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Introduction

This appendix outlines a two country New Keynesian model for the purposes of assessing current account

impacts of various shocks and policies. The model contains a range of frictions above and beyond the standard

representative-agent, labor-only production New Keynesian model of Gali and Monacelli (2005), such as those

featured in Smets and Wouters (2007). It also has a rich set of open economy features allowing international

trade and financial transactions to occur, with the possibility of government intervention for both. Some of the

key features it contains are:

Two economies that produce both a traded good and a nontraded good.

Producer currency pricing (PCP) with a single non-contingent financial asset that can be held by either
country in net positive or negative quantities (that define the NIIP and allows the existence of current

account surpluses/ deficits).

Adjustment costs for holdings of the international financial asset that can be increased to simulate the
effects of capital controls. The government can directly purchase net foreign assets by issuing domestic

debt or raising taxes, replicating reserve accumulation policies.

A production framework that includes capital so that the effects of investment dynamics on current

accounts can be assessed.
Perpetual youth (Blanchard, 1985) and hand-to-mouth agents to break Ricardian Equivalence.
Frictions for price and wage adjustment.

A government sector that can issue debt, raise revenue through tariffs, labor income taxes, consumption
taxes, and taxes on profits. The government can spend through general transfers and subsidize invest-

ment.

We also provide more detail on the model simulations provided in the paper.

*This is an appendix to the paper: Global Imbalances, Industrial Policy and Tariffs by Pierre-Olivier Gourinchas, Gene Kindberg-
Hanlon, Manasa Patnam, Lorenzo Rotunno and Michele Ruta. Contact: gkindberg-hanlon@imf.org



2 Model

2.1 Households and consumption

Households in the home (H) and foreign (F) economy consume tradable goods produced in both countries,
and nontradable goods produced domestically.

Consumption bundles and price indices The aggregate consumption bundle C; is defined as a CES aggregate
of tradable and non-tradable goods:
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where v € [0,1] is the share of tradable goods in the consumption basket, and x > 0 represents the elasticity
of substitution between tradable and non-tradable goods. The demand functions for the sectoral bundles are:
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The Consumer Price Index (CPI) is consequently defined as Py = [VP%;X +(1- 'y)PIl\] t"} x

The tradable goods bundle is defined over home (H) and imported (F) varieties, given by:
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where « € [0, 1] is a measure of international linkages in demand, or 1 — « is a measure of home bias, and 77 > 0
is a measure of the substitutability of home and foreign consumption bundles. Each consumption subindex
in turn is given by a CES aggregate of home- and foreign-produced tradable varieties and home produced
nontradable varieties:
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where € > 1 measures the degree of substitutability between varieties.

Finally, the demand functions for domestic and imported goods are:
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where Pr; = {(1 — )Py, +aPp, } is the consumer price index (CPI).

Foreign households Foreign households, denoted with “+” for each relevant variable, have the same prefer-

ences for domestically-produced relative to goods produced overseas, so that their consumption can be writ-
ten:
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They also have an analogous degree of home bias, so that:

7
" 1 ond 1|yl
Cri=|(1—a)iCy 7 +aiCpy 7

The equations for establishing C}. ;, C}; ; as a function of relative prices follow accordingly.
Hand to mouth and perpetual youth households There are two types of household in each economy. A hand-
to-mouth household that is credit constrained consumes all income each period. Second, a perpetual youth

household can hold positive or negative net assets and consumption can deviate from income. All households
face a sales tax of 7¢ on their consumption.

The parameter w reflects the share of HTM households in the economy, such that:

Cr=wCH 4+ (1 —w)C’

The hand-to-mouth agent is credit constrained to consume all income from wages or government transfers

each period, and has no other sources of income:
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The perpetual youth household maximizes utility of the form:
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where C is a consumption index and N is hours worked. Utility is discounted by both § and the probability of
the death of the household ().

The perpetual youth household can both borrow and hold net positive assets in the form of domestic gov-
ernment debt By and an international bond (denominated in domestic currency), B;. Both types of bond are
denoted in real terms. The perpetual youth household earns income from both wages and profits from the
production of the domestic good (IT).
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In the perpetual youth framework of Blanchard (1985), households earn an additional return, %, effectively
inheritance from households that have not survived that period, (newly formed households that replace them
have no assets initially).



Households face an adjustment cost ¢ of changing their holdings of the international bond. This reflects the
potential for capital controls, with their strictness increasing in ¢. The parameter is also set at very low levels
to ensure the stationarity of net bond holdings in the baseline calibration.!

Labor supply Labor from both types of households is supplied to a union. The union collects undifferentiated

labor from the households and maximizes their weighted utility by selling differentiated labor to firms. The

union faces adjustment costs in changing the wages of the differentiated labor it supplies.
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€y and the relative wage. Note that the aggregates C and N are simply a weight average of the HTM and
perpetual youth households consumption and labor supply (which is what the union seeks to maximize the

utility of).

This maximization is subject to the budget constraint including wage adjustment costs:
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With flexible wages (¢ = 0) we can see the equation collapses to the standard form, where post-tax wages are
a markup over the MRS between labor and consumption:
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Intertemporal optimality and international financial linkages By taking the FOCs of the perpetual youth
household with respect to C/’ and B , the standard Euler equation is obtained.

P —0
1= BE, (Ct“) Reat 1)

cP 41

!Note that this formulation for the adjustment cost is the same as that used by Schmitt-Grohe and Uribe (2003) to maintain station-
arity of international bond holdings. However, because of the perpetual youth household, the model’s dynamics for international bond
holdings are already stationary.



The FOC for the international bond, and therefore the link between consumption and interest rates in both
economies, also accounts for the capital control friction generated by parameter ¢.
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We can therefore describe a ‘wedge’ between the international bond interest rate and the domestic government
bond. The higher the adjustment costs and deviation from steady state bond holdings are, the higher are
international bond interest rates compared to domestic rates.
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For simplicity, we assume that the foreign economy has no adjustment costs for the international bond, but
follows a similar structure (although must account for the home-currency denomination of the international
bond). Foreign economy perpetual youth households face the household budget constraint:
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Where ¢ is the currency rate of exchange from the foreign to domestic economy. For the foreign economy:
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This equation has the simple intuition that the exchange rate of the foreign economy must be expected to ap-
preciate (depreciate) if the international bond yields are higher (lower) than domestic bond yields (the standard
uncovered UIP condition).

Finally, the real exchange rate is
StPt*
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Using the FOCs for the international bond relative to the domestic bond, the link between real interest rates
and the real exchange rate in each economy can be written :
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This collapses to the standard UIP condition when capital restrictions, ¢, fall to zero.

Consumption of the perpetual youth household The perpetual youth household’s consumption can be writ-
ten as a function of its asset endowment (of government and international bonds), and also its discounted

future income. The latter, (written Y?), reflects, wage income, profits and transfers net of taxes.

In addition, because the return on the international bond (when accounting for adjustment costs) is equivalent

to the domestic rate, we can write consumption of the perpetual youth household as:
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consumption habits is included in section 6.1.

2.2 Tariffs, prices, and exchange rates

Both the Home and Foreign economy can impose time-varying tariffs on one another. This modifies some of
the earlier defined price index equations and has implications for the relative price and RER.

Tradable price indices and tariffs With the introduction of tariffs, the price index for the tradable bundle in
the Home economy must account for the ad-valorem tariff 7; levied on the foreign good. The tradable price
index is given by:

Prs = [(1 — )P+ a((1+ Tt)ppt)l—ﬂ 7

1
1—

Analogously, the Foreign tradable price index faces a tariff 7, on goods imported from the Home country:
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We can now express tradable inflation as a function of domestic inflation and the terms of trade. By dividing

the Home tradable price index by Pp +, and defining the terms of trade S; = %, we obtain:
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Taking the ratio of this expression to its value in period t — 1, and noting that Ilt; = Pr;/Pr;_1 and Ilg; =
Py /Py 11, tradable inflation can be written as:
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Similarly, Foreign tradable inflation can be linked to the Foreign producer price inflation (I} ;) and the terms
of trade. Recalling that from the foreign perspective, the relative price of imports is the inverse of the terms of
trade (S, 1), we derived:
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A tariff shock generates an immediate wedge between domestic price inflation (I1y) and tradable consumer
price inflation (I17), which subsequently feeds into aggregate CPI inflation according to the share of tradables

Y-



However, the tariff does not directly enter the household budget constraint other than through its effects on
relative prices (see Lemma A.1).

Non-tradable and Aggregate Inflation Unlike the tradable sector, the non-tradable sector is shielded from
direct external price pressures such as tariffs or exchange rate fluctuations. Inflation in the non-tradable sector,
Iy, is driven by domestic real marginal costs, MCy; ;.

Aggregate inflation, Il; = P;/P;_4, is a composite of inflation in both sectors. Given the price index P; =

1
[')/P%;X +(1— 'y)PIl\];X] =X, aggregate inflation evolves according to:
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Real Exchange Rate Decomposition The real exchange rate, Q; = %, is driven by the relative price of

tradable goods, but it also depends on the relative price of non-tradables in each country. This can be seen by

decomposing the RER:
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Relative tradables prices Relative tradable/nontradable wedge

Changes in productivity or demand in the non-tradable sector will alter the internal price ratio Py ¢/ Pr, driv-
ing movements in the aggregate RER even if tradable prices satisfy the law of one price.

2.3 Firms and production

Goods producers Firms producing both (domestic) tradable and non-tradable goods (k = H, N) have a pro-
duction technology that combines capital and labor. Firms can receive a subsidy on the amount they invest

(¢¢), but also pay corporate taxes on their profits of amount 7x. Their products also face an ad-valorem tax, 7¢.

Individual firms use the production technology:

Y (i) = A (DKL, (DN (i)

They also face adjustment costs when investing. Profits in standard tax codes deduct the value of capital
depreciation (Py6Kj ;) from revenues rather than the cost of investment itself, and this is also the approach
taken in this model.
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The lagrangian multiplier ¢ can be determined via the 0Y} ; = Ppif(l T t) /\}t = ¢; condition. The multiplier

¢ is also interpretable as the post-tax marginal cost. In other words, firms produce up to the point where real

revenues equal marginal costs plus a markup Yy = M ﬂl/{; 2 Since the corporate tax loss (from revenues)

and gain (from higher costs being tax-deductible) cancel out:
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The remaining equations for optimal investment are largely standard, and define “Tobin’s Q” and its evolution.
Although to note that the expected return on capital also includes future expected relative prices (i.e. g is
higher if future relative prices of the product produced domestically is higher).
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Note that MC here is in real terms, deflated by the aggregate price level, MC = C" P"

. In a New Keynesian
framework, firms with market power restrict output to maintain prices, creating a wedge between price and
marginal cost (the markup). Consequently, the firm values additional productive capacity only at the cost
savings it generates (lowering MC). It also increases incentives to invest when relative prices of the sector are

high (%).

2For convenience, we do not show the pricing adjustment terms and price elasticity of demand in this lagrangian, which would be
required to show the existence of the markup term. Although these are shown in the pricing determination section.



Note also in the above that the cost of investment is Pr or Py, since for tradable investment, imported goods
can be used, not just domestically produced tradables (Py).

This is a key transmission mechanism for nonmarket policies - a directive to produce at a lower markups

(higher MC) increases g and desired investment. It also draws more labor into the sector to increase output.

Market clearing Each sector must produce enough to satisfy demand for consumption and investment. It is
assumed that investment in the tradable sector is made up of output in the tradable sector, while investment
in the nontradable sector requires the output of the nontradable sector.

The market clearing condition therefore becomes:

YH,t = IH,t + CH,f + C;I,t + II*{,t
We assume that investment I; is produced using the same tradable aggregator as consumption. This implies
that foreign investment decisions directly generate demand for home tradable goods (exports).

The market clearing condition for the Home Tradable good (Y () must account for both domestic and foreign
demand for consumption and investment:
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Domestic Use Exports

For the non-tradable sector, the market must clear domestically. Assuming non-tradable goods are used for
consumption and a portion of investment services:

YNt = Cnp+ Ing

Pricing and tradable inflation Now we examine the optimal pricing decision under PCP for the individual

firm making home tradable goods, accounting for demand in both economies using the demand function:
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The retailer faces adjustment costs when it changes prices of the form: % (PHIjtiﬂgl()l) — 1) Yp t+j. The maxi-
-

mization problem becomes:



[eo]

1
max E; Appyi— (1- TK,t) Py, (i) — MCy,
{Pr e (1) }52 ]g Lt P { ( t+j t+])

P 1) ) -

Prt+j

P\ " Pyt o X %
(=) () " (Crat i) | ohE ) (Chi+ i)
Pr; etPr,

Yi

2
P (i
- (1- TK,t)% (Htﬂm - 1) YH,t+j}

PH,t+j—1(l)

In this case the FOC wrt Py (i) yields (assuming all firms face the same FOC and Py (i) = Pp, and noting
that the corporate tax term drops out)
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Multiplying through by Pp ; and dividing by Yy ; yields:
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In the absence of adjustment costs, the equation reduces to the standard markup over marginal costs pricing:

PH,t € MCt

P e—1 P

The equations for nontradable and foreign counterparts take an analogous form.

The potential for a shock to markups M?* is applied in the simulated version of the model.

Aggregate profits Aggregate profits to distribute to the perpetual youth household are equivalent to the post-
tax markup over the marginal product of labor and the return on capital, offset by the depreciation deduction
for corporate taxes. Since the profits to the household are in "cashflow" form, the cost of investment is also
deducted from the distributed profits. Profits of both the tradable and non tradable sector are distributed to
the perpetual youth household only.
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2.4 Accounting identities and policy rules

Aggregates Aggregate output is

P P
Ht « Y7 + Nt Yy

Y; = GDP; =
t t P P

Aggregate investment is:

Py t
P

P
I = 2 s Iy +

I
P, Nt

Trade and the current account The current account balance is:

Bi 1
CAB; = Yi—C + (R —1)—/— |,
—— Tt
Trade balance —_—
Income balance

Net holdings of the international debt security evolves based on the CAB surplus or deficit of the economy:

By — B;_1 = CAB;
Fiscal and monetary policy The government collects revenues from tariffs, the consumption tax, labor tax,
and corporate tax each period. On the expenditure side, the government can use these revenues to finance

lump-sum transfers and investment subsidies. The government can issue debt or pay down debt in the case of

revenue and spending mismatches.

Revenues, R; are:
P
Rev; = TtPL:CF,t + 1 Ct + Tt WiN; + T (T — (0)Ke + (1 — ) 1)

Expenditure, E;:

Ei = Ti + ¢l

Government debt evolves as:

R;_
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t

The term B reflects the government’s holdings of the international bond. It evolves as:

The government can exogenously demand to hold more of the international bond (reserve accumulation),
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although this has consequences for the balance sheet, requiring additional domestic bond issuance, lower
expenditure, or higher taxes to fund it.

The government pursues a fiscal rule of the form:

Er _ jpReve  pBra

v, v TPy
The roles of expenditure and revenue can be switched - the component that serves to stabilize debt must be an
individual component of expenditure or revenue for identification.

A lower value for p will result in the stock of debt adjusting primarily in response to shocks to expenditure or
revenue, while a value of 1 will make shocks to any component deficit neutral.

Finally, the monetary policy rule is as follows:

Yr
7T,
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SS
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3 Parameters

Table 1: Calibrated Parametersl
Parameter Symbol Value Description

Preferences & Households

Discount Factor B 0.995  Subjective discount factor

Inter-temporal substitution o 2.0

Inverse Frisch Elasticity v 0.33  Inverse elasticity of labor supply

Habit Persistence 0 0.7  Internal habit formation in con-
sumption

Hand-to-Mouth Share w 0.3 Share of liquidity-constrained
households

Technology & Capital

Capital Share Uk 0.33  Share of capital in production func-
tion

Depreciation Rate ) 0.025  Quarterly capital depreciation rate

Inv. Adjustment Cost K 3.0  Capital adjustment cost parameter

Openness & Sectors

Tradable Share v 0.5  Share of tradables in consumption
basket

T/NT Elasticity X 0.5 Subst. elasticity ~ between
Tradables/Non-Tradables

Trade Elasticity 1 2.0  Elasticity of substitution (Home vs.
Foreign)

Openness o 0.3  Share of imports in tradable bundle

Nominal Frictions & Policy

Price Elasticity € 6.0  Elasticity of substitution between
varieties

Rotemberg Parameter (prices) ¢r 70 Adjustment cost for prices

Rotemberg Parameter (wages) o 70 Adjustment cost for wages

Taylor Rule (Inf) Pr 1.5  Taylor rule parameter on inflation

4 Shock processes

The model incorporates varying exogenous shock processes that drive fluctuations in productivity, fiscal in-
struments, monetary policy, and preferences. These are modeled as autoregressive processes of order one
(AR(1)).

Sector-specific productivity follow AR(1) processes in logs.

In(Ar;) = paln(Ari—1) + (1 —pa)In(Z7) +eaTs

In(An;) = paln(Ans-1) + (1 —pa) In(An) —ean
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In(A7,) = paln(At, 1) + (1 - pa) In(AT) + &) 1,

In(AR ;) = paln(Ax ;1) + (1 —pa) In(AY) + €4 n s

Where A1 and Ay represent productivity in the tradable and non-tradable sectors respectively, and variables

with an asterisk (*) denote foreign equivalents.

The model also includes shocks to investment subsidies, tariffs, and factor taxes. The subsidy on tradable

investment follows a persistent process.

Tsub,T,t = Pt,5ubTsub,T,t—1 + (1 - pT,sub)fsub,T + E1.5ub, Tt

=%

* _ * *
Tsub, Tt = Pr,subTsub, T t—1 + (1 - pT/sub)Tsub,T + €1 sub, Tt

The model includes the potential to shock markups on tradable sector output.

M
i =pMMi_q te

Tariffs (T) and taxes on labor (17) and capital (7x) follow AR(1) processes. The shocks to labor and capital taxes

enter with a negative sign, representing a tax cut.

T = PrT-1tert
Tt = P, LTLt—1 — €Lt
TKt = PrKTK -1 — E Kt
Government reserve accumulation is modeled as an accumulation of the international bond by the home gov-

ernment ( denoted B‘Ig ). Holdings evolve according to a persistence parameter and a feedback rule based on
the previous period’s government holdings of international bonds relative to GDP (BlG /GDP), plus a shock.

BS
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5 Simulations

In this section we provide a brief description of the scenarios shown in the paper.

5.1 Micro-industrial policy: productivity related developments

We first show the effects of a 1% boost to tradable sector productivity. In the permanent case, p4 is set to 1.
In the temporary case, p4 is set to 0. Perpetual youth households initially save part of the windfall created
by the temporary improvement in productivity, generating a current account surplus. This exceeds the initial
increase in investment, partly due to investment adjustment frictions.

In the permanent case, saving initially rises by less than in the temporary case to reflect an anticipation of
higher future income, but then rises alongside higher real interest rates and a higher marginal product of
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capital.

Figure 1: Temporary and permanent 1% boost to tradable sector productivity
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We then show that a fall in non-tradable productivity could have the same effects of a rise in tradable produc-
tivity. Paradoxically, a negative shock to non-tradable productivity (Ay) mirrors the current account impact
of a positive tradable shock (Ar). This is driven by the low elasticity of substitution between sectors (x < 1).
When Ay falls, the relative price of nontradables surges. Because households view tradables and nontradables
as complements, they do not substitute away from the now-expensive nontradables. Consequently, the RER
appreciates, increasing the relative value of domestic output, and accompanied by a decline in the current
account balance.

Figure 2: Permanent 1% rise in tradable sector productivity vs 1% fall in nontradable productivity
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5.2 Micro-industrial policy: Subsidies

We then consider a simple subsidy to investment (¢). This subsidy encourages capital deepening, and therefore
has similar impacts to the productivity simulations considered above (given it influences productivity via
capital deepening). In contrast to the earlier case, we now consider the fiscal implications of so-called ‘micro’
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industrial policy and how this affects the current account.

We consider two cases, one in which the subsidy is fully funded via a tax on consumption (7). Second, we
consider a case where the subsidy is initially heavily deficit financed (via a very low value of p, reducing the
increase in taxes in as government debt rises). In the case of the debt-financed subsidy, future tax liabilities from
the cost of the subsidy are partially discounted by the perpetual youth households due to the probability of
death 6. Households therefore save less than the cost of the subsidy, lowering aggregate saving. In contrast, in
the tax-financed case, the cost of the subsidy immediately lowers consumption, as perpetual youth households
bear the cost immediately and HTM households lower consumption given income constraints.

Figure 3: Tradable subsidy: tax and deficit financed cases
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5.3 Micro-industrial policy: Production targets

Industrial policy can also be performed by implementing strategic targets for production. For example, a man-
dated increase in output may drive marginal costs lower if scale economies are achieved, or if they encourage

learning by doing. Here, we only consider the effects of the mandated increase in output.

We simulate this as a permanent fall in the markup in the tradable sector. This has two direct effects: lowering
the price of output, and increasing production and factor inputs as firms are willing to bear lower profits. This
shock is close to an approximation of meeting output targets while sacrificing commercial interests (profit) in
the short run. The shock has many similar effects to the productivity improvement case considered above -
the improved demand and output for tradable products creates a relative shortage of nontradables. Inelastic
demand for nontradables results in a sharp rise in relative prices, increasing investment and labor demand to
alleviate shortages. The overall price level rises in response to rising demand, resulting in a RER appreciation.
Higher expected future income as capital deepening progresses also results in dissaving, leaving the current
account balance lower.
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Figure 4: Effect of production targets in the tradable sector
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5.4 Macro-industrial policy: Forced saving and capital controls

Policy to increase saving and lower interest rates is simulated as a persistent preference shock to the household
discount rate B. The simulation is conducted for two cases to approximate the impact of capital controls. When
@ (the adjustment cost term on international bond holdings) is 0, this is considered to policy of free financial
flows with no capital flow restrictions. We set ¢ to a very high level to proxy the implementation of strict
capital flow restrictions that make international bond transactions too costly to undertake. In the free capital
mobility case, the persistent increase in saving drives the current account balance higher and domestic and
global (reflecting the international bond yield) interest rates lower. The exchange rate rate initially depreciates
before investment begins to rise in response to lower interest rates.

In the strict 'CFM’ case (capital flow management), households cannot accumulate foreign assets to match
desired saving. A reduction in import demand from this consumption suppression instead leads to a large
appreciation of the RER. Domestic interest rates fall below the international bond rate and domestic investment
rises sufficiently to leave the current account balance little changed.
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Figure 5: Effect of financial repression/forced saving
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5.5 Macro-industrial policy: reserve accumulation

We now consider government reserve accumulation of international bonds with the aim of increasing the

current account balance and depreciating the real exchange rate.

To simulate the presence of capital account for the private sector, ¢ is set to 1, introducing high costs for
households to engage in international bond transactions. €, is shocked to generate a persistent accumulation
of the international bond by the government (higher Bg ;). The accumulation is funded primarily though
domestic bond issuance, requiring higher domestic interest rates to encourage the private sector to purchase
the new net supply of bonds (they are unable to sell down holdings of the international bond given the high
transaction costs). The result is a rise in domestic interest rates above the global bond rate and a persistent

depreciation given a fall in domestic absorption from lower consumption and investment.

Figure 6: Effect of persistent reserve accumulation with capital controls
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5.6 Combined Micro and Macro industrial policy

In this section, we show that the combination of Micro and Macro Industrial policy in our framework can
offset some of the ‘undesirable” side-effects of micro-IP that result in a lower current account balance. As in
our previous example of production targets in the tradable sector, we lower desired markups in the tradable
sector. Expectations of higher future income from capital deepening lower saving relative to investment. In
addition, the relative shortage of nontradable goods leads to a large relative price increase and an RER appre-
ciation. Now we combine this production targets policy with consumption repression. Using an intertemporal
preference shock (to ), we lower consumption persistently, as in the financial repression/forced saving case
described above (with no capital controls in this case). This naturally increases saving relative to investment,

but also counteracts the real exchange rate appreciation that occurs in the standalone micro-IP case.

Figure 7: Model-based impact of interaction of Micro and Macro IP
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Note: Simulated as a highly persistent (but declining) fall in the desired markup for tradable sector firms. In the ‘with additional forced saving’
scenario, an additional shock to intertemporal preferences lowers consumption.

6 Model extensions

6.1 Consumption smoothing

We now maximize household utility for:

ad 1 . _ 1 1+
E t(ClC_ e __— N q)),
ot;()ﬂ 7o (Ct(i) = pCi1) T

This implies that household i has habits referencing aggregate (not individual household) consumption in the
previous period. It avoids the FOCs yielding forward looking and backward looking components to the con-
sumption smoothing parameter which make the perpetual youth household framework have no analytically

tractable solution.

Replacing C; = C; — pC;_1 We also can modify the budget constraint so that it is written in terms of C
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First, we know from the first order conditions that the return on the international bond, inclusive of adjustment
costs, must be equal to the domestic government bond, so we can consolidate all bonds into a single aggregate

. Rt
Bt s with return IR

Ri—1 Bt
97'(1} 1-—

- I1;
(1 +1c)Ct + B+ 1H(1 — @1) = + WiN; +  —— + Tt — (1 +7c)oCi_1,

And the FOC for € becomes:

(Ct)ig = (1 + TC,t))\t

While the standard bond condition yields:

Ry
At = B—Ar1
P i
How does the forward iteration of the budget constraint change (for simplicity, Y is income net of investment)?:

Ri—1Brp1 _ Bry
oIl 1 —w 1—w

Yy — (1+7¢)(Ce + pCi1) +

Rt Ry 1Bri1  Bripn
M1 0Pml-w 1-w

Yiy1 — (1 + 70 + 1) (Coq + pCr) + (s — (14 1¢4)(Ci 4 pCi1)) +

6Ht+1

Where Q; = %, Qi1 = "I’{tl Zf This leads to the following lifetime budget constraint:

Ri s B

= ~ T
; 07 Qe+ (Ve — (1 + 1 p4) (Coyj + pCr14)) + th—l = HGTQHT

Ry 1

Bt
—w)om,

Z 07 Qo (14 1,4)Crrj) = Z 07 Qe+ (Ye — (1 + 1ct4)0Cr-14) + 1
=0

We can re-write the budget constraint by substituting in the consumption Euler.:

~ Qr1(T+1ci41) \1/0 4
1 = (1 4
( + TC,t)Ct ( + TC,t)( ,3(1 T TC,t) ) Cia1

CiB(Qre1(1+ 1) V7 (A + e )V BY 7 = Quia (1 + 1¢,441)0C1 4
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(1+7c441)

O+ 7)) VOBV = Q1 (1+ 1441)0Ck1

(14 1c,)Ce0(Qr41

By substituting for the first period of the budget constraint C; (1 + 7c ;)

14+ 1¢ _ R;i_ ad
w)l Ve = _tial))mBT,t—l + ) 07Qe(Ye — (1 + 7¢,1)pCr-1)

(141G Y (0BY7)(Qrie o
=0

=0

This equation for consumption only applies to those households who have survived the previous period and
inherited assets. We now need to adjust the aggregate consumption function to account for those agents who
have just entered the world with no assets but who do have income from wages and profits. This is a simple
weighting of 6 for the surviving households and (1 — 0) times zero for the new households. The end result is

a simple elimination of the 6 term on the return to Br;_;

1+ 7 _ R;_ >
w)l Ve = u_tiwl)mBT,tq + ) 07Qi (Y — (14 1¢ct)pCio1)

=0

(14 1¢4)C g(gﬁl/”)T(QHr (1+1cy)
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A Proofs and Technical Results

Lemma A.1 (Tariffs and the budget constraint) The imposition of tariffs does not alter the standard form of the bud-
get constraint, with the effects generated instead through relative and aggregate price adjustment.

The real cost of consumption of tradables can be written as:

Py ¢

Pr
7C 1 ;C
B Ht+ (14+T) B F b

Substituting for the relative price terms as functions of the terms of trade results in:

(1= a) +a(1+ 7)1 775 "] T Cp + (1= @)s"7 a1+ )| ™7 (1+7)Cr )

This can further be re-written as a function of Ct by substituting for Cy and Cr given their dependence on total con-

sumption and relative prices:

n-1 n—1

(1—a) [(1 —w) (1t n)lfﬁs}*ﬂ S er+a [(1 —)ST L+ a(1+ Tt)l’”} Sasniic; @)

Extracting the home and foreign price from each term respectively:

SN

1

(1-a) [1 =) +a(1+7) 775" & Cr+a(l+m)' ™ [1-a)s'™ +a(l+7)' 1) Cr

- - .11 _ _ .11
(A =a)Py " [(1 = )P+ a1+ 1) 71P ] Cr a4+ 1) TR (1= )Py a(1 7)) R ]

This trivially reduces to Ct. So the inclusion of tariffs does not change the budget constraint from the household’s
perspective beyond its effects on the aggregate and relative price effects.
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