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Abstract

Growing consensus exists that climate change hake important implications for financial stability
This paper quantifies the (syndicated) loan exposarelevated environmental risk sectors of the
largest banks in the US, EU, China, Japan and 8katzd in USD 1.6 trill. and it highlights the
importance in terms of total banks’ balance shefnce, the relevance of exploring prudential golic
responses including a harmonized statistical fraonleyswwhich could contribute to internalising the
negative externalities associated with climatesrisi both banks and their supervisors. Among the
supervisory tools, credit registers facilitate Hssessment of environmental risk drivers in “carbon
stress tests” formulated to assess the sensibt¥itlgan quality to changes in climate factors sash
disruptive technology shocks. These recommendatoangd contribute to make operational the
recommendations of the Task Force on Climate -@el&inancial Disclosures (EDTF, December,
2016).
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Introduction

The need for decisive policy action on climate dens broadly acknowledged. Since 1979,

international agreements have intended to increasareness of climate change risks and the
associated need to reduce gas emissions. Mositiedbe Paris Agreement was adopted at the Paris
Climate Change Conference (December 2015) to dtrenghe global response to the threat of climate
changé*

Financial policy and regulation are increasinglgognized as important dimensions of the transition
towards a low carbon economy that is consisterit thi¢ full implementation of the Paris Agreement.
2 On the one hand, the speed and the smoothnetb® dfansition to a green economy and the
adjustment costs could affect systemic financiakgi On the other hand, there is a growing
recognition now that the inculcation of green glires and standards into bank lending, trading and
investment practices are critical for achieving tbere mandates of International Financial
Organizations, such as the International MonetamgdF(IMF (2015) (a)) and the World Bank.
Economic growth and financial development shouldh aio be economically, socially and
environmentally sustainable IMF (2015) (b).Furthermore, it is widely accepted that low imep
developing countries (LIDCs) are especially vulidgdo the projected effects of climate change, and
will need significant support in the form of consesal climate finance to support adaptation effort
(IMF (2015)(c))?

! United Nations Framework Convention on Climate @ (seehttp://unfccc.int/paris_agreement/items/9485.php
accessed 13December, 2016). Specifically, its objectives wiexe(i) hold the increase in the global averageperature

to well below 2°C above pre-industrial levels andgue efforts to limit the temperature increasd.&C above pre-
industrial levels, recognizing that this would sfgrantly reduce the risks and impacts of climatamge; (ii) increase the
ability to adapt to the adverse impacts of climgiange and foster climate resilience and low greesd gas emissions
development; and (iii) to promote more consistémaricial flows towards low greenhouse gas emissant climate-
resilient development.” See
http://unfccc.int/files/essential_background/corti@mapplication/pdf/english_paris_agreement.pdf accessed 9th
September, 2016.

2 See Bank of England (BoE), ‘Breaking the Tragetithe Horizon — Climate Change and Financial Stigbi{Lloyd’s

of London, 29 September 2015) speech given by Gover Mark Carney
http://www.bankofengland.co.uk/publications/Docutiséspeeches/2015/speech844.p8ée also K Alexander, ‘Stability
and Sustainability in Banking Reform: Are Enviromted Risks Missing in Basel III' (United Nationspp. 25-26,
concluding that bank regulators should use Basgsl pillar 2 framework to require banks to condstiess tests and to
ensure that related areas of bank governance sindheanagement address macroprudential environmeygtamic risks.

3 IMF (2015) (a) “Financing for Development: Reviisi the Monterrey Consensus.” IMF Policy PaperyJaD15) The

IMF has recognized the importance of its role ipmarting the UN’s Sustainable Development GoalsGSPalong with

its international development partners.  Sep://www.imf.org/external/np/pp/eng/2015/06151#.paccessed 9th
September, 2016.

4IMF (2015) (b), “From Ambition to Execution: Poiés in Support of Sustainable Development Goalgff ®iscussion
Note, September 2015. The IMF staff discussescigslito promote economic and social inclusion andhtprove
resilience to climate related risks in supporting 8DGs. Sekttps://www.imf.org/external/pubs/ft/sdn/2015/sdh&5df
accessed 9th September, 2016.

5 IMF (2015) (c) “Macroeconomic developments andspexts in low-income developing countries” (Novemi2915)
https://www.imf.org/external/np/pp/eng/2015/111%i8.accessed 9th September, 2016.
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Against this backdrop, this paper analyses sonteeofmost relevant challenges posed to banks and
their regulators by the transition to a low carleeonomy. Also, it explores potential prudentidigo
responses, which could contribute to internaligimg negative externalities associated with climate
change by both banks and their supervisors. Hpermptakes an international perspective and it is
divided into three sections in addition to thigaacluction.

Section one explores the impact of the transitmm green economy on the banking system and
guantifies the corporate exposures of large bankbe US, EU, China, Japan and Switzerland to
economic sectors facing elevated environmentakriskne large magnitude of those exposures and
the ambitious goal of reducing gas emissions hypitlihe role of financial regulation and superwvisio
when dealing with climate change as explained icti&e two. In particular, the paper presents the
statistical frameworks for the classification obaomic activities, which allow for the identificati

of economic activities exposed to elevated enviremal risk. Also, this section discusses the needs
of supervisory reporting to assess environmensiisrusing the European Union framework as an
example. This section includes a stylized “carlsgatemic stress test” as well as a conceptual
framework for potentially “new” prudential regulayorequirements to account for environmental
risks. The last section concludes and reflectiuture policy developments.

1. The impact of the transition to a low carbon eaonomy in the banking sector
The analysis of the complexity of the potentigksiso the financial sector is still at an earlygeta The
Financial Stability Board (2015) has classifiednaie-related risks into three broad categories:
Physical, liability and transition risks. The ploai consequences of climate change extend beyond
the direct impact of natural disasters. Physiisisralso refer to the impact on insurance liabdit
and the value of financial assets that may ariem fclimate related events that damage property or
disrupt trade. In the financial sector, these IssBave consequences most immediately for the
insurance and reinsurance sectors, but also ertenel widely (e.g. banks)jability risks arise when
parties who have suffered loss or damage fromffieets of climate change seek compensation from
those they hold responsible. Such claims could cdewades in the future, creating liabilities for
carbon extractors and emitters and their insurets. the financial sector, these losses have
consequences most immediately for the insurandersdmut also extend more widely (e.g. banks).
Transition risks are the financial risks, which kcbiesult from the transition to a low-carbon ecaryo
Changes in regulation, technology and physicakristkuld prompt a reassessment of the value of a
large range of assets. The abruptness with which sepricing occurs could influence financial
stability. In the financial sector, these lossegehaonsequences most immediately for the bankidg an

8 Financial institutions in the general insurancd eginsurance sectors are well ahead of other dinhimtermediaries in
modeling catastrophe risk for the purpose of eistainlg regulatory capital requirements. Swiss Rertbmic Research
and Consulting suggests that climate change ig&singly posing a financial threat to the industvith insured losses
from weather events up globally 6.6% on averagbearpast 25 years and a record number of natutadtcaphes in 2014
(189).



asset management sectors but also extend to tmamte sector

Controlling climate change risks requires a deeishift away from fossil fuel energy and related
physical capital. At the same time, the long-tdromizon of the commitment to reduce emissions
(2030) and the costs of short-term action redueetédibility of some existing commitmeritdhere

are reasons why investors are less attracted twoanventally friendly projects. For example, the
maturity mismatch is a particular constraint ofacing environmental friendly projects because they
have comparatively higher capital expenditure anbilerable uncertainty exists regarding the future
of technological innovation aimed at reducing carlenissions (Weitzman, 2013). Against this
background, there is considerable uncertainty alwbether the shift to a low-carbon economy will be
gradual and benign — or late and abrupt.

There are two scenarios for such transition tovadarbon economy with different implications for
financial stability in general and the banking seat particular: First, a gradual and smooth trizms

to a low carbon economy that allows adequate tonéethnological progress to contribute to keeping
energy costs at manageable levels and for the gdlystbcks of carbon-intensive energy sources to be
replenished. This would allow the economy to smiyo#ndogenize changes associated with the
transition. A smooth transition would require sigrant and realistic investments in infrastruct(ire.
renewable energy), new technology (i.e. energyag®rand energy efficiency, which will have an
overall positive effect on the economy. Overaltbaredit quality and the performance of investment
portfolios would be resilient during the transitig®tern, 2008; Acemoglu et al. 2012). This sdena
implies that policy makers intervene in one or mairéhe following ways:

0] technology standards where regulators specifydblenologies that potential polluters may
adopt (e.g. emission limits). This is a centralizerm of pollution control which is typically
applied uniformly across emission sources due toiidtrative and enforcement costs;

(ii) emission taxes as per unit of pollutant (prices).

(i)  quotas or transferable permits in a centralizedeguwent created market. An emission
permit is a permission to pollute. The total numbepermits and the initial distribution
among the various polluters are assigned by govemhiagencies and polluters emitting in
excess of their allowances are subject to mongtanglties that incentivize trade (cap and

7 Bank of England (BoE), ‘Breaking the Tragedy dof thorizon — Climate Change and Financial Stabilityoyd’s of
London, 29 September 2015) speech given by Govéiaok Carney
(http://www.bankofengland.co.uk/publications/Docuntgéspeeches/2015/speech844.pdf accessed 9th Hept@®16)

8 As of August 2015, 26 countries and territoriescainting for more than 55% of global GHG emissibage submitted
Intended National Determined Contributions (IND@ith a 2030 target year (2025 in the case of thg(W®rgan Stanley,
2015). However, power plants that use combustilbganic material, as oil, coal, or natural gas aperate for up to 40
years and investment in alternative energy has daempened by unexpected changes in its regulatign (etroactive
government plans to curb revenues of already dpgrptojects in Bulgaria and Romania; retroactikiarges of tariffs in
Germany).

% Countries adopting emission taxes include Mexiepah, Denmark, Finland, France, Norway, Portugakden, S.
Africa (2017) and Chile (2018).



trade): Emission Trading System (ETS). Carbonitigadchemes for emission rights (ETS)
is the most popular pricing mechanisi.

Second, although carbon markets encourage redaatibemissions, the market signals for future
investment are unclear. Newell et al. (2014) artha the evolving nature of carbon markets and
associated design changes imply that governmemisotgrovide market certainty, increasing the
likelihood of a late and abrupt transition to a loarbon economy. The consequences of an abrupt
transition would be a sharp rise in energy coste\eering of the energy supply; sudden depreciation
of fossil reserves and economic obsolescence @&simwents and other capital stocks; as well as a
downward revaluation of the market value of firnte@ding to their exposure to carbon-intensive
resources and technology.

In particular, such an adverse scenario could affanks’ exposure to systemic risk via the follogvin
transmission channels:
* GDP growth could be impaired by the increase endbsts related to the supply
chain and/or changes in the demand for productgeiss in the cost of capital
» Direct exposure to “stranded assets” and high enmental risk sectors: financial
assets whose underlying value depends on the @atramr usage of combustible
organic material as oil, coal, or natural gas
* Second round effects due to the financial systedirent exposures to carbon
intensive assets and the global nature of cliroaéage risks

1.1Impact on GDP growth.
Economic growth is dependent on an adequate sugpiyergy. Disorderly transition to a green
economy could result in reductions in the supplgérgy, resulting in increased energy prices and
production costs with effects equivalent to a laagd persistent macroeconomic shock (ESRB, 2015).
Increased energy costs would be particularly disrapn carbon intensive industries (e.g. mininglan
unregulated utilities and power companies). O#w®ators could face similar risks, albeit at a lower
level (e.g. automobile manufacturers; oil and gasgel; chemicals; building materials and power
generation projects). Historical analysis of oicps shocks shows that even small shocks to the cos
of energy have substantial effects on real GDP trdWillian, 2014). Changes in the price of fossil
energy sources are one of the inputs in macroecmfonecasts.

10 Jurisdictions undertaking carbon trading schemelaide: the EU, California and China (merging seragional pilots

into a national ETS (2017)). The combined valu¢hefregional, national, and subnational carbonimgimstruments in

2015 is estimated at just under US$50 billion gliyhaf which almost 70 percent is attributed to $&Tand about 30
percent to carbon taxes. The existing carbon preeg significantly—from less than US$1 per tCOBaJS$130 per
tCO2 e. The 85 percent of emissions are pricedssatthan US$10 per tCO2 e, which is consideralgidhan the price
that economic models have estimated is neededabthme2°C climate stabilization goal, which acéogdo CISL (2015)

ranges from USD50 to more than USD300 per tCO2 erid\Bank , 2015).
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For example, the National Institute's Global Ecoatio Model (NIGEM)!! often used in
macroeconomic forecasts, is an integrated largbagjlmacroeconomic model, which assesses the
impact on GDP? inflation and unemployment of changes in the poédossil sources of energy
including oil, gas and coal as well as in the potagricultural raw materials and global food. eTh
impact on macro-economic variables is assessed ahianges of the above mentioned prices both
separately or in combination, over forty four caie¥, six regions of the world, which include those
most affected by climate change (e.g. Malaysia®math America) as well as the world econorhy.
Common shocks include among others changes in caityrrices!* The NiGEM macroeconomic
model also includes the technological progressungnt among its supply variables.

The IMF uses this model to simulate a multi-pesodnario of GDP shocks that mirrors the impact of
natural disasters in GDP.For example, in the case of Samoa, the IMF’'s WEddnomic Outlook
allows for the simulation of shocks that mirror ttyclone event of 2014 and its impact on GDP
growth. The multi period scenario solvency sttessis based on shocks that mirror the cyclonateve
of 2014 and its impact on GDP growth. In thesedasts, it is generally assumed that GDP growth
recovers to baseline growth over the forecast pereod. Acevedo Mejia (2016) estimates the refatio
between hurricane wind speeds and damages in ftiig@bo€an. The author estimates that the average
annual hurricane damages in the Caribbean wileaee between 22 and 77 percent by the year 2100,
in a global warming scenario of high CO2 concenrdret and high global temperatures.

GDP growth can also be affected by changes isdkeof capital, which, in turn, might be negatwel
affected by the uncertainty about temperature shatile to climate change. The cost of capital
represents a new channel that may contribute t@ake of climate change assessment. Using the
Arbitrage Pricing Theory (APT) in which temperat@igocks are a systemic risk factor, Balbers, Du
and Zhao (2016) assess the weighted average issréashe cost of equity capital attributed to
uncertainty about temperature changes as wels asgact on GDP growth in the US.

1.2Banks’ direct exposure to “stranded assets” andrexuic sectors facing elevated
environmental risks
Rapid downward revaluation of carbon intensive @sdee to very rapid obsolescence would have an
impact on banks with direct exposure to companiés mgh environmental risk (mining; oil and gas,
etc.). Such carbon intensive assets would becatnarnied assets” constraining the ability of some
companies to refinance their debt when it maturdke next few years (Carbon Tracker, 20%3)he

11 Seehttps://nimodel.niesr.ac.uk/index.php?t=1&badcessed 16th March, 2016.

12 Intensity of output (coal); Intensity of outpuia); Intensity of output (oil gas and coal); Inignef output (oil).

13 NiGEM has discrete models for 44 countries: AastBelgium, Bulgaria, Czech. Republic, DenmarkpBist, Finland,
France, Germany, Greece, Hungary, Ireland, Itaftyil, Lithuania, Netherlands, Norway, Poland, &gat, Romania,
Russia, Slovakian Republic, Slovenia, Spain, Swedmtzerland, Turkey, U.K., Brazil, Canada, Mexidd.S.A.,

Australia, China, Hong Kong, India, Indonesia, JafRep. of Korea, New Zealand, Singapore, Taiwdatném) and 6
regions of the world Africa, Middle East, Latin Aniea, Developing Europe, Central Independent St&tast Asia South
Africa.

14 Seehttps://nimodel.niesr.ac.uk/index.php?t=1&bsessed f6March, 2016

15 Seehttps://www.imf.org/external/pubs/ft/scr/2015/crB2ipdfaccessed 16th March, 2016.

16 Stranded assets whose underlying value depentteaxtraction or usage of combustible organic ratas oil, coal,
or natural gas.




so called “carbon bubble” is one of the most stddigks to the financial system. It refers to thero
valuation of fossil fuel reserves and, more gemgrtd assets of high environmental risk sectorhen
event of the world’s economies meeting the agrdgelctive of limiting yearly carbon.

Companies in these sectors are very much debtdathaither by the bond markets or by the banks.
Moreover, they have increased their indebtednes® she financial crisis, especially in the US and
emerging markets. For example, companies in thanol gas sectors almost tripled their levels of
debt from 2006 to 2014.High leverage will increase the severity of thedirlosses and debt repricing
in the face of a large fall of these asset prices.

Weyzig et al. 2014 have estimated equity, bond @edit exposures of EU financial institutions to
firms holding fossil fuel reserves (oil, gas anal¢@nd to fossil fuel commodities. In this sentiove
analyze the involvement of the largest banks in Wmited States (US), EU, Japan, China and
Switzerland in loans issued to corporates in higirenmental risk sectors as per Moody’s (2015b)
classification, which also includes, among othatgpmobile manufacturers, independent oil and gas
exploration and production, mining, steel, commpdhemicals.

Moody’s (2015b) has quantified the rated market ésdued by sectors exposed to immediate elevated
environmental risks (coal and unregulated power @tridy companies) over the next three to five
years in USD 512 billion (November, 2018).Lower demand for coal and increasing cost to mine
and use coal together with the policy support @rewable energy will put pressure on producers’
margins. At the same time, coal terminals thateberdrom long-term contracts are exposed to
counterparty risk and the underlying economicsojget contracts, which may need to be renegotiated
at or even before maturity. In contrast to theigulated peers, unregulated power and utility
companies such as coal plants and gas filled plamtsdirectly exposed to the market impact of
environmental regulations and do not receive theetieof cost recovery from tax-payers. All of
which poses higher financial risks.

Moody’s also identifies eight further sectors asirhig “emerging, elevated risks” over the nextehre
to five years: automobile manufacturers, independgmnd gas exploration and production, mining,
steel, commodity chemicals, building materials, aid gas refining and marketing and power
generation projects. These sectors account fartéio5 trillion of rated debt. Since the credipiact

IS not as immediate, issuers in these sectors hare flexibility in responding to regulations, in
developing or adjusting to technology, in the tighiior required capital expenditures to remedy or
prevent environmental hazards, and in passing pea&d cost increases to customers or taxpayers.
This risk could be reassessed given that the leng-impact on demand from policies to reduce carbon
emissions remains difficult to predict in scope gade in spite of the specific target set by théeddin

17 See data in CISnet.com (http://csimarket.com/Itrglindustry_Financial_Strength_Ratios.php?ind=107

18 For the purpose of assessing its impact on cropgitity and ratings, Moody’s defines environmenisk as falling
broadly into two categories: (a) adverse effecdi@fct environmental hazards, such as pollutiooyght or severe natural
or man-made disasters and (b) regulatory and gibley initiatives that seek to mitigate or prevelirect environmental
hazards or perceived hazards.



Nations Framework Convention on Climate Change (ORE) given the uncertainty surrounding
global policies in this area.

Sectors exposed to high environmental risks algaimllinancing from banks. Table 1 shows total
estimated value of outstanding loans to high emvirental risk sectors as of December 2014. In light
of the lack of clear internationally agreed defomt of “green” vs “brown” industries, this paper
follows Moody’s (2015b) classification of rated dédir the following industry sectors with immediate
or emerging elevated exposure to environmentasrisk

Mining - coal

Unregulated Utilities and Unregulated Power comesni

Power generation

Oil and gas: refining and marketing; independemi@ation and production.

Building materials

Chemicals-commodity.

Steel

Mining-Metals and other materials excluding coal

Automobile manufacturers

O O O 0O 0O 0o o o o

Annex | shows NACE 2 Rev and ISIC codes correspandd these economic activities with
immediate and emerging elevated environmentalussgd in our loan classification.

In order to assess the exposure of the largestsbantke US, EU, Japan, China and Switzerland to
loans issued to corporates in the above-mentioigddnvironmental risk sectors, we use Thomson
ONE financial database for syndicated lo&h&imilarly to Weyzig (2014), we use financial dzdaes

on the banks’ role as book runners for syndicatadg; that is, as the lead arranger who also peevid
a large share of the actual lending. Loans werstanding on 31 December, 20%4. Our study
includes the largest banks from the above-mentiaoedtries with financial information available in
SNL Financial and EU banks with financial inforneetti available in the ECB database on 31
December, 20142 Comparisons are limited by differences in accimgnframeworks between
countries.

The total estimated value of the outstanding logyosures to high environmental risk sectors in the
US, EU, Japan and Switzerland account for about US® trillion. See Table 22 Overall,

approximately 32.5% of the total value of the fiiei was provided to companies involved in the
exploitation of oil and gas and 27% of that samkiezavas lent to power generation companies.

19 Syndicated loans are considered the bulk of tiné fimancing.

20 We have assumed linear amortization of loans ésbefore 31 December, 2014 and with maturity s8ieDecember,
2014.

21 We have excluded subsidiaries and branches ofshfanin foreign countries.

22 By assessing the relative share of the 10 lafgegotal reporting if less) banks” high environrsmisk loan exposure
to each high environmental risk sectors in relatmtheir total assets, these findings can be pateded across sectors in
the respective country / area (US, EU, China, JaBaitzerland) to give an indication of the couhtayea total loan
exposure to high environmental risk sectors.



Automobile manufactures were recipients of 13.2%heftotal estimated value of outstanding loans
to high environmental risk sectors as of Decemlfd42 The remainder was financing chemicals,
building materials, steel, unregulated utilitiesl anining (coal and metals).

The value of outstanding loan exposures to higlrenmental risk sectors account for approximately
3.8% of the total assets of US banks; 1.4% ofdked tissets of EU banks; 0.5% of the total asdets o
Chinese banks; 2.2 % of the total assets of Japdrasks and 2.1 % of total assets of Swiss bainks.
the US, the highest exposure of an individual ingtin is 6.1%: of total assets of the banking system,
while in the EU the highest exposure of an ingtitutis 8.79%* of the total assets of the banking
system. In China, the highest exposure is 6°8%the total assets of the banking system. Imadap
the highest exposure is 3.7%6f the total assets of the banking system. Int&wland, the highest
exposure is 3.4%0of the total assets of the banking system.

The EU shows the largest value of outstanding learsgh environmental risks sectors followed by
the US, with approximately 72% of the EU expostw#owed by Japan, China and Switzerland. In
the US, EU, Japan and Switzerland the largest ptiopoof high environmental risk corporate loans
is concentrated in oil and gas companies followepdwer generation companies. In China, the largest
proportion of high environmental risk corporaterieas concentrated in power generation companies
followed by oil and gas companies. Table 2 shoual ®stimated value of outstanding loans to high
environmental risk sectors in the EU countrieseggmrted to Thomson ONE Banker in December
2014. The UK shows the largest exposures, in quaati to the oil and gas sectors followed by
Germany with largest exposures to power generdtitbowed closely by the automobile sector. In
France, the largest exposure to high environmerdialsectors is to oil and gas followed by power
generation sectors.

Table 3 shows the breakdown of corporate loan expsdy type of loan to high environmental risk
sectors in the US, China, EU, Japan as reportdtheamnson ONE Banker in December 2014. The
largest value by type of loan corresponds to raugleredit facilities, overdraft facilities and 8ong
rate notes (approximately 60% of the total loanosxgpe), which provide companies with the option
to take up financing from a bank (often a bankiygdécate)?® The value of revolving credit facilities
in Table 3 represents total committed amounts aoessarily fully called upon. The typical maturity
of revolving facilities is five years and they aséien renewed; but many companies renegotiate
(interest rates, fees) their revolving credit filgievery year. Term loans are next important imte

of value (approximately 35%) followed by bridgehgaand working capital and acquisition facilities
(approximately 3%), which are usually used for gaheorporate purposes. Trade finance, which is
short term and low credit risk, accounts for apprately 1.2% of the analyzed syndicated loans. High

22 PNC Financial Services Group, Inc.

24 Podravska Banka.

25 Bank of China Limited

26 Mizuho Financial Group, Inc.

27 Credit Suisse Group AG

28 The maturity mismatch is a particular constrairfimancing environmental friendly projects.
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credit risk project finané@ and senior unsecured long term debt account & tlean 1% of total
syndicated loans.

In the EU, close to 80 percent of loans to high aarbon assets have remaining maturity within the
next five years, which is comparable to Moody’sditrorizon to assess the impact of environmental
risks on credit quality of market issued rated debt

Not only banks will suffer because of the detettioraof the credit quality of loans. The same could
happen to pension funds and insurance companiesife®f the asset repricing due to an abrupt
transition to a low carbon economy, which woulddawmegative impact on the debt value and stock
price of companies operating in those sectors.

1.3 Second round effects due to the financial systelirect exposures and the global

nature of the climate change risks
In addition to the first round effects due to diregposures of the banking system to carbon intensi
sectors, the sudden and disorderly re-pricing ‘lhaad landing” transition to a low carbon economy
could trigger systemically relevant second rourida$. These could extend to the corporate bond and
leveraged loan markets, reflecting uncertainty alblo& extent to which firms of other sectors of the
economy could be affected directly or indirectly biye disorderly re-pricing (ESRB, 2016;
Schoenmaker and Van Tilburg, 2016). We should lvemind that for the most part, corporations
exposed to environmental risk show high leveragiesde.g. power generation, oil and gas, mining
and coal as well as chemicat8).

Not only corporations in those sectors and sovasetgat are highly dependent on coal, oil and gas
production would be particularly affected. The samoeld happen to developing economies with
limited capability to develop technological solutsoto manage environmental risks (e.g. carbon
capture storage, renewable energy), countrieslamttGDP/ per capita or those where the agricultural
sector exposed to climate change represents ahage of GDP! A recent report by Moody’s (2015)
shows that sovereigns in developing countries faagerial environmental risks representing USD
4,048 bill of the rated deBf. However, sovereign bond rating methodology does atcount

2 Acknowledging that project finance may involvegarisks for the environment, the Equator Principlere established
in 2003 to provide banks with voluntary guidance fiecorporating environmental and social risks i@ bank’s
assessment of credit and operational risks in lefggstructure investment projects. As a resuétngnlarge global banking
institutions have mainstreamed environmental gaeca principles into project finance (sh#p://www.equator-
principles.com/resources/equator_principles_lll.acdtessed 5th January, 2017).

%0See data in CSI Market.cort{p://csimarket.com/Industry/industry _FinanciareBigth Ratios.php?ind=2G&cessed
25 August, 2016).

3linsurance can't offset all of the economic anchgatimpact of a natural disaster. Even with inscearoverage at 100%
because it takes time to rebuild infrastructure ather capital investment. During that time, goveemt spending is likely
to be at least as high as in the absence of aatatisaster while tax receipts will fall comparadiy short, leading to a
deterioration of the fiscal position (S&P, 2015).

32Under a 2°C warming scenario, the share of the samface affected by extreme heat is projectect8percent in the
Middle East and North Africa, 30— 40 percent iniha&merica/Caribbean, and 45 percent in Sub-Sahafaoa (SSA),
as compared, for example, with 10-15 percent af larEurope and Central Asia. Projected global viagnis expected
to lead to higher precipitation variability and ieased evapotranspiration in warmer climates:2hGawarming scenario,
water runoff is expected to fall by 30-50 percenB5A and 10-30 percent in Latin America (IMF, 2015
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separately or explicitly for the credit risk podegclimate change. Moody’s (2016) argues that the
physical effects of climate change will vary depiean time frame and magnitude of imp&#long
these lines, S&Ps (2015) concludes that the gebgrampact of climate change is highest for
sovereigns in Latin America and the Caribbean fo#ld by Asia-Pacific. This reflects their increased
exposure to tropical cyclones and floods compacethé rest of the world. The average potential
additional direct damage from climate change fareseigns in Europe and Africa is much lower in
relative terms.

2. What role for financial policy?

The overriding objective of financial policy is &afeguard financial stability and build
resilience to shocks, wherever the shocks may doone3* Policy makers are encouraged to use a
systemic approach to identifying, assessing andagiag the potential risks that climate change could
pose to financial stabilit}? Policy action in response to the potential systemsk involved in the
transition to a green and low carbon economy cbhalge short term and medium terms responses.

2.1 Short term policy responses: Some proposals

The short-term policy response heavily relies ottelbbeunderstanding of: (i) banks’ and other
connected financial firms’ direct exposures to fioancial firms with immediate and emerging
elevated environmental risks and (ii) the consegegrof a disorderly transition to a low carbon
economy. Better disclosure of bank exposures avadilitate a timely assessment of potential risks
to financial stability and promote a “smooth ratktigan an abrupt transition towards a lower-carbon
economy.®®  The following regulatory framework and policyitiatives would support better
understanding of climate risks:

2.1.1 A reliable and fully harmonized statistica@rhework as well as effective disclosure

Such a statistical framework would allow busindssancial institutions, governments and rating
agencies to have access to reliable and compasdiistical data. To that end, it is vital thag¢ th
various categories for classifying economic adgegitare interpreted uniformly. The NACE Rev 2 and
the International Standard Industrial Classificati(51C) classification frameworks allow for a
relatively precise identification of economic adi®s exposed to risk in the transition to a lowboan

33 Moody’s (2016) argues that climate trends, sudli@sal warming, are typically gradual, multi-deeg@r multi-
century) phenomena, with little visible change frone year to the next. Climate shocks, such asrmggones or
droughts, can have significant and one-off creditlications given their potential to disrupt econornd social activity

34 G20 Communique Pittsburgh Summit Sept 2009 (sge/Mtww.g20.utoronto.ca/2009/2009communique0926Lht
Seoul G20 Summit (sdetp://www.g20.utoronto.ca/2010/g20seoul.Htmhccessed B October, 2016.

% Regulators have put particular focus on ensurireg donnected institutions are sound, adequatelitatized and
supervised with effective risk management and d&alke systems incorporating climate risks. Somatri@s are moving
in this direction. It is becoming more common fosturers to conduct regular stress testing and gigpes to specify
scenarios including natural disasters. Some camtréquire additional reserves against possiblastaphe events.
Solvency requirements may have capital requiremeottesponding to catastrophe risk. Some insuidjisapremiums
periodically based on loss experience.

%6See FSB, Developing Climate-related Financial Disates http://www.fsb.org/what-we-do/policy-
development/additional-policy-areas/developing-elieirelated-financial-disclosures/ accessed 4thatgn2017.
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economy (see Annex | for an identification of thé&@E Rev 2 and SIC classification codes
corresponding to sectors with immediate and emgrgiavated environmental risks as per Moody’s
(2015b) classification). For example, in the Ewap Economic Association (EEA) countries, the
NACE Rev 2 classifies economic activities and satmss of the economy and it is directly linked to
the SIC of all economic activities as adopted kg $tatistical Commission of United Nations (Rev
4)_37

However, a good statistical classification meth®dot enough. Effective disclosure requirements is
being set up for banks and other financial internarges playing a key role in improving governance
by improving transparency for investors regardihgirt involvement in unsustainable economic
activity. Institutional investors are often quesing banks” efforts to mainstream sustainability
challenges into their business models as well as ttrategies® In this regard, the EU requires
disclosure of non-financial information referringhang other “to environmental aspects such as
renewable and/or non-renewable energy land andrwate air pollution, greenhouse gas emissions
and the use of material3>The obligation to disclose applies only to largéed credit institutions and
large listed insurance companies, which are panedtértakings of a large group, in each case having
an average number of employees in excess of 5@0einase of a group on a consolidated basis. This
obligation does not prevent Member States fromirgggfrom undertakings and groups disclosure of
non-financial information other than that subjexcttis requirement by the Directive. In fact, thes

a wide diversity of institutions covered by thisdbsure requirement across European countriese Som
countries have implemented the minimum requiremdni$ others, implicitly or explicitly, have
included a number of other entities such as investntompanies, large non-listed companies
according to precise size criteria, state ownedpaones, pension funds, etc. Such reporting shazild b
based on current best practices both at natiortailba international levéf.

87 Regulation (EC) No 1893/2006 of the Europeani®@agnt and of the Council of 20 December 2006 distibg the
statistical classification of economic activitieASE Revision 2 and amending Council Regulation (ENG 3037/90 as
well as certain EC Regulations on specific staiitdlomains (OJ L 393, 30.12.2006, p. 1).

38Transparency is just one dimension of banks” gooparate governance. The Basel Committee’s Corpd@aternance
Guidelines for Banks adopted in 2015 include a nemd§ key concepts that are directly aligned with tonsideration
and management of environmental and social issa@sely: (i) a recognition of the impact of bankstloa broader setting
in which they operate {ie board should actively engage in the affairthefbank and keep up with material changes in
the bank’s business and the external environmer{tl) a recognition of banks’ accountability totaoad array of
stakeholders gither code of ethics or a code of conduct is idézhto foster a culture of honesty and accountiybit
protect the interest of its customers and sharedrsly; (iii) an emphasis on the need for an enhancédcugture (‘The
sophistication of the bank’s risk management ardrival control infrastructure should keep pace witianges to the
bank’s risk profile, to the external risk landscagred in industry practic®; and (iv) the call for ethical and responsible
behavior  f{reinforcing appropriate norms  for responsible and ethical behavior”) (See
https://www.bis.org/bcbs/publ/d328.pdfccessed 5th January, 2017).

39 Whereas clause 17, Directive 2014/95/EU of the pean Parliament and of the Council of 22 Octobéd2fmending
Directive 2013/34/EU as regardssclosure of non-financial and diversity infornaatiby certain large undertakings and
groups (L330, OJ 15.11.2014).

40 Union-based frameworks such as the Eco-ManagearehAudit Scheme (EMAS), or international frameveskich
as the United Nations (UN) Global Compact, the GgdPrinciples on Business and Human Rights imphging the UN
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Despite inaction at the international level, thedficial Stability Board (FSBjonvened a public-
private conference in London in September 2015twmece the understanding of the implications of
climate-related issues for the financial sector @isduss the potential contribution of early reguria
action to address financial stability risks can mak particular enhanced disclosures about carbon
and related climate risks and exposuffesThe dedicated Enhanced Disclosure Task Force EEDT
delivered recommendations to the G20 on climatatedl financial disclosures adoptable by all
organizations (not only financial firms) in Decemhi2016 (TCFD, 2016). The EDTF recommends
that financial disclosures should be provided ipocations’ main stream or public financial fillieg
with strong focus on risks and opportunities reldtetransition to a lower —carbon economy and that
financial disclosures should be designed to sotlettision useful forward looking information on
financial impactg?

In the particular case of banks, this paper defémaithe EDTF recommendations could be articulated
via (a) improvements in the supervisory reportinghviocus on high environmental risk sectors as
well as (b) the performance of “carbon stress test’a forward looking exercise to assess the
environmental risks impact on the transition tow tarbon economy.

2.1.2 Supervisory reporting and other prudentialls to account for environmental risks

This section explores the demands of supervis@grtimg that allow for an accurate assessment of
the environmental risks, which, in turn, would all@rudential supervisors to assess banks’ capital
needs. This paper focuses particularly on the éspez of the EU and, in particular, the recently se
up in the euro area. Successful prudential rapgprests on three pillars: (a) regular call repaith
granular information on economic activities expogedelevated environmental risks including
concentration risks; (b) banks’ assessment of tiégrnal Capital Adequacy Assessment Process
(ICAAP)and (c)credit registersequesting regularly granular credit risk data:

(a) Call reports to assess the financial condition ahks as well as the sufficiency of their own
fundsthat allow an accurate assessment of environmeska require information of credit
exposure to sectors with immediate and emergingatdd risks associated with the transition

‘Protect, Respect and Remedy’ Framework, the Osgdioin for Economic Co-operation and DevelopmerEGD)
Guidelines for Multinational Enterprises, the Ima&tional Organisation for Standardisation's ISO@6@he International
Labour Organisation's Tripartite Declaration ofngiples concerning multinational enterprises andiadgpolicy, the
Global Reporting Initiative, or other recognisetkimational frameworks.

4! Following the London meeting, on 4 December 2@t6,FSB created the Enhanced Disclosure Task R&f&F)
consisting of representatives from private finahicigtitutions to assess what role voluntary disale of climate change
risks can play in encouraging banks to discloseir ttidimate change risks to regulators, investorsd an
http://www.fsb.org/what-we-do/policy-developmenid#ibnal-policy-areas/developing-climate-relatedafincial-
disclosures/ accessed 18 February 2016 and “Tasle lém Climate Related Financial Disclosures: Ph&seport of the
Task Force on Climate —Related Financial Disclosugril, 1 (https://www.fsb-tcfd.org/phaselrepaaticessed April 1,
2016).

42 Seehttp://www.fsh.org/2016/12/recommendations-of-thsktforce-on-climate-related-financial-disclosu@stessed

4" January, 2017.
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to a low carbon economy. Similarly, the reportofdarge exposures to individual creditors
requires reporting only by sector, which, as exymdiabove, is insufficient to identify large
exposures to economic activities at elevated risthée transition to a green econofdyAs
shown in Annex I, it would require granular inforiiaa at the level of at least 2 digits in the
NACE Rev 2 classification and 4 digits in the Sl@s3ification.

For example, in the EU common rule book for theutaipry requirements on own fundg,
individual banking groups are required to submitni@nized, consolidated and IFRS
consistent quarterly financial statements: FINRBRBIghce sheet and income statements
including the breakdown of loan advances to noaffaial firms) and COREP (own funds) do
not require detailed information of credit expostweassess the immediate and emerging
elevated risks associated with the transition towacarbon economy. The classification by
sector (18 sectorsp too broad?® In COREP, the reporting of large exposures toviddial
creditors requires reporting also by sector, whashexplained above, is insufficient to identify
large exposures to economic activities at risknm transition to a green economy. The call
reports of EU banks would require revision along #bove described lines if prudential
regulators want to give consideration to environtalemsks.

(b) Banks’ assessment of their internal capital adeguatich is later assessed by their prudential
supervisors, allows to identify material risks aeiscribe their management control. This
would include environmental risks. Banks assess tiegulatory capital requirements in the
context of a stress test exercise under two pleusitenarios (baseline and stress). This
exercise encompasses business risks associatetheithansition to a low carbon economy
under various hypotheses of what impact such aitran could have on GDP growth (Section
2.2.2 presents the rationale behind the “carb@sstiest”). For example, at present, in the EU,
banks generally do not assess the impact of riskslved in the transition to a low carbon
economy on their loan or bond portfolios. Thesefplios are not regularly subject to shock
simulations (e.g. sudden economic obsolescencapitat stocks, sudden revaluation of fossil
fuel reserves), which would help assess the impiatie credit risk on the stressed portfolio in
banks’ profits and solvency.

(c) Credit registers that regularly collect granularemtit risk data from banks and other credit
institutions. These databases are composed of detailed anddunali pieces of information

430nly exposures to individual creditors and not tougs of related companies.

44 Commission Implementing Regulation (EU) N° 680/40sf 16 April, 2014 laying down implementing tectwli
standards with regard to supervisory reporting naftiiutions according to Regulation (EU) N° 575/204f the EU
Parliament and of the Council (L2191, 0J 28-6-2014) (http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32014R0680&from=E&kccessed 23th February, 2016); keeping the ogtion
supervisors to ask for a less frequent reporting

45 Agriculture, forestry and fishing, Mining and qogng, Manufacturing, Electricity, gas, steam amdcanditioning
supply, Water supply, Construction, Wholesale aidirtrade, Transport and storage, Accommodatiehfaod service
activities, Information and communication, Reabéss@activities, Real estate activities, Administ&and support service
activities, Administrative and support service tigs, Education, Human health services and soaiak activities, Arts,
entertainment and recreation and Other services.

14



about instruments giving rise to credit risk, irdihg classification of counterparties according
to their economic activities and subsectors ofeb@nomy exposed to elevated environmental
risks. Credit registers can also provide importaeekdowns and details, such as information
on the structure (e.g. project finance) and ridgkgpas of credit granted by the financial sector
(e.g. probabilities of default, impairments, matyrcurrency, interest rates). In section 2.2.2,
we analyze the applicability of credit registersiress testing. For example, in the euro area,
the ECB has launched a credit register called Agthgrwhich fulfills these requirements to
assess the risks associated with the transitiarides carbon economs§?

2.2 Medium term policy response

The medium term policy response relies heavilyamdy on better governance of banks, other
financial institutions but also on an effectiveigential regulatory framework, which would takeoint
consideration the importance of the environmenmsaist

2.2.1 Governance of banks ‘prudential supervision: Rewisof the Basel Core
Principles for Effective Banking Supervision (BCPs)
The Basel Core Principles (BCPs) last revision 0i2 aimed at promoting best practices in bank
prudential regulation and supervision. The BCRsused as a benchmark for assessing the quality of
their supervisory systems and for identifying fetwork to achieve a common ground of sound
supervisory practiceé¥. The compliance assessment of BCPs is part ofetyelar financial sector
stability assessments of the IMF and World Bank.

A comprehensive approach to an orderly transitooa low carbon economy would require
prudential supervisors of banks to internalize mmmental risks in their governance systems and
procedures as well as in the banking regulatompéaork. Hence, environmental aspects should be
included in frameworks for:

- the governance of bank supervision (e.g. licamsiiteria; supervisory technigues and tools;
internal control and audit);

- the definition of capital adequacy (e.g. PillastBess testing and Pillar 3 disclosures);

- the risk assessment process of banks (e.g. r@slagement process that takes into account

loan exposures to sectors with immediate or emgr@ievated environmental risks and

identify, measure, evaluate, monitor, report andtrod or mitigate concentrations of risk
including risks related to the transition to a learbon economy on a timely basis). For
example, in the US, the Office of the Comptrolldrtiee Currency’s (OCC) has issued
guidelines for supervisors in connection with thpexvision of banks “Oil and Gas Exploration

46 The ECB has the power to impose sanctions on riegaatents that fail to comply with statistical og{ing
requirements defined or imposed in ECB regulatmmdecisions. Regulation (EU) 2016/867 of the EeaypCentral
Bank of 18 May, 2016 on the collection of granudegdit and credit risk data (ECB/2016/13) (L144J 106.2016 )

(see http://eur-lex.europa.eu/legal-content/EN/TXT/PDFi2CELEX:32016R0867&from=ESaccessed "5 January,
2017).

47See http://www.bis.org/publ/bcbs230.pdf (accesskdarch, 2016).The BCPs were complemented a fsavsylater
by similar codes for the supervision of securitpsrations (I0OSCO) and insurance supervision (IA&re compleme
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and Production Lending.” These are guidelines amd@nt credit, interest rate, liquidity,

operational and reputational risks managerfiént;

- the disclosure and transparency requirementsifarnkk disclosures that reveal among others
the processes, including environmental risk assessmand business strategies to incorporate the
adjustment costs to the transition to a low carbammomy) and;

- the international coordination among prudentialpesvisors (e.g. cooperation also
encompasses home and host supervisors’ assesshamiks’ risks exposure to environmental risks
as well as systemic risks related to the disordealysition to a low carbon economy).

Along these lines, it could be argued that the gjings for assessors of the BCPs should be
further revised to require bank supervisors to @rsthe risk associated to the transition to a low
carbon economy in their supervisory practices dbasen the banking regulatory framewdtk.

2.2.2"Carbon stress test” for banks
Stress tests are an important tool in gaugingdbestness of the financial system to withstandelarg
plausible shocks (e.g. incidence of a natural tesasThis explains the importance of well-artetied
models that provide a coherent and consistent frariefor assessing to what extent environmental
risks pose a challenge for financial stability.gutie 1 shows a stylized representation of a “carbon
stress test.”

ESRB, 2015 and Schoenmaker and Van Tilburg, 2086eathat prudential regulators could run
“carbon stress tests” to assess the impact on baaggal and profitability of an adverse scenario
consisting in a disorderly transition to a low earteconomy that could affect systemic risk.

48 See https://occ.gov/publications/publications-by-typmfmptrollers-handbook/pub-ch-og.pdiccessed 4th October,
2016.

49 Seewww.bis.org/publ/bcbs130.pdaccessed 3rd February, 2017). The Core PrircMiethodology (2006) is used
for assessments of compliance with the BCPs.
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Figure 1: Stylized representation of “carbon stres test”: View of the way in which a shock might
impact banks’ CAR and P&L
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However, such models are based on historical extpesiand do not represent any “best guess” of the
way the economy (e.g. bank’ lending, borrowers brna credit losses, environmental risk
management) might evolve in the new circumstancésak, 2007). Given that environmental risks
are not always clear cut in terms of materialigale and timing, financial models that only rely on
past performance and creditworthiness are an iegrit guide to assess the systemic impact of such
risks. Large plausible environmental shocks cadilect systemic risk via two channels:

0] the impact on GDP as a result of supply and/or aehtasruptions caused by (1)
the adverse effects of direct environmental hazégds drought) or severe natural
or man-made disasters (e.g. deforestation); (2)laggry and other policy initiatives
that seek to mitigate or prevent said environmdmazhrds (e.g. carbon taxes) and,
(3) disruptive technological shocks related to mh@nagement of environmental
risks (e.g. improvements in technology of solargig)h

(i) banks’ direct exposure to sectors with immediate emerging elevated
environmental risks (e.g. mining and coal, unregaautilities and power
companies).
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Environmental risks coexist with other drivers oddit risk. Rating agencies consider environmental
risks vis-a-vis other issuer or sector characteristics that maygate or exacerbate their impact
(Moody’s 2015by° Environmental risks are one of the drivers oflitreisk for banks with exposure
to sectors and/or geographic regions severelytafiidzy them. Other drivers of credit risk are miggur
and time diversification, which spreads maturitgsr the whole cycle, thus helping liquidity risk
general, longer term loans are considered morg biskause there is less visibility into the imghet
credit risk will have on the overall cash flow-gesteng ability of the borrower. Nonetheless, from
the viewpoint of the transition to a low carbon eamy, longer timeframes give borrowers more time
to adapt and increase the likelihood that technpletl change or that lower cost solutions can be
implemented. It also gives a borrower the oppotyuie change its business model or its balancetshee
in order to adapt to long term environmental risklawever, this rationale does not apply in theecas
of credit event risks with low probability and higbverity, which can take place in the transitmea t
low carbon economy (e.g. sudden regulatory changéabilities from environmental disasters).

The impact assessment of microeconomic factorserd behind individual creditors’ default related
to the transition to a green economy could grelaglyefit from granular credit risk data from banks
and other credit institutions. Credit registersvpde historic data on risk patterns, ideally oaer
complete business cycle, which contains valuablernmation of the historical default frequency
distributions and allow the assessment of averdy&Pough the business cycle. The “carbon stress
tests” could assess the impact of a driver of emwirental risks (e.g. emergence of a disruptive
technology) on the average PD and the stressed PD.

As it is the case with typical bank stress testinghe “carbon stress tests” for each bank anelgoay

of credit risk exposure to environmental risk theses can be computed by combining the stressed
PDs with the stressed LGDs once the timeframe kas befined (generally one to three years) and
the shock has been calibrated. Shocks shouldt@soaccount of path dependencies (e.g. empirics
show that a downgrade is more likely after a presidowngrade)’> The losses can be measured on
an incremental basis (in percentage points) agaestiosses obtained for the projected baseline
scenario and/or against losses obtained from POsL&Ds observed in a reference year. The
presentation of outcomes of the “carbon stress’tesercises is based on two metrics: (a) impact on
regulatory capital requirements and (b) the immactafter-tax profits over the defined time frame
(provisioning, write-offs, and income arrears).

%0 For example, for an industry that contends withiremmental risks as well as other risks and futiabilities (e.g.
pensions), significance to ratings does not lianalyzing exactly how much pressure environmeigésrepresent, but
rather in assessing in aggregate how the totafitisks will affect an issuer’s default and recoyer

51 The credit impacts of changes in environmentalila&ipns may occur from a direct prohibition ontaér activities, or
they may alter market dynamics or create incentfeesertain technologies or modes of productionhat expense of
others (Moody’s 2015b).

52 Asset correlations tend to increase in periodscohomic distress. This increases the likelihdodiedault correlations.
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Models can be formulated to assess the sensib¥ikyan quality, for each loan across loan portfoli
categories, to changes in macroeconomic condiaisngell as climate factors.

NPLi,t =a, + B(Climate factor);, + a; NPLi,t-1+¥X  BF,t —s MACRO F,t-s+ ¢;,

Where NPLi,t stands for the logit transformatiomoh-performing loans as a ratio over total loains o
credit institution i in year ty, stands for the fixed-effect for credit institutigr gauges the specific
climate factor i in year t and MACROF,t-s stamaismacroeconomic factor F, period t-s (s is the
time lag). The typical macroeconomic specificatiordude GDP growth and long-term interest rates
but could also include sector economic variabkes.example of climate factors for a particular sect

is the value of stranded assets due to new dismiptichnologies over profits before taxes of that
particular sector. The regression analysis wolitthsthe statistical significance of this environrian
factor. Moody’s (2015b) highlights three primamedit effects from carbon-reduction policies for
non-financial corporates: Regulatory risks; disiwgtechnology shocks that would have a negative
impact on incumbents with limited capability to ptigheir business models and direct costs such as
the imposition of carbon taxes or purchase of cagmrmits>®

53

a) Regulatory risks. Environmental regulations hdwedreatest potential to change credit profilessiers and
sectors, primarily in the private sector but alsothe public sector. The credit impacts of changes
environmental regulations may be the result of fitibn on certain activities. Also, regulationsayn
permanently alter market dynamics or create ingestior certain technologies or production modethat
expense of others.

When regulations are known and transparent, thedutredit impact is reasonably visible, moreovbis
impact could generally be managed when there imak transition period before regulations beconfecéf/e
(e.g. like the planned closure of all German nuctgmerating stations in 2022). This is not theecarhen
regulations set a target (e.g. to achieve a cepainentage of power from renewable sources orep&age
reduction in emissions) with unclear repercussibtasgets are not met because there may be palititerests
that affect the timing and method of implementates well as the rigor of enforcement. All of these
considerations may create uneven playing fieldeduce visibility regarding which issuers’ credibfiles will

be affected. Thus, it is important to assess ategsnnstitutional framework, its effectivenessdapolitical
credibility.

b) Disruptive technology shocks that would have a tieg@ampact on incumbents with limited capabilityadapt
their business models. For example, coal proddaesslong-term demand for carbon-intensive energlso
suffer from other more immediate factors, suchhasmpact of the US shale gas boom.

c) Direct costs such as the imposition of carbon tatepurchase of carbon permits. For example, edgdl
electricity and gas utilities are exposed to riskgeneration plants that face higher economic lesresulting
from penalties or taxes on their operation or envinental upgrades that are required (e.g. carbattiegn
plants that incur carbon taxes, plants that mugtdinissions credits to operate and plants that ingsll
environmental equipment to continue to operatelthodigh the impact of taxes, credits or upgrademisas
severe as to require plant’s likely closure, suichall costs are sufficient to have a material impacthose
plants’ competitiveness relative to other genegatbhe costs could also influence the utility'®sasnd require
environmental expenditures or further expansiothefasset base.
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Indeed, further analysis is needed to define cknehtange risks and understand transmission. tCredi
risks related to the transition to a low carbonneeoy merit continued attention as additional
information becomes available to inform credit rsisessmentd. Against this background, the design
of consistent and comparable environmental risloedpe data across countries as well as reliable and
efficient climate related financial disclosure milare paramount. At present, although most G20
jurisdictions have some type of rule or regulatgpmydance that requires climate-related disclosoire f

at least some corporations, a limited number pedaectly to climate related financial risks. Then

be explained partly by the lack of a generally agrapon definition of “material” climate risk that
triggers disclosure requirements (TCFD, 2016 p.cbiparable to the Moody’s (2015b) definition of
sectors exposed to elevated environmental risk.

2.2.3 Conceptual framework for (new) prudential regulatorrequirements:
Environmental aspects

If the impact of environmental risks results inditdosses of certain bank exposures (e.g. dubdo t
negative impact on the borrower credit standing essult of the obsolescence of the technology used
for the production of solar panels), such losseslavde covered with loan loss provisions, which
would have a negative impact on banks’ after-tafits.

If environmental risks have a permanent impactughothe economic business cycle and permanently
increase the long term PD of exposures to elevatenlonmental risk sectors or sovereigns, prudentia
regulators should consider a revision of the mimmmeapital requirements. They should base their
revision on the carbon intensity of individual egpoes via the increase of the asset risk weights in
order to curb banks’ incentives to accumulate expEsssubject to elevated environmental risks, hence
a penalization prudential regulatih.This subsequent increase of the minimum capeglirement
associated to that asset class (including off lna@lameet exposures) should cover unexpected losses.

Another measure that regulators may consider tmahiative environmental risks relates to the
potential revisions to banks’ large exposures fraork. The goal of these measures is to place a
guantity based and/or price based constraints ¢on@ination of both) to the amount of exposures to
sectors/sovereigns with elevated environmental riQkiantity based large exposure limit sets a hard
limit on exposures relative to a bank’s Tier 1 talpat a level which would trigger a supervisory
respons&® Price based constraints set risk-weight add-assdon the amount of a bank’s exposures
to individual corporate / sovereigns exposed tdlegvironmental risk relative to a bank’s Tier 1
capital in order to disincentive a build-up of expee concentration above certain minimum threshold.
Disincentives could be based on risk-weight addamsicremental steps as large exposures increase

54 At present, direct climate change hazards argeieral, not a material driver for credit rating®o6dy’s, 2015).
5 Indeed, it could be argued that large uncertagmtgts about the particular quantification of thmact of the
environmental risks, which makes difficult the badition of risk weights.

%6 The existing regulatory threshold is 25%.
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as a percentage of Tier 1 capital instead of ai8&tweight add-orR! Alternatively, disincentives in
the form of incremental risk weight add-ons coutd designed to trigger above certain minimum
exposure relative to a bank’s Tier 1 capital. Sachemental risk weight add-ons would trigger ap t

a “hard” concentration limit also defined in terofdbank’s Tier 1 capital, which would be calibrated
to act as a prudential backstop for outliers pribinidp holdings beyond that threshold level. However
in addition to the difficulties of calibrating tmsk weights, the downside of price-based constsam
that may not be sufficient to promote change inkblaehavior. Furthermore, risk-weight add-ons
based on the amount of a bank’s exposures mayestfhicient in case of severe shocks due to a
disorderly transition to a low carbon economy.

Last but not least, prudential supervisors coulasader transparency requirements via enhancements
to the Pillar 3 disclosure requirements in the ernof Basel 11l framework, which could include sem
annual disclosure requirements related to enviranah@ sk exposures to corporate and sovereigns as
well as their risk weights. Enhancements coulduithe a breakdown by accounting classification as
well as a breakdown by portfolio duration.

Enhanced prudential regulations (large exposurdseansions of Pillar 1 and 3) should ideally apply
to every tier within a banking group and on a fudbynsolidated basis. Effectiveness of prudential
regulatory standards to deal with environmentaisriwill rely on its international level playing feée
application and cooperation (e.g. exchange of méiion).

At present, most supervisory agencies in the G2fhttes do not believe that minimum capital
requirements (or prudential regulatory requiremantgeneral) should be used to limit environmental
risks (Alexander, 2014).

3. Conclusions and some policy reflections
Growing evidence suggests that climate change iekse important implications for financial
stability, although the analysis of the complexafythe potential risks to the financial sectortiff at
an early stage. The banking sector is most imn@gliaffected by the financial risks associated to
the disorderly transition to a low-carbon economlyich could affect banks’ exposure to systemic risk
both via impaired GDP growth and via banks’ expedorelevated environmental risk assets. Banks
are slowly growing aware of these considerations.example, in November 2016, France’s Société
Generale has announced that it will stop financiay-powered electricity plants starting from Jagua
2017 and increase its support for renewable engrgjgcts and scale back outstanding loans to the
coal industry fvith a goal of reducing the proportion of coal-fieel share in power production
financed by the bank to 19 percent by 2020

57 The calibration and number of thresholds andwisight add ons would be determined in the contést quantitative
impact study, with a view to accommodating divgrsitross countries.

58 Seehttp://af.reuters.com/article/commoditiesNews/id N1 CX4K5 (accessed 3rd November, 2016).
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The (syndicated) loan exposure to elevated enviemtah risk sectors of the largest banks in the US,
EU, China, Japan and Switzerland amounts to USDtrlll®n as of December, 2014. Overall,
approximately 32.5% of the total value of the fiiei was provided to companies involved in the
exploitation of oil and gas and 27% of that samkiezavas lent to power generation companies.
Moreover, these sectors show high leverage ratidact which aggravates potential systemically
important second round effects. Those exposuresuat for a non-negligible percentage over total
assets of the banking systems in the respectivatiges although comparisons are limited by the
differences in the accounting frameworks (e.g. 3@d%he total assets of the US banking system). In
addition, banks are exposed to environmental riskgheir bond (corporates and sovereigns
particularly in Latin America, the Caribbean andaABacific) and equity portfolios.

Against this background, the objective of pruddmnpialicies should be to internalize the potential
negative externalities associated with climate geany both banks and their prudential supervisors.
Short term policy action should aim at better ustierding the direct exposures to high environmental
risk sectors, which demands a reliable and fullyrfuaized statistical framework that allows both
banks and their supervisors for detailed idenfiftcaof sectors exposed to high environmental risks
along the SIC (and NACE in the EEA) classificatfcameworks.

Among the supervisory tools, this paper highligts importance of credit registers as a tool that
facilitates the assessment of environmental rigleds in “carbon stress tests” formulated to astess
sensitivity of loan quality to changes in climagetiors such as regulatory risks, disruptive teatul
shocks and/or direct costs such as the imposifi@arton taxes / purchase of carbon permits. To the
extent that environmental risks could permanenttyaase the long-term probabilities of default of
homogeneous loan portfolios through the businestecyrudential regulators should consider a
revision of banks’ minimum capital requirements.

Last but not least, a comprehensive approach todarly transition to a low-carbon economy would
require prudential supervisors and banks to intemmaenvironmental risks in their governance
systems. Revisions of the assessment methodolotpne dasel Core Principles for Effective Bank
Supervision should be considered to take into clamation environmental aspects.

In sum, this paper recommendations would conteiltot make operational the December, 2016
recommendations of the Task Force on Climate -eél&tinancial Disclosures (EDTF) to G20
countries.
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Annex |: Sectors exposed to immediate and emerginglevated risks associated with the
transition to a low carbon economy: NACE REV 2 andSIC 1987° codes
NACE REV 2 SIC 1987

Immediate Elevated Risk
Coal 05.1 1221
1222
1231
2999
Unregulated utilities an@35.2 4923
unregulated power 4924
companies 4925
4932

Emerging Elevated Risk
Power Generation 35.1 4911
4931
Oil and gas: refining and06.1 06.2 09.1 1311
marketing 1321
1381
1389
1382
Building Materials 23.3 23.4 23.5 23.6 3251
3253
3259
3261
3262
3263
3264
3269
3241
3274
3275
3271
3272
3273
3275
3292
Chemicals- commodity 20.13 20.14 2869
2819
2869
2812

59 SIC 1987 is the classification used by Thomsom BABKER.
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2813
2816
2819
2861
2865
2869
2874
2895
2819
2842
2843
2869
2891
2892
2899
2992
3482
3695
3861
3952

Emerging Elevated Risk

NACE REV 2

SIC 1987

Steel

241 24.2 24.3

3312
3313
3315
3316
3317
3321
3399
3449
3492
3494
3496

Mining-Metals and othe
materials excluding coal

roz.1 07.2

1011
1094
1099
1021
1031
1041
1044
1061
1094
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1099

Oil and gas: Independend6.1 06.2 1311
exploration and production 1321

Automobile Manufacturers | 29.1 29.2 29.3 3519
3711
3713
3714
3716
3743
3799
7538
2451
3537
3711
3713
3715
3792
3799
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Table 1: Total estimated value of outstanding loan$o high environmental risk sectors as of
December 2014 ($ mil)

Sector us EU CN JP
United States European Union China Jag
Mining:coal 7,490 12,601 3,543
Unregulated Utilities and Unregulated Power compsn 20,970 25,192 1,192
Power generation 120,979 201,931 23,547 7
Oil and gas: refining and marketing 199,10/ 215,285 14,470 8
Building Materials 10,861 24,303 828 2
Chemicals-commodity 44,224 62,178 7,316 4
Steel 19,348 22,867 2,019 1
Mining-metals and other materials excluding coal 6486, 27,318 6,797 1
Automobile Manufacturers 63,121 110,349 9,490 2
Total 505,755 702,024 69,202 30

Source: Thomson ONE Banker- Syndicated loans téodh loans are considered of marginal
relevance). Exposure is expressed in value te®msl(), and it is the outcome of extrapolatinghe
whole national banking sector, the same percentdgie 10 largest banks’ exposure to high
environmental risk corporate exposures to theal tassets. Data refer to consolidated banks’ balanc
sheets. The 10 largest banks as per their tegsatareported to SNL as of 31 December, 201#h(if,
any country, less than 10 banks report to SNL, wteapolate those banks’ exposures to the entire
banking sector of that particular country). We haxeluded subsidiaries of foreign banks in our
account of the 10 largest national banks.  Oaugas on outstanding loans on the banks’ balance
sheet on 31 December, 2014 assuming the lineartiaatan of loans from the time of issuance, which
is the information provided by Thomson ONE Bankédfor each loan, the share of one or more of the
analysed banks in the provision of the loans issaddgh risk environmental sectors was estimated
depending on their role as book runner or commatiggzant following the same methodology as
Weyzig (2014).
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Table 2: Total estimated value of outstanding loanby EU Country and High Environmental
Risk Sector ($ mil) December, 2014

AT BE DE DK ES FR GR GB IE IT
Sector United
Austria Belgium Germany Denmark Spain France Greece Kingdoom Ireland Italy Ne

Mining:coal 705 87 3,053 883 2,452 316 2,674 605
Unregulated Utilities and Unregulat

Power companies 12 118 3,425 23 1,939 6,134 5,739 122 5,874
Power generation 1,578 3,989 48,932 386 17,084 35,804 166 59,641 2,968 15,862
Oil and gas: refining and marketing 2,997 816 38,460 954 17,157 50,100 114 66,137 749 10,406
Building Materials 978 330 5,054 488 4,013 4,892 160 4,380 242 2,097
Chemicals-commodity 969 449 20,424 40 3,436 10,209 16 16,868 705 4,282
Steel 602 131 6,987 234 1,259 4,348 4,582 92 2,279
Mining-metals and other materi

excluding coal 164 286 2,630 6 1,815 8,439 10,319 1,395
Automobile Manufacturers 4,457 281 47,626 825 5,314 12,686 3 21,995 339 11,904
Total 12,463 6,487 176,593 2,957 52,900 135,063 775 192,335 5,216 54,703

Source: Thomson ONE Banker. Countries not reppdata either to SNL or Thomson ONE Banker:
Czech Republic, Estonia, Latvia, Luxembourg, Slaaa&yprus. Countries with no exposure to high
environmental risk sectors: Finland, Lithuania, tdaRomania and Slovenia. Other countries not
included in the table that report exposures: Bugg@ 195.58 mil Oil and gas); Croatia ($ 544,71 m

Power generation) and Hungary ( $109.74 mil Payeseration; $313.87 mil Gas and refining).
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Table 3: Total value of outstanding loans by typefdending instrument ($ mil) (US, EU, China,
Japan and Switzerland) December 2014

Revolving and Bridge Loan, capital

Term Loan, . . ) . .
Sector . " Overdraft Facility, Project finance and working capita

Multi Loan Facilty L

Float rate nts facilties, adquisitior

Mining:coal 16,091 10,665 - 199
Unregulated Utilities and Unregulated Power compsgni 16,415 39,763 132 2,234
Power generation 159,515 266,330 2,120 6,462
QOil and gas: refining and marketing 173,461 337,735 - 15,774
Building Materials 28,207 31,733 16 2,337
Chemicals-commodity 65,709 85,434 - 10,784
Steel 25,808 32,739 - 1,602
Mining-metals and other materials excluding coal 21,010 46,943 - 567
Automobile Manufacturers 72,586 129,745 - 11,584
Total 578,801 981,087 2,269 51,543

Source: Thomson ONE Banker.

Other loans not iregduich the Table

The classification by type of instrument is asdols:
- Term Loan and Multi Loan Facility

o

O O O

Term loans (A to E)

First and Second Lien Term Loans
Delayed Draw Term Loan

Work capital /Term Loan

Multi Loan Facility

- Revolving and Overdraft Facility, Float rate notes

0]
0]
0]

Revolving Credit Facility
Standby Facility
364D Revolver

30

are construction financing,
Islamic financing and construction loans ($ 3.99 bostly to the chemical, building material antl o
and gas sectors.




0 Revolving Credit/Term Loan
o Overdraft Facility
o Float rate Notes
Project Finance
Bridge Loan, capital and working capital faciliti@eequisition facilities
o Bridge Loan
o Capital Expenditure Facility
o0 Working Capital Facility
o Acquisition Finance
Trade finance
o Export Credit
Guarantee Facility
Commercial Letter of Credit
Committed Credit Facility
Letter of Credit
o Standby Letter of Credit
Long Term Debt
0 Mezzanine Debt
0 Subordinated Debt
o0 Collateralized Debentures
o Performance Bonds

o
o
o
o
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