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INTRODUCTION

24 February 2022: Russian invasion of Ukraine

I Sanctions by 38 governments (Mulder, 2022)
I Russia 11th largest economy

I Not since the 1930s has a similar economy been placed under such restrictions
I In contrast to sanctioned economies in the 1930s,

I Russia major exporter of oil and gas
I Global economy is far more integrated (e.g., trade-to-GDP ratio)

This paper: Understanding international interdependence and transmission mechanisms of
sanctions in a microfounded model of international trade and macro dynamics
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QUESTIONS

I What are the impacts of trade and financial sanctions in the short and long term?

I Who is more affected? The sanctioned or the sanctioning economy?
I Responses of international balances, macroeconomic aggregates, welfare

I What is the exchange rate response?
I Responses of relative prices
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WHAT WE DO (1)

Developing a two-region model of international trade and macroeconomic dynamics

I Upstream perfectly competitive gas production

I Downstream consumption good production
I Endogenous entry subject to initial sunk cost
I Firms produce with heterogeneous productivities
I Export cutoff: More productive firms export (an implication of fixed trade costs)

I Incomplete international financial markets

A dynamic, general equilibrium setting with Melitz (2003) as the microfoundation

I Ghironi and Melitz (2005)
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WHAT WE DO (2)

Sanctions put on Foreign by Home: Designed as forced exits at extensive margin

I Consumption good trade sanctions
I Prohibition of trade of outputs of producers with productivity above a certain threshold

i.e., second productivity cutoff
Examples of sanctioned goods (e.g., chemicals, machinery, electronics, vehicles)

I Financial sanctions
I A fraction of Foreign households is excluded from international bond trading

I Gas sanctions
I Prohibition of gas imports from Foreign

Tractable relationships and numerical illustrations on the impact of sanctions

3-country extension
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NEW INSIGHTS
Reallocation of resources in the sanctioned economy
I Final good export & gas sanctions:

I Towards final goods production
I Final good import sanctions:

I Towards gas production
I Variety effects are at the center

Financial sanctions more effective only if greater share of Foreign is sanctioned

Exchange rate
I Not useful to evaluate the impact of sanctions (Eichengreen et al (2022), Itskhoki and Mukhin (2023))
I It reflects the producer recomposition in export markets

Welfare
Significant welfare losses in the sanctioned economy if

I sanctions on less efficient sectors, and
I the sanctioned economy enforced to rebalance towards less efficient sectors
Related Literature
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THE MODEL
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THE MODEL

I Home and Foreign are endowed with natural gas 𝐺𝑁 and 𝐺∗
𝑁

where 𝐺∗
𝑁
> 𝐺𝑁
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THE MODEL

I Heterogeneous firm productivity, 𝑧, determined upon firm entry
I Only more productive export
I Higher sunk costs of firm entry in Foreign Details
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THE MODEL

I Countries trade non-contingent bonds with each other
Preferences

Budget constraint 10 / 26



SANCTIONS
Consumption-good trade sanctions:

I Support of the distribution of exporter productivity levels: [𝑧𝑋,𝑡 ,∞) → [𝑧𝑋,𝑡 , 𝑧𝑆)
I Affects the proportion of Home exporters:

(1−1𝑇 𝑆) +1𝑇 𝑆𝐹 (𝑧𝑆) −𝐹
(
𝑧𝑋,𝑡

)
= 𝑁𝑋,𝑡/𝑁𝐷,𝑡

Gas-trade sanctions:

𝐺∗
𝑁 𝐿∗

𝐺,𝑡 = (1−1𝐺𝑆)𝐺∗
𝐻,𝑡 +𝐺∗

𝐹,𝑡

Financial sanctions:

I Sanctioned household:
𝐶∗
𝑆,𝑡

+𝐵∗
𝑆,𝐹 ,𝑡+1 + 𝑎𝑑𝑗𝑡 + 𝑒𝑥𝑝𝑒𝑛𝑡 =

(
1+ 𝑟∗𝑡

)
𝐵∗
𝑆,𝐹 ,𝑡

+ 𝑖𝑛𝑐𝑡 +𝑇∗ 𝑓
𝑆,𝑡

I Non-Sanctioned household:

𝐶∗
𝑁𝑆,𝑡

+ 𝐵𝑁𝑆,𝐹,𝑡+1
𝑄𝑡

+𝐵∗
𝑁𝑆,𝐹,𝑡+1 + 𝑒𝑥𝑝𝑒𝑛𝑡 = (1+ 𝑟𝑡 ) 𝐵𝑁𝑆,𝐹,𝑡

𝑄𝑡
+

(
1+ 𝑟∗𝑡

)
𝐵∗
𝑁𝑆,𝐹,𝑡

+ 𝑖𝑛𝑐𝑡 +𝑇∗ 𝑓
𝑁 𝑆,𝑡
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ANALYTICAL INSIGHTS

Key identities: Real Exchange Rate

Using price index equations and optimal price setting by Home and Foreign firms

𝑄̃𝑡 = 𝑓 (𝑇𝑂𝐿𝑡 , 𝑧
∗
𝑋,𝑡 , 𝑧𝑋,𝑡 ,

𝑁𝑋,𝑡

𝑁∗
𝑡

,
𝑁∗
𝑋,𝑡

𝑁𝑡

, · )

I 𝑄̃ is the real exchange rate (𝑄̃↑ is Home currency depreciation)

I 𝑇𝑂𝐿𝑡 ≡ 𝑄𝑡 (𝑤∗
𝑡 /𝑍 ∗

𝑡 )
𝑤𝑡/𝑍𝑡

is terms of labor

I 𝑧∗
𝑋,𝑡

and 𝑧𝑋,𝑡 are average exporter productivities (in Foreign and Home)

I 𝑁𝑋,𝑡

𝑁 ∗
𝑡

and
𝑁 ∗

𝑋,𝑡

𝑁𝑡
are shares of imported goods in total # of products (in Foreign and Home)

Data-consistent vs. welfare-consistent
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REAL EXCHANGE RATE

Average exporter productivity in Foreign, 𝑧∗
𝑋
↑ → Foreign export prices, 𝑝∗

𝑋
↓ → Home aggregate

price index, 𝑃̃ ↓ → Home currency depreciates, 𝑄̃↑
13 / 26



REAL EXCHANGE RATE

Average exporter productivity in Home, 𝑧𝑋 ↑ → Home export prices, 𝑝𝑋 ↓ → Foreign aggregate
price index, 𝑃∗ ↓ → Home currency appreciates ,𝑄̃↓
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REAL EXCHANGE RATE

Depreciation of terms of labor, 𝑇𝑂𝐿 ∝ 𝑤∗/𝑍 ∗

𝑤/𝑍 ↑ → Home currency depreciates, 𝑄̃𝑡↑

15 / 26



REAL EXCHANGE RATE

Relative share of imported goods in total number of products in Foreign, 𝑁𝑋

𝑁 ∗ ↑→ Exporters charge
lower prices than others → Foreign aggregate price index, 𝑃̃∗↓ → Home currency appreciates, 𝑄̃↓
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REAL EXCHANGE RATE

Relative share of imported goods in total number of products in Home,
𝑁 ∗

𝑋

𝑁
↑ → Exporters charge

lower prices than others → Home aggregate price index, 𝑃̃↓ → Home currency depreciates, 𝑄̃↑
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MODEL SIMULATIONS

Numerical illustrations to assess the impact of sanctions

I Model solution as a nonlinear, forward-looking, deterministic system
I Transition dynamics (e.g., short, medium and long-term impact)

𝑡 = 0: Economy at the initial steady state

𝑡 = 1 : Introduction of sanctions

Today: Effects of individual sanctions

Paper: Also combinations

Calibration
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CONSUMPTION GOOD TRADE SANCTIONS

Home export sanctions: Top 5% most productive Home exporters drop from trade

Home export cutoff ↓ → Home export price ↑ → RER ↑
Rebalancing in Foreign towards consumption good sector: Foreign demand of Foreign goods ↑ → Factor
input demand ↑ , Entry in Foreign ↑
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CONSUMPTION GOOD TRADE SANCTIONS

Home import sanctions: Top 5% most productive Foreign exporters drop from trade

Foreign export cutoff ↓ → Average productivity of Foreign exporters ↓ → Foreign export price ↑ → RER ↓
Rebalancing in Foreign towards gas sector: Number of producers ↓→ Labor supply shifts towards gas sector

20 / 26



GAS SANCTIONS

Gas import sanctions: Full stop of gas imports from Foreign

Demand for Home gas ↑ → Home gas price ↑ → Marginal costs ↑ → Home entrants ↓
Rebalancing in Foreign towards consumption good sector: Foreign entry in export ↑ → Foreign average
export price ↑ → Home RER ↓

21 / 26



FINANCIAL SANCTIONS

Financial sanctions: Foreign NFA → 0 & fraction of Foreign households cannot trade international bonds

Foreign incentive to front-load entry during the transition ↑ → Non-sanctioned borrowing ↑
Number of entrants in Foreign ↑→ Labor demand in Foreign ↑ → TOL ↑ → RER ↑

22 / 26



FINANCIAL SANCTIONS

Financial sanctions: Foreign NFA → 0 & fraction of households cannot trade bonds

Greater share of sanctioned households → Limited borrowing → Entry dampens → Labor supply ↑
Smaller share of sanctioned households → Share of nonsanctioned’s consumption during transition ↑

23 / 26



WELFARE
I Welfare losses in consumption per capita equivalent terms

I With respect to the “ no sanction” equilibrium

% of Welfare Loss

RoW Joining Home Foreign RoW

Gas sanction Yes 1.17% 5.80% 1.17%

No 1.14% 2.02% 0.67%

C-good export sanction Yes 1.18% 7.99% 1.18%

Individual Sanctions No 1.31% 4.20% 0.69%

C-good import sanction Yes 0.96% 1.90% 0.96%

No 0.96% 1.06% 0.87%

Financial sanction Yes 0.88% 0.44% 0.88%

No 0.89% 0.30% 0.88%
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WELFARE
I Welfare losses in consumption per capita equivalent terms

I With respect to the “ no sanction” equilibrium

% of Welfare Loss

RoW Joining Home Foreign RoW

Gas sanction Yes 1.17% 5.80% 1.17%

No 1.14% 2.02% 0.67%

C-good export sanction Yes 1.18% 7.99% 1.18%

Individual Sanctions No 1.31% 4.20% 0.69%

C-good import sanction Yes 0.96% 1.90% 0.96%

No 0.96% 1.06% 0.87%

Financial sanction Yes 0.88% 0.44% 0.88%

No 0.89% 0.30% 0.88%

C-good trade sanctions generate the most welfare losses in Foreign

I Sanctioning the least effective sector
I Forcing the sanctioned economy to rebalance towards less effective sector
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I With respect to the “ no sanction” equilibrium

% of Welfare Loss

RoW Joining Home Foreign RoW

Gas sanction Yes 1.17% 5.80% 1.17%

No 1.14% 2.02% 0.67%
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CONCLUSIONS
Reallocation of resources in the sanctioned economy
I Final good export & gas sanctions:

I Towards final goods production
I Final good import sanctions:

I Towards gas production
I Variety effects are at the center

Financial sanctions more effective only if greater share of Foreign is sanctioned

Exchange rate
I Not useful to evaluate the impact of sanctions
I It reflects the producer recomposition in export markets

Welfare

Significant welfare losses in the sanctioned economy if

I sanctions on less efficient sectors, and
I the sanctioned economy enforced to rebalance towards less efficient sectors
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HOUSEHOLD PREFERENCES

I Expected intertemporal utility:

E𝑡

[ ∞∑︁
𝑠=𝑡

𝛽𝑠−𝑡
(
ln𝐶𝑠 −

𝜅

2
𝐿2
𝑠 −

𝜅𝐺

2
𝐿2
𝐺,𝑠

)]

I Consumption basket over a continuum of goods Ω:

𝐶𝑡 =

(∫
𝜔∈Ω

𝑐𝑡 (𝜔)
𝜃−1
𝜃 𝑑𝜔

) 𝜃
𝜃−1

I At any time 𝑡, only a subset of goods Ω𝑡 ⊂ Ω is available
I Ω∗

𝑡 ⊂ Ω can differ from the subset of goods that are available in Home

I Demand for each individual good 𝜔: 𝑐𝑡 (𝜔) = (𝜌𝑡 (𝜔))−𝜃 𝐶𝑡
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HOUSEHOLD BUDGET CONSTRAINT

The budget constraint of the Home household:

𝐶𝑡 +𝐵𝐻,𝑡+1 +𝑄𝑡𝐵
∗
𝐻,𝑡+1 + 𝑎𝑑𝑗𝑡 + 𝜐̃𝑡𝑁𝑡𝑥𝑡+1

= (1+ 𝑟𝑡 ) 𝐵𝐻,𝑡 +𝑄𝑡

(
1+ 𝑟∗𝑡

)
𝐵∗
𝐻,𝑡

+𝑤𝐺,𝑡𝐿𝐺,𝑡 +𝑤𝑡𝐿𝑡 +
(
𝑑𝑡 + 𝜐̃𝑡

)
𝑁𝐷,𝑡𝑥𝑡 +𝑇 𝑓

𝑡

Household finances continuing operations of all currently producing firms and entry of all
producers

I Only 𝑁𝐷,𝑡+1 = (1− 𝛿)𝑁𝑡 firms will produce and pay dividends in 𝑡 +1

Optimal labor supply:

𝜅𝐺𝐿𝐺,𝑡 = 𝑤𝐺,𝑡/𝐶𝑡 and 𝜅𝐿𝑡 = 𝑤𝑡/𝐶𝑡
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CONSUMPTION GOOD PRODUCTION

I Home firm 𝜔 produces output 𝑦𝑡 (𝜔) of good 𝜔 with production function:

𝑦𝑡 (𝜔) = 𝑧𝑍𝑡

(
𝐺𝐻,𝑡 (𝜔) +

𝐺∗
𝐻,𝑡

(𝜔)
𝜏𝐺,𝑡

)𝛼
𝐿𝑡 (𝜔)1−𝛼

I 𝑧 exogenous, heterogeneous productivity determined upon firm entry
I firms produce until the are hit by a death shock, with probability 𝛿

I With Dixit-Siglitz preferences:

𝜌𝐻,𝑡 (𝑧) =
(

𝜃
𝜃−1

) 𝜌𝛼
𝐺,𝑡

𝑤1−𝛼
𝑡

𝑧𝑍𝑡
, and 𝜌𝐹,𝑡 (𝑧) =

(
𝜃

𝜃−1
) 𝜏𝑡𝜌

𝛼
𝐺,𝑡

𝑤1−𝛼
𝑡

𝑄𝑡 𝑧𝑍𝑡
.
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CONSUMPTION GOOD PRODUCTION

Total firm profits:

𝑑𝑡 (𝑧)
= 𝜌𝐻,𝑡 (𝑧) 𝑐𝐻,𝑡 (𝑧) +𝑄𝑡 𝜌𝐹,𝑡 (𝑧) 𝑐𝐹,𝑡 (𝑧)
−𝜌𝐺,𝑡

(
𝐺𝐻,𝑡 (𝑧) +𝐺∗

𝐻,𝑡
(𝑧)

)
−𝑤𝑡𝐿𝑡 (𝑧) − 𝐼𝑡 (𝑧)𝑤𝑡 𝑓𝑋,𝑡/𝑍𝑡

Firm 𝑧 exports if and only if the profit from exporting is positive

I 𝑖.𝑒., productivity is above a cutoff level: 𝑧𝑋,𝑡 = 𝑖𝑛 𝑓
{
𝑧 : 𝑑𝑋,𝑡 > 0

}
Optimal labor and gas demand:

𝛼𝑤𝑡𝐿𝑡 (𝑧) = (1−𝛼)
(
𝜌𝐺,𝑡𝐺𝐻,𝑡 (𝑧) +𝑄𝑡 𝜌

∗
𝐺,𝑡𝐺

∗
𝐻,𝑡 (𝑧)

)
𝜌𝐺,𝑡 =𝑄𝑡 𝜌

∗
𝐺,𝑡𝜏𝐺,𝑡 .
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(

𝜃
𝜃−1
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FIRM ENTRY

I Prior to entry, firms are identical and face a sunk entry cost of 𝑓𝐸,𝑡 effective labor units, equal
to 𝑤𝑡 𝑓𝐸,𝑡/𝑍𝑡 units of Home consumption good

I Prospective entrants are forward looking

I They compute their expected post-entry value: 𝜐̃𝑡 ≡ E𝑡
{∑∞

𝑠=𝑡+1 [𝛽 (1− 𝛿)]𝑠−𝑡
(
𝐶𝑠

𝐶𝑡

)−1
𝑑𝑠

}
where

{𝑑𝑠}∞𝑠=𝑡+1 is the stream of profits

I Entry occurs with 𝜐̃𝑡 = 𝑤𝑡 𝑓𝐸,𝑡/𝑍𝑡
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CONSUMPTION GOOD PRODUCTION

Total firm profits:

𝑑𝑡 (𝑧)
= 𝜌𝐻,𝑡 (𝑧) 𝑐𝐻,𝑡 (𝑧) +𝑄𝑡 𝜌𝐹,𝑡 (𝑧) 𝑐𝐹,𝑡 (𝑧)
−𝜌𝐺,𝑡

(
𝐺𝐻,𝑡 (𝑧) +𝐺∗

𝐻,𝑡
(𝑧)

)
−𝑤𝑡𝐿𝑡 (𝑧) − 𝐼𝑡 (𝑧)𝑤𝑡 𝑓𝑋,𝑡/𝑍𝑡

Firm 𝑧 exports if and only if the profit from exporting is positive

I 𝑖.𝑒., productivity is above a cutoff level: 𝑧𝑋,𝑡 = 𝑖𝑛 𝑓
{
𝑧 : 𝑑𝑋,𝑡 > 0

}
Optimal labor and gas demand:

𝛼𝑤𝑡𝐿𝑡 (𝑧) = (1−𝛼)
(
𝜌𝐺,𝑡𝐺𝐻,𝑡 (𝑧) +𝑄𝑡 𝜌

∗
𝐺,𝑡𝐺

∗
𝐻,𝑡 (𝑧)

)
𝜌𝐺,𝑡 =𝑄𝑡 𝜌

∗
𝐺,𝑡𝜏𝐺,𝑡 .
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FIRM AVERAGES
Following Melitz (2003), we define the productivity average 𝑧𝐷 for all producing firms:

𝑧𝐷 ≡
(∫ ∞

𝑧𝑚𝑖𝑛

𝑧𝜃−1𝑑𝐹 (𝑧)
) 1

𝜃−1

,

and the productivity averages for Home exporters as:

𝑧𝑋,𝑡 ≡
(

1
1−𝐹

(
𝑧𝑋,𝑡

) ∫ ∞

𝑧𝑋,𝑡

𝑧𝜃−1𝑑𝐹 (𝑧)
) 1

𝜃−1

As shown by Melitz (2003), the model is isomorphic to one in which 𝑁𝐷,𝑡 firms with productivity
𝑧𝐷 produce in the Home and 𝑁𝑋,𝑡 firms with productivity 𝑧𝑋,𝑡 export

I Proportion of Home exporters:1−𝐹
(
𝑧𝑋,𝑡

)
= 𝑁𝑋,𝑡/𝑁𝐷,𝑡
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FIRM ENTRY

I Prior to entry, firms are identical and face a sunk entry cost of 𝑓𝐸,𝑡 effective labor units, equal
to 𝑤𝑡 𝑓𝐸,𝑡/𝑍𝑡 units of Home consumption good

I Prospective entrants are forward looking
I They compute the rational expectation of the stream of average total profits:

𝜐̃𝑡 ≡ E𝑡
{∑∞

𝑠=𝑡+1 [𝛽 (1− 𝛿)]𝑠−𝑡
(
𝐶𝑠

𝐶𝑡

)−1
𝑑𝑠

}
where 𝜐̃𝑡 is the average value of an entrant

I Entry occurs with 𝜐̃𝑡 = 𝑤𝑡 𝑓𝐸,𝑡/𝑍𝑡
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CONSUMPTION GOOD PRODUCTION
Total firm profits:

𝑑𝑡 (𝑧)
= 𝜌𝐻,𝑡 (𝑧) 𝑐𝐻,𝑡 (𝑧) +𝑄𝑡 𝜌𝐹,𝑡 (𝑧) 𝑐𝐹,𝑡 (𝑧)
−𝜌𝐺,𝑡

(
𝐺𝐻,𝑡 (𝑧) +𝐺∗

𝐻,𝑡
(𝑧)

)
−𝑤𝑡𝐿𝑡 (𝑧) − 𝐼𝑡 (𝑧)𝑤𝑡 𝑓𝑋,𝑡/𝑍𝑡

Firm 𝑧 exports if and only if the profit from exporting is positive

I 𝑖.𝑒., productivity is above a cutoff level: 𝑧𝑋,𝑡 = 𝑖𝑛 𝑓
{
𝑧 : 𝑑𝑋,𝑡 > 0

}
Optimal labor and gas demand:

𝛼𝑤𝑡𝐿𝑡 (𝑧) = (1−𝛼)
(
𝜌𝐺,𝑡𝐺𝐻,𝑡 (𝑧) +𝑄𝑡 𝜌

∗
𝐺,𝑡𝐺

∗
𝐻,𝑡 (𝑧)

)
𝜌𝐺,𝑡 =𝑄𝑡 𝜌

∗
𝐺,𝑡𝜏𝐺,𝑡 .
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FIRM ENTRY

I Prior to entry, firms are identical and face a sunk entry cost of 𝑓𝐸,𝑡 effective labor units, equal
to 𝑤𝑡 𝑓𝐸,𝑡/𝑍𝑡 units of Home consumption good

I Prospective entrants are forward looking
I They compute the rational expectation of the stream of average total profits:

𝜐̃𝑡 ≡ E𝑡
{∑∞

𝑠=𝑡+1 [𝛽 (1− 𝛿)]𝑠−𝑡
(
𝐶𝑠

𝐶𝑡

)−1
𝑑𝑠

}
where 𝜐̃𝑡 is the average value of an entrant

I Entry occurs with 𝜐̃𝑡 = 𝑤𝑡 𝑓𝐸,𝑡/𝑍𝑡

Parameterization
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FIRM AVERAGES
Following Melitz (2003), we define the productivity average 𝑧𝐷 for all producing firms:

𝑧𝐷 ≡
(∫ ∞

𝑧𝑚𝑖𝑛

𝑧𝜃−1𝑑𝐹 (𝑧)
) 1

𝜃−1

,

and the productivity averages for Home exporters as:
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(

1
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) ∫ ∞
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As shown by Melitz (2003), the model is isomorphic to one in which 𝑁𝐷,𝑡 firms with productivity
𝑧𝐷 produce in the Home and 𝑁𝑋,𝑡 firms with productivity 𝑧𝑋,𝑡 export

I Proportion of Home exporters:1−𝐹
(
𝑧𝑋,𝑡

)
= 𝑁𝑋,𝑡/𝑁𝐷,𝑡
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PARAMETERIZATION OF PRODUCTIVITY DRAWS

I We assume that productivity 𝑧 is distributed Pareto with lower bound 𝑧𝑚𝑖𝑛 and shape
parameter 𝑘 > 𝜃 −1:

𝐹 (𝑧) = 1−
(
𝑧𝑚𝑖𝑛

𝑧

) 𝑘
I Hence,𝑧𝐷 =

[
𝑘

𝑘−(𝜃−1)

] 1
𝜃−1

𝑧𝑚𝑖𝑛 and 𝑧𝑋,𝑡 =

[
𝑘

𝑘−(𝜃−1)

] 1
𝜃−1

𝑧𝑋,𝑡

I The share of exporting firms is then:

𝑁𝑋,𝑡

𝑁𝐷,𝑡

=

(
𝑧𝑚𝑖𝑛

𝑧𝑋,𝑡

) 𝑘 [
𝑘

𝑘 − (𝜃 −1)

] 𝑘
𝜃−1
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EULER EQUATIONS

The Euler equations for optimal holdings of Home and Foreign bonds are, respectively:

𝐶−1
𝑡

(
1+𝜂(𝐵𝐻,𝑡+1 −𝐵𝐻 )

)
= 𝛽 (1+ 𝑟𝑡+1) 𝐸𝑡

(
𝐶−1
𝑡+1

)
,

and

𝐶−1
𝑡

(
1+𝜂(𝐵∗

𝐻,𝑡+1 −𝐵∗
𝐻 )

)
= 𝛽

(
1+ 𝑟∗𝑡+1

)
𝐸𝑡

(
𝑄𝑡+1
𝑄𝑡

𝐶−1
𝑡+1

)
.

The Euler equation for optimal share holdings implies:

𝜐̃𝑡 = 𝛽 (1− 𝛿) 𝐸𝑡

[(
𝐶𝑡+1
𝐶𝑡

)−1 (
𝜐̃𝑡+1 + 𝑑𝑡+1

) ]
.
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DATA-CONSISTENT VS. WELFARE-CONSISTENT PRICES

I 𝑄 ≡ 𝑆𝑡𝑃
∗
𝑡

𝑃𝑡
is computed using welfare-consistent price indices

I These price indexes can be decomposed into components reflecting average prices and
product variety

I The average prices (e.g., 𝑃̃𝑡 ) correspond much more closely to empirical measures such as the
CPI than the welfare-based indexes

I As in GM, the data-consistent real exchange rate 𝑄̃𝑡 is related to 𝑄𝑡 by the equation:

𝑄̃𝑡 =

(
𝑁∗
𝑡

𝑁𝑡

) 1
𝜃−1

𝑄𝑡 ,

where 𝑁∗
𝑡 ≡ 𝑁∗

𝐷,𝑡
+𝑁𝑋,𝑡 is the total number of products available to Foreign consumers.
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REAL EXCHANGE RATE

𝑄̃𝑡 = 𝛯1 [(1−𝛼)TOL𝑡 +𝛼(Z𝑡 −Z∗
𝑡 − 𝜏𝐺,𝑡 )]

+𝛯2𝑧
∗
𝑋,𝑡

−𝛯3(𝑧𝑋,𝑡 − 𝜏𝑡 )
+Φ1 [ND,t −Nt − (N∗

D,t −N∗
t )]

+Φ2 [N∗
X,t −Nt − (NX,t −N∗

t )]
−Φ3 [NX,t −N∗

t − (ND,t −Nt)]
+Φ4 [N∗

X,t −Nt − (N∗
D,t −N∗

t )],

with 𝛯1, 𝛯2, 𝛯3,Φ1,Φ2,Φ3,Φ4 > 0
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REAL EXCHANGE RATE

To build intuition for the implications of equation, suppose that markets are indeed complete, so
that, up to a constant, 𝐶𝑡 =𝑄𝑡𝐶

∗
𝑡 . Suppose also that 𝜏𝐺,𝑡 = 1, 𝐺𝑁 = 𝐺∗

𝑁
, and 𝜅𝐺 = 𝜅∗

𝐺
. then, gas

price equation becomes:

𝜌𝐺,𝑡 =
(1−𝛼) (1−𝛼) (𝜃−1) 𝜅𝐺𝐶𝑡

𝐺2
𝑁


3− (1−𝛼) (1−𝛼) (𝜃−1)

2
[
2− (1−𝛼) (1−𝛼) (𝜃−1)

]  . (1)
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CALIBRATION
Parameter Value Comments

Discount factor 𝛽 0.99 Standard

Disutility from labor 𝜅 , 𝜅𝐺 0.75 Normalizes labor supply to 1

Firm exit rate 𝛿 0.025 Standard

Elasticity of substitution between varieties 𝜃 3.8 Ghironi and Melitz (2005)

Lower bound entry 𝑧𝑚𝑖𝑛 1 To ensure 𝑧𝑋,𝑡 > 𝑧𝑚𝑖𝑛

Fixed export costs 𝑓𝑋 0.085 17% and 24% of producers export in Home and Foreign

Bernard, Eaton, Jensen and Kortum (2003)

Gas endowment (Home) 𝐺𝑁 1

Gas Endowment (Foreign) 𝐺∗
𝑁

1.5

Aggregate Productivity (Home) 𝑍 1.5 Home GDP appx. 50% bigger

Aggregate Productivity (Foreign) 𝑍∗ 1 than Foreign GDP

Foreign initial NFA position 𝐵𝐻 -5 Foreign NFA position is

𝐵∗
𝐻

3 appx. 40% of Foreign GDP
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EXAMPLES OF SANCTIONS FROM GUIDANCE NOTES
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EXAMPLES OF SANCTIONS FROM GUIDANCE NOTES

European Commission:
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EXAMPLES OF SANCTIONS FROM GUIDANCE NOTES
U.S. Department of Commerce:
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