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Introduction

Research question: how does green credit regulation affects firms’ loan conditions and

their economic and environmental performance?

Theoretical model:
theoretical model: strengthened green credit regulation,
⇒ banks: higher interest rates to nonabatement firms;
⇒ firms must redetermine their abatement and production

Empirical evidence: using firm-level data,
after the reinforcement of green credit regulation: noncompliant firms saw a larger increase in
interest rates, decrease in loan amounts, and more difficulty in access to loans

different impacts on large and small firms in terms of their loans and their financial and economic
responses

emission reduced but realized in different ways:
large firms reduced their emission intensity by investing more in adopting abatement facilities,
while small firms simply choose to produce less
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Background

China’s strengthened enforcement of green credit regulations in 2012:

1995 - 2007: relevant policies that were meant to be compulsory, but implementation was
voluntary

2012: Guideline on Green Credit ⇒ pressure on banks that are obliged to account for

environmental risks (firms’ environmental performance becomes critical to banks when

setting differentiated loan amounts, interest rates, capital allocation and so forth)

related to the extra-regulatory force exerted on banks from the government; complementary
rules and regulations that are subsequently enacted
indicators on social responsibility with environmental protection to be evaluated for bank
achievement; Opinion on Green credit in 2013: include green credit into daily regulations
and operations; mandate on collecting data ⇒ bank accountability
banks might bear additional costs for lending to non-abatement firms ⇒ charge higher rates
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Model

Static, firms & banks:
firms: heterogeneous productivity (idiosyncratic following a distribution), capital fully funded by
bank loans

emissions: proportional to output (θy), abatement ξ also reduces emissions proportionally
e = (1−ξ )θy

pollution tax: te with t = tax rate on pollution

costs of abatement: aξby + f , variable + fixed

No abatement: a probability p of being punished with a loss of φ of the annual profits

profit functions:
for firms with abatement: π(z) = zkα − rk− te−aξby − f
for firms without abatement: E π̃(z) = (1−pφ)(zkα − rk− te)
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firm’s optimal abatement level

Due to fixed cost: firms first decide whether to abate or not.
If choose to abate: which level.
−→ Separately for firms with and without abatement.

If abatement, the optimal abatement is ξ ∗ = ( tθ

ab )
1

b−1 :
positively depending on the emission intensity θ and the pollution tax t
negatively depending on abatement cost parameters a and b.

and the profit is then π(z) = µzkα − rk− f where µ = 1− tθ + (b−1)ξ ∗

b tθ .

The optimal demand for capital is k(r ,z) = ( µzα

r )
1

1−α

If no abatement, choose the capital to maximize π̃(z): k̃(r ,z) = ( µ̃zα

r )
1

1−α where µ̃ = 1− tθ .

Comparative:
The capital demand of the firm without abatement is relatively small µ̃ < µ because firms with green
technology pay less polluting tax and hence produce more.
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steeper slope for abatement firms: µ > µ̃
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Bank’s problem: determine interest rate

Assuming banks have full bargaining power to set a loan rate for each borrower.

In the absence of green credit regulation:
Given a firm’s loan demand, maxr (r − rd )kd (r ,z) where rd is the deposit rate (exogenous).

Optimal: r = 1
α
rd −→ banks set an identical loan rate for each firm regardless of the pollution

emission level.

And the optimal demand for capital can be written as
(and accordingly the optimal output, profit and emissions for a firm adopting abatement technology or
not adopting abatement technology can be derived)
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The marginal firm: a threshold of productivity z∗

The marginal firm is indifferent between adopting abatement technology or not:

For any firms above the threshold: choose to abate; otherwise, no abatement.
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Impact of green credit policy

Additional cost is incurred for a bank providing a loan to a firm without abatement:

For firms adopting clean technology through abatement, their loans from banks are not affected
by the policy.

For firms without abatement: assuming a linear form, g(e) = ψe with ψ > 0.

The new maximization problem: maxr (r − rd )kd (r ,z)−g(e), and the optimal condition implies that

r(ψ) = 1
1−ψ

θ

αµ̃

rd

α
. ⇒ the green credit policy increases the loan rate because ψ > 0.

The new productivity threshold is now determined by z∗∗ < z∗:
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impact of green credit policy on firm abatement

polluting firms profit curve
move downwards.

new cutoff: previously
indifferent firms redecide
wether to continue not to
abate

firms ∈ [z∗∗,z∗] are
affected by the policy:
from nonabatement type to
the abatement type
[decrease emission intensity
by investing in abatement]
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Theoretical predictions

Propo. 1 More stringent green credit regulation induces large incompliant firms to adopt abatement
technologies; and their loans are thus less impacted by the policy.However, for small firms that are
still unwilling to improve their environmental performance, their loan costs will be more affected.

Propo. 2 The negative impact of the green credit policy on firms’ sales and investments is stronger for
small nonabatement firms. The negative impact on profits is unrelated to firms’ size.

Propo. 3 More stringent green credit regulation reduce firms’ pollution emissions, and this effect is
stronger for large firms. As for the emission intensity, only large non-abatement firms decline it
by investing into abatement technology.
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Discussion on identification

Challenge: enforcement is strengthened uniformly for all firms after 2011.

Use observed violations of environmental laws to identify the causal effects of the green credit
policy:

firms’ violations of environmental laws and regulations are directly indicative of their compliance
and abatement status

firms’ past and future violations are autocorrelated: firms with past violations are more likely to
be punished in the future, while law-abiding firms will be more likely to be obedient or trusted by
the administrator

firms’ initial violations are unrelated to the enactment of the new law on green credit
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Facts

Evidence shows:

no trend break for either the total number of
incompliant cases or the number in the regression
sample around 2012
⇒ the Chinese government did not change other
environmental regulations around 2012 in a manner
related to noncompliance with the green credit
regulation

before 2012, the differences between those punished by
administrative agencies due to breaches of the law and
those not punished were randomly distributed around
zero

Shortly after the first quarter of 2012, the float of the
interest rate of loans borrowed by firms with
environmental noncompliance records grew increasingly
higher than that of law-abiding firms.
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Empirical strategy (1)

where

Floatingfctmp : floating ratio of the interest rate charged on loans to firm f in year t and month m

from sub-branch bank c with maturity p, ratio= float
benchmark

Punishft : dummy variable that equals 1 when firm f is punished by an administrative agency in
year t and onward and equals 0 otherwise

Posttm: 0 before Feb 2012 and 1 from Feb 2012

fixed effects: firm, sub-branch times year-month pair, and maturity fixed effects

β1: the effect of green credit on firms’ loan costs, positive according to model predictions
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Empirical strategy (2)

where Yft refers to firms’ financial (liability, total assets, fixed assets and investments), economic
(sales, profits, and employment) and environmental indicators (total emissions and emissions intensity)
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Data

The bank loan data from 2009 to 2015 are provided by one of China’s “Big Five” banks

To obtain information about a firm’s initial performance, merge the bank loan data with the
Annual Survey of Industrial Firms (ASIF)

The data on firms’ environmental penalties are collected by a well-known Chinese environmental
NGO the Institute of Public and Environmental Affairs (IPEA). The database thus provides
detailed information from 2004 onward on illegal acts triggering environmental penalties, types of
penalties, values of monetary fines, and sanctions of firms due to their illegal polluting activities.

Data on firms’ pollution emissions are collected from the Annual Environmental Survey of
Polluting Firms (AESPF) of Chin
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Empirical results

Consistent with Proposition 1, the
strength of green credit regulation
positively affects the spread of a
firm’s loan interest rate

Col (4): strengthened green credit
regulation can explain an extra
1.012% of the floating ratio in the
loan interest rate for firms with
higher environmental credit risks.

A back-of-the-envelope calculation
reveals that, combined with the
9.911% average floating ratio, the
reinforced implementation of green
credit regulations is responsible for
an approximately 10.2% increase in
the floating ratio of a firm’s loan
interest rate.
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DID parallel trends assumption

Replace the interaction between the punish dummy and post dummy with the sum of

the interaction terms between the punish dummy and all of the year dummies.
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robustness of the baseline estimates

Alternative measures of firms’ loan costs:
- the actual interest rate charged on a firm’s loans borrowed from commercial banks
- float of interest rate
=⇒ consistent with the baseline results

add relative loan amount to better determine the impact of green credit regulations on loan
amounts that firms could borrow from the bank
=⇒ In comparison to firms obeying environmental laws, firms with violation records experienced
a significantly larger decrease in the amounts of loans that they could successively borrow from
banks after 2012.
=⇒ in addition to raising firms’ loan costs, banks are also responding to the policy reform by
approving smaller loans to absorb firms’ environmental credit risks.

firms might borrow from a certain subbranch bank more than once in reality, also test the impact
on the averaged floating ratio of firms’ loan rates
aggregate the sample into month-firm level, quarter-firm level, and year-firm level
=⇒ robust
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robustness of the baseline estimates

Alternative measures of firms’ environmental credit risk:
- industry-level pollution intensity as replacements, by the share of waste water over total
emissions, shares of waste air over total emissions, wastewater per unit of output, and waste air
per unit of output
- whether a firm belongs to a heavily polluting and resource-consuming industry
- introduce an interaction between whether firms operate in “two high, one overcapacity”
industries and a post year dummy

to rule out potential influence from change of punishment probability: re-define the punish
variable by treating firms punished before the Guideline consistently as 1 throughout the whole
sample period.
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Endogeneity issues

employ the PSM method to address potential endogeneity concerns raised by the nonrandom
selection of governmental sanctions. (yearly one-toone match without replacement based on
firms’ characteristics, including profits, sales, employment, total assets and total liabilities.)

a placebo test by randomly selecting firms and designating them as “firms punished” by
authorities 5000 times and repeatedly running regressions
the significant effect of strengthened enforcement of green credit regulation on a firm ’s loan cost
is unlikely driven by chance as true estimates fall far beyond the 95th percentile of the 5000
estimates.

several instrumental variables to implement the tests.

- shift-share IV:
- IV2: the average number of administrative punishment on firms excluding the focal firm in city
c and industry i
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Heterogeneous effects

different ownership types: SOEs, private firms, and foreign firms
the effect of green credit regulation on floating ratio of firms’ loan rate is significantly positive for
POEs relative to SOEs

different sizes: a triple interaction term Punish × Post × Size
the increase in the loan interest rate spread due to green loan regulation is less shouldered by
larger punished firms (small firms with noncompliance records with environmental regulations saw
a larger increase in the interest rate after 2012)
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Extensive margin

LoanDummy: dummy variable equalling 1 if firm f still have access to a bank loan at year t and 0
otherwise
Findings:
- notably decreased chances for firms with terrible environmental performance to borrow from banks
- the larger that the firm is, the weaker the negative impact is of green credit regulation on punished
firms’ access to loans.

Issue: whether the effect of green credit regulation is brought by this extensive margin adjustment.
Use the balanced sample to re-estimate the benchmark model =⇒ robust
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Effects on firms’ economic and environmental performance
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