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ABSTRACT

The paper serves to place the software (SCROP60) in the
pubblic domain. A pguide on how to operate it and its hardware
requirements is discussed. A neoclassical general equilibrium
example using +the software is then presented to analyze (1)
changes in initial endowments and (2) a corporate income tax

problem and the attendant welfare issues involved.




Selving General Equilibrium Systems
Using SCROPG&OD

Carlos C. Bautizta®

I. introduction

This paper’s purpose is twofold. First, it places the
software used by the author in his dissertation in Lhe public
domain. Second, it demonstrates by way of an example, its use in
applied general equilibrium ({AGE) analysis. The software
contains the algorithm constructed by Powell (1970) for use in
mainframe computers. The software developed modifies the inpuf-
output system for the mainframe to suit the requirements of a

micro computer.

The software is still crude and qguite cumbersome to use,
rather slow when the system gets large, but is quite effective
especially when the equations get to be highly nonlinear. It is
noet limited to economic problems. It can handle any simultaneous
nonlinear system of equations and may be useful to other
SClences. The illustration givenm in this paper is however an

economic example.

"The auvthor is a Lecturer at the U.P. School of Economics.
The comments of Mamel Montes are gratefully acknowledged.
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The second section briefly describes the software and its
implementation in a micro computer. The last section gives an
example of how a full neoclassical AGE model of a hypoihetical
clased eoonomy is solved wusing this software. Paramelerizatiog
and calibration procedures are also discussed briefly in this
section. A trivial experiment on labor supply increases is
conducted. i A tax experiment is then used to demonstrate how

welfare issues can be analyzed using AGE medels.

1. The Software

Powell’s algorithm was implemented using M5 FORTRAN and was
written in single precision arithmetic. The main program
including a matrix inversion subroutine is contained in the

object file named Scrop6i.ob].

Te use the program, a subroutine containing the system o
equations written in FORTHAN source code must be created as a
separate text file, This subroutine, when called by the main
program, returns the values of all  endogenous variables .and the

-
residuals of ail equations.

The algorithm is said to have found a solution 47 the sum of
squared residuals are less than the user—-specified tolerance

limit. The subroutine must be named EQNS and must follow all ol

1This is simply an ¢xpansien ol the Edgeworth box.
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FORTRAN's syntax. This source file containing EQNS wust then be
compiled and linked with the main object file (SCROPG60). Table 4
shows anrezumplu af how the eguations are written. Endogenous
variables are +the FORTRAN variables = while the residuals are

labelled f indexed up to the number of eguations.

Having done this, the executable file can be called. The
program runs “inte  interactive mode and asks a series of
questions. It sequentially asks for (1) the number of equations,
{2) the number of iterations desired, (3) initial step length to
approximate the first derivative, (%) the tolerance limit, (5)
the initial wvalues of each endogenous wvariable, (6) whether to
suppress intermediate resulis from appearing in the console and
Finally (7} the output filename. The results of the program are
written in a text file which can be picked up by a spreadsheet or

a Word-processor.

Some items above need more explanation. For a system of
non—-linear equations, f(x}) = 0, the Powell algorithm solves this
set of equations using Newton's methoed (item 3 is used in this

regard), calculates the sum of squared residuoals:

=

F(x) = £'f = Za[fi(x)]2

and tries to achieve an improvement:



Fixt+1} < Pixt)
where Lthe superscript denctes the tth iteration. The algorithm
terminates if F(x) is lTess than' or egual Lo the user specified

toleraped limit (item ).2

The software reguires an I8M PC/XT/AT or compatible ‘with at
ivaslt one disk drive and 25%6 kilobyvtes of memory. The software
can accommodate o up to &0 requations: & math co—processor

signiticantly increases computation speed but is not required.

ITI. An Example

The exampie in this paper is a simple full neoclassical AGE
model which is uwsed to conduct two experiments. AGE models are
the produclt ol deveiopments in the field of development planming.
Essentially these models are supposed +to aid planners in the
design of -policies, T operate an AGE model, one needs a
solution algorithm and an equilibrium data set, preferably a
social accounting matrix (SAM).3 In AGE analysis, the S5aM is Lhe
base by which all policy experimenls or simulation rasults are
compared. fne may think of +the base BAM Tas an initial
eguilibrium pesition. & disturbance in a model which is buflt

—

A rigorous discussion of the tests performed cen be [ound
in Powell [1970}.

Ain the absence of a SAM; the data sel has o be constracted
and consistency checks must bhe performed.




around the base SAM gives rise to a new equilibrium situation-—

or a4 new SAM.

A SAM is a way of organizing a set of economic accounts that
makes it ecasy for the user to view the intersectoral flows of an
eCconomy .+ Ihq1hyputhetiuaT SAM used in this paper is given in
Table 1 and is adopted from Drud (1987). As can be seen, it is a
two-sector, two-factor, two—household 2 CONOMmY - Columns indicate
paymenls or expenditures of economic agents while the Tows

represent their revonuss.

The circular flow of income is readily discernible in this
Tabhle. For example, two commodities, K1 and Xz (columns 5 and
6). are produced using capita! and labor. Households, Ci and Cz,
receive income from wages and profits in rows 3 and 4 which they
spend on the two commodities. The interrelationships of four
markets, tabor, capital and twe commodities are effectivel ¥y
described by the SAM.

Table I

Hypothetical SaM
Base Case

o == et e e T T T T == I

L E B § ;2 X1 X2 Total
L 75 B5 160
K » 50 S0 110
C1 20 30 120
CZ T R 150
X1 G0 63 L235
K2 60 B L&5
Total L&y 110 120 150 125 145

45ee B. King (1978) for an elementary exposition of a SAM.
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With the data and the algorithm, one can begin specifying
the structure of the model. Iw practice, the nature of the data
and the objective of the modelling exercise governa the manner by

which the model is formuliated.

The specificalion of Lhe wmodel iz showvn in Table 2. The
model assumes a perfectly competitive economy where all resources
are fully employved. Furthermore, these factors are perfecily
mobile =0 that factor prices are equalized across seclors when an

equilibrium position is disturbed.

The production of the two sectors are modeled as comstant
returns CES functions (egquations 2.1 and 2.2). The corresponding

factor demand functions derived from coplimization processes are

given by equations 2.3 to 2.6. factor market equilibria are
shown by eguations 2.7 and 2.8, The w35 are Lthe substitubion
parameters egual +to (i—oi}/0;. Fi are the substitution

elasticities. The 6;5 and the #;s are the distribution and =scale
parameters respectively.
-

The consumption subsystem (eguations 2.11 te 2.14) is the
Tinear cxp&ndi%urc system (LES) which assumes Lhat individuals
maximize Stone—Geoary utility functions subject 8 their budget
constraints {(equations 2.9 and 2.10%. The w's are the shares of

i)




the household incomes from owning factors of production. The
govds markel egquilibrium condilions are written in uquatiun5_2.15
and 2.16. The pjj s are the marginal budget shares aod Lhe B; s
are the base consumption levels of Thousehold i of commodity j.

There are 16 eguations and 16 unknowns in the model.

By Walras Law however, the equation system iz not
independent and one equation can be dropped and replaced by a
normalization rule to compiete the system. The last eguation
fixes the absolute price level (CPI). In some models, this is

chosen as a numeraire.s

The system is a standard Walrasian model where only relative
prices influence Eoonomt o behavior. Im ciosed economy
neoclassical models of this type, Walras® law holds if three

conditions are fully met:
(i) all (factor and commodity) markets are in eguilibrium.,

{2} all houschold incomes are spent so0 that strict equality

holds in equations 2.9 and 2.10,

3In the first experiment on labor supply, all prices are
tried out to demonstrate that +the choice of the numeraire is
arbitrary.




{3} the zero profit condition holds in all industrien.®

For the Jlatter, this simply means that for each industry, tolal

revenue squals total cost, 1.8.,

FiXy = Pplg 4+ Prly

PaXs: = Ppla + PyBa

These two equations together with equations 2.7, 2.8, 2.15
and 2.16 determine the prices Py, Py, Pr, Py #ond the guantities

x.'[ and E.;.

l 6For an open economy, zero BOP is a condition that must be

satisfied. In Clarete and Roumasset (1%87), rents due 1o an

3 assumed fixed factor. At equilibrium, anticipated rent equals
actual rent iz another condition that must be satisfied.
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Table 2
A Neoclassical Model
-u3 —%y —1/m;
X; = &; [851L4 + (1 — G938, i
—-%x3 -nz —1/m3
Kz = %2 [6aLa + (1 — &2)Ka 1
LE 3 61 Py (w1 f(14my ) 1wy
Ly = ———={ {1 - iy } | =————— + 1}
9y | (1-8y )Py,
1 —
" : =
X2 S2Px W /(l4wy) 1/msy
Lg = —={{1 - é&2)|———- + 6z}
i (l=&3 3P
o
1 i ym T Fetin 1/
K = —={& | ————— * 4= 81.)}
By Gy Py
¥z :EIHEI}FL !'IT;I{I-I—“I_;II 1 /1,
Kz = {62 ! + (1. — 533}
¥z i O3 Pg }
Lo Bt |
K* = K; + Ka
L* = Ly + Lz
¥ = oxy PyE* + a3 PrLL* 2 PiCiy + Pali3
¥z = agzPxE" + apaPLl™ 2 P1Cag + PaCasz
Hi A
Cig = Q5 + ——(Y; — EB;1;P;) (2.11
B
1; = Ej_j_ - 'E;]-

¥z = Ci2 + Czz2

CPL = E;HP;

(2.1}

€2.2)

(2.3)

(2.4}

(2.5}

(2.6)

(2.7)
(2.8)
(2.9}

(2.10)

- 2.14)

(2.15)

(2.16)

(2.17)




The numerical implementalion of the model involves a process
called calibration. Given the specitied behavior of economic
agents as reflected by the equations and given the data at hand.
the parameters of the model can be determined. If the parameters
are correctly set, the model should be abhle to réproduce the dota

used in the calibration process.

The parameters of this model need to be determinec before
the base SAM is replicated and a simalation is conducted. In the
calibration process, it has been the convention to gel all prices
equal to one.7? This pracltice began with Harberger®s (1966)
general equilibrium model of taxation. This convention implies
that the hbase SAM gives both the nominal and real figures. The

main parameters of the modeil are shown in Table 3.

Table 3
Parameters of the Model

=M= TEE=E==mE == = S R e EEaEE s e .-} E et =
PRODUCTION

gy = 1.2 #4 = 1.966613 51 = 0.383677

gz = 0.4 $y = 1.9229015 63 = 0.704905
CONSUMPT 10N -

M3y = 0.21 11 = 47.4 823 = 53.0

praq = 016 s = 12.6 Bas = F2.0

-

7A good reference on calibration techniques is Mansur amd
Whalley (1984).
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For the consumption parameters, +the marginal budget shares

Hi1 and p.y were faken from Baulista (1987} . The Engel

aggregation condilion, Expr g = 1, was used to derive p;z and
if22. The Bis;s were derived using the w35, the average budget
chares taken directiy from the data and an assumed Frisch

.

paramelor,

On  the production side two extranecus parameters, tThe
3uhﬁtiiut§nn elasticities. wﬂTézhEEdﬂd to derive the rest of the
parameters. The elasticities were 1i1fted from Habito (1984). It
is easy to show +that from the optimization process, one can gelb

the distribution parameters as {subscripts are omitted):

|

B e
T(Pr/PLY(K/L)1e+x 4 1)

Having determined the numericai value of & using SAM data
for K and L and setting base prices equal to one, this and the

zero profit condition is then used to get &=

{(PgE + PLL)
P =

- PISL~* & (1 — B)E-={-172

Since the model parameters were derived from the eguilibrium
data set, the model must be able to replicate the SAM as the base

cage. In some models which get to he complicated because of its

11



size, adjustments are made in some parameters (usually the scale

parameters) £0 thal o replication is made possibie.

Tablie 4 shows the haserun FORTRAN source file of the modo!
digcussed above. The file contains the equations, the comditions
that must be met to achieve a Walrasian equilibriuvm and the
parameters computed using the model swecification and tLa basa
SAM. Notice that in the source code; only the parameters and ihe
fizxed facltor supplies are needofl to replicate the SaM. It is

also imporiant to note Lhat a statement of Walras® law  smust be

included in the file.

Column 1 of Table 35 shows the baserun of the model and the
results of the first experiment. This column indicates that the
model was able +to replicate the data from the SAM. This is
equivalent to saying that the numerical solution of +the model at
the bDase (i.e., without any chenge in exogenous variables and
parameters) is the base SAM. This is necessarv because in AGE
analvsis, the ipitial data get 15, taken a=z  the dnitiail

equilibrium position.

In this exercise, total labor suppiy was assumed to increasc
by 5 percent and real labor income distributed urﬂﬁbrtiunu]iy |
the household groups. All the prices were tried out as the
numeraire (columns 2 to 6) and cbviouwsly the same results on the

real magnitudes were achieved since the choice of a numeraire

i2




does pol matter and is arbitrary. For each column, all prices
and nominal magnitades should he  viewad relative to the
numeraire. The results of the experiment were also arranged in a

constant S5AM form.

The results conform with what is predicted by theory.
Looking at the second columr where the price of commodity 1 is
the nunnrairﬂi the increase in labor supply led te a decrease in
the” relative price of labor and an increase in the price of
capital which became relatively scarce. Sinca the price of
capital increased, the velative price of the commodity where the

production requires more capital intensive techniques also rose.

Since labor became relalively cheap, capital usage declined
and labor inputs increased in the more labor intensive industry 1
which aleo has a higher substitution elasticity. With fixed
factor supplies, capital transfers from industry 1 to industry 2.
Capital movements to the capital inltensive industry increased

labkor usage leading to an increase in total output.

In the next simalation, & 50% +tax oo capital income ol
industry 2 is imposed and the tax revenue is reallocated back le
hounsehold 1 and 2 in the proportion 30% and 7T0% respectivelyd.
The wage rate is held as a pumeraire in this experiment. The

8A similar experiment was done by Harberger (1966). Shoven
{19761, later showed arilhmetic and units—definitien errors in
Harberger and made recompuiations.

13




reader should bear in wind that facters are assumed perfectly
mobile across sectors. At Lhe iniiial equilibrium, industry 2 is
capital intensive. Houschold 2 who veceives Lhe larger part of
capital income is richer than househoid 1 who obtains income
mainly from labor elforts. Threes runs of this experiment arc
conducted with diffecing substitution elaslicities and without
changing demand paramelers. The following are the suhsfﬁtutinm

elasticities for the three runs:

I II TI1
Gy g 0.4 0.4
oy 0. 4 0. & 1.2

For all runs, Tabie 6 shows that as a result of the tax,
output of Industry 2 declines while its price goes up. With
perfect mobility of facltors, capital transfers from indusiry 2 to
industry 1. The overall (equalized) price of capital declines
due to the tarx. However, +the cost of capital in industry 2,
i.e., the price of capital gross of the tax increases. This
increase is reflected in the price of industry 2 output. - With an

et
elastic demand, consumpiion of industry 2 output declines.

The sensitivity amalysis is carried out %o =shew Lhe
magnitude of the burden capital bears with the imposition of the
tax. From experiment 1 to II, o7 is decreased with oz remaining

the seme. From experiment II to III, o is increased hélding o

1%




congtant. The share of capital’s burden as a result of the tax
may be roughly measured as the ratio of #he change in the price

af cépital and the average tax rate9:

Pod - Pyl = B{R/K")
where b is the burden and T it the tax revenue. The share of
capital's burden for runs I, II, III are 0.45, D.94% and 1.547
rﬁspéctivaiy, Thus, the burden increases when the untaxed
sector’s elasticity is decreased ar when the taxed sector's
substitution elasticity is increased — a result also obtained by

the studies ment:oned above .,

At first glance, one may calculate the total tax revenue as
1x 6 x .5 = 30. However, if general equilibrium effects are
taken into account, the tax revenue is cnnﬁiderablf lower (See
Table 7a). The resulting distribution of income is also shown in

this Table.

AGE models are used in welfare analyvses of policies which
result in price changes. With the results of a poliey
simflation, it becomes convenient to generate npumerical measures
of welfare such as the equivalent wvariation (EV) and the

compensating variation (CV).

98ee Atkinson and Stiglitz (1980).
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The EV is an evalvation using imitial prices as the base and
seeks to determine whal income change at the new prices will be
necessary to bring the consumer Lo the previous utility level.
The CV on the other band uses the new prices as its base and
tries to determine the income change needed to coiEpensate the
consumer for the price change. These measurements make use of

L

the ecxpenditure functiong, e, of each CONSUMET , 1.8.,

EV = e(P, V(Pn, ¥n}] — elP, V(P, Y)]
CV = e[Pn, V(Pa, ¥Yn)}] — e[Pn, V(P, Y¥}I
where the superscript n  denotes new levels. To get the

expenditure functions, the indirect utility functien, V, must
first be determined. The utility function from which the LEG is
obtained is U = =;(Cy - ;)i and the corresponding indirect
utility functiom is V = (V — Ei0g P ) wy (py /Py dui. Inverting this

yields the expenditure function:

¢ = Ei8iP; 4+ V wy (Py /s Jui
-~
The redistribution of the tax revenue to the twa households
show a decline in nominal income of +the second Eroup. The
computed EV and CV for cach houschold and the welfare change as
percent of total income in the tax experiment of this paper are
shown in Table 7h. Net welfare losses amounted to less than one

percent of income due to the redistribution.

L&
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Table 4

Translation of the Model
into FORTRAN Source Code

subroutine egns{n,x. )}
dimension x{1),f{1)

rtie = BASERUN.FOR

AEEAAEEN IR IRE T A AR TS RF E TR w N R R Nk A R W R W W A X R ko &

CES parameters: sigmal = 1.2 deltal = 5835677 phil = 1.966615
sigma? = 0.4 deltal = FO4905 phi2 = 1.929015

LES puramﬂtersé mull = .21 ma2l = .18

VARTABLES:
x(1} = X1 x{3) = L1 x(9)} = Pk x{13) = C11
{2} = X2 x{6) ='L2 x(10) = PL ECERY = CE2
x{3) = P1 x({7) = K1 x(11) = YI x(15) = C21

x{4) = P2 x(8) = K2 x(12) = ¥2 x(L6) = £232

LR E SR N O S T E T F R E TR T RTS8

NUMERAIRE
E{1) = x(3) — 1.6
WALBAS LAW

£L2) = ¥x(1)*x(3) — x(3)"(x{13)}+x(15}) + x(2)*x(%)
1 — x{4)*(x{14)+x(16))

FACTOR DEMANDS — labor

E(3) = (x{1}/1.966615) *= (.416323 * (.583677 ™ x(9)/(.416323*
1 x{103)) **= {—.2) +.5B3677) ** (-6.0) — %(5)

£(4) = (x(2)/1.929015) * (.295095 * (.704905 * x(9)/(.295095"
1 x(10))) ** .6 + .TO4905) ** (1/1.5) = x(6)

FACTOR DEMANDS — capital

1{51 = (x{L)/1.96661i5) * (.583677 * (.416323 = x(10}/(.583677*
1 X(9I)Y 2% (—.2) ¥ .416323) ** (—&6.0) — x(7)

f{6) = (x(2)/1.929015) = (.TOAQ05 * (.295095 * x(10)/(.704905*
1 x(9))) == .6 + .295095) ** (1/1.5) — x(B)




FACTOR MAREET EQUILIBRIUM

£(7)
£(8)
INITIAL

£(9)
: )

E(LD)
1

CONSUMER
£{11)
£(12)
£(13)

T{1&)

GOODS MARKET EQUILIBRIUM

£{15)

= (7} + x(8) = 110 :
= x(5) + x(6) — 160
ENDOWMENTS
= x(11) — (x(7Y+x(B))*x{9)"3/11
— Bl ) {10328 16
= x{12) = (=(7)+x(8))*=x{(9)*B/1}1
- (2(5)+x{6))*x{10)2T /16
BEMANDS - LES
= 47.4 + {x(11) — 47.4*x(3) - 12.6%*x(4))
= 12.6 + (x(11) — 47.4*x(3) - 12.6*x(4))
= 53.0 + (x{12) — 53.0*x({3) - 22.0*x(4))
= 22.0 + (x(12) — 53.0*x(3) - 22.0*x(4))

commodity 2

= x(2} = x(14) — x(16)

ZERD PROFIT CONBITION - industircy 1

£(16)

retuar
end

= x{1¥*x(3) - {(x(5)*x{10) + x{7)1"x(9))

n

16

*

21 /x(3)
LT x(5)
L16/%(3)

SBafx(4)

1

o Y |
{14}
x{13)

(16}




Table 5

First Experiment

Es e e e T S

T —

5 percent increase in labor supply

BASE - L
Numeraire Py Pa Px Py, CRI
I Xy 125 127.65458 12T.6555% 127.6554 12T7T.6540  127.6551
2 Xz 145 150.2418 150.2416 150.2414 150.2369 150.2393
3 Py 1 1.0000 0.9472 0.9622 1.0289 B.9709
4 Po 1 1.0558 1.00060 1.0L58 1.083%1 10251
5 L 75 TH.9T7T0 T78.977T3 TH.9774 TH.9788 TH.9781
6 La B5% 80, 0230 B9.0227 #A9.0226 89.0212 HO_ 0219
T Ky S0 4B.7516 AR8.751T7 4B.7518 4B.7531 &R.T524%
i Ea 60 61.2484 O6I1.2483 61.2482 61,2469 12476
9 Py e 3 1.0393 0.9844 1.0000 1.0662 1.0091
PRI o 1 0.97T658 0.9233 0.93749 1.8000 G. 9464
11 ¥; 1200 127.9024 121.1472 [23.0621.131.2112 124.1B08
12 ¥a 150 158.3757 150.0103F 152.3816 16i.4716 153.7670
13 Cyq 60 61.5112 61.5119 61.5118 61.5111 61.5116
1% Cia 60 62.8829 6£2.8830 62.8828 A2.B811 62.8819
15 Cz, 63 O66.1%32 66.1436 66.1436 66,1428 G66.1435
16 CUza B3 AT.3590 BT7.3586 BY.3585 #7.3558 BT.A5574

SOLUTION SaM
5.0 percent increase in Labor Supply
Numeraire = Py
=== FE SIS EREE = = S S TS E S EE ST IO EE T

L K C1 C2 X1 Xz Total
2 TH.97T0  89.0230 168.0000
K 48.T7T516 61.2484 110.0000
Ci 95_5 30 124 . 5000
c2 73.5% Ao 153.5000
X1 61.5112 66,1432 127. 6544
X2 62.8829 87.3590) 150.2418
Residual 0.0 0 0.1059 -—-0.0022 =0.0742 =0.0296
Total I68.0 110 124.5000 153.5000 127.6544 150.2418

Lo
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Table &
Second Exper imen
= —ET TR ETEEE - ERRESET

30 % Tax on Capital Income of Industry 2
Tax RBevenue Rediztribution — =T0% and Cz;=30%

ST LTI TS e e e e e e T e

=~

BASE E I1 I11 I II III

Percent change from bass
il 1253 128.9376 128.8838 128.7T191 3.15% J.11% 2.90%
12 145 140.2392 140.5825 140.504% —3_ZB% -3.05% -3.10%
P1 i 0. 3575 0.9212 G.oB92 =& F6L =T.838% =11.068%
P2 1 1.3582 1.0857 L0398 13835 H.5TL .98
L1 T TI.A210 TH.A33Y TH.ABB] -2.11% —F.227T —1.7HE
L2 B85 B6.5790 B5_i6467 86.3119 3 [ 0. 20% 1. 545%
b | 50 55.7361 54.331% 55,6256 1I1.5%7% 8.66% 11.25%
H2 a6l 54, 2639 55.504686 543744 =9.56% = e o B 1
Pk | 0.8%74 0. 8080 0.7329 10.26% —-19.20% -26.71%
Pl i 1.00G0 1.0004a 1-0000 0. 00% 0.00% 0.00%
Y1 120 133.9660 129.9823 125.9366 11.64% 8.32% & . Q5%
X2 150 149.0971 141.38%% 134.6128 =0.60% =5.7T4% —-10.26%
11 60 BH63.6848 &3.9570 64.0936 6.14% b.60% 6.82%
c1z 60 66.1317 65.4510 66.3081 6£.89% 2.09% 10.51%
c21 63 65.2327 G64%.9Z6T7 64,6255 0.39% =0.11% . 58T
Cc22 85 %6.1074 T5.1309 T4.i9606 10.46% —-11.61% -1Z.T71T

T,

a0
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Table Va

Tax Bevenue, Nominal Incomes and Transfers

1

——

1T IT1
Tax Revenue 4. 3484 224896 19.9265
TransFfers — 1 IT. 0439 15.7428 13.948B5
Transiers — U2 T.3045 G Taog 5.9779
- e —— 5 e —— e —
& income - C1 26.9222 24.2395 21.9881
K income — 22 TL.T926 64.6386 58.5348
i inEﬂm& — i G, 0000 90,0000 90,0000
iL income - C2 ¥0.0000 To.0000 70.0000
Total income — Of L33.9664 129,.9822 1259366
Total income - 02 149 0971 141.3855 135%.6127
Total income 2B83.0633 271.3677 260.5493 !
Table: Th

Equivalent and Compensating Variations
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L II IIT
EV oV EV vy EV Cv
Cl T.6430 B.3850 G.258T75 9.69991 1B.2545} 10.3176
C2 -B.7793 |-9.719%9 ilﬁ-ﬂﬁﬁﬁ =10 6851 —11. 2857 | =11 . 4084
Total ~1.1363 |-1.3309} -0.8175] -0.9446] -1.0312|. —1.1268
Loss as
%™ of ¥ 0.401% D.47D% G.301% 0.348% (.396% 0.433%
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