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A1 Model Details and Linearized Equations

A1.1 Final-Good Aggregators

There are three types of final-goods aggregators, one for final consumption, one for trad-

able goods consumption and one for investment. Goods Consumption aggregators are per-

fectly competitive and produce the final consumption good as a CES aggregate of home

goods consumption (cH,t) and imported goods consumption (cF,t).

cgoods,t =

[
γ

1
λc
c (cH,t)

λc−1
λc + (1 − γc)

1
λc (cF,t)

λc−1
λc

] λc
λc−1

(A1)

where γc denotes the share of domestic consumption goods, and λc is the elasticity of sub-

stitution between home and foreign consumption. Derived demand for home and imported

consumption is given by:

cH,t =

(
PH,t
Pt

)−λc
γccgoods,t & cF,t =

(
PF,t
Pt

)−λc
(1 − γc)cgoods,t (A2)

where PH,t and PF,t are the prices of home and imported goods, respectively. The aggregate

price index, Pt, for consumption goods is given by

Pgoods,t =
[
γcP

1−λc
H,t + (1 − γc)P

1−λc
F,t

] 1
1−λc (A3)



Final Consumption aggregators are perfectly competitive and produce the final con-

sumption good as a CES aggregate of goods consumption (cgoods,t) and service consumption

(cserv,t).

ct =

[
(1 − γserv)

1
λtype c

λtype−1

λtype

goods,t + γ
1

λtype
serv c

λtype−1

λtype

serv,t

] λtype
λtype−1

(A4)

where γserv denotes the share of consumption services, and λtype is the elasticity of substi-

tution between goods and services. Derived demand for goods and services consumption is

given by:

cgoods,t =

(
Pgoods,t
Pt

)−λtype
(1 − γserv)ct & cserv,t =

(
Pserv,t
Pt

)−λtype
γservct (A5)

where Pgoods,t and Pserv,t are the prices of goods and services, respectively. The aggregate

price index, Pt, for the economy is given by

Pt =
[
(1 − γserv − ∆hou)P

1−λtype
goods,t + γservP

1−λtype
serv,t + +∆houP

1−λtype
hou,t

] 1
1−λtype (A6)

Final investment good aggregators are given by

It =

[
γ

1
λI
I (IH,t)

λI−1

λI + (1 − γI)
1
λI (IF,t)

λI−1

λI

] λI
λI−1

(A7)

where γI denotes the share of domestic investment goods, and λI is the elasticity of sub-

stitution between home and foreign investment. Derived demand for home and imported

investment is given by:

IH,t =

(
PH,t
PI,t

)−λI
γIIt & IF,t =

(
PF,t
PI,t

)−λI
(1 − γI)It (A8)

where PI,t is the aggregate price of investment and is given by: .

PI,t =
[
γIP

1−λI
H,t + (1 − γI)P

1−λI
F,t

] 1
1−λI (A9)
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Final Intermediate Good factor aggregators are given by

Intt =

[
γ

1
λint
int (IntH,t)

λint−1

λint + (1 − γint)
1

λint (IntF,t)
λint−1

λint

] λint
λint−1

(A10)

where γI denotes the share of domestic investment goods, and λI is the elasticity of sub-

stitution between home and foreign investment. Derived demand for home and imported

investment is given by:

IntH,t =

(
PH,t
Pt

)−λint
γintIntt & IntF,t =

(
PInt,F,t
Pt

)−λint
(1 − γint)Intt (A11)

PM,t =
[
γintP

1−λint
H,t + (1 − γint)P

1−λint
int,F,t

] 1
1−λint (A12)

A1.2 Labor Market

Labor supplied are heterogeneous across households, and are combined into an aggre-

gated sectoral labor level by perfectly-competitive labor intermediaries in each sector. Labor

services are then rented out to goods producers, service producers and housing producers

respectively. The labor demand curve each household (j) faces in sector jj

Ljj,t(j) =

(
Wjj,t(j)

Wjj,t

)−Θw,jj,t

Ljj,t (A13)

where Wjj,t is the nominal wage rate in sector jj and Θw,jj,t is a time-varying elasticity

of substitution between the differentiated labor. Sectoral wage cost-push shocks ew,jj,t are

centered around the markup of wages over the marginal rate of substitution in each sector,

θw,jj. (θw,jj = Θw,jj/(Θw,jj − 1))

The optimality conditions of households with respect to sectoral labor and wages can be

combined to derive a log-linearized New Keynesian Phillips curve for wages in each sector
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jj given by:

π̂w,jj,t − ιw,jj π̂w,jj,t−1 = βEt[π̂w,jj,t+1 − ιw,jj π̂w,jj,t] −
Θw,jj − 1

κw,jj
(ŵjj,t − ŵHousehold,jj,t) + êw,jj,t

(A14)

where nominal wage inflation in sector jj (π̂w,jj,t) and the real wage in sector jj (ŵjj,t) are

defined as:

π̂w,jj,t − π̂t = ŵjj,t − ŵjj,t−1 (A15)

and ŵHousehold,jj,t comes form the labor supply FOC from the households optimization prob-

lem and is defined as:

ŵHousehold,jj,t = (νl − ηl) L̂t + ηlL̂jj,t − λ̂t (A16)

All equations hold for the goods, services and housing sectors. (i.e. for jj = goods, serv, hou)

A1.3 Domestic Goods Firms

Home final good producers operate in a perfectly competitive market. They buy inter-

mediate goods ygoods,t(i), package them into final goods output ygoods,t. The final good of the

economy is a CES production function of a continuum of intermediate goods indexed by i.

ygoods,t =

(∫ 1

0

ygoods,t(i)
ΘH,t di

) 1
ΘH,t

(A17)

The parameter ΘH,t is a time-varying elasticity of substitution between the differentiated

goods and gauges the monopoly power an intermediate firm has in selling its specific good

i. The first order condition of the final good producers profit maximization problem leads

to the following demand for good ygoods,t(i):

ygoods,t(i) =

(
PH,t(i)

PH,t

)−ΘH,t

ygoods,t (A18)
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where PH,t is the home price level. Home price cost-push shocks eH,t are centered around

the markup of home prices over marginal cost in the home region, denoted as θH . (θH =

ΘH/(ΘH − 1))

Intermediate good producers are the first stage of production. Intermediate firms use

utilized capital, labor packaged by the employment agencies other intermediate goods and

oil to produce differentiated intermediate goods that they sell to the final goods producers. A

continuum of these firms indexed by i exist and use the following CES technology production

process:

ygoods,t(i) = ea,goods,t

[
(1 − αK − αO,goods − αM,goods)

1
τgoods L

τgoods−1

τgoods

goods,t + α
1

τgoods

O,goodsOil

τgoods−1

τgoods

goods,t +

α
1

τgoods

K K

τgoods−1

τgoods

t + α
1

τgoods

M,goodsInt

τgoods−1

τgoods

goods,t

] τgoods
τgoods−1

(A19)

where Kt is utilized capital1, Oilgoods,t is the oil factor of production by the domestic goods

sector, Intgoods,t is the bundle of domestic and foreign intermediate goods used in production

and ea,goods,t is a stationary stochastic productivity shock that alters the production process.

τgoods denotes the elasticity of substitution between the factor inputs in the goods sector.

The intermediate firms’ profit in the domestic goods sector at time t is given by:

ΠH,t(i)

Pt
=
PH,t(i)

Pt
ygoods,t(i) −

Wgoods,t

Pt
Lgoods,t(i) − rktKt(i) −

PM,t

Pt
Intgoods,t(i)−

Poil,t
Pt

Oilgoods,t(i) −
κH
2

(
PH,t(i)/PH,t−1(i)

πιHH,t−1π
1−ιH

− 1

)2
PH,t
Pt

ygoods,t

(A20)

where price stickiness is introduced via quadratic adjustment costs with level parameter

κH and ιH captures the extent to which price adjustments are indexed to past inflation in

the domestic goods sector. A domestic firm’s objective is to choose the quantity of labor,

capital, intermediate factors, oil intensity and the price of its output each period, to maximize

the present value of profits subject to the demand function it is facing with respect to its

individual output. The first-order conditions of the firm with respect to labor, oil, capital and

intermediates can be combined and linearized to relate capital, labor, oil and intermediate

1Utilized capital, Kt, is equal to the capital stock times the utilization rate. Kt = utK̄t−1
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goods demand.

K̂t = τgoodsŵgoods,t + L̂goods,t − τgoodsr̂
k
t (A21)

Ôilgoods,t = τgoodsŵgoods,t + L̂goods,t − τgoodsp̂oil,t (A22)

ˆIntgoods,t = τgoodsŵgoods,t + L̂goods,t − τgoodsp̂M,t (A23)

(A24)

The first-order condition with respect to price yields the linearized New Keynesian

Phillips curve for domestic goods prices as:

π̂H,t − ιH π̂H,t−1 = βEt[π̂H,t+1 − ιH π̂H,t] −
ΘH − 1

κH

(
p̂H,t − M̂Cgoods,t

)
+ êH,t (A25)

where pH,t is the relative price of home goods, (pH,t =
PH,t
Pt

), and MCgoods,t is the marginal

cost of home goods production defined as

M̂Cgoods,t = (1 − αK − αO,goods − αM,goods)ŵgoods,t + αK r̂
k
t + αO,goodsp̂oil,t + αM,goodsp̂M,t − êa,goods,t

(A26)

A1.4 Domestic Services Firms

Home final services producers operate in a perfectly competitive market. They buy

intermediate services yserv,t(i), package them into final services output yserv,t. The final

services of the economy is a CES production function of a continuum of intermediate services

indexed by ii.

yserv,t =

(∫ 1

0

yserv,t(ii)
Θserv,t dii

) 1
Θserv,t

(A27)

The parameter Θserv,t is a time-varying elasticity of substitution between the differenti-

ated services and gauges the monopoly power an intermediate firm has in selling its specific

service ii. The first order condition of the final service producers profit maximization problem
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leads to the following demand for services yserv,t(ii):

yserv,t(ii) =

(
Pserv,t(ii)

Pserv,t

)−Θserv,t

yserv,t (A28)

where Pserv,t is the services price level. Service price cost-push shocks eserv,t are centered

around the markup of services prices over marginal cost in the home region, denoted as

θserv. (θserv = Θserv/(Θserv − 1))

Intermediate service producers are the first stage of service production. Intermediate

firms use labor packaged by the employment agencies and oil to produce differentiated in-

termediate services that they sell to the final services producers. A continuum of these firms

indexed by ii exist and use the following CES technology production process:

yserv,t(i) = ea,serv,t

[
(1 − αO,serv − αM,serv − αM,goods,serv)

1
τserv L

τserv−1
τserv

serv,t +

α
1

τserv

M,servInt
τserv−1
τserv

serv,t + α
1

τserv

M,goods,servInt
τserv−1
τserv

goods,serv,t + α
1

τserv

O,servOil
τserv−1
τserv

serv,t

] τserv
τserv−1

(A29)

where Intserv,t, are intermediate services used in production, Intgoods,serv,t are intermediate

goods used in service production. Oilserv,t is the oil factor of production by the domestic

service sector and ea,serv,t is a stationary stochastic productivity shock that alters the pro-

duction process. τserv denotes the elasticity of substitution between the factor inputs in the

service sector.

The intermediate firms’ profit in the domestic services sector at time t is given by:

Πserv,t(ii)

Pt
=
Pserv,t(ii)

Pt
yserv,t(ii) −

Wserv,t

Pt
Lserv,t(ii) −

Pserv,t(ii)

Pt
Intserv,t(ii)−

PM,t(ii)

Pt
Intgoods,serv,t(ii) −

Poil,t
Pt

Oilserv,t(ii) −
κserv

2

(
Pserv,t(ii)/Pserv,t−1(ii)

πιservserv,t−1π
1−ιserv

− 1

)2
Pserv,t
Pt

yserv,t

(A30)

where price stickiness is introduced via quadratic adjustment costs with level parameter

κserv, and ιserv captures the extent to which price adjustments are indexed to past inflation

in the domestic service sector. A domestic firm’s objective is to choose the quantity of

labor, intermediate factors oil intensity and the price of its output each period, to maximize

the present value of profits subject to the demand function it is facing with respect to its
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individual output. The first-order conditions of the firm with respect to labor, intermediate

factors and oil can be combined and linearized to relate service labor, intermediate factors

and oil demand.

Ôilserv,t = τservŵserv,t + L̂serv,t − τservp̂oil,t (A31)

ˆIntserv,t = τservŵserv,t + L̂serv,t − τservp̂serv,t (A32)

ˆIntgoods,serv,t = τservŵserv,t + L̂serv,t − τservp̂M,t (A33)

The first-order condition with respect to price yields the linearized New Keynesian

Phillips curve for domestic services prices as:

π̂serv,t − ιservπ̂serv,t−1 = βEt[π̂serv,t+1 − ιservπ̂serv,t] −
Θserv − 1

κserv

(
p̂serv,t − M̂Cserv,t

)
+ êserv,t

(A34)

where pserv,t is the relative price of services, (pserv,t = Pserv,t
Pt

), and MCserv,t is the marginal
cost of service production defined as

M̂Cserv,t = (1− αO,serv − αM,serv − αM,goods,serv)ŵserv,t + αO,serv p̂oil,t + αM,serv p̂serv,t + αM,goods,serv p̂M,t − êa,serv,t
(A35)

A1.5 Domestic Housing Firms

Housing producers operate in a perfectly competitive market. They buy intermediate

housing yhou,t(i), package them into final housing output yhou,t. Final Housing invextment of

the economy is a CES production function of a continuum of intermediate housing producers

indexed by iii.

yhou,t =

(∫ 1

0

yhou,t(iii)
Θhou,t diii

) 1
Θhou,t

(A36)

The parameter Θhou,t is a time-varying elasticity of substitution between the differentiated

housing producers and gauges the monopoly power an intermediate firm has in selling its

housing produced iii. The first order condition of the housing producers profit maximization
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problem leads to the following demand for housing yhou,t(iii):

yhou,t(iii) =

(
Phou,t(iii)

Phou,t

)−Θhou,t

yhou,t (A37)

where Phou,t is the housing price level. Housing price cost-push shocks eserv,t are centered

around the markup of final housing prices over marginal cost in the home region, denoted

as θhou. (θhou = Θhou/(Θhou − 1))

Intermediate housing producers are the first stage of housing production. Intermediate

firms use labor packaged by the employment agencies and endowed land to produce differ-

entiated intermediate housing that they sell to the final housing producers. A continuum of

these firms indexed by iii exist and use the following CES technology production process:

yhou,t(iii) = ea,hou,t

[
(1 − αland)

1
τhou L

τhou−1

τhou

hou,t + α
1

τhou

land Land
τhou−1

τhou

] τhou
τhou−1

(A38)

where Land is the land factor of production used by the housing sector and ea,hou,t is a

stationary stochastic productivity shock that alters the production process. τhou denotes the

elasticity of substitution between the factor inputs in the housing sector.

The intermediate firms’ profit in the housing sector at time t is given by:

Πhou,t(iii)

Pt
=
Phou,t(iii)

Pt
yhou,t(iii) −

Whou,t

Pt
Lhou,t(iii)−

Rl,t

Pt
Land(iii) − κhou

2

(
Phou,t(iii)/Phou,t−1(iii)

πιhouhou,t−1π
1−ιhou

− 1

)2
Phou,t
Pt

yhou,t

(A39)

where price stickiness is introduced via quadratic adjustment costs with level parameter κhou,

and ιhou captures the extent to which price adjustments are indexed to past inflation in the

domestic housing sector. A domestic firm’s objective is to choose the quantity of labor, land

and the price of its output each period, to maximize the present value of profits subject

to the demand function it is facing with respect to its individual output. The first-order

conditions of the firm with respect to labor and land can be combined and linearized to

relate housing labor and land.

τhour̂l,t = τhouŵhou,t + L̂hou,t (A40)
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The first-order condition with respect to price yields the linearized New Keynesian

Phillips curve for domestic housing prices as:

π̂hou,t − ιhouπ̂hou,t−1 = βEt[π̂hou,t+1 − ιhouπ̂hou,t] −
Θhou − 1

κhou

(
p̂hou,t − M̂Chou,t

)
+ êhou,t

(A41)

where phou,t is the relative price of housing, (phou,t =
Phou,t
Pt

), and MChou,t is the marginal

cost of housing production defined as

M̂Chou,t = (1 − αland)ŵserv,t + αlandr̂l,t − êa,hou,t (A42)

A1.6 Importers

A unit measure of importers indexed by m, import foreign goods from abroad, differ-

entiate them and markup their price, and then sell these heterogeneous goods to perfectly

competitive import aggregators, who aggregate these imported goods using a CES aggrega-

tor. The demand curve facing each importer is given by:

yF,t(m) =

(
PF,t(m)

PF,t

)−ΘF,t

yF,t (A43)

where yF,t is the aggregate level of imports and ΘF,t is a time-varying elasticity of substitution

between the differentiated import goods. Import cost-push shocks eF,t are centered around

the markup of import good prices over its import price, θF . (θF = ΘF/(ΘF − 1))

Importers maximize the present value of profits subject to the demand function they are

facing from the aggregators. The importer’s profits at time t are given by

ΠF,t(i)

Pt
=
PF,t(i)

Pt
yF,t(m) −

etP
∗
H,t

Pt
yF,t(m) − κF

2

(
PF,t(m)/PF,t−1(m)

πιFF,t−1π
1−ιF

− 1

)2
PF,t
Pt

yF,t (A44)

where κF and ιF are the price adjustment cost and indexation parameters. Import price

frictions ensure there is not perfect import price/exchange rate pass through.

The first-order condition of importers with respect to price yields the following linearized
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import-price New Keynesian Phillips curve:

π̂F,t − ιF π̂F,t−1 = βEt[π̂F,t+1 − ιF π̂F,t] −
ΘF − 1

κF

(
p̂F,t − ˆrert − p̂∗H,t

)
+ êF,t (A45)

where pF,t is the relative price of import goods, (pF,t =
PF,t
Pt

) and rert is the real exchange

rate. Import price cost-push shocks εF,t are centered around the markup of import good

prices over its import price, denoted as θF . (θF = ΘF/(ΘF − 1))

A1.7 Capital Producers

Capital goods are produced in a perfectly competitive sector of the economy by purchas-

ing aggregated business investment from the goods producers and transforming it into new

capital. In addition to producing new capital, capital producers also buy and sell capital from

entrepreneurs at price Qt. At the end of time t capital producers purchase non-depreciated

t − 1 physical capital from entrepreneurs and investment goods from the aggregated good

producers and convert them to the time t capital stock. The time t physical capital stock

is then purchased by entrepreneurs and used in time t+ 1 production. The physical capital

stock evolves according to:

K̄t = (1 − τ)K̄t−1 + eI,t

(
1 − S

(
It
It−1

))
It (A46)

where τ is the depreciation rate and It is the investment good purchased.

Capital producers face a stochastic exogenous AR(1) process eI,t that alters the ability of

producers to turn investment purchases into physical capital. In addition, capital producers

face investment adjustment costs represented by the function S. Where S(1) = S ′(1) = 0,

S ′() > 0 and S ′′() > 0.

Capital producers profit is defined as:

Πk
t = Qt(K̄t − (1 − τ)K̄t−1) − PI,tIt (A47)

where PI,t is the price of investment. The capital producers maximize future profits by

choosing an Investment level subject to the households’ discount factor and the capital accu-
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mulation equation. The first-order condition with respect to investment yields the following

linearized investment demand equation:

Ît − Ît−1 = βEt[Ît+1 − Ît] +
1

S ′′
(Q̂t − p̂I,t) + êI,t (A48)

where pI,t is the relative price of investment goods, (pI,t =
PI,t
Pt

).

A1.8 Entrepreneurs and Financial Intermediaries

There exists a continuum of finite lived entrepreneurs indexed by e who are able to borrow

from the perfectly competitive financial intermediary sector who obtain deposits from the

households.2 At the end of period t− 1, entrepreneurs buy physical capital Qt−1K̄t−1 using

their own nominal net worth NWt−1 and a loan from the financial intermediary, Loant−1.

Qt−1K̄t−1(e) = Loant−1(e) +NWt−1(e) (A49)

In period t the entrepreneur is then subject to a stochastic productivity shock wt(e) that

increases or decreases the entrepreneur’s physical capital stock. The productivity shock

is drawn from the lognormal cumulative distribution F (w) with mean mw,t−1 and variance

σ2
w,t−1. The distribution is assumed to be known at t−1 and mw,t−1 is such that E[wt(e)] = 1.

The standard deviation σw will follow an exogenous process and can be considered as a

financing shock as it will either increase or decrease the riskiness of loans. Entrepreneurs

then choose the optimal utilization rate ut that maximizes their time t profit.

max
ut(e)

[
Rk
t ut(e) − Pta(ut(e))

]
wt(e)K̄t−1(e) (A50)

where Rk
t is the rental rate of utilized capital paid by the intermediate goods firms and a()

is the cost of capital utilization payed in final good output, with a(u) = 0, a′() > 0 and

a′′() > 0.

Entrepreneurs at the end of period t sell the non-depreciated physical capital to the

2All interactions between entrepreneurs, intermediate firms and the financial intermediary are assumed
to take placed in the closed-economy.
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capital producers resulting in the following period t revenue for entrepreneur e:

wt(e)R̃
k
t (e)Qt−1K̄t−1(e) (A51)

where

R̃k
t (e) =

Rk
t ut(e) + (1 − τ)Qt − Pta(ut(e))

Qt−1

(A52)

Entrepreneurs and the financial intermediary agree upon a loan contract that consists of

the size of the loan Loant, the interest rate of the loan Rc
t and the default threshold of the

loan w̄t below which entrepreneurs cannot pay back the loan and are obligated to turn over

their time t revenues to the financial intermediary. However, the financial intermediary is

only able to recover a (1 − µ) fraction of the defaulted revenue due to bankruptcy costs.

w̄t(e)R̃
k
tQt−1K̄t−1(e) = Rc

t(e)Loant−1(e) (A53)

The financial intermediary only pays deposit holders an interest payment if the deposits

are given in the form of a loan. The interest payment paid on deposits lent out is equal to

the domestic risk free interest rate Rt. As a result the interest rate paid on deposits, RD
t , is

equal to:

RD
t = ldrtRt + (1 − ldrt) (A54)

where ldrt is equal to the loans to deposit ratio (Loanst/Dept). This creates a wedge between

Rt and RD
t dependent upon loan demand and deposit supply, both of which are impacted

by conventional and unconventional monetary policy intervention.

The financial intermediary abides by a zero profit condition since they operate in a

perfectly competitive environment given by:

[1 − Ft−1(w̄t(e))]R
c
t(e)Loant−1(e) + (1 − µ)

∫ w̄t(e)

0

wdFt−1(w)R̃k
tQt−1K̄t−1(e)

= Rt−1Loanst−1(e)

(A55)
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where the first term on the left equals the expected revenue payed back to the financial

intermediary, the second term equals the expected revenue the financial intermediary receives

when a entrepreneur defaults and the term right of the equality is the associated cost of

deposits lent out by the financial intermediary. The optimal contract maximizes expected

entrepreneur profits subject to the banks’ zero profit condition.

The aggregate equity, Vt, of entrepreneurs operating in the economy evolves according to

Vt = R̃k
tQt−1K̄t−1 −

(
Rt−1 + µGt−1(w̄t)R̃

k
t

Qt−1K̄t−1

Qt−1K̄t−1−Nt−1

)
(Qt−1K̄t−1 −NWt−1) (A56)

where the first term on the right is the time t revenue of entrepreneurs minus the interest and

principle payments entrepreneurs borrowed from the banking sector. Notice that the agreed

upon contract interest rate of the loan will be higher than the risk less rate, Rt−1. This

external finance premium will be a function of bankruptcy costs and exogenous entrepreneur

risk. At the end of each period a fraction 1 − γ of entrepreneurs exit the economy and are

replaced by new entrepreneurs. Exiting entrepreneurs transfer some fraction of their net

worth to households and the remaining net worth is transferred to newly born entrepreneurs

symbolized as Trt. Aggregate net worth, NWt, is subject to net worth shocks and evolves

in accordance to:

NWt = γVt + Trt + eNW,t (A57)

The sector is characterized by two key log-linearized equations, the first being the spread

of the return on capital over the risk free rate:

Ŝt ≡ Et

[
ˆ̃Rk
t+1 − R̂t

]
= χ

(
Q̂t + ˆ̄Kt − ˆNW t

)
+ êFin,t (A58)

where χ is the elasticity of the spread with respect to the capital to net worth ratio and

êFin,t is a finance shock that effects the riskiness of entrepreneurs and thus the riskiness of

banks being paid back in full.
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The second key equation contains the evolutional behavior of entrepreneur net worth:

ˆNW t = δR̃k(
ˆ̃Rk
t − π̂t) − δR(R̂t−1 − π̂t) + δqK(Q̂t−1 + ˆ̄Kt−1) + δn ˆNW t−1 − δσê

Fin
t−1 + êNWt

(A59)

where the δ coefficients are functions of the steady state values of the loan default rate,

entrepreneur survival rate, the steady state variance of the entrepreneurial risk shocks, the

steady state level of revenue lost in bankruptcy, and the steady state ratio of capital to net

worth. The value of χ, which will be estimated, will determine the steady state level of the

variance of the exogenous risk shock, the steady state value of the percentage of revenue lost

in bankruptcy and the steady state level of leverage. Therefore, the value of χ will determine

the values of the δ coefficients.3

A1.9 Dominant Oil Producing Economy

The household in the dominant oil producer chooses an optimal consumption level cdom,t,

labor supply Ldom,t, oil prices Poil,dom,t, imported oil machinery Xdom,t, bond holdings Bdom,t

and US deposits dept, so to maximize

Et

∞∑
s=0

βsdom

[
log(cdom,t+s) −

L
1+νl,dom
dom,t+s

1 + νl,dom

]
(A60)

given oil production and oil market clearing:

Oilsupply,dom,t = ea,oil,dom,tL
αL,oil,dom
oil,dom,t X

αx,dom
oil,dom,t (A61)

Oildemand,t +Oilinv,t −Oilinv,t−1 = Oilsupply,dom,t +Oilsupply,fringe,t (A62)

3For a comprehensive look at the functional forms of all the δ coefficients used in coding
the model, one must look at the working appendix of Del Negro and Schorfheide available at
http://economics.sas.upenn.edu/ schorf/research.htm.
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and the following budget constraint

cdom,t +
edom,tDept
Pdom,t

+
Bdom,t

Pdom,t
+Xoil,dom,t ≤

Wdom,t

Pdom,t
Ldom,t +

edom,,tR
D
t−1Dept−1

Pdom,t
+

Rdom,t−1Bdom,t−1

Pdom,t
+

Πdom,serv,t

Pdom,t
+
Poil,dom,tOilsupply,dom,t

Pdom,t

(A63)

The dominant oil producing households can hold DOP issued short-term bonds or US based

deposits that pay RD
t . In addition, edom,t is the pice of a US dollar in DOP currency that

is needed to buy US deposits. As in the US and ROW, prices in the DOP service sector

are subject to nominal rigidity and only DOP labor is needed to produce them. DOP

consumption is given by

cdom,t =

[
(1 − γdom)

1
λtype,dom c

λtype,dom−1

λtype,dom

dom,goods,t + γ
1

λtype,dom

dom c

λtype,dom−1

λtype,dom

dom,serv,t

] λtype,dom
λtype,dom−1

(A64)

cdom,goods,t =

[
n

1
λc,dom c

λc,dom−1

λc,dom

goods,US,t + (1 − n)
1

λc,dom c

λc,dom−1

λc,dom

goods,ROW,t

] λc,dom
λc,dom−1

(A65)

where the steady state shares of cdom,goods,t from the US and ROW imports are given by the

relative size of the two regions.

The DOP monetary authority follows the following linearized Taylor rule to set the short-

term nominal interest rate that adjusts due to deviations of DOP inflation and DOP output

from their steady state levels.

R̂dom,t = ρdomR̂dom,t−1 + (1 − ρdom)

[
rπ,domπ̂dom,t + ry,dom(γdomĉdom,serv,t+

(1 − γdom)Ôilsupply,dom,t) − rd,dom ˆappdom,t

] (A66)

where ˆappdom,t is appreciation of the DOP currency against the US dollar and π̂dom,t is defined

as:

π̂dom,t = γdomπ̂serv,dom,t+(1−γdom)[n(π̂H,t−(1+χd) ˆappdom,t)+(1−n)(π̂∗H,t−(1+χd)( ˆappdom,t−d̂t))]
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(A67)

The parameter χd determines the amount of exchange rate pass through on DOP import

pricing.

A1.10 Global Oil Inventories

Crude oil is assumed to be storable in inventories in a perfectly competitive oil storing

market as in Unalmis et al. (2012) in which a storer buys oil at market value and stores

it for future selling while facing a quadratic oil storing cost. The storer choses the optimal

amount of storage Oilinv,t to maximize profits given by

Etpoil,t+1

Rt

− poil,tOilinv,t − poil,tΓ(Oilinv,t) (A68)

where Γ(Oilinv,t) is a cost that increases with the amount of oil storage. Oil storage demand

is subject to exogenous oil speculation shocks assumed to follow an AR(1) process.

A1.11 Exogenous Processes

The model is complete with 23 exogenous shocks to each region, three oil shocks and one

global trade shock. There are seven region specific i.i.d. pricing shocks to sectoral wages,

sectoral domestic prices, and import prices, three AR(1) bond demand shocks, four AR(1)

demand shocks to business investment, housing, final consumption and goods consumption,

four policy shocks to government purchases, taxes, monetary policy rate and a LSAP (bond

supply available to the public ratio) shock. Further, two finance AR(1) shocks that are

assumed to be correlated across regions, one to net worth and a financial risk shock that

directly affects the loan spread. There are also three stationary AR(1) technology shocks to

each of the three sectors of the economy. In addition, the domestic region (US) is subject to

five anticipated monetary policy shocks in the monetary policy interest rate setting rule that

are identified off of Federal Funds Rate market expectations as in Del Negro et al. (2013).

All shocks are listed in Table A1.
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Table A1: Exogenous Processes

Description Type US ROW
Price and Wage Shocks
Price Mark-up shock to domestic Goods Prices iid êH,t êH∗,t

Price Mark-up shock to domestic Service Prices iid êserv,t êserv∗,t
Price Mark-up shock to domestic Housing Prices iid êhou,t êhou∗,t
Price Mark-up shock to Import Prices iid êF,t êF ∗,t

Wage shock in Goods sector iid êw,goods,t êw,goods∗,t
Wage shock in Service sector iid êw,serv,t êw,serv∗,t
Wage shock in Housing sector iid êw,hou,t êw,hou∗,t

Productivity Shocks
Productivity shock in Goods sector AR(1) êa,goods,t êa,goods∗,t
Productivity shock in Service sector AR(1) êa,serv,t êa,serv∗,t
Productivity shock in Housing sector AR(1) êa,hou,t êa,hou∗,t

Demand Shocks
Consumption shock AR(1) êb,t êb∗,t
Consumption Goods shock AR(1) êgoodsd,t êgoods∗d,t
Business Investment shock AR(1) êI,t êI∗,t
Import Demand shock AR(1) êtrade,t -
Housing Demand shock AR(1) êhoud,t êhou∗d,t

Finance Shocks
Bond Duration Preference shock AR(1) γ̂a,t γ̂a∗,t
Home Short Bond Preference shock AR(1) γ̂S,t γ̂S∗,t

Home Long Bond Preference shock AR(1) γ̂L,t γ̂L∗,t

Net Worth shock AR(1) & Corr êNW,t êNW ∗,t

Financial Spread shock AR(1) & Corr êFin,t êFin∗,t

Policy Shocks
Monetary Policy shock iid ε̂r,t ε̂r∗,t
LSAP shock AR(1) γ̂b,t γ̂b∗,t
Govt Purchase shock AR(1) ĝt ĝ∗t
Govt Tax shock AR(1) êtax,t êtax∗,t
Anticipated Monetary shocks for k = 1, 2, 3, 4, 5 iid êrk,t−k -

Oil Shocks
Fringe Oil Supply shock AR(1) êoilfringes ,t
OPEC+ Oil Supply shock AR(1) êa,oil,dom,t
Oil Inventory shock AR(1) êoilinv ,t
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A1.12 Linearized Equations - Home Region

• Household FOC’s

λ̂t = − 1

1 − h
(ĉt − hĉt−1) + êb,t (A69)

R̂L,t =
κ

RL
Et[R̂L,t+1] +

(
1 − κ

RL

)(
R̂t +

(
π

βR
− 1

)
T̂t

)
(A70)

T̂t =
1

λa

(
âL,t − âS,t +

1

1 − γa
γ̂a,t

)
− 1

λL

(
âL,t − (q̂L,t + b̂H,L,t) + γ̂L,t

)
+

1

λs

(
âS,t − b̂H,S,t + γ̂S,t

)
(A71)

λ̂t =
βR

π

(
Et[λ̂t+1] + R̂t − Et[π̂t+1]

)
+

(
1 − βR

π

)[
1 − γa
λa

(
âL,t − âS,t +

1

1 − γa
γ̂a,t

)
+

1 − γS
λS

(
ˆrert + b̂F,S,t − b̂H,S,t +

1

1 − γS
γ̂S,t

)
− ât

] (A72)

λ̂t =
βRD

π

(
Et[λ̂t+1] + R̂Dt − Et[π̂t+1]

)
−
(

1 − βRD

π

)
ˆdept (A73)

−1

1 − hhou
( ˆhout−hhou ˆhout−1)+êhoud,t =

1

1 − β(1 − τh)

[
p̂hou,t + λ̂t − β(1 − τh)Et(p̂hou,t+1 + λ̂t+1)

]
(A74)

ŵHousehold,goods,t = (νl − ηl) L̂t + ηlL̂goods,t − λ̂t (A75)

ŵHousehold,serv,t = (νl − ηl) L̂t + ηlL̂serv,t − λ̂t (A76)

ŵHousehold,hou,t = (νl − ηl) L̂t + ηlL̂hou,t − λ̂t (A77)

• Aggregate Definitions

ât = γaâS,t + (1 − γa)âL,t (A78)

âS,t = γS b̂H,S,t + (1 − γS)( ˆrert + b̂F,S,t) (A79)

âL,t = γLb̂H,L,t + (1 − γL)( ˆrert + q̂∗L,t + b̂F,L,t) (A80)

ĉt = γserv,cĉserv,t + (1 − γserv,c)ĉgoods,t (A81)
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ĉgoods,t = γcĉH,t + (1 − γc)ĉF,t (A82)

ˆInttotal,t = γint ˆIntH,t + (1 − γint) ˆIntF,t (A83)

ˆInttotal,t = γint,goods ˆIntgoods,t + (1 − γint,goods) ˆIntgoods,serv,t (A84)

Ît = γI ÎH,t + (1 − γI)ÎF,t (A85)

L̂t = (1 − γserv − ∆hou)L̂goods,t + γservL̂serv,t + ∆houL̂hou,t (A86)

• UIP Equations

R̂t − R̂∗t = Etd̂t+1 +
(
π
βR − 1

)
1
λs

[
b̂H,S,t − ( ˆrert + b̂F,S,t) − 1

1−γS γ̂S,t

]
(A87)

R̂L,t − R̂∗L,t =
κ

RL

(
Et[R̂L,t+1] − Et[R̂

∗
L,t+1]

)
+

(
1 − κ

RL

){
Etd̂t+1

+

(
π

βR
− 1

)
1

λL

[
q̂L,t + b̂H,L,t − ( ˆrert + q̂∗L,t + b̂F,L,t) −

1

1 − γL
γ̂L,t

]} (A88)

• Policy Equations

R̂t = ρR̂t−1 + (1 − ρ)
[
rππ̂t + ryŷt + rdd̂t

]
+ ε̂r,t +

5∑
k=1

êrk,t−k (A89)

g

y
(ĝt) +

R

π

bS
y

(
R̂t−1 − π̂t + b̂S,t−1

)
+
RL
π

qLbL
y

(
R̂L,t − π̂t + q̂L,t + b̂L,t−1

)
=
tax

y
ˆtaxt +

bS
y
b̂S,t +

qLbL
y

(
q̂L,t + b̂L,t

) (A90)

ˆtaxt = τY ŷt + τb

bS
y

bS
y + qLbL

y

b̂S,t−1 + τb

qLbL
y

bS
y + qLbL

y

(
q̂L,t−1 + b̂L,t−1

)
+ êtax,t (A91)

bS
y
b̂S,t =

bH,S
y
b̂H,S,t +

(
bs
y

−
bH,S
y

)
b̂∗F,S,t (A92)

qLbL
y

b̂L,t =
qLbH,L
y

b̂H,L,t +

(
qLbL
y

−
qLbH,L
y

)
b̂∗F,L,t (A93)

γ̂b,t = q̂L,t + b̂L,t − b̂S,t (A94)
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• Capital

ˆ̄Kt = (1 − τ) ˆ̄Kt−1 + τ Ît + S′′τ êI,t (A95)

Ît − Ît−1 = βEt[Ît+1 − Ît] +
1

S′′
(Q̂t − p̂I,t) + êI,t (A96)

K̂t = ût + ˆ̄Kt−1 (A97)

ût =
rk

a′′(u)
r̂kt (A98)

• New Keynesian Phillip’s Curves

π̂H,t − ιH π̂H,t−1 = βEt[π̂H,t+1 − ιH π̂H,t] −
ΘH − 1

κH

(
p̂H,t − M̂Cgoods,t

)
+ êH,t (A99)

π̂serv,t− ιservπ̂serv,t−1 = βEt[π̂serv,t+1− ιservπ̂serv,t]−
Θserv − 1

κserv

(
p̂serv,t − M̂Cserv,t

)
+ êserv,t

(A100)

π̂hou,t−ιhouπ̂hou,t−1 = βEt[π̂hou,t+1−ιhouπ̂hou,t]−
Θhou − 1

κhou

(
p̂hou,t − M̂Chou,t

)
+êhou,t (A101)

π̂F,t − ιF π̂F,t−1 = βEt[π̂F,t+1 − ιF π̂F,t] −
ΘF − 1

κF

(
p̂F,t − ˆrert − p̂∗H,t

)
+ êF,t (A102)

π̂Int,F,t− ιF π̂Int,F,t−1 = βEt[π̂Int,F,t+1 − ιF π̂Int,F,t]−
ΘF − 1

κF

(
p̂Int,F,t − ˆrert − p̂∗H,t

)
+ êF,t

(A103)

• New Keynesian Wage Phillip’s Curves

π̂w,goods,t − ιw,goodsπ̂w,goods,t−1 = βEt[π̂w,goods,t+1 − ιw,goodsπ̂w,goods,t]−
Θw,goods − 1

κw,goods
(ŵgoods,t − ŵHousehold,goods,t) + êw,goods,t

(A104)

π̂w,serv,t − ιw,servπ̂w,serv,t−1 = βEt[π̂w,serv,t+1 − ιw,servπ̂w,serv,t]−
Θw,serv − 1

κw,serv
(ŵserv,t − ŵHousehold,serv,t) + êw,serv,t

(A105)
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π̂w,hou,t − ιw,houπ̂w,hou,t−1 = βEt[π̂w,hou,t+1 − ιw,houπ̂w,hou,t]−
Θw,hou − 1

κw,hou
(ŵhou,t − ŵHousehold,hou,t) + êw,hou,t

(A106)

• Goods Producers

ŷgoods,t = êa,goods,t+(1−αk−αO,goods−αM,goods)L̂goods,t+αkK̂t+αM,goods
ˆIntgoods,t+αO,goodsÔilgoods,t

(A107)

K̂t = τgoodsŵgoods,t + L̂goods,t − τgoodsr̂k,t (A108)

Ôilgoods,t = τgoodsŵgoods,t + L̂goods,t − τgoodsp̂oil,t (A109)

ˆIntgoods,t = τgoodsŵgoods,t + L̂goods,t − τgoodsp̂M,t (A110)

M̂Cgoods,t = (1−αK−αO,goods−αM,goods)ŵgoods,t+αK r̂
k
t +αO,goodsp̂oil,t+αM,goodsp̂M,t−êa,goods,t

(A111)

• Service Producers

ŷserv,t = êa,serv,t + (1 − αO,serv − αM,serv − αM,goods,serv)L̂serv,t + αM,serv
ˆIntserv,t+

αM,goods,serv
ˆIntserv,t ˆIntgoods,serv,t + αO,servÔilserv,t

(A112)

Ôilserv,t = τservŵserv,t + L̂serv,t − τservp̂oil,t (A113)

ˆIntserv,t = τservŵserv,t + L̂serv,t − τservp̂serv,t (A114)

ˆIntgoods,serv,t = τservŵserv,t + L̂serv,t − τservp̂M,t (A115)

M̂Cserv,t = (1−αO,serv−αM,serv−αM,goods,serv)ŵserv,t+αO,servp̂oil,t+αM,servp̂serv,t+αM,goods,servp̂M,t−êa,serv,t

(A116)
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• Housing Producers

ŷhou,t = êhou,serv,t + (1 − αland)L̂hou,t (A117)

M̂Cgoods,t = (1 − αland)ŵhou,t + αlandr̂l,t − êa,hou,t (A118)

τhour̂l,t = τhouŵhou,t + L̂hou,t (A119)

ŷhou,t = ĤI t (A120)

ˆhout = τhĤI t, (1 − τh) ˆhout−1 (A121)

• Entrepreneurs and Financial Sector

Et

[
ˆ̃Rkt+1 − R̂t

]
= χ

(
Q̂t + ˆ̄Kt − ˆNW t

)
+ êFin,t (A122)

Ŝt = Et

[
ˆ̃Rkt+1 − R̂t

]
(A123)

ˆNW t = δR̃k( ˆ̃Rkt − π̂t) − δR(R̂t−1 − π̂t) + δqK(Q̂t−1 + ˆ̄Kt−1)+

δn ˆNW t−1 − δσ êFin,t−1 + êNW,t

(A124)

ˆ̃Rkt − π̂t =
1 − τ

1 − τ + rk
Q̂t +

rk

1 − τ + rk
r̂kt − Q̂t−1 (A125)

RD

ldr
R̂Dt = R

(
R̂t + ˆldrt

)
− ˆldrt (A126)(

K̄

NW
− 1

)
ˆloanst =

K̄

NW

(
Q̂t + ˆ̄Kt

)
− ˆNW t (A127)
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• Balance of Payments US/ROW

bF,S
y

[(
ˆrer + b̂F,S,t

)
− R∗

π∗

(
ˆrert + R̂∗t−1 + b̂F,S,t−1 − π̂∗t

)]
...

+
q∗LbF,L
y

[(
ˆrer + q̂∗L,t + b̂F,L,t

)
−
R∗L
π∗

(
ˆrert + R̂∗L,t + q̂∗L,t + b̂F,L,t−1 − π̂∗t

)]
...

−
b∗F,S
y

[
b̂∗F,S,t −

R

π

(
R̂t−1 + b̂∗F,S,t−1 − π̂t

)]
...

−
qLb
∗
F,L

y

[(
q̂L,t + b̂∗F,L,t

)
− RL

π

(
R̂L,t + q̂L,t + b̂∗F,L,t−1 − π̂t

)]
...

=
y∗F
y

(
p̂H,t + y∗F,t

)
− yF

y

(
ˆrert + p̂∗H,t + yF,t

)

(A128)

• Oil Market

Ôildemand,t =
Oilgoods
Oild

Ôilgoods,t +
Oilserv
Oild

Ôilserv,t +
Oil∗goods
Oild

ˆOil∗goods,t +
Oil∗serv
Oild

ˆOil∗serv,t

(A129)

Ôildemand,t = Ôilsupply,t +
Oilinv
Oils

Ôilinv,t−1 −
Oilinv
Oils

Ôilinv,t (A130)

Ôilsupply,t =
Oils,fringe
Oils

Ôilsupply,fringe,t +
Oils,dom
Oils

Ôilsupply,dom,t (A131)

Ôilinv,t =
β

β − 1 − κoil
(Etp̂oil,t+1 − p̂oil,t − (R̂t − Etπ̂t+1)) + êoilinv ,t (A132)

• Price and Inflation Definitions

p̂goods,t = γcp̂H,t + (1 − γc)p̂F,t (A133)

p̂m,t = γintp̂H,t + (1 − γint)p̂Int,F,t (A134)

0 = (1 − γserv − ∆hou)p̂goods,t + γsevp̂serv,t + ∆houp̂hou,t (A135)

p̂oil,t = p̂∗oil,t + ˆrert (A136)

p̂I,t = γI p̂H,t + (1 − γI)p̂F,t (A137)

π̂goods,t − π̂t = p̂goods,t − p̂goods,t−1 (A138)
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π̂serv,t − π̂t = p̂serv,t − p̂serv,t−1 (A139)

π̂hou,t − π̂t = p̂hou,t − p̂hou,t−1 (A140)

π̂H,t − π̂t = p̂H,t − p̂H,t−1 (A141)

π̂F,t − π̂t = p̂F,t − p̂F,t−1 (A142)

π̂Int,F,t − π̂t = p̂Int,F,t − p̂Int,F,t−1 (A143)

π̂oil,t − π̂t = p̂oil,t − p̂oil,t−1 (A144)

π̂w,goods,t − π̂t = ŵgoods,t − ŵgoods,t−1 (A145)

π̂w,serv,t − π̂t = ŵserv,t − ŵserv,t−1 (A146)

π̂w,hou,t − π̂t = ŵhou,t − ŵhou,t−1 (A147)

• Output Definitions

ŷgoods,t =
y

ygoods

[
c

y
γcĉH,t +

I

y
γI ÎH,t +

g

y
ggoodsĝt +

y∗F
y
ŷ∗F,t + rk

K̄

y
ût +

dom

y
ŷF,dom,t

]
+

γintαM,goods
ˆIntH,t

(A148)

ŷF,t =
c

y

y

yF
(1−γc)ĉF,t+

I

y

y

yF
(1−γI)ÎF,t+

y

yF
(1−γint)αM,goods(1−γserv−∆hou) ˆIntF,t

(A149)

ŷF,dom,t = αx,domX̂oil,US,t + (1 − αx,dom)ĉgoods,US,t (A150)

ŷserv,t =
1

γserv

(
cserv
y
ĉserv,t +

g

y
(1 − ggoods)ĝt

)
+ αM,serv

ˆIntserv,t (A151)

ŷt = (1− γserv−∆hou)(p̂goods,t + ŷgoods,t) + γserv(p̂serv,t + ŷserv,t) + ∆hou(p̂hou,t + ŷhou,t)

(A152)
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• Other Definitions

R̂L,t = −
(

1 − κ

RL

)
q̂L,t (A153)

ˆrert − ˆrert−1 = d̂t + π̂∗t − π̂t (A154)

ĉH,t − ĉF,t = λc (p̂F,t − p̂H,t) − êtrade,t (A155)

ĉgoods,t − ĉserv,t = λtype (p̂serv,t − p̂goods,t) + êgoodsd,t (A156)

ÎH,t − ÎF,t = λI (p̂F,t − p̂H,t) (A157)

ˆIntH,t − ˆIntF,t = λInt (p̂Int,F,t − p̂H,t) (A158)

ˆldrt = ˆloanst − ˆdept (A159)

• Dominant Oil Producer

Etĉdom,t+1 − ĉdom,t = R̂dom,t − Etπ̂dom,t+1 (A160)

(1−µdom)λ̂dom,t+µdomp̂oil,dom,t = ĉdom,t+νl,domL̂dom,t+ L̂oil,dom,t−Ôilsupply,dom,t (A161)

(1 − µdom)λ̂dom,t + µdomp̂oil,dom,t = p̂x,t + X̂oil,dom,t − Ôilsupply,dom,t (A162)

µdom ≡ 1

1 + Λdom
(A163)

Λdom ≡
Oilsupply,dom

Oils

τdem + 2
(

βdom
βdom−1−κoil

)
Oilinv
Oild

(A164)

τdem ≡ n

(
1 − γserv − ∆hou

1 − ∆hou
τgoods +

γserv
1 − ∆hou

τserv

)
+(1−n)

(
1 − γ∗serv − ∆∗hou

1 − ∆∗hou
τ∗goods +

γ∗serv
1 − ∆∗hou

τ∗serv

)
(A165)

p̂x,t = nt̂H,t + (1 − n)t̂H∗,t + t̂T,dom,t (A166)

t̂H,t = (1 − n)( ˆrel pricet) (A167)
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t̂H∗,t = −n( ˆrel pricet) (A168)

( ˆrel pricet)−( ˆrel pricet−1) = (π̂H,t−(1+χd) ˆappdom,t)−(π̂∗H,t−(1+χd)( ˆappdom,t−d̂t)) (A169)

t̂T,dom,t =
−γdom

1 − γdom
p̂dom,serv,t (A170)

ŵdom,t = νl,domL̂dom,t + ĉdom,t (A171)

Ôilsupply,dom,t = êa,oil,dom,t + αL,oil,domL̂oil,dom,t + αx,domX̂oil,dom,t (A172)

λ̂dom,t = p̂oil,dom,t+Ôilsupply,dom,t+
(1 − µdom)Oil

µdomOils,dom

[
τdemÔildemand,t

Oilinv
Oils

(
Ôilinv,t + Ôilinv,t−1

)]
(A173)

π̂serv,dom,t − ιserv,domπ̂serv,dom,t−1 = βdomEt[π̂serv,dom,t+1 − ιserv,domπ̂serv,dom,t]−
Θserv,dom − 1

κserv,dom
(p̂serv,dom,t − ŵdom,t)

(A174)

π̂serv,dom,t − π̂dom,t = p̂serv,dom,t − p̂serv,dom,t−1 (A175)

R̂dom,t = ρdomR̂dom,t−1 + (1 − ρdom)

[
rπ,domπ̂dom,t + ry,dom(γdomĉdom,serv,t +

(1 − γdom)Ôilsupply,dom,t) − rd,dom ˆappdom,t

] (A176)

• Dominant Oil Producer Aggregates

ĉdom,t = (1 − γdom)ĉdom,goods,t + γdomĉdom,serv,t (A177)

ĉdom,goods,t = nĉgoods,US,t + (1 − n)ĉgoods,ROW,t (A178)

X̂oil,dom,t = nX̂oil,US,t + (1 − n)X̂oil,ROW,t (A179)

L̂dom,t = (1 − γdom)L̂oil,dom,t + γdomL̂serv,dom,t (A180)

ĉdom,serv,t = L̂serv,dom,t (A181)

π̂dom,t = γdomπ̂serv,dom,t + (1 − γdom)[n(π̂H,t − (1 + χd) ˆappdom,t)+

(1 − n)(π̂∗H,t − (1 + χd)( ˆappdom,t − d̂t))]
(A182)
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• Dominant Oil Producer Demand

ĉgoods,US,t − ĉgoods,ROW,t = λc,dom(t̂H∗,t − t̂H,t) (A183)

X̂goods,US,t − X̂goods,ROW,t = λX,dom(t̂H∗,t − t̂H,t) (A184)

ĉdom,goods,t − ĉdom,serv,t = λtype,dom(p̂dom,serv,t − t̂T,dom,t) (A185)

• Dominant Oil Producer Trade

p̂oil,dom,t = p̂oil,t − ˆrerdom,t (A186)

p̂oil,dom,t = p̂∗oil,t − ˆrer∗dom,t (A187)

ˆrerdom,t − ˆrerdom,t−1 = ˆappdom + π̂dom,t − π̂t (A188)

R̂Dt −Et(π̂t+1)− (R̂dom,t−Et(π̂dom,t+1)) = Et( ˆrerdom,t+1)− ˆrerdom,t +χdb̂dom,t (A189)

n̂xdom,t = βdomb̂dom,t − b̂dom,t−1 (A190)

n̂xdom,t =
1 − γdom

1 − γdomαx,dom

[
p̂oil,dom,t +

Oils,dom
Oils

Ôildemand,t − (nt̂H,t + (1 − n)t̂H∗,t)

− (1 − βdom)ĉdom,goods,t − βdomX̂oil,dom,t

] (A191)

A2 Data, Calibrated and Estimated Parameters

Table A2 presents the weight placed on each country in order to produce the ROW series

while Figure A1 plots the series of data used to estimate the model for both the US and the

ROW.

There are 26 US data series, 22 ROW data series, four International bond holding data

series, four oil market data series and five anticipated monetary policy series. The individual

measurement equations that relate to the model variables are listed below. All eobs are iid
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Table A2: Country Weights for ROW Data

Country Economic Variables Financial Variables
European Union (EU) 0.424 0.560
China (CHN) 0.242 -
Japan (JPN) 0.161 0.212
United Kingdom (UK) 0.089 0.117
Canada (CAN) 0.046 0.061
Australia (AUS) 0.038 0.050

measurement error shocks calibrated to 10% of the data series sample standard error.

US GDP Growth = 100(ŷt − ŷt−1) + egdpt (A192)

US Consumption Goods Growth = 100(ĉgoods,t − ĉgoods,t−1) + e
cgood
t (A193)

US Consumption Services Growth = 100(ĉserv,t − ĉserv,t−1) + ecservt (A194)

US Business Investment Growth = 100(Ît − Ît−1) + eInvt (A195)

US Residential Investment Growth = 100(ĤIt − ĤIt−1) + eResInvt (A196)

US Government Growth = 100(ĝt − ĝt−1) + egovt (A197)

US Wage Inflation in Goods Sector = 400(πw,goods + π̂w,goods,t) + ew,goodst (A198)

US Wage Inflation in Service Sector = 400(πw,serv + π̂w,serv,t) + ew,servt (A199)

US Wage Inflation in Housing Sector = 400(πw,hou + π̂w,hou,t) + ew,hout (A200)

US Hours Growth in Goods Sector = 100(L̂goods,t − L̂goods,t−1) + e
Lgood
t (A201)

US Hours Growth in Services Sector = 100(L̂serv,t − L̂serv,t−1) + eLservt (A202)

US Hours Growth in Housing Sector = 100(L̂hou,t − L̂hou,t−1) + eLhout (A203)

US GDP Deflator Inflation = 400(π + π̂t) (A204)

US Consumption services Inflation = 400(π + π̂serv,t) + eπservt (A205)

US Housing Inflation = 400(πobshou + π + π̂hou,t) + eπhout (A206)

US Import Inflation = 400(π + π̂F,t) + eπFt (A207)

US Policy Rate = 400(R+ R̂t) (A208)

US Ten Year Rate = 400(RL + R̂L,t) (A209)

US Spread = 400(S + Ŝt) (A210)

US Net Worth Growth = 100( ˆNW t − ˆNW t−1 + π̂t) + eNWt (A211)

US Short Public Debt to GDP = 100

(
bS
y

+ b̂S,t − ŷt

)
(A212)

US Long Public Debt to GDP = 100

(
qLbL
y

+ q̂L,t + b̂L,t − ŷt

)
(A213)

US Consumption Trend = 100(ĉt) + ect (A214)

US Labor Trend = 100(L̂t) + eLt (A215)

US Annual Import Growth = 100(ŷF,t − ŷF,t−4) (A216)

US Dollar Deprecation Growth = 100(d̂t) (A217)
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ROW GDP Growth = 100(ŷ∗t − ŷ∗t−1) + egdp
∗

t (A218)

ROW Consumption Goods Growth = 100(ĉ∗goods,t − ĉ∗goods,t−1) + e
c∗good
t (A219)

ROW Consumption Services Growth = 100(ĉ∗serv,t − ĉ∗serv,t−1) + e
c∗serv
t (A220)

ROW Business Investment Growth = 100(Î∗t − Î∗t−1) + eInv
∗

t (A221)

ROW Residential Investment Growth = 100(ĤI
∗
t − ĤI

∗
t−1) + eResInv

∗
t (A222)

ROW Government Growth = 100(ĝ∗t − ĝ∗t−1) + egov
∗

t (A223)

ROW Wage Inflation in Goods Sector = 400(π∗w,goods + π̂∗w,goods,t) + ew
∗,goods

t (A224)

ROW Wage Inflation in Service Sector = 400(π∗w,serv + π̂∗w,serv,t) + ew
∗,serv

t (A225)

ROW Wage Inflation in Housing Sector = 400(π∗w,hou + π̂∗w,hou,t) + ew
∗,hou

t (A226)

ROW Hours Growth in Goods Sector = 100(L̂∗goods,t − L̂∗goods,t−1) + e
L∗
good

t (A227)

ROW Hours Growth in Services Sector = 100(L̂∗serv,t − L̂∗serv,t−1) + e
L∗
serv

t (A228)

ROW Hours Growth in Housing Sector = 100(L̂∗hou,t − L̂∗hou,t−1) + e
L∗
hou

t (A229)

ROW GDP Deflator Inflation = 400(π∗ + π̂∗t ) (A230)

ROW Consumption services Inflation = 400(π∗ + π̂∗serv,t) + e
π∗
serv
t (A231)

ROW Housing Inflation = 400(πobshou + π∗ + π̂∗hou,t) + e
π∗
hou
t (A232)

ROW Import Inflation = 400(π∗ + π̂∗F,t) + e
π∗
F
t (A233)

ROW Policy Rate = 400(R∗ + R̂∗t ) (A234)

ROW Ten Year Rate = 400(R∗L + R̂∗L,t) (A235)

ROW Spread = 400(S∗ + Ŝ∗t ) (A236)

ROW Net Worth Growth = 100( ˆNW
∗
t − ˆNW

∗
t−1 + π̂∗t ) + eNW

∗
t (A237)

ROW Short Public Debt to GDP = 100

(
b∗S
y∗

+ b̂∗S,t − ŷ∗t

)
(A238)

ROW Long Public Debt to GDP = 100

(
q∗Lb
∗
L

y∗
+ q̂∗L,t + b̂∗L,t − ŷ∗t

)
(A239)

(A240)
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US Short Public Debt to ROW GDP in ROW = 100

(
b∗F,S
y∗

+ b̂∗F,S,t − ŷ∗t

)
+ eBond1

t

(A241)

US Long Public Debt to ROW GDP in ROW = 100

(
qLb
∗
F,L

y∗
+ q̂L,t + b̂∗F,L,t − ŷ∗t

)
+ eBond2

t

(A242)

ROW Short Public Debt to US GDP in US = 100

(
bF,S
y

+ b̂F,S,t − ŷt

)
+ eBond3

t

(A243)

ROW Long Public Debt to US GDP in US = 100

(
q∗LbF,L
y

+ q̂∗L,t + b̂F,L,t − ŷt

)
+ eBond4

t

(A244)

Oil Price Inflation = 100(πoil + π̂oil,t) (A245)

Oil Inventory Trend = 100(Ôilinv) + eoilinvt (A246)

OPEC+ Oil Supply Trend = 100(Ôilsupply,dom) + eoildomt (A247)

Non-OPEC+ Oil Supply Trend = 100(Ôilsupply,fringe) + e
oilfringe
t (A248)

US Policy RateExpt,t+1 = 400R + ΛRG(θ)1St (A249)

... (A250)

US Policy RateExpt,t+5 = 400R + ΛRG(θ)5St (A251)

where US Policy RateExpt,t+k is the market’s time t expectations for the policy rate k quarters

ahead and ΛR is the row of Λ corresponding to the policy rate, G(θ) is the transitional matrix

of the DSGE model and St is the state vector of the state-space model.
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Figure A1: Data Series
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A2.1 Additional Calibrated Parameters

In addition to the calibrated parameters discussed in Section 3.2, I also calibrate certain

parameters around the financial accelerator, portfolio share and DOP economy. Following

Chen et al. (2012), the parameter for the coupon payments of long-term bonds, (κ), is

calibrated to imply a duration of 30 quarters for both regions, similar to the average duration

in the secondary market for 10-year US Treasury bonds. The model’s steady state default

rate (F ) is set to 0.0075 which corresponds to Bernanke, Gertler, Gilchrist (1999) annualized

default rate of 3%. The quarterly survival rate of entrepreneurs is fixed at 0.985 which

corresponds to an average entrepreneur life of roughly 12 years and the steady state loan to

deposit ratio is set to 0.9 for both regions.

To calibrate the portfolio share parameters for the US and the ROW, I combine the

supply of short and long-term bonds in each economy, as well as data on foreign bond

holdings provided by the Treasury International Capital (TIC) database of the US Treasury.

For the US the short and long-term government bonds outstanding4 relative to annual GDP

are 0.202 and 0.366, respectively, over the 1999-2019 period. The corresponding government

short and long-term bond supply-to-GDP ratios for the ROW economy are given by 0.254 and

0.529, when the sample of countries used to construct the ROW measure for our estimation is

calculated. For bond holdings, TIC data indicates that the foreign private holdings of short

and long-term US Treasuries, as a ratio to world GDP excluding the US, are given by 0.02

and 0.068, respectively, for the 1999-2019 period. TIC data also shows that US residents’

holdings of short and long-term foreign government bonds, as a ratio to US GDP, are given

by 0.005 and 0.030. These represent our targets for the foreign holdings of each bond.

The differences in the bond supplies and international bond holdings can then be used

to construct data targets for domestic holdings of these bonds. The bond holding ratios can

then be used to calibrate the portfolio share parameters in the CES aggregates. As a result,

the implied share of short-term bonds in the US portfolio, (γa), is 0.386, while the implied

shares of domestic bonds in the US short and long-term portfolios, (γS) and (γL), are 0.97

and 0.888. For the ROW portfolio, the share of short-term bonds, (γ∗a), is calculated to equal

4Short and long-term bonds held by the Federal Reserve are subtracted and the monetary base is added
to the short-term bond supply amount.
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0.318, while the implied shares of domestic bonds in their short and long-term portfolios,

(γ∗S) and (γ∗L), are 0.926 and 0.883.

Table A3: Calibrated Parameters and Steady-states

Description Symbols US ROW
Discount rate β, β∗ 0.9857 0.9857
Depreciation rate of Business Capital τ , τ ∗ 0.025 0.025
Depreciation rate of Housing stock τh, τ

∗
h 0.01 0.01

Coupon rate for long-term bonds κ, κ∗ 0.9773 0.9773

Central bank policy-FX response rd, r
∗
d 0 est

Anticipated monetary policy shock variance σant,k σr/5 -

Capital share of goods production αK , α∗K 0.35 0.35
Factor share of Intermed Goods in Goods sector αM,goods, α

∗
M,goods 0.25 0.25

Factor share of Oil in Goods sector αO,goods, α
∗
O,goods 0.06 0.06

Factor share of Oil in Services sector αO,serv, α
∗
O,serv 0.014 0.014

Factor share of Intermed Services in Services sector αM,serv, α
∗
M,serv 0.1 0.1

Factor share of Intermed Goods in Services sector αM,goods,serv, α
∗
M,goods,serv 0.1 0.1

Factor Share of Land in Housing sector αland, α
∗
land 0.4 0.4

Elasticity of substitution in Goods factor inputs τgoods, τ
∗
goods .225 .492

Elasticity of substitution in Services factor inputs τserv, τ
∗
serv .225 .492

Elasticity of substitution in Housing factor inputs τhou, τ
∗
hou 1 1

Degree of markup in sector θ{w,H,F} 1.25 1.25

Loan to deposit steady-state ratio ldr, ldr∗ 0.9 0.9
Survival rate of entrepreneur γ, γ∗ 0.985 0.985
Loan default rate F , F ∗ 0.0075 0.0075

Portfolio share-Short vs Long γa, γ
∗
a 0.386 0.318

Portfolio share-Short-Domestic vs Foreign γS, γ∗S 0.970 0.926
Portfolio share-Long-Domestic vs Foreign γL, γ∗L 0.888 0.883
Home Goods share-Consumption γc, γ

∗
c 0.837 0.91

Home Goods share-Investment γI , γ
∗
I 0.837 0.91

Home Goods share-intermediate γint, γ
∗
int 0.837 0.91

Intermediate share-Goods vs Services γint,goods, γ
∗
int,goods 0.9 0.9

Steady-state inflation π, π∗ 1.005 1.005
Steady-state nominal interest rate R, R∗ 1.011 1.011
Steady-state long-term nominal interest rate RL, R∗L 1.011 1.011
Steady-state interest rate spread S, S∗ 1.00575 1.00575
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Table A4: Steady-state Ratios

Description Symbols US ROW
Relative size y/y∗, y∗/y 0.54 1.85
Relative size ratio n, (1 − n) 0.35 0.65

Consumption to output c/y, c∗/y∗ 0.633 0.500
Consumption Services to output cserv/y, c∗serv/y

∗ 0.45 0.294
Share of total Services to output γserv, γ

∗
serv 0.59 0.46

Consumption Services to consumption γserv,c, γ
∗
serv,c 0.709 0.588

Business Investment to output I/y, I∗/y∗ 0.127 0.207
Residential Investment to output ∆hou, ∆∗hou 0.039 0.058

Government Expenditures to output g/y, g∗/y∗ 0.20 0.235
Government Goods Expenditure share ggoods, g

∗
goods 0.3 0.3

Tax to output tax/y, tax∗/y∗ 0.216 0.254

Exports to output y∗F/y, yF/y
∗ 0.119 0.067

Imports to output yF/y, y∗F/y
∗ 0.124 0.064

DOP Exports to output dom/y, dom/y∗ .01 .005

Short-bond supply to GDP (annual) bS/y, b∗S/y
∗ 0.202 0.254

Long-bond supply to GDP (annual) bL/y, b∗L/y
∗ 0.366 0.523

Short-Home bond holdings to GDP (annual) bH,S/y, b∗H,S/y
∗ 0.165 0.251

Long-Home bond holdings to GDP (annual) bH,L/y, b∗H,L/y
∗ 0.240 0.513

Short-Foreign bond holdings to GDP (annual) bF,S/y, b∗F,S/y
∗ 0.005 0.020

Long-Foreign bond holdings to GDP (annual) bF,L/y, b∗F,L/y
∗ 0.030 0.068

Oil to output
Oilgoods+Oilserv

y
,
Oil∗goods+Oil

∗
serv

y∗ 0.031 0.035

Goods oil ratio
Oilgoods
Oild

,
Oil∗goods
Oild

0.232 0.557

Services oil ratio Oilserv
Oild

, Oil∗serv
Oild

0.086 0.124

Oil Inventory to oil demand Oilinv
Oild

0.33 -
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Table A5: DOP Calibrated Parameters

Description Symbol DOP
Discount rate βdom 0.9857
CRRA Labor νl,dom 1.5
Oil Machines of oil production αX,dom 0.115
Labor share of oil production αL,Oil,dom 0.115
Share of total Services to output γdom 0.5
Elasticity: DOP-Foreign Consumption λc,dom 0.8
Elasticity: DOP-Foreign Oil Machines λX,dom 0.8
Elasticity: DOP Goods-DOP Services λtype,dom 0.44
Service price indexation ιserv,dom 0.3
DOP Services price Adj Cost κestserv,dom 0.8
Taylor rule: Persistence ρdom 0.85
Taylor rule: Inflation ρπ,dom 1.5
Taylor rule: Output Gap ρy,dom 0.2
Taylor rule: NER ρd,dom 0.02
Exchange Rate Pass through to DOP χd 0.015

Oil Supply share
Oilsupply,dom

Oils
0.516
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A3 Additional Figures

Figure A2: LSAP and Tax/Transfer Shocks

Notes: The dashed blue line plots the response of an LSAP shock equivalent to a long-term asset purchase of 1.5% of steady
state GDP by the central bank The dashed red line plots the response of a negative Tax shock that is calibrated to match the
same output respone generated by the LSAP shock. All responses plot the % deviation away from each variable’s respected
steady state value on the y-axis. All interest rate and inflation rates are annualized.

The impulse responses of LSAP and transfer shocks that can be seen in Figure A2

reveal both shared and distinct macroeconomic effects. While both shocks stimulate output,

inflation, and labor demand their transmission mechanisms differ notably in the trade sector.

The LSAP shock, by altering the composition of domestic and international bond holdings,

triggers a rebalancing of global portfolios, which in turn has a pronounced effect on the

exchange rate, evident in the stronger dollar depreciation and real exchange rate movements.
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This reflects the role of LSAPs in influencing term spreads and uncovered interest parity

(UIP) conditions both long and short. In contrast, the transfer shock operates primarily as a

domestic demand stimulus, boosting consumption and labor without significantly disturbing

international bond flows. As a result, its impact on the exchange rate is comparatively

muted. We see that the financial market channels are more present in LSAP transmission,

especially in open economies, while transfer shocks remain more contained within domestic

demand dynamics.
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