the available data from consumer/household expenditure surveys are limited, as is the case with
Cyprus and many other European countries that do not conduct expenditure surveys on an annual

basis.

The empirical analysis was conducted both conditional on energy-related household characteristics
and unconditionally thus providing parameter estimates and elasticities that reflect short-run and
long-run effects respectively. Both budget and own price elasticities of energy demand turned out to
be more inelastic when we control for characteristics associated with energy consumption. This
finding can be interpreted demand for energy is more inelastic to changes in household income and
energy prices in the short run. The estimated cross price elasticities indicate that energy and other
goods and services are complements. We then used the estimated demand system to conduct
welfare analysis assuming that, as a result of energy and climate legislation, energy prices will

gradually rise in the period 2013-2020 in line with predictions provided by national energy

™ We assumed that the number of households will rise to 320 000 in year 2013 (compared to about 300 000 in 2010) and
will rise slightly to 330 000 in 2020.
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authorities. We found that the assumed rise in energy prices results in higher total household cost of
0.14% in 2013 and of 0.44% in 2020. These percentages correspond to a welfare loss (in 2009
prices) of EUR 31 and EUR 101 for 2013 and 2020 respectively, or a nationwide welfare loss of more
than EUR’2009 33 million in 2020. In line with evidence from other countries, our results show that
the welfare loss can vary with the household total expenditure, composition and area of residence:
the price increases will be regressive and will affect small and urban households more strongly than
the rest of the population. Furthermore, we found that the largest proportion of welfare loss is due
to loss of household’s income purchasing power caused by higher energy prices, while the changes
in relative prices induce deadweight loss which is a small part of welfare loss because of the limited

substitutability of energy with other goods.

Reflecting on these calculations, it is important to keep in mind that the economic environment in
Europe has changed substantially since the announcement of the energy and climate package. As a
result of weak economic growth in the EU in recent years, the growth in GHG emissions has been
considerably slower than foreseen a few years before, which in turn has led to a decline in the price
of GHG emission allowances. Therefore, the increase in energy prices that was projected in 2008/09
and was used in the calculations presented here can be considered as a high-end estimate under

economic conditions prevailing in early 2013.

Obviously, energy price increases induced by environmental policies will affect the prices of all
goods and services, which in turn will influence household demand for other goods as well. In the
absence of appropriate data, it is not possible to construct a computable general equilibrium model
for Cyprus which would be able to capture the interaction between the production and consumption
side. Preliminary results from parallel work conducted for the production sectors of the Cypriot
economy (Ketteni et al. 2013) indicates that the effect of the EU policy package on unit production
costs will be rather small, so that end-user prices of other goods and services are expected to change
only marginally. Therefore, the welfare impact simulated in this paper seems to be a reasonable
approximation of real-world effects. Linking a detailed production model with the household

demand model presented in this paper is a subject of future research.
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