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ThePricing of Climate Risk

Linda H. Chen; Assistant Professor; University aisdachusetts Boston; linda.chen@umb.edu
Lucia Silva Gao; Assistant Professor; University of Massachudgtiston; lucia.silva-gao@umb.edu

This study investigates whether corporate climedleis priced by the capital markets. Using
carbon dioxide emission rates of publicly trade&electric companies, we find that climate risk is
positively associated with cost of capital measunesre specifically the implied cost of equity &nel cost of
debt. Additionally, we find that equity and dehtdstors evaluate corporate climate risk differentlge
results show that the cost of debt decreases theivel of capital intensity, suggesting that datsestors
value the increase in efficiency resulting fromreat capital investments. The results also showttiecost
of equity decreases and the cost of debt increagbthe newness of assets in places. Newer eqoigme
likely to be operationally and environmentally mefécient. While the results concerning the cdstebt
are puzzling, we consider that debt investors nwapant for other performance indicators. We coneltioht
equity and debt investors evaluate climate risted#ntly according to their different payoff furots.

INTRODUCTION

This paper investigates whether corporate clinmateis priced by the capital markets. Using a
sample of publicly traded U.S. electric companies find that firms’ implied cost of equity and cast
debt are both positively associated with carbomidememission rates. Our findings support thearoti
that investors price firms’ climate risk.

Given the current social, political and environnaiebates which emphasize sustainable
development, investors are paying increasing attend firms' social responsibility performance in
general, and to firms’ environmental performancparticular. Consequently, more corporate
disclosures are called for to facilitate invest@ssessment of firms’ environmental risk, pollutbarsts
and contingent environmental liabilities. Regutgtibodies are in the process of providing more
guidelines regarding the level of environmentatidisures concerning environmental risks at the firm
level. For example, following a petition by ingtibnal investors and other organizations [1], the
Securities and Exchange Commission (SEC) recesitbased guidance regarding the application of
existing disclosure requirements to climate chang#ers, more precisely regarding the physical,
legislative, regulatory, business and market ingpeatated to climate change that may have a mhteria
effect on a company’s business and operationsA2]stated by the guidance, material informatiorhsu
as emission reduction related capital expenditangsfirms’ status with respect to cap and tradeslaw
should be conveyed to investors. In addition,rimiation regarding how laws and regulation will
potentially affect supply and demand for producis services based on their environmental performanc
and carbon content may also be material to inve'sti@cisions.

The impact of environmental risk on firm value d¢enanalyzed on two different dimensions, one
related to the uncertainty of future cash-flows] #re other related to information uncertainty.eTh
uncertainty of future cash-flows arises from futoapital expenditures required to comply with
regulation and legislation, clean-up costs andscaith lawsuits related to accidental spill andeoth
uncontrollable events, and contingent environmdiahllity (Garber and Hammitt, 1998; Cormier,
Magnan and Morard, 1993; Hughes, 2000; Conar am®2001; Clarkson, Li and Richardson, 2004;
Chapple, Clarkson and Gold, 2009). Future cashsfloan also be affected by potential shifts in syppl
and demand, and changes in prices of productsamitas provided by companies affected by these
developments. Moreover, trading markets for emissredits related to “cap and trade” programs inigh
be established in the future and could represehtdists and opportunities for companies.

Information uncertainty or information risk reflectvalue ambiguity, or the degree to which a
firm’s value can be reasonably estimated by evemtbst knowledgeable investors” (Jiang, Lee and
Zhang, 2005). In particular, information uncertgimay be reflected in dispersion of investors’
estimates of firms’ future performance (Francisi-tuad, Olsson and Schipper, 2004). Information, risk



or value ambiguity, is often translated into furtdescounting in firm valuation. This type of riskn be
mitigated through corporate disclosures. The redtdim studies on environmental disclosure are,
however, inconclusive (e.g. Richardson and Welk@01; Magness, 2009; Jacobs, Singhal and
Subramanian, 2010).

In this study we focus on a single industry, threctlc utility industry. Electric companies are
subject to comparable regulations and legislatiapjtal spending requirements, as well as othescos
associated with pollution control and reductioneféfore, information risk is mitigated within our
sample. In this way, our findings regarding thieipg of environmental risk can be viewed as while
holding information uncertainty risk constant.

Previous studies provide evidence that environnh@etdormance is valued by equity investors
(e.g. Hamilton, 1995; Khanna, Quimo and Bojilova98; Konar and Cohen, 2001; King and Lenox,
2002; Clarkson, Li and Richardson, 2004; Clarskad lai, 2006). However, market prices reflect both
changes in the expectations for future cash floweschanges in the risk perception of these castsflo
Empirical studies which test the relationship b&mwenvironmental performance and market price do no
disentangle these effects. This study proposestimate the risk perception component of markeateval
assessments.

We use carbon emission rates, obtained from the$toms and Generation Resource Integrated
Database (EGRID) issued by the Environmental Ptioteégency (EPA), to measure environmental
performance. This measurement is based on the pisarthat firms with higher carbon emissions rates
have greater exposure to climate risk. Most ofetkisting environmental literature uses Toxics Retea
Inventory (TRI) data from the EPA to measure envinental performance. Only since January of 2010
the EPA requires large emitters of greenhouse dgasaslect and report data with respect to greesho
gas emissions. Therefore, data on greenhouse gasesions is available only for companies that have
voluntarily disclosed this information through siegbility or standalone environmental reportshait
report to the Carbon Disclosure Project (CDP). ififi@mation reported at the individual company leve
is, however, incomplete, unaudited, and difficalcompare. EGRID provides comprehensive
information on emissions for electric companiedeméd by the EPA, the U.S. Energy Information
Administration (EIA), and the Federal Energy Retpia Commission (FERC). Additionally, reporting
and regulation ofoxic chemical releases and waste management baseffective for several years,
while new developments related to disclosure agdlation of greenhouse gases are anticipated in the
coming years. Therefore, measures based on gressigases emissions better capture environmental
risks faced by companies.

To assess the market pricing of climate risk, stev&te the implied cost of equity and the cost
of debt of the companies in our sample. We usertbeel proposed by Claus and Thomas Model (2001)
and a modified version of the Easton model (Ea2664; Botosan and Plumlee, 2005) to estimate the
implied cost of equity. Implied cost of equity mdslare expectation models that rely heavily onysisl
projections, and as such are subject to biasefoaechst errors. The models we employ require short
term forecasts, minimizing forecast errors thatlikedy to increase as the forecasting horizonéases.
Moreover, to reduce potential measurement erroegjse the average of the estimates obtained frem th
two models. Our estimation for the cost of deltid@sed on yield-to-maturity spreads. For firmswit
multiple bond issues and different maturities, wiest the bonds with the longest maturity.

Our analysis shows that after controlling for fisime, market to book ratio, leverage, cash flow
volatility, long-term growth rate, age of assetplace and capital intensity, climate risk is posity
associated with the cost of capital measures. futditly, we find that equity investors and bond
investors evaluate corporate investment strateffgrdintly. Our results show that while capital imgéy,
or overall level of capital investment, does notéha significant effect on the implied cost of aguit is
negatively associated with the cost of debt. Chpjtanding may represent investments in new equipme
and technologies that are operationally and enmientally more efficient. While equity holders’ pdfyo
function has a “call-option” imbedded within, igguity holders will capture the potential increnaént
benefits of investments in future efficiency andlygmn costs reductions, bond holders’ payoff ftioc
is fixed. However, current capital spending alsggests lower future capital expenditures. Theegfor




debt investors value the increase in future efficieresulting from current capital investments, and
possibly lower requirements to invest in the futwesulting in less variability in the cash flowsadable
for debt stakeholders, and lower default risk.

Our results also show that the both the cost of deb the cost of equity are affected by the age
of the existing equipment. Equity investors valasifively the existence of new equipment in the
company. Conversely, the cost of debt seems teaser with the existence of newer equipment. While
this result may be puzzling, it may also suggest lond investors value the existence of newer
equipment according to additional performance iatdics. For example, the existence of newer
equipment and higher carbon emission rates mayestigigat past capital investments realized by the
company did not result in increased efficiency, avay imply the need for future investments to iasee
efficiency and performance. Future capital expemd& may reduce future cash flows available fot deb
payments, and consequently increase the levelfafiieisk.

The remainder of the paper is organized as follo8&ction 2 provides a brief literature review and
describes the hypothesis. Section 3 describedataeand variables construction. Section 4 presbats
empirical analysis and section 5 concludes.

LITERATURE REVIEW AND HYPOTHESISDEVELOPMENT

Very few studies empirically investigate the impatenvironmental performance on the cost of
equity and debt. For example, Garber and HamnB@&) examined the effect of Superfund liabilities o
the cost of equity measured based on the CAPM ata] for a sample of companies in the chemical
industry. They found no relationship between bedaesheet liabilities identified to cover Superfund
remediation costs and the cost of equity for sffivatls, but were able to find a robust positive
relationship for large firms. It should be notedttBuperfund liabilities reflect cleanup costsgast
emissions and spills. As such, Superfund liab#itentail a high level of uncertainty relatingiteaf
cleanup costs but may not provide a strong sightaltore environmental performance. In another gtud
Sharfman and Fernando (2008) found a positive mmifisant relationship between environmental risk
management, a measure based on TRI, and costibf,egaasured based on the CAPM and beta.

The results of the association between environrhpatformance and cost of debt are not
conclusive. Graham and Maher (2006) demonstratetie value of accrued environmental liabilities i
positively associated with bond yields. Bauer amaid(2010) document that environmental concern is
associated with higher cost of debt financing awekr credit ratings. Similarly, Schneider (20li0Qf
that the cost of debt increases with poor envirartaigerformance measured based on TRI emissions.
The results are justified based on the claim tbat gnvironmental performance represents potential
liabilities related to compliance and clean-up sahte to increasingly strict environmental laws and
regulations. Conversely, Sharfman and Fernandd8)2€libw that cost of debt increases with
environmental risk management, but attribute tiisdase to an increase in debt financing in théalap
structure of the firm. Kim, Surroca and Tribo (2 argue that reductions in lending rates may kimp
be due to the fact that both borrowers and lengieleng to a similar cohort along the social resislity
dimension.

Several arguments can be used to explain theaesdtip between the cost of capital and
environmental performance. Superior environmergaigpmance may be reflected in a reduced cost of
equity through a lower systematic risk and equétab Sharfman and Fernando (2008) argue that firms
with better environmental risk management will havere flexibility to manage economic downturns, for
example, by changing its processes. Bansal anth@ie{2004) make a similar argument, but relatong t
unsystematic risk. They argue that poor environalgrgrformance, through the negative impact on the
firm’s legitimacy, has long term effects on therghprice volatility. Superior social responsibility
performance, on the contrary, tends to attractadéel institutional investors and analyst coveragece
facilitating the price discovery process (Dhaliwal, Tsang and Yang, 2011).

Environmental risk reduction is associated withdjoorporate reputation, and good corporate
reputation is a valuable intangible asset (BrammbRodrigues, 2006). It is necessary to pointtioait



the firms “social norms” vary across different isthies, geographical areas, and employee
characteristics[3]. Thus a strong record of emuinental performance may enhance or damage reputatio
depending on whether a firm's activities ‘fits’ wignvironmental concerns in the eyes of stakehslder
(Brammer and Pavelin, 2006). Therefore, firms ngtrategies can be very different. Other than
investing in environmental risk reduction, firmsalso choose to invest in other areas to minimize
environmental risk exposure, such as lobbying.aAsatter of fact, Cho, Patten and Roberts (2006)
reveal a significant, inverse relationship betwt¥en environmental performance and political speigdi

The impact of environmental risk on cost of eqaiyn also result from a smaller base of
investors in high polluting companies and consetjiremease in the cost of equity (Merton, 1987).
Heinkel, Kraus and Zechner (2001) introduced argtézal model to show that exclusionary ethical
investing leads to polluting firms being held bwér investors because green investors will notshire
polluting firms’ stock. This lack of risk sharingn@ng non-green investors leads to lower stock piiice
polluting firms and to an increase in their costapital.

This study investigates the effect of firms’ envineental risk reduction on firm valuation.
Formally, the hypothesis tested is the following:

Hypothesis: There is a positive association between a firmimate risk level and the cost of capital.

We measure firms’ cost of capital in terms of iragdlicost of equity and cost of debt. Since equity
and bond investors value corporate risk differerdlyr analysis studies the relationship betweerctise
of capital and the level of climate risk separafelyequity and debt.

EMPIRICAL MODEL, DATA, AND VARIABLE CONSTRUCTION

The primary dataset used in this study was obtdimed the Emissions and Generation Resource
Integrated Database (EGRID) issued by the EPA 0222006 and 2007. EGRID provides emissions [4],
generation resource mix and capacity, ownershipcangborate affiliation for almost all U.S. electtjc
generating plants. EGRID collects information frthree federal agencies: The U.S. Environmental
Protection Agency (EPA), the U.S. Energy Informatidministration (EIA), and the Federal Energy
Regulatory Commission (FERC). In addition, firrfisancial statement data was obtained from the
Compustat Database, analyst forecast data wasietitiiom the Institutional Brokers’ Estimate System
(I/B/E/S), and corporate bond trading data fromNtexgent Fixed Income Securities Database (FISD).

To address the research questions formalized ihypethesis presented in the previous section,
we employ the following model:

Cost of Capitg; = fo+ f1Emissons Rai; + f,Size; + f3M/B;; + fiLeverag; + Sso(CashFlows)
+ BeGrowth, +p;Newnessg + fsCapital Intensity; + ¢ , (1)

where
Cost of Capitg, Implied Cost of Equiy ~ for thecost of equity analysi

z YTM_Spreay for thecost of debt analys

The variables construction is discussed in th@fahg sub-sections.
Climate Risk Measure

We use carbon emission rates to proxy for climiategxposure. This measurement is based on
the assumption that firms with lower emission rasesl better environmental performance, have less

exposure to climate risk. Firms with better enviramtal performance have a strategic competitive
advantage in anticipation of future regulationsegislation. Superior environmental performers may



over-comply with existing regulations, and benffim the flexibility inherent to voluntary
environmental initiatives, as they have more timavest in innovative pollution technologies and
process improvements without the threat of non-dimmpe penalties (Boyd, 1998; Khanna and Damon,
1999). In addition, firms may pursue a pollutioduetion strategy to benefit from green consumerism,
reduce the risk of future environmental liabiliteesd lawsuits, and increase productivity and efficly in
production (Porter and van der Linde, 1995; EpstEd96; Reinhart, 1999). Carbon dioxide emissions
rate is calculated as total emissions divided bgtetity generation in MWh.

One limitation regarding the EGRID database isut@vailability of data for some years. EGRID
was released in the years 2002, 2006 and 2007. E@B&)2 reports emissions for the years from 1996 to
2000, EGRID 2006 reports emissions for 2004, an&BG2007 reports emissions for 2005. For the
purpose of this study, we considered emissionsédryear of release of the database, not the yatthih
emissions occurred. This construct is based oagkemption that the information was made available
investors on the year of release of EGRID. Addibn we consider the values of emissions alsdtfer
year subsequent to the release of the data. Therefe consider emissions that occurred in 20Q8en
years 2002 and 2003, emissions that occurred id aB®considered in 2006, and emissions that caturr
in 2005 are considered in 2007 and 2008. In thig war study includes data for the years 2002, 2003
2006, 2007 and 2008.

In a related study, Matsumura, Prakash, and Varadd (2010) rely on hand-collected carbon-
emissions data for 2006-2008 that S&P 500 firmsintlrily disclosed to the Carbon Disclosure Project
(CDP) and find that increases in carbon emissioasssociated with decreases in firm value. However
studies based on voluntarily disclosed informastioffer from self-selection bias, as firms with bett
environmental performance are more likely to disel¢Clarkson, Li, Richardson and Vasvari, 2008).

After merging EGRID with I/B/E/S and Compustatalatre obtain a sample size of 182
companyl/year observations for the analysis relteéke cost of equity. There are total of 44 conggn
represented in the sample. Merging EGRID with Castgit and the FISD databases, results in a sample
of 117 company/year observations for the analysitaming to the cost of debt, including informatio
related to 35 companies. Table 1 presents deseriptatistics for the two samples. The samples ar
comparable in terms of carbon emission rates. Vheage is 1,643 tons/MWh for companies in the
equity sample and 1,564 tons/MWH for companiefiénionds sample.

Cost of Capital Measures

We estimate two measures of cost of capital, th@iéu cost of equity and the bond yield-to-
maturity spread. The construction of these meassisscribed below.

Implied Cost of Equity Measures

Several recent papers examine empirical methodsofoputing the implied cost of equity capital
given stock prices and expectations of future ease.g., Botosan 1997; Gebhardt et al. 2001;<Clau
and Thomas 2001; Botosan and Plumlee 2002; East Easton and Monahan 2005; Ohlson and
Juettner-Nauroth 2005). These models use anafgstasts of future earnings and the current stock
price to estimate the implied cost of capital. Kmets’ forecasts are often subject to biases aretést
errors that may translate into the implied cosgtaudity measures, making these measures very nolsy.
longer the forecasting horizon, the greater arsetlierecast errors. For this reason, we use thesGind
Thomas (2001) model and the modified Easton Mdgas(on, 2004; Botosan and Plumlee, 2005), which
rely on relatively shorter time horizons. To fuatlreduce the measurement error, our implied dost o
equity measureGost of Equityis the average of the Claus and Thomas (2001 ehzodl the modified
Easton Model.

The Claus and Thomas model is represented by Hosviog equation:
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where
r«= implied cost of equity
P. = price per share of common stock in June of t as reported b
I/B/E/S,
B.= book value at the beginning of the year dividedh®ynumber o
common share outstanding in June of year
I/B/E/S consensus for the first two years, for gahree, four, five
consensus forecasts if available, otherwise,
FEPS,= FEPS,: . 1-(1+LTG),
LTG= consensus lor-term growth forecast reported in June of \t,
Bui= Buia t+ 0.5 FEPEHL
g= rs —0.C3
r«= risk-free rate equal to the yield on a-year Treasury note in June
yeart.

FEPS.,

Easton (2004) shows that under the assumptionrofdieidends and no growth in abnormal
earnings beyond the forecast horizon (after yeath2)cost of capital is proportional to the ineeaos the
PEG ratio. The resulting formula is given in Eqoat(3):

_ \/ FEPS - FEPS 3)
P0

We follow Botosan and Plumlee (2005) and BE# S3andFEPS2in place ofFEPS2and
FEPS1.Botosan and Plumlee (2005) justify this procedwrsell on two reasons. First, wHeBP S2is
less tharFEPS1the model cannot be solved, which limits the sangte. In our sampleEPS3always
exceed$-EPS2.Second, changes in abnormal earnings beyond teedsirhorizon are likely to be
smaller when using earnings forecasts for periadfdr away in time. Therefore, we employ the
following equation:

FEPS, - FEP
rm=J e @
The implied cost of equity variables are multipllegd100 and are used in percentage terms. Our
Cost of Equitymeasure is the average of the implied cost oftgquéasures based on the Claus and
Thomas Model (2004) and the modified Easton Mobleérefore Cost of Equity= (re+ rpeg)/2.
Summary statistics for theost of Equityneasure are reported in Table 1, Panel A. Thenrfga
theCost of Equityis 4.598%. This value is consistent with valuesspnted in previous literature.

Bond Yield to Maturity Spread Measure

The bond yield-to-maturity spread TM_Spreajis calculated as follows:
YTM_Spreag=Bond Yield to Maturity- Benchmark Yield (6)

Bond Yield to Maturitys calculated by solving the following equation:

.
_ ParValue + Z CouponPayment

T +yT™M) & [+YTM)
where
P, = bond price at time

(



YTM= estimated yield to maturil
T= maturity

We obtain corporate bond trading data from the F&Eabase and include bonds with at least
1800 days (five years) to maturity. The yield-tatnority measure for each bond issue is calculated o
days when there are transactions. If a corporate has more than 60 months and less than 84 months
to maturity, thertY TM_Spreads the difference between the corporate bond'lslyi@maturity and the
seven-year Treasury bond rate. Treasury bond gigial is obtained from the Federal Reserve website.
All treasury yield data is based on constant mtuiCarrying out similar grouping criteria, we gped
corporate bonds into four different maturity group®re specifically seven, ten, twenty, and thyear-
to-maturity groups. Corporate bon®T'M_Spreadis calculated based on the respective benchmark
treasury bonds’ yields. For firms that have migtiponds outstanding with different maturities, we
choose the observation that has the longest mapeitod. Many utility bonds are thinly traded and
therefore, bond pricing is a combination of firmgadit risk and transaction costs. Inevitably gsime
yield-to-maturity measure to proxy for cost of deah be too noisy and may affect our results. The
summary statistics forTM_Spreadare reported in Table 1, Panel B. The aveMad_Spreads
2.383%.

Control Variables Construction

The control variables included in our analysesfianme size, market to book ratio, leverage, cash
flow volatility, long term growth rate, asset newsgand capital intensity, all of which have bevah@
previous literature to be associated with firmsstoof capital (e.g. Botosan and Plumlee, 2005).

Berk (1995) demonstrates that size exhibits a negetlation with expected returns, as a
residual risk factor, in an incomplete model of exted returns. Therefore, we expect that the idplie
cost of equity is negatively associated with fiimes Also, as the firm size increases, more calédt
assets and longer firms’ history are likely tratestainto lower cost of debt. Thus, we expect sizke
negatively associated with the cost of debt as.v&ilteis the value of total assets at the beginnindef t
fiscal year. As shown in Table 1, the averageealiSizeis $17,814 and $18,913 million for the implied
cost of equity sample and the bond yield to matgiiread sample, respectively. In order to rediee
type | error caused by heteroskedasticity, weln&ize)in the regression analyses.

Fama and French (1993) develop a three factor pasatg model that includes beta, size and
market-to-book, and show that this asset-pricingl@houtperforms the CAPM. Fama and French (2004)
use Ohlson’s (1995) residual income framework tentdize the valuation role of the market-to-book
ratio (M/B) in expected returns and predict a negative miaietweemM/B and expected return.
Therefore M/B should be negatively associated with the costjaftg. M/B is the ratio of market value
of common equity to book value of common equitys shown in Table 1, the mebfiB is 1.874 and
1.909 for the implied cost of equity sample andtibed yield to maturity spread sample, respectively

According to Modigliani and Miller (1958), the rigi equity capital increases as a firm's
leverage increases. In addition, increased leecirageases the probability of bankruptcy. Thus, w
expect that both the cost of equity and cost of deb positively associated with leveradeveragds
the ratio of long-term debt to market value of commnequity. As shown in Table 1, the average viiue
Leveragds 1.874 and 1.909 for the implied cost of eqsiynple and the bond yield to maturity spread
sample, respectively.

Cash flow volatility captures the fluctuation afrfis’ cash flows from operation. High cash flow
volatility means higher uncertainty about firmsshdlows. Therefore, this measure should be negjstiv
associated with cost of capital (Francis et al.42206(Cash Flows)s the standard deviation of a firm’'s
Cash Flowsover the prior five yearsCash Flowss cash flow from operations scaled by total assets
the beginning of the year. As shown in Table &,dkerage af(Cash Flows)is 0.019 and 0.020 for the



implied cost of equity sample and the bond yieldh&turity spread sample, respectively. The vaues
very low, suggesting that electricity generatingn’ cash flows from operations are very steady.

La Porta (1996) shows empirically that high expgeieowth stocks have higher standard
deviations of returns and higher betas when condpaith low expected-growth stock&rowthis the
mean I/B/E/S analyst long-term growth in earnings ghare forecast for each year of estimation. We
expect the coefficient dbrowthto be positive.

Firms with newer equipment, with newer and les$upioly technologies, are likely to have
superior environmental performance relatively titindustry peers (Clarkson, Li, Richardson and
Vasvari, 2008).Newnesss the ratio of Net Property, Plant and Equipmer®roperty, Plant and
Equipment at cost.

Firms with higher capital expenditures are invastmnew equipment. These upgrades and
investments should improve environmental efficie(@harkson, Li, Richardson and Vasvari, 2008).
Capital Intensityis the ratio of capital expenditures for the yaiaided by total sales revenues at the end
of the previous year.

EMPIRICAL ANALYSISAND DISCUSSION

Table 2 presents the correlation coefficients betwtbe variables included in our modeanel A
shows thaCost of Equityis positively correlated with cash flow volatilitg(Cash Flows) and firms’
growth prospectGrowth), and negatively correlated with market to bodloréM/B) and newness of
fixed assetsNewness Emissions Rates negatively correlated witBizeand, as expected, wilhewness
Panel B shows thXTM_Spreads positively correlated witBmissions Rates(Cash Flows)and
Newnessand negatively correlated will/B andCapital Intensity

Since we use panel data, all models are estimaiad pooled cross-sectional regressions with
robust standard errors clustered at the firm Iebatle 3 reports the results of multivariate regjiass of
Cost of Equityon Emissions Ratand control variables. While the univariate regi@s represented in
Model 1 does not reveal a significant relationdkgpiveenCost of EquityandEmissions Ratehe results
of Model 2 show that the coefficient of the var@Bmissions Ratbecomes significant at the 5% level
(t-stat.=2.214, p<0.05) after controlling for fisize, market to book, leverage, volatility of céistvs
and growth. Model 3 introduces two more variabtesdntrol for the age of the equipment and capital
investment intensity. Additionally, Model 3 showstCost of Equityis positively associated with
Growth(t-stat.= 4.210, p<0.01) andCash Flows)t-stat.=1.945, P<0.1jvhich are likely indicators of
current and future riskCost of Equityis negatively associated will/B (t-stat=-4.051,p<0.01), which
proxies for intangible good will. Environmentatkimanagement may result in corporate goodwill, and
goodwill may reduce the cost of equity.

Table 4 shows that there is a positive and sigaifi@ssociation betwe&missions Ratand
YTM_Spreadt-stat.=2.506, p <0.01). Therefore, our resultisifpim the direction that cost of debt is
positively associated with climate risk. Furthermas shown in Model 3, we find thatM_ Spreads
also positively related witheveraggt-stat.=2.109,p<0.05) angCash Flows)t-stat.=2.136,p<0.05)
which are likely to be associated to default riSkst of debt decreases with the valuddB (t-stat.=-
2.289, p<0.05).

The results regarding the effect of the age ofith@s assets in place and capital intensity on the
cost of equity and debt are somewhat intriguing.aifalyze the results based on the different payoff
functions of equity and debt investors. While egjhiblders’ payoff function has a “call-option”
imbedded within, i.e. equity holders will captuhe fpotential incremental benefits of investments in
future efficiency and pollution costs reductionsnd holders’ payoff function is fixed and as suomd
investors will not benefit from the potential inorental value from these investments. Additionatg
debt holders’ stake is better protected with lolegels of cash outflow, and consequent decreat®in
level of default risk and bankruptcy costs.

In the regression relating to the cost of equitgl€ 3, Model 3), the coefficient of the variable
Newnesss negative and significant at the 10% level ét-st-1.851). Newer equipment is likely to be



operationally and environmentally more efficieniefefore Newnessnight be associated with a lower
level of exposure to climate risklewnessnight also signal lower requirements for futureeistments in
the company.

On the contrary of the results obtained for the obgquity, the cost of debt is inversely related
to the age of assets in place in the company. Wigeresult may seem puzzling, it may also sugthegt
bond investors value the existence of newer equip@ecording to additional performance indicators.
For example, newer equipment might be associatddopierational and environmental performance, but
if the company emits relatively high carbon emisgiates it may imply that past capital investments
realized by the company did not result in increasf@idiency. It may also suggest that the compaegds
to invest in new equipment and efficiency in thamfaiture. Future capital expenditures may implydo
cash flows available for debt payments, and coressttyuhigher default risk.

The coefficient ofCapital Intensityis statistically insignificant in our sample févetcost of
equity analysis, although we would expect that iygaivestors benefit from future improvements in
efficiency from capital spending.

The coefficient ofCapital Intensityis statistically significant at the 5% level irethonds sample
(t-stat.=-1.982, p<0.05). This result suggests tis&tof debt investment decreases with capitahdpey.

It may also imply lower future capital expenditureguirements, higher future cash flows availabte f
debt payments, and consequently lower default risk.

CONCLUSION

This paper investigates whether corporate cliniateis priced by the capital market. Using
carbon dioxide emission rates of publicly trade8.lelectric companies, we conclude that the cost of
equity and debt financing increase with the le¥abxgosure to climate risk. The results hold after
controlling for firm size, market to book ratioybrage, cash flow volatility, long-term growth ragesset
newness and capital intensity.

Additionally, our results suggest that equity inees and bond investors evaluate corporate
climate risk from different lights. While the effeof capital intensity on implied cost of equisyriot
statistically significant, the cost of debt dece=awith new capital investments. We argue that debt
investors value the increase in future efficieresulting from current capital investments, and jbgs
lower requirements to invest in the future, resgliin less variability in the cash flows availafile debt
stakeholders.

The results concerning the relationship betweerttise of capital and the age of assets in place
are rather puzzling. While the cost of equity dases, the cost of debt increases with newer assets
place. Newer equipment is likely to be operatignatid environmentally more efficient. Therefore, we
expect firms with newer equipment to have a loweel of exposure to climate risk. We consider that
results from the debt analysis may be due to bowekstors’ valuation according to additional
performance indicators. The main variable in owalysis is carbon emissions rates. Companies with
newer equipment but relatively high carbon emissaias may still require future capital investments
pollution reduction technologies and, consequetttigre will be lower cash flows available for debt
payments, and higher levels of default risk.

By focusing on one industry we are able to corfsoindustry-wide factors. However, our study
is limited by the small sample size and reducetissitzal power of the analysis. Since large emstiefr
greenhouse gases are required to collect and régiartvith respect to greenhouse gas emissiohgto t
EPA since 2010, carbon data will be available sribar future. Future research could extend thdy/st
to other industries.

NOTES

[1] On September 18, 2007, a group of investoeesifficials and nowrofit organizations requested that the SEC
issue guidance clarifying that corporations mustldise material climate risks under existing lawcopy of the



Petition is available dtttp://www.sec.gov/rules/petitions/2007/petn4-54f .and
http://www.ceres.org//Document.Doc?id=358

[2] http://www.sec.gov/rules/interp/2010/33-9106.pdf

[3] For example, external constituents such asooosts, regulators, legislators, local communities]
environmental activist organizations, are moreljikictate corporate environmental risk reductitrategy
(Delmas and Toffel, 2008).

[4] EGRID reports emissions resulting from the gatien for carbon dioxide, methane, nitrous oxitigogen
oxides, sulfur dioxide and mercury. For the pugpokthis study, we focus on carbon emissions rates



Table 1 - Descriptive statistics

Panel A — The Implied Cost of Equity Sample (2QfH)3, 2006, 2008, 182 firm-year observations)

Cost of Equity (%)
Sizé

Market Value Equity
Log(M/B)

Leverage

o(Cash Flows)
Growth

Newness

Capital Intensity
Emissions Rate

Mean Std. Dev. 25% Quartile Median 75% Quartile
4.598 1.284 3.906 4.335 4.975
17,814 13,498 6,271 14,059 28,271
2,460 2,691 509 1,482 3,590
1.874 0.924 1.340 1.688 2.122
0.310 0.074 0.272 0.308 0.349
0.019 0.012 0.011 0.017 0.022
6.912 3.230 4.680 6.140 8.140
0.644 0.070 0.595 0.638 0.689
0.065 0.026 0.047 0.064 0.082
1643 676 1216 1696 1998

Panel B — The Cost of Debt Sample (2002, 2003, 220@8, 117 firm-year observations)

YTM Spread (%)
Sizé

Market Value Equity
M/B

Leverage

o(Cash Flows)
Growth

Newness

Capital Intensity
Emissions Rate

Mean Std. Dev. 25% Quartile Median 75% Quartile
2.383 2.453 1.155 1.833 2.485
18,913 13,893 7,361 14,901 29,873
2,615 3,097 465 1,416 3,600
1.909 1.080 1.299 1.677 2.118
0.334 0.087 0.277 0.326 0.371
0.020 0.014 0.009 0.017 0.024
6.811 2.874 4.850 6.240 7.935
0.650 0.073 0.598 0.647 0.699
0.066 0.028 0.047 0.061 0.085
1564 588 1208 1689 1984

*In Millions of dollars.



Table 2 - Pearson Correlation Coefficients

Panel A — The Implied Cost of Equity Sample

1)

(@)

@)

(4)

®) (6) @)

(8)

©9)

Cost of Equity(1) 1
Emissions Ra (2) 0.07¢ 1
Size(3) 0.009 -0.564 1
M/B (4) -0.31%3"  -0.004 0.122 1
Leverag: (5) -0.12¢ 0.01¢ 0.14C 02577 1
o(Cash Flows)6) 0.195 0.104 -0.143  -0.038 -0.007 1
Growth(7) 0.202°  -0.058 0.053 0321 0001 0072 1
Newnes (8) -0.14% -0.26™ 0.20C"  0.03¢ 0.057 -0.14F  0.09¢
Capital Intensity(9) 0.026 0.175 -0.131 0.002 -0.086 0.016 0.179 0.20" 1
Panel B — The Cost of Debt Sample
(1) (2) (3) 4 (5) (6) (8) 9)
YTM_Spreadl) 1
Emissions Ra (2) 0.21:" 1
Size(3) -0.085 -0.507 1
M/B (4) -0.206 -0.003 -0.065 1
Leverag (5) 0.12: 0.30¢™ -0.00¢ 0237 1
o(Cash Flows)6) 0.258" 0.236 -0.20f" 0.081 -0.037 1
Growth(7) 0.022 -0.164 0.205  0.011 0004 -0.136 1
Newnes (8) 0157  -0.20%" 017¢ -001: -000¢ -013 0288
Capital Intensity(9) -0.24%" 0.099 -0.054 0.155 0.036  -0.077 0.073 0.143

The significance levels are given by: ***p=< 0.01, ** =p < 0.05, * =p < 0.10.



Table 3 - Regressions of the Implied Cost of Equity on Carbon Emissions Rate

Predicted Sign Model 1 Model 2 Model 3

Intercept 4.311 2.231 3.534
22.916" 2.207 2.810"

Emissions Rate (+) 0.279 0.700 0.561
0.999 2.214 1.733

Size ) 0.213 0.213
2.220° 2.195

M/B ) -0.916 -0.899
-4.122" -4.051"

Leverage (+) -1.601 -1.409
-1.510 -1.329

o(Cash Flows) (+) 13.316 12.092
2.146° 1.945

Growth (+) 0.112 0.110
4.236" 4.210"

Newness (?) -2.103
-1.851
Capital Intensity (?) 0.647
0.198

Adj. R 0.161 0.316 0.329

F-statistics 8.517 8.810 7.581
Number of Obs 182 182 182

All models are estimated using pooled cross-seati@yressions with robust standard errors cludtare
the firm level. t-statistics are reported belowteacefficient in italic. The significance levels filie
independent variables are given by: **p= 0.01, ** =p < 0.05, * =p < 0.10.



Table 4 - Regressions of the Bond Yield to Maturity Spread on Carbon Emissions Rate

Intercept

Emissions Rate

Size

M/B

Leverage

o(Cash Flows)

Growth

Newness

Capital Intensity

Adj. R
F-statistics
Number of Obs

Predicted Sign Model 1 Model 2 Model 3

2.522 1.359 -4.271

4.884" 0.492 -1.301

(+) 1.497 1.634 2.424
1.903 1.639 2.508°

) -0.020 0.021
-0.074 0.084

) -2.554 -2.223
-2.546" -2.289"

(+) 6.585 5.547
2.387 2.109"

(+) 28.301 34.690
1.657 2.136"

(?) 0.088 0.032
1.127 0.432
? 9.679
3.219"

(?) -18.978
-1.98%

0.177 0.279 0.370

6.015 3.998 4.852
117 117 117

All models are estimated using pooled cross-seakimyressions with robust standard errors cludtate

the firm level. t-statistics are reported belowteacefficient in italic. The significance levels filne
independent variables are given by: **p= 0.01, ** =p < 0.05, * =p < 0.10.



REFERENCES

Bansal P., and I. Clelland. “Talking trash: leg#ioy, impression management and unsystematic risk in
the context of the natural environmeriéademy of Management Jourdal, no. 1 (2004): 93—
103.

Bauer, R., and D. Hann. “Corporate environmentaiagament and credit riskEuropean Centre for
Corporate Engagement (ECCE) Working Paf510).

Berk, J. “A critique of size-related anomalieR&view of Financial StudieSummer (1995): 275-286.

Botosan, C.A. “Disclosure level and the cost ofiggeapital.” The Accounting Review2(1997): 323—
349.

Botosan, C.A, and M.A. Plumlee. “A re-examinatidrdisclosure level and expected cost of capital.”
Journal of Accounting Researdfd, no.1 (2002): 21—-40.

Botosan, C.A, and M.A. Plumlee. “Assessing altauagproxies for the expected risk premiuriilie
Accounting Review80, no. 1 (2005): 21-53.

Boyd, J. “Searching for the profit in pollution pemtion: Case studies in the corporate evaluation o
environmental opportunities.” Resources for thauFi{1998). Available at SSRN:
http://papers.ssrn.com/sol3/papers.cfim?abstradd 4843

Brammer, S. J., and S. Pavelin. “Corporate repriand social performance: The importance of fit.”
Journal of Management Studié3(2006):435-455.

Branco, M. C., and L.L. Rodrigues. “Corporate sbraponsibility and resource-based perspectives.”
Journal of Business Ethi&9, no. 2 (2006):111-132.

Chapple, L. L., P. Clarkson, and D. Gold. “The aafstarbon: Capital market effects of the proposed
Emission Trading Scheme (ETS).” Working Paper (2009

Cho, C. H., R.W. Roberts, and D.M. Patten. “Theylaage of US corporate environmental disclosure.”
Accounting, Organizations and Sociéty, no. 4 (2010): 431-443.

Clarkson P, Y. Li, and G.D. Richardson. “The mankatiation of environmental capital expenditures by
pulp and paper companied.he Accounting Revie¥d, no. 2 (2004); 329-353.

Clarkson P, Y. Li, G.D. Richardson, and F.Vasv&evisiting the relation between environmental
performance and environmental disclosure: An eradidnalysis.’Accounting, Organizations
and Society33 (2008): 303-327.

Clarkson P, and F.Vasvari. “Does it really pay ¢ogneen? Determinants and consequences of preactiv
environmental strategies.” Working Paper (2006).

Claus, J., and J. Thomas. “Equity premia as lotheee percent? Evidence from analysts’ earnings
forecasts for domestic and international stock mt@tk Journal of Financeés6 (2001):1629-
1666.

Cormier, D., M. Magnan, and B. Morard. “The impattorporate pollution on market valuation: some
empirical evidence.Ecological Economic8 (1993):135-155.

Delmas, M. A., and M.W. Toffel. “Organizational pssises to environmental demands: opening the
black box.”Strategic Management Journ29 (2008): 1027-1055.

Dhaliwal, D., O.Z. Li, A.H. Tsang, and Y.G. Yand/dluntary non-financial disclosure and the cost of
equity capital: The case of Corporate Social Resibdity reporting.” The Accounting Review
86, no.1 (2011): 59-100.

Easton, P. “PE ratios, PEG ratios, and estimatiegrhplied expected rate of return on equity cépita
The Accounting Revie¥®, no. 1 (2004): 73-95.

Easton, P. and S. Monahan. “An evaluation of actiogibased measures of expected returibe
Accounting Revie80 (2005): 501-538.

Epstein, M.J. “Measuring Corporate Environmentaf®enance: Best Practices for Costing and
Managing an Effective Environmental Strategy.” mpMChicago, IL (1996).

Fama, E. and K. French. “Common risk factors inrétarns of stocks and bondgdurnal of Financial
Economics33 (1993): 3-56.




Fama, E. and K. French. “The capital asset prioioglel: Theory and evidenceJournal of Economic
Perspectived 8, no. 3 (2004): 25-46.

Francis, J., R. LaFond, P.M. Olsson, and K. Schipgi@osts of equity and earnings attributeBtie
Accounting Review9, no. 4 (2004):967-1010.

Freedman, M., and A.J. Stagliano. “Environmentpbréng and the resurrection of social accounting.”
Advances in Public Interest Accountihg (2004):131 — 144.

Garber S, and J.K. Hammitt. “Risk premiums for emwmental liabilities: Superfund and the cost of
capital.” Journal of Environment and Economic Managen®n(1998): 267-94

Gode, D., and P. Mohanram. “Inferring the costayital using the Ohlson-Juettner Mod&é&view of
Accounting Studie8 (2003): 399-431.

Graham, A. and J.J. Maher. “Environmental liakghti bond ratings, and bond yield&dvances in
Environmental Accounting and Managem&r{2003): 111-142.

Hamilton, J. T. “Pollution as news: Media and statkrket reactions to the Toxics Release Inventory
data.”Journal of Environmental Economics and Managen&(1995): 98 — 113.

Heinkel R., A. Kraus, J. Zechner . “The effect odgn investment on corporate behavidolrnal of
Financial and Quantitative Analysg6, no. 4 (2001): 431-449.

Hughes, K. E. “The value relevance of non-finanmielsure of air pollution in the electric industrhe
Accounting Review5, no. 2(2000): 209-228.

Jacobs, B.W., V.R. Singhal and R. Subramanian.é&fpirical investigation of environmental
performance and the market value of the firdnlirnal of Operations Manageme2f}, no.5
(2010): 430-441.

Jiang, G., C.M.C. Lee, and Y. Zhang. “Informatiorcertainty and expected returnRéview of
Accounting Studie$0 (2005):185-221.

Khanna, M., and L.A. Damon. “EPA’s voluntary 33f®gram: Impact on toxics releases and economic
performance of firms.Journal of Environmental Economics and Managen3@n{1999): 1-25.

Khanna, M., W.R.H. Quimo, and D. Bojilova. “Toxitdease information: A policy tool for
environmental protection.Journal of Environmental Economics and Managen3ént1998):
243 — 266.

Kim, M., J. Surroca, and J.A.Tribo. “The effectsafcial capital on financial capital.” Working Paper
(2009). Available at SSRNtttp://ssrn.com/abstract=1343863

King, A. A., and M.J. Lenox. “Exploring the locu$ grofitable pollution reduction.Management
Sciencet8, no. 2 (2002): 289-299.

Konar, S., and M.A. Cohen. “Does the market valmdgrenmental performanceThe Review of
Economics and Statisti@3, no. 2(2001): 281-289.

La Porta. R. “Expectations and the cross-sectistanfk returns.Journal of Financé1(1996): 1715-
1742.

Magness, V. “Environmental disclosure in the minimgustry: A signaling paradox?” in Martin
Freedman, Bikki Jaggi (edSustainability, Environmental Performance and Disclres
(Advances in Environmental Accounting & Manageméotume 4) Emerald Group Publishing
Limited, 2004.

Matsumura, E.M., R.J. Prakash, S.C.and Vera-Mut@arbon emissions and firm value.” Working
Paper (2011). Available at SSRhttp://papers.ssrn.com/sol3/papers.cfm?abstract 688738

Merton, R.C. “A simple model of capital market diprium with incomplete information.Journal of
Finance42 (1987): 483-510.

Modigliani F, and M.H. Miller. “The cost of capitatorporation taxes and the theory of investment.”
American Economic Reviey8 (1958): 261-297.

Ohlson, J. “Earnings, book value, and dividendseicurity valuation.Contemporary Accounting
Researct 1 (1995): 661-687.

Ohlson, J., and B. Juettner-Nauroth. “Expected &RBEPS growth as determinants of valireView
of Accounting StudieB0 (2005): 346—365.




Porter, M.E., and C. van der Linde. “Toward a nenaeption of the environment competitiveness
relationship.”Journal of Economic Perspectiv@gl995): 97-117.

Richardson, A., and M. Welker. “Social disclosumeancial disclosure and the cost of equity cagital
Accounting, Organizations and Society, no. 7/8 (2001): 597-616.

Schneider, T.E. “Is environmental performance &meinant of bond pricing? Evidence from the U.S.
pulp and paper and chemical industries.” Workingg?#2010). Available at SSRN:
http://papers.ssrn.com/sol3/papers.cfm?abstract 288761

Sharfman, M.P., and C.S.Fernando. “Environmensél management and the cost of capitgtrategic
Management Journ&9(2008): 569-592.




	The Pricing of Climate Risk
	Recommended Citation

	/var/tmp/StampPDF/SP1ZH019jp/tmp.1371270240.pdf.vEhlX

