Three Regions Tariff Model

D. Riker, 05/13/19 version

This partial equilibrium (PE) model of ad valorem tariffs has three sources of supply and three regional
markets, labeled A, B, and C. Consumer demands have a non-nested CES form for the products of the
industry. Total industry demand in the region has a constant price elasticity that is region-specific. The
supply for each of the three sources has a constant price elasticity. The data inputs of the model are the
initial expenditures, initial tariffs, and revised tariffs. The parameter inputs of the model are the elastic-
ity of substitution, the price elasticity of total demand, and the price elasticity of each of the sources of
supply. The model also includes demand and supply shift parameters that are calibrated to initial
market equilibrium prices and quantities.

The model simulates the effects on prices, quantities, and consumer expenditures of a change in ad
valorem tariff rates.

The user can modify data inputs, elasticity values, and tariff rates in the simulation by change the
values in the ORANGE-shaded lines in the notebook below tab. The spreadsheet will update the esti-
mated changes in economic outcomes that are reported in the GREEN-shaded cells once the user
selects “Evaluate Notebook” under “Evaluation” in the Menu above.

This model is provided as a generic analytical tool, and the data and parameter values are fictional and
illustrative. Actual data and parameter values should be supplied by the user based on the industry and
market to which the model is applied. The model is the result of ongoing professional research of
USITC staff and may be updated. The model is not meant to represent in any way the view of the U.S.
International Trade Commission or any of its individual Commissioners. The model is posted to pro-
mote the active exchange of ideas between USITC staff and experts outside the USITC and to provide
useful economic modeling tools to the public.

nf-1= ClearAll[€];

Parameter Inputs

In[«]:=

Elasticity of Substitution
sigma = 3;

Total Industry Price Elasticity of Demand
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Inf+]:= etaA = -1;

Inf+]:= etaB = -1;

Inf+]:= etaC = -1;

Supply Elasticity Parameters

In[e]:= eA =5;
Infe]:= eB =5;
Inf+]:= eC=5;

Initial Ad Valorem Tariffs

In[+]:= tBAO = 0.10;

In[+]:= tCAQ = 0.00;

In[+]:= tABO = 0.00;

In[+]:= tACO = 0.00;

In[+]:= tBCO = 0.00;

In[+]:= tCBO = 0.00;

Revised Ad Valorem Tariff

Inf+]:= tBA = 0.00;

Inf+]:= tCA = 0.00;

Inf+]:= tAB = 0.00;

Inf+]:= tAC = 0.00;

Inf+]:= tBC = 0.00;

Inf+]:= tCB = 0.00;



Initial Equilibrium Values

Expendituresin A

Inf]= VAAO = 100;
Inf]= VvBAO = 100;

Inf]= VvCAQ = 100;
Expendituresin B

In[]:= vBBO = 100;
In[]:= VABO = 100;

In[]:= vCBO = 100;
Expendituresin C

Inf]= vCCO = 100;
Inf]= vBCO = 100;

Inf]= VACO = 100;

Prices
nf-}= pA@ = 1;
n-}= pBO = 1;
n-}= pCO = 1

Quantities from A

VvAAO
n[-1= qAA@ = H
pA©
vBAO
in[-]= qBA@ =

PBO (1 + tBA@)

vCAO

In[«]:= qCAG =
pCo (1 + tCAe)

Quantities from B
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vBBO
nf-}= qBB@ = ——
pBo
VvABO
in[-}= qABO = —————————
pA© (1 + tABO)
vCBo
nf-1= qCBO = H

pco (1 + tCBo)

Quantities from C

vCCo
inf-1= qCCO = H
pCo
vBCoO
inf-]= qBCO = —————
pBe (1 + tBCO)
VvACO
n[-1= qACO =

—_—;
pA@ (1 + tAce)

Calibration of Parameters Based on the Initial Equilibrium

VAAQ

vACO

VvABO
In[«]:= + +
pA©

pA@ (1 + tABO)

vBBO

pAD~°A;
pA@ (1 + tAce)

vBCo

vBA©
In[«]:= + +
pBO

pBO (1 + tBAQ)

vCCo vCAQ

pBO~*F;
pBO (1 + tBCO)

vCBo

Inf[«]:=

+ +
pCco  pCo (1 +tCA0)

pA9 (1+tABO)

sigma-1
VvABO ( )
pBo

bAB =

In[«]:=
vBBO

pA@ (1+tACO)

VACO ( 1 ) sigma-1

bAC =

Inf+]:=
vCCo

pBO (1+tBA@)

sigma-1
VBAQ ( )
pA@

bBA =

In[«]:=
VAAQ

pBO (1+tBCO)

VBCO ( 1 )sigma—l

bBC =

Inf[]:=
vCCo

CO (1+tCAO

sigma-1
VCAQ ( )
pA@

1= bCA =

VvAAQ

pCo (1+tCBO)

vCBO ( = ) sigma-1

1= bCB =

vBBo

pCo-c¢;

pce (1 + tCBe)

.
3

.
3

.
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.
3

.
3
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1

- PA@ = (pAOl'Sig"'a +bBA (pB@ (1 + tBA@) ) ™" . bCA (pCe (1 + tCA) ) 1'51'5'“3) Toigm
in/-}= PBO = (pBOl'Sig'"a + bAB (pA@ (1 + tABO)) 1-sigma . phcB (pco (1 +tcBe)) 1'Sig"'a) #,

inf-1= PCO = (pcal-sigma +bBC (pB@ (1 + tBCO)) 1-sigma | pac (pA@ (1 + tAce)) 1-513""*) 1signa
1= KA = VAAQ PAQ™S18ma-€tah ppgsigna-1;
1= KB = VBB@ PB@-S1€ma-etab ppgsigna-1,

1= KC = vCCO PCQ-sigma-etaC prgsigna-1,

New Equilibrium Values with Revised Tariff
n1- PA = (pAl-Sigma +bBA (pB (1+1tBA)) 8™ , bCA (pC (1 +tCA)) 1‘513’""") o
1= PB = (pBl‘Sig'“a +bAB (pA (1 +tAB)) 1-sigma | pcB (pC (1 +tcB)) 1‘518'“3) e ;

= PC = (pcl-sig'"a +bBC (pB (1+tBC))*"5'8" 4 bAC (pA (1 + tAC)) 1'Sig'"a) ﬁ,

7= EQnAL = aA pA®* == kA PASigma+etaA pa-sigma
kB PBsigna+eta® (pp (1 4 tAB) ) 518" bAB + kC PCSiEM+etaC (pp (1 4+ tAC) ) ~>18™ bAC;

in/-}- EqnB1 = aB pBe? == kB pBsigma+etad pp-sigma ,
kA pAsigna+etad (pg (1 4 tBA) ) €™ bBA + kC PCS1E™+etaC (pp (1 + tBC)) -sigm ppc;

Inf- J= Ean]. = aC pcec == kC Pcsigma+etac pc—sigma +
kA PASigna+etah (pC (1 .+ tCA)) ~Sigma phCA 4+ kB pBSignatetad (pC (1 +tcB)) -sigma pcp;

n-1= FindRoot [ {EqnAl, EqnB1l, EqnC1l}, {pA, pA@}, {pB, pBO}, {pC, pCO}]
our- - {pA - ©.9977, pB > 1.00969, pC - 8.9977}

nf-}= pAl = pA /. %;
nf-}= pBl = pB /. %%;

inf-j= pCl = pC /. %%%;

1

1= PAL = (pA11-Si€'"a +bBA (pB1 (1 +tBA)) 1-sigma | phea (pC1 (1 +tcA)) 1'Sig'"a) 1signa
inf-}= PB1 = (pBll'Sig'"a +bAB (pAl (1 +tAB)) 1-sigma . pcB (pC1 (1 +tcB)) 1'Sigma) #,

mrp= PCL = (pc11-Sigma +bBC (pB1 (1 +tBC)) 1-sigma | paC (pA1 (1 +tAC)) 1'513’"‘*) T ;
In[+]-= QAAl = kA PAlsigma+etaA pAl—sigma;
nr-)- QABL = kB PB1SiE"+eta® (pa7 (1 4 tAB)) 516" bAB;

n 1= QACL = kC PC1siEmreta (pag (1 4 tAC)) ~5'8" bAC;
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1= qBB1 = kB PB1Signa+etas pgq-signa,
in-7= qBA1 = kA PA1Sigma+etah (pB1 (1 +tBA)) -sigma phpp
in/-}= qBC1 = kC PC1sigma+etac (pB1 (1 +tBC)) -sigma ppc
1= qCC1 = KC PC1SiEnaretaC peg-signa;
n-)= qCB1 = kB PB1SiEM+eta® (pcy (1 4 tCB)) ~5'8" bCB;

u 1= QCAL = kA PA1SiEM+etaA (pcy (1 4 tCA)) ~5'8" bCA;

Percent Changes in Producer Prices

Supplier A

(pAl - pAe) 100
pA©

In[«]:=

outf-]= —0.230032
Supplier B

(pB1 - pBO) 100
pBO

In[#]:=

out/-]- 0.968785
SupplierC

(pC1 - pco) 100
pCo

Inf]:=

outf-]- —0.230032

Percent Changes in Quantities

Domestic Shipmentsin A

(qAA1 - gAAe) 100
qAA@

In[#]:=

ou-= —5.48559

Exports of Ato B



Inf+]:=

Outf«]=

In[«]:=

Out[+ ]J=

In[«]:=

Out[~]=

In[«]:=

Out[«]=

In[«]:=

Out[«]=

Infe]:=

Out[«]J=

In[«]:=

Out[«]=

(qAB1 - qAB@) 100

qABO

1.02548
Exports of Ato C

(qAC1 - qACe) 100

qACo

1.02548

Domestic Shipments in B

(qBB1 - qBBO) 100

qBBo

-2.53044
Exportsof Bto A

(qBA1 - qBA®) 100

qBA@

21.3708
Exportsof Bto C

(gBC1 - qBCO) 100

qBCo

-2.53044

Domestic Shipments in C

(qcc1 - qcce) 100

qcce

1.02548
Exports of Cto A

(qCA1 - qcAe) 100

qCA@

-5.48559

Exports of Cto B
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(qCB1 - qCBO) 100
qCBo

Inf+]:=

ouf-]= 1.02548

Percent Change in Consumer Expenditures on Imports
and Domestic Shipments
Domestic Shipmentsin A

(pA1 gAAL - pA@ qAAQ) 100
pA© qAAO

Inf[«]:=
ouf-]= —5.70301
Exports of Ato B

(PA1 (1 + tAB) qAB1 - pAo@ (1 + tAB@) qAB@) 100
pA© (1 + tAB@) qABO

Infe]:=

ouf-]- ©.793084
Exports of Ato C

(PA1 (1 + tAC) gAC1 - pA@ (1 + tACO) gACe) 100
pA@ (1 + tACO) qACe

Inf]:=

outf-]- 0.793084
Domestic Shipmentsin B

(pB1 qBB1 - pB@ qBBO) 100
pBO qBBO

In[«]:=
ouf-]= —1.58617
Exports of Bto A

(pB1 (1 +tBA) qBA1 - pB@ (1 + tBA@) qBA@) 100

In[#]:=
pBO (1 + tBAQ) qBA@

our = 11.406

Exportsof Bto C



(pB1 (1 +tBC) qBC1 - pB@ (1 + tBCO) qBCO) 100

In[«]:=
pBo (1 + tBCO) qBCO

ou-1= —1.58617
Domestic Shipmentsin C

(pC1 qCC1 - pco qCco) 100
pCo qCCo

In[«]:=
Out[«]J= 0.793084
Exports of Cto A

(pC1 (1 +tCA) qCA1 - pCo (1 + tCA@) qCA@) 100

In[«]:=
pCo (1 + tCAQ) qCA®

ouf-]= -5.70301

Exports of C to B

(pC1 (1 +tCB) qCB1 - pC@ (1 + tCBO) qCBO) 100

In[«]:=
pCo (1 + tCBO) qCBO

outf-1= ©.793084
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