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Motivation

▶ A large literature documents the adverse effects of extreme temperatures on production.

▶ Gap in existing literature:
▶ Prior studies focus on short-term productivity losses (e.g., Deschênes and Greenstone (2007),

Zhang et al., 2018, Somanathan et al. (2021)).
▶ Much less is known about long-term firm behavior—do extreme temperatures affect firm entry

and location choices?

▶ Why it matters
▶ Firm entry/exit drives industrial dynamics and economic growth (Foster et al., 2008).
▶ Climate-vulnerable regions (e.g., Africa, South Asia) will be left behind.

▶ This paper asks
▶ Do persistent hot/cold extremes deter firm entry?
▶ What are the underlying mechanisms?
▶ How will climate change reshape the geography of economic activity?

3 / 36



Preview of Main Results

▶ Exposure to extreme temperatures significantly reduces firm entry, with effects persisting
up to 12 years.
▶ Firm exit remains largely unaffected.

▶ Heterogeneity:
▶ Large and private entrants are more responsive than small and state-owned entrants.
▶ Cold (hot) days deter entry more in colder (warmer) regions.

▶ Mechanisms:
▶ Extreme temperatures reduce firm entry in tradable sectors—agriculture and industry—by

lowering the market competitiveness of firms in highly exposed regions.
▶ This, in turn, depresses local demand and reduces entry in non-tradable sectors such as

services.
▶ Firms reallocate investment toward regions with more moderate temperature profiles.

▶ Future projections:
▶ By the end of the century, climate change may reduce firm entry in over half of Chinese

counties.
▶ Southern regions will suffer larger losses than the north.
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Contribution

▶ New evidence on firms’ long-term climate adaptation:
▶ Earlier studies emphasize air conditioning use (Somanathan et al., 2021) or labor reallocation

(Acharya et al., 2023).
▶ We highlight a novel adaptation margin: strategic location choice.

▶ Extending New Economic Geography (NEG):
▶ Classic NEG model emphasizes how economic geography is shaped by economic fundamentals

such as agglomeration economies, market access, and transport infrastructure (Krugman,
1991; Redding and Sturm, 2008; Donaldson and Hornbeck, 2016).

▶ We show that climate shapes the spatial distribution of firms and thereby the economic
geography.

▶ Policy implications:
▶ Invest in infrastructure in climate-friendly regions likely to attract future industrial activity.
▶ Design adaptive policies to retain economic vitality in climate-vulnerable regions.
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A Simple Illustration

▶ Consider a long-run production function:

π = p F (K̃ , L̃,T )− rK − wL

where
▶ K̃ = AK (T )K and L̃ = AL(T )L.
▶ K , L, T , and A denote capital input, labor input, temperature, and effective input productivity,

respectively.

▶ Temperature affects effective input productivity
▶ A′

K (T ) < 0 and A′
L(T ) < 0 when T is sufficiently high.

▶ A′
K (T ) > 0 and A′

L(T ) > 0 when T is sufficiently low.

▶ Extensive margin decision: enter if π > 0, exit if π < 0.
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A Simple Illustration

▶ Temperature can affect firms’ output through three potential supply side channels:
1. Direct Effect on Output (esp. agriculture)

▶ ∂F (K̃ , L̃,T )

∂T
< 0 and

∂F (K̃ , L̃,T )

∂T
> 0 when T is sufficiently high and low.

▶ E.g., crop failure beyond thermal thresholds.

2. Labor Productivity Decline (all sectors):

▶ Health risks (heat stroke, frostbite) ⇒ −
∂F

∂L̃
A′
L(T ) < 0 and

∂F

∂L̃
A′
L(T ) > 0 when T is sufficiently

high and low.

3. Capital Productivity Decline (minor, all sectores):

▶ Machine overheating/freezing ⇒ −
∂F

∂K̃
A′
K (T ) < 0 and

∂F

∂K̃
A′
K (T ) > 0 when T is sufficiently

high and low.

▶ Empirical implication: the negative impact of extreme temperatures on firm entry is
stronger in sectors where TFP is more sensitive to extreme temperatures.
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Sector–Specific Mechanisms

▶ Tradable sectors: agriculture & industry
▶ Firms face competition in the national market.
▶ Extreme T ⇒ ↓ local productivity ⇒ ↓ market competitiveness ⇒ ↓ entry.

▶ Non-tradable sector: services
▶ Firms are dependent on local demand.
▶ Extreme T ⇒ ↓ output of downstream tradable sectors ⇒ ↓ service demand (e.g., transporta-

tion, finance) ⇒ ↓ entry.
▶ Also: extreme temperatures may suppress household demand (e.g., retail, entertainment).
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Data
Data Overview

▶ Firm Registration Database (1990-2019)

▶ Annual Survey of Industrial Firms (1998-2007)

▶ History Daily Weather Data (1951-2019)

▶ Climate Projections from NASA NEX-GDDP (2080-2099)

9 / 36



Data
Firm Data

▶ Firm Registration Database (1990-2019)
▶ A population dataset providing details of all Chinese firms’ registration records.
▶ For each firm, we observe registration dates and cancellation or revocation dates (if applicable).
▶ We compute the number of firm entry, firm exit, and firm-to-firm equity investments at

county-year level during 1990-2013.
▶ Begin in 1990 - China’s economy became more market-oriented in the early 1990s, following

economic liberalization policies that opened the country to foreign trade and investment and
relaxed regulations on private enterprises.

▶ End in 2013 - China’s 2014 Company Law reform significantly lowered entry barriers and led to
concerns over inflated or inactive registrations.

▶ In addition to tracking new firm creation, we construct firm-to-firm equity investment links
using shareholder records.
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Data
Summary Statistics

Table 1: Summary statistics of firm entry, firm exit, and firm-to-firm equity investments
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Data
Annual Survey of Industrial Firms

▶ Annual Survey of Industrial Firms (1998-2007)
▶ Firm-level information on firms’ operations.
▶ Includes all State-Owned Enterprises (SOEs) irrespective of size and non-SOEs with annual

sales surpassing CNY 5 million (USD 0.7 million).
▶ In our sample: 1,398,007 firm-year observations from 387,541 unique firms.
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Data
Weather and Climate Projections

▶ Historical weather data (1951-2013)
▶ From the China Meteorological Data Sharing Service (CMDSS) system.
▶ Variables: daily average temperature, precipitation, average relative humidity, wind speed,

and sunshine hours from more than 2000 weather stations.
▶ Station level ⇒ County level: IDW of all valid station observations within a 50-mile (80-

kilometer) radius of each county centroid (greater weight to closer stations).

▶ Climate projection data (2080-2099)
▶ From the NASA Earth Exchange Global Daily Downscaled Projections (NEX-GDDP).
▶ Variables: daily maximum and minimum temperatures at 0.25°× 0.25° and 21 models.
▶ Two Representative Concentration Pathways (RCPs): RCP4.5 (stabilization scenario), and

RCP8.5 (A high-emissions “business-as-usual” scenario).
▶ How we use: aggregate to county level ⇒ average to get the daily average temperature ⇒

use the median projected temperature across the 21 models.
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Data
Summary Statistics

Temperature distribution Average number of days
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Baseline Specification

▶ Firm entry and exit are count variables with many zero observations ⇒ Employ Poisson
Pseudo Maximum Likelihood (PPML) estimator by estimating the following equation:

Yc,t = exp

(
α+

∑
j

βj ×

[
1

k

k−1∑
i=0

TEMP j
c,t−i

]
+ δ ×

[
1

k

k−1∑
i=0

Xc,t−i

]
+ λc + γp,t

)
×ϵc,t (1)

▶ Yc,t : the number of new firm entries (or exits) in county c and year t.
▶ TEMP j

c,t−i : number of days in which the daily average temperature in county c and year t− i
falls into the jth 5°C bin.

▶ Use 12-year moving average to capture long-term exposure, i.e., k = 12.

▶ Xc,t−i : other weather control variables, including humidity, sunshine hours, wind speed, and
precipitation.

▶ λc - county fixed effects; γp,t - province by year fixed effects.
▶ ϵc,t - error term, clustered at county level.
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Identification Window

Firm entry, temperature ≤-10°C Firm entry, temperature >30°C
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Identification Window

Firm exit, temperature ≤-10°C Firm exit, temperature >30°C

17 / 36



Baseline Results

▶ +1 hot day (>30°C) ⇒ ↓ entry number 6.20%; +1 cold day (≤-10°C) ⇒ ↓ entry number
3.94%.

▶ Exit largely unaffected ⇒ entry decisions dominates.

Firm entry, 12-yr ma temperature Firm exit, 12-yr ma temperature
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Robustness Checks

1. Apply the inverse hyperbolic sine (IHS) transformation to the outcome variable and re-
estimate the model using OLS.

2. Exclude all weather controls.

3. Include county-specific linear yearly trends.

4. Adjust the cluster level to county and province by year.

5. Extend our sample period to 2019.

6. Redefine temperature exposure using daily maximum temperatures.
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Robustness Checks

Table 3: Robustness checks on firm entry number
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Robustness Checks

▶ Long-difference approach (OLS):

∆Yc,d = α+
∑
j

βj ×∆
[
TEMP j

c,d

]
+ δ ×∆[Xc,d ] + λc + γp,d + µc,d (2)

▶ ∆Yc,d = Yc,d − Yc,d−1: the difference in the four-year average of the outcome variables
between two adjacent periods, d and d − 1, in county c, with d ∈ {2, 3}.

▶ Three periods: 1990–1993, 2000–2003, 2010–2013.

▶ ∆
[
TEMPc, d j

]
and ∆ [Xc,d ]: the changes in the corresponding four-year period averages of

temperature bins and other weather controls.
▶ λc - county fixed effects; γp,d - province by period fixed effects.

▶ Long-term average approach (PPML):

Ȳc,d = exp

(
α+

∑
j

βj × TEMP
j
c,d + δ × X̄c,d + λc + γp,d

)
× ϵc,d (3)

▶ Ȳc,d ,TEMP
j
c,d , and X̄c,d : the period average of firm entry number, temperature bins, and

other weather variables in county c and period d .
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Robustness Checks

Table 4: Long-difference regression and average regression
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Heterogeneity

▶ Firms with different characteristics may respond differently to extreme temperatures.
▶ Firms differ in market competitiveness and profit orientation, which may shape their respon-

siveness to climate-related shocks. ⇒ heterogeneity analysis by firm size and ownership.
▶ Firms located in different climate zones may have distinct adaptation capacities. ⇒ hetero-

geneity analysis by regional climate conditions.
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Heterogeneity

Table 5: Heterogeneous effects of temperatures on firm entry
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Mechanisms
Industry-specific impacts

▶ We begin by analyzing how ex-
treme temperatures influence firm
entry across three main sectors,
i.e., agriculture, industry, and ser-
vices.

▶ Both extremely high and low tem-
peratures significantly reduce firm
entry in all three sectors.

Table 6: Firm entry in different industries
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Mechanisms
Industry-specific impacts

▶ Agriculture sector
▶ This effect may operate through two channels: crop production enterprises are directly sensitive

to climatic conditions, while agricultural product processing firms may be indirectly affected
through disruptions in the supply of raw agricultural inputs.

▶ Industry sector
▶ Extreme temperatures may affect firm entry in industry sector by reducing firm productivity

through declines in both labor and capital efficiency.
▶ Using ASIF dataset, we estimate the effect of extreme temperatures on TFP across all 44 two-

digit Chinese code industry subsectors, and obtain the subsector-specific effects of extreme
temperatures on TFP, ρjk .

▶ Using the estimators of the coldest (≤-10°C, ρ1k) and hottest (>30°C, ρ1k0) temperature bin,
we classify the 44 two-digit industry subsectors into four groups.
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Mechanisms
Industry-specific impacts

Table 7: Mechanism of firm entry in the industry sector
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Mechanisms
Industry-specific impacts

▶ Services sector
▶ Industry consumer:

▶ Many service subsectors serve as upstream suppliers to the industry sector, such as wholesale
trade, transportation, warehousing, finance, and professional, scientific, and technical services.

▶ A reduction in industrial activity due to temperature shocks may therefore transmit through the
supply chain, adversely affecting the services sector.

▶ We construct a downstream temperature exposure index for each of the 13 one-digit Chinese
code service subsectors, and divide the 13 subsectors into two groups depending on the median.

▶ E.g., the downstream extremely low temperature exposure index for subsector s is defined as:

Exposures =
44∑
k=1

ws,kρ
1
k

▶ Household consumer:
▶ Many services rely on household consumption, such as retail, entertainment, and residential

services.
▶ If extreme temperatures reduce individuals’ outdoor activities, they may also depress the house-

hold demand for these service goods.
▶ We use the IO table to compute the share of household consumption in each service subsector’s

output, and divide the 13 subsectors into two groups depending on the median.
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Mechanisms
Industry-specific impacts

Table 8: Mechanism of firm entry in the service sector
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Mechanisms
Cross-regional Equity Investments

▶ Inter-county equity investments:

1. Intra-county investments: number of equity investments from firms in county c into newly
established firms within the same county in year t;

2. Outward inter-county investments: number of equity investments from firms in county c into
newly established firms outside of county c in year t;

3. Inward inter-county investments: number of equity investments from firms outside of county
c into newly established firms in county c in year t.

▶ City-pair regression:
▶ We construct a city-pair panel dataset by matching firm-to-firm equity investment flows be-

tween every pair of prefecture-level cities.
▶ With 342 prefecture-level cities in China, this yields 116,622 (342 ×341) city pairs.
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Mechanisms
Cross-regional Equity Investments

▶ The city-pair regression model is as follows:

Yo,d,t = exp

(
α+

∑
j

βj × diffTEMP j
o,d,t + δ × diffXo,d,t + τo,d + φpo ,t + φpd ,t

)
× ϵo,d,t

(4)

▶ Yo,d,t : the total number of firm-to-firm equity investments from city o to city d in year t.
▶ diffTEMP j

o,d,t : the difference in the number of days falling into the jth temperature bin (based
on 5°C intervals) between the two cities over the past 12 years.

▶ diffXo,d,t : the difference of other weather control variables between city o and city d .
▶ τo,d - city-pair fixed effects; φpo ,t - origin province by year fixed effects; φpd ,t - destination

province by year fixed effects.
▶ ϵo,d,t - error term, clustered at city-pair level.
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Mechanisms
Cross-regional Equity Investments

Table 9: Results on firm-to-firm equity investments in new firms
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Climate Projections
Projection Method

▶ Climate projections from the NEX-GDDP dataset suggests that China will experience more
extremely hot days and fewer extremely cold days by the end of this century.

▶ To assess how climate change may reshape the geography of firm entry, we predict the
changes in firm entry by the end of the century:

∆Yc(%) =

(∑
j

β̂j ×∆TEMP j
c

)
× 100% (5)

▶ ∆Yc(%): the projected percentage change in firm entry in county c.
▶ β̂j : estimator for temperature bin j in equation (1).
▶ △TEMP j

c : the difference of the number of days in the jth temperature bin between 2080-2099
and 1990-2013.

▶ ∆Yc : the isolated effect of changes in temperature patterns on firm entry, holding other
weather variables constant.
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Climate Projections
Projected Firm Entry Change 2080-2099

▶ Under RCP4.5 (8.5), climate change will reduce the number of firm entry by approximately
358 (953) per county per year.

▶ These declines are substantial, given that the average number of firm entry per county was
around 1,028 in 2013 and 2,701 in 2019.

Projection in RCP4.5 Projection in RCP8.5
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Conclusion

▶ Temperature-firm entry and exit relationship:
▶ Inverted U-shaped curve in entry: extreme heat and cold reduce firm entry.
▶ Firm exit is unaffected.

▶ Mechanisms:
▶ Industry perspective:

▶ Agriculture/Industry: production shocks (↓ productivity).
▶ Services: demand-side effects (↓ local demand).

▶ Firms’ cross regional investment:
▶ ↓ Intra-county & inward inter-county investments.
▶ ↑ Outward investments to milder-climate regions.
▶ City-pair analysis: firms prefer investing in cities with better climates than home cities.

▶ End-of-century projection:
▶ Firm entry is projected to decline in over half of China’s counties.
▶ Southern regions will experience greater firm losses than the north due to rising temperatures.
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Thank you!
Questions & comments welcome.
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