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Eq&ﬂibﬁum_ Models in |
Tax P@hcy Aﬂaiysgs |

Fiarenz Piasamann

- THERE i§ a iong tradiion of economic
analysis to guide tax pelicy. In 1758,
Frangois Quesnhay suggested that iaxes on
labour or on-output reduce a nation’s wealth
while 2 tax on land has no such effect. He
thergfore recommended that govermnments
should raise their revenues from land, so as

o reduce the nation's wealth as litle as
possible.r Twenty years later, Adam Smith.
reached a similar conclusion, saying that -
the rent of land was the source of revenug

that can best bear a peculiar tax, because
*tthe annual-produce of the fand and labour
of the society, the reat wealth and revenue
of the great body of the people, might be the
same after such a tax as-before.”? Until the

late 19th eentury, most economists agreed

" that taxes on land have a different effect
than taxes on labour and capital
- Neoclassical = economists,
however, have tended io
treat land as a form of capital
-and  differentiate only
between labour and capital, .
As a result of aggregating
factors with different
properiies into a-singte factor .
“capital’, most existing
neoclassical  models  of
taxation are uniikely to correctly delermlne
the economic distortions that are caused by
taxes on labour and capital, and those
models are also incapable of estimating the
potential benefits of shifting taxes from
labour and capital to land. This report
reviews the difterences between various
kinds of taxes and to summarise the most
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' consumptlcn of fuel.

_'impo_rtant properties that an economic
-model for tax analysis should possess.

The excess burden of taxation

ECONOMISTS HAVE collected convineing
evidence that peopte respond to changes in
telative prices, and that, it taxation leads to
changes in relative prices, people will

-respond by shifting their activities to sectors

that are not taxed.
Economists recognise that this effect of -

faxation can be desirable # an activity .

generates a negative externality.® The price -

- of gasoline, for example, reflects only the

cost of producing and selling gasoline, butit
does not reflect the soclal cost of the
poliution that is caused by cars. Imposing a
iax on gasoline can raise the price of
gascline te include the cost of pollution and
thereby force consumers: to
take this soclal cost inlo
account. Consumers will
" respond to the price increase
by driving less. if, however,
an altemnative fuel that does
not generate any poliution is
discovered, the price of fuel
without any tax will lead to
the socially aptimal
No iax should be
imposed on that fuel if the sole purpose of a

-{ax on gascline is to reduce inefficiently high

gasoline consumption to the socially
efficient amount, rather than to generate -
govemment Tevenue. .
i an activity is not socially harmful, then
any tax that raises its market price will
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reduce the activity to @ soclally inefficient
level, Economists call the social cost of this

reduction In taxed activities  “excess
burden.” Excess burden is measured as the
iost benefit that would have accrued to
“people from the agtivities that they would
have undertaken in the absence of the tax.
it is straightforward 1o show that the excess
burdan is roughly proportional to the square
of the tax rate, which implies that doubling
the fax rate will quadruple the excess
burden?® Tha exact size of the excess
burden depends on the elasticities of the
demand for and the supply of the activity,
the tax rate, and the lotal size of the taxed

sector. The less elastic the demand and the -

supply schedules, the smaller is the excess
burden, and vics versa. If gither the demand
—or the supply schedule s perfectly inelastie,
then the excess burden is zero.

All taxes thal are imposed on activities
with efastic demand and supply schedules
have excess burdens, A tax on labour
income has an exgess burden, because
such a tax raises the cost of labour relative
to the cost of leisure. To the extent that a tax
©gn fabour income increases the cost of

employment, # provides an incentive to -

firms to hire fewer workers. To the extent
that a tax on labour income lowers the net
wage that workers. receive, it provides an
incentive to work less and to consume mere
‘leisure. To the extent that workers are
maobile, a tax on labouwr income provides an
©incentive 1o migrate 1o areas without or with

lower taxes on labour income., Begause
work is not a soclally harmiul activity, its

_ reduction constittes an excess burden.

A tax on capital has an excess bhurden,

because such a tax lowers the retum that

owners receive from capital. Because new

 capital is financed through savings, a tax on
caphal lowers the reward fram saving

~ relative to the reward that a person receives

from  consumption, and provides an

incentive to consume a larger share ofone’s.

income. Because saving s not a socially

. harmfu! activity, its reduction constitutes an -

excess burden. To the exient that some

capital is mobile {for exampie, machinery), a -

tax on capitat provides an incentive to move
- mobile capital to areas that do not impose
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faxes on capital, Wheather or not capital is

mobile, a tax on ocapital reduces the
ingentive 1o replace
depreciates, Because the presence and use
of capital are generaily not socially harmiur,
the reduction of the available ecapiial
constitutes an excess burden.

Indirect laxes also have excess burdens.

- Excise {axes {faxes on goods like telephone

gervices, air travel, and luxuries) raise the
casts of these goods relative 1o others and -
induce consumers to consume insfficiently

- small quantities of these goods. Sales taxes
- raise the price of consumplion relative tothe -

price of saving, and lead to inefficiently low
levels of consumption. Taxes on foreign
imports raise the price of {oreign goods
relgtive 1o the price of domestic goods, and
fead to an inefficiently low level of
consumption of foreign goods. To the extert
that the consumption of domestic and

- forejgn goods is not socially harmiul, their

redlictions canslitute an excess burden.

Taxes that are imposed on goods with
perfectly inglastic demand or supply .
schedules do not have excess burdens. [fa -
good’'s demand schedule is perfectly
inelastic, a tax increases the rmarket price of
the good by ap amount equal to the tax, and
the gquantity exchanged
unchanged. However, because all
consumers face budget constraints, no -
good can have a demand schedule that
remains perfectly inelastic for all price
increases, so-even a i on a good with
perfectly inelastic demand (for example,
hgart-transplants) will have an excess
burden if it increases the price to a level at
which consumers cannot afiord the good
anymore.

if a good's supply schedule is inelastic, a

*tax reduces the income that the good's

owner receives, bul the tax leaves the
market price as well as the quantity supplied
unchanged. Only fand and non-exhaustible. .
natural resources have completely inslastic .
supply schedules, because their supplies
can neither be ipcreased through
production  nor  decreased  through

_ depraciation. Sometimes it is argued that a

poil tax does not have an excess burden, -
but this is correct only if labour is. assumed

capitat as it o

remeaing -



1o b'e completely immobile, completely
insensitive to the tax with respest 1o

" ‘degisions about whether to have children

and whether {o commit suicide, and never
* g0 poor as 1o be unable to afford the tax.*

Economists generally agree that the only
taxes without excess burdens are taxes that
" compensale for extemalities (these actually '

improve economic efficiency}, taxes on land
. and other inexhaustible natural resources,

~ and taxes on exhaustible natural resources -

that are levied in such a way that the total
vahe of taxes coltected is Intdependert of
decisions about the rate of exhaustion, if a
government warde to raise revenue with as

lithe harm to ihe economy as possible,

these are the iaxes that are aitractive.®

| Applied general equilibrium
maodels for the analysis of the
.. excess burden of laxation

THERE ARE two ways to examine the -

economic effects of taxation. If the tax has
aiready been introcliced, ome can

undertake an econometric analysis of the.

situations before and atfer the tax has
been infroduced o determine the effects of
the tax. This, of course, is not possible if
the tax has not been infroduced yet, and i
one wanis to estimate the economic
effects of introducing the tax in the future.
Because laxes can distort an economy in

many different ways, economisis have

begun 1o use general equilibriuvm models to

- study the econamic effects of planned or
hypothetical tax programs, now that

-gomputing costs have fallen as fow as they
have. A general equilibrium modsl
desecribes the cireular flow of input factors

and output products between consumers

and producers, and, as opposed io a
partial squitibrium model, emphasises that
economic actions may have impacts on
relative prices throughout the economy,
now and in the fulure.” A solution to a

general equilibrium maodel consists of a set’

_ of prices for all goods that ensures that, in
all markets, quantity supplied equals
quantity demanded. Only under very
restrictive mode! assumptions it is it
possibie io find -this set of prices with
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. anahylic Tnethods. Models with numerous

sectors, agents, and regions are usually
too compiex to have anafytic solutions, and’
they need to be solved numerically. Such
models are valled applied general
equiiibrium (AGE} madels. AGE models

were added to the economists”toolkitin the

19708, and have found widespread use
since.? :
The use of AGE models for policy
analysis requires a trade-off belween
complaxity and expected precision. To keep. .

. the modet manageable, it is necessary o

aggregale parts of the economy (for
example, one rmight aggregate all food
progessing industries into a single "food

_industry”, or all consumers into a single

“representative consumer”). The higher the
tevel of aggregation, the easier it is to solve
the model, but the less precise are the
oredictions  of the model, because

.aggregate ‘models  describe  only the

average deveiopment of the aggregate
units, which can be imprecise i the wnits
that were aggregated - are very
heterogeneous. The lowest possible level of
aggregation Is determined by the available

" .data that can be used to calibrate the

modai® if only highly aggregate data are
available, & would be meaningless to
generate - & very disaggregate modal,
because it would be impossible to calibrate
such & model with the desired degree of

 pregision,

The simplest {that is, most aggregate)
general equilibrium model covers a single
time period, and consists of a single region

that is inhabited by a single representative

househoid and has 2 single representative
industry that uses one input factor, labour,

_which js owned by the representative

household and is supplied inelastically, to

. produce one representative consumption

good that is consumed by the household.
Depending on the Kind of analysis that one
wanis to undertake, it is necessary o relax .
some of these restrictive assumptions; Ior
example, 1o use such a model for a
meaningful analysis of tax policy, it needs 1o

" ‘be sxtended in at least two, but preferably

four directions. _ o
First, the mods! needs 1o have more
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than one factor of production, because the
effect of faxes on the supply of different
factors depends on sach faclor's elasficity

of supply. Many AGE modeis employ at -

least two factors of production, labour and
capital. Labour supply is usuaily medelied
as the result of the household's uwtility
maximisation, in which the household
decides how mueh labour to supply and
how much leisure to consume, Because the
“labour supply decision depends on the
seturn o labour, the wage, such a model
can be used to analyse the effect of taxes
on labour income. . . _ :
The decision to-combine all other factors
of production into- a single factor “capital” is
problematic. This single factor is an
aggregation of mobile capital {for example,
machines), immaobile capital (structures),

land, and infrastructure; because each of

these factors has a different elasticity of
supply and therefore responds differently to
taxation, such aggregation can severely
distort the results of the model, The supply
of mobile capital is very elastic, because it
can be easily moved and because it
generally depreciates very rapidly. The
supply of immobile capital is rather inelastic
for reductions, betause structures- cannot
be moved and depreciate slowly, but it iz
elastic for increases in the stock of capital.
The supply of land is perfectly inelastic,
because land can neither be moved nor
does it depreciate physically. Infrastructure
describes public goods that benefit many

households and firms simulianacusly, and -

that are often fax-exempt. Models that
aggregate factors with such different
characigristics are not likely describe the
economic implications of tax policies on
production accurately. A gerneral equifibrium
model  should therefore differentiate

between at jeast the described five factors

of production.

if the required data for such a model are

not available, it is of course necessary to

aggregate some of these factors. However,

" gne should resist the temptation of

aggregating land and capital. A model that -

aggregates land and capital = will
overestimate the economic effects of taxing

such a hybrid if it assumes that the hybridis
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" supplied elastically, and underestimate the

effects if it assumes that the hybrid is
supplied inelastically. In addition, such a
model would be likely to ignore the fact that
land wili be used more efficiently when R is

" taxed more heavily.?

Second, the model needs to be dynamic
{that s, describe multiple time periods
simultaneously), because static (one-
period) models are unable W capture the

_intertemporal distortions that are caused by

taxing capital. New capital is financed
through consumers’ savings, and capital will

- depreciate # it is not replaced confinuously.
. Btatic models require strong assumptions

about the consumer's motivation to. save
and to invest, and economists consider it
more appropriate o model the consumer's
saving decision as & solution fo an
interternporal utility maximisation problem. .
Most AGE models agsume that the total

stock of capital is fixed within any given time
" period. Because capital depreciates over

time and needs 1o be replaced, a model that

describes only a single time period is likely

to dnderestimate the long-term effects of
taxes that provide disincentives to save and
to invest.

Sufficient factor differgntiation and the
abifity. to' describe multiple periods are the

-most important properties of AGE models

that are used for the analysis of ihe
economic effects of faxation, The following -
two  additional model extensgions are
desirable, because they are likely fo
enhance the acouracy of the model's
pradiction. However, because they require
additional data, their implementation may

- net-always he feasible.

First, the model should have more. than
one representative consumer and more
than one representative industry. The
response-of consurner behavicur to taxation
depends on various sociceconomic factors

_such as household composition, wealth,

age, and education, and models that
aggregate consumers from very different
sacioeconomic  groups into a single
“representative consumer” face the difficulty
of destribing the exact behaviour of such an
artificial representative unit.m Simitarly,.
because -different industries use different




combinations of input factors. (for example, .
the service indusiry is very labour intensive, .

-while the transportation industry is very
capifal intensive), their responses fo the
taxation of these factors wilk differ, and a
“more disaggregate mode! is more likely to
describe the economic effects of such taxes
ageurately.

Second, if it is important to analysa the

effects of regional taxes, or if the economy
to be analysed consists of helerogenaous
regions with different stocks of input
factors, the model should describe these
regions ssparaiely rather
- aggregating them into. a single {(federal)
unit. Regions with high stocks of capital

are likely to have higher wages than

regions with low stocks of capital, because

. the availability of more capital makes

workers more productive. Depending on
their location, workers. are therefore likely
to. have different incomes, and 1o react

differently to the taxation of labour income.

Simitarly, regions with large cities and
large populations can be expected to have
high demand for mobile capital, so that

capital is moving into these regions and

capital investment is high in these regions.
The taxation of the return to capital in

these regions is likely to alter the flows of

capital as capial moves into less
productive regions. with lower laxes.
Aggregating all regions into a single unit
means that such region-specific
responses are ignored, and such a model
will underestimate the excess burden of

iaxes-on labour and capital that is caused .

- by inefficient migration of people and
capital. .

FOR THE ANALYSIS of alternative tax
programs in. Bussia, Nicolaus Tideman's
{2001) model & a very reasonable
beginning. His. model is dynarmic {it covers
-100 timg -periods), .labour
determined as a2 solution o the consumer’s
utility maximisation. probler, the modet
differentiates between capital and land, and
it incorporates the fact that a lax on land

value provides an incentive to use land

"~ more efficiently. His mode! permits analyses

" of several altemative tax programs.

~ representative

than

supply is .

138

However, mainly bacaluse of the difficulties
of collecting more detailed data for the
Russian economy, his medel has only a
consumer and &
representative industry that produces a

single good, and it describes a single

region. To the -extent that Russia's
consumers, ‘industries, and regions arg
heterogenecus, the model is fikely to ignore
tax effects that arise from these differences.
The larger these differences are, the less

precise will be the analyses that are

undertaken with his model. Because his,
alrgady cguite detfailed, -model is
programmet on an Excel spreadsheet, it
could be wvery difficult {o incorporaie

extensions that reguire additional orders of -~

complexity. 1f the required data can be
collected, a more promising approach
would be to devetop a model of the Russian .
economy in a more flexible programming -

language,’? with multiple regions, sectors,
typesiof capital, and types of consumers.
Nicolaus Tidernan and | have undertaken
preliminary work that leads us to conclude
that such a modelis feasible,'? but we have
not yet produced a warking modet of a real

eCoNomy. :
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Because it s cestly fo-remove stationary
capital from land, land specutators have an
incantive 10 leave dand idle in the hope of

selling it for a higher profi in-the future, A tax

on land value increases the cost of leaving -

. land idle, and thereby leads to reduced land

speculation and more efficient use of fand,

- Theoretically, a highty-aggregate model is able

to describe the aggregate effect correctly if it
determines the weights of individuai graups
within the aggregate unit according to the
group-specific response 1o the partlcular

" polivy. that is fo be analysed. However, not’

12

only would such a rodel require different

aggregations for the analyses of different

policies, bul It would also be necessary to -

know the correct response of each individuat
group to any poficy of interest; such detailed
information is unlikely 1o be gvaitable.
Such a medel could be develuped in a -
programming language such as C or Fortran, -
of possibly within the userinterface GAMS, -
usin§ extengiens of traditionat AGE methods.
C and Forran are {ow-tevel) programming

" tanguages that are extremely flexible and that

can be used to develop any software. Their
greatest’ advantage ig their enormous
Hexibility, their only disadvantage is that they

* are (relatively) difficuit 1o use. GAMS (General -
" Algebraic Modelting System) is a (high-level)
" programiming  language for the solution of

13

mathematical prablams, 1t is often used o

-develop AGE models, because # has a large

number of pre-programmed routines that are

usafui for this purpose, GAMS is easier o use - -

than C or Fortran, but because i is more
specialised than low-level languages, its
possibifities are more limited, and. it. may not
be possibie to use GAMS to program the type -
of modaet discussed hare.

See Plassmann and Tideman (1999). .



