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l. Notes for Users of the TRI calculation models

A. Introduction

The Excel templatefile | sent calculates the TRI for Colombiafor 1989-90: what
uniform tariff factor deflator is needed to maintain balance of payments and initial utility
when starting from the new trade policy of 1990. Thisis calculated onthe TRI Calc sheet.
The Excdl workbook will also calculate a free trade comparison treating all ntb's as
nonbinding. Thisisdone on the Fr. Tr. Calc worksheet.

The document will open by asking if you want links to unopened documents
updated. You should select 'no’. (Thisisaminor bug --- | don't know how to get rid of
the invisible links to ancestors of thefile) The setting isto automatic calculation, which
means taking a couple of minutesin startup time.  Once the subsidiary worksheets have
been calculated it is not necessary to recalculate them (unless a parameter is changed in the
parameters section, or if datais changed), so automatic calculation can be turned off.
(Options Calculation to Manual.)

Cells marked with * have Notes attached, accessible by double clicking in Excel 4.0
and in Excel 5 by Tools Options View tab, check Info Window. Y ou can aso print all cell
notes and cell formulae.

To solve the model, select Formula Solver. The dialog box which comes up will
have a highlighted entry in the Set Cell box. This must be deleted (another minor bug
which | don't know how to fix). Then hit the Solve button. At this point the model
calculates pretty quickly. (Automatic calculation need not be on --- the Solver will drive the
calculations on the active worksheet.)

1. Preparing a new case
First turn off automatic calculation under the Options menu. Editing is much easier
then. Then enter the relevant changes to the workbook.

Data must be entered on the TRI calculation sheet for aggregate variables available
from the World Development Report. Also enter substitution parameter valuesin the
parameters section. Rent |oss share parameters can be changed from the default value equal
to one.

Trade data for two adjacent yearsis entered in the intermediate and final
worksheets. Data must first be assembled with concordances between trade flows, tariffs
and nontariff barriers. Tariffs are understood to bein ad valorem equivalent form. (There
isadummy variable field for ad valorem status, but it performs no role in the present
version of themodel.) Thereisafield for license premiaif these are available --- the model
makes appropriate use of these. | have found the 4 digit HS code level to be the finest level
of disaggregation which can get the variables in concordance.

In entering trade data, care must be used to avoid over-writing calculation cells.
Datais entered in named ranges, which must first be adjusted to fit the size of the datato be
entered. Expand or contract the range in the middle of the range (to avoid
incongruency of your data and the dimension of the named range). Data ranges should
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be checked after entry to make sure no error has occurred. My experience
with RAs s that this operation always generates errors at first.

Data must be in compar able units --- see the template sheet for details.

Then set calculation to Automatic and wait a couple of minutes (depending on speed
of equipment, but the program is pretty efficient.) Then Solve.

2. Other uses of the model

As set up, the model calculates the TRI for aone year change in trade distortions.
(TRI Calc worksheet) or for the moveto free trade (Fr. Tr. Calc worksheet). Itistrivia to
modify the Solver model to calculate the new equilibriuim utility. Use the variable
‘ut_ch_factor' to replace TRI in the 'by changing cells box. Start from the value of TRI
equal to one. Then solve.

Asyou get familiar with it, other experiments will suggest themselves, such as
revenue constant tariff reforms and the like.

3. Some caveats

The model's data must be in equivalent units to those of the template.

The way factor service tradeis handled can be problematic. | assume that the
‘implied net factor service trade' islike an equity share of GDP. Thus policy changes
which ater GDP will alter the payments to foreigners and lead to monopsony power
effects, which can be significant for highly indebted nations. The main aternativeisto
assume that the ‘implied net factor service trade’ isaconstant. Thisinvolves editing the
cell for *balance of trade’ so that

-caculated factor_payments + ‘apparent_net_services
replaces

-caculated_factor_payments* (1-debt_ratio).

For TRI calculationsin my data set this modification affects results at the third place after
the decimal. For uses in which gdp changes substantially this need not be so.

Some large trade volume changes | have found for NTB-constrained goods will not
be consistent with equilibrium unless the elasticity is set high enough to not imply very
large changesin price. Thisis particularly an issue for inputs, where one might set alow
eladticity.

4. Outline of Technical Notes

The notes which follow include a technical description of the TRI model, a
mathematical appendix to thistechnical description which developsthe full detail needed to
link to the spreadsheet formulae, and alist of related papers. Cell note referencesto
equations refer to equations in the technical description section. Separately | can send a

table of cell linkages in the spreadsheet model which makes verification easier.
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B. TRI Model

Let h denote the price of the nontraded (home) good, e the expenditure function, g
the gross domestic product function and b the balance of trade function when h is still an
active argument. The idea of the TRI ismost simply seen by first suppressing intermediate
imports.

The TRI in the tariff equivalent model is defined by:

(1.1) A(gt,u0) = {A | b(pd/A, 1A, (pd/A, TE/A,u0),u0) = 0},
where:
(12) p = {p9]ep(pd1t,h,u0) = g}

(1.3) h(pd,ret,u) {h ] en(pd,Tt,h,u0) = gn(h)}

(1.3") h(pd/A,1E/A,u0) = {h | en(pdA,H/A,h,u0) = gn(h)}.

In thisformulation, pd is fixed by considering the compensated equilibrium defined by final
goods quota g, tariff-ridden final import price vector T, and utility u0. At this
compensated equilibrium, the nontraded good h has avalue given by (1.3). Then (1)
calculates what uniform contraction of pd and it will achieve this compensated equilibrium.
In the equilibrium given by the condition of (1), the nontraded good price takes on a new
value givne by (1.3").! The added complication of intermediate imports, some subject to
ntb and some not but subject to tariffs proceeds on similar lines. See Anderson and Neary,

"A New Approach to Evaluating Trade Policy", 1993 for details.

' An alternative which | considered isto define pd by the operation:
(14) pdn = {p9/A | ep(pdA, /A, h,u0) = QY

h = {h ] en(p¥A,1L/A,h,u0) = gn(p%/A,TL/A h)} .
The two definitions of pd are not equivalent unless there is no nontraded good. In general the second
definition would imply that the vector pd changes nonproportionately with A, and even in the homothetic
separable case pd will not beinvariant to A. Thus aternative (1.2) is the correct one.
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1. The mechanics of the TRI

To calculate the tariff equivalent it is necessary as apreliminary step to solvefor a
compensated equilibrium in which the nontraded goods market clears and the quota
constrained markets clear with given g,N1 (the intermediate imports quota and given
prices T, m! (the intermediate imports tariff-ridden price), al at given utility u%. The
balance of paymentsis not constrained, being the means of implicit compensation. The
solution value of the nontraded good's priceis denoted h . Based on h , the solution
values of the unit cost of producting the joint activity (home goods and exports) and the
consumer price index are calculated, denoted ¢ and P respectively. To conserve
notation, in what follows, the superscript 1 is omitted, since tm,q and N are understood
to be at their new values. The domestic prices of quota-constrained importsin the

CES/CET modd are then:

d - Ut ot _-lo*
(15) P = P B “ ug !
(L6) nl = ¢ yozlo NYe

Here, 0 and o* aretheinput and final demand elaticities of substitution respectively, while
the share parameters 3 and y are obtained from base date with an initial normalization so
that all domestic prices are equal to one.

The next step isto form the unit cost and consumer price index for the TRI solution
module. The new prices (1tm,pd,nd) are deflated by the TRI, A, everywhere they appear
asarguments. The unit cost till has the primary factor as a'quota, while the ntb-
congtrained inputs are now hypothetically permitted to change to preserve the domestic
price. Theunit (variable) cost is now written:

1 5 owm®+ Ty A Qo)
A % _ 710 - 1y1ﬁ0|_1 - 1/0E

%Vkmjk-o + ¢l-ozlo - 1zyjl/0Nj1 - 1/0%/(1_0-*)
U
U

1/
1 - Zl/o-lch’Ll-llo E

(1.7) c

1 :
— ,using (1.6).
A g (1.6)
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The numerator under the bracket is equal to one minus the ‘rent share' paid to the
constraining primary factor ('labor").
The consumer price index becomes

_ * _ -o* *_ rRdrl-o* _a* (1'0*)
(1.8) P = H\T 1ZBkT[]i; + AO 12[3]@3]% " + ahlo EU

* - * _ * _ * * -0*
- %O*_lszT[leo +A0*_1P1_0*Lb1/0 1ZBJ;|./O' qll 1l/c + ahl_o- S‘J(lc) .

The second equation is obtained by using (1.5)
The supply side module determines the level of activity and the level of production

of the nontraded good. Thelevel of activity isdetermined by:
- ©9-1A0-10ymi 9+ n%1-00] /(1-0)
[1-¢ Sl jyJ( ) . [9

19 zZ = [
(1.9) ] 5}_/ 0| -(1-0)lo ]
Ij- ) (PC"lAG'lDVkmi'% 2(1-0')/0&1_0vj;l/O'N_-(l-G)/GD E/(l_o)
-0 (K I = I
] 5{/°|_-(1-0)/0 ]

Here, @isthe price index for the joint product, and we use unit cost equal to price to solve
for Z inthefirst line. (Seethe CESICET Notes for more details)) The denominator of
(1.9) istherent share, the share of total factor payments made to fixed factors, R. The
variable unit cost function (1.7) has derivatives with respect to nontraded primary factors of
the same form as (1.6). Thusthe payment to the primary factor isequal to:
(110) G = cglo z¥o tort

The balance of tradeis equd to:
(1.11) b = Pup- G -TR - QR.
Here, TR denotestariff revenue and QR denotes retained quotarent, if any. The last steps
in the derivation lay out TR and QR.

Tariff revenue is defined so as to exclude that revenue raised by taxing quota-
constrained imports. The tariff revenue term thus treats non-constrained and ntb-

constrained trade differently. First, the non-ntb constrained goods have tariff revenue
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subdivided into final and intermediate revenue. For final revenue, using Shephard's

Lemmato obtian the individual demand functions, multiplying by the tariff and summing:

N U [o*
, * x| K
(112) (A - T)en = @Ti— 157 BiA @T;E Uo,
0% O
n H o -o0]
= AOLpo UOET&T - 1Snk [3@1& H .
mE O
For intermediate inputs the tariff revenueis,
1
/A0
K * 170
(1.13) AOCOZ %n—* - 1% LY==
0Mk O

Retained quotarent is equal to the sum of the hypothetical quantity demanded times
theretained rent. To develop thisterm it is necessary to first distinguish hypothetical
import demand, equal to the quantity demanded at prices (T/A,m/A,pd/A,nd/A). These
quantities will be denoted od for final goods and Nd for intermediate goods. A portion of
retained rent is due to the tariff revenue from quota constrained goods. The tariff revenue
arising from taxation of the hypothetical quantity of quota constrained final goodsis equal
to
(L14) tog =  zuym B YH 0% poypnd*.

Here, the hypothetical import demand gd is afunction of pd/A, the hypothetical price vector
of quota constrained goods. |n the computation, equation (1.5) is substituted for pd. In
(1.14) the role of A arises solely through deflation of pd as an argument of the import
demand function (apart from itsrolein P). It has no direct impact on the tariff. The
reason is that atax on a quota-constrained good is nondistortionary and is not included in
the base of the tariff equivalent TRI. Similarly, for intermediates the rent retention tariff
revenueisequal to

(L15) Zun; yi HEC pozao,

In computation, nd is replaced by equation (1.6).

The full quotarent retention term for final goodsis equal to the sum of the tariff revenue
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from quota constrained goods plus the portion of rent retained which is above the tariff
inclusive price of the good. Formally, full retained rent is equal to:

(1.16) (1-wg)[pdq¥/A - (p*+td)qd] + tagd

(116)=  (L-wglpda¥h-p*'od] + wgtdqd,

where pd is defined above and hypothetical import demand qd is afunction of pd/A asin
(1.14). Here, wy isthefraction of rent lost to rent seeking or to foreigners. Itis

convenient to break the square bracketed rent retention term into two sums. Thefirst term

yields
/o0 1-1/o*

(L17) pdadia=  PoOp 1ory o sp; AO*-1

In (1.17) the price term pd is obtained from (1.5), with g indicating the new quota value.

The second sumis equal to
(118) pr'qd = p gPOUP 0AT".
J

For intermediate goods, the analogous terms are:
(L-con)[NF/A - (n*)]'Nd + tN'Nd,

(1.19) ndNd/A = colg Laz¥o Zyjllo le'l"’ AO-1,
m'Nd = j N Njco & -OA.

2. The TRI calculation
The TRI is calculated by imposing balanced trade al ong with the market clearance for the
nontraded good. The balanced trade requirement (1.11) isafunction of h and A after

substitution of the various functions of this section. The nontraded goods market clears

when h and A are such that:

hpo* rm
(1.20) GY?D uo quD Z.

The mode is solved on an Excel 4.0 or 5.0 spreadsheet.
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C. List of Trade Restrictiveness Index papers
6/20/94

Anderson, James E. (1991), "The Coefficient of Trade Utilization: the Cheese Case" in R.
Baldwin ed., Empirical Studies of Commercia Policy, NBER, Chicago: University of
Chicago Press, 221-41.

Anderson, James E. (1993), "Aggregation of Trade Restrictionsin a Simple CGE Model",
Boston College.

Anderson, James E. (1994), "Trade Restrictiveness Benchmarks', Boston College.

Anderson, James E. (1994), "Tariff Index Theory", Review of International EConomics,
forthcoming.

Anderson, James E., Geoffrey Bannister and J. Peter Neary (1994), "Domestic Distortions
and International Trade", International Economic Review, Feb, 1995.

Anderson, James E.. and J. Peter Neary (1990), "The Coefficient of Trade Utilization:
Back to the Baldwin Envelope", in Ronald W. Jones and Anne O. Kreuger eds. The
Palitical Economy of Trade Policy, Oxford: Basil Blackwell. (Baldwin festschrift.

Anderson, James E.. and J. Peter Neary (1992), "Trade reform with quotas, partial rent
retention and tariffs’, Econometrica, 60, 57-76.

Anderson, James E. and J. Peter Neary (1993), "A New Approach to Evaluating Trade
Policy".

Anderson, James E. and J. Peter Neary (1994), "The Trade Restrictiveness of the Multi-
Fibre Arrangement”, World Bank Economic Review, 8, 171-190.

Anderson, James E.. and J. Peter Neary (1994), "Measuring the Restrictiveness of Trade
Policy", World Bank Economic Review , 8, 151-170.

(Anderson and Bannister, "M easuring the Trade Restrictiveness on Mexican Agricultural
Policy" WPS 874, World Bank, amplifies on the empirical work cited in "Domestic
Digtiortions and International Trade". It will not be separately published, but will appear in
our book.)
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Appendix: The CES/ICET Model

For the referees, not for publication

1. Technical Appendix

A. CES Expenditure and Distorted Expenditure Functions
The representative consumer is assumed to have a CES expenditure function of the

form:
1

_ 1-0* -o* P e
(1.1) e(p,thu) = ERp + Zajr[jl + thlo ERCT

where u isthe level of utility, p isthe domestic price of quota-constrained goods, Ttisthe
domestic price of non-quota-constrained goods, h is the price of the non-traded good. The
elagticity of substitution in demand is equal to the parameter o*, whilethe a'sand 3's are
share parameters for the non-gquota constrained goods and the quota constrained goods
respectively. For empirical work, it isconvenient to select abenchmark year in which
pricesare al initially one, and the a'sand 3's are the initial expenditure share valuesin the

data, and the level of expenditureisequal to u. Thetrue cost of living index is
1

12) P = [ERPT + Za i nj“’ M yhl-o*%_? .

The quota-constrained imports are subject to fixed binding quotas equal to gk for al
k. Thisresultsin adistorted expenditure function for the unconstrained goods. The
distorted expenditure function is defined by (Anderson and Neary, 1992)

E(thgu) = rgax{e(p,mh,U)-p'q}

The price vector p which solves this program isavirtual price vector (Neary and Roberts,
1980). Inthe context of quotasit is also a market clearing price vector. Using Shephard's
Lemma, and solving thefirst order (market clearing) condition for the (virtual and market)

price of each quota constrained good k, we obtain for the CES case:

[UBk/oO
a3 = PO
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where Pisthe price index defined by equation (1.2). Substituting (1.2) into (1.3), the
vector of virtual prices p isaimplicitly defined as afunction of the 1ts and the quotas.
Fortunately, an explicit solution isavailable. First, substitute (1.3) into (1.2). Next, raise
both right and left hand sides to the power 1-cl] Then, solve the resulting expression for

P1-ol Finaly, raise both sides to the power 1/(1-c0). The reduced form true cost of

living index is:

] . -od 1-g* _
(14) P = P(T[,h,q,U) = . ZGJT[}L +:/i)'h|] c‘(l-O’D/O'E%/(l GD '
1 - u(oDiehzpy gy O

The connection of (1.4) to (1.2) isclear: if consumers face fixed price vector p at the level
of the virtual price vector p defined by (1.3), their cost of living is the same as when
constrained by quotas q.

The distorted expenditure function is obtained by substituting (1.3) and (1.4) into
the definition of E:

(1.5) E(1h,q,u) P(rth,qu)u - p'q

pull - yl/oO-1 l/o 1_1/0|:D.
O kBk E” O

where Pisgiven by (1.4). Using (1.4), equation (1.5) can be factored into:

(2.6) E(mh,qu) =
Eﬂgjnjl-oﬂ_'_ ayhl-o*gj(l'o )% U (1_0@,052[31'(/05 q-(kl-GD)IGEEU [(1-0*) |

The constrained (by the presence of quotas) demand for unconstrained imports and

for nontradables is obtained from use of Shephard's Lemma:

ol
(1.7) Em = ak%g u
O-*
Eh = Gylljrgg u.

The virtual price vector is obtained as:
1/c0 (1-0cD/o0,-1/cO
(18 -Ex = p = E Bkl/ Eho( 5 Dqk( 5
) o (1-0D/c,-(1-cD/o0 *
L- B
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B. The CES/CET Cost and Product Functions

Exports and the nontraded good are jointly produced with a CES/CET technology.
Thelevel of activity of thejoint processis represented by z, determined by the two outputs
y, the nontraded good, and x, the export good.

1. Total and Variable Cost Functions

The cost of producing one unit of the activity z is equal to:
(21) ¢ = @:ykmi'o + Ty nlj'o + 5wl Eml_o) ,
where m isthe price vector of imported intermediate inputs not subject to quota, nisthe
price vector of imported intermediate inputs subject to quota, and w is the price of the
nontraded factor ( the wage rate of labor). Theysand d_ are activity cost share parameters
and o isthe elasticity of technical substitution. Nontraded intermediate goods are
subsumed into the production and cost structure behind (2.1).

The input quotas are denoted N;, and the nontraded factor isin fixed supply L.
(Here | depart from the notational convention that prices and quantities are denoted with
lower case |etters, to adhere to the very widespread convention that fixed factors are
denoted with capital letters. ) Shephard's Lemma and the market clearing equations can be
used to solve for the prices of the nontraded and quota constrained inputs, just as the price
of quota constrained final goods was obtained in equation (1.2). Thus

Mi30

N; = Yigeg Z

impliesavalue of nj interms of c and z:
n o= yjl/c Nj'll0 :

The resulting solution for nj may be substituted into equation (2.1), and the equation solved
firstfor ¢ andthen c (the steps are the same as those leading from (1.2) to (1.4)) to

obtain the reduced form unit cost function:
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(2.2) ¢ = C(mN,Lz) =
[] Zykmt'cy [¥(1-0)

% ) z(l_o)/og:yj]chj_(l-O)/c + 51£0L'(1'6)/0§%

Note the similarity of (2.2) to (1.3). In the reduced form cost function it is convenient to

define
- s(1-0)lc o\ (r-o)o 1/0| -(1-0)lol]
(2.3) R(N,L,2) = z(10) %:yjll N + 84/ Lo,

the share of total cost paid to fixed factors (the nontraded factor and the quota constrained

inputs). To see how this interpretation arises, note that Shephard's Lemmaimpliesthat the
share of cost paid to variable inputsis equa to Zykmi'cy /c1-0, where c is defined by (2.1).

Now raise both sides of (2.2) to the power 1-o, multiply both sides by 1-R, and divide
both sides by c1-0. Then R isequal to 1- Zykmi'cr /c1-0, which is the share of costs paid
to fixed factors.

The variable cost function? is the anal og to the distorted expenditure function of
Section I1. The demand for non-quota constrained importsis, by Shephard's Lemma

applied to the original unconstrained unit cost function,

(2.4) Cg = ykg%go z.

The variable cost function is the sum over k of the value of spending myCy, thus:

(25) V(mN,L,z2) = ) wm ® C(mN.L,2)%%z,

where C(.) isgiven by (2.2). The variable cost function is more conveniently rewritten as:
(2.5 V(MN,L2) = El(ykm&'cgj(l'o)(l-R) -0/(1-0) 7,

Note the similarity of form between (2.5") and (1.6). Shephard's Lemma ensures that®
(26) Vk = Ck = Vkm;(OEkykmi_og’(l_c)(l- R) _O-/(l_o-) e

The margina variable cost of competitive production isequal to V, given by:

?In the present context it might better be termed the distorted variable cost function to emphasize that some
of the fixed inputs are fixed by policy. Thisterminology was rejected in favor of simplicity and integration
with standard usage in micro theory .

3This can be verified by differentiating (3.5") using the properties of R via(3.3).
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Y, Rpo _ V1
@n V. = 74 * 1Ry T TR
- D ml'clj-/(l'o) 1‘R ']./(1'0) )
Cwmy TR

Finally, note that the virtual price of the constrained input is
28) vy = = AT Yo oo
where n is also the domestic price of the quota constrained good. The virtua price of the
primary factor is an obvious variant of (2.8). Equation (2.8) isthe production analog to
eguation (1.8).
2. Joint Product and Gross Domestic Product Functions

For agiven leve of the activity z, the profit maximizing decisions of producers
select y and X to maximize hy+pyx subject to a constant elasticity of transformation
production frontier f(x,y)=z. Here, py isthe export price. The value of total output in this
setup isequal to
29 ohpdz = Hiwpl™ + pnireg ™o 4
where 0 is the constant elasticity of transformation, dlog(x/y)/olog(py/h), and pu is a share
parameter. Profit maximization impliesthat for given z
(2.10) y = PnZ.

The determination of the activity level z follows from the profit maximizing

behavior of firms. zistheimplicit solution to

(211) ghp)= V2 = S(Vkmﬁ'ogj(l'c)(l-R(N,L,z)) Wid-0)

where R(.) isgiven by equation (2.3). Equation (2.11) with (2.3) can be solved for a

closed form solution for the activity level z:
1- -
] 1 - (pc—llykmk 0 Ij/(l o)

E

(212) z =

Here, @isgiven by the right hand side of (2.9).
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Gross domestic product is equal to the value of payments to domestic factors. This

iswritten:*

(213) G = -LVL(M\N,L,2)

wherethe V| = -w, thewage rate. The variable cost function has derivatives with respect

to nontraded primary factors of the same form as (2.8). Thusthe right hand side of (2.13)

smplifiesto

(213) T~ v = B oL YOG zve -1

Using (2.5") for V, the gross domestic product may be rewritten as

(2.13") G(px,h,m,N,L) =

1- 1- Yo, 1-1
Ekykmk ng( 0)(1-R) -1/(1-0) ZMGQL oL O'E

Here, R is understood to be replaced by its value from (2.3) and the solution value of z(.)

from (2.12) replaces z.

‘It is important to note that the gross domestic product function in this setup is not an envelope function,
due to the fact that the domestic value of N islost. Thisimposes aterms of trade effect distortion relative
to efficient production. The aggregate profit function
rl(pX!q!m!N!L!K) = max {(‘(pX!q)Z - V(m,N,L,K,Z)} .
z
Thishas the envelope property [q=Y = @gZ.
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C. The Balance of Trade Function and General Equilibrium

The general equilibrium of the trading economy is reached when the two
endogenous variables h and u adjust to satisfy two requirements. First, the nontraded
goods market must clear. Second, the external budget constraint must be met.

The nontraded goods market clears when h and u are such that:

(3.1) Ep(h,mqu) = Y, or
EUnC - Ard
a u = ®n(px,h)z = M Z,
Yoo ]
applying (2.9) and (2.10).
In equation (3.1), Pisdetermined by equation (1.4)
. 0 Sa® + ayhlo* H/(1-0%)

% _ ZBllio-* u (1-0%)/o* q—l((l-O'*)/O'*%

Zisdetermined by (2.12)
D 1 - (pO'-lkykm]k'_G Ij'/(l-O')

E [
Vo, (- 1/
Ijr J O'Nj (1-0)lo + 3 I_0' L-(1-0)c |:|

and @is determined by (2.9)

ohpd=  Hiwpl™ + phireg ™o

The balance of trade requirement as simplified here requires that paymentsbein
balance (the inclusion of afixed external borrowing limit is easily incorporated). The
consumer's total expenditure is equal to E - Eq'q, since -Eq = p, the domestic price vector
for the quota-constrained final imports. The gross domestic product provides G. In
addition, the government remits all tariff revenues (quota rents are, however, all lost). The

net borrowing isthus:



December 4, 1997 TRI modd user notes 16

(3.2) b(h,u,;tm,q,N,t) = E(h,mq,u) - Eg()'g - G(h,m,N)
- % (M- T4, )Erk - (M- my Wik
-2 tkq( - 2tN;

Here, the * denotes the fixed external price, and the gap between domestic and foreign
price denotes the tariff for the goods not subject to quota constraint. It is handy for these
goods to regard the domestic price as the instrument of policy. For the goodsin the last
row, the domestic price lies above the external price plus the specific tariff tx. Theinactive
arguments are suppressed from the list in the function on the left hand side of b. The
external budget constraint requires that b be equal to zero (or some exogenous value of
external borrowing).

Equation (3.2) is made concrete with substitutions from previous steps. The total

expenditure in domestic pricesis E-Eq'q, and

E-Eqq = Pu, wherePisdetermined by (1.4).
G is determined by equation (2.13).
- Ol O (E-0) 4 -1 \-Y(1-0) ;U0 -Vo
G(px,h,m,N) = Ekykmk . (1-R(N,zL) ZVoRs L H

Here, R is determined by (2.3):
— 1-0)/o /o -(1-0)lo /0, (1-0)/cJ
R z()%:yleJ +6LL()D.

Finally, the tariff revenue terms require the import demand functions. Vy, is determined by

(2.5).
Vimk(mN,zL) = ykmfg(ykmi'og’(l'c)(l-l?) -0/(1-0) 7
Enisdetermined by (1.7) using (1.4) for P.
0—*
Enk = akg,lg u

Equations (3.1)-(3.2) constitute two equations in the two unknowns h and u. The

domestic prices of non-quota constrained goods are exogenous under the small country
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assumption 1t=1* + tF and m = m* +t!, where * denotes the exogenous external price. It
is also assumed that py is exogenoudly given. Thus equations (3.1)-(3.2) are sufficient to
determine the equilibrium. The interesting exogenous variables are the trade instruments:
the final and intermediate good tariffs on both quota constrained goods (where they serve
as arent retention mechanism) and non-quota-constrained goods, and the final and
intermediate goods quotas. The system can be perturbed with achange in any of these

variables, and the new solution computed.

D. Calculating The TRI in the CES/CET Case

The TRI is calculated with one modification of the CESYCET model. Theinitial
equilibrium level of uisfixed, and the level of the TRI (in effect previoudly set identically
equal to one) isvariable.

TheTRI , A, isimplicitly defined as
(4.1) b(h,u0, /A, mY/A,glA,NIA, p-p* ,n-n*) = 0,
Here, U0 isthe base level of utility and the trade instruments g, N, T,m are set at their new
levels. Asopposed to Section 4, uisnow fixed, and A is variable, along with h, the
nontraded good price. So far as tand m are concerned, the TRI compensates for the
effect of changes in the trade instrument with an equiproportionate shift in the same
direction. Thusatariff cut resultsin auniform offsetting tariff factor surcharge. For quota
changes, which shift g and N, the TRI offsets the change with a uniform proportional
change in the quota vector in the opposite direction.

Notice that the terms n-n* (intermediate import rent retaining tariffs), and p-p*
(final import rent retaining tariffs) are not included in the trade restrictivenessindex. The
logic isthat rent retaining tariffs are not trade restrictions.  Changes in such instruments do
however have effects on the trade balance which are offset by changesin the TRI defined in
(4.1). Ariseinarent retaining tariff reduces the foreign exchange needed to support
current real income and thus acts like areduction in tariffs or an increase in quotas,

reducing the TRI.
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The exogenous prices and quantitiesin the system below are understood to be at the
new level, with theidentification left out for cleaner notation. In the case of evaluation of a
growing economy, the 'new’ quotas are the actual quotas deflated by the growth factor.
The TRI operationally comes from the solution to the 2 equation system (3.1) and (3.2) for
the two variables A, h while keeping u constant. Let TR denote tariff revenue. The system
is:

(41) Py -G -TR 0 balance of payments

u%}g znontraded goods market clearance.

P, G, TR, zand @ are all functions of A,h, using previous steps.

4.2 ay%;—go* up

Computational efficiency isaided by factoring out A from the long sums which
occur when the model is applied to thousands of tariffs and quotas. In detailing the
supporting equations, A isthus factored out whereit occursin sums. The economic logic
isclearer in the preceding step with A left in.

Now the system (4.1')-(4.2) will be linked to the underlying equations and
variables as they appear in my computational spreadsheet model.  First, the GDP deflator
@isgiven by

0 _ ﬁl-ll)pim + phl+e El/(1+6) .

Next, G isthe sum of total paymentsto primary factors. Thisworks out to:

(43) G(pX!q!maNyL) =

_ 1-o0r1/(1-0) _1/(1- 1o, 1-l/o
%o 1¥kmk gj (1-R) -V(1-0) ol -Vog.

The consumer priceindex Pisgiven by:
* _ i -0* _O*
0 AT 13 + ayhlo U(1-0%)

(4.4) P = [ -
* - 1/o* -(1-o0*)/o*
% - A-l/O‘ + 1u(](.) oD/o ZBkG q|£ o*)lo E

The production rent share R is given by

(45) R = 2(1-0)/0%-1/0 + 1zyj1/on-(1-o)/o + 61(" L-(l-G)/GB

and activity level zisgiven by
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] 1- (po-le—lkykmi'o Ij/(l—o)

1/o, -(1-0)/ 1/
[0+ 1Zyj ONj(l a)N L5 LG L1o)fo ]

Notice that in the equations for G,P,R and z; A appears multiplying four sums, one

(46) z =

each for final and intermediate imports, both subject to nontariff barriers and not subject to
nontariff barriers. These sums are nonlinear aggregators of the trade policy change. Due
to separability, the complexity of the underlying distortion structure can be appropriately
aggregated, independently of the general equilibrium structure of the model.

Thelast step isto specify tariff revenuein the hypothetical compensated situation.
TR isgenerally written as
47) TR = St Bk +Zt Vi + zth q + thl. Nj .
Denoting the new prices and quantities with a superscript 1 for clarity and compensating by

the TRI, and using equation (2.7), the first term becomes:

(4.8) =t %G* ETI— 1Dn-k akAO*BTlLEG* u

k %kgpg o opo ‘.
in B

ACLPo* Yy, Ei 1D akBTl

D

Thefirst term in brackets is the hypothetical new tariff. It iscomputationally convenient to

factor A out of thisterm aswell. The sum reducesto two 'constant’ terms multiplied by A

to apower, and P. Moreover, the normalization which sets the initial domestic prices equal

to one means that:
1
T[l 3 1+Tk T[* B 1
k - 0 k - 0
1+Tk 1+Tk

The second term of TR similarly becomes, using equation (3.5):
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1
/A ]
k * 1 0
(4.9) (1-R)-0/(1-0)A07 - 15 m, wHn B .
0Mk 0

The same factoring and use of the normalization of initial prices aswith (4.8) complete the
steps needed to operationalize (4.9)

Thethird and fourth terms of TR ssimply multiply the new quantity of intermediate
and final imports by A. Thusthe third tariff revenue termis equal to
(4.10) A@Z(lﬂbpiq& -3 quiE _
Finally, the fourth termin TR issmilarly equal to
(4.11) AFE(+THORNE - =n NH.
Thismodel is computationally quite tractable. Based on the experience reported in
Anderson (1993) the model converges quickly to a unique solution despite large changesin

highly distorted trading economies.



