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Abstract

Many modellers need to add new behaviour to an existing model which isimplemented using
GEMPACK. In many such cases, the new behaviour is intimately connected with the
accounting relations in the model. An exampleis the task of adding new taxes to a mode.
Theaim of this paper is to give some guidance to modellers faced with such model
extensions.

Most models implemented in GEMPACK are written down as systems of linearised
equations. Others are written as systems of mixed levelg/linearised equations or of just levels
equations. Adding accounting-related behaviour to linearised TABLO Input files is probably
less straight forward than adding it to mixed or completely levels files.

Irrespective of the style of the equations in the original TABLO Input file, thefirst task isto
write down the levels equations describing the new behaviour.

New data may be required, and care must also be taken with this. In particular, the new data
must be set up so that the new levels equations of the model are satisfied in the pre-simulation
data base (as well as the equations of the existing model).

In the paper ardatively simple example of accounting-related behaviour is considered,
namely adding a form of consumption tax to the Stylized Johansen model. The paper
describes how this behaviour can be added to the standard linearised TABLO Input file
SILN.TAB for Stylized Johansen. In particular the paper shows how the new behaviour can
be added as linearised equations or as levels equations.
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1 Introduction

Many modellers need to add new behaviour to an existing model which isimplemented using
GEMPACK. In many such cases, the new behaviour is intimately connected with the
accounting relations in the model. An exampleis the task of adding new taxes to a model.*
Theaim of this noteis to give some guidance to modellers faced with such mode extensions.

Most models implemented in GEMPACK are written down as systems of linearised
equations. Others are written as systems of mixed levelg/linearised equations or of just levels
equations. Adding accounting-related behaviour to linearised TABLO Input files is probably
less straight forward than adding it to mixed or completely levels files.

Irrespective of the style of the equations in the original TABLO Input file, thefirst task isto
write down the levels equations describing the new behaviour. If this behaviour is being
added toa TABLO input file containing all linearised equations, there are two possibilities.

» The new equations can be added as linearised equations. In this case, the levels equations
describing the new behaviour must be linearised following the usual procedures (which
are based on differentiating the levels equations).

«  The new equations can be added as levels equations, even though all the other equations
arelinearised. This may bethe easier way to go sinceit does not require modellersto
differentiate the new levels equations. However, it does require some familiarity with
mixed levels/linearised models and with the somewhat specialised techniques required to
append several levels equationsto a linearised file. We describe this procedure later in
this paper.

We recommend that all modellers faced with this sort of task consider seriously the option of
adding the new behaviour as levels equations since especially accounting-related behaviour is
usually more naturally written in levels form than in linearised form.

In either case, new data may berequired. Care must also be taken with this. In particular, the
new data must be set up so that the new levels equations of the modd are satisfied in the pre-
simulation data base (as well as the equations of the existing model).

In therest of this note we consider ardatively simple example of accounting-related
behaviour, namely adding a form of consumption tax to the Stylized Johansen model. We
show how this behaviour can be added to the standard linearised TABLO Input file
SILN.TAB for Stylized Johansen. We describe how the new behaviour can be added as
linearised equations or as levels equations.

Thetechniques and examples given in this paper can be used with Reease 6.0 (October 1998)
or later of GEMPACK. Minor simplifications are possible with Release 8.0 (October 2002) —
see the footnotein section 2.12.3 below.

! Thisis not a discussion of the task of adding a CES nest to an existing model, since in that
caseit is natural to add the new equations as linearised equations, not levels. We have
included “ accounting-related” in thetitleto try to indicate that we are focusing here on
behaviour (like taxes) which is most naturally expressed vialevels equations.



2 Adding a Consumption Tax to Stylized Johansen

This exampleis written as an extension of the linearised TABLO Input file (usually called
SILN.TAB) for the Stylized Johansen model (see, for example, section 3.5 of GEMPACK
document GPD-1). We use herethe notation of that file SILN.TAB without further
introduction. A complete modelling description of the Stylized Johansen model can be found
in chapter 3 of DPPW (Dixon et al, 1992).

The consumption tax to be modelled hereis atax levied only on purchases by households (not
by firms). The revenue from thistax is assumed to be collected by a new agent, the
government. The government is assumed to use the tax so collected to purchase an
appropriate bundle of the commaodities produced in the economy. (We assume that, as for
househol ds, government maximizes a Cobb-Douglas utility function subject to the obvious
revenue constraint.)

2.1 Modified Data Base

It isvital to have aninitial data base which represents a levels solution to the model in
question.” We need a data base which represents a solution to the model with household taxes
and government added. It is natural to start from the standard data base for Stylized Johansen
and try to modify this to give a data base satisfying the model. Clearly this means we must
add data showing the dollar value of taxes and government expenditure on commodities.

There are two ways of doing this.

e Try to add nonzero taxes and government expenditure data to the existing data base. To
ensure that the data base created is a solution to the extended model, we must ensure that
the relevant data balancing conditions hold. This means that total tax revenue should
equal total government expenditure on commodities and, as for the basic model, the total
value of primary factor inputs to production must equal thetotal value of household
consumption. Whether or not the total value of household expenditure in that latter
condition should include or exclude the new taxes requires a little thought — in fact, it
should include the taxes. It would not too difficult to add tax and government data to
achieve these ends.’

2 The usual way of inferring a levels solution of the model is to set basic prices equal to one
and then to infer quantities by dividing dollar values by prices. The levels values of hon-basic
prices can be inferred from the relative sizes of the dollar value amounts including and
excluding the tax in question.

® One such data baseis shown below. Taxes totalling 0.6 dollars are shown. [Note that while
theinitial tax rates on the two commodities are equal in this data, the theory does not assume
they will remain equal.]

Industry Households Government Totals
1 2
Commodities 4 2 2 0.3 8.3
(Basic prices) 2 6 4 0.3 12.3
Primary factors
L abour 1.2 32 4.4
Capital 1.1 1.1 2.2
Tax by 0.2 0.2
Commodity 04 04
8.3 12.3 6.6 0.6




e Trytousethe existing data base asis. Thiswould mean assuming that there are zero
taxes and zero government expenditurein the data base. Clearly thiswill giveus a
solution to the new model in which the base power of the household taxesis 1 (that is, the
ad valoremrates are zero).

Even in the second case where the new entries are zero, slots must be added in the data base
scheme for these two items of data. Even when the initial data shows no taxes, post-
simulation data will have taxes once the rates are shocked from zero to a nonzero value.

Of course, inareal modd (rather than a pedagogical one such as Stylized Johansen), you may
need to seek extra outside datato add to your data base. If this extra data is not readily
available, there may be some virtue in starting with a data base in which the new taxes are
initially zero (or nearly zero) and using a simulation with the model to introduce nonzero
taxes (by giving appropriate and plausible shocks to the tax rates).

In the files associated with this note, this is what we recommend. First add slots (with zero
values) for the taxes and government expenditure. Then shock the model (the powers of the
taxes are naturally exogenous) to produce a data base containing nonzero taxes.

It is most important to start from initial data which represents a levels solution of the
(extended) model. All GEMPACK simulations are calculated as perturbations (via the shocks)
of the model from thisinitial solution. If the starting data baseis not a solution of the model,
the simulation results will not be meaningful.

2.2 New Variables and Equations
The new levels entities are

GOVI NC total government income
GOVEXP total government expenditure

XGOV(i) i i n SECT, quantity of government purchases of each commodity
DVGEOV(i) i i n SECT, valueof government purchases of each commodity
DVHOUSTAX(i)i in SECT, valueof taxes paid by households on each commodity
THOUS( i) i i n SECT, power of the consumption taxes on each commodity
PHOUS(i ) i i n SECT, price(including tax) paid by households for commodities

The obvious levels equations are (in TABLO notation):

Equati on E_DVGOV
(Al'l,i, SECT) DVEOV(i) = PC(i) * XGOVM(i) ;
Equati on E_DVHOUSTAX
(Al'l,i, SECT) DVHOUSTAX(i) = [THOUS(i) — 1] * DVHOUS(i) ;
Equati on E_PHOUS
(Al'l,i, SECT) PHOUS(i) = PC(i) * THOUS(i) ;
Equati on E_GOVI NC

GOVINC = SUM i, SECT, DVHOUSTAX(i)) ;
Equati on E_GOVEXP

GOVEXP = GOVI NC ;
Equati on E_XGOV
(Al'l,i, SECT) XEOV(i) = AGOV(i) * GOVEXP / PC(i) ;

Thefirst two equations E_ DVGOV and E_DVHOUSTAX connect dollar values with the
associated prices and quantities. Thethird E_PHOUS connects the dollar values at the two
different prices (one including the tax and the other excluding it). The fourth E_GOVINC says



that government income consists of all tax revenue and the fifth E_GOVEXP says that the
government spends all its income.

Thelast equation above E_XGOV is the solution to the government’ s purchasing decision,
maximising utility U where

U = XGOV( 1) "M XGOV( 2) “*M2

subject to the budget constraint

GOVEXP = SUM i, SECT, DVGOV(i))

Here the new parameters AGOV(i) aregiven by the formula
(Al'l,i, SECT) AGOV(i) = DVGEOV(i) |/ GOVEXP ;

(which is analogous to the formula for the parameters ALPHAH(i) in the standard levels
TABLO Input file SILV.TAB for Stylized Johansen, as distributed with Release 6.0 of
GEMPACK).

For checking purposes, it is probably useful to add a variable GOVEXP_ALT reporting an
alternative measure of total government expenditure. [Of course, GOVEXP_ALT should
equal GOVEXP.] The new variableis

GOVEXP_ALT alternative way of calculating total government expenditure

and the associated levels equation is

Equati on E GOVEXP_ALT
GOVEXP_ALT = SUMi, SECT, DVGOV(i)) ;

2.3 Modified equations

The price paid by households for commodities is now PHOUS(i) rather than the PC(i) in the
original model. The price PHOUS(i) must replace the price PC(i) in the (linearised) equation
Consuner _demands intheoriginal modd.

Market clearing of commodities (the equation called Com cl ear in SILN.TAB) must now
include the term for government purchases. The levels version of this must be changed to

Equati on Comclear (Al,i, SECT)
XCOMi) = SUMj, SECT, XC(i,j)) + XH(i) + XGOV(i) ;

We describe suitable versions of this for each of the TABLO Input files described below.

2.4 Extra Reads

The new data vectorsfor DVGOV(i ) and DVHOUSTAX(i) for i in SECT are
assumed to be added to the usual Header Array data file for Stylized Johansen at headers
“GCON" and “HTAX" respectively. These areread via the statements

READ DVQOV fromfile data header “GCON' ;
READ DVHOUSTAX fromfile data header “HTAX' ;



2.5 Closure changes

The normal change to the closure would be to take the two new tax rates THOUS(i ) as
exogenous. All other new variables are endogenous and all existing variables retain the same
exogenous/endogenous status. [One alternative would be to set the government demands for
commodities XGOV(i) exogenous and leave thetax rates to be determined endogenously.]

2.6 Initial Levels Solution of Modified Model

Aswith ordinary Stylized Johansen, thisis easily obtained. The usual way isto set all basic
prices [PC(i), PF(f)] equal to1andinfer the obvious quantities from the dollar values.

2.7 Checking the Initial Data

Starting from the original TABLO Input file SICHK.TAB used to check whether the data
base for Stylised Johansen is balanced, a new extended TABLO Input file SIHTCHK.TAB
has been written. After reading values of DVGOV (i) and DVHOUSTAX(i), new coefficients
GOVINC and GOVEXP are calculated. For a balanced database, the government expenditure
GOVEXP should equal the government income GOVINC.

Coefficient GOVEXP

# Dol l ar value of total government expenditure # ;
Coefficient GOVINC

# Dol l ar value of total governnment incone # ;
Coefficient (AIl,i,SECT) THOUS(i)

# power of tax paid by households for each commodity # ;
Formul a GOVEXP = SUM i, SECT, DVGOV(i) ) ;

Formul a GOVINC = SUM i, SECT, DVHOUSTAX(i) ) ;

Thereisalso aformulato calculate theinitial power of tax paid by households for each
commodity:

Formula (Al,i, SECT) THOUS(i) = 1 + { DVHOUSTAX(i)/DVHOUS(i)} ;

2.8 Alternative TABLO Input Files for the New Model

Asindicated in the introduction, we can choose to add the new equations as linearised ones or
as levels ones. We discuss the two alternatives in detail below. We call the two alternative
TABLO Input files SIHTLTAB and SJHT3.TAB respectively. [Here “HT” stands for
household tax.]

* In SIHTLTAB, al new equations are linearised.
* InSIJHT3.TAB, the new equations are added as levels equations where this seems most
natural.

In fact it makes a difference in the linearised version whether or not we allow for the cases
wherethe taxes are zero. Thisleads to two linearised files

e SIJHT1.TAB (which does not handle zero taxes) and
e SIHT2TAB (where zero taxes are allowed for).

In each case, most of the additions can be added in a self-contained section at the end of the
file. Of course, the original versions of the modified equations Consuner _demands and



Com cl ear must be commented out. Also a couple of changes must be made to the
original file, as we will see below.

2.9 Overview of the SJHT examples

This section ia a summary of points we would like you to watch as you work through the
example TABLO Input files SIHTLTAB, SIHT2.TAB and SIHT3.TAB below.

Inthelinearised additionsin SIHT1.TAB and SIHT2.TAB

Thelevels equations are differentiated.

What is usually called dX we prefer to call ¢ X (thechangein X).

We are using the notation p_X for the percentage changein X.

Conveatc Xintop X using ¢ X =X*p X/100 where appropriate.

Use change variables c_X instead of percentage changes when the associated levels
coefficient X may be zero.

When linearising equations you need to consider whether the variable is a percentage
change or an ordinary change and differentiate appropriately.

Some levels equations appear as UPDATEs instead of EQUATIONS.

Each levels equation may need to be written asa FORMULA. This formula may be one
which is calculated at each step of a multistep calculation (see section 2.10.2 below) or
may be one which is used to calculate aninitial levels solution for the model. In the
second case, the linearised version of the levels equation is also needed; it is required so
that the software can cal culate the percentage changes or changesin the variables in the
equation.

Inthelevels addition in SIHT3.TAB,

Write the equationsin levels form.

Link linear percentage change or ordinary change variables in the old section of the TAB
file with the new levels variables. Link old coefficients from the TAB file to the new
levels variables.

Make sure all entitiesin the levels equations are levels variables.

Use FORMULA & EQUATION statements where possibleinstead of just EQUATION
statements to calculate the initial solution.

Order the FORMULA & EQUATION statements to build up the initial solution from the
data values read in from the data files.

It is easy to change between change and percentage change variables when using levels
equations because TABLO differentiates with the correct variablep X or ¢_X. [If you
add or ddetethe qualifier “(Change)” in the declaration of a levels variable, this changes
the associated linear variable between being a change and a percentage-change variable.
Contrast this with the linearised case where you must recalculate the linearisation if a
variable changes from change to percentage change, or vice versa.]

2.9.1 Working with the Example Files Provided

Y ou will work through a detailed discussions of the alternative TABLO Input files in the next
3 sections. Asyou do this, you may find it helpful to have these TABLO files on your
computer. Section 4 tells you how to do this.



2.10 Linearised TABLO Input file SJHT1.TAB

Here we discuss the additions and changes that must be madeto SILN.TAB to produce a
TABLO Input file SIHT1.TAB in which the new equations are written down in linearised
form. In this case, we work with percentage-change linearised variables. Since a percentage
change cannot be defined if a variable starts from value 0, this file SIHT L. TAB will not
handle zero taxes. [Later we will build SIHT2.TAB which can handle zero taxes.]

2.10.1 TheNew Linear Variables

These are defined in SIHT1.TAB as shown below. They areall percentage-change variables
except for c DVHOUSTAX.*

Vari abl e p_GOVI NC # total governnent inconme # ;
Vari abl e p_GOVEXP # total governnent expenditure # ;
Vari abl e p_GOVEXP_ALT
# Alternative version of gov. expenditure — should equal p_GOVEXP # ;
Variabl e (ORI G_LEVEL=DVGEOV) (All,i,SECT) p_XGOV(i)
# anount of governnment consunption of each commodity # ;
Variabl e (ORI G_LEVEL=THOUS) (All,i,SECT) p_PHOUS(i)
# price (including tax) paid by households for each commodity # ;
Vari abl e (ORI G_LEVEL=THOUS) (All,i,SECT) p_THOUS(i)
# power of tax paid by households for each commodity # ;
Vari abl e( Change, ORI G_LEVEL=DVHOUSTAX) (Al | , i, SECT) c¢_DVHOUSTAX(i)
# Dol | ar val ue of household tax by comodity # ;

2.10.2 Extra Coefficientsand Formula

We have seen two new coefficients DVGOV (i) and DVHOUSTAX(i) which areread in from
the data files.®

Coefficient (GE 0) (AIl,i,SECT) DVGOV(i)

# val ue of governnment expenditure on each comodity # ;
Coefficient (GE 0) (AIIl,i,SECT) DVHOUSTAX(i)

# val ue of tax on househol d consunption of each comodity # ;

In addition new coefficients GOVINC, GOVEXP and THOUS(i) are introduced and
calculated using formulas derived from the levels equations.

Coefficient GOVINC # total governnent incone # ;
Coefficient GOVEXP # total governnent expenditure # ;
Coefficient (GE 0) (AIIl,i,SECT) THOUS(i)

# power of tax paid by households for each commodity # ;

Formula  GOVINC = SUMi, SECT, DVHOUSTAX(i) ) ;
Formula  GOVEXP = SUMi, SECT, DVGOV(i) ) ;
Formula (All,i,SECT) THOUS(i) = 1 + {DVHOUSTAX(i)/DVHOUS(i)} ;

*The“ORIG_LEVEL=DVGOV” in the declaration of p_XGOV(i) tels the software the pre-
simulation levels value of the quantity of government use of each commodity. This assumes a
volume measurement in which one unit of volume is the amount which can be purchased for
one dollar in the base period. See chapter 2 of GEMPACK document GPD-4 for more
details.

®> The qualifier “(GE 0)” tdls the software that these quantities must never be negative. See
section 2.2 of GEMPACK document GPD-4 for more details.



These formulas are recalculated at each step of a multistep calculation so that the values of
GOVEXP etc reflect the data base as updated at the start of each step of the multi-step
calculation. [Notethat an Update statement is not the appropriate way of ensuring up-to-date
values of GOVEXP etc since these quantities GOVEXP etc are calculated by formulas, not

readg. Update statements can only be used to update the values of Coefficients which are
read’.]

Notethat, in TABLO Input files, the values of Coefficients are the (current) values of levels
variables. [Thisisone definition of the term “ Coefficient” as used in GEMPACK TABLO
Input files]

The formulas above are needed because (as you will see in the next section) the values of
GOVEXP, GOVINC and THOUS are needed in the linearised versions of one or more
equations.

2.10.3 The New Equations
Asindicated above, thefirst new equation (in levels form) is:
(All,i,SECT) DVGOV(i) = PC(i) * XGOV(i) ;

In alinearised TABLO Input file, this equation appears not as equations but rather as an
Update sinceit is needed to tell how the software updates the values of the data items which
areread initially. Thevalues DVGOV (i) must be updated after each step of a multi-step
simulation. In SIHT1.TAB this equation appears as

Update (All,i,SECT) DVGOV(i) = p_PC(i) * p XGOV(i) :

Theremaining equations (in levels form) can be linearised using standard techniques, aswe
describe below in detail.

Equati on(Level s) E PHOUS
(Al'l,i, SECT) PHOUS(i) = PC(i) * THOUS(i) ;

Thelinearised version of the equation E PHOUS in SIHT1.TAB is
Equati on(Li near) E_PHOUS
# Rel ates commpdity prices and taxes #

(AI'l,i,SECT) p_PHOUS(i) = p_PC(i) + p_THOUS(i) ;

[This linearisation uses the well-known rule that the linearised version of the percentage
change in a product is just the sum of the percentage changes.]

Equati on(Level s) E_GOVEXP
GOVEXP = GOVI NC ;

Thelinearisation of the equation E_ GOVEXP above s, of course,
Equati on(Li near) E_GOVEXP
# CGover nnent expenditure equal s governnent inconme #

p_GOVEXP = p_GOVI NC ;

Equati on(Level s) E_XGOV

® Update statements can also be used to update Coefficients whose initial values are set viaa
Formula(lnitial).



(All,i,SECT) XGOV(i) = AGOV(i) * GOVEXP /| PC(i) ;
Thelinearisation of the equation E_XGOV aboveis

Equation(Linear) E XGOV # Governnent usage of comodities #
(Al'l,i, SECT) p_XGV(i) = p_GOVEXP - p_PC(i) ;

This linearisation uses the following well-known rules.
(i) The percentage change in a constant times a variableis just equal to the percentage
change in the variable. [Here the constant is AGOV (i) and the variable part is
GOVEXP/PC(i). Thisiswhy the constant AGOV(i) does not appear in the linearised
equationin SIHT1.TAB.]
(ii) The percentage change in aratio is just the difference of the percentage changes.
[Heretheratio is GOVEXP/PC(i).]

Thelinearisation of E_DVHOUSTAX is fairly complicated. We work through the details
below.’

Equati on(Level s) E_DVHOUSTAX
(Al'l,i, SECT) DVHOUSTAX(i) = [THOUS(i) — 1] * DVHOUS(i) ;

By the product rulefor differentiation,®
c_DVHOUSTAX(i ) =( THOUS(i )- 1) *c_DVHOUS(i) + DVHOUS(i)*c_THOUS(i)
Changing to percentage changes on the right hand side,°

¢_DVHOUSTAX( i ) =( THOUS(i ) - 1) * DVHOUS( i ) * p_DVHOUS(i ) / 100
+ DVHOUS(i ) * THOUS(i ) * p_ THOUS(i ) / 100

From the levels equation above, replace (THOUS(i)-1)* DVHOUS(i)* THOUS(i) by
DVHOUSTAX(i). Usethe usual rulefor the percentage change in a product to replace
p_DVHOUS(i) by (p_PC(i)+p_XHJ(i)) since DVHOUS(i)=PC(i)* XH(i) is one of thelevels
equations underlying standard Stylized Johansen. Then multiply both sides by 100, which
gives the linearised equation
Equati on(Li near) E_DVHOUSTAX
100* c_ DVHOUSTAX(i ) = DVHOUSTAX(i )*(p_PC(i) + p_XH(i)) +

+ (DVHOUS(i) + DVHOUSTAX(i))* p_THOUS(i)

Equati on(Level s) E_GOVI NC
GOVINC = SUM i, SECT, DVHOUSTAX(i)) ;

Begin by differentiating both sides. This gives
c_GOVINC = SUM i, SECT, c_DVHOUSTAX(i) )
Substitute for c GOVINC,

c_GOVINC = GOVI NC*p_GOvI NG/ 100

" Details of a similar differentiation and derivation can be found in equation (28) in Excerpt
28 on page 108 in Horridge, Parmenter and Pearson (1993).

8 This is the differentiation rule which says that d(X*Y) = X*dY + Y*dX. Or, using“c_” to
denote changes, aswe prefer to, ¢ (XY)=X*c Y +Y*c X.

° Thisis the usual formulathat c_X = X*p_X/100.



where p_ isused to denote the percentage change in a quantity. This completes the
linearisation of the left-hand side.

Since we have introduced the variable ¢ DVHOUSTAX(i), and calculated it in the previous
equation, it is asimple matter to complete the linearisation of the GOVINC levels equation.
Thisiswrittenin SIHT1L.TAB as

Equati on(Li near) E_GOVI NC
# CGover nnent spendi ng natches tax revenue #

GOVI NC*p_GOVI NC = SUM i, SECT, 100*c_DVHOUSTAX(i) ) ;
We also use c_ HOUSTAX (i) to update the values of DVHOUSTAX(i).%°

Updat e (Change) (All,i, SECT)
DVHOUSTAX(i) = c_DVHOUSTAX(i) ;

2.10.4 The Modified Equationsand Formula

The modified equations arethose called Consuner _denmands and Com cl ear. The
modified version of thefirst of theseis simple: just replace p_PC(i) in it by p_ HOUS(i).

Equati on Consuner _demands (Al I, |, SECT)
P XH(i) = p_Y - p_HOUS(i) ;

Thelevelsversionof Com cl ear is

Equati on(Level s) Comclear (Al,i, SECT)
XCOMi) = SUMj, SECT, XC(i,j)) + XH(i) + XGOV(i) ;

Thelinearised version in SILN.TAB is

EQUATI ON Com cl ear # Commobdity nmarket clearing #

(all,i,SECT) p_XCOMi) =
BHOUS(i ) *p_XH(i) + SUMj, SECT, BCOMi,j)*p_XC(i,j))
! This was (E3.2.4) in DPPW! ;

Thelinearised version in SIHT1.TAB is asfollows. The derivation of this equationis
discussed in the paragraph after the equation.

Equati on(Linear) Comclear # Comobdity narket clearing #
(all,i,SECT) DVCOMi)*p_XCOMi) =

SUM(j , SECT, DVCOM N(i ,j ) *p_XC(i,j)) +
DVHOUS(i ) *p_XH(i) + DVGOV(i)*p XGOV(i)

A levelsequation A =B + C can belinearised in shareform as
pA=SB*p B+SC*p C

where SB and SC are the shares B/A and C/A respectively. It can also be linearised in “value’
form

10 See section 3.5.3 of GEMPACK document GPD-1 for information about the different types
of Update statement and their meaning.
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A*pA=B*pB+C*p C

which you can think of as saying that 100 times the changein A is equal to 100 times the
change in B plus 100 times the change in C. (Thisisbecausep A = 100*c_A/A wherec Ais
thechangein A.) Theshareform of linearisation is used in the original SILN.TAB but we
now prefer the “values’ form —for examplethe “values’ formis used in the ORANI-F paper
referred to above. Theversion of Com clear in SIHT1.TAB isthe“values’ version. The
derivationis asfollows.

First differentiate the levels equation Com_clear to give
¢_XCOM(i) = SUM(j,SECT, c_XC(i,j)) + c_XH(i) + c XGOV(i)
Thenreplace each ¢ X term by X*p_X/100 and multiply both sides by 100 to give

XCOM (i)*p_XCOM(i) =
SUM(j,SECT, XC(i,j)*p_XC(i,j)) + XH()*p_XH(i) + XGOV (i)*p_XGOV(i)

Finally multiply both sides by the common base price PC(i) which gives the linearised
version of Com_clear shown above. [For example, PC(i)*X COM(i)=DVCOM(i).] Note that
this final step only works because there is a common price PC(i) for each quantity in the
equation.

Note that the formulafor DVCOM in SILN.TAB must aso be modified to include
DVGOV(i). [Thisillustrates one of the possible traps in adding accounting-related behaviour
to alinearised model. When a levels equation must be modified, as must Com clear here, you
may remember it modify the linearised equation but forget to modify the Formulawhichis
really the same levels equation.™]

FORMULA (Al l,i, SECT)
DVCOM(i) = SUMj, SECT, DVCOM N(i,j)) + DVHOUS(i) + DVGOV(i):

2.10.5 TheEquation for GOVEXP_ALT

In the levels we have the equation

Equati on(Level s) E GOVEXP_ALT
GOVEXP_ALT = SUMi, SECT, DVGOV(i)) ;

First differentiate:
C_GOVEXP_ALT = SUMi, SECT, c¢_DVGOV(i))
GOVEXP * p_GOVEXP_ALT = SUMi, SECT, DVGOV(i)*p_DVGOV(i) )

Theremaining step in the linearisation of the GOVEXP equation is the substitution of the
linearised form of the percentage changein DVGOV/(i) which isjust the sum of the
percentage changes p_PC(i)+p_XGOV(i).

Equati on(Li near) E GOVEXP_ALT # Total governnment expenditure #
GOVEXP*p_GOVEXP_ALT =
SUM i, SECT, DVGOV(i)*{p_PC(i) + p_XGM(i)} ) ;

! This possible pitfall would be avoided if the original TABLO Input file were a mixed onein
which the accounting identities were written as levels equations.
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2.10.6 The Complete TAB fileSJHT1.TAB

Thecompletefile SIHT1.TAB is availablein the ZIP file associated with this document. You
can download it from the GEMPACK web site and study the details. The additions are shown
infull in Appendix A.
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2.11 Linearised TABLO Input File SJHT2.TAB (handles zero taxes)

In SIHTL.TAB thelinearised variablesp XGOV (i), p_GOVINC report percentage changesin
quantities which will be zero if there are no taxes in the pre-simulation data base. Sincea
percentage change in zero is meaningless, thefile SIHT1.TAB will not perform adequately
when zero taxes are present. Here we show how you can produce a file SIHT2.TAB which
can handle zero taxes. Clearly the corresponding variables must be change variables rather
than percentage-change variables. We must take this into account when we linearise the
equations.

2.11.1 The New Variables
Therelevant Change variables are as follows.™

Vari abl e (Change) ¢ GOVINC # total governnent incone # ;
Vari abl e (Change) ¢c_GOVEXP # total government expenditure # ;
Vari abl e (Change, ORI G LEVEL=DVQOV) (Al,i,SECT) c_XGOV(i)
# anount of governnment consunption of each commodity # ;
Vari abl e (Change, ORI G_LEVEL=DVHOUSTAX)
(Al'l,i,SECT) c_DVHOUSTAX(i)
# Dol | ar val ue of household tax by comodity # ;

The other new variables, p PHOUS(i) and p_ THOUS(i), are percentage-change variables.
Their declaration in SIHT2.TAB isthesameasit isin SIHTL.TAB.

2.11.2 The New Equations

As shown above, the levels versions of these are

Equati on
E_DVQV (Al'l,i, SECT) DVEOV(i) = PC(i) * XGOV(i) ;
E_DVHOUSTAX (All,i, SECT)

DVHOUSTAX(i) = [THOUS(i) — 1] * DVHOUS(i) ;
E_PHOUS (Al'l,i, SECT) PHOUS(i) = PC(i) * THOUS(i) ;

E_GOVINC GOVINC = SUM i, SECT, DVHOUSTAX(i)) ;

E_GOVEXP GOVEXP = GOVI NC ;

E_XGOV (All,i,SECT) XGOV(i) = AGOV(i) * GOVEXP /| PC(i) ;
Thelinearisation of the equation E_GOVI NC is

Equati on E_GOVEXP
# CGover nnent expenditure equal s governnent income #
c_GOVEXP = c¢_GOVINC ;

The equation E_GOVI NC isvery easy to lineariseto give

Equation E GOVINC # Governnent spendi ng matches tax revenue #
c_GOVINC = SUMi, SECT, c_DVHOUSTAX(i) ) ;

[Thisjust says that the change is the sum of the changes.]

2 The“ORIG_LEVEL=DVGOV"” in the declaration of ¢ XGOV(j) tells the software the pre-
simulation levels value of the quantity of government use of each commodity. This assumes a
volume measurement in which one unit of volume is the amount which can be purchased for
one dollar in the base period. See chapter 2 of GEMPACK document GPD-4 for more
details.
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Now consider the following levels equation.

Equati on(Level s) E_XGOV
(Al ,i, SECT) XEOV(i) = AGOV(i) * GOVEXP / PC(i) ;

In preparation for linearising it, multiply both sides by PC(i), which gives
PC(i) * XGOM(i) = AGOV(i) * GOVEXP
Now differentiate both sides, which givas13
PC(i)*c_XGOV(i) + XGOM(i)*c PC(i) = AGOV(i)*c_GOVEXP
Now ¢_PC(i) = PC(i)*p_PC(i)/100 so that

XGOV(i)*c_PC(i) = [ XGV(1)*PC(i)]*p_PC(i)/ 100

DVGOV(i) * p_PC(i)/ 100

Inthis TABLO Input file SIHT2.TAB thereis no coefficient PC(i) corresponding to the
percentage change p_PC(i), so we introduce PC L (i) asfollows:

Coefficient (Al,i,SECT) PC L(i)
# Basic prices of the conmmodities # ;

Theinitial value of PC_L(i) isset to 1 and it is updated using the percentage change p_PC(i)
from the original moddl.

Formula (Initial) (AIl,i,SECT) PCL(i) =1 ;
Update (All,i,SECT) PC L(i) = p_PC(i) ;

Hencethe linearised version in SIHT2.TAB is as below.

Equation E XGOV # Governnent usage of comodities #
(Al'l,i, SECT)
100*PC _L(i)*c_XGOV(i) + DVGAOV(i)*p_PC(i) = 100* AGOV(i)*c_GOVEXP ;

This leaves the following three levels equations.

(All,i,SECT) DVGOV(i) = PC(i) * XGOV(i) ;
(All,i,SECT)  DVHOUSTAX(i) = [THOUS(i) — 1] * DVHOUS(i) ;
(All,i,SECT) PHOUS(i) = PC(i) * THOUS(i) ;

The second and third of these are linearised in SIHT2.TAB in the sameway asin
SIHT1.TAB. Thefirst needs a different treatment from that in SIHT1.TAB since
SIHT2.TAB hasc_ XGOV(i) whereas SIHT1.TAB has p XGOV(i). The quantity DVGOV(i)
is read so this equation becomes an Update statement in SIHT2.TAB (asit isin SIHTLTAB).
To work out the Update formula, we must differentiate the equation to obtain an expression
for the changec DVGOV(i) in DVGOV(i). Differentiating the equation leads to
c_DVGOV(i) = PC(i)*c XGOV(i) + XGOV(i)*c PC(i)
PC(i)*c_XGOV(i) + XGOV(i)*PC(i)*p_PC(i)/100
PC(i)*c_XGOM(i) + DVGOV(i)*p_PC(i)/ 100

B Theleft-hand side is an example of d(XY) = X.dY + Y.dX. Theright-hand sideis an
example of d(C.Z) = C.dZ when C is a constant.
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Hence we have the following Updatein SIHT2.TAB using the coefficient PC_L (i) asin the
previous equation instead of PC(i)

Update (Change) (All,i, SECT)
DVEOV(i) = PC L(i) * c_X@QOV(i) + DvVEOV(i) * p_PC(i) / 100 ;

[Theright-hand side of an Update(Change) must an expression for the change in the quantity
being updated.]

2.11.3 The Modified Equations and Formula

The equation Consuner _denands is modified in the same way as in the file SIHT1.TAB.

Equati on Consuner _demands # Househol d expenditure functions #
! (original) (all,i,SECT) p_ XH(i) =p_Y - p_PC(i) !
(all,i,SECT) p_XH(i) =p_Y - p_PHOUS(i);

In SIHT1.TAB, thelinearised version of the equation Com cl ear was

Equati on(Linear) Comclear # Comobdity nmarket clearing #
(all,i,SECT) DVCOMi)*p_XCOMi) =
SUMj , SECT, DVCOM N(i,j)*p_XC(i,j)) +
DVHOUS(i ) *p_XH(i) + DVGOV(i)*p_XGOV(i)

Since the percentage change p_ XGOV/(i) is now replaced by a change variable c XGOV (i),
the last term in the equation is changed:

DVGOV(i) * p_XGOV(i) = PC(i)*XGOV(i)*p XGOV(i)
PC(i) * (100*c_XGOV(i))
PC L(i) * (100*c_XGOV(i))

using the value of PC_L (i) defined earlier, so the equation Com cl ear becomes
Equati on Comclear # Comobdity nmarket clearing #
(all,i,SECT) DVCOMi)*p_XCOMi) =
SUM j , SECT, DVCOM N(i,j)*p_XC(i,j)) +
DVHOUS(i ) *p_XH(i) + 100*PC L(i)*c_XGOV(i) ;

Asin SIHT1.TAB, theformulafor DVCOMY(i) in the original part of the TAB file must be
modified to have DVGOV (i) added on the right-hand side.

2.11.4 The Equation for GOVEXP_ALT
Differentiate the levels equation for GOVEXP_ALT:

Equati on(Level s) E GOVEXP_ALT
GOVEXP_ALT = SUM i, SECT, DVGOV(i)) ;

This gives

c_GOVEXP_ALT = SUMi , SECT, c_DVGOV(i))
= SUMi, SECT, (PC L(i)*c_XGOV(i)+DVGOV(i)*p_PC(i)/100))

when we substitute in the value of ¢ DVGOV(i) derived for the Update statement for
DVGOV(i) earlier. Hence:
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Equati on E GOVEXP_ALT
# Alternative cal culation of governnment expenditure #
c_GOVEXP_ALT =
SUMi, SECT, PC L(i) * c_X@V(i) + {DVGOV(i)/100} * p_PC(i) ) ;

2.11.5 The Complete TAB file SIHT2.TAB

The completefile SIHT2.TAB is availablein the ZIP file associated with this document. You
can download it from the GEMPACK web site and study the details. The additions are shown
infull in Appendix B.

16



2.12 TABLO Input file SJHT3.TAB with New Equations in Levels

Here we discuss the additions and changes that must be madeto SILN.TAB to produce a
TABLO Input file SIHT3.TAB in which the new equations are written down in levels form
where this seems most natural.

2.12.1 Default Statements

Most of the variables and equations we will add are levels ones. Most of the Formulas will be
Initial formulas. Hence the additions begin with the following default statements.

Vari abl e (Default=Levels) ;
Equati on (Defaul t=Levels) ;
Formula (Default=lnitial) ;

In the code which follows, if we say just “Equation” that will mean a levels equation. If we
want a Linearised equation, we must put “Equation (Linear)” in the code. Similarly for
variables.

2.12.2 LevelsVariables

The new levels variables are shown below. [Notethat, in the linearised verson SIHT1.TAB,
most of these are declared as Coefficients.]

Vari abl e (Change) GOVI NC # total governnent inconme # ;
Vari abl e (Change) GOVEXP # total governnent expenditure # ;
Vari abl e (Change) GOVEXP_ALT
# Alternative version of gov expenditure — should equal GOVEXP # ;
Vari abl e (Change) (All,i, SECT) XGOV(i)
# anount of governnment consunption of each commodity # ;
Variable (Al,i, SECT) PHOUS(i)
# price (including tax) paid by households for each commodity # ;
Variable (AIl,i,SECT) THOUS(i)
# power of tax paid by households for each commodity # ;

! The declaration and reading of DVGOV is added in
the original part of the file !
Vari abl e (Change, GE 0) (Al Il,i, SECT) DvVGOV(i)
# val ue of governnment expenditure on each comodity # ;
Vari abl e (Change, GE 0) (All,i, SECT) DVHOUSTAX(i)

# val ue of tax on househol d consunption of each comodity # ;
| Level s versions of variables in the original nodel !
Variable (Al,i,SECT) PC L(i)

# price (excluding tax) for each commodity # ;
Variable (AIl,i, SECT) DVHOUS L(i)

# Basi c val ue of each comobdity used by househol ds # ;

Several of the variables above have been declared as Change variabl es because we want the
model to include the possibility that there are zero taxes shown in the pre-simulation data
base. [If you wanted to start from a data base containing nonzero taxes and expected the taxes
never to be zero in any updated data base, you might prefer to leave these as percentage-
change variables] Thereis no problem with having the prices or powers of thetax as
percentage-change variables since these are never zero in the levels, even when no taxes are
present.

After the declaration of these levels variables, we are free to refer to the associated Linear
variablessuch as ¢_ DVHOUSTAX(i ) and p_THOUS(i ). [c_DVHOUSTAX(i ) because
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DVHOUSTAX isaChange variableand p_THOUS(i ) since THOUS is a percentage-change
variable] We are also ableto treat the quantities so declared (for example, DVHOUSTAX(i )
and THOUS(i)) asCoefficients. Thus for example, we can Read the DVHOUSTAX values.
See section 2.2 of GEMPACK document GPD-2 for more details.]

Aswith SIHT1.TAB, the new levels variable DVGOV (i), government expenditure on the
commodities, must be declared and read before DVCOM(i) is calculated. Therelevant
statements (which are inserted near the “ Reads” section of the original file) are as follows.

Vari abl e (Levels, Change, GE 0) (Al Il,i, SECT) DVGOV(i)
# val ue of governnment expenditure on each comodity # ;

! Additional read of governnent consunption !
READ DVGOV FROM FI LE i odat a HEADER " GCON' ;

Herethe qualifier “Levels’ must be included since, in the original part of thefile, variables
aretaken to be Linearised ones if no qualifier is present. Asin SIHT1.TAB, theformulafor
DVCOM(i) which follows soon after is modified to include DVGOV (i) on the right-hand
side.

2.12.3 Connectionswith the Original M odel

We want to add the new equations as levels equations. Some of these equations involve
variables or coefficients (PC(i ) , the basic commodity prices and DVHOUS(i ) , the value of
commodities used by households) which have been declared as linear variables or coefficients
intheoriginal model. To includethesein levels equations, we need also to introduce levels
versions of these variables, and we need to connect the new levels variables to the original
linearised variables in the original part of thefile. Weattach “_L” to the names of these
levels variables. [If wetried to introduce a levels variable called simply PC(i ) , as seems
most natural, TABLO will automatically try to declare p_PC(i) as alinearised variable, and
TABLO will then abject because p_PC(i) has been declared earlier.]

| Level s versions of variables in the original nodel !

Variable (Al,i,SECT) PC L(i)

# price (excluding tax) for each commodity # ;
Variable (AIl,i, SECT) DVHOUS L(i)

# Basi c val ue of each comobdity used by househol ds # ;

Theinitial valuesof PC_L(i) and DVHOUS L (i) areset using Formula(lnitial).

Formula (AlIl,i,SECT) PC L(i) =1 ;
Formula (All,i,SECT) DVHOUS L(i) = DVHOUS(i) ;

I Connection between |evels versions here and the |inearised
variables in the original nodel !
Equation (Linear) E PC L (AI'l,i,SECT) p PCL(i) = p_PC(i) ;
Equation (Linear) E DVHOUS L
(Al'l,i,SECT) p_DVHOUS L(i) = p_PC(i) + p_XH(i) ;

This ensuresthat PC_L (i) and DVHOUS L (i) are updated using the percentage change
variables p_PC(i) and p_XH(i) from the original model. (Levels variables are automatically
updated using the corresponding change or percentage change. For example, PC_L(i) is
updated by p PC_L(i)).
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The above codeis rather unnatural and artificial. It is necessary because we are grafting on
levels equations to a file SILN.TAB which contains only linearised equations.™

2.12.4 Setting Initial Values of Levels Variables

When levels variables are declared, it is hecessary to give a sequence of reads and formulas to
set their initial (that is, pre-simulaion) values. Thisis because, when you write down alevels
equation, TABLO automatically linearises it; the associated linearisation usually involves the
associated Coefficient (that is, levels value) as well as the associated linearised variables
(changes or percentage changes).

We have seen above how some of the new levels variables have their initial values set by the
following statementsin SIHT3.TAB.

| Read of DVQOV has been added in the original part of the file !
READ DVHOUSTAX FROM FI LE i odat a HEADER " HTAX" ;

| Basic prices equal 1 in the pre-si mnodel solution !
Formula (AlIl,i,SECT) PC L(i) =1 ;
Formula (All,i,SECT) DVHOUS L(i) = DVHOUS(i) ;

Theinitial values of the other new variables are set in Formula & Equation statements, as
described in the section bel ow.

2.12.5 The New Behavioural Equations

Asindicated earlier, the new levels equations are as follows.

Equati on

E_DVQV (Al'l,i, SECT) DVGOV(i ) PC(i) * XGOV(i) ;
E_DVHOUSTAX (Al l,i, SECT) DVHOUSTAX(i) [THOUS(i) — 1] * DVHOUS(i) ;
E_PHOUS (Al'l,i, SECT) PHOUS(i) = PC(i) * THOUS(i) ;

E_QOVINC GOVINC = SUM i, SECT, DVHOUSTAX(i) ) ;

E_GOVEXP GOVEXP = GOVI NC ;

E_XGOV (Al'l,i, SECT) XEOV(i) = AGOV(i) * GOVEXP / PC(i) ;

These are put directly into the TAB file as shown below. Care has to be taken about the order
in which they are written because (as is common when writing down levels equations), these
equations double as Formulas as well as equations. Thisis why you see the keyword
“Formula & Equation” before each of them. The order of the sequence of Formulas so
introduced isimportant. The right-hand side of any one can only contain quantities whose
pre-simulation values have already been set (in earlier Reads or Formulas). Thisis why we
needed the formulas above to set pre-simulation levels values for PC_L(i) and XH_L(i). Note
that the first two equations have been rewritten to have XGOV and THOUS on their left-hand
sides; thisis so that the associated formula gives pre-simulation values for these. The
equation E_PHOUS (with PHOUS on the |eft-hand side) must come after E THOUS since it
has THOUS on the right-hand side.

 Some simplification can be madeif the TAB file is to be processed by Release 8.0 (or later)
of GEMPACK. Then the declaration of PC_L can be made by the following statement.

Variabl e (LI NEAR VAR=p_PC) (All,i, SECT) PC L(i)

# price (excluding tax) for each commodity # ;

Herethe qualifier “(LINEAR_VAR=p_PC)” indicates that the linear variable associated with
this new levels variable PC_L is simply the variable p_PC already declared. Then thereis no
need for the equation E_PC_L shown above. [For more details, see the Release 8.0 version of
GPD-2.]
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Formul a & Equati on E DVQOV
# Quantity of governnent consunption by comodity #
(All,i,SECT) XQOV(i) = DVEOV(i) I PC L(i) ;
Formul a & Equati on E_DVHOUSTAX # Powers of househol d taxes #
(Al'l,i,SECT) THOUS(i) = 1 + {DVHOUSTAX(i)/DVHOUS L(i)} ;
Formul a & Equation E PHOUS
# Prices paid by househol ds including taxes #
(Al'l,i,SECT) PHOUS(i) = PC L(i) * THOUS(i) ;
Formul a & Equation E GOVINC # Governnent inconme #
GOVINC = SUM i, SECT, DVHOUSTAX(i) ) ;
Formul a & Equati on E_GOVEXP
# CGover nnent expenditure equal s governnent income #
GOVEXP = GOVINC ;

Before the last equation can beinserted, we need the declaration of AGOV(i) and a formulato
calculateits values. This equation can be inserted as alevels equation or as alinearised
equation (as the comentsin the TAB file indicate).

ZeroDi vide Default 0.5 ;
I If GOVEXP is zero in base data, set AGOV equal to 0.5 for each of

the 2 comodities. O course, 0.5 could be replaced by ot her val ues.
|

Coefficient (Paraneter) (AIl,i,SECT) AGOV(i)

# share of each comodity in total governnent demand # ;
Formula (AIl,i,SECT) AGOV(i) = DVGQOV(i)/ GOVEXP ;
ZeroDivide Of ;

Equation E XGOvV # Vol unme of governnment consunption by comodity #
(All,i,SECT) XGOV(i) = AGOV(i) * GOVMINC / PC L(i) ;

2.12.6 The Modified Equations and Formula

These equations Consuner _denands and Com_clear arethesameasin SIHT2.TAB.
Asthere, the modified equations are added at the end and the original versions are commented
out.

Asin SIHT1.TAB, theformulafor DVCOMY(i) in the original part of the TAB file must be
modified to have DVGOV (i) added on the right-hand side.

2.12.7 The Equation for GOVEXP_ALT

The declaration of the levels variable GOVEXP_ALT and its associated equation in
SIJHT3.TAB are as beow.

Vari abl e (Change) GOVEXP_ALT

# Alternative version of gov expenditure - should equal GOVEXP # ;
Formul a & Equati on E GOVEXP_ALT

# Alternative cal culation of governnment expenditure #

GOVEXP_ALT = SUM i, SECT, DVQOV(i) ) ;

2.12.8 The Complete TAB file SIHT3.TAB

The completefile SIHT3.TAB is availablein the ZIP file associated with this document. You
can download it from the GEMPACK web site and study the details. The additions are shown
infull in Appendix C.
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3 Checking the Implementation

Whenever you extend a model, it is vital to carry out simulations to check that it is working.
We have found (and recommend this as a strategy to you) that it is often useful to check that
thereversal of atest simulation also works.

3.1 Data Files

We have supplied 3 versions of aninitial data base for model SIHT. These data basefiles are

e SJHTO.DAT. Thisisidentical with SJ.DAT except that zero vectors have been added at
the new headers "GCON” and “HTAX".

e SIJHTTINY.DAT. This contains the same data as in SIHTO.DAT except that atiny
positive number (0.000001) has been added to the values for DVGOV(i) and
DVHOUSTAX(i) so they are no longer exactly zero. [Thisdata SIHTTINY.DAT is used
later withthefile SIHT1.TAB.]

e SJHT.DAT. This contains nonzero values for DVGOV (i) and DVHOUSTAX (i) which
we have made up to satisfy the underlying levels equations.

We show the datain SIHTO.DAT and SJHT.DAT in table form below. [That for
SIHTTINY.DAT isthe same as for SIHTO.DAT except that the two vectors of zeros are
replaced by vectors containing 0.000001.]

Initial Data in SJHTO. DAT
Industry Households Government Totals
1 2
Commodities 4 2 2 0.0 8.0
(Basic prices) 2 6 4 0.0 12.0
Primary factors
L abour 1.0 3.0 4.0
Capital 1.0 1.0 2.0
Tax by 0.0 0.0
Commaodity 0.0 0.0
8.0 12.0 6.0 0.0
Initial Data in SJHT. DAT
Industry Households Government Totals
1 2
Commodities 4 2 2 0.3 8.3
(Basic prices) 2 6 4 0.3 12.3
Primary factors
L abour 1.2 32 4.4
Capital 1.1 1.1 2.2
Tax by 0.2 0.2
Commodity 04 04
8.3 12.3 6.6 0.6

3.2 SJHTCHK.TAB for Checking Initial and Updated Data

The TABLO Input file SIHTCHK.TAB has been described briefly in section 2.7 above.
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This TABLO file can be used to check that original data files or updated files produced by
simulations are balanced — that is, are levels solutions of the model with a consumption tax.
More precisaly, this TABLO file checks that

»  For each sector, total sales DVCOM(i) equalstotal costs DVCOSTS(i).
e Total government expenditure equals total tax revenue.

We have supplied three Command files SIHTOCK.CMF, SIHTTINY.CMF and
SIHTCHK.CMF which can be used to check that the three sets of data described in the
section above (SIHTO.DAT, SIHTTINY.DAT and SJHT.DAT) are balanced.

After running any simulation, you can also use the SIHTCHK.TAB to check the balance of
the updated data. Simply copy say SIHSOCHK.CMF and replace the name of thefile
IODATA by the name of the updated data after the simulation in question, and replace the
name of the Display file produced by something suitable.

It is an important test of any of the new TABLO Input files (SIHT1, SIHT 2, SIHT3) that they
produce balanced updated data (as verified by running SIHTCHK.TAB). When you carry out
the test simulations, you should always run SJHTCHK to check the updated data.

3.3 Command files and Simulations

For each model, we supply several test Command files,

e oneincreasing the powers of the taxes by 10%, starting from the database with zeros

« and acorresponding one reversing thisincrease,

e oneincreasing the power of the taxes by 5 percent, starting from the nonzero database.

For TAB file SIHT1.TAB, use the Command files
SIHT1-A.CMF, SIHT1-AR.CMF and SIHT1-B.CMF.

For TAB file SIHT2.TAB, use the Command files
SIHT2-A.CMF, SIHT2-AR.CMF and SIHT2-B.CMF.

For TAB file SIHT3.TAB, use the Command files
SIHT3-A.CMF, SIHT3-AR.CMF and SIHT3-B.CMF.

We discuss these simulations with SIHT3.TAB. [Similar considerations apply when these
shocks are applied to SIHT1.TAB or SIHT2.TAB.]

Thefile SIHT3-A.CMF increases THOUS(i) in each sector by 10 per cent.
shock p_thous = uniform 10 ;

Since there are no taxes in the pre-simulation data set SIHTO.DAT, theinitial levels values of
THOUS(i) are 1 for eachi. The post-simulation data SIHT3-A.UPD will thus be a data set for
the new model in which household taxes are levied on each commodity at the ad valorem rate
of 10%.

Thereversal ssimulation SIHT3-AR.CMF should reverse the shocks given. Thisis not a shock
of —=10% but rather a shock chosen to reverse the change in the powers. Initially each power
was 1, then each power is 1.1 after the simulation. Thus a change of —0.1 from 1.1 back to 1.0
isrequired. Thisis, in fact, a shock of —9.090909 per cent, which is the shock introduced in
Command file SIHT3-AR.CMF (R for “reversal”).

shock p_thous = uniform-9.09090909 ;
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Thefinal simulation SJHT 3-B.CMF uses the nonzero database SIHT.DAT and applies afive
percent increase to the power of thetax. Thisis anormal simulation wherethere are no
difficulties with zero values to worry about.

3.3.1 Checkingthe Reversal Simulations

We discuss this in the context of the ssmulation in SIHT3-A.CMF and the reversal of this
simulation in SIHT3-AR.CMF.

The simulation results in the reversal simulation should be the reverse of those in the original
simulation. The data base updated after the reversal simulation should be the same as the
starting data base before the original simulation. We describe how you can check both of
thesefor this simulation.

Results

Thec GOVINC result for the original simulationis 0.545218 whilethat for the reversal
simulation is -0.545219. These are changes in government income (measured in dollars).
Clearly these are the reverse of each other.

Thep_XH results for the first sector are -9.13032 inthe original simulation and +10.0477 in
the reversal simulation. Because these are percentage changes, it is not obvious whether the
latter isthereversal of theformer. To check this, it is legitimate to assume that the pre-
simulation levels value (before the initial simulation) is 100. Then the levels value after the
original simulation will be 9.13032 percent less, that is, 90.86968. To return thisto 100,
there must be an increase of 9.13032. As a percentage change, thisis
100*(9.13032/90.86968) = 10.0477

Hence 10.0477 is indeed the reversal of —9.13032.

Y ou can check other change and percentage change variables in the same way.
Data

The GEMPACK program CMPHAR can be used to compare the original data base
SIHTO.DAT with that updated after the reversal simulation, namely SIHT3-AR.UPD. If you
run CMPHAR to compare these two data files, you will see that the largest absolute
differencesis very small (less than 0.000002). This means that the two data files are identical
to machine accuracy.

Y ou should check the other reversal simulations (for example, those with Command files
SIHT1-A.CMF and SIHT1-AR.CMF) in the same way. Check both simulation results and
data.

3.3.2 Adding Tiny Valuesto the Data Base | s Surprisingly Successful

The starting data base for the SIHT1-A.CMF simulation (which increases the ad valorem tax
on each commodity from 0 to 10) has very small values equal to 0.000001 for taxes and value
of government consumption by commodity. When the ad valorem tax rates are increased, the
total amount of tax collected increases from the pre-simulation value of 0.000002 to a post-
simulation value of approximately 5.45. The simulation results say that the percentage
increase in government consumption of each commodity [thep XGOV(i) results] are
approximately 27.2 million.

Should we have any faith in a simulation which reports such large percentage increases?
Widl, wethink that the answer is“yes’. Oneway of checking thisisto check the other
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simulation results from SIHT 1-A.CMF against those from SIHT3-A.CMF. You will find that
the results for key variables such asp_ XCOM(i) arein very good agreement. Ancther way of
checking thisis to compare the updated data after these two simulations (using CMPHAR).
Again you will find good agreement.

Note, however, that the choice of valuesin the original DVCOM matrix does determinethe
post-simulation split of government expenditure between the two commodities. Thisis
because of the value of the parameters AGOV(i) in the equation E_XGOV. If we had put
values of 0.000001 (commoadity 1) and 0.000002 (commodity 2) in the data base for
government expenditure on the two commodities, the simulation results would be different
since then the post-simulation data would then have thesein theratio 1:2.

3.3.3 Could This Checking Detect Errors?
The checks described above (running SIHTCHK.TAB on the updated data, and checking that

the reversal simulation worked) are aimed at detecting errorsin the new TABLO Input files.
Would these tests in fact detect errors?

One way of gaining information is to make a deliberate error and repeat the checks. To try
this, copy file SIHT3.TAB to SJHT3E.TAB (“E” for error) and then edit SIHT3E.TAB to
leave out theterm “+ DVCOM(i)” from the formula which has DVCOM(i) on the | eft-hand
side. [Recall from the discussion near the end of section 2.10.4 that thisis a likely error.]

Then copy SIHT3-A.CMF to SJHT3EA.CMF and edit this to change the Auxiliary files
Statement to

Auxiliary files= ght3e;
Then run the simulation in SIHT3EA.CMF. When it has finished, run SIHTCHK.TAB as
recommended above. Y ou will find that the DVCOST Sresults in the Display file produced
are

8.142574 11.884300 20.026875
whilethe DVCOST Sresults are

8.145052 11.882955 20.028008
[Thefirst two numbers are for the 2 sectors and the third number is the total of the other two.]
Note that there are discrepancies of about 0.002 in each of the sectors. Thisis significant
sinceit isin the 4" figure of the value for thefirst sector and in the 5" figure of the value for
the second sector.
If you think that the above discrepancy is too small to show the error, repeat the above but
this time increase the shock to THOUS from 10 to 40. If you do that, you will find that the
discrepancies are even more obvious. The DVCOM(i) values are

8.453129 11.628621 20.081749
whilethe DVCOST S(i) values are

8.478847 11.614412 20.093258

As you can see the discrepancies are larger — they are now in the 3 and 4" figures.
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3.34 Problem with SIHT1-X.CMF

The Command file SIHT1-X.CMF is used with the first model SIHT1.TAB and illustrates the
problems caused by zeros. Theleft-hand side matrix is singular so it is impossibleto carry
out a simulation with SIHT1.TAB starting from zero taxes and government expenditure. [But
it is possible to use SIHT1.TAB to do the same simulation starting from a the data base
SIHTTINY.DAT, asdiscussed above in section 3.3.2.]

4 Using The Example Files Provided

All the examplefiles are contained in the ZIP file SIHT-EX.ZIP which can be downl oaded
from the GEMPACK web site at address

http://www. monash.edu.au/policy/gpsjht.htm
This ZIP file contains

e theTABLO Input files SIHT1.TAB, SIHT2.TAB and SIHT3.TAB,
» thedtarting data files described in section 3.1 above, and
+ the Command files described in sections 3.2 and 3.3 above.

To usethesefiles, make a new directory (for example, C:\SJHT), put the ZIP file
SHT-EX.ZIP

into that directory and issue the command (at a DOS prompt)

pkunzip g ht-ex

Then you can run TABLO to process any of the TAB files and can use the associated
TABLO-generated program (or GEMSIM) to carry out simulations or to run SIHTCHK.

25



5 Appendix A - Additions for SJHT1.TAB

Below are the additions and changes made for SIHT1. TAB.

Most of the statements are added at the end of the standard SILN.TAB. The original versions
of the modified equations Consumer_demands and Com_clear must be commented out in
the SILN.TAB part.

Also the new DV GOV data must beread earlier in thefile (because it is needed in calculating
the modified DVCOM values).

5.1 Changes to the Original TAB File

It is necessary to read the DVGOV data asit is needed for calculating the modified DVCOM
values (which need to take into account government purchases). These lines of code are
inserted just before and just after the “Reads’ section in SILN.TAB. The section of the
TABLO Input file containing the new and modified code is shown below. [Some of that
shown below isalso in SILN.TAB. The new and modified parts are shown in bold]

I Additional declaration for readi ng governnent consunption !

Coefficient (GE 0) (Al,i,SECT) DVAOV(i)
# val ue of governnent expenditure on each comodity # ;

READ DVCOM N FROM FI LE i odata HEADER "CI NP" ;
READ DVFACI N FROM FI LE i odata HEADER "FI NP" ;
READ DVHOUS FROM FI LE i odata HEADER "HCON' ;
I Additional read of government consunption !
READ DVGEOV FROM FI LE i odat a HEADER " GCON' ;

CCEFFICIENT Y # Total nominal household expenditure # ;
FORMULA Y = SUMi , SECT, DVHOUS(i ))

CCEFFI CI ENT (all,i, SECT) DVCOM i)
I Dollar value of total demand for comodity i !
FORMULA  (all,i, SECT)

I Change for the househol d tax/governnent extension. Mist
add in DVQOV here. !

I (original) DVCOM i) = SUMj, SECT, DVCOM N(i,j)) + DvHOUS(i) ; !
DVCOMi) = SUM, SECT, DVCOM N(i,j)) + DVHOUS(i) + DVGOV(i) ;

5.2 Main Additions
These are attached at the end of SILN.TAB.

! Additions for household consunption tax and governnent purchases
!

Vari abl e p_GOVI NC
# total governnent incone # ;
Vari abl e p_GOVEXP
# total governnent expenditure # ;
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Variable p_ GOVEXP_ALT
# Alternative version of gov expenditure - should equal p_ GOVEXP #

Variabl e (ORI G_LEVEL=DVGEOV) (All,i,SECT) p_XGOV(i)

# anount of governnment consunption of each commodity # ;
Variabl e (ORI G_LEVEL=THOUS) (All,i,SECT) p_PHOUS(i)

# price (including tax) paid by households for each commodity # ;
Variabl e (ORI G_LEVEL=THOUS) (All,i,SECT) p_THOUS(i)

# power of tax paid by households for each commodity # ;

! Next is introduced to sinplify update of DVHOUSTAX and to
simplify equation E _GOVI NC !

Vari abl e (Change, ORI G LEVEL=DVHOUSTAX) (All,i, SECT) c_DVHOUSTAX(i)
# Dol l ar val ue of household tax by comodity # ;

! Update statenent for DVGOV which is read earlier !
Update (Al,i, SECT)
DVEOV(i) = p_PC(i) * p_XGOV(i) ;

Coefficient GOVINC # total governnent incone # ;
Coefficient GOVEXP # total governnent expenditure # ;

! The declaration and readi ng of DVGOV has been added in
the original part of the file !

Coefficient (GE 0) (AIIl,i, SECT) DVHOUSTAX(i)
# val ue of tax on househol d consunption of each comodity # ;
Updat e (Change) (All,i, SECT)
DVHOUSTAX(i) = c_DVHOUSTAX(i) ;

Coefficient (GE 0) (AIl,i,SECT) THOUS(i)
# power of tax paid by households for each commodity # ;

! New DVEOV data is read in the original part of the file !
READ DVHOUSTAX FROM FI LE i odat a HEADER " HTAX" ;

Formul a GOVINC = SUM i, SECT, DVHOUSTAX(i) ) ;
Formul a GOVEXP = SUM i, SECT, DVGOV(i) ) ;
Formula (All,i,SECT) THOUS(i) = 1 + {DVHOUSTAX(i)/DVHOUS(i)} :

! Equations nodified fromthe original nodel !
! Must comment the original versions of these out above !

EQUATI ON Consuner _demands # Househol d expenditure functions #
! (original) (all,i,SECT) p_XH(i) =p_Y - p_PC(i) !
(all,i,SECT) p XH(i) =p_Y - p_PHOUS(i) ;

EQUATI ON Com cl ear # Commodity nmarket clearing #
! (original) (all,i,SECT) p_XCOMi) =
BHOUS(i)*p_XH(i) + SUMj, SECT, BCOMi,j)*p_XC(i,j)) !
(all,i,SECT) DVCOMi)*p_XCOMi) =
SUM j , SECT, DVCOM N(i,j)*p_XC(i,j)) +
DVHOUS(i ) *p_XH(i) + DVGEOV(i)*p XCOV(i) ;

! New equations !
Equation E PHOUS # Rel ates commodity prices and taxes #
(Al'l,i,SECT) p_PHOUS(i) = p_PC(i) + p_THOUS(i) ;
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Equati on E DVHOUSTAX # Amount of household tax by commodity #
(Al'l,i, SECT)
100* c_DVHOUSTAX(i) = DVHOUSTAX(i)*{p_PC(i) + p_XH(i)} +
{ DVHOUS( i ) +DVHOUSTAX(i )} *p_THOUS(i) ;

Equation E GOVINC # Governnment inconme matches tax revenue #
GOVI NC*p_GOVI NC = SUM i, SECT, 100*c_DVHOUSTAX(i) ) ;

Equati on E_GOVEXP
# CGovernnent expenditure equal s governnent income #
p_GOVEXP = p_GOVI NC ;

Equation E XGOV # Governnent usage of comodities #
(Al'l,i, SECT)
p_XGWV(i) = p_GOVEXP - p_PC(i) ;

Equati on E GOVEXP_ALT # Total governnent expenditure #

GOVEXP*p_GOVEXP_ALT =
SUM(i , SECT, DVGOV(i)*{p_PC(i) + p_XGOV(i)} ) ;
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6 Appendix B - Additions for SJHT2.TAB

Below are the additions and changes made for SIHT2.TAB.

Most of the statements are added at the end of the standard SILN.TAB. The original versions
of the modified equations Consumer_demands and Com_clear must be commented out in
the SILN.TAB part.

Also the new DV GOV data must beread earlier in thefile (because it is needed in calculating
the modified DVCOM values).

6.1 Changes to the original TAB file

It is necessary to read the DVGOV data asit is needed for calculating the modified DVCOM
values (which need to take into account government purchases). These lines of code are
inserted just before and just after the “Reads’ section in SILN.TAB.

The changes here are exactly the same as those for SIHT1.TAB (see Appendix A).

6.2 The Main Additions
These are attached at the end of SILN.TAB.

! Additions for household consunption tax and gover nnent purchases !
Vari abl e (Change) c¢_GOVI NC
# total governnent incone # ;
Vari abl e (Change) c¢_GOVEXP
# total governnent expenditure # ;
Vari abl e (Change) ¢ _GOVEXP_ALT
# Alternative version of gov expenditure - should equal c_GOVEXP # ;
Vari abl e (Change, ORI G LEVEL=DVQOV) (Al,i,SECT) c_XGOV(i)
# anount of governnment consunption of each commodity # ;
Vari abl e (ORI G_LEVEL=THOUS) (All,i,SECT) p_PHOUS(i)
# price (including tax) paid by households for each commodity # ;
Variabl e (ORI G_LEVEL=THOUS) (All,i,SECT) p_THOUS(i)
# power of tax paid by households for each commodity # ;

! Next is introduced to sinplify update of DVHOUSTAX and to
simplify equation E GOVBALANCE !

Vari abl e (Change, ORI G LEVEL=DVHOUSTAX) (Al l,i, SECT) c_DVHOUSTAX(i)
# Dol | ar val ue of household tax by comodity # ;

! PCL is needed to update DVGOV !

Coefficient (Al,i,SECT) PC L(i) # Basic prices of the commodities #;
| Basic prices start at 1!

Formula (Initial) (AIl,i,SECT) PCL(i) =1 ;

Update (AIl,i,SECT) PC L(i) = p_PC(i) ;

| Update statenent for DVGOV which is read earlier !
Updat e (Change) (All,i, SECT)
DVEOV(i) = PC L(i) * c_X@QOV(i) + DvVvEOV(i) * p_PC(i) / 100 ;

! The declaration and readi ng of DVGOV has been added in
the original part of the file !

Coefficient (GE 0) (AIIl,i,SECT) DVHOUSTAX(i)
# val ue of tax on househol d consunption of each comodity # ;
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Update (Change) (All,i, SECT)
DVHOUSTAX(i) = c_DVHOUSTAX(i) ;

! New DVAOV data is read in the original part of the file !
READ DVHOUSTAX FROM FI LE i odat a HEADER " HTAX" ;

Coefficient GOVEXP # total governnent expenditure # ;
Coefficient (GE 0) (AIIl,i,SECT) THOUS(i)
# power of tax paid by households for each commodity # ;

Formul a GOVEXP = SUM i, SECT, DVGOV(i) ) ;
Formula (AIl,i,SECT) THOUS(i) = 1 + {DVHOUSTAX(i)/DVHOUS(i)} ;

! Equations nodified fromthe original nodel !
! Must comment the original versions of these out above !

EQUATI ON Consuner _demands # Househol d expenditure functions #
! (original) (all,i,SECT) p_ XH(i) =p_Y - p_PC(i) !
(all,i,SECT) p_XH(i) =p_Y - p_PHOUS(i)

! This was (E3.2.1) in DPPW! ;

EQUATI ON Com cl ear # Commodity nmarket clearing #
! (original) (all,i,SECT) p_XCOMi) =
BHOUS(i)*p_XH(i) + SUMj, SECT, BCOMi,j)*p_XC(i,j)) !
(all,i,SECT) DVCOMi)*p_XCOMi) =
SUM j , SECT, DVCOM N(i,j)*p_XC(i,j)) +
DVHOUS(i)*p_XH(i) + 100*PC L(i)*c_ XG&OV(i) ;

! New equations !
Equation E PHOUS # Rel ates commodity prices and taxes #
(All,i,SECT) p_PHOUS(i) = p_PC(i) + p_THOUS(i) ;

Equati on E DVHOUSTAX # Amount of household tax by commodity #
(Al'l,i, SECT)
100* c_DVHOUSTAX(i) = DVHOUSTAX(i)*{p_PC(i) + p_XH(i)} +
{ DVHOUS( i ) +DVHOUSTAX(i )} *p_THOUS(i) ;

Equation E GOVINC # Government inconme matches tax revenue #
c_GOVINC = SUMi, SECT, c_DVHOUSTAX(i) ) ;

Equati on E_GOVEXP
# CGover nnent expenditure equal s governnent income #
c_GOVEXP = c¢_GOVINC ;

ZeroDivide Default 0.5 ;
I If GOVEXO is zero in base data, set AGOV equal to 0.5 for each of
the 2 comodities. O course, 0.5 could be replaced by ot her val ues!
Coefficient (Paraneter) (AIl,i,SECT) AGOV(i)

# share of each comodity in total gov demand for comuodities # ;
Formula (Initial) (Al,i,SECT) AGOV(i) = DVGOV(i)/ GOVEXP ;
ZeroDivide Of ;

Equation E XGOV # Governnent usage of comodities #
(Al'l,i, SECT)
100*PC _L(i)*c_XGOV(i) + DVGAOV(i)*p_PC(i) = 100* AGOV(i)*c_GOVEXP ;

Equati on E GOVEXP_ALT
# Alternative cal culati on of governnment expenditure #
c_GOVEXP_ALT =
SUMi, SECT, PC L(i) * c_X@&V(i) + {DVGOV(i)/100} * p_PC(i) ) ;
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7 Appendix C - Additions for SJHT3.TAB

Below are the additions and changes made for SIHT3. TAB.

Most of the statements are added at the end of the standard SILN.TAB. The original versions
of the modified equations Consumer_demands and Com_clear must be commented out in
the SILNB.TAB part.

Also the new DV GOV data must beread earlier in thefile (because it is needed in calculating
the modified DVCOM values).

7.1 Changes to the original TAB file

It is necessary to read the DVGOV data asit is needed for calculating the modified DVCOM
values (which need to take into account government purchases). These lines of code are
inserted just before and just after the “Reads’ section in SILN.TAB. The section of the
TABLO Input file containing the new and modified code is shown below. [Some of that
shown below isalso in SILN.TAB. The new and modified parts are shown in bold]

I Additional declaration for readi ng governnent consunption !

Vari abl e (Levels, Change, GE 0) (All,i, SECT) DVGOV(i)
# val ue of governnent expenditure on each comodity # ;

READ DVCOM N FROM FI LE i odata HEADER "CI NP" ;
READ DVFACI N FROM FI LE i odata HEADER "FI NP" ;
READ DVHOUS FROM FI LE i odata HEADER "HCON' ;
I Additional read of government consunption !
READ DVGEOV FROM FI LE i odat a HEADER " GCON' ;

CCEFFICIENT Y # Total nonminal household expenditure # ;
FORMULA Y = SUMi , SECT, DVHOUS(i ))

CCEFFI CI ENT (all,i, SECT) DVCOM i)
I Dollar value of total demand for comodity i !
FORMULA  (all,i, SECT)

I Change for the househol d tax/governnent extension. Mist
add in DVQOV here. !

I (original) DVCOMi) = SUMj, SECT, DVCOM N(i,j)) + DvHOUS(i) ; !
DVCOMi) = SUM, SECT, DVCOM N(i,j)) + DVHOUS(i) + DVGOV(i) ;

7.2 The Main Additions

! Additions for household consunption tax and governnent purchases !

Vari abl e (Default=Levels) ;
Equati on (Defaul t=Levels) ;
Formula (Default=lnitial) ;

I New | evel s vari abl es !

Vari abl e (Change) GOVI NC # total government incone # ;
Vari abl e (Change) GOVEXP # total governnent expenditure # ;
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Vari abl e (Change) GOVEXP_ALT

# Alternative version of gov expenditure - should equal GOVEXP # ;
Vari abl e (Change) (All,i, SECT) XGOV(i)

# anount of governnent consunption of each commodity # ;
Variable (Al,i, SECT) PHOUS(i)

# price (including tax) paid by households for each commodity # ;
Variable (AIl,i,SECT) THOUS(i)

# power of tax paid by households for each commodity # ;

! The declaration and readi ng of DVGOV has been added in
the original part of the file !
Vari abl e (Change, GE 0) (All,i, SECT) DVHOUSTAX(i)
# val ue of tax on househol d consunption of each comodity # ;

| Level s versions of variables in the original nodel !
Variable (Al,i,SECT) PC L(i)
# price (excluding tax) for each commodity # ;
| Basic prices equal 1 in the pre-si mnodel soluiton !
Variable (AIl,i, SECT) DVHOUS L(i)
# Basi c val ue of each comobdity used by househol ds # ;

I Connection between | evels versions here and the |inearised
variables in the original nodel !

Equation (Linear) E PC L (AI'l,i,SECT) p PC L(i) = p_PC(i) ;

Equation (Linear) E DVHOUS L

(Al'l,i,SECT) p_DVHOUS L(i) = p_PC(i) + p_XH(i) ;

| Read of DVQOV has been added in the original part of the file !
READ DVHOUSTAX FROM FI LE i odat a HEADER " HTAX" ;

| Basic prices equal 1 in the pre-si mnodel solution !
Formula (AlIl,i,SECT) PC L(i) =1 ;
Formula (All,i,SECT) DVHOUS L(i) = DVHOUS(i) ;

Formul a & Equati on E DVQOV

# Dol | ar val ues of government consunption by comodity #
(All,i,SECT) XQOV(i) = DVEOV(i) [ PC L(i) ;
Formul a & Equati on E_DVHOUSTAX

# Dol | ar val ues of househol d taxes by conmodity #
(Al'l,i,SECT) THOUS(i) = 1 + {DVHOUSTAX(i)/DVHOUS L(i)} ;
Formul a & Equation E PHOUS

# Prices paid by househol ds including taxes #
(Al'l,i,SECT) PHOUS(i) = PC L(i) * THOUS(i) ;

Formul a & Equation E GOVINC # Governnent inconme equals tax revenue #
GOVINC = SUM i, SECT, DVHOUSTAX(i) ) ;

Formul a & Equati on E_GOVEXP
# CGover nnent expenditure equal s governnent inconme #
GOVEXP = GOVI NC ;

ZeroDivide Default 0.5 ;
I If GOVEXP is zero in base data, set AGOV equal to 0.5 for each of

the 2 comodities. O course, 0.5 could be replaced by ot her val ues.
|

Coefficient (Paraneter) (AIl,i,SECT) AGOV(i)

# share of each comodity in total gov demand for comuodities # ;
Formula (AIl,i,SECT) AGOV(i) = DVGAOV(i)/ GOVEXP ;
ZeroDivide Of ;

Equation E XGOV # Volunme of governnent consunption by commodity #
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(AIl,i,SECT) XGOV(i) = AGOV(i) * GOVEXP /| PC L(i) :

Formul a & Equati on E GOVEXP_ALT
# Alternative cal culation of governnment expenditure #
GOVEXP_ALT = SUM i, SECT, DVQOV(i) ) ;

! Equations nodified fromthe original nodel !
! Leave these as linearised equations !
! Must comment the original versions of these out above !

EQUATI ON (Li near) Consuner_denands # Househol d expendi ture functions
#
! (original) (all,i,SECT) p_XH(i) =p_Y - p_PC(i) !
(all,i,SECT) p_ XH(i) =p_Y - p_PHOUS(i) ;

EQUATI ON (Linear) Comclear # Commodity market clearing #
! (original) (all,i,SECT) p_XCOMi) =
BHOUS(i)*p_XH(i) + SUMj, SECT, BCOMi,j)*p_XC(i,j)) !
(all,i,SECT) DVCOMi)*p_XCOMi) =
SUMj , SECT, DVCOM N(i,j)*p_XC(i,j)) +
DVHOUS(i ) *p_XH(i) + 100*c_DVGEOV(i) ;
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