


























654 STELIOS KARAGIANNIS, YANNIS PANAGOPOULOS, PRODROMOS VLAMIS

2.3 The Italian Oil Market

The Italian oil market is fully liberalised as imports, exports, trade and
prices are set without constraints (IEA, 2009). The government intervenes
only to protect competition and to avoid abuse of dominant position. Distri-
bution in the market is principally undertaken by integrated oil companies.
The former state oil company, Eni, maintains a dominant position in the Ital-
ian refining oil sector. Currently the company has the largest share of the mar-
ket (30%). In addition, there are three foreign companies operating in Italy
(Tamoil, Kuwait Gasoline and Lukoil), where their combined market share of
the Italian retail distribution is around 18% and approximately 17% of the
wholesale market. In the distribution market for oil products, competition is
hampered to some extent by the State. According to IEA (2004b and 2009)
there are persistent restrictions on entry conditions into the market for com-
panies that are not vertically integrated. This has led to an unsatisfactory de-
gree of modernisation of the distribution network, high prices and more
generally an insufficient degree of competition in the market at the expense
of consumers.

According to the Italian competition authority (Autorita Garante Della
Concorrenza E Del Mercato, 2009), barriers to the opening of new retail out-
lets exist because of a number of legal definitions (i.e. mandatory minimum
distances between pumps and minimum areas designated for commercial ac-
tivities). According to the latest report of IEA (2009), although liberalisation
and market reform have had a visible impact on the wholesale markets for oil
products, work remains in the reform of the distribution and retail sectors.
The organisation argues that the sale of gasoline and diesel on the retail fore-
court is still governed by outdated legislation, which has a negative impact on
retail prices and is hampering competition. Finally, the organisation recom-
mends the development of a strategy for oil supply infrastructure for the
medium to long-term, including a commitment to continue to improve the in-
frastructure planning and permitting process.

2.4 The German Oil Market

Germany'’s oil market is fully liberalised and characterised by a relatively
large number of market participants. It should also be noted that no govern-
ment ownership exists in any sector of the country’s oil market—that is, re-
fineries, the distribution network and retailing. Nine companies are active in
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the oil refining market, with three holding nearly 65% of the capacity share
(Shell Deutschland Oil, Deutsche BP and Total Deutschland). In the retail oil
market, the German government promotes the use of diesel in passenger ve-
hicles. As IEA (2007a, 2008a) notes, competition is active in all sectors of the
German oil market.

2.5 The French Oil Market

The French market for oil products has a number of characteristic fea-
tures. First, with respect to the refinery market, 13 plants operate in metro-
politan France plus several overseas. According to IEA (2006a), there are
significant discrepancies between refining capabilities and demand, when
considered on a product-by-product basis. In other words, there is mismatch
in refining capacity versus demands for products in the French market for oil
products. The present discrepancy between refining capacity and domestic
consumption results in middle distillate imports and gasoline exports. Sec-
ondly, the French retail market for gasoline consists of retail outlets (owned
by oil companies) and hypermarkets. At the end of 2007 their market share
was around 44% for the retail outlets and 56% hypermarkets. In general, the
retail market for gasoline products is considered to be highly competitive. Ac-
cording to IEA (2006a, 2004a) competition in the retail market and the re-
sulting decrease in retail price margins have forced the closure of numerous
gasoline outlets.

3 Econometric Methodology and Data

The PT literature is mainly related to the way crude oil price changes are
transmitted to DSL and UNL prices. Such PT equations usually take the fol-
lowing simple algebraic long run form:

UNL, = ¢, +¢ xOil, +e, (1a)

and

DSL, =y, +y, xOil, +u, (1b)

where, UNL, stands for the premium unleaded gasoline price,
DSL, stands for the diesel gasoline price,
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Oil, stands for the crude oil prices expressed in Euros,
# and v, are the two long-run elasticities and
e, and u, are the two error terms.
Additionally, the two simple Error Correction Models (hereafter ECM) are
given by equations (2a) and (2b), respectively:

AUNL, =c+Y p,xAUNL,_, +3 A2 x Oil, , 0, xe, , +, (2a)
i=l =i}
and
ADSL, =c+> y,xADSL,_ +% An xOil_ =0, xu,_ +v, (2b)
i=l puill

where, A stands for first difference operator,
pi Vi A; and n; are the short-run elasticities,
0, and 6,, are the coefficients of the error correction terms (e, ; and
u, ; respectively) and
&, and v, are the two error terms.

There are two main theoretical issues which are worth examining. First
are the long-run and short-run rigidities (the @ and y, coefficients in egs. 1a
and 1b and the p; y;, 4; and », coefficients and eqgs. 2a and 2b, respectively)
from the crude oil price to UNL and DSL prices. Secondly, note the speed of
price adjustment initiated from the crude oil price changes (&'s coefficients
of the error correction term in egs. 2a and 2b). The empirical literature on PT
transmission models® concentrates mostly on the simple ECM model. How-
ever, in the simple ECM (eqs. 2a and 2b) DSL and UNL price changes—as well
as the speed of adjustment coefficients (6, and 6,)—cannot be analysed sep-
arately when the crude oil price changes are increasing or decreasing. Bach-
meier and Griffin (2003) and Rao and Rao (2009, 2008) present an alternative
dynamic approach originating from the LSE-Hendry GETS methodology which
tackles the above issues. The disaggregated GETS model® could be presented
in the following form:

2 For a complete survey of econometric models of asymmetric price transmission see Frey
and Manera (2007).
3 Equation 3 is tested by the Non-Linear Least Squares methodology.
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il IF
AUNL, =Y B, AUNL  +) B, , AOil;, +6 (UNL, - @, -@0il,),_, +
F=l

=]

+2 By, AOILL,+ 3 B, AUNL + 6 (UNL —g, -9 Oll)_,+8T +¢,  (3)
i=]

#=l

where, & and & are the speed of adjustment coefficients in the positive and
negative cases, respectively, and T is the time trend. The same GETS method-
ology is applied between oil price changes and DSL price change.

As Rao and Rao (2008) point out, the (+)/(-) superscript on the coeffi-
cients indicate a positive/negative change in the variables included in the
model. For any positive change in the independent variable (AOil,>0), a cor-
responding response of all positive coefficients (8%, 67) is expected. On the
other hand, the corresponding negative coefficients (3~, 6;) will respond in
any negative change of the dependent variable (AQil,<0).* The disaggregated
GETS methodology used has two main advantages: a) it can jointly and si-
multaneously test the short-run and long-run stickiness/rigidities within the
same PT dynamic model (Rao and Singh, 2006); and b) it can be used to test
the existence of symmetric or asymmetric transmission behaviour (disaggre-
gated GETS) between the examined variables.

Data used for crude oil prices refer to average prices of Brent offered by
all major markets and they are collected from the International Financial Sta-
tistics, produced by the International Monetary Fund. Retail unleaded (Euro
95) and diesel prices are collected from Eurostat.® All product prices are trans-
formed into euro/litre, using the US dollar/euro exchange rates provided by
the International Financial Statistics. We use monthly data for the five exam-
ined economies and the time period ranges from 2000:1 to 2008:12.

4 Empirical Results

Before we proceed to the disaggregated GETS model implementation, we
discuss whether it is necessary to test for the number of co-integrated vectors

% In econometric terms the corresponding “activation” will be triggered in eq. 3 with the use
of dummy variables. More specifically, all positive coefficients will take the value 1 when a
positive change in the dependent variable occurs and 0 otherwise.

> Both diesel and unleaded gasoline prices include taxes.
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between the dependent and the independent variables. Hendry® has re-
peatedly stated that if the underlying economic theory is correct, then the
variables in the levels must be co-integrated and, therefore, a linear combi-
nation of the I(1) levels of the variables must be [(0). As this approach holds
for the GETS model, it does not need to be pre-tested for cointegration. It
can be said that the relationship between the dependent variable (UNL and
DSL) and explanatory variable (crude oil prices) in their levels, are a linear
combination of the I(1) levels of the variables and, thus, must be [(0). Re-
garding the unit root tests, we apply the augmented Dickey and Fuller (1979)
procedure for our data series. Prior expectation that crude oil and retail gaso-
line prices should be I(1) in their levels is confirmed.” We test for the optimal
lag length of all variables in the model. Five different lag selection criteria are
implemented. These include the modified Likelihood Ratio test statistic (LR),
the Final Prediction Error test (FPE), the Akaike Information Criterion (AIC), the
Schwarz Information Criterion (SC) and finally the Hannan-Quinn information
criterion (HQ). In most of the examined cases, the aforementioned selection
criteria do not all agree about the optimal lag length. In such a case, the ma-
jority rule is applied as a sub-optimal solution.®

4.1 Speed of Adjustment Estimates and the Degree of Pass Through Com-
pleteness

We estimate the disaggregated GETS model for the two types of gasoline
products (UNL and DSL) in five countries. For Greece, the coefficients of the
two error correction terms 8" and 6™ are statistically significant when either
UNL or DSLis used as the dependent variable (Table 1A, columns 1 and 2 in Ap-
pendix B). This means that crude oil price increases and decreases are both
transmitted to UNL and DSL prices in the long run. We continue our analysis by
examining the degree of PT completeness between crude oil prices and UNL
and DSL in Greece. The sum of the coefficients ¢, and ¢ (in equation 3) meas-
ures the degree of PT in the long-run. Complete PT exists when ¢, + & =1,

® See Hendry, Pagan and Sargan (1984), Hendry (1987) and Hendry and Krolzig (2005).
7 Augmented Dickey and Fuller tests results are available from the authors upon request.
8 Results are available from the authors, upon request.
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which implies that all changes in crude oil prices will be transmitted to retail
prices of the two gasoline products in the long run. The crude oil PT is in-
complete in the long run (¢, + & = 0.64) and is statistically significant when
UNL retail prices are used (Table 1A, column 3). In addition, when the DSL is
the retail price, the long run elasticity is 0.76, which indicates high but not
complete PT (Table 1A, column 3). In other words, most of the change in the
crude oil price is transmitted to the DSL retail prices.

In France the coefficients of the two error correction terms are statisti-
cally significant when either UNL or DSL is used as the dependent variable
(Table 2A, columns 1 and 2). This means that crude oil price increases and
decreases are both transmitted to UNL and DSL prices. We continue our
analysis by examining the degree of PT completeness between crude oil prices
and UNL and DSL in France. The oil PT is almost complete in the long run (g,
+ ¢ = 0.89) and is statistically significant when UNL retail prices are used
(Table 2A, column 3). In addition, when the DSL is the retail price, the long run
elasticity is 0.83, indicating again an almost complete PT (Table 2A, column 3).
Thus, most of the change in crude oil prices is transmitted to the DSL retail
prices.

As far as Italy is concerned, we also estimate the disaggregated GETS
model for the two types of gasoline products. According to Table 3A (column
2), the coefficient of the error correction term 6 is statistically significant
when either UNL or DSL is used as the dependent variable. This implies that
crude oil price decreases are transmitted to the UNL and DSL prices. Regard-
ing the degree of PT completeness between the two types of gasoline prod-
ucts in Italy, the long run crude oil elasticity is rather complete (0.73) when
UNL retail prices are used (Table 3A, column 3). Furthermore, when DSL is
the retail price, the long run elasticity is 0.81, which indicates high but in-
complete PT (Table 3A, column 3).

We continue our analysis with Spain. The coefficients of the two error cor-
rection terms 0% and 7, are statistically significant when UNL is used as the
dependent variable (Table 4A, columns 1 and 2). Once again this means that
crude oil price increases and decreases are transmitted to UNL prices. In con-
trast, when DSL is used as the dependent variable, only the coefficient of the
error correction term 6 is statistically significant (Table 4A, column 2). As far
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as the degree of PT completeness is concerned between the two types of
gasoline products in Spain, the oil PT is incomplete in the long-run (0.55)
when UNL retail prices are used (Table 4A, column 3). On the contrary, when
DSL is the retail price, the long run elasticity is 0.80, indicating a very high
level of PT completeness (Table 4A, column 3).

Finally, our estimations for Germany reveal that the coefficients of the
two error correction terms 0" and 67, are statistically significant when either
UNL or DSL is used as the dependent variable (Table 5A, columns 1 and 2).
This means that crude oil price increases and decreases are both transmit-
ted to UNL and DSL prices. We continue our analysis by examining the de-
gree of PT completeness between crude oil prices and UNL and DSL in
Germany. The oil PT is incomplete in the long run when either UNL or DSL re-
tail prices are used (#, + # = 0.44 and 0.51, respectively) (Table 5A, column
3).

4.2 Testing the Symmetry Hypothesis

We now ask what is the effect of an upward or downward change in crude
oil prices on retail prices in the EU countries analysed. In other words, we test
the symmetry hypothesis that %= 6. The existence of a symmetric speed of
adjustment is tested by using the Wald x*-test. For Greece (Table 1B) our em-
pirical tests show that when either UNL or DSL are used as retail gasoline
prices there is symmetry, which means that crude oil price increases and de-
creases are equally passed on UNL and DSL prices in the long run. The mag-
nitude of the increase/decrease of the UNL (DSL) prices is given by the long
run elasticity which, according to Table 1A, is 0.64 (0.76). Thus, for a 1% in-
crease/decrease in the crude oil price, 0.64% and 0.76% of that increase/de-
crease is passed on to the end user of UNL and DSL gasoline products in the
long run, respectively.

The symmetry hypothesis in France (Table 2B) shows that when either
UNL or DSL are used as the retail oil prices there is symmetry, which means
that crude oil price increases and decreases are equally passed on to UNL and
DSL prices. According to the long-run elasticity (Table 2A), for a 1% in-
crease/decrease in the crude oil price, 0.89% and 0.83% of that increase/de-
crease is passed on to the end user of UNL and DSL products, respectively. The
same symmetry results apply to the German oil market (Table 5B). Given the
long-run elasticities (Table 5A), we can infer that for a 1% increase/decrease
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in the crude oil price, 0.44% and 0.51% of that increase/decrease is passed on
to the end user of UNL and DSL products, respectively.

Continuing with Italy (Table 3B) our empirical tests regarding the symme-
try hypothesis show that when either UNL or DSL are used as retail gasoline
prices there is a negative asymmetry. This means that only crude oil price de-
creases are transmitted to UNL and DSL prices. The magnitude of the de-
crease of UNL (DSL) prices in this case is given by the long-run elasticity which,
as we see in Table 3A, is 0.73 (0.81). Thus, for a 1% decrease in crude oil price,
0.73% (0.81%) of that decrease is transmitted to the end user of UNL (DSL) oil
products.

Finally, the results for Spain are presented in Table 4B. Our empirical tests
show that when either UNL or DSL is used as retail oil price there is asym-
metry, which means that crude oil price increases and decreases are equally
transmitted to UNL prices. The magnitude of the increase/decrease of UNL
price is 0.55 (see Table 4A). In contrast, when DSL is used, there is a negative
symmetry. This means that only crude oil price decreases are transmitted to
DSL prices. The magnitude of the decrease of DSL price in this case is given by
the long run elasticity which, as we saw in Table 4A, is 0.80.

5 Conclusions

This study focuses on how the long run transmission process works be-
tween crude oil and retail gasoline prices, the likely PT completeness and the
effect of an upward or downward change in crude oil prices to unleaded gaso-
line and diesel prices in Greece and four other European countries. The em-
pirical results are mixed regarding the price transmission process and the PT
completeness. More analytically, we show that rigidities in the long run trans-
mission process are present and significant variations across the five countries
exist as well as non-completeness, at least in some cases. Our results for
Greece confirm previous findings by Revelos (2009) regarding the positive
long-run relationship between crude oil price changes and the two retail gaso-
line prices. Additionally, symmetry seems to prevail in both oil markets, which
imply that the customer reaction hypothesis is satisfied in the long-run
(Brown and Yucel 1998). Concerning the other European member states, our
findings are consistent with the results of Galeotti, Lanza and Manera (2003),
although they examine a different time period. Also, our results are in line
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with the analysis offered by IEA (2008a, 2006, 2008) regarding the increased
levels of competition in the retail oil markets for Germany and France and, to
a lesser extent, for Spain. Once more, the symmetric behaviour that these
economies present in their oil market is theoretically consistent with the cus-
tomer reaction hypothesis. An exception to the above findings are the em-
pirical results estimated for Italy, where the negative asymmetry for both oil
retail markets prevails. This result is in line with the analysis regarding the
Italian market structure provided by IEA (2009), where the retail oil sector
suffers from outdated legislation, which has a negative impact on retail prices
and hampers competition. Nevertheless, as Peltzman (2000) argues, asym-
metry (or symmetry) itself is not indicative of a monopolised (competitive)
market. In the case of Italy, any market power that might exist at the retail
level appears to be related to the cost of product differentiation—mostly in
the form of locational differences.

Concluding, we believe that our results can be useful for the regulatory en-
ergy authorities and antitrust policy-makers in their attempt to monitor the
competitiveness of the domestic oil markets analysed.
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Figure 5: Greece
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Table 1A: Descriptive statistics for Diesel prices, 2001:1-2008:12 (in euros)

mean st. dev. min max
France 0.95 0.17 0.73 1.44
Germany 0.99 0.17 0.70 1.48
Greece 0.81 0.20 0.59 1.38
Italy 1.02 0.17 0.74 151
Spain 0.83 0.16 0.62 131

Table 1B: Descriptive statistics for Unleaded prices, 2001:1-2008:12 (in euros)

mean st. dev. min max
France 1.13 0.13 0.94 1.48
Germany 1.17 0.14 0.93 1.51
Greece 0.86 0.14 0.66 1.26
Italy 1.17 0.13 0.98 1.53
Spain 0.92 0.12 0.73 1.26
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Table 1A: Long-Run Estimates for Speed of Adjustment and Elasticity, Greece

Independent variable ALOIL,
(1) () (3)
Positive Speed of Negative Speed of Long-Run
Adjustment (67) Adjustment (67) Elasticity (¢,+¢;)
Dependent variable: Unleaded (XALUNL,)
-0.43 -0.45
2000-2008 (-4.60) (4.91) 0.64
Dependent variable: Gasoline (2ALDES,)
-0.12 -0.12 0.76
2000-2008 (-1.92) (-1.96)

Note: Independent Variable: Crude OIL Prices (XALOIL ). t-ratios are reported in parentheses.

Table 1B: Long-Run Asymmetry Results, Greece

Model Time Period Hypothesis Hy: 07 = 6 Result
LOIL,vs. LUNL, 2000 - 2008 1.49 Symmetry
LOIL,vs. LDES, 2000 - 2008 0.08 Symmetry

Note: We test the symmetry hypothesis by applying the Wald (x?) test. The critical value of x? statistic with
one degree of freedom is 3.84 (5% conf. interval) and 5.02 (2.5% conf. interval).
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Table 2A: Long-Run Estimates for Speed of Adjustment and Elasticity, France

Independent variable ALOIL,

(1)

(2)

(3)

Positive Speed of
Adjustment (6*)

Negative Speed of
Adjustment (67)

Long-Run
Elasticity (p,+¢;)

Dependent variable: Unleaded (XALUNL,)

-0.52 -0.35 0.89
2000-2008 (-4.15) (-2.40)
Dependent variable: Gasoline (XALDES,)

-0.36 -0.28 0.83
2000-2008 (3.11) (2.28)

Note: Independent Variable: Crude OIL Prices (XALOIL,). t-ratios are reported in parentheses.

Table 2B: Long-Run Asymmetry Results, France

Model Time Period Hypothesis Hy: 67 = 6~ Result
LOILvs. LUNL, 2000-2008 0.72 Symmetry
LOIL,vs. LDES, 2000-2008 0.83 Symmetry

Note: We test the symmetry hypothesis by applying the Wald (x?) test. The critical value of x? statistic with
one degree of freedom is 3.84 (5% conf. interval) and 5.02 (2.5% conf. interval).
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Table 3A: Long-Run Estimates for Speed of Adjustment and Elasticity, Italy

Independent variable ALOIL, ALOIL, ALOIL,
(1) (2) (3)
Positive Speed of Adjust- Negative Speed of Long-Run

Elasticity (¢, +¢;)

ment (%) Adjustment (6"
Dependent variable: Unleaded (XALUNL,)
-0.38 -0.54 0.73
2000-2008 (-1.81) (4.12)
Dependent variable: Gasoline (XALDES,)
-0.04 -0.51 0.81
2000-2008 (-0.48) (-4.48)

Notes: Independent Variable: Crude OIL Prices (XALOIL,,). t-ratios are reported in parentheses.

Table 3B: Long-Run Asymmetry Results, Italy

Model

Time Period

Hypothesis Hy: 6% = 6"

Result

LOIL,vs. LUNL,

2000-2008

Only the negative change (%)
is statistically significant

Negative asymmetry

LOIL,vs. LDES,

2000-2008

Only the negative change (6")
is statistically significant

Negative asymmetry

Notes: We test the symmetry hypothesis by applying the Wald (x?) test. The critical value of x? statistic
with one degree of freedom is 3.84 (5% conf. interval) and 5.02 (2.5% conf. interval).
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Table 4A: Long-Run Estimates for Speed of Adjustment and Elasticity, Spain

Independent variable ALOIL,
(1) (2) (3)
Positive Speed of Negative Speed of Long-Run
Adjustment (6*) Adjustment (67) Elasticity (¢,+¢;)
Dependent variable: Unleaded (XALUNL,)
-0.44 -0.71 0.55
2000-2008 (-3.72) (-5.14)
Dependent variable: Gasoline (XALDES,)
-0.11 -0.46 0.80
2000-2008 (-1.34) (-3.67)

Note: Independent Variable: Crude OIL Prices (XALOIL,). t-ratios are reported in parentheses.

Table 4B: Long-Run Asymmetry Results, Spain

Model Time Period Hypothesis Hy: 6% = 6" Result

LOILvs. LUNL, 2000-2008 2.08 Symmetry

LOIL,vs. LDES, 2000-2008 On.Iy the.nggat|ve.ch.ahge ©) Negative asymmetry
is statistically significant

Note: We test the symmetry hypothesis by applying the Wald (x?) test. The critical value of x? statistic with
one degree of freedom is 3.84 (5% conf. interval) and 5.02 (2.5% conf. interval).
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Table 5A: Long-Run Estimates for Speed of Adjustment and Elasticity, Germany

Independent variable ALOIL,

(1) (2) (3)
Positive Speed of Adjust- Negative Speed of Long-Run
ment (%) Adjustment (6) Elasticity (¢, +¢;)

Dependent variable: Unleaded (XALUNL,)

-0.38 -0.44 0.44
2000-2008 (3.39) (2.86)
Dependent variable: Gasoline (XALDES,)

-0.21 -0.27 0.51
2000-2008 (-2.00) (2.19)

Note: Independent Variable: Crude OIL Prices (XALOIL,). t-ratios are reported in parentheses.

Table 5B: Long-Run Asymmetry Results, Germany

Model Time Period Hypothesis Hy: 6% = 6 Result
LOIL,vs. LUNL, 2000-2008 0.08 Symmetry
LOIL,vs. LDES, 2000-2008 0.12 Symmetry

Note: We test the symmetry hypothesis by applying the Wald (x?) test. The critical value of x? statistic with

one degree of freedom is 3.84 (5% conf. interval) and 5.02 (2.5% conf. interval).
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Abstract

In Aristotle’s Politics, particularly Book VI, one can find the elements for
the construction of a macroeconomic model of the economy of the city-state.
The elements with which this model can be constructed are the following: the
territorial size of the city, the division of the land between public and private,
the size of the population, and the desired per capita product which is deter-
mined on the basis of the concept of good life. The model describes the long-
run equilibrium position of the economy of the city-state, which is reached
and sustained through changes in population. The equilibrium position is not
a result of individual actions based on maximising behaviour and technolog-
ical parameters but a result of population changes which occur by means of
birth controls.

1 Introduction

Hidden in Aristotle’s Politics there is a macroeconomic model of the econ-
omy of the city-state. The elements of which this model is constructed are
the following: the territorial size of the city, the division of the land between
public and private, the size of the population, and the Aristotelian notion of
good life. The model describes the long-run equilibrium position of the econ-
omy of the city-state, which is reached through changes in population. The
equilibrium position is not a result of individual actions based on maximising
behaviour and technological parameters but a result of population changes
and implicit technological parameters. Population changes occur by means
of birth control policies.

Aristotle’s ideas on population in relation to the welfare of the city have

Copyright KEPE, Athens 2011
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received much less attention than the other parts of his economic thinking.
Although reference is often given to his suggestion for birth controls (e.g.
Spengler and Allen, 1960) this part of economics is largely neglected. Malthus,
in the first edition of his Essay on the Principle of Population which appeared
anonymously in 1798, does not even mention Aristotle, despite the close sim-
ilarity of some of his arguments to those of Aristotle. However, in the next
editions of the Essay, Malthus gives credit to Aristotle for seeing the rela-
tionship between population increases and poverty and for suggesting birth
controls. It is very likely that Malthus felt that he needed the intellectual sup-
port of Aristotle and other classical writers in the controversy that followed
the publication of the Essay. As it has been recently noted, in Politics, popu-
lation is a recurring topic, extensively discussed and integral to the overall ar-
gument” (Kreager, 2008). The present paper makes explicit the central role of
population changes to the economy of the city-state.

The model presented here is not to be found in Aristotle’s writing in the
form in which it appears. It is constructed on the basis of his thoughts that ap-
pear in various places in his Politics. In this sense, this model logically com-
bines the various components of a macroeconomic system which are implicit
in Politics. Also, it does not contain the usual variables one can find in the
usual Keynesian macroeconomic models, but those that are relevant in Aris-
totle’s analysis, namely population, land, division of land into public and pri-
vate, and the notion of good life.

2 The Size of the City-state

The territory of the city should be within a lower and an upper limit. The
lower limit is determined by the need of autarky, a situation in which the city
can produce everything and in which the citizens need nothing more. The
upper limit is that territory where the city can easily defend against invaders.
The idea that there is a maximum size beyond which the city cannot be eas-
ily defended probably has to do with size of the population, the ways of or-
ganising the army, the technology of war, the speed with which armies can
move, the transportation system etc.

In Aristotle’s words

“Very much the same holds good about its territory. As to the ques-
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tion what particular kind of land it ought to have, it is clear that every-
body would command that which is most self-sufficing (and such is nec-
essarily that which bears every sort of produce, for self-sufficiency
means having a supply of everything and lacking nothing). In extent and
magnitude the land ought to be of a size that will enable the inhabi-
tants to live a life of liberal and at the same time temperate leisure”
(1326b, 28-34)

“the same thing holds good of the territory that we said about the
size of the population — it must be well able to be taken in at one view,
and that means being a country easy for military defense.” (1327a, 2-4)

The definition of self-sufficiency given in the above quotation refers to a
state of affairs where the state is fully realised, “... and in principle a state is
fully realised only when it comes to pass that the community of numbers is
self-sufficing” (1261b, 13-14). However, Aristotle recognises that there are
degrees of self-sufficiency: “if therefore the more self-sufficient a community
is the more desirable is its condition, then a less degree of unity is more de-
sirable than a greater” (1261b, 14-15). These quotes are part of Aristotle’s
discussion and criticisms of Plato’s Republic.

The land is divided into public and private land. Aristotle favours private
ownership on the grounds that common ownership discourages work and in-
terest in the property items and reduces responsibility. Private property is
under the management of the household and the produce belongs to the
owner but it can be taxed. The produce of the public land or, in general, the
revenues from it can be used for two purposes. First, to finance a system of
common tables, through which subsistence to all citizens in ensured. Second,
to finance religious ceremonies and worship of gods.

“As to common meals, all agree that this is an institution advanta-
geous for well-organised states to possess; ... But the common meals
must be shared by all its citizens, and it is not easy for the poor to con-
tribute their assessed share from their private means and also to main-
tain their household as well. And moreover the expenses connected with
religion are the common concern of the whole state. It is necessary
therefore for the land to be divided into two parts, of which one must be
common and the other the private property of individuals; of the com-
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mon land one portion should be assigned to the services of religion, and
the other to defray the cost of the common meals”. (1330a, 3-14)

3 The Size of Population

The size of the population of the city should be within limits. The lower
limit is that below which the autarky of the city is lost and thus the reason for
its creation and development is negated. The upper limit of the population
size is determined by considerations related to the effective administration of
the city. If the size of population is too big, it is difficult to run the city effec-
tively and to enforce the law. For example, it would be difficult to find a town
crier with a stentorian voice. Also if the population is too big, it would be dif-
ficult to make the correct decisions regarding the distribution of public of-
fices according to merit, because this requires adequate knowledge of
individuals, something difficult in a overcrowded city.

The composition of the population is also important. Slaves and metics
may be necessary for the economy of the city, but their participation in the
political life of the city is a danger to the political system. In an overcrowded
city it is possible that aliens, metics and slaves can pass as citizens and this is
another reason for which the population should not exceed a certain limit.

In Aristotle’s words,

“Similarly a state consisting of too few people will not be self-suf-
ficing (which is an essential quality of the state), and one consisting of
too many though self-sufficing in the mere necessaries, will be so in the
way in which a nation is, and not as a state, since it will not be easy for
it to possess constitutional government — for who will command its
over-swollen multitude in war? or who will serve as its herald, unless he
who have the lungs of Stentor? It follows that the lowest limit for the
existence of a state is when it consists of a population that reaches a
minimum number that is self-sufficient for the purpose of living the

! Aristotle’s discussion of the composition of the population may be a reaction to Xenophon’s
suggestion to provide various incentives to metics that would result in higher revenues for
the city (On Revenues, Il). Xenophon was writing On Revenues probably in 365 B.C. and Pol-
itics was written in 350 B.C.
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good life after the manner of a political community. It is possible also for
one that exceeds this one in number to be a greater state, but, as we
said, this possibility of increase is not without limit, and what the limit
of the state’s expansion is can easily be seen from practical considera-
tions.” (1326b, 2-13)

“All the same, even if it is right to judge the state by the test if its
multitude, this ought not to be done with regard to the multitude of
any and every class (for states are doubtless bound to contain a large
number of slaves and resident aliens and foreigners), but the test
should be the number of those who are a portion of the state — the spe-
cial parts of which a state consists.” (1326a, 17-22)

“but in order to decide questions of justice and in order to distrib-
ute the offices according to merit it is necessary for the citizens to know
each other’s personal characters, since where this does not happen to
be the case the business of electing officials and trying law-suits is
bound to go badly; haphazard decision is unjust in both matters and
this must obviously prevail in an excessively numerous community. Also
in such a community it is easy for foreigners and resident aliens to usurp
the rights of citizenship, for the excessive number of population makes
it not difficult to escape detection.” (1326b, 14-24)

Clearly, Aristotle suggests that increasing population up to a certain size
goes along with increasing capability of the state to perform its function ef-
ficiently but after a certain size strong diseconomies appear. Therefore, be-
tween the two extremes there is an optimal population size. The actual
optimal size is related to the territory of the city and notion of good life.

4 Property and Population

In criticising Plato and the Chalcedonian Phaleas, Aristotle makes two im-
portant points. First, it is not sufficient, as Plato says (Laws), for each citizen
to have property of a size that would provide him the means for a wise life.
A wise life may at the same time be a miserable life. According to Aristotle the
size of property that every citizen should have should be of a size sufficient
to provide the means of a life that would be wise and generous, i.e. that
would allow the citizen to live a comfortable life but not a luxurious and
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wasteful one. Second, it is not sufficient to determine the size of property, be
that small or big, of each citizen. In addition, it is necessary to determine the
number of children per family because otherwise the laws concerning prop-
erty would be inactive and citizens would fall in poverty.

“But those who bring in legislation of this sort must also not over-
look this point, which is overlooked at present, that when regulating
the amount of property legislators ought also to regulate the size of the
family; for if the number of children becomes too large for the total
property, the law is quite sure to be repealed, and apart from the repeal
it is a bad thing that many citizens who were rich should become poor.”
(1266b, 8-14)

“And it is also strange that although equalising properties the writer
(i.e. Plato) does not regulate the number of the citizens, but leaves the
birth-rate uncontrolled.” (1265a, 39-41)

“And one might think that restriction ought to be put on the birth-
rate rather than on property, so as not to allow more than a certain
number of children to be produced, and that in fixing their number con-
sideration should be paid to the chances of its happening that some of
the children born may die, and to the absence of children in the other
marriages; but for the matter to be left alone, as it is in most states, is
bound to lead to poverty among citizens, and poverty produces sedition
and crime.” (1265b, 8-13)

Property, for Aristotle, is important for the well-being of citizens, not as a
collection of material goods of certain quantity but as a means to a virtuous
life. It is the use of property that gives value to it, not the quantity. And he crit-
icizes Plato (Laws) for not defining the amount of property clearly.

“Also the amount of property requires consideration ... The writer
(i.e. Plato) says that it ought to be sufficiently large for the citizens ‘to
live a temperate life’ — as if one were to say ‘to live a good life’; but re-
ally that phrase is too general, since it is possible to live temperately
yet miserably. But a better definition would be ‘to live temperately and
liberally’ (for if the two are separated a liberal mode of life is liable to
slip into luxury and a temperate one into a life of hardship), since surely
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these are the only desirable qualities relating to the use of wealth —for
instance you cannot use wealth gently or bravely, but you can use it
temperately and liberally.” (1265a, 29-38).

The condition of a temperate and liberal (or wise and generous) life is not
an average that should hold for the city as a whole. It is a condition that
should hold for every citizen individually. According to Aristotle, the eudai-
monia of the city depends on the eudaimonia of the citizens, if not all, of the
biggest possible number. You cannot have a happy city with unhappy citizens:
“But it is not possible for the whole to be happy unless most or all of its parts,
or some of them, possess happiness” (1264b, 18-20). Happiness, says Aris-
totle, is not like an even number that may belong to a whole but not to either
of the two odd numbers of which it is the sum.

The possession of property and wealth is important for a happy life. Aris-
totle makes that very clear in the beginning of Book VIl when he classifies
goods in three categories, namely in external goods (wealth, riches), goods of
the soul, and goods of the body, and states that “assuredly nobody would
deny that the ideally happy are bound to possess all three” (1333a, 24-27).
After a brief discussion of the priorities of the three groups of goods for the
best life, Aristotle concludes: “For the present let us take it as established that
the best life, whether separately for an individual or collectively for states, is
the life conjoined with virtue furnished with sufficient means for taking part
in virtuous actions” (1323b, 40-1324a, 2).

The “sufficient means” in the above quotation is equivalent to the amount
of wealth that is sufficient for a temperate and liberal life. Thus, for Aristotle,
the critical magnitude which is basic for the happiness of the citizens and
therefore for the happiness of the city is the property per capita, or equiva-
lently the land-population ratio, that produces enough material goods so that
the citizens can live a wise and generous life, comfortable but not wasteful nor
luxurious. This is the optimal land-population ratio. The specific land-popu-
lation ratio that is proper for a city would depend on the fertility of land and
the technology of production. If the existing ratio deviates from the optimal,
the size of the city or the population, or both, must change. Aristotle does
not mention changes in the size of the city probably because this may involve
wars. Also, he does not mention the establishment of new colonies as a way
for returning to the optimal land-population ratio, although the major Greek
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city-states had long histories of establishing colonies in the Adriatic, in South-
ern ltaly, in lonia, etc. The reason for not mentioning colonies probably is that
colonies would be temporary solutions, and without birth controls the devi-
ation from the optimal will reappear after some time.

5 Aristotle’s Macroeconomic Model: Graphical Exposition

The above elements can be combined in a simple diagram. The vertical
axis of Diagram 1 shows the size of land. The beginning of the axis at point 0
corresponds to the minimum population size required for autarky and point
L, corresponds to the maximum size so that the city can be defended effec-
tively. The horizontal axis measures the size of population. The beginning of
the axis at point 0 corresponds to the minimum size required for autarky and
point P, corresponds to a population size beyond which serious diseconomies
become effective. The doted line L,L; divides the land in private and public.
When the size of population is at the beginning of the axis, the public land
which is needed to finance common tables and religious worship is L,L, and
the remaining OL, is private land. When population increases to P,, the
needed public land also increases to ab. In other words, as the size of popu-
lation increases, more public land is required.

Diagram 1
Land

Ly |
L.

...................................... b
)

..................... L3
Py

P, P Population
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Every point in the area OL,L;P, represents a feasible combination of private
land and population. But the actual combination should be on the L,L; line be-
cause otherwise parts of private land would be unutilised. The point actually
chosen would depend on the combination of the land-population that pro-
duces output per citizen sufficient for a wise and generous life. If such a com-
bination is, for example, the one corresponding to b, then the size of the
population would be P,, the size of private land would be OL, and the rest of
land of a size L,L; or ab would be public land the proceeds from which would
cover the expenses for common tables and religious worship and ceremonies.
The land-population ratio is equal to the slope of the line going through the
origin and point b.

From this graph it becomes obvious that as soon as the limits of land and
population are determined, the critical factor for the determination of the
actual land-population ratio are two: (a) the division of land between private
and public and (b) the optimal per capita output. It should be noted that the
optimal per capita output is not the maximum average product of labour ex-
cept by chance. In Aristotle’s thinking, the biggest size or the maximum quan-
tity is not necessarily optimal. Optimality is defined in terms of what
constitutes the best life.

Diagram 2

L1

L2

....................................... L3

P, Py P,  Population
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6 Population Changes

Suppose that because of loose birth controls, the population of the city in-
creases from P, to P5 in Diagram 2. In this case, public land must increase by
cd because greater population implies greater needs for common tables and
religious worships. Thus, private land will decrease and the optimal land-pop-
ulation ratio will not hold. The actual ratio will be dP; divided by OP; which is
less than the previous one which was bP, divided by OP,. Even if it is decided,
by the rulers of the city, that the private land be left unchanged, i.e. cP; which
is equal to bP,, the optimal land-population ratio will be disturbed. It will now
be cP; divided by OP;, which is lower than the optimal. In either case, popula-
tion will have to be reduced by stricter birth controls, until the land-population
combination corresponds to point b on the diagram. Similar reasoning applies
to the case where population declines because of aging, wars, famines, etc.

7 Population and Poverty

Aristotle recognises that in every society there will always be rich and poor
people. What stabilises the social system is a large class of people that pos-
seses the means for a comfortable life:

“But surely the ideal of the state is to consist as much as possible of
persons that are equal and alike, and that similarity is most found in
the middle class.” (1295b, 26-27)

“It is clear therefore also that the political community administered
by the middle class is the best, and that it is possible for those states to
be well governed that are of the kind in which the middle class is nu-
merous.” (1295b, 35-38).

Poverty is a danger to the city, and there are two ways to deal with poverty.
One is the welfare system. Aristotle believes that the welfare system can offer
temporary relief but does not solve the problem “because this way of helping
the poor is the legendary jar with a hole in it” ( 1320a, 32-33). On the contrary,
it perpetuates the problem. However, common tables as part of a welfare sys-
tem is accepted and recommended. The other way to reduce poverty is through
substantial financial aid to the poor citizens in order to buy property and start
some productive activity or allow them to use land for the same purpose:
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“Measures must therefore be contrived that may bring about last-
ing prosperity. And since this is advantageous also for the well-to-do,
the proper course is to collect all the proceeds of the revenues into a
fund and distribute this in lump sums to the needy, best of all, if one
can, in sums large enough for acquiring a small estate, or, failing this, to
serve as capital for trade or husbandry...” (1320a, 35-40)

In Aristotle’s analysis, social stability depends on the existence of a large
middle class of citizens that can live a comfortable life. Crucial to the achieve-
ment of this, is a proper relation between land and population. Overpopula-
tion will lead to poverty and this involves dangers for the stability of the city.

8 Comments

The model presented above has a long-run equilibrium position which is
reached through birth rate controls. Citizens can support a life that is wise
and generous, comfortable but not wasteful nor luxurious, and thus social
stability is achieved. The political and ethical views of Aristotle included in
this analysis, perhaps explains his neglect of what today is called economic
growth theory. Although he seems to recognise the distinction between con-
sumer goods and capital goods (Rhetoric 1361a, 16-18), he does not explore
the consequences of the nature of capital goods. At the long-run equilibrium
the political and moral requirements for a good life are satisfied and growth
beyond that is meaningless. In this context, capital accumulation is not an
issue for analysis. Perhaps, this explains Aristotle’s views on the rate of inter-
est, namely that it should be zero. Indeed, if capital accumulation is zero, the
need for a money market at the macroeconomic level disappears, and thus
the payment of interest is not justified. In that sense money is sterile.

Aristotle is credited with the development of some fundamental eco-
nomic ideas such as the theory of money, the theory of exchange, and the dis-
tinction between use value and exchange value of commodities. Although
reference is sometimes given to his emphasis on the need for birth control so
that the population is restricted to proper level, the central role of the land-
population ratio for the stability and the welfare of the city-state has not been
acknowledged so far.
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9 Summary

The above exposition can be summarised in a simple model like the one
below

L=L size of the city-state

L=L +1L, L, = public land, L, = private land
L,=5-AP P = population

0] :a-u"F..f'L__, Q = production

IQ}: Q the desired optimal product per capita

This simple system can be solved in terms of the desired optimal produc-
tion per capita Q' that is sufficient for a wise and generous life, the parame-
ter 5 which is the size of private land when public land is at the minimum
(distance OL, in the diagrams), i.e. when population has the minimum size
required for autarky, the parameter A which shows how private land declines
as population increases, and the technology parameter a in the production

function. For this specific system the solution for the values of the endoge-
nous variables are

and

0=-2P0

= :(I.“,{__- ..:Q':

The solution is possible not because of some automatic economic mech-
anism, as for example a maximising principle, but because of the given value
of Q" which is predetermined on the basis of ethical considerations of what
constitutes a good life.
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