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Abstract

This paper studies the use and corporate real effects of tax-subsidized green bonds, a

fiscal policy tool that provides firms with a source of low-cost financing for green projects.

Using a novel, large sample of tax-subsidized pollution control bonds financing pollution

abatement facilities of U.S. public firms, I document that issuance is disproportionately

concentrated among large firms, even within industries. Issuance of tax-subsidized green

bonds increases when conventional bond financing becomes costly. Analyzing the high-

interest rate period of the early 1980s, I find that issuing firms subsequently display an

increase in output and R&D expenditures, highlighting potential positive economic aspects

of tax-subsidized green investment when the costs for conventional financing are high.

JEL classification: G32, G38, H23, H32

Keywords : Green bonds, fiscal policy, tax incentive, pollution abatement investment, real effects

∗For constructive comments and suggestions, I thank Nora Pankratz (discussant) as well as conference
participants at the American Economic Association 2025 Annual Meeting, the CESifo Area Conference on
Energy and Climate Economics 2025, and seminar participants at TUM School of Management. Please send
comments to knauer@rsm.nl

https://www.dropbox.com/scl/fi/miln4ayeoqy4oklmdrbxp/Knauer_Tax_subsidized_green_bonds_and_their_real_effects.pdf?rlkey=80ueuw2dt709gyjmwve75yriu&st=txzmdfvk&dl=0


“... A spokesman for IBM said the company was using tax-exempt
pollution control bonds for the first time because of the ‘sustained high
cost of borrowing’. ‘With rates what they are, this method of financing
was found to be more attractive than in the past,’ the spokesman said.”
— Kreps (1981), in: The Bond Buyer.

1. Introduction

With the recent growth of the corporate green bond market, considerable attention has been

paid to whether these bonds are issued at a (negative) premium compared to conventional

corporate bonds. Based on the relatively short history of this financing instrument,1 the em-

pirical literature examining corporate green bonds finds that the premium at issue is at best

economically small. For example, Flammer (2021) finds no evidence of a premium at issue, and

Caramichael and Rapp (2024) show that the negative premium ranges from three to eight basis

points.2 These results are particularly interesting from a corporate financing perspective, as

they indicate that green bonds so far do not substantially reduce the financing costs of green

projects. This, in turn, suggests that cost of capital considerations do not appear to be the

main driver for the issuance of corporate green bonds (Flammer, 2021).

Despite the expansion of the (corporate) green bond market, its current development is

unlikely to meet the capital needs to address the enormous environmental challenges of today

(Migliorelli and Dessertine, 2019). Therefore, fiscal policy tools are increasingly discussed as

a means to stimulate growth in the green bond market (Chiang, 2017; Climate Bonds Initia-

tive, 2024b). Tax incentives that reduce financing costs for corporate green bond issuers are

one potential approach to increase corporate investment in environmentally beneficial projects

(Climate Bonds Initiative, 2024c).

The provision of tax subsidies for corporate green bonds raises several important questions:

Which firms are most likely to make use of such a fiscal policy tool? Under what conventional

1The first labeled corporate green bond was issued in November 2013 (e.g., Climate Bonds Initiative, 2024a).
2Similarly, studying green municipal bonds, Larcker and Watts (2020) find no evidence for a premium at the

issue in the municipal bond market, and Baker et al. (2022) document that the premium is economically small.
Zerbib (2019), analyzing a sample of governmental and corporate green bonds, finds a small negative premium
of about two basis points.
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bond market conditions do firms issue tax-subsidized green bonds? And what are the firm-level

economic effects of using low-cost, tax-subsidized green financing? I introduce a novel, large

sample of tax-exempt pollution control bonds (PCBs) to explore these questions. This sample

covers 1,693 PCBs issued between 1980 and 2013 to finance pollution abatement facilities of

U.S. public firms.

Three key characteristics make pollution control bonds particularly well suited to study

tax-subsidized green bonds: (i) Pollution control bonds have significantly lower financing costs

than conventional corporate bonds (see, e.g., California Pollution Control Financing Authority,

2024b). They are issued through conduit municipal entities on the tax-exempt municipal bond

market, with repayment secured by the private beneficiary of the abatement facility (see, e.g.,

Krellenstein, 2008). This structure allows for access to the tax-exempt bond market, which had

consistently lower average yields compared to taxable corporate bond yields throughout the

sample period. In the early 1980s, the yield spread between high-rated taxable corporate bonds

and municipal bonds was particularly large. For example, in 1981, Merrill Lynch estimated

that utilities could issue Aa-rated PCBs at a yield of about 11.5%, while conventional financ-

ing rates would have been about 1.5 times that level (The Bond Buyer, 1981).3 (ii) Because

the proceeds of PCBs are invested in the construction, acquisition, or installation of pollution

abatement facilities (see, e.g., California Pollution Control Financing Authority, 2024b; Gole-

mon and Burgin, 1983; McBride and Dreifus, 1983), the underlying financing purpose would

typically allow these bonds to be labeled as green under current standards (California Pollution

Control Financing Authority, 2024a).4 (iii) While measurement challenges often complicate

the analysis of local corporate incentive programs (Slattery and Zidar, 2020), the pollution

control bond dataset allows for a comprehensive analysis of tax-subsidized green bonds from a

corporate perspective. In particular, bond-level data provide insight into the corporate use of

the tax subsidy and can be linked to firm financial data.

3For a comprehensive overview of the average yield for high-rated taxable corporate bonds and high-rated
municipal bonds between 1980 and 2013, see Council of Economic Advisers (2023), Table B–42.

4In this regard, the International Capital Market Association (2021) lists pollution prevention and control
as one of the eligible categories for green projects. To date, however, PCBs are often not labeled as green bonds
(Baker et al., 2022).
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I start by descriptively introducing the sample of firms that use pollution control bonds

and thus a source of low-cost financing for pollution control projects.5 I adapt the approach

of Chodorow-Reich et al. (2022) to explore the use of PCBs across the firm-size distribution

and show that pollution control bonds are used disproportionately by large firms, even within

industries. Further, I show that PCBs are primarily used by firms in the manufacturing and

utility industries, which together account for about 97% of the issuance volume in the sample.

Looking at public firms’ PCB issuance over time, the use of PCBs peaked in the first half of

the 1980s, with a total issuance volume of about USD 20b between 1980 and 1984.

Then, I turn to the market conditions that might spur the use of PCBs. In particular,

I ask whether PCB issuance is correlated with financing costs on the conventional corporate

bond market. Anecdotal examples suggest that tax-subsidized PCBs may be considered as a

financing source for abatement investments especially during periods when the costs of con-

ventional financing are high (see, e.g., Kreps, 1981, reporting in The Bond Buyer on a PCB

issuance by IBM in 1981). Using both quarterly aggregate and firm-level PCB issuance data,

I find that PCB issuance is positively associated with Moody’s yield for Aaa- and Baa-rated

corporate bonds. For the firm-level sample of PCB issuers, a one percentage point increase in

the conventional Aaa-rated bond yield is associated with a 4.2 percentage points increase in

the probability of issuing a new money PCB—thus a bond of which the proceeds are used for

a new pollution abatement project.6

Motivated by the documented positive correlation between the issuance of new money PCBs

and conventional bond yields, I finally analyze whether the issuance of tax-subsidized green

bonds during the period of high interest rates between 1980 and 1984 is associated with post-

issuance real effects for these firms. I focus on sales, capital expenditures, and R&D expendi-

tures as relevant economic aspects that could be linked to the undertaking of tax-subsidized

green investments at relatively low cost.7 In the absence of (quasi-)random assignment of firms

5I use the term “issuer” to refer to the firm that uses the bond proceeds and solely secures the PCB issue,
even though the ultimate issuer is a municipal conduit. See Section 2.1 for details on the bond structure.

6The municipal bond market distinguishes between new money bonds, which finance new projects, and
refunding bonds, respectively (see, e.g., United States Government Accountability Office, 2008).

7Previous literature has analyzed the relation between environmental regulation and firm’s competitiveness.
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as PCB issuers, I apply the approach of Flammer (2021) and compare PCB issuers that tap

the PCB market between 1980 and 1984 with a matched control group that never uses PCBs

until 2013. I thereby require the control firms to operate in the same industry and be head-

quartered in the same state as the respective PCB issuer. Then, I select the nearest neighbor

for each issuer, using size, return on assets, the capex-to-assets ratio, the property, plant, and

equipment-to-assets ratio, and sales growth as matching variables. The sample comprises 149

PCB issuers and 149 matched control firms.

Using the matched sample in a stacked difference-in-differences regression framework, I find

that PCB issuance is positively associated with post-issue sales growth: PCB issuers that tap

the PCB market during the high interest rate period from 1980 to 1984 display a relative

increase in sales growth by 1.81% to 2.45% over the three-year window after the issuance. This

finding is robust to the use of an alternative control group that additionally requires PCB

issuers and control firms to be in the same size quintile.

Finally, I use the matched sample to examine whether the issuance of pollution control

bonds is associated with a change in capital investment or R&D investment. While I do not

find a statistically significant association of PCB issuance with capital investment, I do find

that PCB issuance is positively associated with zero-imputed R&D investment after the bond

issuance. Overall, while these results do not imply a causal relation, they suggest that the use

of a low-cost source of financing for pollution abatement investments can be correlated with

positive economic aspects for the issuers when the costs for conventional financing are high.

This paper relates to several strands of the literature. First, it contributes to the growing

literature that examines green bonds as financial instruments.8 Within this strand, both mu-

nicipal green bonds (e.g., Baker et al., 2022; Karpf and Mandel, 2018; Larcker and Watts, 2020,

For example, Greenstone, List and Syverson (2012) find that stricter air quality regulations have a negative
effect on manufacturing firms’ competitiveness and output, thus are associated with economic costs. Porter
and van der Linde (1995), on the other hand, argue that environmental regulation can have a positive effect
on competitiveness through an innovation channel. With respect to corporate social responsibility (CSR), Di
Giuli and Kostovetsky (2014) document that an increase in CSR is negatively related to future revenue growth.
CSR is a voluntary initiative and may be perceived as costly from the firm’s perspective. However, PCBs are
essentially a subsidy for a company’s pollution abatement investment.

8Cortellini and Panetta (2021) provide a broad overview of the green bond literature.
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among others) and corporate green bonds (e.g., Caramichael and Rapp, 2024; Dang, Wang and

Wang, 2022; Flammer, 2021; Tang and Zhang, 2020, among others) are analyzed from different

perspectives, thereby relying on relatively recent and limited samples given the novelty of these

instruments. Flammer (2021) and Daubanes, Mitali and Rochet (2021) analyze motives for the

issuance of corporate green bonds, noting that reductions in financing costs are generally not the

primary driver. I add to this literature by introducing a comparably large U.S. sample of tax-

subsidized “corporate” green bonds covering more than 30 years of issuance: corporate-backed

pollution control bonds issued through municipal conduits to finance pollution abatement fa-

cilities. Unlike the recent non-subsidized corporate green bonds, PCBs reduce financing costs

through tax exemptions, allowing me to examine issuance patterns and the economic effects of

a fiscal policy tool that supports pollution abatement investment.9

Second, I relate to the literature that studies the real effects of green financial instruments.

Flammer (2021) shows that corporate green bond issuers subsequently improve their environ-

mental performance. For banks that use green bonds, Fatica, Panzica and Rancan (2021)

document a reduction in lending to carbon-intensive sectors. Flammer (2021) and Tang and

Zhang (2020) document ownership changes after green bond issuance. My focus is on sales

growth and corporate investment as economic aspects that could be linked to firms’ use of

green bonds. In particular, I show that the issuance of tax-subsidized pollution control bonds

is positively associated with sales growth and R&D investment.10

Third, I broadly relate to the literature on financing conditions and green investments as

well as environmental outcomes. Among others, Bartram, Hou and Kim (2022) and Xu and

Kim (2022) show that financial constraints lead to an increase in firm emissions. De Haas et al.

9Despite the long history of PCBs, only a relatively narrow strand of the literature has studied these bonds,
focusing almost exclusively on utility firms: Varma and Szewczyk (1990) study the sale of PCBs by public
utilities and share price reactions. Khanchel, Lassoued and Bargaoui (2024), Khanchel, Lassoued and Khiari
(2024), and Bargaoui, Khanchel and Lassoued (2025) analyze PCBs issued by energy utilities between 2011
and the early 2020s, linking them to environmental performance, carbon emissions, and financial metrics such
as ROA and Tobin’s Q, respectively. However, this sample period coincides with the rapid expansion of the
non-subsidized corporate green bond market (see, e.g., Flammer, 2021), complicating efforts to isolate the effects
of PCBs as a fiscal policy instrument from broader market and policy dynamics.

10Wang, Liu and Wang (2022) specifically examine green innovation in the context of green bond issuance in
China and document a positive correlation with bond issuance.
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(2025) document, among other findings, that credit constraints reduce investment in green

technologies, while these constraints play a minor role with respect to investment in pollution

control. Hartzmark and Shue (2023) show that increasing financing costs for brown firms makes

them (much) more brown, while reducing the financing costs for green firms only leads to minor

additional environmental improvements. Accetturo et al. (2024) show that the supply of credit

increases the likelihood that firms undertake green investments, with the effect being amplified

when government subsidies are available. I document that the use of tax-subsidized pollution

control bonds increases with conventional bond market yields.

Finally, my work relates to the stream of literature that examines fiscal policies directed

at the private sector and aimed at improving environmental outcomes. In a survey on climate

finance conducted by Stroebel and Wurgler (2021), the surveyed researchers and practitioners

rank research on such government incentives as the most important research topic among a list

of thirteen topics provided. There is also considerable political interest in the impact of such

fiscal measures (see, e.g. Delgado-Téllez, Ferdinandusse and Nerlich, 2022; Eurostat, 2015, for

the European Union). Much work has been devoted to the study of carbon taxes. Timilsina

(2022) provides a comprehensive overview. Williams III (2016) examines environmental taxes

more broadly. On the other hand, various types of corporate subsidies are also commonly em-

ployed fiscal instruments to incentivize sustainable investment (Columbia Center on Sustainable

Investment, 2022; Lovei, 1995). I provide comprehensive insights on the use and real effects of

PCBs as a long-standing subsidy tool.

The remainder of the paper is structured as follows. Section 2 describes the data. Section 3

presents stylized facts for the use of pollution control bonds. Section 4 presents results for the

correlation between conventional bond yields and PCB issuance, and Section 5 presents results

for the real effects associated with PCB issuance. Section 6 concludes.
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2. Data and descriptive statistics

2.1. Pollution control bond structure and issuance example

Pollution control bonds are tax-exempt bonds issued through municipal conduit entities

to provide financing for the construction, acquisition, or installation of pollution abatement

facilities of private sector firms (see, e.g., California Pollution Control Financing Authority,

2024b; Krellenstein, 2008). The issuance through a municipal entity thereby allows for access

to the tax-exempt bond market, which leads to a lowering of the financing costs compared

to conventional methods (see, e.g. Ohio Air Quality Development Authority, 1983). Pollution

control bond issues are secured by the private beneficiary of the abatement facility, while the

municipal entity functions only as a conduit. To assure that all debt service obligations of the

bond issuance are met, the private beneficiary typically enters into a loan agreement, note, or

lease with the conduit issuer (see, e.g., Krellenstein, 2008).

An example of a PCB issuance is the USD 45,685,000 Escambia County, Florida 6.40% Pol-

lution Control Revenue Bonds 1996 series, dated September 1, 1996 (Escambia County, Florida,

1996). This bond series was issued for the benefit of Champion International Corporation, with

Escambia County as the conduit issuer. The proceeds of these bonds were intended to finance

the acquisition and construction of certain pollution control and solid waste disposal facilities

for Champion International Corporation’s pulp and paper mill in Escambia County, Florida.

Champion International Corporation entered into a financing agreement with the conduit issuer

to ensure that payments are made to meet the debt service obligations of the bond issue.

2.2. Data sources

I make use of two main data sources to construct a sample of U.S. public firms that issue

pollution control bonds. First, I obtain data on PCBs from the Municipal New Issues Database

in SDC Platinum. Second, I obtain firm financial data from Compustat.

Within SDC Platinum, PCBs are identified based on the bond’s main use of proceeds clas-
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sified as “pollution control”. I exclude bonds that are marked as general obligation bonds since

pollution control bonds should be in the structure of revenue bonds (see, e.g., Friedman, 1976).

I also exclude taxable bonds because it is not obvious that they reduce financing costs relative

to conventional financing sources. In addition, I remove bonds that are classified as refunding

bonds, or have no information on the funding type, so that the sample consists of pollution

control bonds that finance new abatement facilities. I hand-match the names of the corporate

backers of these bonds—the firms that use the bond proceeds and secure the issue—to Compus-

tat based on (historic) company names. For one part of my analyses, I aggregate the bond-level

data at the calendar year-quarter level.

The sample period starts in 1980, as this is the first year for which SDC Platinum compre-

hensively covers pollution control bonds. I choose 2013 as the final year of the tax-subsidized

green bond sample because the first labeled corporate green bond was issued in November 2013

(see, e.g., Climate Bonds Initiative, 2024a). For the firm-level analyses, I aggregate PCB is-

suance data at the firm-year level. I drop firm years with missing information on lagged total

assets, lagged return on assets, and lagged leverage. I also exclude financial firms (SIC codes

6000–6999) because new money bonds are only allocated to this industry in four firm years.

All continuous financial variables are winsorized at the 1st and 99th percentiles.

For the group of non-PCB issuing firms in Compustat, I additionally make the following

adjustments: I broadly follow Flammer (2021) and exclude non-PCB issuers that never report

any debt during the sample period, as PCBs are a source of external financing. Further, I

exclude firms that report total assets of zero at any point in time during the sample period.

Following Almeida and Campello (2007), I exclude firms with a market-to-book ratio greater

than 10. Finally, I drop non-PCB issuers in industries, measured at the two-digit SIC level,

without any pollution control bond issuance.

For the conventional bond market yield, I use Moody’s yield for Aaa-rated corporate bonds,

which I obtain from the Federal Reserve Bank of St. Louis economic data repository. Finally,

I also obtain information on U.S. GDP per cap as well as recession indicators from the Federal

Reserve Bank of St. Louis economic data repository.
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2.3. Descriptive statistics

Summary statistics are displayed in Table 1. The initial bond-level sample contains 1,693

new money (i.e., new project) PCBs issued between 1980 and 2013. The total issuance volume

over this period is about USD 54b in nominal terms, and USD 104b when adjusted for inflation

and expressed in 2013 USD .11

The firm-level sample captures 313 unique PCB issuers and 938 firm years with a new money

PCB issuance. Overall, the dataset on PCBs can be considered large compared to datasets used

in previous analyses of the non-subsidized U.S. corporate green bond market (see, e.g., Baker

et al. (2022), as well as the information on the U.S. within the international sample used by

Flammer (2021)), but the latter span a shorter time period compared to my PCB sample.

3. Corporate utilization of pollution control bonds

I first present stylized facts on the use of tax-subsidized PCBs in my sample, highlight-

ing similarities and differences with the use of non-subsidized corporate green bonds as de-

scribed in Flammer (2021). Flammer (2021) finds that firms’ primary rationale for issuing

(non-subsidized) green bonds is to signal their environmental commitment to investors. In con-

trast, for the sample of PCBs issued between 1980 and 2013, the tax subsidy’s effect that lowers

the cost of capital for these green investment projects is likely a more central consideration in

firms’ decision-making. In that regard, Lovei (1995) argues that firms generally weigh the costs

and benefits of pollution abatement investments, thereby also taking into account subsidies (see

Lovei, 1995, for a detailed introduction on such investment decisions).12

3.1. Utilization by year

Figure 1 shows the development of pollution control bond issuance over time. 1984 is the

year with the highest issuance in terms of both the number of bonds (198) and the total volume

11I use the Consumer Price Index provided by the U.S. Bureau of Labor Statistics to adjust the issuance
volume for inflation whenever I consider the full sample period between 1980 and 2013.

12The investment in pollution control has often been described as non-productive (see, e.g., Chell, 1982; Ray,
1975).
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of bonds ($7.6b). As noted by Ryan (1985), the 1984 issuance volume also marks an “all-time

high” relative to all previous years, and thus relative to the years before the sample period.13

Overall, the early sample years between 1980 and 1985 may be described as the boom period

for pollution control bond issuance.14 Some early sample years also show high growth rates in

issuance: PCB issuance increased by about 78% between 1980 and 1981, and by about 168%

between 1983 and 1984. The development of PCB issuance in the first half of the 1980s is thus

roughly comparable to the strong growth in (non-subsidized) green bond issuance between 2013

and 2018, as illustrated by Flammer (2021).

Since 1986, the issuance of new money PCBs has been at a much lower level than in the

first half of the 1980s. This is due to regulatory reasons, as the 1986 Tax Reform Act generally

restricted the issuance of (new money) municipal conduit bonds for private sector entities (see,

e.g., Zimmerman, 1990, for details on the impact of the tax reform).15

3.2. Utilization by industry

Figure 2 shows total pollution control bond issuance by industry division, whereby industry

divisions are determined using two-digit SIC codes. PCB issuers come primarily from two

industry divisions: firms in the transportation and public utilities industry (two-digit SIC

40-49) are the major users (54% of bonds and 74% of bond volume), followed by firms in

the manufacturing industry (two-digit SIC 20-39; 41% of bonds and 23% of bond volume).

Within the division transportation and utilities, almost all issuance is from firms in the electric,

gas, & sanitary services industry (two-digit SIC code 49). Appendix Figure B.2 provides a

more detailed overview of usage across manufacturing and utility firms. The paper, chemicals,

petroleum and coal, and electric services industries are the primary users.

There are two notable differences in the industry distribution of PCBs compared to non-

subsidized green bonds. First, PCBs are essentially only used by non-financial firms, while

13In 1984, PCB issuance by all types of private sector firms also accounted for about 10% of the total issuance
volume in the long-term municipal bond market (Ryan, 1985).

14In Appendix Figure B.1, I additionally show the development of PCB issuance volumes adjusted for inflation.
This further highlights the relative issuance boom in the early 1980s.

15The 1986 Tax Reform restrictions do not apply to the issuance of refunding bonds (IRC Section 146).
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non-subsidized green bonds are also widely used by firms in the financial services sector (about

50% of the issuance volume according to figures provided by Flammer, 2021). The application

scope of the two types of bonds differs. While there are several eligible purposes for the use of

green bonds (see, e.g., International Capital Market Association, 2021), PCBs are designated

for investments in (industrial) pollution abatement facilities (see, e.g., Golemon and Burgin,

1983). Second, in relative terms, manufacturing firms are more strongly represented in the

PCB issuer sample than in the sample of non-subsidized green bonds used by Flammer (2021).

3.3. Utilization by state

For the pollution control bond dataset, Figure 3 provides a more detailed overview of the

utilization by U.S. state. I focus on the boom period of PCB issuance between 1980 and 1984,

which is the basis for additional analyses later, and which captures the use of this financing

tool prior to regulatory restrictions on issuance later in the sample period.16 For the state-

level plots, I assign pollution control bonds to states based on the headquarters of the issuing

firms. During the boom period of PCB issuance, Compustat firms used this type of financing

in 43 states. In six states, the total issuance volume exceeded USD 1b between 1980 and 1984:

Texas is the state with the highest usage ($1.61b), followed by Illinois ($1.55b), Ohio ($1.50b),

California ($1.28b), New York ($1.21b), and Georgia ($1.01b).

3.4. Firm size and the use of pollution control bonds

The U.S. Environmental Protection Agency (1980) points out that PCBs are particularly

used by large firms. I analyze how firm size correlates with PCB issuance in my sample.

I therefore broadly follow the approach of Chodorow-Reich et al. (2022) and present PCB

issuance statistics across the firm-size distribution. Table 2 shows the use of PCBs by firm

size quintile, both for size quintiles across industries (Panel A) and within two-digit SIC code

industry (Panel B). The key finding is that firm size is positively correlated with PCB issuance.

16Appendix Figure B.3 also illustrates issuance by state over the main sample period from 1980 to 2013.
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For Panel A, I divide the sample of Compustat firms into size quintiles based on a firm’s

average size over the sample period from 1980 to 2013. There are almost no firm years with

PCB issuance in the two smallest size quintiles. For the remaining size quintiles, the summary

statistics show a strong increase in PCB use with firm size. The largest size quintile captures

the vast majority of PCB issuance years. In Panel B, I divide firms into size quintiles by indus-

try. Even after accounting for potential firm-size differences across industries, PCB issuance

increases with firm size.

Considering the cost-benefit framework of Lovei (1995), large firms are likely to benefit

the most from pollution control bonds as they generally derive greater benefit from pollution

abatement investments. For the plant level, Becker and Henderson (2000) for instance note

that the enforcement and severity of air quality regulations rise with plant size.

The fact that firm size correlates with tax-subsidized green bond issuance is also a common

feature with the non-subsidized corporate green bond market: Flammer (2021) shows that

green bond issuers are larger than other bond issuers.

3.5. Other firm characteristics and the use of pollution control bonds

I also test for the correlation between other firm characteristics and the probability of a

PCB issuance, controlling for firm size groups. The regression specification is as follows:

PCB dummyi,t = α + βCharacteristici,t−1 + ϕsize,i + χj,t + ψs,t + ϵi,t (1)

whereby Characteristici,t−1 are a range of firm characteristics measured in the year before the

PCB issuance. PCB dummyi,t is a dummy variable equal to one if the respective firm issues

a new money PCB in year t, and zero otherwise. χj,t are industry-year fixed effects, and ψs,t

denote state-year fixed effects. I add size-by-industry quintile fixed effects (ϕsize,i) in regressions

that capture firms of all size quintiles. Standard errors are clustered at the firm level.

Table 3 presents results for regressions of the PCB dummy on firm characteristics. The

sample comprises firms in all size-by-industry quintiles. I find that firm size, tangibility, and
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prior investment are positively associated with the probability of a PCB issuance, while return

on assets and prior sales growth show a negative association.17 Appendix Table C.1 additionally

shows how firm characteristics correlate with the probability of a PCB issuance when the sample

is restricted to firms in the largest size-by-industry quintile. For PCB issuers in the largest size

group, higher cash holdings are negatively associated with the probability to issue a PCB.

4. Conventional corporate bond yields and pollution con-

trol bond issuance

In this section, I examine the relation between conventional bond market financing costs

and the issuance of tax-subsidized pollution control bonds. I explore how conventional yields

are correlated with PCB issuance at both the quarterly aggregate and the firm level. PCBs

relatively reduce financing costs for pollution abatement investments compared to financing via

conventional debt markets. Intuitively, this relative cost advantage should thus be particularly

attractive to firms during periods characterized by high conventional financing costs. Consistent

with this, Kreps (1981) anecdotally reports in The Bond Buyer that IBM made its first PCB

issuance in the high-interest rate environment of 1981, quoting an IBM spokesman who states

“sustained high cost of borrowing” as the underlying reason. Thus, the empirical prediction is

that PCB issuance should be positively associated with conventional bond market yields.

4.1. Conventional bond yields and aggregate PCB issuance

I test for the correlation between conventional bond yields and aggregate pollution control

bond issuance at the calendar-quarter level by running the following regression:

PCB issuanceq = α + βConventional bond yieldq,avg + γGDP per capq,lag + ϵq (2)

whereby PCB issuanceq is the natural logarithm of the total number of new money PCBs issued

in the respective quarter plus one, or the total volume of PCBs plus one. Conventional bond yieldq,avg

17Appendix Figure B.4 illustrates the unadjusted difference in means for the same set of firm characteristics.
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is the quarterly average of Moody’s yield for Aaa-rated corporate bonds as obtained from the

Federal Reserve Bank of St. Louis. I control for lagged GDP per cap in all specifications. I also

include a recession indicator and calendar-quarter number fixed effects in some specifications.

Standard errors are clustered by calendar-quarter number.

Table 4 reports the results of regressing measures of PCB issuance on the average quarterly

conventional bond market yield. The main result is that there is a positive correlation between

conventional bond yields and new money PCB issuance, both with respect to the number of

bonds (columns 1 and 2), and the volume of PCBs (columns 3 and 4).

For robustness, I examine the correlation of the quarterly average bond market yield for

Baa-rated bonds with measures of PCB issuance. The results are reported in Appendix Table

C.2 and support my baseline finding that there is a positive association between conventional

bond yields and new money PCB issuance.

4.2. Conventional bond yields and firm-level PCB issuance

Next, I examine the correlation between conventional bond yields and firm-level measures of

pollution control bond issuance. I thereby focus on the sample of firms with at least one PCB

issuance between 1980 and 2013. All analyses include firm fixed effects so that the correlation

estimates capture within-firm changes in PCB issuance relative to differences in conventional

bond yields. All estimations include an indicator variable for recessions as a control variable

for the macroeconomic condition. I also include lagged firm size, lagged return on assets, and

lagged leverage as firm-level control variables in some of the specifications.

Table 5 reports the results of regressing firm-level measures of pollution control bond issuance

on the average annual conventional bond market yield. The table establishes two main findings.

First, the correlation of the conventional bond yield with firm-level new money PCB issuance

is positive. Second, this positive correlation is robust to controlling for decade-specific trends.

The firm-level results are thus consistent with the previous findings for aggregate issuance.

Panel A shows firm-level results when controlling for firm-fixed effects only, while Panel B

14



additionally controls for decade-specific trends. In columns (1) and (2), the dependent variable

is the dummy for PCB issuance. In columns (3) and (4), the measure for firm-level PCB

issuance is the natural logarithm of the PCB volume. Across all specifications, the coefficient

on the conventional bond yield is positive and statistically significant. Focusing on Panel A,

column (2), a one percentage point increase in the conventional bond yield is associated with a

4.2 percentage points increase in the probability of issuing a new money PCB.

Overall, the results are consistent with the view that general financing conditions are cor-

related with the use of pollution control bonds.

5. Pollution control bond issuance and its real effects

Motivated by the documented positive correlation between conventional bond yields and

PCB issuance, I analyze whether issuing tax-subsidized green bonds during a period of high

interest rates is associated with economic real effects for the corporate issuers. I examine the

association of PCB issuance with sales growth and corporate investment in capital and R&D,

respectively. To study the real effects of PCB issuance, I use a stacked difference-in-differences

framework. As the period of interest, I use the high-interest rate period from 1980 to 1984. This

period is well suited for my analyses for at least two reasons: (i) Because PCB issuance generally

grew strongly during these years, many firms probably used PCBs for the first time.18 (ii) This

period is marked by particularly high conventional bond market yields within the 1980 to 2013

time window (see, e.g., Council of Economic Advisers, 2023, Table B–42). From a pollution

regulatory perspective, the early 1980s were not characterized by additional strengthening of,

for example, air pollution regulation, unlike the 1970s when the Clean Air Act underwent major

amendments (see e.g. Reitze, 1999).

Ideally, some firms would randomly issue PCBs in this high-interest rate period, and others

not. I am not aware of such an experimental setting, so it is endogenous which firms are

PCB issuers in the difference-in-differences framework. Therefore, I proceed as follows: I define

treated firms as those that tap the PCB bond market during the period 1980 to 1984. Then, to

18IBM’s first PCB issuance in 1981 is a good example. See Kreps (1981) for details.
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construct a counterfactual for these firms, I follow the approach of Flammer (2021) and use a

nearest neighbor matching strategy, which also requires exact matching of some characteristics.

5.1. Matching and difference-in-differences specification

I examine real effects for firms that tap the PCB market between 1980 and 1984 relative to

group of matched control firms that never issued a pollution control bond until 2013. Control

firms may therefore be considered as “never treated” with respect to the use of PCBs for the

more broader sample period considered in the above analyzes. As the basis for matching, I use

the firm characteristics as of 1979, which implies that the matching characteristics predate both

the boom period of PCB issuance and the high-interest rate period itself. For the matching

process, I start with the group of non-PCB issuing firms in Compustat that are used as a broad

comparison group for the analysis of issuer firm characteristics (see Section 3).19

Starting with this sample of potential control firms, I take a two-step approach. In the

first step, I impose additional data availability requirements. I remove firm years with missing

information on sales growth, which is the main dependent variable in the real effects analyses.

Furthermore, I require data availability for the potential control firm in all of the years between

1977 and 1987.20 In the second step, I select the variables for the matching process and

conduct the matching. The selection of variables is guided by the stylized facts on the use

of PCBs presented in Section 3. In particular, I require an exact matching of the two-digit

SIC code and the headquarter state. This ensures that PCBs and their matched control firms

are exposed to the same industry and state-level economic conditions as well as regulatory

environments (Flammer, 2021). In a robustness test, I also require exact matching of the size-

by-industry quintile. The nearest neighbor for each PCB issuer is then determined based on

the Mahalanobis distance, which is calculated using the following five matching variables: size,

return on assets, the capex-to-assets ratio, the property, plant, and equipment-to-assets ratio,

and sales growth.

19I already impose several restrictions on this group of firms as described in Section 2.2.
20Due to the staggered PCB issuance during the high interest-rate period that I study, the financial data for

the sample ultimately comes from this time frame.
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The matched sample comprises 149 new money—thus, new abatement project—PCB issuers

and 149 control firms which never issue any PCB until 2013.21 If a firm issues multiple bonds

between 1980 and 1984, I focus only on the first issue year as the treatment year. Appendix

Table C.3 shows the descriptive statistics prior to issuance for the group of PCB issuers and the

matched control firms and compares the similarity of the two groups. There is no pre-issuance

difference with respect to the outcome variables sales growth and imputed R&D-to-assets. For

capital investment, PCB issuers display a slightly higher capex-to-assets ratio. In addition,

PCB issuers have more assets and are thus larger than firms in the control group.22

I use this matched sample of PCB issuers and never-issuers in a stacked difference-in-

differences regression framework to mitigate bias arising from the staggered issuance of PCBs

during the high-interest rate period (see, e.g., Baker, Larcker and Wang, 2022).23. “Cohorts”

are formed by grouping firms according to the year in which they first issue a PCB during the

high-interest-rate period, along with the corresponding set of matched firms that never issue a

PCB. I then consider a window of plus/minus three years around the respective issuance year

(henceforth year 0), and control for year-by-cohort fixed effects in the regressions:

Yi,t,c = α + βPost issuancet · PCB issueri + γPost issuancet

+δPCB issueri + ξi + χt,c + ϵi,t,c

(3)

whereby i denotes a firm, t are event years relative to the issuance, and c denotes a issuance

cohort, comprising both the issuers and the matched control firms based on the issuance year.24

t, c are cohort-year fixed effects. The outcome variable Y is either sales growth, the capex-to-

assets ratio, or the R&D-to-assets ratio. Post issuance equals one in the three years following

the PCB issuance (i.e., from year 1 to year 3). PCB issuer is a treatment dummy set to one

if the respective firm issues a PCB bond between 1980 and 1984. I control for the lag of size,

21There are 190 unique PCB issuers between 1980 and 1984. However, due to the exact matching requirement
for industry and state, not all of them can be matched to a control firm.

22Among other control variables, I control for the lag of size in all regressions.
23Other work in the climate finance and pollution literature (e.g., Duchin, Gao and Xu, 2025; Di Giuli et al.,

2025) also uses a stacked difference-in-differences regression approach
24Firms are assigned to a single cohort: issuers in the year of their first PCB issuance between 1980–1984,

and never-issuers once in the corresponding matched cohort.
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lag of return on assets, and lag of leverage in additional specifications. Besides, I add state-

by-cohort (i.e., state-by-issue year) and industry-by-year fixed effects in some specifications.

Standard errors are clustered at the firm level. The variable of interest is the coefficient on

the interaction term Post issuance x PCB issuer. In the empirical estimation, the variables

Post issance and PCB issuer are absorbed by event year and firm fixed effects, respectively.

5.2. Pollution control bond issuance and corporate sales growth

Table 6 presents the results of difference-in-differences regressions for the association between

PCB issuance and sales growth. The key finding is that PCB issuance is positively associated

with sales growth after the bond issuance. Across all specifications, the point estimate for the

interaction term PCB issuer x Post issuance is positive and statistically significant, ranging

from 0.0181 to 0.0245. These estimates indicate that PCB issuers display a relative increase

in sales growth by 1.81% to 2.45% over the three-year post-issuance window. With an average

sales growth rate in the sample of 9%, this implies a relative increase by 0.20 to 0.27 percentage

points for the average firm.

Figure 4 illustrates the development of sales growth over the event window. Subfigure (a)

shows the development of the average sales growth for PCB issuers and the matched control

group from three years before to three years after the PCB issuance year (year 0). Both groups

show a similar trend in sales growth up to the year of issuance.25 After the issue year, sales

growth rates continue to decline for both groups, but the decline is relatively smaller for the

group of PCB issuers. Subfigure (b) shows the coefficient estimates and the 90% confidence

interval on the PCB issuer dummy interacted with event time dummies. The regression speci-

fication follows column (3) in Table 6, and includes state-cohort and industry-year fixed effects

beyond the baseline specification outlined in equation 3. There is no difference in sales growth

until the PCB issuance year. The relative increase in sales growth starts in the year after the

bond issue and slightly increases until the end of the three-year post-issuance window examined.

25Note that sales growth is used as a matching variable when constructing the control group. The similar
pre-issuance trend is thus consistent with a balancing of this characteristic in the matching process.
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Overall, PCB issuance appears to be positively associated with sales growth after a bond

issuance during the high-interest rate period of the early 1980s. This suggests that using a low-

cost source of financing for green investments can be associated with positive economic aspects

for the respective firms. Note that these estimates are based on a sample of PCB issuers and

a matched control group. While the matching process increases the comparability between

PCB issuers and non-issuers and the groups show similar pre-issuance sales growth trends, the

matching process cannot account for the selection effect associated with PCB issuance. Thus,

the results do not imply a causal relation.

5.3. Volume of pollution control bonds and corporate sales growth

To capture how the actual PCB issuance volume is associated with sales growth, I use the

logarithm of the PCB issuance volume instead of the PCB issuer dummy as the issuance measure

in the difference-in-differences framework. Table 7 presents the results. The main finding is that

the PCB issuance volume is positively associated with sales growth after the bond issuance,

supporting the baseline results using the PCB issuer dummy. In particular, the point estimate is

positive and statistically significant in all specifications, even after controlling for industry-year

trends and potential shocks at the state-issuance year level in the most restrictive specification

(column 3). Appendix Figure B.5 illustrates the time dynamics for the latter specification. I

observe no statistically significant difference in sales growth until the year of the bond issue

(year 0). The relative increase in sales growth for PCB issuers begins in the year after the

issuance, remains positive but somewhat smaller in the second year compared to the first, and

reaches its maximum at the end of the three-year post-issuance window that is examined.

5.4. Robustness test: Alternative control group

To support my baseline finding that PCB issuance during the high-interest rate period of

the early 1980s is positively associated with post-issuance sales growth, I show that the result

is robust to considering an alternative control group of non-issuers. In particular, I construct

19



a more restrictive control group, which also requires an exact matching of the size-by-industry

quintile. Since such an exact size group match is not available for all PCB issuing firms captured

in the baseline sample, the sample is reduced to 188 firms with 94 PCB issuers. For this matched

sample, Appendix Table C.3, Panel B, presents the pre-issuance characteristics and between-

group differences. Compared to the baseline matched sample, the additional exact matching

on the size-by-industry quintile reduces the mean difference for the logarithm of total assets,

although the difference remains statistically significant.

Appendix Table C.4 shows results for the robustness test. In all regressions, the point

estimate obtained for the interaction term between the respective measure for PCB issuance

and the Post issuance dummy is positive and statistically significant. Overall, the results of the

robustness tests support the baseline finding that firms that issue PCBs during the high-interest

rate period of the early 1980s display an increase in output after the bond issue.

5.5. Pollution control bond issuance and corporate investment

The proceeds of pollution control bonds are used for investment in pollution abatement

facilities. Is the issuance of pollution control bonds also associated with a change in capital

investment or R&D investment? I use the stacked difference-in-differences framework outlined

in Section 5.1 to examine this relation. Capital investment is measured as capex divided by the

beginning of period total assets, and R&D investment is measured as R&D expenses divided

by the beginning of period total assets. I further consider R&D investmentimputed as a measure

for which I replace the missing values with zero.26

Table 8 presents the results of difference-in-differences regressions for the association between

PCB issuance and corporate investment. There are two findings. First, I find no statistically

significant association of PCB issuance with capital investment. Second, I find that PCB

issuance is positively associated with R&D investment post-issuance, based on the zero-imputed

measure of R&D investment. For capex-to-assets as dependent variable, the coefficient on

26Due to restricted data availability for R&D and the correspondingly smaller sample size, I only include
industry-year fixed effects in the regressions using capex-to-assets and zero-imputed R&D investments as de-
pendent variables.
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the interaction term PCB issuer x Post issuance is negative, but not statistically significant.

Appendix Figure B.6 illustrates the time dynamics of the association between the PCB issuer

dummy and firms’ capital investment. The time-period specific coefficients show no statistically

significant deviations from zero throughout the event window. For the year before the issuance

and the issuance year itself, the coefficients are positive but insignificant. After issuance, the

coefficients are negative and also insignificant. For R&D investment, focusing on the result in

Panel A, Column (2) that uses zero-imputed R&D investment as dependent variable and the

PCB dummy as treatment measure, the point estimate for the interaction term PCB issuer

x Post issuance equals 0.0008 and is statistically significant. This indicates that PCB issuers

display a relative increase in the R&D-to-assets ratio of 0.08 percentage points over the three-

year window after bond issuance. Appendix Figure B.6 illustrates the time dynamics of the

association between PCB issuance and firms’ R&D investment for the specification in column

(2). I observe no difference in R&D investment in the years prior to the PCB issuance (year 0).

Firms that issue a PCB display a relative increase in R&D investment after the PCB is issued.

The positive association reaches its maximum two years after the PCB issuance, and slightly

decreases thereafter. For column (3) that uses non-imputed R&D investment as dependent

variable, while the point estimates for both PCB issuance measures are positive, they are not

statistically significant (t-statistic: 0.9209 and 0.9272, respectively).

To summarize, PCB issuance during the high-interest rate period from 1980 to 1984 ap-

pears to be positively associated with zero-imputed R&D investment, while I do not find any

statistically significant association with capital investment. As outlined earlier, note that these

estimates do not imply a causal relation.

6. Conclusion

This paper examines the use and the corporate real effects of green bonds that are tax-

subsidized and thus a source of low-cost financing for green projects. It therefore introduces

a comparably large, novel sample of tax-exempt pollution control bonds issued between 1980

and 2013 which finance pollution control facilities of U.S. public firms.
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I first present several facts about firms’ usage patterns of tax-subsidized PCBs. I show

that these bonds are disproportionately used by large firms, even within industries. Further, I

document that PCBs are primarily used by firms in the manufacturing and utility industries.

With respect to the use of PCBs over time, bond issuance peaked in the first half of the 1980s.

Then, I document that PCB issuance is positively correlated with the cost of conventional

bond yields, consistent with this fiscal policy tool being more attractive to firms when conven-

tional bond financing is costly.

Finally, I analyze how the issuance of PCBs is associated with sales growth and corporate

investment. Comparing firms that issue PCBs during the period of high interest rates between

1980 and 1984 with a matched control group, I find that firms using PCBs display a relative in-

crease in sales growth and R&D expenditures after issuance. From the perspective of corporate

issuers, these results highlight potential positive economic aspects associated with undertaking

tax-subsidized green investments when the costs for conventional financing are high.

While the focus of this paper is on the financing cost reduction aspect of PCBs, a natural

follow-up question concerns the overall environmental impact of these bonds. Thus, my findings

motivate further research on the overall environmental benefit of such bonds and, more broadly,

on the role that tax-subsidized green bonds could play as part of an environmental policy mix.
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Figure 1
Issuance of tax-subsidized pollution control bonds over time

This figure illustrates the issuance of pollution control bonds by firms covered in Compustat over time. Subfigure
(a) shows the development of the number of bonds over the sample period from 1980 to 2013. Subfigure (b)
shows the development of the aggregate annual issuance volume.

(a) Number of pollution control bonds over time

(b) Volume of pollution control bonds over time
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Figure 2
Issuance of tax-subsidized pollution control bonds by industry division

This figure illustrates the issuance of pollution control bonds at the industry division level (based on two-digit
SIC codes). The sample consists of all new money PCBs issued between 1980 and 2013 by firms covered in
Compustat. Subfigure (a) shows the total number of bonds by industry division. Subfigure (b) shows the total
issuance volume of bonds by industry division, adjusted for inflation and expressed in 2013 USDb.

(a) Number of pollution control bonds by industry divison

(b) Issuance volume of pollution control bonds by industry division
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Figure 3
Issuance of tax-subsidized pollution control bonds by state between 1980 and 1984

This figure illustrates the issuance of pollution control bonds by state, based on the location of the issuing
firms’ headquarters. The sample consists of new money PCBs issued by Compustat firms between 1980 and
1984. States marked in white have no PCB issues between 1980 and 1984. States marked in yellow (■) are in
the bottom quartile in terms of total state-level PCB issuance. States marked in green (■) are in the second
quartile regarding total PCB issuance. States marked in blue are in the third quartile (■), while states marked
in violet (■) are in the top quartile of states in terms of total PCB issuance. Subfigure (a) shows the map for
the total number of bonds by state. Subfigure (b) shows the map for the total issuance volume of bonds by
state (not adjusted for inflation).

(a) Number of pollution control bonds by state

(b) Issuance volume of pollution control bonds by state
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Figure 4
Pollution control bond issuance and firms’ sales growth

This figure illustrates the development of sales growth for firms that issue pollution control bonds between
1980 and 1984, and a matched control group. The matching process is described in Section 5.1. Sales growth
is measured as the difference in log(sales) between year t and year t-1. Subfigure (a) shows the development
of average sales growth for firms issuing pollution control bonds ( ) compared to the matched control group
( ) over a seven year window from three years before to three years after the year of PCB issuance (year
0). Subfigure (b) shows the coefficient estimates and the 90% confidence interval on the PCB issuer dummy
interacted with event time dummies. The regression specification follows column (3) in Table 6. Appendix A
provides a detailed description of all variables.

(a) Mean values of sales growth

(b) Difference in sales growth
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Table 1
Descriptive statistics

This table presents descriptive statistics at the bond-, firm-, and quarterly aggregate level, based on pollution
control bond issues between 1980 and 2013 by firms covered in Compustat. Panel A shows descriptive statistics
for PCB issuance at the bond deal level. Panel B shows descriptive statistics for PCB issuance at the calendar-
quarter level. The sample covered in Panel C comprises 313 firms with any PCB issuance during the sample
period from 1980 to 2013. Panel D comprises PCB issuers that tap the PCB market during the high-interest
rate period between 1980 and 1984 and their matched control firms. Appendix A provides a detailed description
of all variables.

N Mean SD 25th 50th 75th

Panel A: Bond deal-level characteristics

Bond deal volume (2013$m) 1,693 61.41 80.56 15.04 33.78 76.15
Rated dummy 1,693 0.76 0.43 1.00 1.00 1.00
Callable dummy 1,578 0.84 0.36 1.00 1.00 1.00
Maturity (years) 1,687 26.13 12.82 20.00 30.00 30.00

Panel B: Quarterly aggregate sample

Number of PCBs 136 12.45 15.75 4.00 8.00 14.00
Aggregate PCB volume (2013$m) 136 764.47 1323.63 156.72 349.08 734.46
Conventional bond yieldq, avg 136 7.88 2.76 5.62 7.40 9.40
Recession dummyq 136 0.13 0.34 0.00 0.00 0.00

Panel C: Firm-level sample of pollution control bond issuers

PCB dummy 7,849 0.12 0.32 0.00 0.00 0.00
PCB volume (2013$m) 938 102.77 140.25 26.04 56.37 124.03
Log(PCB volume) 7,849 0.49 1.37 0.00 0.00 0.00
Lag of Size 7,849 8.14 1.42 7.36 8.19 9.16
Lag of RoA 7,849 0.13 0.06 0.09 0.12 0.15
Lag of Leverage 7,849 0.50 0.26 0.39 0.51 0.59
Conventional bond yieldy, avg 7,849 8.21 2.71 5.67 7.59 9.38
Recession dummyy 7,849 0.24 0.43 0.00 0.00 0.00

Panel D: PCB issuers and matched control firms

PCB issuer 2,068 0.50 0.50 0.00 0.00 1.00
PCB volume ($m, not inflation-adj.) 2,068 18.16 31.97 0.00 0.00 22.25
Log(PCB volume) 2,068 1.58 1.73 0.00 0.00 3.15
Sales growth 2,068 0.09 0.12 0.03 0.10 0.16
Capex/Assets 2,065 0.10 0.05 0.07 0.09 0.13
R&D/Assets, imputed 2,068 0.01 0.02 0.00 0.00 0.00
R&D/Assets 534 0.03 0.03 0.01 0.02 0.05
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Table 2
Firm size and pollution control bond issuance

This table presents summary statistics of new money PCB issuance by firm size group. In
Panel A, I divide the sample of Compustat firms into five size quintiles based on a firm’s
average size over the sample period from 1980 to 2013. Size quintile 1 captures the group
of smallest firms, while quintile 5 captures the group of largest firms. In Panel B, I split
firms into size quintiles by industry. 1 refers to the smallest firms within a two-digit SIC
industry, and 5 refers to the largest firms, respectively. Size is measured as the natural
logarithm of total assets one plus. The table further reports the average firm size within a
size quintile, the number of firm years with a PCB issuance, and the average PCB volume
issued in those firm years. Appendix A provides a detailed description of all variables.

# Firm years Total assets # PCB issuance PCB volume
(mean, 2013$m) firm years (mean, 2013$m)

Panel A: Size quintile

1 27,776 12.04 1 11.43
2 27,792 57.18 1 6.97
3 27,781 196.24 10 19.58
4 27,836 821.91 43 32.16
5 27,528 8,647.42 883 107.36

Panel B: Size-by-industry quintile

1 27,834 28.53 8 20.10
2 27,803 170.35 19 33.63
3 27,846 495.07 132 72.41
4 27,869 1,432.50 192 101.18
5 27,361 7,640.86 587 113.48
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Table 4
Conventional bond yields and aggregate pollution control bond issuance

The table reports the results of regressing measures of pollution control bond issuance on the average quarterly
conventional bond market yield. All regressions are at the calendar-quarter level and follow the specification of
equation 2. Conventional bond yield is the quarterly average of Moody’s yield for Aaa-rated corporate bonds in
percent, obtained from the Federal Reserve Bank of St. Louis. In Column 1 and 2, the dependent variable is the
natural logarithm of the quarterly number of PCBs plus one. In Columns 3 and 4, the dependent variable is the
natural logarithm of the quarterly aggregate volume of PCBs plus one. The sample period is from 1980 to 2013.
T-statistics based on Huber/White robust standard errors clustered by calendar-quarter number are presented
in parentheses. ***, ** and * indicate significance at the 1%-, 5%- and 10%-levels, respectively. Appendix A
provides a detailed description of all variables.

(1) (2) (3) (4)

Log(Number of PCBsq) Log(Aggregate PCB volumeq)

Conventional bond yieldq, avg 0.170** 0.165** 0.258*** 0.237***
(4.475) (5.752) (8.406) (6.899)

Calendar-quarter nr. FE No Yes No Yes
Lag of GDP per cap Yes Yes Yes Yes
Recession indicator No Yes No Yes

Number of observations 136 136 136 136
Adjusted R2 0.425 0.539 0.432 0.460
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Table 5
Conventional bond yields and firm-level pollution control bond issuance

The table reports the results of regressing firm-level measures of pollution control bond issuance on the
average annual conventional bond market yield. The sample includes Compustat firms with at least one
PCB issuance during the sample period from 1980 to 2013. Conventional bond yield is the annual average
of Moody’s yield for Aaa-rated corporate bonds in percent, obtained from the Federal Reserve Bank of St.
Louis. In Columns 1 and 2, the dependent variable is the dummy for PCB issuance. In Columns 3 and 4,
the dependent variable is the natural logarithm of the annual PCB volume plus one. Firm controls include
lag of size, lag of return on assets, and lag of leverage. All regressions include firm fixed effects. Panel B
additionally controls for decade-specific trends. T-statistics based on Huber/White robust standard errors
clustered by firm are presented in parentheses. ***, ** and * indicate significance at the 1%-, 5%- and
10%-levels, respectively. Appendix A provides a detailed description of all variables.

(1) (2) (3) (4)

PCB dummy Log(PCB volume)

Panel A: Firm fixed effects

Conventional bond yieldy,avg 0.030*** 0.042*** 0.138*** 0.192***
(12.533) (12.585) (11.999) (12.340)

Recession dummy Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Firm controls No Yes No Yes

Number of observations 7,849 7,849 7,849 7,849
Adjusted R2 0.163 0.173 0.177 0.189

Panel B: Additionally controlling for decade-specific trends

Conventional bond yieldy,avg 0.045*** 0.052*** 0.204*** 0.231***
(12.351) (12.850) (12.548) (13.141)

Recession dummy Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Firm controls No Yes No Yes
Decade FE Yes No Yes No
State × Decade FE No Yes No Yes
Industry × Decade FE No Yes No Yes

Number of observations 7,849 7,847 7,849 7,847
Adjusted R2 0.165 0.186 0.180 0.207
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Table 6
Pollution control bond issuance and firms’ sales growth

The table reports the results of stacked difference-in-differences regressions for the association between
PCB issuance during the high interest-rate period from 1980 to 1984 and firms’ sales growth. The
specification follows equation 3 and compares PCB issuers that tap the PCB market between 1980 and
1984 with a matched control group. The dependent variable sales growth is measured as the difference
in log(sales) between year t and year t-1. Post issuance is a dummy that equals one in the three years
following the respective firm’s first PCB issuance, or the matched issuance year in the case of control
firms. PCB issuer is a dummy that equals one if the firm issues any PCB between 1980 and 1984. The
sample period is from three years before the PCB issuance to three years thereafter. T-statistics based
on Huber/White robust standard errors clustered by firm are presented in parentheses. ***, ** and
* indicate significance at the 1%-, 5%- and 10%-levels, respectively. Appendix A provides a detailed
description of all variables.

(1) (2) (3)

Sales growth

PCB issuer × Post issuance 0.0181* 0.0245** 0.0242***
(1.8349) (2.4587) (2.9868)

Lag of Size -0.1175*** -0.0938***
(-4.9312) (-3.6603)

Lag of RoA -0.2574** -0.4011***
(-2.0930) (-2.8634)

Lag of Leverage 0.1239** 0.0595
(2.1930) (1.1023)

Firm controls No Yes Yes
Firm FE Yes Yes Yes
Year × Cohort FE Yes Yes Yes
State × Cohort FE No Yes Yes
Industry × Year FE No No Yes

Number of observations 2,068 2,068 2,068
Adjusted R2 0.253 0.242 0.388

37



Table 7
Pollution control bond issuance and firms’ sales growth: effect of issuance volume

The table reports the results of stacked difference-in-differences regressions for the association between PCB
issuance volume and sales growth. The specification follows equation 3 but uses PCB volume as the treatment
measure instead of the PCB issuer dummy. PCB volume is measured as the natural logarithm of the volume
of the first PCB issuance between 1980 and 1984 plus one, and is zero for the matched control group. The
dependent variable sales growth is the difference in log(sales) between year t and year t-1. Post issuance is a
dummy that equals one in the three years following the respective firm’s first PCB issuance, or the matched
issuance year in the case of control firms. Firm controls are lag of size, lag of return on assets, and lag of
leverage. The sample period is from three years before the PCB issuance to three years thereafter. T-statistics
based on Huber/White robust standard errors clustered by firm are presented in parentheses. ***, ** and *
indicate significance at the 1%-, 5%- and 10%-levels, respectively. Appendix A provides a detailed description
of all variables.

(1) (2) (3)

Sales growth

Log(PCB volume) × Post issuance 0.0061** 0.0082*** 0.0080***
(2.2102) (2.8998) (3.4092)

Lag of Size -0.1181*** -0.0943***
(-4.9270) (-3.7056)

Lag of RoA -0.2664** -0.4060***
(-2.1569) (-2.9020)

Lag of Leverage 0.1221** 0.0557
(2.1601) (1.0379)

Firm controls No Yes Yes
Firm FE Yes Yes Yes
Year × Cohort FE Yes Yes Yes
State × Cohort FE No Yes Yes
Industry × Year FE No No Yes

Number of observations 2,068 2,068 2,068
Adjusted R2 0.254 0.243 0.389
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Table 8
Pollution control bond issuance and corporate investment

The table reports the results of stacked difference-in-differences regressions for the association between PCB
issuance during the high-interest rate period from 1980 to 1984 and firms’ capital investment (column 1), zero-
imputed R&D investment (2), and R&D investment (3). Capital investment is the capex-to-assets ratio, and
R&D investment is the R&D-to-assets ratio. For column 2, missing values are replaced by zero. Other than
that, the specification follows equation 3 and compares PCB issuers that tap the PCB market between 1980
and 1984 with a matched control group. Post issuance is a dummy that equals one in the three years following
the respective firm’s first PCB issuance, or the matched issuance year in the case of control firms. PCB issuer is
a dummy that equals one if the firm issues any PCB between 1980 and 1984. Log(PCB volume) is the natural
logarithm of the volume of the first PCB issuance between 1980 and 1984 plus one, and is zero for the matched
control group. Firm controls are lag of size, lag of return on assets, and lag of leverage. The sample period is
from three years before the PCB issuance to three years thereafter. T-statistics based on Huber/White robust
standard errors clustered by firm are presented in parentheses. ***, ** and * indicate significance at the 1%-,
5%- and 10%-levels, respectively. Appendix A provides a detailed description of all variables.

(1) (2) (3)

Capex/Assets R&D/Assetsimputed R&D/Assets

Panel A: PCB issuer dummy

PCB dummy × Post issuance -0.0080 0.0008* 0.0016
(-1.6434) (1.9386) (0.9209)

Firm controls Yes Yes Yes
Firm FE Yes Yes Yes
Year × Cohort FE Yes Yes Yes
State × Cohort FE Yes Yes Yes
Industry × Year FE Yes Yes No

Number of observations 2,064 2,068 528
Adjusted R2 0.497 0.980 0.968
Adjusted R2 (within) 0.0776 0.0425 0.0793

Panel B: PCB volume

Log(PCB volume) × Post issuance -0.0019 0.0002 0.0005
(-1.3280) (1.5194) (0.9272)

Firm controls Yes Yes Yes
Firm FE Yes Yes Yes
Year × Cohort FE Yes Yes Yes
State × Cohort FE Yes Yes Yes
Industry × Year FE Yes Yes No

Number of observations 2,064 2,068 528
Adjusted R2 0.497 0.980 0.968
Adjusted R2 (within) 0.0764 0.0388 0.0787
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A. Variable Definitions

Variable Description

Measures for pollution control bond issuance

Number of PCBs Sum of new money PCBs issued during the indicated time
period. Source: SDC Platinum.

Aggregate PCB volume Sum of new money PCB issuance volume during the indicated
time period. Source: SDC Platinum.

PCB dummy Dummy which equals one if the firm issues a PCB new money
bond in the respective year. Source: SDC Platinum.

PCB volume Firm-level issuance volume of new money PCBs. Source: SDC
Platinum.

PCB issuer Dummy which equals one if the firm issues any new money
PCB between 1980 and 1984. Source: SDC Platinum.

Cohort Cohorts consist of firms by the year of their first PCB is-
suance during the high-interest-rate period from 1980 to 1984,
together with the matched non-issuing firms. Source: SDC
Platinum.

State x Cohort FE Indicator of the respective PCB bond issuance cohort, consist-
ing of PCB issuers and their matched control firms, interacted
with state fixed effects. Source: SDC Platinum, Compustat.

Post issuance Dummy which equals one in the three years following the is-
suance of a PCB.

Conventional bond yield measures and control variables

Conventional bond yieldavg Annual or quarterly average of Moody’s yield for Aaa-rated
corporate bonds in percent. Source: Federal Reserve Bank of
St. Louis.

Conventional BAA-rated
bond yieldavg

Annual or quarterly average of Moody’s yield for Baa-rated
corporate bonds in percent. Source: Federal Reserve Bank of
St. Louis.

Lag of GDP per cap Quarterly real gross domestic product per capita, measured in
chained 2012 dollars, lagged by one quarter. Source: Federal
Reserve Bank of St. Louis.

Recession indicatorq Dummy equal to one if the quarterly NBER-based recession
indicator for the U.S. equals one. Source: Federal Reserve
Bank of St. Louis.

Recession indicatory Dummy equal to one if the NBER-based recession indicator
for the U.S. equals one in any of the respective year’s quarters.
Source: Federal Reserve Bank of St. Louis.

Calendar-quarter nr. Numeric indicator for the respective calendar-year quarter.

Main firm characteristics

Lag of Size Natural logarithm of one plus total assets (item: at), lagged
by one period. Source: Compustat.

Lag of RoA Operating income before depreciation (item: oibdp) divided
by total assets (item: at), lagged by one period. Source: Com-
pustat.

Continued on next page
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Appendix A continued

Variable Description

Lag of Leverage Long term debt (item: dltt) plus debt in current liabilities
(item: dlc) divided by book value of common equity (item:
ceq) plus long-term debt and debt in current liabilities, lagged
by one period. Source: Compustat.

Sales growth Difference between log(sales) in year t and log(sales) in year
t-1 (sales refers to item: sale). Source: Compustat.

Size quintile Size group number based on a firm’s average size over the sam-
ple period from 1980 to 2013. Size quintile 1 captures the group
of smallest firms, while quintile 5 captures the group of largest
firms. Source: Compustat.

Size-by-industry quintile Size group number by two-digit SIC code industry, based on a
firm’s average size over the sample period from 1980 to 2013.
1 refers to the smallest firms within a two-digit SIC industry,
and 5 refers to the largest firms. Source: Compustat.

Additional firm characteristics

Capex/Assets Capex (item: capx) divided by the beginning of period total
assets (item: at). Source: Compustat.

R&D/Assetsimputed R&D expenses (item: xrd) divided by the beginning of period
total assets (item: at). Missing values are set to zero. Source:
Compustat.

R&D/Assets R&D expenses (item: xrd) divided by the beginning of period
total assets (item: at). Source: Compustat.

Cash/Assets Cash and short-term investments (item: che) divided by the
beginning of period total assets (item: at). Source: Compus-
tat.

PPE/Assets Property, plant, and equipment (item: ppent) divided by the
beginning of period total assets (item: at). Source: Compustat

Market-to-book Total assets (item: at) minus book value of common equity
(item: ceq) plus market value of common equity (items: prcc f
multiplied by csho), divided by total assets (item: at). Source:
Compustat.

Industry x Year FE Two-digit SIC industry code interacted with year fixed effects.
Source: Compustat.
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B. Additional figures

Figure B.1
Inflation-adjusted issuance volume of pollution control bonds over time

This figure illustrates the volume of pollution control bonds issued over time, with the volume of issuance
adjusted for inflation and expressed in 2013 USDb.
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Figure B.2
Issuance of tax-subsidized pollution control bonds by manufacturing and utility firms

This figure illustrates the issuance of pollution control bonds by firms in the manufacturing industry (two-digit
SIC 20–39) and the firms in the electric, gas & sanitary services industry (two-digit SIC 49). The sample consists
of all new money PCBs issued between 1980 and 2013 by firms covered in Compustat.

(a) Number of pollution control bonds by manufacturing SIC2 industries

(b) Number of pollution control bonds by electric, gas, and sanitary services SIC3
industries
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Figure B.3
Issuance of tax-subsidized pollution control bonds by state between 1980 and 2013

This figure illustrates the issuance of pollution control bonds by state, based on the location of the issuing
firms’ headquarters. The sample consists of new money PCBs issued by Compustat firms between 1980 and
2013. States marked in white have no PCB issues between 1980 and 2013. States marked in yellow (■) are in
the bottom quartile in terms of total state-level PCB issuance. States marked in green (■) are in the second
quartile regarding total PCB issuance. States marked in blue are in the third quartile (■), while states marked
in violet (■) are in the top quartile of states in terms of total PCB issuance. Subfigure (a) shows the map for
the total number of bonds by state. Subfigure (b) shows the map for the total issuance volume of bonds by
state (adjusted for inflation and expressed in 2013 USDb).

(a) Number of pollution control bonds by state

(b) Issuance volume of pollution control bonds by state
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Figure B.4
Characteristics of pollution control bond issuers

This figure illustrates the unadjusted difference in means of firm characteristics between firms that issue a
pollution control bond between 1980 and 2013, and firms covered by Compustat that do not. The bars mark
the 90% confidence intervals. To measure differences in characteristics prior to issuance, all characteristic
variables are measured in t-1. Appendix A provides a detailed description of all variables.
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Figure B.5
Pollution control bond issuance and firms’ sales growth: effect of issuance volume

This figure illustrates the development of sales growth for firms that issue a pollution control bond between 1980
and 1984, relative to a matched control group. It shows coefficient estimates and the 90% confidence interval
on the logarithm of the PCB volume interacted with event-time dummies. The regression specification follows
column (3) in Table 7. Sales growth is measured as the difference in log(sales) between year t and year t-1.
Appendix A provides a detailed description of all variables.
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Figure B.6
Pollution control bond issuance and firms’ investment

This figure illustrates the development of firm investment for firms that issue a pollution control bond between
1980 and 1984, relative to a matched control group of non-issuers. It shows coefficient estimates and the
90% confidence interval on the PCB issuer dummy interacted with event-time dummies. In Subfigure (a), the
dependent variable is the capex-to-assets ratio. The regression specification follows Panel A, column (1) in
Table 8. In Subfigure (b), the dependent variable is the zero-imputed R&D-to-assets ratio. The regression
specification follows Panel A, column (2) in Table 8. Appendix A provides a detailed description of all variables.

(a) PCB issuer dummy and capital investment

(b) PCB issuer dummy and R&D investment
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C. Additional tables

Table C.1
Characteristics of corporate pollution control bond issuers: Firms in largest size quintile

This table presents the results for the regression of a dummy for PCB issuance on firm characteristics, based
on a linear probability model. The sample is restricted to firms in the largest size-by-industry quintile. The
regression specification follows equation 1. The characteristic variable is indicated in the respective row and is
measured in t-1. All regressions include industry-year and state-year fixed effects. PCB dummy is a dummy
variable that equals one if the respective firm issues a new money pollution control bond in year t, and is
zero otherwise. T-statistics based on Huber/White robust standard errors clustered by firm are presented in
parentheses. ***, ** and * indicate significance at the 1%-, 5%- and 10%-levels, respectively. Appendix A
provides a detailed description of all variables.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

PCB dummy

Lag of Size 0.009***
(5.393)

Lag of PPE/Assets 0.027***
(3.997)

Lag of RoA 0.005
(0.660)

Lag of Market-to-Book -0.001
(-1.185)

Lag of Sales growth -0.005**
(-2.149)

Lag of Leverage -0.002
(-1.004)

Lag of Cash/Assets -0.005**
(-2.320)

Lag of Capex/Assets 0.023*
(1.919)

Lag of R&D/Assetsimp -0.000
(-0.009)

Industry × Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
State × Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Number of observations 27,310 25,976 27,310 23,014 25,949 27,310 25,996 25,788 26,612
Adjusted R2 0.160 0.157 0.155 0.172 0.155 0.155 0.155 0.155 0.155
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Table C.2
Conventional Baa-rated bond yields and aggregate pollution control bond issuance

The table reports the results of regressing measures of pollution control bond issuance on the average quarterly
conventional bond market yield for Moody’s Baa-rated corporate bonds. All regressions are at the calendar-
quarter level and follow the specification of equation 2. In Column 1 and 2, the dependent variable is the
natural logarithm of the quarterly number of PCBs plus one. In Columns 3 and 4, the dependent variable is the
natural logarithm of the quarterly aggregate volume of PCBs plus one. The sample period is from 1980 to 2013.
T-statistics based on Huber/White robust standard errors clustered by calendar-quarter number are presented
in parentheses. ***, ** and * indicate significance at the 1%-, 5%- and 10%-levels, respectively. Appendix A
provides a detailed description of all variables.

(1) (2) (3) (4)

Log(Number of PCBsq) Log(Aggregate PCB volumeq)

Conventional BAA-rated bond yieldq, avg 0.112* 0.109** 0.204*** 0.194**
(3.127) (4.042) (7.966) (5.031)

Calendar-quarter nr. FE No Yes No Yes
Lag of GDP per cap Yes Yes Yes Yes
Recession indicator No Yes No Yes

Number of observations 136 136 136 136
Adjusted R2 0.412 0.525 0.431 0.458
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Table C.3
Matching of PCB issuers to other non-PCB issuing Compustat firms

This table presents the mean pre-period characteristics and differences in means for firms that issue a pollution
control bond between 1980 and 1984, and a matched control group. All figures are calculated after the matching
is conducted. The pre-period corresponds to the three years before the respective year of the PCB issue. The
matching process is described in Section 5.1. In Panel A, the comparison is displayed for the main control
group. Panel B captures an alternative control group that additionally requires exact matching based on size-
by-industry quintile. ***, ** and * indicate significance at the 1%-, 5%- and 10%-levels, respectively. Appendix
A provides a detailed description of all variables.

PCB issuing firms Matched control firms

N Mean N Mean Diff. T-stat

Panel A: Issuers and main control group

Variables used in the matching process

Lag of Size 447 7.44 447 6.39 1.04*** (12.79)
Lag of RoA 447 0.14 447 0.14 -0.00 (-0.90)
Capex/Assets 447 0.12 447 0.10 0.02*** (5.16)
PPE/Assets 447 0.80 447 0.69 0.10*** (6.05)
Sales growth 447 0.14 447 0.13 0.00 (0.26)

Other variables

Lag of Leverage 447 0.49 447 0.48 0.01 (0.89)
Cash/Assets 447 0.04 447 0.04 -0.00 (-1.36)
Market-to-book 387 1.03 400 1.06 -0.03* (-1.69)
R&D/Assets, imputed 447 0.01 447 0.01 0.00 (0.58)
R&D/Assets 134 0.03 99 0.03 -0.01* (-1.76)

Panel B: Issuers and control group with additional matching on size-by-industry quintile

Variables used in the matching process

Lag of Size 282 7.49 282 6.99 0.49*** (5.58)
Lag of RoA 282 0.14 282 0.14 -0.00 (-0.64)
Capex/Assets 282 0.13 282 0.11 0.02*** (4.35)
PPE/Assets 282 0.79 282 0.69 0.10*** (4.48)
Sales growth 282 0.14 282 0.15 -0.01 (-0.98)

Other variables

Lag of Leverage 282 0.48 282 0.48 0.01 (0.39)
Cash/Assets 282 0.04 282 0.04 -0.00 (-0.23)
Market-to-book 243 1.04 257 1.08 -0.03 (-1.28)
R&D/Assets, imputed 282 0.01 282 0.01 0.00 (0.36)
R&D/Assets 92 0.03 82 0.04 -0.00 (-0.38)
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Table C.4
Pollution control bond issuance and firms’ sales growth: other control group

The table reports the results of stacked difference-in-differences regressions for the association between PCB
issuance during the high-interest rate period from 1980 to 1984 and firms’ sales growth. The control group
for this table also requires exact matching based on size-by-industry quintile in addition to the control group
characteristics described in Section 5.1. Other than that, the specification follows equation 3. The dependent
variable sales growth is the difference in log(sales) between year t and year t-1. Post issuance is a dummy that
equals one in the three years following the respective firm’s first PCB issuance, or the matched issuance year
in the case of control firms. In Panel A, the treatment measure PCB issuer is a dummy that equals one if the
firm issues any PCB between 1980 and 1984. In Panel B, the treatment measure is the natural logarithm of the
volume of the first PCB issuance between 1980 and 1984 plus one, and is zero for the matched control group.
Firm controls are lag of size, lag of return on assets, and lag of leverage. The sample period is from three
years before the PCB issuance to three years thereafter. T-statistics based on Huber/White robust standard
errors clustered by firm are presented in parentheses. ***, ** and * indicate significance at the 1%-, 5%- and
10%-levels, respectively. Appendix A provides a detailed description of all variables.

(1) (2) (3)

Sales growth

Panel A: PCB issuer dummy

PCB issuer × Post issuance 0.024* 0.027** 0.027**
(1.922) (2.167) (2.599)

Firm controls No Yes Yes
Firm FE Yes Yes Yes
Year × Cohort FE Yes Yes Yes
State × Cohort FE No Yes Yes
Industry × Year FE No No Yes

Number of observations 1,306 1,306 1,304
Adjusted R2 0.281 0.261 0.392

Panel B: PCB volume

Log(PCB volume) × Post issuance 0.008** 0.010*** 0.009***
(2.287) (2.656) (3.105)

Firm controls No Yes Yes
Firm FE Yes Yes Yes
Year × Cohort FE Yes Yes Yes
State × Cohort FE No Yes Yes
Industry × Year FE No No Yes

Number of observations 1,306 1,306 1,304
Adjusted R2 0.282 0.263 0.394
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