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LECTURE 7

TAX POLICY

Optimal Commodity Taxation



The definition of  taxes 

A tax is a compulsory, unrequited payment to general 
government.

(OECD, 1996)

“…Taxes are unrequited in the sense that
benefits provided by government to
taxpayers are not normally in proportion to
their payments…”

“…General government consists of supra-national authorities, the
central administration and the agencies whose operations are
under its effective control, state and local governments and their
administrations, social security schemes and autonomous
governmental entities, excluding public enterprises…”

???



“Optimality” criteria for judging
tax systems 

• Taxes have to be fair (although fairness means different things 
to different people)

• A good tax system is one which minimizes the resource cost 
involved in assessing, collecting and paying the taxes 
(administrative and compliance cost)

• A good tax system minimizes the efficiency cost of taxation, in 
terms of the distortions they cause in agents’ behaviour



“Optimality” criteria for judging
tax systems

• The point of departure of optimal tax theory has 
been the criterion of efficiency (3rd)

• The theory has gradually been extended to take into 
account distributional considerations (1st)

• Administrative costs have so far been ignored in 
the optimal taxation literature (or studied 
separately)

• Trade-offs between criteria???



Optimal Tax Systems

• The conclusions of any model on the optimal tax 
design depend on the set of tax instruments that the 
model allows to be used.

• The classical models on optimal commodity 
taxation solve the optimal tax problem assuming 
that commodity taxes are the only instrument the 
government can use to achieve its goals.



Optimal Tax Systems

• Two seminal articles:

• The first analytical formulation is given by Ramsey 
(1927), concentrating on efficiency.

• Diamond and Mirrlees (1972) extended Ramsey’s 
analysis to include distributional considerations.







Incidence: who pays indirect taxes?

“One of the most valuable insights that economic analysis has

provided in public finance is that the person who effectively

pays a tax is not necessarily the person upon whom the tax is

levied.

To determine the true incidence of a tax or a public project is

one of the most difficult, and most important, tasks of public

economics.”

A. Atkinson and J. Stiglitz (1980)



Legal Incidence is not Economic Incidence
(example: Tax levied on producers)



Inelastic Factor Bears More of  the Tax (example: 
perfectly inelastic demand means 

consumers bear the full tax)



Inelastic Factor Bears More of  the Tax (example: 
perfectly elastic demand means 

consumers bear no tax)



Optimal commodity taxation

• The literature of optimal commodity taxation deals with the 
design of taxes on commodities (e.g. VAT, or alcohol excises).

• Goods and services are obvious things to tax

• But commodity taxation distorts consumer choices and causes 
inefficiency.

• Because the price of the taxed commodity rises, consumers alter 
their consumption choices.

• Historical example: window tax in the UK introduced in 1696 
and lasted until 1851. The tax was paid on any house with more 
than six windows.

• Result?



“The adage ‘free as air’ has become obsolete by Act of Parliament. 
Neither air nor light have been free since the imposition of the window-
tax. We are obliged to pay for what nature lavishly supplies to all, at so 
much per window per year; and the poor who cannot afford the 
expense are stinted in two of the most urgent necessities of life.” —
Charles Dickens (1850, p. 461)



Deadweight Loss

• Consider figure 14.1

• the price of  the good is p before the 
tax is introduced

• the quantity consumed is X0

• consumer surplus is given by the 
triangle abc

• With a tax of  amount t

• the price rises to q = p + t

• the quantity consumed falls to X1

• consumer surplus falls to aef

• The tax raises revenue equal to tX1

which is area cdef

• The deadweight loss (DWL) is the 
triangle bde
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Optimal Commodity Taxation

• Optimal commodity taxes attain the highest level of 
welfare possible whilst raising the revenue required by 
the government
• consumers free to choose their most preferred consumption 

plans 

• firms choose production to maximise profits

• Welfare is measured using the government’s objective 
function

• With a single consumer obtain an efficient tax system

• With many consumers obtain an equitable tax system





Optimal commodity taxation: 
Ramsey

• The literature of optimal commodity taxation deals with the 
design of taxes on commodities (e.g. VAT, or alcohol excises).

• Ramsey (1927) did not look at the trade-off between equity 
and efficiency, but he analysed the problem of designing sales 
taxes  to raise a given amount of revenue at the least possible 
distortionary cost in a single-person economy (or an economy 
with many identical people).

• The target is to minimize the loss in utility arising from 
taxation, or equivalently, to maximize social welfare subject 
to the revenue constraint.



The Ramsey Problem

• The key assumptions
• Identical households.

• Only commodity taxes.

• Competitive economy.

• Pre-tax prices pi are fixed and tax-included prices

qi = pi + ti

• • Government needs to raise revenue R

• • Representative household has an indirect utility function

• V(q1,..qn,w) where w is the fixed wage



Optimal commodity taxation: Ramsey

• Suppose that there n commodities in the economy and a single form of labour, l.

• Producer prices are p and the wage rate faced by the consumer is w.

• The consumer faces consumer prices q and has a budget constraint                     

qx = wl.

• The government must raise a given amount of revenue,       by imposing unit 
taxes 

t = (t1, t2, …, tn).

where tk is the difference between consumer price (qk) and producer price (pk). 

Assume producer prices to be fixed (constant returns to scale).

Selecting tax structure  choosing a structure for consumer prices.

• The preferences of the representative consumer are represented by the indirect 
utility function V, defined over prices, U = V(q, w).

R



Optimal commodity taxation: Ramsey

Our problem then is to choose tis so as to maximise consumer utility subject 
to the revenue constraint of the government, that is

Maximise     V (q, w)   , subject to R (t) =                                         (1)

t

where xk is the consumption of the kth good by the consumer.
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Optimal commodity taxation: Ramsey

The Lagrange function is:

L = V(q,w) + λ[R(t) - ] (2)R



Optimal commodity taxation: Ramsey

• Set the partial derivatives of L with respect to the tax rates 
equal to zero:

, i = 1, …, n  (3)
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Optimal commodity taxation: Ramsey

Note that ∂xk/∂qi ≡ ∂xk/∂ti  , so that (3) becomes:

, i = 1, …, n  (4)
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Optimal commodity taxation: Ramsey

• Using duality in consumer theory, Roy’s identity gives:

• (5)

where a is the marginal utility of income (M).
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Optimal commodity taxation: Ramsey

• The Slutsky equation decomposes the change in demand due 
to a price change (∂xk/∂qi) into an  income and a symmetric 
substitution effect):

i, k =1, …, n           (6)

Where M is income and ski is the substitution effect (              ) 

or the utility-compensated change in demand for the kth good 
when the price of the ith good changes.
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Optimal commodity taxation: Ramsey

• Substituting (5) and (6) into (4) and after rearranging and utilizing 
the fact that the substitution effects are symmetric  (sik = ski), :

where                                             (7)

This is the Ramsey tax rule. Notice that         is a positive number 
independent of i.
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Optimal commodity taxation: Ramsey


k

ikk st
Intuitive explanation of the tax rule:

can be viewed as a first-order 
approximation of the compensated change in demand 
for the ith good resulting from the imposition of a 
vector of taxes, t. 

The Ramsey rule can be interpreted as saying that the 
optimal tax rates should be such that the proportional 
reduction in compensated demand is the same for all 
commodities.



Optimal commodity taxation: 
Ramsey

• Implications of the Ramsey rule:

• Uniform taxes are not efficient from an efficiency point 
of view.

• It is quantities that matter, not prices.

• Prices are only important in so far as they determine 
demands.

• The Ramsey rule directs taxation towards goods that are 
unresponsive to price changes, i.e. “necessities”.



The Ramsey Rule

• The tax rates remain implicit in the Ramsey rule since it 
focuses on what happens to demand

• The rule suggests that those goods whose demand is 
unresponsive to price changes must bear higher taxes

• Goods that are unresponsive to price changes are typically 
necessities such as food and housing

• This tax system would bear most heavily on necessities 
• Low income consumers pay proportionately larger fractions 

of income in taxes relative to rich consumers
• The inequitable nature of this is simply a reflection of the 

single consumer assumption: the optimisation does not 
involve equity and the solution reflects only efficiency criteria 



The Ramsey Rule: another intuition 
(Corlett and Hague, 1953)

• Exploit the existence of an untaxed good, i.e, 
labour and its relation to leisure. 

• The presence of the untaxed good allows the 
optimal tax formula to be expressed in terms of the 
complementarity or substitutability of the taxed 
commodities with the untaxed good.

• Corlett and Hague (1953) take an example with two 
consumption goods.



The Ramsey Rule: another intuition 
(Corlett and Hague, 1953)

• Result: if goods differ in their degree of 
complementarity or substitutability with leisure, 
efficiency can be improved by taxing more heavily 
the good that is most complementary with leisure.

• So impose a high tax on e.g. skiing equipment and 
a low tax on e.g. work uniforms or bus tickets.



Inverse elasticity rule

• The general intuition behind the Ramsey rule is clear, but there is no explicit 
formula for the calculation of taxes.

• More precise tax rules can be achieved at the expense of additional 
assumptions.

• Assume all cross-price effects to be zero.

• Take equation (4) as the starting point:

And replace Roy’s identity                                                 
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Inverse elasticity rule

• To get:

(8)

If demands are independent, the only non-zero effect at the 
sum in the right hand side of (8) is ti (∂xi/∂qi), so that (8) 
becomes:

(9)
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Inverse elasticity rule

• Rearranging and considering that the price elasticity of demand for 
good i, εi is (∂xk/xi) / (∂qi/qi) , (9) becomes:

This is the well known inverse elasticities rule, which states that at the 
optimum, proportional rates of taxes should be inversely related to the 
price elasticity of demand of the good on which they are levied.

• These observations imply that necessities, which by definition have 
low elasticities of demand, should be highly taxed

• Luxuries with a high elasticity of demand should have a low rate of tax
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Inverse elasticity rule

• The inverse elasticity rule is derived by assuming 
there is a single consumer and that the demand for 
each good is dependent only upon its own price and 
the wage rate. 
• there are no cross-price effects between the taxed goods

• the independence of demands is a strong assumption

• Since there is a single consumer the tax system 
derived is an efficient one
• an equitable system may have different characteristics



Optimal commodity taxation in a 
many-person economy

• The extension of the Ramsey rule to the many-
person economy (practically more relevant) is by 
Diamond and Mirrlees (1971).

• The economy now consists of H individuals.

• The problem is still to maximize social welfare 
subject to the revenue constraint of the government. 



Optimal commodity taxation in a 
many-person economy

• Suppose that there are n commodities in the economy and a single form of 
labour, l.

• Producer prices are p and the wage rate faced by the consumer is w.
• The consumer faces consumer prices q and has a budget constraint                     

qx = whl.
• The government must raise a given amount of revenue,       by imposing unit 

taxes 
t = (t1, t2, …, tn).

where tk is the difference between consumer price (qk) and producer price (pk). 
Assume producer prices to be fixed (constant returns to scale).
Selecting tax structure  choosing a structure for consumer prices.

• Individual welfare is determined in terms of the indirect utility function Vh, 
defined over prices, Uh = Vh(q, wh).

R



Optimal commodity taxation in a 
many-person economy

Social welfare is determined by a Bergson-Samuelson social 
welfare function, defined over individual utilities:

W = W(V1, V2, …, Vh, …, VH)                  (10)

Total demand for commodity i is expressed as 
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Optimal commodity taxation in a 
many-person economy

The optimization problem becomes

Maximize     W (V1, V2, …, Vh, …, VH)   ,                                          

t

subject to 

(11)  
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Optimal commodity taxation in a 
many-person economy

• Set the partial derivatives of L with respect to the tax rates 
equal to zero:

(12)
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Optimal commodity taxation in a 
many-person economy

• Using duality in consumer theory, Roy’s identity gives:

•

where ah is the marginal utility of income (Mh) of individual h, 
we have:

(13)
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Optimal commodity taxation in a 
many-person economy

• Define

• (14)

βh is very important and can be interpreted as the social 
marginal utility of income for individual h, that is the 
increase in social welfare resulting from a marginal 
increase in the income accruing to individual h.
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Optimal commodity taxation in a 
many-person economy

• Replacing (13) and (14) into (12) we get:

(15)

• Substituting from the Slutsky equation as before, and after some algebraic 
manipulations (15) becomes:
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Optimal commodity taxation in a 
many-person economy

where

Remember that βh is the social marginal utility of income for 
individual h.
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Optimal commodity taxation in a 
many-person economy

bh consists of two elements, 

(i) the welfare weights (βh) which depend on the         
distributional value judgments of the government

(ii) the marginal propensity to pay indirect taxes out of 
extra income txh / Mh.
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Optimal commodity taxation in a 
many-person economy

• Therefore, the tax should be lower

(i) the more the good is consumed by individuals with a 
high     social valuation of income (reflecting equity 
criteria) and 

(ii) the more the good is consumed by individuals with a 
high marginal propensity to consume taxed goods 
(reflecting efficiency considerations)



Optimal commodity taxation in a 
many-person economy

• If the demand structure is such that the rich (with 
low βh) have a high propensity to spend their extra 
income on highly taxed goods at the margin, the 
two elements in bh will move in opposite 
directions.

• This will make the spread of bh lower than the 
distributional weights alone would imply.

• Explicit conflict between equity and efficiency 
criteria in the design of an optimal tax system.



Optimal commodity taxation in a 
many-person economy

• How do the two considerations balance?

• It depends on
• The structure of the demand function (curvature of Engel curves)

• The form of the differences among the population

• Government’s aversion to inequality

• If, for example, the government’s aversion to inequality is low 
and the curvature of the Engel curve is large, efficiency criteria 
dominate in the determination of optimal tax rates.

• Again explicit calculations of optimal tax rates are not 
straightforward and additional assumptions have to be made in 
order to arrive at detailed results.



Extensions of  the theory of  optimal 
commodity taxation: Production 

Efficiency



Extensions of  the theory of  optimal 
commodity taxation: Production 

Efficiency
• The condition for production efficiency is that the marginal rate 

of technical substitution (MRTS) between any two inputs is the 
same for all firms

• Such a position of equality is attained in the absence of taxation 
by the profit maximisation of firms in competitive markets

• each firm sets the marginal rate of technical substitution equal to the 
ratio of factor prices 

• factor prices are the same for all firms

• this induces the necessary equality in the MRTSs. 

• The same is true when there is taxation provided all firms face 
the same post-tax prices for inputs so input taxes are not 
differentiated between firms.



Extensions of  the theory of  optimal 
commodity taxation: Production 

Efficiency
• One implication of the production efficiency theorem is 

that goods that enter into production processes, such as 
inputs and intermediate goods, should not be taxed.

• All firms should buy and sell at the at the same prices, 
in order for the whole production sector to be efficient.

• If different industries face different relative prices, 
MRTS between inputs will differ across industries.

• Then, in principle, it would be possible to reallocate 
inputs and have strictly more of one good while having 
no less of another.



Policy consequences of  production 
efficiency (continued)



Policy consequences of  production 
efficiency 



Extensions of  the theory of  optimal 
commodity taxation: Production 

Efficiency

• The principle of not taxing intermediate goods is 
heavily dependent on the following assumptions:

• No pure private sector profits

• Perfect competition

• The possibility to tax all final goods

• What happens if not all final goods can be taxed?

• The production efficiency theorem no longer 
applies



Extensions of  the theory of  optimal 
commodity taxation: Production 

Efficiency
• Newbery (1986) showed that:

• If the output of one firm cannot be taxed for some reason 
(e.g. administrative feasibility), then it may be desirable to 
tax its inputs.

• This implies that you introduce an inefficiency in the 
production process (marginal rates of transformation 
between pairs of goods will be different across producers).

• Inefficiency is balanced against the gains from surrogate 
taxation of the final good.

• In developing countries administrative feasibility often 
directs taxation towards a few easily taxable targets.



Extensions of  the theory of  optimal 
commodity taxation: Production 

Efficiency

• The production efficiency theorem also implies that 
we should not impose any tariffs on inputs into 
production and that all final goods should be taxed 
the same regardless of whether the source of origin 
is domestic or foreign.

• EU has abolished tariffs within the unified market.



Production Efficiency

• In summary, the Diamond-Mirrlees lemma provides a 
persuasive argument for
• the non-taxation of intermediate goods

• the non-differentiation of input taxes between firms 

• The result is of immediate practical importance 
• it provides a basic property that an optimal tax system must 

possess

• Value Added Taxation satisfies this property
• taxes paid on inputs can be reclaimed

• only final consumers pay tax



Applications of  optimal 
commodity taxation

• The fundamental motive of the analysis is to 
provide practical policy recommendations.

• The results so far derived provide some valuable 
insights, e.g.

• The need for production efficiency

• The non-uniformity of commodity taxes



Applications of  optimal 
commodity taxation

• Results from two well-known studies:

• Atkinson (1972) calculated optimal tax rates for UK and 
concluded that sole efficiency considerations lead to high 
taxes on goods like food and rent and low taxes on 
durables. In any case, the optimal indirect tax system is 
not uniform.

• Deaton (1977) concludes that in general optimal tax rates 
move further from uniformity as equity considerations 
become more important.



Applications of  optimal 
commodity taxation

• Limitations of applied optimal commodity taxation 
studies:

• In order to calculate the welfare weights, you need to 
know both the private utility functions and the social 
welfare function.

• You need to know the complete demand system of the 
consumer.

• In general, simpler practically relevant prescriptions can 
be obtained only at the expense of additional assumptions 
(e.g. absence of cross-price effects)



Main conclusions

• An efficient tax system places the burden of 
taxation primarily on necessities.

• Such a system is very damaging to the poor.

• When equity is introduced, it directs taxes towards 
luxuries.

• Equity-efficiency trade-off in the design of taxes.



Main conclusions

• The production efficiency theorem states implies 
that there should be no taxes on intermediate 
goods.

• Actual value-added tax systems satisfy this 
property.



Appendix: Who pays indirect taxes in 
Greece? (Kaplanoglou, 2023)



ΕΠΙΒΑΡΥΝΣΗ ΑΠΟ 
ΕΜΜΕΣΟΥΣ ΦΟΡΟΥΣ
ΤΟ 2008

• Τα νοικοκυριά έχουν ιεραρχηθεί με βάση την ισοδύναμη 
καταναλωτική τους δαπάνη σε μη-διαρκή αγαθά/υπηρεσίες

• Οι φόροι έχουν καταταχθεί με σειρά αντίστροφης 
προοδευτικότητας

• Υπάρχει μια ομάδα αγαθών, πάνω στα οποία οι φόροι είναι 
έντονα αντίστροφα προοδευτικοί: υγεία, είδη διατροφής, 
καπνός, επικοινωνίες, στέγαση (περιλαμβάνεται το πετρέλαιο 
θέρμανσης και ηλεκτρική ενέργεια)

• Φόροι σε άλλες κατηγορίες εμφανίζονται προοδευτικοί, είναι 
όμως φανερό ότι οι φόροι στις μεταφορές (αγορά και 
συντήρηση αυτοκινήτων) εξισορροπούν τις αρνητικές 
αναδιανεμητικές επιδράσεις των περισσότερων από τους 
υπόλοιπους φόρους.

• Δυναμική αγορά αυτοκινήτων και τέλη ταξινόμησης και 
κυκλοφορίας με προοδευτικό χαρακτήρα 

65



ΠΩΣ ΕΞΕΛΙΧΘΗΚΕ 
ΑΥΤΗ Η ΕΙΚΟΝΑ ΤΟ 
2019;

• Σημαντική αναδιάταξη στα διανεμητικά χαρακτηριστικά των φόρων σε 
διαφορετικές ομάδες αγαθών

• Οι φόροι στη στέγαση είναι πλέον οι πιο αντίστροφα προοδευτικοί φόροι, 
επιβαρύνοντας σχετικά περισσότερο τα φτωχότερα νοικοκυριά ακόμα και 
αναφορικά με τα είδη διατροφής.

• Οι φορολογικοί συντελεστές αυξήθηκαν σημαντικά

• Το καταναλωτικό μερίδιο της στέγασης και των ειδών διατροφής 
αυξήθηκε από 46% σε 66% για το φτωχότερο 20% του 
πληθυσμού

• Η αντίστροφη προοδευτικότητα της φορολογίας στην ηλεκτρική 
ενέργεια ενισχύθηκε στη διάρκεια της κρίσης, ενώ σε αντίστροφα 
προοδευτικό μετατράπηκε και ο φόρος στο φυσικό αέριο

• Οι φόροι στην υγεία από τους πλέον αντίστροφα προοδευτικούς φόρους το 
2008, μετατρέπονται έως το 2019 σε καθαρά προοδευτικούς φόρους, διότι:

• Τα νοσήλια των ιδιωτικών νοσκομείων υπάχθηκαν σε ΦΠΑ (στο 
πλουσιότερο 10% αντιστοιχεί το 75% των σχετικών δαπανών)

• Το φτωχότερο 10% μείωσε τις δαπάνες του για φάρμακα στο 
μισό μεταξύ 2008 και 2014, άρα δεν πληρώνει και τους 
αντίστοιχους έμμεσους φόρους, οι οποίοι έτσι εμφανίζονται 
λιγότερο αντίστροφα προοδευτικοί!

• Οι φόροι στις μεταφορές έγιναν λιγότερο προοδευτικοί καθώς η αγορά ΙΧ 
κατέρρευσε
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