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Theoretical framework
• Firm chooses projects to get an expected operating profit:

• productivity (z)
• cost of capital (r)
• fixed cost (f)

• Open a project only if productivity high enough, so number of projects

• As cost realized, actual firms that stay in operation
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The expected operating profit for the a�liate is:
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� E(fi)] � 0 (1)

Hence, there exists an emission productivity threshold
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E(fi)�r

��1
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��1
]
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��1

such that potential a�liates with zin � z̄ are acquired by the MNE to operate in the target country,

otherwise they are not.

2.1 The Number of Foreign A�liates

In order to measure the number of MNE’s a�liates in the target country, we assume that there is

a fixed number of potential a�liates (existing local firms) Ni = ⇢N in the target country for the

MNE to consider for merger or aquizition (M&A), where 0 < ⇢ < 1 is a parameter specifying the

proportion of local firms open to M&A. We also assume that the potential a�liates’ emission pro-

ductivity zin follow a Pareto distribution as in Helpman et al. (2004). The cumulative distribution

function is F (z) = 1�( biz )
vi , where we assume that z � bi > 0 and vi > 2 to ensure the distribution

has a finite variance.13 The scale parameter bi is the lower bound of the emission productivity

distribution and the shape parameter vi controls its dispersion: a lower vi gives a higher dispersion

of the emission productivity. Therefore, we write the number of MNE’s a�liates Mi in the target

country as

Mi = Ni[1� F (z̄)] = Nh(
bi

z̄
)vi = Nib

vi
i [
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��1
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��1
i
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vi
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This result is similar to that of Ramondo (2014): We should expect more a�liates in the target

country when the expected overhead cost is lower (lower E(fi)), the emission unit cost is lower

(lower ri), productivity lower bound and productivity mean are higher (higher bi), productivity

dispersion is lower (higher vi), and the target market is larger (higher Ai).

When a disaster happens after the M&As by the MNE, since the cost of purchasing the foreign

a�liates is a sunk cost, there is no gain for the MNE to continue any production by a�liates that

now generate negative profits due to the high overhead cost fid. Hence, some foreign a�liates

13Boyd (2017) shows that the energy e�ciency distributions of U.S. cement manufacturing, auto assembly, and
wet corn refining mills resemble Pareto distribution. Bloom et al. (2010) shows that UK manufacturing firms’ energy
intensity displays a log-normal distribution. Its inverse distribution can provide inference to our emission productivity
distribution, which would be heavy-tailed, like Pareto. Our results are robust to using other distributions, such as
Fréchet distribution used in Eaton and Kortum (2002) for productivity. More specifically, our first-order qualitative
results will still hold if using Fréchet distribution and second-order results can also hold given plausible distribution
parameter values.
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default on their intra-period loans and the number of foreign a�liates becomes:14

Mid = Nib
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where fid > E(fi) is the actual overhead cost during a disaster.

With the above model setup, we use changes to E(fi) to reflect physical risk and use changes to

ri and emission productivity distribution to reflect climate policy changes. We derive the following

propositions to guide interpretation of our empirical results.

Proposition 1. Physical risk When a target country’s physical climate risk increases such

that the a�liate’s expected overhead cost E(fi) increases, or when a disaster actually happens, it

reduces the number of a�liates in the target country.

Proof: Since � > 1, we can see from equation (2) that @Mi
@E(fi)

< 0. And during a disaster since

the realized overhead cost fid > E(fi), Mi will decrease from the level prior to the disaster and the

absolute change Mi �Mid ⌘ �Mi = Nib
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For the following propositions that are related to transition risk, climate policies can include

emission taxes, carbon trading schemes, renewable/R&D subsidies, emission limits, etc. They can

have di↵erent e↵ects on the target country and thus a↵ect FDI inflows. In the model, such policies

are reflected by the change to the abstract emission unit cost ri.

Proposition 2. Transition risk When climate policies increase emission unit cost ri, the

number of MNE’s a�liates in the target country decreases; and the policies reduce the e↵ect of

physical risk from Proposition 1.

Proof: Since � > 1, we can see from equation (2) that @Mi
@ri

< 0. In addition, @2Mi
@E(fi)@ri

=

Nib
vi
i

v2i
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vi
��1 > 0. To show how the policies a↵ect the impact of an actual

disaster, we see that @�Mi
@ri

< 0 and thus the policies reduces �Mi upon a disaster. ⇤

This result of diminishing impact of climate policies on disaster e↵ect is not surprising, given the

negative impact of both E(fi) and ri. The intuition is that a higher emission unit cost can make

MNE more selective about its a�liates, thus have a smaller mass of more productive a�liates to

start with. When physical risk increases or a disaster strikes, fewer of these productive a�liates

will exit. Other models can generate the same prediction. What’s special about this model is that

it generates the following proposition.

Proposition 3. Emission Productivity. When technology becomes greener which increases

the emission productivity distribution’s lower bound bi (i.e., shifting distribution right and increasing

14This implies that the intra-period loans are repaid by foreign a�liates after production, and are not committed
by the MNE. Alternatively, we could have the MNE commit to the repayment and thus the loan becomes a sunk cost

to the MNE and the threshold for a�liate exits becomes z̄d = [
fidr

��1
i

Ai(1� 1
� )��1 ]

1
��1 (i.e., a�liates exit if pinqin  fid).

As long as fid > �E(fi), Propositions 1-6, and our overall model predictions still hold.
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Hence, the amount of FDI flow from the source country MNE to target country is:

FDIi =

Z 1
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� E(fi)]f(zin)dzin

where f(z) =
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zv+1 is the emission productivity density function. Notice that FDIi is the gross FDI

inflow received by the target country as there is only one MNE from the source country investing

in the target country. Assuming � � vi < 1, we can simplify the FDI amount to:17
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b
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1

E(fi)
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To formalize our predictions of FDI inflows to the target country, we derive the following propo-

sitions.

Proposition 4. Physical risk. When a target country’s physical climate risk increases such

that the a�liate’s expected overhead cost E(fi) increases, it reduces the FDI inflows to the target

country.

Proof: Since � > 1 and � � vi < 1, we can see from equation (3) that @FDIi
@E(fi)

< 0. ⇤

Proposition 5. Transition risk. When climate policies increase emission unit cost ri, the

FDI inflows to the target country decrease.

Proof: Since vi > 0, we can see from equation (3) that @FDIi
@ri

< 0. ⇤

Proposition 6. Emission Productivity. When technology becomes greener which increases

the emission productivity distribution’s lower bound bi (i.e., increasing the emission productivity

mean), the FDI inflows to the target country increase.

Proof: Since vi > 0, � > 1 and � � vi < 1, we can see from equation (3) that @FDIi
@bi

> 0. ⇤

Suppose that the problem of the other MNE from the foreign country is symmetrical with the

above problem of the MNE from the domestic country. As long as the domestic country’s physical

and transition climate risks stay unchanged (or increase not as much as the foreign country’s), an

increase in the foreign country’s climate risk, as stated in the above propositions, can also alter the

net FDI inflow to the target country in the same direction.

2.3 Discussion

So far we have assumed that z̄ > bi always holds. In a comparative static analysis for this case,

comparing the FDI change in a target country (or a particular industry in the target country)

with higher emission productivity (the distribution to the right in Figure 1) with the FDI change

target-country local firms with positive profits will be purchased by the foreign MNE.
17Russ (2007) sets vi = � + 0.1, our assumption of � � vi < 1 is not unrealistic.
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Interpretation as climate shocks
• Projects are choices of FDI(like M&A) by MNE

• Physical climate risk: higher f

• Transition risk: higher r

• Emmissions productivity: z and its distribution b
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This result of diminishing impact of climate policies on disaster e↵ect is not surprising, given the

negative impact of both E(fi) and ri. The intuition is that a higher emission unit cost can make

MNE more selective about its a�liates, thus have a smaller mass of more productive a�liates to

start with. When physical risk increases or a disaster strikes, fewer of these productive a�liates

will exit. Other models can generate the same prediction. What’s special about this model is that

it generates the following proposition.

Proposition 3. Emission Productivity. When technology becomes greener which increases
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the emission productivity mean), the number of MNE’s a�liates in the target country increases;

and in this case higher emission productivity amplifies the e↵ect of climate risks from Propositions

1 and 2.

Proof: Since � > 1, we can see from equation (2) that @M
@bi

> 0. In addition, @2M
@E(fi)@bi

=

Nivib
vi�1
i

vi
��1E(fi)

� vi
��1�1( B

r��1
i

)
vi

��1 < 0. To show how emission productivity a↵ects the impact of

an actual disaster, we see that @�Mi
@bi

> 0 and thus it increases �Mi upon a disaster. Similarly,
@2M
@ri@bi

< 0 and thus higher emission productivity with a higher bi can severe the impact of transition

risk on FDI. ⇤

The intuition of Proposition 3 is that when more emission-productive technologies can raise

the entire distribution’s mean, and as the productivity distribution shifts right, a larger mass of

a�liates will qualify to be acquired by the MNE to start with. Hence, when physical risk increases

or a disaster strikes, or when policies raise emission costs, a larger mass of a�liates will be a↵ected

negatively and exit. While we do not take a stand on what cause the emission productivity to

change over time, Proposition 3 states that any possible emission productivity mean change can

alter the impact of climate risks on FDI.15

Suppose that the source country a�liate allocation problem of the same MNE is symmetrical

with the above problem. As long as the source country’s physical and transition climate risks stay

unchanged (or increase not as much as the foreign country’s), an increase in the foreign country’s

climate risk, as stated in the above propositions, can also alter the share of total a�liates in the

foreign country in the same direction.

2.2 FDI Value

Our model can also predict how the amount of FDI reacts to climate risks. Note that FDI here is in

the form of M&A, therefore MNE’s total purchase cost of foreign a�liates is the gross FDI inflow to

the target country. Let’s assume that the foreign MNE has an overhead cost advantage over local

firms as in Razin et al. (2007), such that E(fi) < E(f) where E(f) is the expected overhead costs

paid by target country’s local entrepreneurs if they were to operate the same a�liate. This can be

true in reality because the MNE may be endowed with superior intangible capital, or know-how,

coming from its specialization or expertise in the industry.

This cost advantage implies that the foreign MNE can a↵ord to acquire an a�liate in the target

country with a price larger than the a�liate’s expected profit to its original local owner. Assuming

the original owners hold all the bargaining power, each potential a�liate whose zin > z̄ is purchased

by the MNE at its expected profit to the MNE, which is the maximized E(⇧in) in equation (1).16

15Climate policies and disasters may in principle a↵ect technology innovation and thus the emission productivity,
but in the empirical exercise we do observe reduction in average emissions (increase in emission productivity) following
an introduction of CO2 tax or tightening of environmental protection policies. Local projection results supporting
this findings are available upon request.

16Since by assumption only ⇢ share of target-country local firms are potential a�liates open to M&A, not all
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Is climate all about disasters and choices?
• FDI is a form of delegated philanthropy 

• Bringing in social responsibility of rich countries into emerging economies.
• Reactive to past disasters, as opposed to anticipation of future ones. Standards as seals of approval.
• Benabou Tirole (2010)

• FDI is an importer of pollution to EM, hidden from AE customer
• Distribution of perceived costs because consumers’ tastes are diluted across borders.
• Less information and free riding.
• Hart Zingales (2017).

• FDI is an attempt to differentiate in response to competition
• Climate variables and location choices proxying for source country consumer tastes.
• Aghion et al (2022).
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From climate to choices: mankind’s role
• Climate is not exogenous: disasters as driven by FDI.

• FDI changes z distribution. 
• Improves climate because it brings more efficient technology. 
• Alfaro-Urena, Manelici, Vasquez (2022) on impact of FDI on productivity of suppliers

• Climate regulation is not exogenous: standards driven by FDI
• FDI changes r costs.
• Imposing standards: Harrison and Scorse (2010) sweat shops, Amengual and Distelhorst (2020) on GAP 

labor standards, Boudreau (2021) safety committees in Bangladesh, De Jangle et al (2015) and Dagusanu 
and Nunn (2018) on fair trade coffee and redistribution.

• Alfaro-Irina, Faber, Manelici, Vasquez (2022) on ambiguous effects of labor standards, improving wages but 
lowering sales and employs.
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Data: extreme weather (f)
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• Measurement
• Monthly count of disaster events
• 10 or more human deaths; 100 or 

more people injured or left 
homeless; declaration by the 
country of a state of emergency 
and/or an appeal for international 
assistance

• Reserve causality?
• FDI changing standards may affect 

severity of incidents
• Proclivity to declare state of 

emergency and ask for help

Figure 5: Climate-related disaster events by type
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Figure 6: Climate-related disaster events by country group
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Data: transition risk (r)
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• Measurement
• Environmental policy stringency 

(EPS) index data at country level 
from OECD (1990- 2015). 

• CO2 tax

• Reserve causality and other 
regulations?
• FDI as form of pressure (like fair 

trade or anti sweatshops)
• FDI as bringing standards
• EPS correlates with other forms of 

regulatory state.

Figure 9: Environmental policy stringency

Figure 10: Average annual change in net FDI inflows
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Data: country-industry transition (r)

8

• Measurement
• Interact previous r with:
• emissions by country-industry and 

year from World Input-Output 
Database version 2016 (WIOD 16) 
environmental accounts 

• Key control
• Industry/firm composition
• May be more amenable to FDI
• May be more related to emissions 

and regulation.

Figure 4: Histogram of Country Average Emission Productivity by Group
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Data: firm transition (r)

9

• Measurement
• Interact previous r with:
• climate change exposure 

index for publicly traded firms 
from earnings conference calls 

• Sautner et al 2020 

• Reverse causality
• Are they responding to 

climate?
• Negative correlation with firm 

values in data, and the scope 
of the firm.

IA Figure 1: Climate Change Sentiment/Risk over Time

(a) (b)

(c) (d)
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Electronic copy available at: https://ssrn.com
/abstract=3642508

IA Figure 3: Climate Change Sentiment/Risk across Countries

(a) (b)

(c) (d)
11

Electronic copy available at: https://ssrn.com
/abstract=3642508



Regressions
• Country level (crowding out?)

• Country-industry level (scaling by industry value added?)

• Firm level (what is variation?)

10

FDI decisions likely incur substantial lags. For the climate policies, we include both environmental

policy stringency (EPS) and CO2 tax together as controls, since they are not correlated with each

other in the data. We include macroeconomic control variables — trade/GDP, PPI inflation, and

real GDP growth — also lagged by one year for the same reason and to avoid any reverse causality.21

In all cases, we include as many fixed e↵ects as possible given the aggregation level of explanatory

variables. We cluster standard errors as appropriate in all regressions.

We conduct our analysis for the full panel as well as for the subsets of countries. In a recent study,

Cevik and ao Tovar Jalles (2020) demonstrate that the impact of climate risks on sovereign credit

ratings is larger for developing countries than for advanced economies. They conjecture that this

is due to lower-income countries having less fiscal space for technological greening and abatement

measures. We believe these di↵erences can play an important role in the sensitivity of foreign

investors to climate risks of FDI target countries, which is consistent with findings by Barua et al.

(2020). Through pre-testing we find that it is useful to define three sets of countries: advanced,

emerging, and low-income, which we classify according to the IMF definition. We do not separately

report the e↵ects for low-income countries (LICs) in the bulk of our analysis because in most data

sets these countries are missing. However, we can see from the basic regression specification in

Table 2 that the e↵ects of climate disasters on LICs is di↵erent from the e↵ects on other countries,

though without statistical significance.

Controls, reported in the full regressions in the Appendix, generally have expected e↵ects and vary

in terms of their statistical significance, which is not surprising given that di↵erent specifications

include di↵erent sets of fixed e↵ects.

4.1 Target country-level regressions

All country-level the regressions include year t, country i, and country-group (advanced, emerging,

or low income economies) fixed e↵ects and standard errors are clustered at regional level (Africa,

Asia, Australasia, Europe, North America, and South America).

The intensive margin FDIY is measured by the net FDI flow as a share of GDP. Because at that

aggregation level we do not have many zeros, we do not measure extensive margin. The intensive

margin regression equation for target country-level analysis is as follows:

FDIYigt = ↵i + ↵t + ↵gt + CD
0
it�1�1 + �2EPSit�1 + �3 I(Taxit�1) + �4zit�1 +M

0
it�1� + "it,

where ↵i, ↵t, and ↵gt are country, year, and country-group times year fixed e↵ects, CD is a

matrix of the number of climate disasters: climatological, meteorological, and hydrologica, with

the corresponding vector of coe�cients �1, EPS it the Environmental Protection Score, I(Tax) is

21We have also considered other macroeconomic controls, such as credit ratings, real exchange rate changes, and
GDP per capita. The first two variables greatly reduce the sample size and the last one is highly correlated with the
existing macroeconomic variables.
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In the panel specification, we include country-pair and year fixed e↵ects when estimated by OLS

and PPML. Note that country-pair fixed e↵ects absorb all standard gravity variables. Standard

errors are clustered on country-pair (OLS) and target-country region (PPML), respectively. We

denote source country as j and target country as i (that is, FDI flows are measured j �! i. We

include all variables of interest as well as macro controls for both source and target countries. For

both OLS and PPML specifications we thus have

�fdiijt = ↵ij + ↵t + CD
0
it�1�t1 + CD

0
jt�1�s1 + �t2EPSit�1 + �s2EPSjt�1 + �t3 I(Taxit�1)

+�s3 I(Taxjt�1) + �s4zit�1 + �t4zjt�1 +M
0
it�1�s +M

0
jt�1�t + "ijt.

Specification for extensive margins is the same with the indicators I(�fdiijt > 0) and I(�fdiijt > 0)

replacing�fdiijt. We estimate similar set of regressions for the specifications with interactions with

emission productivity in target country.

For disaster-only regressions, we repeat the approach described above for the country level,

now including disaster and vulnerability measures for both source and target countries. Again we

use both OLS and PPML estimators. With OLS, we include country-pair and source-year fixed

e↵ects; with PPML, we include country-pair and only year fixed e↵ects but add source climate and

macroeconomic controls.

Finally, we construct a bilateral cross-country panels for before and after 2015, in a similar way

to the target country panel. In all regressions we include country-pair fixed e↵ects and cluster

standard errors on target-country region.

4.3 Country-industry level regressions

We next turn to regression analysis of FDI at industry level. Country-industry level data are only

available for target countries i. The measure of FDI we use for intensive margin is similar to the

target-country panel regressions, except we scale FDI by country-industry value added. As before,

we construct 0/1 indicators of inflows and outflows for extensive margins as FDI inflows being

positive or negative, respectively. All regressions are estimated by OLS with country-industry and

industry-year fixed e↵ects. Standard errors are clustered at country-industry level.

Disaster, policy, and macro variables are only available at country level, while emission produc-

tivity varies by country and industry. Thus, the regression equation becomes

FDIV Aikt = ↵ik + ↵kt + CD
0
it�1�1 + �2EPSit�1 + �3 I(Taxit�1) + �4zikt�1 +M

0
it�1� + "ikt,

where k is the industry indicator.

For disaster-only analysis, we do not include the interaction with Post because the data from

WIOD are only available through 2016.
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WIOD are only available through 2016.
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For the regressions with interactions with emission productivity, we are able to estimate a fully

saturated model with country-industry, country-year, and industry-year fixed e↵ects. Main e↵ects

of all country-year level climate variables are absorbed by country-year fixed e↵ects. The only

variables that varies at country-industry-year level is emission productivity and its interactions

with disaster and policy measures:

FDIV Aikt = ↵ik + ↵kt + ↵it + (zikt�1CDit�1)
0
�1 + �2zikt�1EPSit�1

+�3zikt�1 I(Taxit�1) + �4zikt�1 + "ikt,

4.4 Firm-level regressions

Finally, we turn to the firm level analysis, which allows us to control for the climate risks of both

the source country and the target country as well as for characteristics of individual MNEs. In

this analysis, the dependent variable is either a change in the share of the total number of a given

MNE’s a�liates located in a given target country i in a given year (conditional on a�liates being

present in both prior and current year), for the intensive margin; a 0/1 indicator of whether a given

MNE has new a�liates in a given target country in a given year (whereas there were no a�liates

in this country in the previous), for the extensive margin of inflows; or a 0/1 indicator of whether

a given MNE closed all its a�liates in a given target country between previous and current year.

In these regressions, when we want to study e↵ects of disasters and policies at both source and

target country levels, we only include firm (MNE), target country, year, and a�liate industry fixed

e↵ects. In disaster-only regressions, because we are not looking at source country e↵ects, and in

regressions with emission productivity interactions, we replace firm and year fixed e↵ects with firm

times year fixed e↵ects. Emission productivity is measured at a source-country and target-country

level. We can now include a firm-level measure of climate change risk CCRft, which varies by firm

and year. Standard errors are clustered two-way, at firm and target country levels.

The regression for the main e↵ects of disaster and policy variables is as follows

�Nafffjikt = ↵f + ↵i + ↵k + ↵t + CD
0
it�1�t1 + CD

0
jt�1�s1 + �t2EPSit�1 + �s2EPSjt�1

+�t3 I(Taxit�1) + �s3 I(Taxjt�1) + �s4zit�1 + �t4zjt�1 + �5CCRft�1 +M
0
it�1�s ++"fit,

where Nafffjitk is the number of a�liates MNE f headquartered in country j has in country i

industry k in year t. As before, we use the same specification for the regression with interactions

with emission productivity in target country, except we include firm-year fixed e↵ects which absorb

all main e↵ects of source-country variables as well as the main e↵ect if the firm-level climate change

exposure.

To study whether firms’ climate risk exposure CCR leads to a di↵erencial e↵ects of climate

disasters and policies, we also estimate the following regression that includes firm-target country,
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Conclusions

11

1. Simple and insightful model of how costs and risks from climate affect location 
decisions of MNEs and their FDI choices

A. Other dimensions of FDI and endogeneity of climate

2. Great exhaustive data measuring these risks and costs with different levels of 
variation and aggregation

A. Endogeneity affects interpretations

3. Saturated regressions show small effects, and difference shocks/regulations

A. Research agenda ahead on separating these


