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Using the model for global firms developed by Bernard et al, this paper presents a way
to track carbon dioxide emissions at various points of multinational business and
evaluate potential occurrence of carbon leakage when a firm is subjected to regulation
in the countries where it operates. The paper develops a framework to analyze firm-
level and climate effects of carbon pricing, focusing particularly on imports of
intermediate inputs. This is achieved through setting up two policy experiments: carbon
pricing in one of the firm’s sourcing markets, and retroactive carbon pricing in the
export market. This extension of Bernard et al's framework gives chance to think about
emissions regulations along multiple margins of international trade. Additionally, an
outline of several interesting scenarios for future policy simulations is provided,
connecting the research to questions of policy coordination across countries.
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. Introduction
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presentation of sourcing, production, and export decisions from the original model, this
paper contributes to the literature a way of tracking emissions on multiple margins of
international trade from the perspective
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Il. Theoretical Framework

The following model of multinational production and sales borrows heavily from
Bernard et al (2016), which in turn was built on, especially with respect to
mathematical statistics, Eaton and Kortum (2002) and Antras, Fort, and Tintelnot
(2014). This paper simplifies certain parts of their model, and narrows it down to
analyze one firm in section 3: policy experiments. The motivation behind this is to put
the expansion presented in this paper into focus and define it clearly, so that further
studies may integrate the updates into a broader framework. The original model does
not solve for a general equilibrium, but provides conditions for choosing arguments
optimizing the firm’s choice; if the reader is interested in those, they are advised to turn
to the later part of the Theoretical Framework section of Bernard et al (2016).

For the rest of the paper, the following subscripts and superscripts are used to refer to
variables and parameters on various levels:

X m in reference to the export market in question;
X jto denote a particular sourcing country (when there are multiple, they will be
marked as j1,j2...);
X itodenote variables and parameters specific to the production country;
x ftodenote variables and parameters specific to the firm (same thing applies —
f1,12,..)
o Capital F refers to overall “firm level” parameters, such as elasticity of
substitution across firms in the market;
x kfor product in question
0 Capital K refers to overall “product level” parameters, such as elasticity
of substitution across firms in the market;
g for the sector in which each product k is sold;
s to mean “sourcing”;
X to mean “export”;
p to mean “production”.

X X X X

ILA.
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intermediate inputs from country j1, and 6 is the Fréchet shape parameter that
determines the dispersion of that productivity.3

Bernard et al assumes the average input productivity and the dispersion of productivity
is the same for all inputs sold in country j but lets z be drawn for each input, so input
prices vary slightly for each of the inputs.

For each country j that the firm buys inputs from, the distribution of prices for
intermediate inputs is:

A A
Jyk=axEolL s A'0@0%A O 4  Epx® 4 (12)

Bernard et al and the papers they base their model on justify using the Fréchet
distribution because its mathematical properties give that the minimum of Fréchet
distributed variables is itself Fréchet distributed. The probability of minimum price A<a
for firm f across all of its sourcing countries is:

) yk=a
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The Qykxgois important to note and define because of the it plays a role in further
calculations. Bernard et al defines it as the that describes how good
the firm’s access to cheaper inputs is. With each new sourcing country for which the
firm incurs fixed sourcing costs, this supplier access measure increases. As the
equations below show, and as explored in the next section, having access to more
sourcing markets decreases the firm’s variable unit costs.

11.D. EFirm’s Cost Functions

Variable unit costs dual to final goods production technology:

-7
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Plugging in the distribution for minimum intermediate input prices, variable unit costs
can be expressed as:

R K &Fol —5N Sp ;% Quepkx@og © 17

where (} L m@mﬁ
o
The Gamma function is used widely in statistics; this expression requires a, P 3 F s&

The firm’s total cost function is the sum of total variable costs and all fixed sourcing
costs incurred during production:
-7
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ILE. Sales and Profits

The firm’s profit maximization problem:
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Derived in Bernard et al, the equilibrium pricing rule is:

X5 5801 & R R O
2upl duo (20)

Bernard et al allows firms to use variable firm specific markups, &, ¢ gwhich depend on
perceived elasticity of demand for the firm’s products in the export market. Since the
purpose of this paper is to integrate emissions rather than analyze pricing and
competition dynamics in the export market (they are provided more for completeness
of policy experiments), the assumption throughout is that markups are stationary. In a
broader simulation interested in competition, this assumption can of course be relaxed.

Profits from sector g for firm f are:

3 s x o5 i . . - X a
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Following Bernard et al’'s assumption that the firm incurs constant marginal costs to
recover variable costs from sales, represented by %he level of intermediate inputs

imported by firm f for product k from each source country j are a function of those costs
and the sourcing probability:
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Finally, sales of product k can now be expressed by plugging in the equilibrium pricing
rule from (20) into the sales equation from (8):
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the amount of inputs the firm buys from j1 is the same as the level of imports from j1,
emissions from country j1 are:

"v5 L 9@,0/\;5 (26)

Allowing emissions intensity parameters to vary across all countries j in the firm’s set
for sourcing countries, total emissions by firm 1 can be expressed as:

%
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% J

The next section makes use of this model, narrowing everything down to one firm, and
walks through two different carbon pricing policy experiments.

lll.  Policy experiments within given setcoluntries

This section uses the model set up in the previous section to examine various carbon
pricing policy scenarios. The initial bare bones setup common to these scenarios is one
firm f exporting one product k to one export market m, and sourcing 3 intermediate
inputs | from 3 source countries indexed by j1, j2.
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(29)

where

Re L 20 w4 (30)

Thus, logically:
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Using these conditions, we get no revenue effect of the taxes — price increases do not
affect revenue:

1E 1E 1E
0 200 e09 ¢ U:E; L x (38)
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Directly following that, givent that the firm’s profits are:
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and given that we know that ﬁC’L r, if markups are stationary, ﬁ) L r. (40)

Using this result, and change in sourcing probability from (37), we can see that total
imports from j1 defined in (28) decrease:

| A,Q)op

1 As ! 20 BON
& L TR FohETa e L

PON



Steponaviciute 16

Plugging in the above results to (41), we see that R
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But the increase in the export costs has to be proportional to the emissions level that
the firm is responsible for overall. This relationship is inverse: the larger the firm’s
measured (or estimated) emissions during the production process, the smaller
adjustment the country where final goods are sold will aim to impose. Like in the case of
carbon pricing in a sourcing market, the simplest way to show this relationship is
through a linear equation:

W L>0y (48)

where b is some form of a per unit carbon tax.

In a similar way as in the previous section, we see that the increase in the export costs
will raise the firm’s price for product k by an amount proportional to how much itis
emitting:
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Proposition 1. Taxing carbon emissions retroactively will raise the firm’s price for
product k by an amount proportional to how much it is emitting.

Although, as the previous section made clear, in the case of this firm being a monopoly,
price increases do not actually decrease sales or profits, each unit of emissions is
costing the firm a portion of its variable costs, it still has an incentive to minimize its
total emissions subject to some maximum amount of tax it wants to pay, §;

ccokseey=0L %/ B E %/ wE %/ v (50)
Or, really,
"o ysave vr= 0 L 622 ek E %én E %éng (51)

The main takeaway from Cramer’s rule calculations (detailed in the Appendix) are:
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V. Discussion and Conclusions

Using the model for global firms developed by Bernard et al, this paper presents a way
to think about emissions at various points of multinational business. Pricing carbon on
both ends work through different channels, but eventually integrates the production
and emissions intensity characteristics of sourcing countries into the firm’s optimal
choices and shows that
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Appendix

Deriving (38):

and
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Deriving comparative statics for (51):

Steponaviciute 23

L VI
wevabay- UL IaaL Uj CHsews E %o E %revg

FOC:

) 0€ 0é

1. — L %E%— E %—
o Oég 06
) 0é 0é

2 — L %— E% E %—
' a 0 06
YR 0¢ 06

s 45‘ L %— E %fo_; E %,

Fu Fu



E @ %

Steponaviciute 24

Using Cramer’s rule:
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If no emissions intensities change, and the firm has no constraint of ideal emissions
values, then there will be no change in all of these sourcing probabilities — the firm
assumes it is already at the minimum and will simply pay the higher export costs.

However, plugging in any nonzero value for any of the @yhows that #



